
NOTCH] RECEPTOR BINDING AGENTS AND METHODS OF USE THEREOF BACKGROUND
OF THE INVENTION Field of the Invention [00011 The present invention
relates to compositions comprising an agent that binds a human Notch
receptor and methods of using the compositions for characterizing,
diagnosing, and treating cancer and other diseases. In particular,
the present invention provides antibodies that specifically bind to a
nonligand binding membrane proximal region of the extracellular
domain of a human Notchl receptor and inhibit tumor growth. The
present invention further provides methods of treating cancer, the
methods comprising administering a therapeutically effective amount
of an antibody that specifically binds to a non-ligand binding
membrane proximal region of the extracellular domain of a human
Notch] receptor protein and inhibits tumor growth. Background 100021
Cancer is one of the leading causes of death in the developed world,
resulting in over 500,000 deaths per year in the United States alone.
Over one million people are diagnosed with cancer in the U.S. each
year, and overall it is estimated that more than 1 in 3 people will
develop some form of cancer during their lifetime. Though there are
more than 200 different types of cancer, four of them-breast, lung,
colorectal, and prostate-account for over half of all new cases
(Jemal et cd.,2003, Cancer J. Clin. 53:52h). [00031 Cancer arises
from dysregulation of the mechanisms that control normal tissue
development and maintenance, and increasingly stem cells are thought
to play a central role (Beachy et al., 2004, Nature 432:324). During
normal animal development, cells of most or all tissues are derived
from normal precursors, called stem cells (Morrison et al., 1997,
Cell 88:287-98; Morrison et al., 1997, Curr. Opin. InitnunoL
9:216-21; Morrison et al., 1995, Annu. Rev. Celt Dev. BioL 11:35-71).
Stem cells are cells that: (1) have extensive proliferative capacity;
2) are capable of asymmetric cell division to generate one or more
kinds of progeny with reduced proliferative and/or developmental
potential; and (3) are capable of symmetric cell divisions for
self-renewal or self-maintenance. The best-known example of adult
cell renewal by the differentiation of stem cells is the
hematopoietic system where developmentally immature precursors
(hematopoietic stem and progenitor cells) respond to molecular
signals to form the varied blood and lymphoid cell types. Other
cells, including cells of the gut, breast ductal system, and skin are
constantly replenished from a small population of stem cells in each
tissue, and recent studies suggest that most other adult tissues also
harbor stem cells, including the brain.  



[00041 Solid tumors are composed of heterogeneous cell populations.
For example, breast cancers are a mixture of cancer cells and normal
cells, including mesenchymal (stromal) cells, inflammatory cells, and
endothelial cells. Classic models of cancer hold that phenotypically
distinct cancer cell populations all have the capacity to proliferate
and give rise to a new tumor. In the classical model, tumor cell
heterogeneity results from environmental factors as well as ongoing
mutations within cancer cells resulting in a diverse population of
tumorigenic cells. This model rests on the idea that all populations
of tumor cells would have some degree of tumorigenic potential.
(Pandis et al., 1998, Genes, Chromosomes & Cancer 12:122-129;
Kuukasjrvi et al., 1997, Cancer Res. 57:1597-1604; Bonsing et al.,
1993, Cancer 71:382-391; Bonsing et al., 2000, Genes Chromosomes &
Cancer 82: 173-183; Beerman H et al., 1991, Cyrometry 12:147-54;
Aubele M & Werner M, 1999, Analyt. Cell. Path. 19:53; Shen Let al.,
2000, Cancer Res. 60:3884). 100051 An alternative model for the
observed solid tumor cell heterogeneity is that solid tumors result
from a "solid tumor stem cell" (or "cancer stem cell" from a solid
tumor) that subsequently undergoes chaotic development through both
symmetric and asymmetric rounds of cell divisions. In this stem cell
model, solid tumors contain a distinct and limited (possibly even
rare) subset of cells that share the properties of normal "stem
cells", in that they extensively proliferate and efficiently give
rise both to additional solid tumor stem cells (self-renewal) and to
the majority of tumor cells of a solid tumor that lack tumorigenic
potential. Indeed, mutations within a long-lived stem cell population
may initiate the formation of cancer stem cells that underlie the
growth and maintenance of tumors and whose presence contributes to
the failure of current therapeutic approaches. 100061 The stem cell
nature of cancer was first revealed in the blood cancer, acute
myeloid leukemia (AML) (Lapidot et al., 1994, Nature 367:645-8). More
recently it has been demonstrated that malignant human breast tumors
similarly harbor a small, distinct population of cancer stem cells
enriched for the ability to form tumors in immunodeficient mice. An
ESA+, CD44+, CD24-/low, Lin- cell population was found to be 50-fold
enriched for tumorigenic cells compared to unfractionated tumor cells
(Al-Hajj et al., 2003, PNAS 100:3983-8). The ability to prospectively
isolate the tumorigenic cancer cells has permitted investigation of
critical biological pathways that underlie tumorigenicity in these
cells, and thus promises the development of better diagnostic assays
and therapeutics for cancer patients. It is toward this purpose that
this invention is directed. 100071 Normal stem cells and cancer stem
cells share the ability to proliferate and self-renew, thus it is not
surprising that a number of genes that regulate normal stem cell
development contribute to tumorigenesis (reviewed in Reya et al.,
2001, Nature 414:105-111 and Taipale & Beachy, 2001, Nature
411:349-354). The present invention identifies Notch receptor, for
example, Notchl , as a marker of cancer stem cells, implicating the
Notch signaling pathway in the maintenance of cancer stem cells and
as a target for treating cancer via the elimination of these
tumorigenic cells.  100081 The Notch signaling pathway is one of
several critical regulators of embryonic pattern formation,
post-embryonic tissue maintenance, and stem cell biology. More
specifically, Notch signaling is involved in the process of lateral
inhibition between adjacent cell fates and plays an important role in



100111 Four mammalian Notch proteins have been identified (Notch],
Notch2, Notch3, and Notch4), and mutations in these receptors
invariably result in developmental abnormalities and human
pathologies including several cancers as described in detail below
(Gridley, 1997, Mol. Cell Neurosci. 9:103; Joutel & Toumier-Lasserve,
1998, Semin. Cell Dev. Biol. 9:619-25). 100121 The Notch receptor is
activated by single-pass transmembrane ligands of the Delta,
Serrated, Lag-2 (DSL) family. There are five known Notch I igands in
mammals: Delta-like I (DLL I), Delta-like 3 (DLL3), Delta-like 4
(DLL4), Jagged I and Jagged 2 characterized by a DSL domain and
tandem EGF-  like repeats within the extracellular domain. The
extracellular domain of the Notch receptor interacts with that of its
ligands, typically on adjacent cells, resulting in two proteolytic
cleavages of Notch; one extracellular cleavage mediated by an ADAM (A
Disintegrin And Metallopeptidase) protease and one cleavage within
the transmembrane domain mediated by gamma secretase. This latter
cleavage generates the Notch intraeellular domain (ICD), which then
enters the nucleus where it activates the CBF1, Suppressor of
Hairless [Su(H)], Lag-2 (CSL) family of transcription factors as the
major downstream effectors to increase transcription of nuclear basic
helix-loop-helix transcription factors of the Hairy and Enhancer of
Split [E(spl)] family (Artavanis et al., 1999, Science 284:770;
Brennan and Brown, 2003, Breast Cancer Res. 5:69; Iso et al., 2003,
Arterioscler. Thromb. Vasc. Biol. 23:543). Alternative intracellular
pathways involving the cytoplasmic protein Deltex identified in
Drosophila may also exist in mammals (Martinez et al., 2002, Cum
Opin. Genet. Dev. 12:524-33), and this Deltex-dependent pathway may
act to suppress expression of Wnt target genes (Brennan et al., 1999,
Curr. Biol. 9:707-710; Lawrence et al., 2001, Curr. Biol. 11:375-85).
100131 Hematopoietic stem cells (HSCs) are the best understood stem
cells in the body, and Notch signaling is implicated both in their
normal maintenance as well as in leukemic transformation (Kopper &
Hajda, 2004, Pasha Oncol. Res. 10:69-73). HSCs are a rare population
of cells that reside in a stromal niche within the adult bone marrow.
These cells are characterized both by a unique gene expression
profile as well as an ability to continuously give rise to more
differentiated progenitor cells to reconstitute the entire
hematopoietic system. Constitutive activation of Notchl signaling in
HSCs and progenitor cells establishes immortalized cell lines that
generate both lymphoid and myeloid cells in vitro and in long-term
reconstitution assays (Vamum-Finney et al., 2000, Nat. Med.
6:1278-81), and the presence ofJaggedl increases engraftment of human
bone marrow cell populations enriched for HSCs (Karanu et al., 2000,
J. Exp. Med. 192:1365-72). More recently, Notch signaling has been
demonstrated in HSCs in vivo and shown to be involved in inhibiting
HSC differentiation. Furthermore, Notch signaling appears to be
required for Wnt-mediated HSC self-renewal (Duncan et al., 2005, Nat.
Inununot 6:314). 100141 The Notch signaling pathway also plays a
central role in the maintenance of neural stem cells and is
implicated both in their normal maintenance as well as in brain
cancers (Kopper & Hajdu, 2004, Pathol. Oncol. Res. 10:69-73; Purow et
al., 2005, Cancer Res. 65:2353-63; Hallahan et al., 2004, Cancer Res.
64:7794-800). Neural stem cells give rise to all neuronal and glial
cells in the mammalian nervous system during development, and more
recently have been identified in the adult brain (Gage, 2000, Science



result from their premature differentiation into neurons (Hatakeyama
et al., 2004, Dev. 131:5539-50) suggesting that Notch signaling
regulates neural stem cell differentiation and self-renewal. [0015]
Aberrant Notch signaling is implicated in a number of human cancers.
The Notchl gene in humans was first identified in a subset of T-cell
acute lymphoblastic leukemias as a translocated locus resulting in
activation of the Notch pathway (Ellisen et al., 1991, Cell
66:649-61). Constitutive activation of Notch] signaling in T-cells in
mouse models similarly generates T-cell lymphomas suggesting a
causative role (Robey et al., 1996, Cell 87:483-92; Pear et al.,
1996, J. Exp. Med. 183:2283-91; Yan et al., 2001, Blood 98:3793-9;
Bellavia et al., 2000, EMBO J. 19:3337-48). Recently Notchl point
mutations, insertions, and deletions producing aberrant Notch]
signaling have been found to be frequently present in both childhood
and adult T-cell acute lymphoblastic leukemia/lymphoma (Pear & Aster,
2004, Curr. Opin. HematoL 11:416-33). [0016] The frequent insertion
of the mouse mammary tumor virus into both the Notch! and Notch4
locus in mammary tumors and the resulting activated Notch protein
fragments first implicated Notch signaling in breast cancer (Gallahan
& Callahan, 1987, J. Virol. 61:66-74; Brennan & Brown, 2003, Breast
Cancer Res. 5:69; Politi et al., 2004, Semin. Cancer Biol. 14:341-7).
Further studies in transgenic mice have confirmed a role for Notch in
ductal branching during normal mammary gland development, and a
constitutively active form of Notch4 in mammary epithelial cells
inhibits epithelial differentiation and results in tumorigenesis
(Jhappan et al., 1992, Genes & Dev. 6:345-5; Gallahan et al., 1996,
Cancer Res. 56:1775-85; Smith et al., 1995, Cell Growth Differ.
6:563-77; Soriano et al., 2000, Int. J. Cancer 86:652- 9; Uyttendaele
et al., 1998, Dev. Biol. 196:204-17; Politi et al., 2004, Semin.
Cancer Biol. 14:341-7). Currently the evidence for a role for Notch
in human breast cancer is limited to the expression of Notch
receptors in breast carcinomas and their correlation with clinical
outcome (Weijzen et al., 2002, Nat. Med. 8:979-86; Parr et al., 2004,
Int. I MoL Med. 14:779-86). Furthermore, overexpression of the Notch
pathway has been observed in cervical cancers (Zagouras et al., 1995,
PNAS 92:6414-8), renal cell carcinomas (Rae et al., 2000, Int. J.
Cancer 88:726-32), head and neck squamous cell carcinomas
(Leethanalcul et al., 2000, Oncogene 19:3220-4), endometrial cancers
(Suzuki et al., 2000, Int. J. Oncol. 17:1131-9), and neuroblastomas
(van Limpt et al., 2000, Med. Pediatr. OncoL 35:554-8) suggestive of
a potential role for Notch in the development of a number of
neoplasms. Interestingly, Notch signaling might play a role in the
maintenance of the undifferentiated state of Apc-mutant neoplastic
cells of the colon (van Es & Clevers, 2005, Trends in Mot Med.
11:496-502). l001 7I The Notch pathway is also involved in multiple
aspects of vascular development including proliferation, migration,
smooth muscle differentiation, angiogenesis and arterial-venous
differentiation (Iso et al., 2003, Arterioscler. Thromb. Vase. Biol.
23:543). For example, homozygous null mutations in Notch 1/4 and
Jagged I as well as heterozygous loss of DLL4 result in severe though
variable defects in arterial development and yolk sac
vascularization. Furthermore, DLL I-deficient and Notch-2-
hypomorphic mice embryos show hemorrhage that likely results from
poor development of vascular structures (Gale et al., 2004, PNAS,
101:15949-54; Krebs et al., 2000, Genes Dev. 14:1343-52; Xue et al.,



100191 Anti-Notch antibodies and their possible use as anti-cancer
therapeutics have been reported. See, e.g., U.S. Patent Application
Publication Nos. 2008/0131434 and 2009/0081238, each of which is
incorporated by reference herein in its entirety. See also
International Publication Nos. WO 2008/057144, WO 2008/076960, and WO
2008/50525. BRIEF SUMMARY OF THE INVENTION [0020) The present
invention provides agents that bind to a non-ligand binding membrane
proximal region of the extracellular domain of a Notch] receptor and
compositions, such as pharmaceutical compositions, comprising those
agents. The invention further provides methods of targeting cancer
stem cells with the agents. In some embodiments, the methods comprise
reducing the frequency of cancer stem cells in a tumor, reducing the
number of cancer stem cells in a tumor, reducing the tumorigenicity
of a tumor, and/or reducing the tumorigenicity of a tumor by reducing
the number or frequency of cancer stem cells in the tumor. The
invention also provides methods of using the agents in the treatment
of cancer and/or in the inhibition of tumor growth. 100211 In one
aspect, the invention provides an antibody that specifically binds to
a non-ligand binding membrane proximal region of the extracellular
domain of a Notch] receptor (e.g., human Notchl). In some
embodiments, the non-ligand binding membrane proximal region of a
Notchl receptor comprises about amino acid 1427 to about amino acid
1732 of a human Notch I receptor. In some embodiments, the membrane
proximal region of a Notchl receptor comprises SEQ ID NO:2. In
certain embodiments, the antibody specifically binds to a non-ligand
binding membrane proximal region of the extracellular domain of at
least one additional Notch receptor family member.  100221 In some
embodiments the antibody is an antagonist of Notch]. In some
embodiments, the antibody inhibits signaling by or activation of the
Notchl receptor. In some embodiments, the antibody inhibits Notch!
activity. In some embodiments, the antibody inhibits cleavage within
the membrane proximal region. In certain embodiments, the antibody
inhibits cleavage of the Notch! receptor (e.g., cleavage at the 52
site by a metalloprotease) and/or inhibits activation of the Notchl
receptor by ligand binding. In some embodiments, the antibody
inhibits release or formation of the intracellular domain (ICD) of
Noichl. In certain embodiments, the antibody inhibits tumor growth.
[0e)231 In certain embodiments, the invention provides an antibody
that binds a non-ligand binding membrane proximal region of the
extracellular domain of a human Notchl and comprises a heavy chain
CDR1 comprising RGYWIE (SEQ ID NO:15), a heavy chain CDR2 comprising
QILPGTGRTNYNEKFKG (SEQ ID NO: 16), and/or a heavy chain CDR3
comprising FDGNYGYYAMDY (SEQ ID NO:17); and/or (b) a light chain CDR!
comprising RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2
comprising GTNNRAP (SEQ ID NO:19), and/or a light chain CDR3
comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20). In some embodiments, the
antibody comprises a heavy chain variable region comprising: (a) a
heavy chain CDR1 comprising RGYWIE (SEQ ID NO: 15), or a variant
thereof comprising I, 2, 3, or 4 amino acid substitutions; (b) a
heavy chain CDR2 comprising QILPGTGRTNYNEKFKG (SEQ ID NO:16), or a
variant thereof comprising 1, 2, 3, or 4 amino acid substitutions;
and/or (c) a heavy chain CDR3 comprising FDGNYGYYAMDY (SEQ ID NO:!
7), or a variant thereof comprising 1, 2, 3, or 4 amino acid
substitutions. In certain other embodiments, the antibody comprises
(or further comprises) a light chain variable region comprising: (a)



100241 In some embodiments, the invention provides an antibody,
52M51, produced by the hybridoma cell line deposited with the
American Type Culture Collection (ATCC), 10801 University Boulevard,
Manassas, VA, USA, under the conditions of the Budapest Treaty on
August 7, 2008, and assigned designation number PTA-9405. In some
embodiments, the invention provides a humanized version of antibody
52M51, 52M51H4L3, as encoded by the DNA deposited with the ATCC,
under the conditions of the Budapest Treaty on October 15, 2008, and
assigned designation number PTA-9549. In some embodiments, the
invention provides an antibody that binds to the same epitope as the
epitope to which antibody 52M51 binds.  100251 In another aspect, the
invention provides an antibody that binds a non-ligand binding
membrane proximal region of the extracellular domain of a human
Notchl and the antibody comprises, consists, or consists essentially
of an antibody "52R43" as encoded by the DNA deposited with the ATCC
under the conditions of the Budapest Treaty on October 15, 2008, and
assigned designation number PTA-9548. In some embodiments, the
invention provides an antibody that competes with 52R43 for specific
binding to a non-ligand binding membrane proximal region of the
extracellular domain of a human Notchl. Pharmaceutical compositions
comprising 52R43 and methods of treating cancer comprising
administering therapeutically effective amounts of the 52R43 antibody
are also provided. 100261 In certain embodiments, the invention
provides an antibody that competes with any of the antibodies as
described in the aforementioned embodiments and/or aspects, as well
as other aspects/embodiments described elsewhere herein, for specific
binding to a non-ligand binding membrane proximal region of the
extracellular domain of a human Notchl (e.g., in a competitive
binding assay). Pharmaceutical compositions comprising the antibodies
described herein and methods of treating cancer comprising
administering therapeutically effective amounts of the antibodies are
also provided. 100271 In certain embodiments of each of the
aforementioned aspects or embodiments, as well as other aspects
and/or embodiments described elsewhere herein, the antibody is a
recombinant antibody. In some embodiments, the antibody is a
monoclonal antibody, a.chimeric antibody, a humanized antibody, or a
human antibody. In certain embodiments, the antibody is an antibody
fragment. In certain embodiments, the antibody or antibody fragment
is monovalent, monospecific, bivalent, bispecific, or multispecific.
In certain embodiments, the antibody is conjugated to a cytotoxic
moiety. In certain embodiments, the antibody is isolated. In still
further embodiments, the antibody is substantially pure. 100281
Pharmaceutical compositions comprising the antibodies described
herein and methods of treating cancer comprising administering
therapeutically effective amounts of the antibodies described herein
are also provided. In certain embodiments, the pharmaceutical
compositions further comprise a pharmaceutically acceptable carrier.
100291 In another aspect, the invention provides a polypeptide. In
some embodiments, the polypeptide is an antibody (e.g., an antibody
that specifically binds Notchl), a heavy chain or light chain of an
antibody, and/or a fragment of an antibody. In some embodiments, the
polypeptide is isolated. In certain embodiments, the polypeptide is
substantially pure. In some embodiments, the polypeptide comprises an
amino acid sequence of SEQ ID NO:8, SEQ ID NO:14, SEQ ID NO:24, SEQ
ID NO:28, or SEQ ID NO:32. In some embodiments, the polypeptide



NO:28, or SEQ ID NO:32. Pharmaceutical compositions comprising both
the polypeptide and a pharmaceutically acceptable vehicle are further
provided, as are cell lines that produce the polypeptide. 100301 In
some embodiments, the polypeptide comprises: (a) a polypeptide having
at least about 80% sequence identity to SEQ ID NO:14 or SEQ ID NO:24;
and/or (b) a polypeptide having at least about 80% sequence identity
to SEQ ID NO:8, SEQ ED NO:28 or SEQ ID NO:32. In certain embodiments,
the polypeptide is an antibody (e.g., an antibody that specifically
binds to the non-ligand binding membrane proximal region of an
extracellular domain of human Notch 1). In certain embodiments, the
polypeptide comprises a polypeptide having at least about 85%, at
least about 90%, at least about 95%, at least about 98%, or about
100% sequence identity to SEQ ID NO:14, SEQ ID NO:24, SEQ ID NO:8,
SEQ ID NO:28 or SEQ ID NO:32. In certain embodiments, the polypeptide
comprises a heavy chain variable region and/or a light chain variable
region of the 52M51 antibody. In some embodiments, the polypeptide
comprises a heavy chain variable region and/or a light chain variable
region of a humanized 52M51 antibody. In some embodiment, the
polypeptide comprises a heavy chain variable region and/or a light
chain variable region of antibody 52R43. [0031] In another aspect,
the invention provides a polynucleotide molecule encoding any of the
antibodies and/or polypeptides of the aforementioned aspects, as well
as other aspects/embodiments as described herein. In some
embodiments, an expression vector comprises the polynucleotide
molecule. In other embodiments, a host cell comprises the expression
vector. In some embodiments, a host cell comprises the polynucleotide
molecule. In some embodiments, the host cell is cell line or a
hybridoma cell line. In certain embodiments, the hybridoma cell line
produces the 52M51 antibody or a humanized 52M51 antibody. [0032] In
a further aspect, the invention provides a method of inhibiting
activity of Notch] in a cell, comprising contacting the cell with an
effective amount of any of the antibodies or polypeptides described
in the aforementioned aspects and embodiments, as well as other
aspects/embodiments described elsewhere herein. In certain
embodiments, the cell is a tumor cell. [00331 In another aspect, the
invention provides a method of inhibiting the growth of a tumor in a
subject, the method comprising administering to the subject a
therapeutically effective amount of any of the antibodies or
polypeptides described in the aforementioned aspects and embodiments,
as well as other aspects/embodiments described elsewhere herein. In
some embodiments, the tumor comprises cancer stem cells. In some
embodiments, the methods comprise targeting the cancer stem cells
with the antibodies. In certain embodiments, the methods comprise
reducing the frequency of cancer stem cells in a tumor, reducing the
number of cancer stem cells in a tumor, reducing the tumorigenicity
of a tumor, and/or reducing the tumorigenicity of a tumor by reducing
the number or frequency of cancer stem cells in the tumor. In some
embodiments, the methods comprise inhibiting the activity of a Notchl
receptor and/or inhibiting growth of a tumor. In certain embodiments,
the tumor is selected from the group  consisting of a breast tumor,
colorectal tumor, hepatic tumor, renal tumor, lung tumor, pancreatic
tumor, ovarian tumor, prostate tumor and head and neck tumor. 100341
In another aspect, the present invention provides methods of treating
cancer in a subject. In some embodiments, the method comprises
administering to a subject a therapeutically effective amount of any



10035] In an additional aspect, the invention provides a method of
inhibiting growth of a tumor in a subject, the method comprising
administering to the subject a therapeutically effective amount of an
antibody that specifically binds to a non-ligand binding membrane
proximal region of an extracellular domain of human Notch!, wherein
binding inhibits activity of Notch I. 100361 In a further aspect, the
invention provides a method of reducing the tumorigenicity of a tumor
that comprises cancer stem cells by reducing the frequency or number
of cancer stem cells in the tumor, the method comprising contacting
the tumor with an effective amount of an antibody that inhibits the
activity of Notch I . 100371 In certain embodiments of each of the
aforementioned aspects and/or embodiments, as well as other aspects
or embodiments described herein, the methods further comprise
administering to the subject at least one additional anti-cancer
and/or therapeutic agent. In certain embodiments of each of the
aforementioned aspects or embodiments, as well as other aspects
and/or embodiments described elsewhere herein, the antibody or
polypeptide is administered to a subject in combination with an
additional treatment for cancer. In certain embodiments, the
additional treatment for cancer comprises radiation therapy,
chemotherapy, and/or an additional antibody therapeutic. In certain
embodiments, the chemotherapy comprises taxol, irinotecan,
gemcitabine and/or oxaliplatin. In certain embodiments, the
additional antibody therapeutic is an antibody that specifically
binds a second human Notch receptor (e.g., Notch2) or a human Notch
receptor ligand (e.g., DLL4 or JAG!). In certain embodiments, the
additional antibody therapeutic is an antibody that specifically
binds VEGF. In certain embodiments, the subject treated is a human.
100381 The invention further provides a method of treating cancer in
a human, wherein the cancer comprising cancer stem cells is not
characterized by overexpression by the cancer stem cell of one or
more Notch receptors, comprising administering to the human a
therapeutically effective amount of an  antibody which binds to a
membrane proximal region of the extracellular domain of a Notchl
receptor and blocks ligand activation of a Notch! receptor. 100391
The invention further provides a method of treating cancer in a human
comprising administering to the human therapeutically effective
amounts of (a) a first antibody which binds a Notchl receptor and
inhibits growth of cancer stem cells which overexpress Notch
receptors; and (b) a second antibody which binds a Notch receptor and
blocks ligand activation of a Notch receptor. 



100401 The invention also provides another method of treating cancer,
wherein the cancer is selected from the group consisting of breast,
colon, pancreatic, prostate, lung, rectal and colorectal cancer,
comprising administering a therapeutically effective amount of an
antibody that blocks ligand activation of a Notch I receptor. [00411
The invention additionally provides: a humanized antibody which binds
Notch] and blocks ligand activation of a Notchl receptor; a
composition comprising the humanized antibody and a pharmaceutically
acceptable carrier; and an immunoconjugate comprising the humanized
antibody conjugated with a cytotoxic agent. 100421 Moreover, the
invention provides an isolated polynucleotide encoding the humanized
antibody; a vector comprising the nucleic acid; a host cell
comprising the nucleic acid or the vector; as well as a process of
producing the humanized antibody comprising culturing a host cell
comprising the nucleic acid so that the nucleic acid is expressed
and, optionally, further comprising recovering the humanized antibody
from the host cell culture (e.g., from the host cell culture
medium).. 100431 The invention further pertains to an immunoconjugate
comprising an antibody that binds Notch conjugated to one or more
calicheamicin molecules, and the use of such conjugates for treating
Notch expressing cancer, e.g., a cancer in which cancer stem cells
overexpress Notch. 100441 Examples of solid tumors that can be
treated using a therapeutic composition of the instant invention, for
example, an antibody that binds a membrane promixal region of the
extracellular domain of a Notchl receptor include, but are not
limited to, sarcomas and carcinomas such as fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma,
chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer,
breast cancer, ovarian cancer, prostate cancer, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland
carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillary
adenocarcinomas, cystadenocarcinoma, medullary carcinoma,
bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct
carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms
tumor, cervical cancer, testicular tumor, lung carcinoma, small cell
lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependymoma,
pinealoma,  hemangioblastoma, acoustic neuroma, oligodendroglioma,
meningioma, melanoma, neuroblastoma, and retinoblastoma. [00451 Where
aspects or embodiments of the invention are described in terms of a
Marlaish group or other grouping of alternatives, the present
invention encompasses not only the entire group listed as a whole,
but also each member of the group individually and all possible
subgroups of the main group, and also the main group absent one or
more of the group members. The present invention also envisions the
explicit exclusion of one or more of any of the group members in the
claimed invention. 



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1: Identification of
Antibodies Targeting the Membrane Proximal Region of Notch that
Inhibit Notch Signaling. 100461 (A) Schematic of the Notch receptor
and 52M antigen region. The 52M antigen includes the area of the
Notchl receptor subject to cleavage by furin during maturation of the
receptor and cleavage by ADAM (A Disintegrin and Metalloprotease)
proteases following ligand binding. Subsequent processing by
gamma-secretase causes the release of the intracellular domain (ICD)
of Notch that activates gene transcription in the nucleus. (B)
Luciferase levels (y-axis) derived from Notchl-Hela cells cultured in
the presence of a soluble Notch ligand (hDLL4-fc) and Notchl receptor
antibodies. Results from nontransfected (NT) cells with and without
hDLL4-Fc are shown on the far left of the x-axis. 52M Notch] receptor
antibodies are shown along the x-axis and compared to DBZ, a Notch
gamma-secretase inhibitor (GSI), and 21M18, an anti-DLL4 antibody.
Notchl receptor antibodies 52M51, 52M63, 52M74 and 52M80 all
significantly inhibited Notch signaling as indicated by a decrease in
luciferase activity. (C) Luciferase levels (y-axis) derived from
Notch] -Hela cells cultured in the presence of a soluble Notch ligand
(hDLL4-fc) and Notch I receptor antibodies. Results from
non-transfected (NT) cells with and without hDLL4-Fc are shown on the
far left of the x-axis. 52M51 murine hybridoma derived antibody and
humanized variant 52M51-H4/L3 are shown along the x-axis in various
concentrations as indicated. Both the parental murine antibody 52M51
and the humanized variant significantly inhibited Notch signaling as
indicated by a decrease in luciferase activity. (D) Western blot
analysis of ICD formation after ligand-mediated stimulation of Notchl
expressing Hela cells. Minimal ICD is produced in the absence of DLL4
ligand (-DLL4), but formation is stimulated by the presence of DLL4.
Antibodies 52M51, 52M63, 52M74, and 52M80 reduce ICD formation to
background levels despite the presence of DLL4. Figure 2: Notchl
Receptor Antibody 52M51 Inhibits Tumor Formation In vivo. [0047] (A)
NOD/SCID mice injected with C8 colon tumor cells were treated with
control antibody (squares) or anti- Notchl antibody 52M51
(triangles), and tumor volume (y-axis, mm3) was measured  across time
(x-axis, days). Treatment with 52M51 antibodies significantly
(p=0.0006) inhibited tumor . growth compared to control. (B)
Individual tumor volume measurements from animals in (A) measured on
days 48 and 55 for control (left) versus 52M51 (right) treated mice.
A line demarcates the average of each experimental group. (C)
NOD/SCID mice injected with PEI 3 breast tumor cells were treated
with control antibody (black squares) or anti-Notchl antibodies that
do not inhibit Notch signaling as shown in Figure IB: 52M1 (black
triangles) and 52M2 (grey circles). Tumor volume (y-axis, mm3) was
measured across time (x-axis, days). Treatment with 52MI and 52M2
failed to effect tumor growth when compared to control treated
animals. (D) NOD/SCDD mice injected with PE 13 breast tumor cells
were treated with control antibody (squares) or anti-Notchl antibody
52M8 (triangles) that does not inhibit Notch signaling as shown in
Figure 1B. Tumor volume (y-axis, mm3) was measured across time
(x-axis, days). Treatment with 52M8 failed to effect tumor growth
when compared to control treated animals. 



[00481 Figure 3: Anti-Notchl Receptor Antibody 52R43 Inhibits Tumor
Growth In vivo 100491 (A) NOD/SCID mice injected with M2 melanoma
tumor cells were treated with control antibody (squares) or
anti-Notchl antibody 52R43 (circles), and tumor volume (y-axis, mm3)
was measured across time (x-axis, days). (B) NOD/SCID mice injected
with Lu24 lung tumor cells were treated with control antibody
(squares) or anti-Notchl antibody 52R43 (circles), and tumor volume
(y-axis, mm3) was measured across time (x-axis, days). (C) NOD/SCID
mice injected with PN8 pancreatic tumor cells were treated with
control antibody (squares) or anti-Notch I antibody 52R43 (circles),
and tumor volume (y-axis, mm) was measured across time (x-axis,
days). (D) NOD/SCID mice injected with TI breast tumor cells were
treated with control antibody (squares), anti-Notchl antibody 52R43
(closed circles), taxol (triangles) or 52R43 and taxol (open circles)
and tumor volume (y-axis, mm3) was measured across time (x-axis,
days). DETAILED DESCRIPTION OF THE INVENTION 100501 The present
invention provides novel agents, including, but not limited to
polypeptides such as antibodies, that bind one or more human Notch
receptors. The Notch-binding agents include antagonists of the human
Notch receptor(s). Related polypeptides and polynucleotides,
compositions comprising the Notch-binding agents, and methods of
making the Notch-binding agents are also provided. Methods of using
the novel Notch-binding agents, such as methods of inhibiting tumor
growth and/or treating cancer, are further provided. 100511 The
present invention further identifies molecules (e.g., antibodies)
that specifically bind to a nonligand binding membrane proximal
region of the extracellular domain of a human Notchl receptor and
inhibit tumor growth in vivo. The ligand binding region of Notch,
which is necessary and sufficient for ligand binding, has been
identified as EGF repeats 11 and 12, suggesting this region of the
Notch receptor  is important in Notch signaling and tumorigenesis
(Rebay eta)., 1991, Cell 67:687; Lei eta]., 2003, Dev. 130:6411;
Hambleton et al., 2004, Structure 12:2173). Unexpectedly, antibodies
that bind outside the ligand binding domain of the extracellular
domain of human Notch receptor have been found to inhibit tumor cell
growth in vivo (see U.S. Patent Publication No. 2008/0131434,
incorporated by reference herein in its entirety). Thus, antibodies
that bind outside the ligand binding domain of the extracellular
domain of one or more of the human Notch receptors-Notch!, Notch2,
Notch3, and Notch4-have value as potential cancer therapeutics.
[0052] Monoclonal antibodies that specifically bind to the membrane
proximal region of the extracellular domain of a Notch], including
the monoclonal antibody 52M51, have now been identified (Example 1).
Humanized 52M51 antibodies have also been generated (Example 2).
Several of the antibodies, including 52M51 and a humanized variant of
52M51, inhibit ligand-induced Notchl signaling (Example 3 and Figure
1B and C), despite binding to Notch] in a region outside of the
ligand-binding region. The ability of several of the antibodies to
inhibit formation of the Notch intracellular domain (ICD) has also
now 



been demonstrated (Example 3 and Figure ID). 52M51 has been found to
inhibit tumor cell growth in vivo in a xenograft model (Example 5 and
Figure 2A and B). In addition, another antibody 52R43 has been found
to inhibit tumor cell growth in vivo in multiple xenograft models
(Example 7 and Figure 3A-D). Definitions [0053] An "antagonist" of a
Notch receptor as used herein is a term that includes any molecule
that partially or fully blocks, inhibits, or neutralizes a biological
activity of the Notch pathway. Suitable antagonist molecules
specifically include antagonist antibodies or antibody fragments. The
term "antagonist" is used herein to include any molecule that
partially or fully blocks, inhibits, or neutralizes the expression of
a Notch receptor. [0054] The term "antibody" is used to mean an
immunoglobulin molecule that recognizes and specifically binds to a
target, such as a protein, polypeptide, peptide, carbohydrate,
polynucleotide, lipid, or combinations of the foregoing etc., through
at least one antigen recognition site within the variable region of
the immunoglobulin molecule. As used herein, the term encompasses
intact polyclonal antibodies, intact monoclonal antibodies, antibody
fragments (such as Fab, Fab', F(ab')2, and Fit fragments), single
chain Fv (sav) mutants, multispecific antibodies such as bispecific
antibodies generated from at least two intact antibodies, monovalent
or monospecific antibodies, chimeric antibodies, humanized
antibodies, human antibodies, fusion proteins comprising an antigen
determination portion of an antibody, and any other modified
immunoglobul in molecule comprising an antigen recognition site so
long as the antibodies exhibit the desired biological activity. An
antibody can be any of the five major classes of immunoglobulins:
IgA, IgD, IgE, IgG, and IgM, or subclasses (isotypes) thereof (e.g.,
IgGI, IgG2, Ig03, IgG4, IgAl and IgA2), based on the identity of
their heavy-chain constant domains referred  to as alpha, delta,
epsilon, gamma, and mu, respectively. The different classes of
immunoglobulins have different and well known subunit structures and
three-dimensional configurations. Antibodies can be naked or
conjugated to other molecules such as toxins, radioisotopes, etc.
100551 As used herein, the term "antibody fragment" refers to a
portion of an intact antibody and refers to the antigenic determining
variable regions of an intact antibody. Examples of antibody
fragments include, but are not limited to Fab, Fab', F(ab')2, and Fv
fragments, linear antibodies, single chain antibodies, and
multispecific antibodies formed from antibody fragments. 100561 An
"Fv antibody" refers to the minimal antibody fragment that contains a
complete antigen-recognition and -binding site either as two-chains,
in which one heavy and one light chain variable domain form a
non-covalent dimer, or as a single-chain (scFv), in which one heavy
and one light chain variable domain are covalently linked by a
flexible peptide linker so that the two chains associate in a similar
dimeric structure. In this configuration the complementary
determining regions (CDRs) of each variable domain interact to define
the antigen-binding specificity of the Fv dimer. Alternatively a
single variable domain (or half of an Fv) can be used to recognize
and bind antigen, although generally with lower affinity. 



100571 A "monoclonal antibody" as used herein refers to homogenous
antibody population involved in the highly specific recognition and
binding of a single antigenic determinant, or epitope. This is in
contrast to polyclonal antibodies that typically include different
antibodies directed against different antigenic determinants. The
term "monoclonal antibody" encompasses both intact and full-length
monoclonal antibodies as well as antibody fragments (e.g., Fab, Fab',
F(ab')2, Fv), single chain (scFv) mutants, fusion proteins comprising
an antibody portion, and any other modified immunoglobulin molecule
comprising an antigen recognition site. Furthermore, "monoclonal
antibody" refers to such antibodies made in any number of manners
including but not limited to by hybridoma, phage selection,
recombinant expression, and transgenic animals. [00581 As used
herein, the term "humanized antibody" refers to forms of non-human
(e.g., murine) antibodies that are specific immunoglobulin chains,
chimeric immunoglobulins, or fragments thereof that contain minimal
non-human sequences. Typically, humanized antibodies are human
immunoglobulins in which residues from the complementary determining
regions (CDRs) are replaced by residues from a CDR of a non-human
species (e.g., mouse., rat, rabbit, hamster, etc.) that have the
desired specificity, affinity, and/or capability. In some instances,
the Fv framework region (FR) residues of a human immunoglobulin are
replaced with the corresponding residues in an antibody from a
non-human species that has the desired specificity, affinity, and/or
capability. The humanized antibody can be further modified by the
substitution of additional residues either in the Fv framework region
and/or within the replaced non-human residues to refine and optimize
antibody specificity, affinity, and/or capability. In general, the
humanized antibody will comprise substantially all of at least one,
and typically two or three,  variable domains containing all, or
substantially all, of the CDR regions that correspond to the
non-human immunoglobulin whereas all, or substantially all, of the FR
regions are those of a human immunoglobulin consensus sequence. The
humanized antibody can also comprise at least a portion of an
immunoglobulin constant region or domain (Fc), typically that of a
human immunoglobulin. Examples of methods used to generate humanized
antibodies are described in U.S. Pat. 5,225,539, herein incorporated
by reference. 100591 A "variable region" of an antibody refers to the
variable region of the antibody light chain or the variable region of
the antibody heavy chain, either alone or in combination. The
variable regions of the heavy and light chain each consist of four
framework regions (FR) connected by three complementarity determining
regions (CDRs) also known as hypervariable regions. The CDRs in each
chain are held together in close proximity by the FRs and, with the
CDRs from the other chain, contribute to the formation of the
antigen-binding site of antibodies. There are at least two techniques
for determining CDRs: (1) an approach based on cross-species sequence
variability (i.e., Kabat et al. Sequences of Proteins of
Immunological Interest, 5th ed., 1991, National Institutes of Health,
Bethesda Md.); and (2) an approach based on crystallographic studies
of antigen-antibody complexes (Al-lazikani et al., 1997, J. Molec.
Biol. 273:927-948). In addition, combinations of these two approaches
are sometimes used in the art to determine CDRs. 100601 The term
"human antibody" as used herein means an-antibody produced by a human
or an antibody having an amino acid sequence corresponding to an



denaturing. An epitope typically includes at least 3, and more
usually, at least 5 or 8-10 amino acids in a unique spatial
conformation. [0063] That an antibody "selectively binds" or
"specifically binds" to an epitope or receptor means that the
antibody reacts or associates more frequently, more rapidly, with
greater duration, with greater affinity, or with some combination of
the above to the epitope or receptor than with alternative
substances, including unrelated proteins. "Selectively binds" or
"specifically binds" means, for instance, that an antibody binds to a
protein with a KD of about 0.1 mM or less, at times about 1 gM or
less, at times about 0.1 ]tM or less and at times about 0.01 p.M or
less. Because of the sequence identity between homologous proteins in
different species, specific binding can include an antibody that
recognizes a Notch receptor in more than one species. It is
understood that, in certain embodiments, an antibody or binding
moiety that specifically binds to a first target may or may not
specifically bind to a second target. As such, "specific binding"
does not necessarily require (although it can include) exclusive
binding, i.e. binding to a single target. Generally, but not
necessarily, reference to binding means specific binding. [0064]
Competition between antibodies is determined by an assay in which the
immunoglobulin under study inhibits specific binding of a reference
antibody to a common antigen. Numerous types of competitive binding
assays are known, for example: solid phase direct or indirect
radioimmunoassay (RIA), solid phase direct or indirect enzyme
immunoassay (EIA), sandwich competition assay (see Stahli et al.,
Methods in Enzymology 9:242-253 (1983)); solid phase direct
biotin-avidin EIA (see Kirkland et al., J. "minutia 137:3614-3619
(1986D; solid phase direct labeled assay, solid phase direct labeled
sandwich assay (see Harlow and Lane, "Antibodies, A Laboratory
Manual," Cold Spring Harbor Press (1988)); solid phase direct label
RIA using 125I label (see Morel et al., Molec. Immune". 25(1):7-15
(1988)); solid phase direct biotin-avidin E1A (Cheung et al.,
Virology 176:546-552 (1990)); and direct labeled RIA (Moldenhauer et
al., Scand. J. 'minutia" 32:77-82 (1990)). Typically, such an assay
involves the use of purified antigen bound to a solid surface or
cells bearing either of these, an unlabeled test immunoglobulin and a
labeled reference immunoglobulin. Competitive inhibition is measured
by determining the amount of label bound to the solid surface or
cells in the presence of the test immunoglobulin. Usually the test
immunoglobulin is present in excess. Antibodies identified by
competition assay (competing antibodies) include antibodies binding
to the same epitope as the reference antibody and antibodies binding
to an adjacent epitope sufficiently proximal to the epitope bound by
the reference antibody for steric hindrance to occur. Usually, when a
competing antibody is present in excess, it will inhibit specific
binding of a reference antibody to a common antigen by at least 50 or
75%. [0065] The terms "isolated" or "purified" refer to material that
is substantially or essentially free from components that normally
accompany it in its native state. Purity and homogeneity are
typically determined using analytical chemistry techniques such as
polyacrylamide gel electrophoresis or high performance liquid
chromatography. A protein (e.g., an antibody) or nucleic acid that is
the predominant  species present in a preparation is substantially
purified. In particular, in some embodiments, an isolated nucleic



cancer, colorectal cancer, endometrial or uterine carcinoma, salivary
gland carcinoma, kidney cancer, liver cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head
and neck cancer. [0067] "Tumor" and "neoplasm" as used herein refer
to any mass of tissue that result from excessive cell growth or
proliferation, either benign (noncancerous) or malignant (cancerous)
including pre-cancerous lesions. 100681 The terms "proliferative
disorder" and "proliferative disease" refer to disorders associated
with abnormal cell proliferation such as cancer. [0069] "Metastasis"
as used herein refers to the process by which a cancer spreads or
transfers from the site of origin to other regions of the body with
the development of a similar cancerous lesion at the new location. A
"metastatic" or "metastasizing" cell is one that loses adhesive
contacts with neighboring cells and migrates via the bloodstream or
lymph from the primary site of disease to invade neighboring body
structures. 100701 The terms "cancer stein cell" or "tumor stein
cell" or "solid tumor stem cell" are used interchangeablYherein and
refer to a population of cells from a solid tumor that: (I) have
extensive proliferative capacity; 2) are capable of asymmetric cell
division to generate one or more kinds of differentiated progeny with
reduced proliferative or developmental potential; and (3) are capable
of symmetric cell divisions for self-renewal or self-maintenance.
These properties of "cancer stem cells" or "tumor stern cells" or
"solid tumor stein cells" confer on those cancer stem cells the
ability to form palpable tumors upon serial transplantation into an
immunocompromised mouse compared to the majority of tumor cells that
fail to form tumors. Cancer stem cells undergo self-renewal versus
differentiation in a chaotic manner to form tumors with abnormal cell
types that can change over time as mutations occur.   100711 The
terms "cancer cell" or "tumor cell" refer to the total population of
cells derived from a tumor including both non-tumorigenic cells,
which comprise the bulk of the tumor cell population, and tumorigenic
stem cells (cancer stem cells).  [0072] As used herein "tumorigenic"
refers to the functional features of a solid tumor stem cell
including the properties of self-renewal (giving rise to additional
tumorigenic cancer stem cells) and proliferation to generate all
other tumor cells (giving rise to differentiated and thus
non-tumorigenic tumor cells) that allow solid tumor stem cells to
form a tumor. 



100731 As used herein, the "tumorigenicity" of a tumor refers to the
ability of a random sample of cells from the tumor to form palpable
tumors upon serial transplantation into immunocompromised mice.
[0074] As used herein, the terms "stem cell cancer marker" or "cancer
stem cell marker" or "tumor stem cell marker" or "solid tumor stem
cell marker" refer to a gene or genes or a protein, polypeptide, or
peptide expressed by the gene or genes whose expression level, alone
or in combination with other genes, is correlated with the presence
of tumorigenic cancer cells compared to non-tumorigenic cells. The
correlation can relate to either an increased or decreased expression
of the gene (e.g., increased or decreased levels of mRNA or the
peptide encoded by the gene). 100751 The terms "cancer stem cell gene
signature" or "tumor stem cell gene signature" or "cancer stem cell
signature" are used interchangeably herein to refer to gene
signatures comprising genes differentially expressed in cancer stem
cells compared to other cells or population of cells, for example
normal breast epithelial tissue. In some embodiments the cancer stem
cell gene signatures comprise genes differentially expressed in
cancer stem cells versus normal breast epithelium by a fold change,
for example by 2 fold reduced and/or elevated expression, and further
limited by using a statistical analysis such as, for example, by the
P value of a t-test across multiple samples. In another embodiment,
the genes differentially expressed in cancer stem cells are divided
into cancer stem cell gene signatures based on the correlation of
their expression with a chosen gene in combination with their fold or
percentage expression change. Cancer stem cell signatures are
predictive both retrospectively and prospectively of an aspect of
clinical variability, including but not limited to, metastasis and
death. 100761 The term "genetic test" as used herein refers to
procedures whereby the genetic make-up of a patient or a patient
tumor sample is analyzed. The analysis can include detection of DNA,
RNA, chromosomes, proteins or metabolites to detect heritable or
somatic disease-related genotypes or karyotypes for clinical
purposes. 100771 As used herein, the terms "biopsy" or "biopsy
tissue" refer to a sample of tissue or fluid that is removed from a
subject for the purpose of determining if the sample contains
cancerous tissue. In some embodiments, biopsy tissue or fluid is
obtained because a subject is suspected of having cancer. The biopsy
tissue or fluid is then examined for the presence or absence of
cancer.  100781 As used herein, the term "subject" refers to any
animal (e.g., a mammal), including, but not limited to humans,
non-human primates, rodents, and the like, which is to be the
recipient of a particular treatment. Typically, the terms "subject"
and "patient" are used interchangeably herein in reference to a human
subject. 100791 "Pharmaceutically acceptable" refers to approved or
approvable by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopeia or other generally
recognized pharmacopeia for use in animals, including humans. 100801
"Pharmaceutically acceptable excipient, carrier or adjuvant" or
"acceptable pharmaceutical carrier" refers to an excipient, carrier
or adjuvant that can be administered to a subject, together with at
least one antibody of the present disclosure, and which does not
destroy the pharmacological activity thereof and is nontoxic when
administered in doses sufficient to deliver a therapeutic amount of
the antibody. In addition, a "pharmaceutically acceptable carrier"



100811 "Pharmaceutically acceptable vehicle" refers to a diluents,
adjuvant, excipient, or carrier with which at least one antibody of
the present disclosure is administered. 100821 The term "effective
amount" or "therapeutically effective amount" or "therapeutic effect"
refers to an amount of an antibody, polypeptide, polynucleotide,
small organic molecule, or other drug effective to "treat" a disease
or disorder in a subject or mammal. In the case of cancer, the
therapeutically effective amount of the drug has a therapeutic effect
and as such can reduce the number of cancer cells; decrease
tumorigenicity, tumorigenic frequency or tumorigenic capacity; reduce
the number or frequency of cancer stem cells; reduce the tumor size;
inhibit or stop cancer cell infiltration into peripheral organs
including, for example, the spread of cancer into soft tissue and
bone; inhibit and stop tumor metastasis; inhibit and stop tumor
growth; relieve to some extent one or more of the symptoms associated
with the cancer; reduce morbidity and mortality; improve quality of
life; or a combination of such effects. To the extent the agent, for
example an antibody, prevents growth and/or kills existing cancer
cells, it can be referred to as cytostatic and/or cytotoxic. 100831
Terms such as "treating" or "treatment" or "to treat" or
"alleviating" or "to alleviate" refer to both I) therapeutic measures
that cure, slow down, lessen symptoms of, and/or halt progression of
a diagnosed pathologic condition or disorder and 2) prophylactic or
preventative measures that prevent or slow the development of a
targeted pathologic condition or disorder. Thus those in need of
treatment include those already with the disorder; those prone to
have the disorder; and those in whom the disorder is to be prevented.
A subject is successfully "treated" according to the methods of the
present invention if the patient shows one or more of the following:
a reduction in the number of or complete absence of cancer  cells; a
reduction in the tumor size; inhibition of or an absence of cancer
cell infiltration into peripheral organs including the spread of
cancer into soft tissue and bone; inhibition of or an absence of
tumor metastasis; inhibition or an absence of tumor growth; relief of
one or more symptoms associated with the specific cancer; reduced
morbidity and mortality; improvement in quality of life; reduction in
tumorigenicity; reduction in the number or frequency of cancer stem
cells; or some combination of effects. (00841 As used herein, the
terms "polynucleotide" or "nucleic acid" refer to a polymer composed
of a multiplicity of nucleotide units (ribonucleotide or
deoxyribonucleotide or related structural variants) linked via
phosphodiester bonds, including but not limited to, DNA or RNA. The
term encompasses sequences that include any of the known base analogs
of DNA and RNA. 100851 The term "gene" refers to a nucleic acid
(e.g., DNA) sequence that comprises coding sequences necessary for
the production of a polypeptide, precursor, or RNA (e.g., rRNA,
tRNA). The polypeptide can be encoded by a full length coding
sequence or by any portion of the coding sequence so long as the
desired activities or functional properties (e.g., enzymatic
activity, ligand binding, signal transduction, 



immunogenicity, etc.) of the full-length polypeptide or fragment are
retained. The term also encompasses the coding region of a structural
gene and the sequences located adjacent to the coding region on both
the 5' and 3' ends for a distance of about 1 kb or more on either end
such that the gene corresponds to the length of the full-length
rnRNA. The term "gene" encompasses both cDNA and genomic forms of a
gene. 100861 The term "recombinant" when used with reference to a
cell, nucleic acid, protein or vector indicates that the cell,
nucleic acid, protein or vector has been modified by the introduction
of a heterologous nucleic acid or protein, the alteration of a native
nucleic acid or protein, or that the cell is derived from a cell so
modified. Thus, e.g., recombinant cells express genes that are not
found within the native (non-recombinant) form of the cell or express
native genes that are overexpressed or otherwise abnormally expressed
such as, for example, expressed as non-naturally occurring fragments
or splice variants. By the term "recombinant nucleic acid" herein is
meant nucleic acid, originally formed in vitro, in general, by the
manipulation of nucleic acid, e.g., using polymerases and
endonucleases, in a form not normally found in nature. In this
manner, operably linkage of different sequences is achieved. Thus an
isolated nucleic acid, in a linear form, or an expression vector
formed in vitro by ligating DNA molecules that are not normally
joined, are both considered recombinant for the purposes of this
invention. It is understood that once a recombinant nucleic acid is
made and introduced into a host cell or organism, it will replicate
non-recombinantly, i.e., using the in vivo cellular machinery of the
host cell rather than in vitro manipulations; however, such nucleic
acids, once produced recombinantly, although subsequently replicated
non-recombinantly, are still considered recombinant for the purposes
of the invention. Similarly, a "recombinant protein" is a protein
made using recombinant techniques, i.e., through the expression of a
recombinant nucleic acid as depicted above.  101001 As used herein,
the term "vector" is used in reference to nucleic acid molecules that
transfer DNA segment(s) from one cell to another. Vectors are often
derived from plasmids, bacteriophages, or plant or animal viruses.
[0087] As used herein, the term "gene expression" refers to the
process of converting genetic information encoded in a gene into RNA
(e.g., mRNA, rRNA, tRNA, or snRNA) through "transcription" of the
gene (e.g., via the enzymatic action of an RNA polymerase), and for
protein encoding genes, into protein through "translation" of inRNA.
Gene expression can be regulated at many stages in the process.
"Up-regulation" or "activation" refers to regulation that increases
the production of gene expression products (e.g., RNA or protein),
while "down-regulation" or "repression" refers to regulation that
decrease production. Molecules (e.g., transcription factors) that are
involved in up-regulation or down-regulation are often called
"activators" and "repressors," respectively. 100881 The terms
"polypeptide" or "peptide" or "protein" or "protein fragment" are
used interchangeably herein to refer to a polymer of amino acid
residues. The terms apply to amino acid polymers in which one or more
amino acid residue is an artificial chemical mimetic of a
corresponding naturally occurring amino acid, as well as to naturally
occurring amino acid polymers and non-naturally occurring amino acid
polymers. 100891 The term "amino acid" refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and amino



corresponding codons described without altering the encoded
polypeptide. Such nucleic acid variations are "silent variations,"
which are one species of conservatively modified variations. Every
nucleic acid sequence herein which encodes a polypeptide also
describes silent variations of the nucleic acid. It is recognized
that in certain contexts each codon in a nucleic acid (except AUG,
which is ordinarily the only codon for methionine, and TOG, which is
ordinarily the only codon for tryptophan) can be modified to yield a
functionally identical molecule. Accordingly, silent variations of a
nucleic acid which encodes a polypeptide is implicit in a described
sequence with respect to the expression product, but not with respect
to actual probe sequences. [0091] As to amino acid sequences, it will
be recognized that individual substitutions, deletions or additions
to a nucleic acid, peptide, polypeptide, or protein sequence which
alters, adds or deletes a single amino acid or a small percentage of
amino acids in the encoded sequence is a "conservatively modified
variant" including where the alteration results in the substitution
of an amino acid with a chemically similar amino acid. Conservative
substitution tables providing functionally similar amino acids are
well known in the art. (See, for example, Table 1). Guidance
concerning which amino acid changes are likely to be phenotypically
silent can also be found in Bowie et al., 1990, Science 247:1306
1310. Such conservatively modified variants are in addition to and do
not exclude polymorphic variants, interspecies homologs, and alleles
of the invention. Typically conservative substitutions include: 1)
Alanine (A), Glycine (G); 2) Aspartic acid (D), Glutamic acid (E); 3)
Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5)
Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 6)
Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S),
Threonine (T); and 8) Cysteine (C), Methionine (M) (see, e.g.,
Creighton, Proteins (1984)). As indicated, changes are typically of a
minor nature, such as conservative amino acid substitutions that do
not significantly affect the folding or activity of the protein.
Table 1. Conservative Amino Acid Substitutions Original Amino Acid
Exemplary Conservative Substitutions Alanine Valine, Isoleucine,
Leucine, Glycine, Serine 



Arginine Lysine, Histidine, Glutamine, Asparagine Asparagine
Glutamine, Histidine, Lysine, Arginine Aspartic Acid Glutamic Acid,
Asparagine Cysteine Serine, Alanine, Methionine 



Glutamine Asparagine Glutamic Acid Aspartic Acid, Glutamine Glycine
Proline, Alanine Histidine Asparagine, Glutamine, Lysine, Arginine 



Isoleucine Leucine, Valine, Methionine, Alanine,   Phenylalanine,
Norleucine Leucine Norleucine, Isoleucine, Valine, Methionine,
Alanine, Phenylalanine Lysine 



Arginine, Glutamine, Asparagine, Histidine Methionine Leucine,
Phenylalanine, Isoleucine, Valine, Cysteine Phenylalanine Leucine,
Valine, Isoleucine, Alanine, Tyrosine Praline Alanine, Glycine Serine



Threonine Threonine Serine Trytophan Tyrosine, Phenylalanine Tyrosine
Tryptophan, Phenylalanine, Threonine, Serine Valine 



Isoleucine, Methionine, Leucine, Phenylalanine, Alanine, Norleucine
100921 As used in the present disclosure and claims, the singular
forms "a", "an", and "the" include plural forms unless the context
clearly dictates otherwise. 100931 It is understood that whenever
embodiments are described herein with the language "comprising"
otherwise analogous embodiments described in terms of "consisting"
and/or "consisting essentially of' are also provided. Certain
Embodiments of the Present Invention [00941 The present invention
provides compositions and methods for studying, diagnosing,
characterizing, and treating cancer. In particular, in certain
embodiments, the present invention provides agents, including
antagonists, that bind Notch receptors and methods of using the
agents or antagonists to inhibit tumor growth and treat cancer or
other diseases in human patients. In certain embodiments, the
antagonists are antibodies that specifically bind to a non-ligand
binding region of the extracellular domain of a human Notch receptor.
100951 In one aspect, the present invention provides an antibody that
specifically binds to a non-ligand binding membrane proximal region
of the extracellular domain of a human Notch! receptor. In some
embodiments, the antibody binds a region of human Notchl comprising
about amino acid 1427 to about amino acid 1732. In some embodiments,
the antibody binds to a region comprising SEQ ID NO:2. In certain
embodiments, the antibody that specifically binds to a non-ligand
binding membrane proximal region of the extracellular domain of at
least one additional Notch receptor.  



100961 In some embodiments, the antibody is an antagonist of human
Notch]. In certain embodiments, the antibody inhibits ligand-induced
signaling of a Notch] pathway. In some embodiments, the antibody
inhibits the activity of Notch I. In other embodiments the antibody
inhibits cleavage of a Notch] receptor. In some embodiments, the
antibody inhibits cleavage of Notch! at a site within the membrane
proximal region of the extracellular domain. In certain embodiments,
the antibody inhibits release or formation of the intracellular
domain (ICD) of Notch I . In other embodiments, the antibody reduces
the tumorigenicity of a tumor that comprises cancer stem cells. In
certain embodiments, the antibody inhibits the growth of a tumor
comprising cancer stem cells. In certain embodiments, the antibody
inhibits the growth of a tumor. 100971 In certain embodiments, the an
tibody that specifically binds to a membrane proximal region of the
extracellular domain of a human Notchl receptor and inhibits tumor
growth is a monoclonal antibody. In certain embodiments, the antibody
that specifically binds to a membrane proximal region of the
extracellular domain of a human Notch] receptor is a chimeric
antibody, is a humanized antibody, is a human antibody, is an
antibody fragment, or is a bispecific antibody. In certain
embodiments, the present invention provides a hybridoma producing an
antibody that specifically binds to a non-ligand binding membrane
proximal region of the extracellular domain of a human Notchl
receptor and inhibits tumor growth. [0098] In another aspect, the
invention provides a method of inhibiting the growth of a tumor in a
subject, the method comprising administering to the subject a
therapeutically effective amount of an antibody that specifically
binds to a non-ligand binding membrane proximal region of the
extracellular domain of a human Notchl receptor protein. In some
embodiments, the tumor comprises cancer stem cells. In some
embodiments, the methods comprise targeting the cancer stem cells
with the antibodies. In certain embodiments, the method of inhibiting
growth of a tumor comprises administering a therapeutically effective
amount of a monoclonal antibody. In certain embodiments, the method
of inhibiting growth of a tumor comprises administering a
therapeutically effective amount of a chimeric antibody. In certain
embodiments, the method of inhibiting growth of a tumor comprises
administering a therapeutically effective amount of a humanized
antibody. In certain embodiments, the method of inhibiting growth of
a tumor comprises administering a therapeutically effective amount of
a human antibody. [0099] In certain embodiments, the method of
inhibiting growth of a tumor comprises reducing the frequency of
cancer stem cells in the tumor, reducing the number of cancer stem
cells in the tumor, reducing the tumorigenicity of the tumor, and/or
reducing the tumorigenicity of the tumor by reducing the number or
frequency of cancer stem cells in the tumor. In some embodiments, the
method of inhibiting growth of a tumor comprises inhibiting the
activity of a Notch I receptor. In certain embodiments, the tumor
includes, but is not limited to, a breast tumor, colorectal tumor,
hepatic tumor, renal tumor, lung tumor, pancreatic tumor, ovarian
tumor, prostate tumor and head and neck tumor.  1001001 In another
aspect, the present invention provides a method of treating cancer in
a subject in need thereof comprising administering to a subject a
therapeutically effective amount of an antibody that specifically
binds to a non-ligand binding membrane proximal region of the



101031 In another aspect, the present invention provides a method of
identifying a molecule that binds to a non-ligand binding membrane
proximal region of the extracellular domain of a human Notchl
receptor and inhibits tumor growth, the method comprising: i)
incubating the molecule with a non-ligand binding  membrane proximal
region of the extracellular domain of a human Notchl receptor; ii)
determining if the molecule binds to the non-ligand binding membrane
proximal region of the extracellular domain of the human Notchl
receptor; and iii) determining if the molecule inhibits tumor growth.
In certain embodiments, the invention provides a method of
identifying a molecule that binds to a non-ligand binding membrane
proximal region of an extracellular domain of a human Notchl receptor
and inhibits tumor growth, the method comprising: i) incubating the
molecule with the non-ligand binding membrane proximal region of the
extracellular domain of a human Notchl receptor comprising SEQ ID
NO:2; ii) determining if the molecule binds to the non-ligand binding
membrane proximal region of the extracellular domain of the human
Notch I receptor comprising SEQ ID NO:2; and iii) determining if the
molecule inhibits tumor growth. 101041 In certain embodiments, the
present invention provides a pharmaceutical composition comprising an
antibody that specifically binds to a non-ligand binding membrane
proximal region of the extracellular domain of a human Notchl
receptor and inhibits tumor growth. 101051 In certain embodiments,
the present invention provides a method of making an antibody that
specifically binds to a non-ligand binding membrane proximal region
of the extracellular domain of a human Notch] receptor and inhibits
tumor growth. 101061 In certain embodiments, the present invention
provides an isolated nucleic acid that encodes an antibody that
specifically binds to a non-ligand membrane proximal binding region
of the extracellular domain of a human Notchl receptor and inhibits
tumor growth. 101071 In certain embodiments, antagonists against a
Notch receptor, such as Notch!, act extracellularly to act upon or
inhibit the function of the Notch receptor. In certain embodiments,
an antagonist of a Notch receptor is proteinaceous. In some
embodiments, proteinaceous antagonists of a Notchl receptor are
antibodies that specifically bind to an extracellular epitope of a
Notchl receptor. Extracellular binding of an antagonist against a
Notchl receptor can inhibit the signaling of a Notch receptor by
inhibiting intrinsic activation (e.g. kinase activity) of a Notchl
receptor and/or by sterically inhibiting the 



interaction, for example, of a Notch receptor with one of its
ligands. Furthermore, extracellular binding of an antagonist to a
Notch receptor can downregulate cell-surface expression of a Notch
receptor such as, for example, by internalization of a Notch receptor
and/or decreasing cell surface trafficking of a Notch receptor.
Extracellular binding of an antagonist to a Notch receptor can
inhibit cleavage of the Notch receptor and reduce release of the 1CD
of Notch. 101081 In some embodiments, antagonists against a Notch
receptor bind to a Notch receptor and have one or more of the
following effects: inhibit proliferation of tumor cells, trigger cell
death directly in tumor cells, or prevent metastasis of tumor cells.
In certain embodiments, antagonists of a Notch receptor trigger cell
death via a conjugated toxin, chemotherapeutic agent, radioisotope,
or other such agent. For example, an antibody against a Notch
receptor is conjugated to a toxin that is activated in tumor cells
expressing the Notch receptor by protein internalization. In other
embodiments, antagonists of a Notch receptor Mediate cell death of a
cell expressing the Notch receptor via antibody-dependent cellular
cytotoxicity (ADCC). ADCC involves cell lysis by effector cells that
recognize the Fc portion of an antibody. Many lymphocytes, monocytes,
tissue macrophages, granulocytes and eosinophils, for example, have
Fe receptors and can mediate cytolysis (Dittman, 1994, J. Clin.
Oncol. 12:1497). In some embodiments, an antagonist of a Notch
receptor is an antibody that triggers cell death of cell expressing a
Notch receptor by activating complement-dependent cytotoxicity (CDC).
CDC involves binding of serum complement to the Fc portion of an
antibody and subsequent activation of the complement protein cascade,
resulting in cell membrane damage and eventual cell death. Biological
activity of antibodies is known to be determined, to a large extent,
by the constant domains or Fe region of the antibody molecule
(Uananue and Benacerraf, Textbook of Immunology, 2nd Edition,
Williams & Wilkins, p. 218 (1984)). Antibodies of different classes
and subclasses differ in this respect, as do antibodies of the same
subclass but from different species. Of human antibodies, IgM is the
most efficient class of antibodies to bind complement, followed by
IgGI, IgG3, and IgG2 whereas IgG4 appears quite deficient in
activating the complement cascade (Dittman, 1994, J. Clin. Oncol.
12:1497; Jefferis et al., 1998, Immunot Rev. 163:59- 76). According
to the present invention, antibodies of those classes having the
desired biological activity are prepared. 101091 The ability of any
particular antibody against a Notch receptor to mediate lysis of the
target cell by complement activation and/or ADCC can be assayed. The
cells of interest are grown and labeled in vitro; the antibody is
added to the cell culture in combination with either serum complement
or immune cells which can be activated by the antigen antibody
complexes. Cytolysis of the target cells is detected, for example, by
the release of label from the lysed cells. In fact, antibodies can be
screened using the patient's own serum as a source of complement
and/or immune cells. The antibody that is capable of activating
complement or mediating ADCC in the in vitro test can then be used
therapeutically in that particular patient. 



[01101 In certain embodiments,the Notch-binding agent or antagonist
is an antibody that does not have one or more effector functions. For
instance, in some embodiments, the antibody has no antibody-dependent
cellular cytotoxicity (ADCC) activity, and/or no complement-dependent
cytoxicity (CDC) activity. In certain embodiments, the antibody does
not bind to the Fc receptor and/or complement factors. In certain
embodiments, the antibody has no effector function. 101111 In other
embodiments, antagonists of a Notch receptor can trigger cell death
indirectly by inhibiting angiogenesis. Angiogenesis is the process by
which new blood vessels form from pre-existing vessels and is a
fundamental process required for normal growth, for example, during
embryonic development, wound healing and in response to ovulation.
Solid tumor growth larger than 1-2 mm2 also requires angiogenesis to
supply nutrients and oxygen without which tumor cells die. Thus in
certain  embodiments, an antagonist of a Notch receptor targets
vascular cells that express the Notch receptor including, for
example, endothelial cells, smooth muscle cells or components of the
extracellular matrix required for vascular assembly. In other
embodiments, an antagonist of a Notch receptor inhibits growth factor
signaling required by vascular cell recruitment, assembly,
maintenance or survival. 101121 The present invention provides a
variety of polypeptides, including but not limited to antibodies and
fragments of antibodies. In certain embodiments, the polypeptide is
isolated. In certain alternative embodiments, the polypeptide is
substantially pure. 101131 In certain embodiments, the polypeptides
of the present invention can be recombinant polypeptides, natural
polypeptides, or synthetic polypeptides comprising the sequence of
SEQ ID NO:8, SEQ ID NO: 14, SEQ ID NO:24, SEQ ID NO:28, or SEQ ID
NO:32 (with or without the indicated signal sequences). 10114] The
invention provides a polypeptide comprising the heavy chain and/or
the light chain provided in SEQ ID NO:10 and/or SEQ ID NO:4,
respectively (with or without the indicated putative signal
sequences). In certain embodiments, the polypeptide is an antibody.
In certain embodiments, the polypeptide specifically binds a
non-ligand binding membrane proximal region of the extracellular
domain of a human Notchl receptor. [0115] The invention further
provides a polypeptide comprising SEQ ID NO:8, SEQ ID NO:28 or SEQ ID
NO:32, and/or SEQ ID NO: 14 or SEQ ID NO:24. In certain embodiments,
the polypeptide comprises a variable light chain sequence comprising
SEQ ID NO:8 and a variable heavy chain sequence comprising SEQ ID NO:
14. In certain embodiments, the polypeptide comprises a variable
light chain sequence comprising SEQ ID NO:28 and a variable heavy
chain sequence comprising SEQ ID NO:24. In certain embodiments, the
polypeptide comprises a variable light chain sequence comprising SEQ
ID NO:32 and a variable heavy chain sequence comprising SEQ ID NO:24.
In certain embodiments, the polypeptide is an antibody. In certain
embodiments, the polypeptide specifically binds a non-ligand binding
membrane proximal region of the extracellular domain of a human
Notchl receptor. 



101161 It will be recognized in the art that some amino acid
sequences of the invention can be varied without significant effect
of the structure or function of the protein. If such differences in
sequence are contemplated, it should be remembered that there will be
critical areas on the protein which determine activity. Thus, the
invention further includes variations of the polypeptides which show
substantial activity. Such mutants include deletions, insertions,
inversions, repeats, and type substitutions. Guidance concerning
which amino acid changes are likely to be phenotypically silent can
be found in Bowie, JAI., et al., "Deciphering the Message in Protein
Sequences: Tolerance to Amino Acid Substitutions," Science 1990,
247:1306-1310. 101171 Thus, the fragments, derivatives, or analogs of
the polypeptides of the invention can be: (i) one in which one or
more of the amino acid residues are substituted with a conserved or
non-conserved amino  acid residue (often a conserved amino acid
residue) and such substituted amino acid residue can or cannot be one
encoded by the genetic code; or (ii) one in which one or more of the
amino acid residues includes a substituent group; or (iii) one in
which the mature polypeptide is fused with another compound, such as
a compound to increase the half-life of the polypeptide (for example,
polyethylene glycol); or (iv) one in which the additional amino acids
are fused to the mature polypeptide, such as a leader or secretory
sequence or a sequence which is employed for purification of the
mature polypeptide or a proprotein sequence. Such fragments,
derivatives, and analogs are deemed to be within the scope of the
teachings herein. 101181 Of particular interest are substitutions of
charged amino acids with another charged amino acid and with neutral
or negatively charged amino acids. The latter results in proteins
with reduced positive charge. The prevention of aggregation is highly
desirable. Aggregation of proteins not only results in a loss of
activity but can also be problematic when preparing pharmaceutical
formulations, because they can be immunogenic. (Pinckard et al.,
Clin. Exp. Immund 1967, 2:331-340; Robbins et al., Diabetes 1987,
36:838-845; Cleland et al. Grit. Rev. Therapeutic Drug Carrier
Systems 1993, 10:307-377).       Of course, the number of amino acid
substitutions made depends on many factors, including those described
herein. In certain embodiments, the number of substitutions for any
given polypeptide will not be more than 50, 40, 30, 25, 20, 15, 10 or
3. 10119] The polypeptides of the present invention include the
polypeptides of SEQ ID NO:14 as well as polypeptides which have at
least 90% similarity (at certain times at least 90% sequence
identity) to the polypeptides of SEQ ID NO: 14 and at least 95%
similarity (at certain times at least 95% sequence identity) to the
polypeptides of SEQ ID NOs:14, and in still other embodiments,
polypeptide which have at least 96%, 97%, 98%, or 99% similarity (at
certain times 96%, 97%, 98%, or 99% sequence identity) to the
polypeptides of SEQ ID NOs:14. The polypeptides of the present
invention include the polypeptides of SEQ ID NO:8 as well as
polypeptides which have at least 90% similarity (at certain times at
least 90% sequence identity) to the polypeptides of SEQ ID NO:8 and
at least 95% similarity (at certain times at least 95% sequence
identity) to the polypeptides of SEQ ID NOs:8, and in still other
embodiments, polypeptide which have at least 96%, 97%, 98%, or 99%
similarity (at certain times 96%, 97%, 98%, or 99% sequence identity)
to the polypeptides of SEQ ID NOs:8. As known in the art "similarity"



(0120] Fragments or portions of the polypeptides of the present
invention can be employed for producing the corresponding full-length
polypeptide by peptide synthesis; therefore, the fragments can be
employed as intermediates for producing the full-length polypeptides.
Fragments or portions of the polynucleotides of the present invention
can be used to synthesize full-length polynucleotides of the present
invention.  [0121] In certain embodiments, a fragment of the proteins
of this invention is a portion or all of a protein which is capable
of binding to a Notch! receptor protein. This fragment has a high
affinity for a Notch receptor or a ligand of a Notch] receptor.
Certain fragments of fusion proteins are protein fragments comprising
at least part of the Notch binding domain of the polypeptide agent or
antagonist fused to at least part of a constant region of an
immunoglobulin. The affinity is typically in the range of about 10-11
to 1042 M, although the affinity can vary considerably with fragments
of different sizes, ranging from 10-7 to 1043 M. In some embodiments,
the fragment is about 10-110 amino acids in length and comprises the
Notch binding domain of the polypeptide agent or antagonist linked to
at least part of a constant region of an immunoglobulin. [0122] The
polypeptides and analogs can be further modified to contain
additional chemical moieties not normally part of the protein. The
derivatized moieties can improve the solubility, the biological half
life and/or absorption of the protein. The moieties can also reduce
or eliminate any undesirable side effects of the protein and the
like. An overview for chemical moieties can be found in Remington's
Pharmaceutical Sciences, 20th ed., Mack Publishing Co., Easton, PA
(2000). 101231 The isolated polypeptides described herein can be
produced by any suitable method known in the art. Such methods range
from direct protein synthesis methods to constructing a DNA sequence
encoding isolated polypeptide sequences and expressing those
sequences in a suitable transformed host. [0124) In some embodiments
of a recombinant method, a DNA sequence is constructed by isolating
or synthesizing a DNA sequence encoding a wild-type protein of
interest. Optionally, the sequence can be mutagenized by
site-specific mutagenesis to provide functional analogs thereof See,
e.g. Zoeller et al., Proc.-Nat Acad. Sci. USA 1984, 81:5662-5066 and
U.S. Pat. 4,588,585. Another method of constructing a DNA sequence
encoding a polypeptide of interest would be by chemical synthesis
using an oligonucleotide synthesizer. Such oligonucleotides can be
designed based on the amino acid sequence of the desired polypeptide
and selecting those codons that are favored in the host cell in which
the recombinant polypeptide of interest will be produced. (0125]
Standard methods can be applied to synthesize an isolated
polynucleotide sequence encoding an isolated polypeptide of interest.
For example, a complete amino acid sequence can be used to construct
a back-translated gene. Further, a DNA oligomer containing a
nucleotide sequence coding for the particular isolated polypeptide
can be synthesized. For example, several small oligonucleotides
coding for portions. of the desired polypeptide can be synthesized
and then ligated. The individual oligonucleotides typically contain
5' or 3' overhangs for complementary assembly. 10126] Once assembled
(by synthesis, site-directed mutagenesis, or another method), the
mutant DNA sequences encoding a particular isolated polypeptide of
interest will be inserted into an expression vector and operatively
linked to an expression control sequence appropriate for expression



expression of a biologically active polypeptide in a suitable host.
As is well known in the art, in order to obtain high expression
levels of a transfected gene in a host, the gene is operatively
linked to transcriptional and translational expression control
sequences that are functional in the chosen expression host. 101271
The present invention provides isolated antibodies against a
non-ligand binding membrane proximal region of the extracellular
domain of a Notch! receptor. The antibody, or antibody fragment, can
be any monoclonal or polyclonal antibody that specifically recognizes
a membrane proximal region of the extracellular domain of Notch!. In
some embodiments, the present invention provides monoclonal
antibodies, or fragments thereof, that specifically bind to a
membrane proximal region of the extracellular domain of a human
Notch! as described herein. In some embodiments, the monoclonal
antibodies, or fragments thereof, are chimeric or humanized
antibodies that specifically bind to a membrane proximal region of
the extracellular domain of a human Notch! receptor as described
herein. In other embodiments, the monoclonal antibodies, or fragments
thereof, are human antibodies that specifically bind to a membrane
proximal region of the extracellular domain of a human Notch]
receptor as described herein. (01281 The antibodies against a
membrane proximal region of the extracellular domain of a Notchl
receptor find use in the experimental, diagnostic and therapeutic
methods described herein. In certain embodiments, the antibodies of
the present invention are used to detect the expression of a Notchl
receptor in biological samples such as, for example, a patient tissue
biopsy, pleural effusion, or blood sample. Tissue biopsies can be
sectioned and protein detected using, for example, immunofluorescence
or immunohistochemistry. Alternatively, individual cells from a
sample are isolated, and protein expression detected on fixed or live
cells by FAGS analysis. Furthermore, the antibodies can be used on
protein arrays to detect expression of a Notchl receptor, for
example, on tumor cells, in cell lysates, or in other protein
samples. In other embodiments, the antibodies of the present
invention are used to inhibit the growth of tumor cells by contacting
the antibodies with tumor cells either in in vitro cell based assays
or in vivo animal models. In still other embodiments, the antibodies
are used to treat cancer in a human patient by administering a
therapeutically effective amount of an antibody against a membrane
proximal region of the extracellular domain of a Notchl receptor.
[01291 Polyclonal antibodies can be prepared by any known method.
Polyclonal antibodies are raised by immunizing an animal (e.g. a
rabbit, rat, mouse, goat, donkey, etc.) by multiple subcutaneous or
intraperitoneal injections of the relevant antigen (a purified
peptide fragment, full-length recombinant protein, fusion protein,
etc.) optionally conjugated to keyhole limpet hemocyanin (KLH), serum
albumin, etc. diluted in sterile saline and combined with an adjuvant
(e.g., Complete or Incomplete Freund's Adjuvant) to form a stable
emulsion. The polyclonal antibody is then recovered from blood,
ascites and the like, of an animal so immunized. Collected blood is
clotted, and the serum decanted, clarified by  



centrifugation, and assayed for antibody titer. The polyclonal
antibodies can be purified from serum or ascites according to
standard methods in the art including affinity chromatography,
ion-exchange chromatography, gel electrophoresis, dialysis, etc.
101301 Monoclonal antibodies can be prepared using hybridoma methods,
such as those described by Kohler and Milstein, 1975, Nature
256:495-497. Using the hybridoma method, a mouse, hamster, or other
appropriate host animal, is immunized as described above to elicit
the production of antibodies by lymphocytes that will specifically
bind to an immunizing antigen. Alternatively, lymphocytes can be
immunized in vitro. Following immunization, the lymphocytes are
isolated and fused with a suitable myeloma cell line using, far
example, polyethylene glycol, to form hybridoma cells that can then
be selected away from unfused lymphocytes and myeloma cells.
Hybridomas that produce monoclonal antibodies directed specifically
against a chosen antigen as determined by immunoprecipitation,
immunoblotting, or by an in vitro binding assay such as
radioimmunoassay (MA) or enzyme-linked immunosorbent assay (ELISA)
can then be propagated either in vitro culture using standard methods
(Goding, Monoclonal Antibodies: Principles and Practice, Academic
Press, 1986) or in vivo as ascites tumors in an animal. The
monoclonal antibodies can then be purified from the culture medium or
ascites fluid as described for polyclonal antibodies above. 101311 In
some embodiments of the present invention, the antibody is an
antibody that specifically binds to a non-ligand binding membrane
proximal region of the extracellular domain of a human Notch!
receptor. In some embodiments, the antibody comprises a heavy chain
variable region having at least 90% sequence identity to SEQ ID NO:
14; and/or a light chain variable region having at least 90% sequence
identity to SEQ ID NO:8. In some embodiments, the antibody comprises
a heavy chain variable region having at least 95% sequence identity
to SEQ ID NO: 14, and/or a light chain variable region having at
least 95% sequence identity to SEQ ID NO:8. In some embodiments, the
antibody is a monoclonal antibody or antibody fragment. 10132) In
certain embodiments, the invention provides an antibody that binds a
non-ligand binding membrane proximal region of the extracellular
domain of a human Notchl and comprises a heavy chain CDR1 comprising
RGYWIE (SEQ ID NO: 15), a heavy chain CDR2 comprising
QILPGTGRTNYNEKFKG (SEQ ID NO: 16), and/or a heavy chain CDR3
comprising FDGNYGYYAMDY (SEQ ID NO: 17). In some embodiments, the
antibody further comprises a light chain CDR1 comprising
RSSTGAVTISNYAN (SEQ ID NO:18), a light chain CDR2 comprising GTNNRAP
(SEQ ED NO: 19), and/or a light chain CDR3 comprising
ALWYSNHWVFGGGTKL (SEQ ID NO:20). In Some embodiments, the antibody
comprises a heavy chain CDR1 comprising RGYWIE (SEQ ID NO: 15), a
heavy chain CDR2 comprising QILPGTGRTNYNEKFKG (SEQ ID NO: 16), and/or
a heavy chain CDR3 comprising FDGNYGYYAMDY (SEQ ID NO: 17); and a
light chain CDR1 comprising RSSTGAVTTSNYAN (SEQ ID NO: 18), a light
chain CDR2 comprising GTNNRAP (SEQ  ID NO: 19), and/or a light chain
CDR3 comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20). In some embodiments,
the antibody comprises a heavy chain variable region comprising: (a)
a heavy chain CDR1 comprising RGYWIE (SEQ ID NO: 15), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions; (b) a
heavy chain CDR2 comprising QILPGTGRTNYNEKFKG (SEQ ID NO: 16), or a
variant thereof comprising 1, 2, 3, or 4 amino acid substitutions;



101351 Alternatively monoclonal antibodies can also be made using
recombinant DNA methods as described in U.S. Pat. No. 4,816,567.
Polynucleotides encoding a monoclonal antibody are isolated from
mature B-cells or hybridoma cells, such as by RT-PCR using
oligonucleotide primers that specifically amplify the genes encoding
the heavy and light chains of the antibody, and their sequence is
determined using conventional procedures. Isolated polynucleotides
encoding the heavy and light chains are then cloned into suitable
expression vectors are then transfected into host cells such as E.
coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or
myeloma cells that do not otherwise produce immunoglobulin protein.
Host cells are screened for monoclonal antibody production and
antibodies with the desired specificity are selected. Also,
recombinant monoclonal antibodies or fragments thereof of the desired
species can be isolated from phage display libraries as described
(McCafferty et al., 1990, Nature, 348:552-554; Clackson et al., 1991,
Nature, 352:624-628; and Marks et al., 1991,J. Mol. Biol., 222:581-
597). 101361 The polynucleotide(s) encoding a monoclonal antibody can
further be modified in a number of different manners using
recombinant DNA technology to generate alternative antibodies. In
some embodiments, the constant domains of the light and heavy chains
of; for example, a mouse monoclonal antibody can be substituted 1)
for those regions of, for example, a human antibody to generate a
chimeric antibody or 2) for a non-immunoglobulin polypeptide to
generate a fusion antibody. In other embodiments, the constant
regions are truncated or removed to generate the desired antibody
fragment of a monoclonal antibody. Furthermore, site-directed or
high-density mutagenesis of the variable region can be used to
optimize specificity, affinity, etc. of a monoclonal antibody. [01371
More generally, modified antibodies useful in the present invention
may be obtained or derived from any antibody. Further, the parent or
precursor antibody, or fragment thereof, used to generate the
disclosed modified antibodies may be murine, human, chimeric,
humanized, non-human primate or primatized. In other embodiments the
modified antibodies of the present invention can comprise single
chain antibody constructs (such as that disclosed in U.S. Pat. No.
5,892,019, which is incorporated herein by reference) having altered
constant domains as described herein. Consequently, any of these
types of antibodies modified in accordance with the teachings herein
are compatible with this invention. 101381 According to the present
invention, techniques can be adapted for the production of
single-chain antibodies specific to a polypeptide of the invention
(see U.S. Pat. No. 4,946,778). In addition, methods can be adapted
for the construction of Fab expression libraries (Huse, et al., 1989,
Science, 246:1275- 1281) to allow rapid and effective identification
of monoclonal Fab fragments with the desired specificity for Notch or
derivatives, fragments, analogs or homologs thereof. Antibody
fragments that contain the idiotypes to a polypeptide of the
invention may be produced by techniques in the art including, but not
limited to: (a) an F(ab1)2 fragment produced by pepsin digestion of
an antibody molecule; (b) an Fab fragment generated by reducing the
disulfide bridges of an F(ab.)2 fragment, (c) an Fab fragment
generated by the treatment of the antibody molecule with papain and a
reducing agent, and (d) Fv fragments. 101391 Bispecific antibodies
are also within the scope of the invention. Bispecific antibodies are



[01401 Methods for making bispecific antibodies are laiown in the
art. For example, in the present case, one of the binding
specificities is for an antigenic polypeptide of the invention
(Notch] or a fragment thereof), while the second binding target is
any other antigen, and advantageously is a cell surface protein, or
receptor or receptor subunit. Recombinant production of bispecific
antibodies is based on the co-expression of two immunoglobulin heavy
chain/light chain pairs, where the two heavy chains have different
specificities (Milstein and Cuello, Nature 1983, 305:537-539).
Because of the random assortment of immunoglobulin heavy and light
chains, these hybridomas (quadromas) produce a potential mixture of
ten different antibody molecules, of which only one has the correct
bispecific structure. The purification of the correct molecule is
usually accomplished by affinity chromatography. 101411 Antibody
variable domains with the desired binding specificities can be fused
to immunoglobulin constant domain sequences. The fusion is with an
immunoglobulin heavy chain constant domain, comprising at least part
of the hinge, CH2 and CH3 regions. The first heavy chain constant
region (CHI) containing the site necessary for light chain binding
can be present in at least one of the fusions. DNA encoding the
immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate expression
vectors, and are co-transfected into a suitable host organism.
Further details of generating bispecific antibodies can be found in
Suresh et al., Methods in Enzymology 1986, 121:210. 10142] Bispecific
antibodies can be prepared as full-length antibodies or antibody
fragments. Techniques for generating bispecific antibodies from
antibody fragments have been described in the literature. For
example, bispecific antibodies can be prepared using chemical
linkage. In addition, Brennan et al., Science 1985, 229:81 describe a
procedure wherein intact antibodies are proteolytically cleaved to
generate F(ab1)2 fragments. 101431 Additionally, Fab' fragments can
be directly recovered from E. coli and chemically coupled to form
bispecific antibodies (Shalaby et al., J. Exp. Med. 1992,
175:217-225). These methods can be used in the production of a fully
humanized bispecific antibody F(a1:02 molecule. 101441 Antibodies
with more than two valencies are also contemplated. For example,
trispecific antibodies can be prepared (Tutt et al., 1991, J.
Immunol. 147:60). 101451 This invention also encompasses bispecific
antibodies that specifically recognize the membrane proximal region
of a extracellular domain of a Notch( receptor. Bispecific antibodies
are antibodies that are capable of specifically recognizing and
binding at least two different epitopes. The different epitopes  can
either be within the same molecule (e.g. the same Notchl) or on
different molecules such that both, for example, the antibodies can
specifically recognize and bind a Notchl receptor, as well as, for
example, 1) an effector molecule on a leukocyte such as a 1-cell
receptor (e.g. CD3) or Fc receptor (e.g. CD64, CD32, or CD 16) or 2)
a cytotoxic agent as described in detail below. Bispecific antibodies
can be intact antibodies or antibody fragments. Techniques for making
bispecific antibodies are common in the art (Millstein et al., 1983,
Nature, 305:537-539; Brennan et al., 1985, Science, 229:81; Suresh et
al, 1986, Methods in Enzymol., 121:120; Traunecker et al., 1991, EMBO
J., 10:3655-3659; Shalaby et al., 1992, J. Exp. Med., 175:217-225;
Kostelny et al., 1992,J. Immunol., 148:1547-1553; Gruber et al.,



10146] Exemplary bispecific antibodies can bind to two different
epitopes, at least one of which originates in a polypeptide of the
invention. Alternatively, an anti-antigenic arm of an immunoglobulin
molecule can be combined with an arm which binds to a triggering
molecule on a leukocyte such as a T cell receptor molecule (e.g. CD2,
CD3, CD28, or B7), or Fc receptors for IgG so as to focus cellular
defense mechanisms to the cell expressing the particular antigen.
Bispecific antibodies can also be used to direct cytotoxic agents to
cells which express a particular antigen. These antibodies possess an
antigen-binding arm and an arm which binds a cytotoxic agent or a
radionuclide chelator, such as EOTUBE, DPTA, DOTA, or TETA. 101471
Heteroconjugate antibodies are also within the scope of the present
invention. Heteroconjugate antibodies are composed of two covalently
joined antibodies. Such antibodies have, for example, been proposed
to target immune cells to unwanted cells (U.S. Pat. 4,676,980). It is
contemplated that the antibodies can be prepared in vitro using known
methods in synthetic protein chemistry, including those involving
crosslinking agents. For example, immunotoxins can be constructed
using a disulfide exchange reaction or by forming a thioether bond.
Examples of suitable reagents for this purpose include iminothiolate
and methyl-4-mercaptobutyrimidate. [01481 For the purposes of the
present invention, it should be appreciated that modified antibodies
can comprise any type of variable region that provides. for the
association of the antibody with a membrane proximal region of the
extracellular domain of a Notch! receptor. In this regard, the
variable region may comprise or be derived from any type of mammal
that can be induced to mount a humoral response and generate
immunoglobulins against the desired tumor associated antigen. As
such, the variable region of the modified antibodies can be, for
example, of human, murine, non-human primate (e.g. cynomolgus
monkeys, macaques, etc.) or lupine origin. In some embodiments both
the variable and constant regions of the modified immunoglobulins are
human. In other embodiments the variable regions of compatible
antibodies (usually derived from a non-human source) can be
engineered or specifically tailored to improve the binding properties
or reduce the immunogenicity of the molecule. In this respect,
variable  regions useful in the present invention can be humanized or
otherwise altered through the inclusion of imported amino acid
sequences. 101491 In some embodiments, of the present invention the
monoclonal antibody against a membrane proximal region of the
extracellular domain of a Notch! receptor is a humanized antibody.
Humanized antibodies are antibodies that contain minimal sequences
from non-human (e.g., murine) antibodies within the variable regions.
Such antibodies are used therapeutically to reduce antigenicity and
HAMA (human anti-mouse antibody) responses when administered to a
human subject. In practice, humanized antibodies are typically human
antibodies with minimum to no non-human sequences. A human antibody
is an antibody produced by a human or an antibody having an amino
acid sequence corresponding to an antibody produced by a human.
101501 Humanized antibodies can be produced using various techniques
known in the art. An antibody can be humanized by substituting the
CDR of a human antibody with that of a non-human antibody (e.g.
mouse, rat, rabbit, hamster, etc.) having the desired specificity,
affinity, and/or capability (Jones et al., 1986, Nature, 321:522-525;
Riechmann et al., 1988, Nature, 332:323-327; Verhoeyen et al., 1988,



[01531 Human antibodies can be directly prepared using various
techniques known in the art. Immortalized human B lymphocytes
immunized in vitro or isolated from an immunized individual that
produces an antibody directed against a target antigen can be
generated (See, for example, Cole et al., Monoclonal Antibodies and
Cancer Therapy, Alan R. Liss, p. 77 (1985); Boemer et al., 1991, J.
Itninunol., 147 (I):86-95; and U.S. Patent 5,750,373). Also, the
human antibody can be selected from a phage library, where that phage
library expresses human antibodies (Vaughan et al., 1996, Nature
Biotechnology, 14:309-314; Sheets et al., 1998, PA/AS, 95:6157-6162;
Hoogenboom and Winter, 1991, J.  Mol. Biot, 227:381; Marks et al.,
1991, J. Mot Biol., 222:581). Humanized antibodies can also be made
in transgenic mice containing human immunoglobulin loci that are
capable, upon immunization, of producing the full repertoire of human
antibodies in the absence of endogenous immunoglobulin production.
For example, it has been described that the homozygous deletion of
the antibody heavy-chain joining region (JH) gene in chimeric and
germ-line mutant mice results in complete inhibition of endogenous
antibody production. Transfer of the human germ-line immunoglobulin
gene array into such germ-line mutant mice will result in the
production of human antibodies upon antigen challenge. (See, for
example, Jakobovits et al., 1993, Proc. Natl. Acad. Set USA, 90:2551;
Jakobovits et al., 1993, Nature, 362:255-258; Bruggemann et al.,
1993, Year in Inunutzo. 7:33; U.S. Patents 5,545,807; 5,545,806;
5,569,825; 5,625,126; 5,633,425; and 5,661,016 10154] Alternatively,
phage display technology can be used to produce human antibodies and
antibody fragments in vitro, from immunoglobulin variable (V) domain
gene repertoires from unimmunized donors. According to this
technique, antibody V domain genes are cloned in-frame into either a
major or minor coat protein gene of a filamentous bacteriophage, such
as MI3 or fd, and displayed as functional antibody fragments on the
surface of the phage particle. Because the filamentous particle
contains a single-stranded DNA copy of the phage genome, selections
based on the functional properties of the antibody also result in
selection of the gene encoding the antibody exhibiting those
properties. Thus, the phage mimics some of the properties of the
B-cell. Phage display can be performed in a variety of formats.
Several sources of V-gene segments can be used for phage display. A
diverse array of antioxazolone antibodies have been isolated from a
small random combinatorial library of V genes derived from the
spleens of immunized mice. A repertoire of V genes from unimmunized
human donors can be constructed and antibodies to a diverse array of
antigens (including self-antigens) can be isolated. 10155] As
discussed above, human antibodies may also be generated by in vitro
activated B cells (see U.S. Pat. Nos. 5,567,610 and 5,229,275).
101561 It will be appreciated that grafting the entire non-human
variable domains onto human constant regions will produce "classic"
chimeric antibodies. In the context of the present application the
term "chimeric antibodies" will be held to mean any antibody wherein
the immunoreactive region or site is obtained or derived from a first
species and the constant region (which may be intact, partial or
modified in accordance with this invention) is obtained from a second
species. In some embodiments, the antigen binding region or site will
be from a non-human source (e.g. mouse) and the constant region is
human. While the immunogenic specificity of the variable region is



Although the CDRs may be derived from an antibody of the same class
or even subclass as the antibody from which the framework regions are
derived, it is envisaged that the CDRs will be derived from an
antibody of different class and preferably from an antibody from a
different species. It must be emphasized that it may not be necessary
to replace all of the CDRs with the complete CDRs from the donor
variable region to transfer the antigen binding capacity of one
variable domain to another. Rather, it may only be necessary to
transfer those residues that are necessary to maintain the activity
of the antigen binding site. Given the explanations set forth in U.S.
Pat. Nos. 5,585,089, 5,693,761 and 5,693,762, it will be well within
the art, either by carrying out routine experimentation or by trial
and error testing to obtain a functional antibody with reduced
immunogenicity. [0158] Alterations to the variable region
notwithstanding, it will be appreciated that the modified antibodies
of this invention will comprise antibodies, or immunoreactive
fragments thereof, in which at least a fraction of one or more of the
constant region domains has been deleted or otherwise altered so as
to provide desired biochemical characteristics such as increased
tumor localization or reduced serum half-life when compared with an
antibody of approximately the same immunogenicity comprising a native
or unaltered constant region. In some embodiments, the constant
region of the modified antibodies will comprise a human constant
region. Modifications to the constant region compatible with this
invention comprise additions, deletions or substitutions of one or
more amino acids in one or more domains. That is, the modified
antibodies disclosed herein may comprise alterations or modifications
to one or more of the three heavy chain constant domains (CH1, CH2 or
CH3) and/or to the light chain constant domain (CL). In some
embodiments of the invention modified 'constant regions wherein one
or more domains are partially or entirely deleted are contemplated.
In other embodiments the modified antibodies will comprise domain
deleted constructs or variants wherein the entire CH2 domain has been
removed (ACH2 constructs). In still other embodiments the omitted
constant region domain will be replaced by a short amino acid spacer
(e.g. 10 residues) that provides some of the molecular flexibility
typically imparted by the absent constant region. 101591 Besides
their configuration, it is known in the art that the constant region
mediates several effector functions. For example, binding of the Cl
component of complement to antibodies activates the complement
system. Activation of complement is important in the opsonization and
lysis of cell pathogens. The activation of complement also stimulates
the inflammatory response and can also be involved in autoimmune
hypersensitivity. Further, antibodies bind to cells via the Fc
region, with a Fc receptor site on the antibody Fe region binding to
a Fc receptor (FcR) on a cell. There are a number of Fc receptors
which are specific for different classes of antibody, including IgG
(gamma receptors), IgE (epsilon receptors), IgA (alpha receptors) and
IgM (mu receptors). Binding of antibody to Fc receptors on cell
surfaces triggers a number of important and diverse biological
responses including engulfment and destruction of antibody-coated
particles, clearance of immune complexes, lysis of antibody-coated
target  



cells by killer cells (called antibody-dependent cell-mediated
cytotoxicity, or ADCC), release of inflammatory mediators, placental
transfer and control of immunoglobulin production. Although various
Fc receptors and receptor sites have been studied to a certain
extent, there is still much which is unknown about their location,
structure and functioning. [0160] While not limiting the scope of the
present invention, it is believed that antibodies comprising constant
regions modified as described herein provide for altered effector
functions that, in turn, affect the biological profile of the
administered antibody. For example, the deletion or inactivation
(through point mutations or other means) of a constant region domain
may reduce Fc receptor binding of the circulating modified antibody
thereby increasing tumor localization. In other cases it may be that
constant region modifications, consistent with this invention,
moderate complement binding and thus reduce the serum half life and
nonspecific association of a conjugated cytotoxin. Yet other
modifications of the constant region may be used to eliminate
disulfide linkages or oligosaccharide moieties that allow for
enhanced localization due to increased antigen Specificity or
antibody flexibility. Similarly, modifications to the constant region
in accordance with this invention may easily be made using well known
biochemical or molecular engineering techniques. [0161] It will be
noted that the modified antibodies may be engineered to fuse the CH3
domain directly to the hinge region of the respective modified
antibodies. In other constructs it may be desirable to provide a
peptide spacer between the hinge region and the modified CH2 and/or
CH3 domains. For example, compatible constructs could be expressed
wherein the CH2 domain has been deleted and the remaining CH3 domain
(modified or unmodified) is joined to the hinge region with a 5-20
amino acid spacer. Such a spacer may be added, for instance, to
ensure that the regulatory elements of the constant domain remain
free and accessible or that the hinge region remains flexible.
However, it should be noted that amino acid spacers may, in some
cases, prove to be immunogenic and elicit an unwanted immune response
against the construct. Accordingly, any spacer added to the construct
be relatively non-immunogenic or, even omitted altogether if the
desired biochemical qualities of the modified antibodies may be
maintained. 101621 Besides the deletion of whole constant region
domains, it will be appreciated that the antibodies of the present
invention may be provided by the partial deletion or substitution of
a few or even a single amino acid. For example, the mutation of a
single amino acid in selected areas of the CH2 domain may be enough
to substantially reduce Fc binding and thereby increase tumor
localization. Similarly, it may be desirable to simply delete that
part of one or more constant region domains that control the effector
function (e.g. complement CLQ binding) to be modulated. Such partial
deletions of the constant regions may improve selected
characteristics of the antibody (serum half-life) while leaving other
desirable functions associated with the subject constant region
domain intact. Moreover, as alluded to above, the constant regions of
the disclosed antibodies may be modified through the mutation or
substitution of one  or more amino acids that enhances the profile of
the resulting construct. In this respect it may be possible to
disrupt the activity provided by a conserved binding site (e.g. Fe
binding) while substantially maintaining the configuration and



101641 It can further be desirable, especially in the case of
antibody fragments, to modify an antibody in order to increase its
serum half-life. This can be achieved, for example, by incorporation
of a salvage receptor binding epitope into the antibody fragment by
mutation of the appropriate region in the antibody fragment or by
incorporating the epitope into a peptide tag that is then fused to
the antibody fragment at either end or in the middle (e.g., by DNA or
peptide synthesis). [0165] The present invention further embraces
variants and equivalents which are substantially homologous to the
chimeric, humanized and human antibodies, or antibody fragments
thereof, set forth herein. These can contain, for example,
conservative substitution mutations, i.e. the substitution of one or
more amino acids by similar amino acids. For example, conservative
substitution refers to the substitution of an amino acid with another
within the same general class such as, for example, one acidic amino
acid with another acidic amino acid, one basic amino acid with
another basic amino acid or one neutral amino acid by another neutral
amino acid. What is intended by a conservative amino acid
substitution is well known in the art.  101661 The invention also
pertains to immunoconjugates comprising an antibody conjugated to a
cytotoxic agent. Cytotoxic agents include chemotherapeutic agents,
growth inhibitory agents, toxins (e.g., an enzymatically active toxin
of bacterial, fungal, plant, or animal origin, or fragments thereof),
radioactive isotopes (i.e., a radioconjugate), etc. Chemotherapeutic
agents useful in the generation of such  immunoconjugates include,
for example, methotrexate, adriamicin, doxorubicin, melphalan,
mitomycin C, chlorambucil, daunorubicin or other intercalating
agents. Enzymatically active toxins and fragments thereof that can be
used include diphtheria A chain, nonbinding active fragments of
diphtheria toxin, exotoxin A chain, ricin A chain, abrin A chain,
modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin
proteins, Phytolaca americana proteins (PAH, PAPII, and PAP-S),
Momordica charantia inhibitor, curcin, crotin, Sapaonaria officinalis
inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin,
and the tricothecenes. In some embodiments, the antibodies can be
conjugated to radioisotopes, such as 90Y, 12512 131, 1231 "'In, '"Rh,
l"Sm, "Cu, "Ga, 166Ho, I"Lu, '"Re and '"Re using anyone of a number
of well known chelators or direct labeling. In other embodiments, the
disclosed compositions can comprise antibodies coupled to drugs,
prodrugs, or lymphokines such as interferon. Conjugates of the
antibody and cytotoxic agent are made using a variety of bifunctional
protein-coupling agents such as N-succinimidy1-3-(2-pyridyidithiol)
propionate (SPDP), iminothiolane (IT), bifunctional derivatives of
imidoesters (such as dimethyl adipimidate HCL), active esters (such
as disuccinimidyl suberate), aldehydes (such as glutareldehyde),
bis-azido compounds (such as bis(p-azidobenzoyl) hexanediamine),
bis-diazonium derivatives (such as
bis-(p-diazoniumbenzoy1)-ethylenediamine), diisocyanates (such as
tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as
1,5-difluoro2,4-dinitrobenzene). Conjugates of an antibody and one or
more small molecule toxins, such as a calicheamicin, maytansinoids, a
trichothene, and CC 1065, and the derivatives of these toxins that
have toxin activity, can also be used. In some embodiments, the
modified antibodies can be complexed with other immunologically
active ligands (e.g., antibodies or fragments thereof) wherein the



competitive and non-competitive assay systems using techniques such
as Biacore analysis, FACS analysis, immunofluorescence,
immunocytochemistry, Western blot analysis, radioimmunoassay, ELISA,
"sandwich" immunoassay, immunoprecipitation assay, precipitin
reaction, gel diffusion precipitin reaction, immunodiffusion assay,
agglutination assay, complement-fixation assay, immunoradiometric
assay, fluorescent immunoassay, and protein A immunoassay. Such
assays are routine and well known in the art (see, e.g., Ausubel et
al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John
Wiley & Sons, Inc., New York, which is incorporated by reference
herein in its entirety). 101701 In some embodiments, of the present
invention the immunospecificity of an antibody against a membrane
proximal region of the extracellular domain of a human Notch I
receptor is determined using ELISA. An ELISA assay comprises
preparing antigen, coating wells of a 96 well microtiter plate with
antigen, adding the antibody against a cancer stem cell marker
conjugated to a detectable compound such as an enzymatic substrate
(e.g. horseradish peroxidase or alkaline phosphatase) to the well,
incubating for a period of time and detecting the presence of the
antigen. Alternatively the antibody against a membrane proximal
region of the extracellular domain of a human Notch] receptor is not
conjugated to a detectable compound, but instead a second conjugated
antibody that recognizes the antibody against a membrane proximal
region of the extracellular domain of a human Notchl receptor is
added to the well. Further, instead of coating the well with the
antigen, the antibody against a membrane proximal region of the
extracellular domain of a human Notch] receptor can be coated to the
well and a second antibody conjugated to a detectable compound can be
added following the addition of the antigen to the coated well. It is
known to one of skill in the art what parameters can be modified to
increase the signal detected as well as other variations of ELISAs
known in the art (see e.g. Ausubel et al, eds, 1994, Current
Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New
York at 11.2.1). 101711 The binding affinity of an antibody to a
membrane proximal region of the extracellular domain of Notchl
receptor and the off-rate of an antibody-antigen interaction can be
determined by competitive binding assays. One example of a
competitive binding assay is a radioimmunoassay comprising the
incubation of labeled antigen (e.g. 3H or 1251), or fragment or
variant thereof, with the antibody of interest in the presence of
increasing amounts of unlabeled antigen followed by the detection of
the antibody bound to the labeled antigen. The affinity of the
antibody against a membrane proximal region of the extracellular
domain of a human Notchl receptor and the binding off-rates can be
determined from the data by Scatchard plot analysis. In some
embodiments, Biacore kinetic analysis is used to determine the
binding on and off rates of antibodies against a membrane proximal
region of the extracellular domain of a human Notchl receptor.
Biacore kinetic analysis comprises analyzing the binding and
dissociation of antibodies from chips with immobilized antigen, for
example, Notchl receptors, on their surface. [01721 In certain
embodiments, the invention encompasses isolated polynucleotides that
encode a polypeptide comprising an antibody or fragment thereof,
against a non-ligand binding membrane  proximal region of the
extracellular domain of a human Notchl receptor. The term



101741 As hereinabove indicated, the polynucleotide can have a coding
sequence which is a naturally occurring allelic variant of the coding
sequence of the disclosed polypeptides. As known in the art, an
allelic variant is an alternate form of a polynucleotide sequence
which has a substitution, deletion or addition of one or more
nucleotides, which does not substantially alter the function of the
encoded polypeptide. 101751 The present invention also includes
polynucleotides, wherein the coding sequence for the mature
polypeptide can be fused in the same reading frame to a
polynucleotide which aids in expression and secretion of a
polypeptide from a host cell, for example, a leader sequence which
functions as a secretory sequence for controlling transport of a
polypeptide from the cell. The polypeptide having a leader sequence
is a preprotein and can have the leader sequence cleaved by the host
cell to form the mature form of the polypeptide. The polynucleotides
can also encode for a proprotein which is the mature protein plus
additional 5' amino acid residues. A mature protein having a
prosequence is a proprotein and is an inactive form of the protein.
Once the prosequence is cleaved an active mature protein remains.
Thus, for example, the polynucleotide of the present invention can
encode for a mature protein, or for a protein having a prosequence or
for a protein having both a prosequence and presequence (leader
sequence). 101761 The polynucleotides of the present invention can
also have the coding sequence fused in frame to a marker sequence
which allows for purification of the polypeptide of the present
invention. The marker sequence can be a hexa-histidine tag supplied
by a pQE-9 vector to provide for purification of the mature
polypeptide fused to the marker in the case of a bacterial host, or,
for example, the marker sequence can be a hemagglutinin (HA) tag when
a mammalian host, e.g. COS-7 cells, is used. The HA tag corresponds
to an epitope derived from the influenza hemagglutinin protein
(Wilson et al., 1984, Cell 37:767).  1001011 Further embodiments of
the invention include isolated nucleic acid molecules comprising a
polynucleotide having a nucleotide sequence at least 90% identical,
95% identical, and in some embodiments, at least 96%, 97%, 98% or 99%
identical to the disclosed sequences. In some embodiments, the
polynucleotides have a nucleotide sequence at least 90% identical to
SEQ ID NOs: 3, 5, 7, 9, 11, 13, 21, 25 or 29 (with or without signal
sequence). In some embodiments, the polynucleotides have a nucleotide
sequence at least 90% identical to SEQ ID NOs:7 or 13. In some
embodiments, the invention provides a polynucleotide that hybridizes
to a polynucleotide encoding the polypeptides of SEQ ID NOs:4, 6, 8,.
10, 12, 14, 22, 23, 24, 26, 27, 28, 30, 31, or 32. In some
embodiments, the polynucleotides hybridize to the polynucleotides of
SEQ ID NOs:3, 5, 7, 9, 11, 13, 21, 25 or 29. In some embodiments, the
polynucleotides hybridize under stringent hybridization conditions.
[00102] As used herein, the phrases "hybridizes" or "selectively
hybridizes" or "specifically hybridizes" refer to the binding or
duplexing of a molecule only to a particular nucleotide sequence
under stringent hybridization conditions when that sequence is
present in a complex mixture (e.g., a library of DNAs or RNAs). See,
e.g., Andersen (1998) Nucleic Acid Hybridization Springer-Verlag;
Ross (ed. 1997) Nucleic Acid Hybridization Wiley. [00103] As used
herein, the phrase "stringent hybridization conditions" refers to
conditions under which a probe will hybridize to its target



depending on primer length. For high stringency PCR amplification, a
temperature of about 62 C is typical, although high stringency
annealing temperatures can range from about 50 C to about 65 C,
depending on the primer length and specificity. Typical cycle
conditions for both high and low stringency amplifications include a
denaturation phase of 90C to 95 C for 30-120 sec, an annealing phase
lasting 30-120 sec, and an extension phase of about 72C for 1-2 min.
[01771 By a polynucleotide having a nucleotide sequence at least, for
example, 95% "identical" to a reference nucleotide sequence is
intended that the nucleotide sequence of the polynucleotide is
identical to the reference sequence except that the polynucleotide
sequence can include up to five point mutations per each 100
nucleotides of the reference nucleotide sequence. In other words, to
obtain a polynucleotide having a nucleotide sequence at least 95%
identical to a reference nucleotide sequence, up to 5% of the
nucleotides in the reference sequence can be deleted or substituted
with another nucleotide, or a number of nucleotides up to 5% of the
total nucleotides in the reference sequence can be inserted into the
reference sequence. These mutations of the reference sequence can
occur at the amino- or carboxyterminal positions of the reference
nucleotide sequence or anywhere between those terminal positions,
interspersed either individually among nucleotides in the reference
sequence or in one or more contiguous groups within the reference
sequence. 101781 As a practical matter, whether any particular
nucleic acid molecule is at least 95%, 96%, 97%, 98% or 99% identical
to a reference sequence can be determined conventionally using known
computer programs such as the Bestfit program (Wisconsin Sequence
Analysis Package, Version 8 for Unix, Genetics Computer Group,
University Research Park, 575 Science Drive, Madison, WI 53711).
Bestfit uses the local homology algorithm of Smith and Waterman,
Advances in Applied Mathematics 2: 482 489 (1981), to find the best
segment of homology between two sequences. When using Bestfit or any
other sequence alignment program to determine whether a particular
sequence is, for instance, 95% identical to a reference sequence
according to the present invention, the parameters are set, of
course, such that the percentage of identity is calculated over the
full length of the reference nucleotide sequence and that gaps in
homology of up to 5% of the total number of nucleotides in the
reference sequence are allowed. [0179] The polynucleotide variants
can contain alterations in the coding regions, non-coding regions, or
both. In some embodiments the polynucleotide variants contain
alterations which produce silent substitutions, additions, or
deletions, but do not alter the properties or activities of the
encoded polypeptide. In some embodiments, nucleotide variants are
produced by silent substitutions due to the degeneracy of the genetic
code. Polynucleotide variants can be produced for a variety of
reasons, e.g., to optimize codon expression for a particular host
(change codons in the human mRNA to those preferred by a bacterial
host such as E. tali). 101801 The polypeptides of the present
invention can be recombinant polypeptides, natural polypeptides, or
synthetic polypeptides comprising an antibody, or fragment thereof,
against a non-ligand binding  membrane proximal region of the
extracellular domain of a human Notch I receptor. It will be
recognized in the art that some amino acid sequences of the invention
can be varied without significant effect of the structure or function



101811 The polypeptides and polynucleotides of the present invention
are provided in an isolated form, and at times are purified to
homogeneity. 10182] The isolated polypeptides described herein can be
produced by any suitable method known in the art. Such methods range
from direct protein synthesis methods to constructing a DNA sequence
encoding isolated polypeptide sequences and expressing those
sequences in a suitable transformed host. For example, cDNA can be
obtained by screening a human cDNA library with a labeled DNA
fragment encoding a polypeptide (for example, nucleotide SEQ ID NO:
I) and identifying positive clones by autoradiography. Further rounds
of plaque purification and hybridization are performed using
conventional methods. [0183] In some embodiments of a recombinant
method, a DNA sequence is constructed by isolating or synthesizing a
DNA sequence encoding a wild-type protein of interest. Optionally,
the sequence can be mutagenized by site-specific mutagenesis to
provide functional analogs thereof. (See, e.g. Zoeller et al., 1984,
Proc.-Nat Acad. Sci. USA, 81:5662-5066 and U.S. Pat. No. 4,588,585.)
Another method of constructing a DNA sequence encoding a polypeptide
of interest would be by chemical synthesis using an oligonucleotide
synthesizer. Such oligonucleotidescan be designed based on the amino
acid sequence of the desired polypeptide and selecting those codons
that are favored in the host cell in which the recombinant
polypeptide of interest will be produced. 101841 Standard methods can
be applied to synthesize an isolated polynucleotide sequence encoding
an isolated polypeptide of interest. For example, a complete amino
acid sequence can be used to construct a back-translated gene.
Further, a DNA oligomer containing a nucleotide sequence coding for
the particular isolated polypeptide can be synthesized. For example,
several small oligonucleotides coding for portions of the desired
polypeptide can be synthesized and then ligated. The individual
oligonucleotides typically contain 5' or 3' overhangs for
complementary assembly. 101851 Once assembled (by synthesis,
site-directed mutagenesis or another method), the mutant DNA
sequences encoding a particular isolated polypeptide of interest will
be inserted into an expression vector and operatively linked to an
expression control sequence appropriate for expression of the protein
in a desired host. Proper assembly can be confirmed by nucleotide
sequencing, restriction mapping, and expression of a biologically
active polypeptide in a suitable host. As is well known in the art,
in order to obtain high expression levels of a transfected gene in a
host, the gene is operatively linked to  transcriptional and
translational expression control sequences that are functional in the
chosen expression host. 



101861 Recombinant expression vectors are used to amplify and express
DNA encoding cancer stem cell marker polypeptide fusions. Recombinant
expression vectors are replicable DNA constructs which have synthetic
or cDNA-derived DNA fragments encoding a cancer stem cell marker
polypeptide fusion or a bioequivalent analog operatively linked to
suitable transcriptional or translational regulatory elements derived
from mammalian, microbial, viral or insect genes. A transcriptional
unit generally comprises an assembly of (1) a genetic element or
elements having a regulatory role in gene expression, for example,
transcriptional promoters or enhancers, (2) a structural or coding
sequence which is transcribed into mRNA and translated into protein,
and (3) appropriate transcription and translation initiation and
termination sequences, as described in detail below. Such regulatory
elements can include an operator sequence to control transcription.
The ability to replicate in a host, usually conferred by an origin of
replication, and a selection gene to facilitate recognition of
transformants can additionally be incorporated. DNA regions are
operatively linked when they are functionally related to each other.
For example, DNA for a signal peptide (secretory leader) is
operatively linked to DNA for a polypeptide if it is expressed as a
precursor which participates in the secretion of the polypeptide; a
promoter is operatively linked to a coding sequence if it controls
the transcription of the sequence; or a ribosome binding site is
operatively linked to a coding sequence if it is positioned so as to
permit translation. Generally, operatively linked means contiguous
and, in the case of secretory leaders, means contiguous and in
reading frame. Structural elements intended for use in yeast
expression systems include a leader sequence enabling extracellular
secretion of translated protein by a host cell. Alternatively, where
recombinant protein is expressed without a leader or transport
sequence, it can include an N-terminal methionine residue. This
residue can optionally be subsequently cleaved from the expressed
recombinant protein to provide a final product. [0187] The choice of
expression control sequence and expression vector will depend upon
the choice of host. A wide variety of expression host/vector
combinations can be employed. Useful expression vectors for
eukaryotic hosts, include, for example, vectors comprising expression
control sequences from SV40, bovine papilloma virus, adenovirus and
cytomegalovirus. Useful expression vectors for bacterial hosts
include known bacterial plasmids, such as plasmids from Esherichia
coli, including pCR1, pBR322, pMB9 and their derivatives, and wider
host range plasmids, such as MI3 and filamentous single-stranded DNA
phages. 10188] Suitable host cells for expression of a cancer stem
cell marker protein include prokaryotes, yeast, insect or higher
eukaryotic cells. Prokaryotes include gram negative or gram positive
organisms, for example E. coli or bacilli. Higher eukaryotic cells
include established cell lines of mammalian origin as described
below. Cell-free translation systems could also be employed.
Appropriate cloning and  expression vectors for use with bacterial,
fungal, yeast, and mammalian cellular hosts are described by Pouwels
et al. (Cloning Vectors: A Laboratory Manual, Elsevier, N.Y., 1985),
the relevant disclosure of which is hereby incorporated by reference.
[01891 Various mammalian or insect cell culture systems are also
advantageously employed to express recombinant protein. Expression of
recombinant proteins in mammalian cells can be performed because such



10191] For example, supernatants from systems which secrete
recombinant protein into culture media can be first concentrated
using a commercially available protein concentration filter, for
example, an Amicon or Millipore Pellicon ultrafiltration unit.
Following the concentration step, the concentrate can be applied to a
suitable purification matrix. Alternatively, an anion exchange resin
can be employed, for example, a matrix or substrate having pendant
diethylaminoethyl (DEAE) groups. The matrices can be acrylamide,
agarose, dextran, cellulose or other types commonly employed in
protein purification. Alternatively, a cation exchange step can be
employed. Suitable cation exchangers include various insoluble
matrices comprising sulfopropyl or carboxymethyl groups. Finally, one
or more reversed-phase high performance liquid chromatography
(RP-HPLC) steps employing hydrophobic RP-HPLC media, e.g., silica gel
having pendant methyl or other aliphatic groups, can be employed to
further purify a recombinant protein or cancer stem cell protein-Fc
composition. Some or all of the foregoing purification steps, in
various combinations, can also be employed to provide a homogeneous
recombinant protein.  [0192] Recombinant protein produced in
bacterial culture is usually isolated by initial extraction from cell
pellets, followed by one or more concentration, salting-out, aqueous
ion exchange or size exclusion chromatography steps. High performance
liquid chromatography (HPLC) can be employed for final purification
steps. Microbial cells employed in expression of a recombinant
protein can be disrupted by any convenient method, including
freeze-thaw cycling, sonication, mechanical disruption, or use of
cell lysing agents. [0193] The present invention also provides
methods for inhibiting the growth of tumorigenic cells expressing a
cancer stem cell marker using the antagonists of a cancer stem cell
marker described herein. In some embodiments, the method of
inhibiting the growth of tumorigenic cells expressing a cancer stem
cell marker, for example Notchl receptor, comprises contacting the
cell with an antagonist against a cancer stem cell marker in vitro.
For example, an immortalized cell line or a cancer cell line that
expresses a cancer stem cell marker is cultured in medium to which is
added an antagonist of the expressed cancer stem cell marker to
inhibit cell growth. In some embodiments, tumor cells comprising
tumor stem cells are isolated from a patient sample such as, for
example, a tissue biopsy, pleural effusion, or blood sample and
cultured in medium to which is added an antagonist of a cancer stem
cell marker fo inhibit cell growth. In some embodiments, the
antagonist is an antibody that specifically recognizes an epitope of
a cancer stem cell marker protein. For example, antibodies against a
cancer stem cell marker protein can be added to the culture medium of
isolated cancer stem cells to inhibit cell growth. 101941 In some
embodiments, the method of inhibiting the growth of tumorigenic cells
expressing a cancer stem cell marker comprises contacting the cell
with an antagonist against a cancer stem cell marker in vivo. In some
embodiments, the method of inhibiting growth of tumorigenic cells
expressing Notch] comprises contacting the cells with an antibody
that specifically binds to a non-ligand binding membrane proximal
region of a human Notchl receptor. In some embodiments, the antibody
inhibits growth of turnorigenic cells by inhibiting the activity of
Notchl. In some embodiments, the antibody inhibits growth of
tumorigenic cells by inhibiting ligand-induced Notchl signaling. In



antagonist of a cancer stem cell marker is administered at the same
time or shortly after introduction of tumorigenic cells into the
animal to prevent tumor growth. In other embodiments, the antibody
against the cancer stem cell marker is administered as a therapeutic
agent after the tumorigenic cells have grown to a specified size.
[01961 The present invention further provides pharmaceutical
compositions comprising antibodies, polypeptides or other agents that
target a cancer stem cell marker. These pharmaceutical compositions
find use in inhibiting tumor growth, tumor cell growth and treating
cancer in human patients. 101971 Formulations are prepared for
storage and use by combining a purified antagonist (e.g., antibody)
of the present invention with a pharmaceutically acceptable vehicle
(e.g., carrier, excipient, etc.)(Remington, The Science and Practice
of Pharmacy 20th Edition Mack Publishing, 2000). Suitable
pharmaceutically acceptable vehicles include, but are not limited to,
nontoxic buffers such as phosphate, citrate, and other organic acids;
salts such as sodium chloride; antioxidants including ascorbic acid
and methionine; preservatives such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride;
benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl
parabens, such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol; low molecular weight
polypeptides (less than about 10 amino acid residues); proteins such
as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; carbohydrates such as
monosacchandes, disaccharides, glucose, mannose, or dextrins;
chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions such as sodium;
metal complexes such as Znprotein complexes; and/or non-ionic
surfactants such as TWEEN or polyethylene glycol (PEG). [01981 The
pharmaceutical composition of the present invention can be
administered in any number of ways for either local or systemic
treatment. Administration can be topical (such as to mucous membranes
including vaginal and rectal delivery) such as transdermal patches,
ointments, lotions, creams, gels, drops, suppositories, sprays,
liquids and powders; pulmonary such as by inhalation or insufflation
of powders or aerosols (including by nebulizer), intratracheal,
intranasal, epidermal and transdermal; oral; parenteral including
intravenous, intraarterial, intratumoral, subcutaneous,
intraperitoneal or intramuscular injection or infusion; or
intracranial such asintrathecal or intraventricular. [0199] The
therapeutic formulation can be in unit dosage form. Such formulations
include tablets, pills, capsules, powders, granules, solutions or
suspensions in water or non-aqueous media, or suppositories for oral,
parenteral, or rectal administration or for administration by
inhalation. In solid compositions such as tablets the principal
active ingredient is mixed with a pharmaceutical carrier.
Conventional tableting ingredients include corn starch, lactose,
sucrose, sorbitol, talc, stearic acid, magnesium stearate, dicalcium
phosphate or gums, and other diluents (e.g., water) to form a solid
preformulation composition containing a homogeneous mixture of a
compound of the present invention, or a non-toxic pharmaceutically
acceptable salt thereof. The solid preformulation composition is then
subdivided into unit dosage forms of the type described herein. The



102011 The antibodies can also be entrapped in microcapsules. Such
microcapsules are prepared, for example, by coacervation techniques
or by interfacial polymerization, for example, hydroxymethylcellulose
or gelatin-microcapsules and poly-(methylmethacylate) microcapsules,
respectively, in colloidal drug delivery systems (for example,
liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions as described in Remington, The
Science and Practice of Pharmacy 20th Ed. Mack Publishing (2000).
102021 In addition sustained-release preparations can be prepared.
Suitable examples of sustained-release preparations include
semi-permeable matrices of solid hydrophobic polymers containing the
antibody, which matrices are in the form of shaped articles (e.g.
films, or microcapsules). Examples of sustained-release matrices
include polyesters, hydrogels such as
poly(2-hydroxyethyl-methacrylate) or poly(v nylalcohol), polylactides
(U.S. Patent 3,773,919), copolymers of L-glutamic acid and 7
ethyl-Lglutamate, non-degradable ethylene-vinyl acetate, degradable
lactic acid-glycolic acid copolymers such as the LUPRON DEPOT TM
(injectable microspheres composed of lactic acid-glycolic acid
copolymer and leuprolide acetate), sucrose acetate isobutyrate, and
poly-D(-)-3-hydroxybutyric acid. In some embodiments the antibodies
can be used to treat various conditions characterized by expression
and/or increased responsiveness of cells to a cancer stem cell
marker. Particularly it is envisioned that the antibodies against a
cancer stem cell marker, for example Notchl , will be used to treat
proliferative disorders including but not limited to benign and
malignant tumors of the kidney, liver, bladder, breast, stomach,
ovary, colon, rectum, prostate, lung, vulva, thyroid, head and neck,
brain (glioblastoma, astrocytoma, medulloblastoma, etc), blood and
lymph (leukemias and lymphomas).  102031 In some embodiments, the
treatment involves the combined administration of an antibody or
other agent of the present invention and a chemotherapeutic agent or
cocktail of multiple different chemotherapeutic agents. Treatment
with an antibody can occur prior to, concurrently with, or subsequent
to administration of chemotherapies. Chemotherapies contemplated by
the invention include chemical substances or drugs which are known in
the art and are commercially available, such as doxorubicin,
5-fluorouracil, cytosine arabinoside ("Ara-C"), cyclophosphamide,
thiotepa, busulfan, cytoxin, taxol, methotrexate, cisplatin,
melphalan, vinblastine and carboplatin. Combined administration can
include co-administration, either in a single pharmaceutical
formulation or using separate formulations, or consecutive
administration in either order but generally within a time period
such that all active agents can exert their biological activities
simultaneously. Preparation and dosing schedules for such
chemotherapeutic agents can be used according to manufacturers'
instructions or as determined empirically. Preparation and dosing
schedules for such chemotherapy are also described in Chemotherapy
Service Ed., M. C. Perry, Williams & Wilkins, Baltimore, Md. (1992).
[02041 Chemotherapeutic agents useful in the instant invention also
include, but are not limited to, alkylating agents such as thiotepa
and cyclophosphamide (Cytoxan); alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines and methylamelamines including
altretamine, triethylenemelamine, trietylenephosphoramide,



pentostatin; phenamet; pirarubicin; podophyllinic acid;
2-ethylhydrazide; procarbazine; PSK.; razoxane; sizofuran;
spirogermanium; tenuazonic acid; triaziquone;
2,2',2"-trichlorotriethylamine; urethan; vindesine; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine;
arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g.
paclitaxel (TAXOL, Bristol-Myers Squibb Oncology, Princeton, N.J.)
and doxetaxel (Taxotere, Rhone-Poulenc Rorer, Antony, France);
chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine;
methotrexate; platinum analogs such as cisplatin and carboplatin;
vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C;
mitoxantrone; vincristine; vinorelbine; navelbine; novantrone;
teniposide; daunomycin; aminopterin; xeloda; ibandronate; CPT11;
topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMF0);
retinoic acid; esperamicins; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the above.
Chemotherapeutic agents also include anti-hormonal agents that act to
regulate or inhibit hormone action on tumors such as anti-estrogens
including for example tamoxifen, raloxifene, aromatase inhibiting
4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, LYI17018,
onapristone, and toremifene (Fareston); and antiandrogens such as
flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; and
pharmaceutically acceptable salts, acids or derivatives of any of the
above. 102051 In certain embodiments, the chemotherapeutic agent is a
topoisomerase inhibitor. Topoisomerase inhibitors are chemotherapy
agents that interfere with the action of a topoisomerase enzyme
(e.g., topoisomerase I or II). Topoisomerase inhibitors include, but
are not limited to, doxorubicin HCL, daunorubicin citrate,
mitoxantrone HCL, actinomycin D, etoposide, topotecan HCL, teniposide
(VM-26), and irinotecan. [0206] In certain embodiments, the
chemotherapeutic agent is an anti-metabolite. An anti-metabolite is a
chemical with a structure that is similar to a metabolite required
for normal biochemical reactions, yet different enough to interfere
with one or more normal functions of cells, such as cell division.
Anti-metabolites include, but are not limited to, gemcitabine,
fluorouracil, capecitabine, methotrexate sodium, ralitrexed,
Pemetrexed, tegafur, cytosine arabinoside, Thioguanine
(GlaxoSmithKline), 5-azacytidine, 6- mercaptopurine, azathioprine,
6-thioguanine, pentostatin, fludarabine phosphate, and cladribine, as
well as pharmaceutically acceptable salts, acids, or derivatives of
any of these. 102071 In other embodiments, the treatment involves the
combined administration of an antibody or other agent of the present
invention and radiation therapy. Treatment with an antibody can occur
prior to, concurrently with, or subsequent to administration of
radiation therapy. Any dosing schedules for such radiation therapy
can be used as determined by the skilled practitioner. 102081 In
other embodiments, the treatment can involve the combined
administration of antibodies of the present invention with other
antibodies against additional tumor associated antigens including,
but not limited to, antibodies that bind to the EGF receptor (EGFR)
(Erbituxe), the erbB2 receptor (HER2) (Herceptin(r)), and vascular
endothelial growth factor (VEGF) (Avastine). Furthermore, treatment
can  include administration of one or more cytokines; can be
accompanied by surgical removal of cancer cells; and/or any other
therapy deemed necessary by a treating physician. [02091 For the



102101 The present invention provides kits comprising the antibodies
described herein and that can be used to perform the methods
described herein. In some embodiments, a kit comprises at least one
purified antibody against a cancer stem cell marker, in one or more
containers. In some embodiments, a kit comprises at least one
purified antibody against a non-ligand binding membrane proximal
region of the extracellular domain of a human Notchl receptor, in one
or more containers. In some embodiments, a kit comprises the antibody
52M51 or a humanized variant of 52M51. In some embodiments, a kit
comprises the antibody 52R43. In some embodiments, the kits contain
all of the components necessary and/or sufficient to perform a
detection assay, including all controls, directions for performing
assays, and any necessary software for analysis and presentation of
results. One skilled in the art will readily recognize that the
disclosed antibodies of the present invention can be readily
incorporated into one of the established kit formats which are well
known in the art. (02111 In certain embodiments, the present
invention provides a method of identifying a molecule that binds to a
non-ligand binding membrane proximal region of the extracellular
domain of a human Notchl receptor and inhibits tumor growth, the
method comprising: i) incubating the molecule with the nonligand
binding membrane proximal region of the extracellular domain of the
human Notchl receptor; ii) determining if the molecule binds to the
membrane proximal region of the extracellular domain of the human
Notch receptor; and iii) determining if the molecule inhibits tumor
growth. Molecules that specifically bind a membrane proximal region
of the extracellular domain of a human Notchl receptor include, but
are not limited to, polypeptides and antibodies.  102121 Screening
can be performed using any suitable method known in the art. In
certain embodiments, screening is performed in vitro. In some
embodiments, cells expressing a non-ligand binding membrane proximal
region of the extracellular domain of a human Notchl receptor are
incubated with a labeled molecule and specific binding of the labeled
molecule to a membrane proximal region of the extracellular domain of
a human Notch] receptor is determined by FACS analysis. In some
embodiments, a nonligand binding membrane proximal region of the
extracellular domain of a human Notchl receptor is expressed by phage
display, and molecules that specifically binding to a membrane
proximal region of the extracellular domain of a human Notchl
receptor are identified. Other suitable methods for identifying
molecules that specifically bind to a non-ligand binding membrane
proximal region of a human Notchl receptor include, but are not
limited to, ELISA; Western (or immuno) blotting; and
yeast-two-hybrid. 102131 Molecules that specifically bind to a
non-ligand binding membrane proximal region of the extracellular
domain of a human Notchl receptor are then tested for inhibition of
tumor cell growth. Testing can be performed using any suitable method
known in the art. In certain embodiments, molecules that specifically
bind to membrane proximal region of the extracellular domain of a
human Notchl receptor are tested for the ability to inhibit tumor
growth in vitro. In some embodiments, molecules that specifically
bind a membrane proximal region of the extracellular domain of a
human Notch! receptor are incubated with tumor cells in culture and
proliferation of tumor cells in the presence of the molecule that
specifically binds a membrane proximal region of the extracellular



and histidine-tag and cloned into a transfer plasmid vector for
baculovirus-mediated expression in insect cells. Standard
transfection, infection, and cell culture protocols were used to
produce recombinant insect cells expressing the corresponding Notchl
polypeptide corresponding to a membrane proximal region comprising
amino acids 1427-1732 (SEQ ID NO:2) (O'Reilly etal., 1994,
Baculovirus Expression Vectors: A Laboratory Manual, Oxford: Oxford
University Press). [0215] Notch] membrane proximal region (Notch]
amino acids 1472-1732) polypeptide was purified from insect cell
lysates using protein A and Ni++-chelate affinity chromatography as
known to one skilled in the art. Purified Notch I membrane proximal
region polypeptide was dialyzed against PBS (pH=7), concentrated to
approximately 1 mg/ml, and sterile filtered in preparation for
immunization. 102161 Mice (n=3) were immunized with purified Notchl
antigen protein (Antibody Solutions; Mountain View, CA) using
standard techniques. Blood from individual mice was screened
approximately 70 days after initial immunization for antigen
recognition using ELISA and FACS analysis (as described herein). The
two animals with the highest antibody titers were selected for final
antigen boost after which spleen cells were isolated for hybridoma
production. Hybridoma cells were plated at 1 cell per well in 96 well
plates, and the supematant from each well screened by ELISA and FACS
analysis against Notchl membrane proximal region polypeptide. Several
hybridomas with high antibody titer were selected and scaled up in
static flask culture. Antibodies were purified from the hybridoma
supernatant using protein A or protein G agarose chromatography.
Purified monoclonal antibodies were tested again by FACS as described
herein. Several antibodies that recognized the membrane proximal
region of the extracellular domain of human Notchl were isolated. A
hydridoma cell line expressing antibody 52M51 was deposited with ATCC
under the conditions of the Budapest Treaty on August 7, 2008 and
assigned ATTC Patent Deposit Designation PTA-9405. The nucleotide and
predicted protein sequences of both the heavy chain (SEQ ID NO:9 and
10) and light chain (SEQ ID NO:3 and 4) of antibody 52M5I were
determined. Human Antibodies 102171 In alternative embodiments, human
antibodies that specifically recognize the non-ligand binding
membrane proximal region of the extracellular domain of a Notchl
receptor are isolated using phage display technology. In certain
embodiments, a synthetic antibody library containing human antibody
variable domains is screened for specific and high affinity
recognition of a Notch receptor antigen described herein. In certain
embodiments, a human Fab phage display library is screened using a
series of recombinant proteins comprising the non-ligand binding
membrane proximal region of the extracellular domain of a Notch 1
receptor. Briefly, 2x10'3 Fab displaying phage particles are
incubated with recombinant protein (passively immobilized) in round
one, the non-specific phage are washed off, and then specific phage
are eluted with either low pH (cells) or DTT (recombinant protein).
The eluted output is used to infect TG1 F+ bacteria, rescued with
helper phage, and then Fab display induced with IPTG  (0.25 mM). This
process is repeated for two additional rounds and then round three is
screened in ELISA against passively immobilized antigen (5 gig/m1). 



102181 CDR cassettes in the library are specifically exchanged via
unique flanking restriction sites for antibody optimization.
Optimized human variable regions are then cloned into an Ig
expression vector containing human IgG1 heavy-chain and kappa
light-chain for expression of human antibodies in CHO cells. Epitope
Mapping 102191 To identify antibodies that recognize specific a
non-ligand binding membrane proximal region of the Notchl receptor
extracellular domains, epitope mapping is performed. In certain
embodiments, mammalian expression plasmid vectors comprising a CMV
promoter upstream of polynucleotides that encode fragments of the
extracellular Notchl domain as Fc fusion proteins are generated using
standard recombinant DNA technology. In certain embodiments, epitope
mapping of the 52M series of non-ligand binding region antibodies is
done using a series of fusion proteins and deletions of the membrane
proximal region of the extracellular domain of a human Notchl from
about amino acid 1427 to about amino acid 1732. These recombinant
fusion proteins are expressed in transiently transfected HEK 293
cells from which conditioned medium is collected twenty-four to
forty-eight hours post-transfection for ELISA. 102201 In certain
embodiments, the Notchl fusion protein fragments are separated on
SDS-PAGE gels and probed with both anti-Fc antibodies to detect the
presence of all fusion proteins versus anti-Notchl antibodies to
detect the domains recognized by each anti-Notch antibody. [02211 To
identify specific epitopes within the extracellular domains
recognized by an antibody against Notch I the SPOTs system is used
(Sigma Genosys, The Woodlands, TX). A series of 10-residue linear
peptides overlapping by one amino acid and covering the entire Notchl
extracellular domain are synthesized and covalently bound to a
cellulose membrane by the SPOT synthesis technique. The membrane is
preincubated for 8 hours at room temperature with blocking buffer and
hybridized with antibody overnight at 4C. The membrane is then
washed, incubated with a secondary antibody conjugated to horseradish
peroxidase (HRP) (Amersham Bioscience, Piscataway, NJ), re-washed,
and visualized with signal development solution containing
3-amino-9-ethylcarbazole. Specific epitopes recognized by an antibody
are thus determined. Chimeric antibodies [02221 After monoclonal
antibodies that specifically recognize a non-ligand binding membrane
proximal domain of the extracellular domain of a Notch I receptor are
identified, these antibodies are modified to overcome the human
anti-mouse antibody (HAMA) immune response when rodent antibodies are
used as therapeutics agents. The variable regions of the heavy-chain
and light-chain of the selected monoclonal  



antibody are isolated by RT-PCR from hybridoma cells and ligated
in-frame to human IgGI heavy-chain and kappa light chain constant
regions, respectively, in mammalian expression vectors. Alternatively
a human Ig expression vector such as TCAE 5.3 is used that contains
the human IgG1 heavy-chain and kappa light-chain constant region
genes on the same plasmid (Preston et al., 1998, Infection &
Innnunity 66:4137-42). Expression vectors encoding chimeric heavy-
and light-chains are then co-transfected into Chinese hamster ovary
(CHO) cells for chimeric antibody production. Immunoreactivity and
affinity of chimeric antibodies are compared to parental murine
antibodies by ELISA and FAGS. Humanized antibodies [02231 As chimeric
antibody therapeutics are still frequently antigenic, producing a
human anti-chimeric antibody (HACA) immune response, chimeric
antibodies against a non-ligand binding membrane proximal domain of
the extracellular domain of a Notchl receptor can require further
humanization. To generate humanized antibodies the, three short
hypervariable sequences, or complementary determining regions (CDRs),
of the chimeric antibody heavy- and light-chain variable domains
described above are engineered using recombinant DNA technology into
the variable domain framework of a human heavy-and light-chain
sequences, respectively, and then cloned into a mammalian expression
vector for expression in CHO cells. The immunoreactivity and affinity
of the humanized antibodies are compared to parental chimeric
antibodies by ELISA and FACS. Additionally, site-directed or
high-density mutagenesis of the variable region can be used to
optimize specificity, affinity, etc. of the humanized antibody.
Example 2 [02241 Humanized antibodies against a membrane proximal
region of the extracellular domain of a human Notchl were generated.
The variable domains of the murine monoclonal antibody 52M51 were
isolated and sequenced from the hybridoma line using degenerate PCR
essentially as described in Larrick, J.M., et al., 1989, Biochem.
Biophys. Res. Comm. 160: 1250 and Jones, ST. & Bendig, M.M., 1991,
Bio/Technology 9: 88. Human heavy and light chain variable framework
regions likely to be structurally similar to the parental 52M51
antibody amino acid sequences are then considered as reference human
framework regions to help guide the design of novel synthetic
frameworks. To identify the human framework regions bearing
similarity to 52M51 murine frameworks, the predicted protein
sequences encoded by the VH and VL murine variable domains of 52M51
are compared with human antibody sequences encoded by expressed human
cDNA using BLAST searches for human sequence deposited in Genbank.
Using this method, expressed human cDNA sequences (e.g. genbank
DA975021, DB242412) and germline Vh domains (e.g. IGHVI-24) were
selected for further analysis in designing heavy chain frameworks.
Similarly, expressed human cDNA sequences (e.g. genbank CD709370,
CD707373) and gemdine VI (e.g. 1GLV7-46, 1GLV8-61) were considered in
designing light chain frameworks.  102251 The amino acid differences
between candidate humanized framework heavy chains and the parent
murine monoclonal antibody 52M51 heavy chain variable domain and
light chain variable domains were evaluated for likely importance,
and a judgment made as to whether each difference in position
contributes to proper folding and function of the variable domain.
This analysis was guided by examination of solved crystal structures
of other antibody fragments (e.g., the structure of Fab 2E8 as
described in Trakhanov et al, Ada Crystallogr D Biol Crystallogr,



102261 The functionality of each candidate variant humanized heavy
and light chain was tested by cotransfection into mammalian cells.
Each of the nine candidate humanized 52M51 heavy chains described
above was cotransfected into HEK 293 cells with the murine 52M51
light chain cDNA, and conditioned media was assayed by ELISA for
Notchl binding activity. The 52M51 heavy chain variant exhibiting the
most robust binding was selected. This variant "52M51-H4" (SEQ ID
NO:22) contains, in addition to murine CDRs, variation at 3 framework
positions within the Vh framework, Kabat positions 20, 48, and 71 in
comparison with an example human framework (e.g. IGHV1-24). The
52M51-H4 humanized heavy chain was then cotransfected into HEK293
cells with each of the eight candidate humanized light chains, and
conditioned media was again assayed for antigen binding by ELISA. Two
light chain variants "2M51 L3" (SEQ ID NO:26) and "52M51 L4" (SEQ ID
NO:30) were found to exhibit better binding than the other candidates
and were chosen for further study. Variant 52M51-L3 contains, in
addition to murine CDRs, variation at 1 framework position at Kabat
position 49 in comparison to an example human framework (e.g.,
IGLV7-46). Two humanized variant antibodies, 52M51H4L3 and 52M51H4L4,
were developed. 52M51H4L3, as encoded by DNA deposited with the ATCC,
under the conditions of the Budapest Treaty on October 15, 2008, and
assigned designation number PTA-9549. 102271 The affinities for human
and mouse Notchl were determined using a Biacore 2000 instrument.
Briefly, recombinant human and mouse Notchl proteins were immobilized
on a CM5 chip using standard amine based chemistry (NHS/EDC).
Different antibody concentrations were injected over the protein
surfaces and kinetic data were collected over time. The data was fit
using the simultaneous global fit equation to yield dissociation
constants (KD, nM) for each Notch I (Table 2).  Table 2 IgG
Dissociation Constants (Ko) Antibody Human Notch] (nM) Mouse Notch!
(nM) 



52M51 2.86 NB 52M51H4L3 4.33 NB 52M51H4L4 7.35 



NB  Example 3 Notch Receptor Signaling 102281 In certain embodiments,
the ability of Notchl receptor antibodies to block ligand-mediated
Notch signaling was determined. In certain embodiments, HeLa cells
engineered to overexpress Notchl (Notchl-Hela) cultured in DMEM
supplemented with antibiotics and 10% FCS were co-transfected with 1)
pGL4 8X CBS firefly luciferase containing a Notch responsive promoter
upstream of a firefly luciferase reporter gene to measure Notch
signaling levels in response to DLL4 ligand; and 2) a Renilla
luciferase reporter (Promega; Madison, WI) as an internal control for
transfection efficiency. Transfected cells were added to cultures
plates coated overnight with 200 ng/well of hDLL4-fc protein, and
antibodies to Notchl were then added to the cell culture medium.
Forty-eight hours following transfection, luciferase levels were
measured using a dual luciferase assay kit (Promega; Madison, WI)
with firefly luciferase activity normalized to Renilla luciferase
activity. The ability of antibodies to inhibit Notchl pathway
activation was thus determined. Antibodies 52M51, 52M63, 52M74, and
52M80, generated against a membrane proximal region of the
extracellular domain of a human Notch! (Fig. 1A) significantly
reduced luciferase activity indicative of reduced Notch] signaling as
compared to other Notchl antibodies (Fig. 1B). Further, a humanized
variant of antibody 52M51, variant 52M51 H4/L3 displayed similar
potency in reducing luciferase activity (Fig. IC). Notch Receptor
Activation and ICD Formation 102291 Cleavage of Notch receptors by
furin, ADAM, and gamma-secretase results in formation of the Notch
intracellular domain (ICD) that then triggers downstream Notch
signaling in the nucleus. In certain embodiments, the ability of
Notchl receptor antibodies to block ligand-mediated receptor
activation was determined by Western blot analysis. Notch] -Hela
cells were grown in suspension culture in 293-SMII media (Gibco).
Cultured cells were transferred to 96-well plates in which select
wells had been pre-coated with human DLL4-fc fusion protein (2 pg/m1)
in DMEM plus 2% FBS and 1 pM MC 132 (Calbiochem). Antibodies to
generated against a membrane proximal region of the extracellular
domain of human Notch] were added to the cell culture medium, and
cells were incubated at 37C for five hours. Wells were then aspirated
and the cells resuspended in 2X SDS running buffer. Samples were
sonicated  



at room temperature, and then subjected to SOS-PAGE and western blot
analysis using an antibody specific for the cleaved Notch I ICD
according to the manufacturer's recommendations (Cell Signaling
Technology). 52M51 along with 52M63, 521v174, and 52M80 all
significantly inhibited the generation of ICD after ligand
stimulation (Fig. ID). Example 4 In vivo prevention of tumor growth
using non-ligand binding region anti-Notch receptor antibodies [0230]
Tumor cells from a patient sample that have been passaged as a
xenograft in mice were prepared for injection into experimental
animals. Tumors were established at OncoMed Pharmaceuticals by
adhering to procedures described previously (See Al-Hajj et al.,
2003; Dalerba et al., 2007) and include: UM-PE13 and T3 (breast
carcinoma cells), OMP-C9, OMP-C8, OMP-C6, and Colo-205 (colon tumor
cells); and OMP-PN4 (pancreatic carcinoma cells). Tumor tissue was
removed under sterile conditions, cut up into small pieces, minced
completely using sterile blades, and single cell suspensions obtained
by enzymatic digestion and mechanical disruption. The resulting tumor
pieces were mixed with ultra-pure collagenase III in culture medium
(200-250 units of collagenase per mL) and incubated at 37C for 3-4
hours with pipetting up and down through a 10-mL pipette every 15-20
min. Digested cells were filtered through a 45 ul nylon mesh, washed
with RPM1/20% FBS, and washed twice with HBSS. Dissociated tumor
cells were then injected subcutaneously into NOD/SCID mice at 6-8
weeks to elicit tumor growth. For UM-PE13 and T3 breast tumor cells,
50,000 cells in 100 ul were injected into the right mammary fat pad
(n=20) along with the implantation of an estrogen pellet. For OMP-C9
colon tumor cells, 50,000 cells in 100 ul were injected into the
right flank region (n=20). For OMP-C8 colon tumor cells, 10,000 cells
in 100 ul were injected into the right flank area (n=10). For OMP-C6
colon tumor cells, 10,000 cells in 100 ul were injected into the
right flank (n = 10). All tumor cells were injected in a mixture of
PBS (without magnesium or calcium) and BD Matrigel (BD Biosciences)
at a 1:1 ratio. 102311 Three days after tumor cell injection,
antibody treatment was commenced. Each injected animal received 10
mg/kg anti-Notch I antibodies or PBS as a control intraperitoneal
(i.p.) two times per week for a total of 6 to 8 weeks. Animals
injected with PE13 cells received injections into the right upper
mammary fat pad in addition to estrogen pellet injections. Animals
injected with C9, C8, or C6 cells received injections in the right
lower quadrant of the abdomen. Tumor size was assessed twice a week.
102321 In certain embodiments, antibodies against a membrane proximal
region of the extracellular domain of human Notch] were tested for an
effect on the formation of breast tumors. PE13 breast tumor cells
(50,000 cells per injection) were implanted subcutaneously into the
mammary fat pads. Two days following cell implantation, animals were
treated with either control antibody or 52M antibodies 52M1, 52M2,
and 52M8 (which were without anti-Notch signaling capability, see
Fig. 18) at 10 mg/kg dosed i.p. twice a week. Treatment with
non-Notchl inhibitor antibodies had no effect on tumor growth
compared  to control treated animals (Figs. 2C and 2D). In certain
embodiments, animals injected with PE13 breast tumor cells are
treated with either control antibody or 52M51 at 10 mg/kg dosed i.p.
twice a week. Tumor volume is measured twice weekly, and the effect
of 52M51 on breast tumor growth is determined.  [02331 In alternative
embodiments, dissociated tumor cells are first sorted into



Antibodies include anti-ESA (Biomeda, Foster City, CA), anti-CD44,
anti-CD24, and Lineage markers anti-CD2, -CD3, -CD10, -CD 16, -CD18,
-CD31, -CD64, and -CD140b (collectively referred to as Lin;
PharMingen, San Jose, CA). Antibodies are directly conjugated to
fluorochromes to positively or negatively select cells expressing
these markers. Mouse cells are eliminated by selecting against H2Kd+
cells, and dead cells are eliminated by using the viability dye 7AAD.
Flow cytometry is performed on a FACS Vantage (Becton Dickinson,
Franklin Lakes, NJ). Side scatter and forward scatter profiles are
used to eliminate cell clumps. Isolated ESA+, CD44+, CD24-/low, Lin-
tumorigenic cells are then injected subcutaneously into NOD/SOD mice
to elicit tumor growth. Example 5 In vivo treatment of tumors using
anti-Notchl receptor antibodies [02341 Tumor cells from a patient
sample (solid tumor biopsy or pleural effusion) that have been
passaged as a xenograft in mice were prepared for repassaging into
experimental animals. Tumor tissue was removed, cut up into small
pieces, minced completely using sterile blades, and single cell
suspensions obtained by enzymatic digestion and mechanical
disruption. Dissociated tumor cells were then injected subcutaneously
into the mammary fat pads, for breast tumors, or into the flank, for
non-breast tumors, of NOD/SCID mice to elicit tumor growth. In
certain embodiments, ESA+, CD44+, CD24-/low, Lintumorigenic tumor
cells are isolated as described in detail above and injected. 102351
In certain embodiments, freshly isolated C8 colon tumor cells (225
cells per animal) were implanted subcutaneously into NOD/SCID mice.
Following tumor cell injection, animals were monitored for tumor
growth. Tumors were allowed to grow for 48 days until they reached an
average size of approximately 210 mm3 and randomized into two groups
(n=10 per group). The animals were treated with either control
antibody or antibody that binds to the membrane proximal region of
the extracellular domain of human Notchl, 52M51,00 mg/kg) dosed i.p.
twice a week. Tumor size was assessed on days 55, 57, and 62. Animals
treated with 52M51 showed a statistically significant (p=0.0006)
inhibition of tumor growth compared to control treated animals (Fig.
2A and 28).  102361 At the end point of antibody treatment, tumors
are harvested for further analysis. In some embodiments, a portion of
the tumor is analyzed by immunofluorescence to assess antibody
penetration into the tumor and tumor response. A portion of each
harvested tumor from anti-Notchl receptor treated and control
antibody treated mice is flash-frozen in liquid nitrogen, embedded in
0.C.T., and cut on a cryostat as 10 um sections onto glass slides.
Alternatively a portion of each tumor is formalin-fixed,
paraffin-embedded, and cut on a microtome as 10 urn section onto
glass slides. Sections are post-fixed and incubated with chromophore
labeled antibodies that specifically recognize injected antibodies to
detect anti-NOTCH1 receptor or control antibodies present in the
tumor biopsy. Furthermore antibodies that detect different tumor and
tumor recruited cell types such as, for example, anti-VE cadherin (CD
144) or anti-PECAM-1 (CD31) antibodies to detect vascular endothelial
cells, anti-smooth muscle alpha-actin antibodies detect vascular
smooth muscle cells, anti-Ki67 antibodies to detect proliferating
cells, TUNEL assays to detect dying cells, and anti-intracellular
domain (ICD) Notch fragment antibodies to detect Notch signaling can
be used to assess affects of antibody treatment on angiogenesis,
tumor growth and tumor morphology. [0237] The effect of anti-Notchl



102381 In addition, the effect of anti-Notch I receptor antibody
treatment on the presence of cancer stem cells in a tumor is
assessed. Tumor samples from Notchl versus control antibody treated
mice are cut up into small pieces, minced completely using sterile
blades, and single cell suspensions obtained by enzymatic digestion
and mechanical disruption. Dissociated tumor cells are then analyzed
by FACS analysis for the presence of tumorigenic cancer stem cells
based on ESA+, CD44+, CD24-/low, Lin-surface cell marker expression
as described in detail above. [0239] The tumorigenicity of cells
isolated based on ESA+, CD44+, CD24-/low, Lin- expression following
anti-Notchl antibody treatment can then be assessed. 5,000, 1,000,
500, and 100 isolated ESA+, CD44+, CD24-/low, Lin- cancer stem cells
from Notchl antibody treated versus control antibody treated mice are
re-injected subcutaneously into the mammary fat pads of NOD/SCID
mice. The tumorigenicity of cancer stem cells based on the number of
injected cells required for consistent tumor formation is thus
determined. 102401 In contrast to the in vivo efficacy of 52M51, an
antibody that inhibits Notch] signaling, in a colon xenograft model
described above, certain other antibodies that recognize the membrane
proximal region  of Notch 1, but don't inhibit Notch 1 signaling,
were found to not have anti-tumor efficacy in vivo in a breast
xenograft model. The antibodies 52M51, 52M2, and 52M8, each of which
had been found to not appreciably inhibit Notch signaling (Example 3
and Figure IB), were injected in NOD/SC1D mice which had been
previously injected with PE13 breast tumor cells. Each of the
antibodies 52M1, 52M2, and 52M8 failed to effect tumor growth in the
xenograft model when compared against control-treated animals (Figure
2C (52M1, 52M2) and Figure 2D (52M8)). Example 6 Treatment of human
cancer using anti-Notch receptor antibodies 102411 This example
describes methods for treating cancer using antibodies against a
Notch receptor to target tumors comprising cancer stem cells and/or
tumor cells in which Notch receptor expression has been detected. 



102421 The presence of cancer stem cell marker expression can first
be determined from a tumor biopsy. Tumor cells from a biopsy from a
patient diagnosed with cancer are removed under sterile conditions.
In some embodiments, the tissue biopsy is fresh-frozen in liquid
nitrogen, embedded in 0.C.T., and cut on a cryostat as 10 urn
sections onto glass slides. Alternatively the tissue biopsy is
formalin-fixed, paraffin- embedded, and cut on a microtome as 10 um
section onto glass slides. Sections are incubated with antibodies
against a Notch receptor to detect protein expression. Additionally,
the presence of cancer stem cells can be determined. Tissue biopsy
samples are cut up into small pieces, minced completely using sterile
blades, and cells subject to enzymatic digestion and mechanical
disruption to obtain a single cell suspension. Dissociated tumor
cells are then incubated with anti-ESA, -CD44, -CD24, -Lin, and -
Notchl antibodies to detect cancer stem cells, and the presence of
ESA+, CD44+, CD24-/low, Lin-, Notch+ tumor stem cells is determined
by flow cytometry as described in detail above. 102431 Cancer
patients whose tumors are diagnosed as expressing a Notch receptor
are treated with anti-Notch receptor antibodies. Humanized or human
monoclonal anti-Notch receptor antibodies generated as described
above are purified and formulated with a suitable pharmaceutical
carrier in PBS for injection. Patients are treated with the Notch
antibodies once a week for at least 10 weeks, but in certain cases
once a week for at least about 14 weeks. Each administration of the
antibody should be a pharmaceutically effective dose about 2 to about
100 mg/ml and in certain cases between about 5 to about 40 mg/ml. The
antibody can be administered prior to, concurrently with, or after
standard radiotherapy regimens or chemotherapy regimens using one or
more chemotherapeutic agent, such as oxaliplatin, fluorouracil,
leucovorin, or streptozocin. Patients are monitored to determine
whether such treatment has resulted in an anti-tumor response, for
example, based on tumor regression, reduction in the incidences of
new tumors, lower tumor antigen expression, decreased numbers of
cancer stem cells, or other means of evaluating disease prognosis.
Example 7 Additional studies of in vivo treatment of tumors using
anti-Notchl receptor antibodies 10244] In one embodiment, M2 melanoma
cells (10,000) were injected subcutaneously in NOD-SCID mice. Tumors
were allowed to grow for 35 days until they had reached a volume of
approximately 110 min'. Tumor-bearing mice were randomized into two
groups (n=10) and treated with either control antibody or anti-Notchl
antibody 52R43. Antibodies were dosed twice weekly at 10 mg/kg. Tumor
volumes were measured on the indicated days. As shown in Figure 3A,
anti-Notchl treatment with 52R43 reduced tumor growth relative to the
control group (p=0.02). 



102451 In one embodiment, Lu24 lung tumor cells (30,000) were
injected subcutaneously in NOD-SCID mice. Tumors were allowed to grow
for 35 days until they had reached a volume of approximately 205
min3. Tumor-bearing mice were randomized into two groups (n=8) and
treated with either control antibody or anti-Notchl antibody 52R43.
Antibodies were dosed twice weekly at 10 mg/kg. Tumor volumes were
measured on the indicated days. As shown in Figure 3B, anti-Notchl
treatment with 52R43 reduced tumor growth relative to the control
group (p=0.04). 10246) In one embodiment, PN8 pancreatic tumor cells
(50,000) were injected subcutaneously in NODSCID mice. Tumors were
allowed to grow for 27 days until they had reached a volume of
approximately 115 mm3. Tumor bearing mice were randomized into two
groups (n=8) and treated with either control antibody or anti-Notchl
antibody 52R43. Antibodies were dosed twice weekly at 10 mg/kg. Tumor
volumes were measured on the indicated days. As shown in Figure 3C,
anti-Notchl treatment with 52R43 reduced tumor growth relative to the
control group (p=0.005). [0247] In one embodiment, Ti breast tumor
cells (300,000) were injected subcutaneously in NOD-SCID mice. Tumors
were allowed to grow for 27 days until they had reached a volume of
approximately 130 min'. Tumor bearing mice were randomized into four
groups (n=10) and treated with either control antibody, anti-Notchl
52R43, taxol, or a combination of 52R43 and taxol. Antibodies were
dosed once weekly at 15 mg/kg and taxol was dosed once weekly at 12
mg/kg. Tumor volumes were measured on the indicated days. As shown in
figure 3D, anti-Notchl treatment with 52R43 reduced tumor growth
relative to the control group (p<0.0001), and the combination group
was reduced relative to taxol alone (p=0.001) 102481 All publications
and patents mentioned in the above specification are herein
incorporated by reference. Various modifications and variations of
the described method and system of the invention will be apparent to
those in the art without departing from the scope and spirit of the
invention. Although the invention has been described in connection
with specific embodiments, it should be understood that the invention
as claimed should not be unduly limited to such specific embodiments.
Indeed, various  modifications of the described modes for carrying
out the invention which are obvious to those in the relevant fields
are intended to be within the scope of the following claims.
SEQUENCES 



SEQ ID NO:1 Notchl Polynucleotide encoding amino acids 1427-1732.
CACATCCTGGACTACAGCTTCGGGGGTGGGGCCGGGCGCGACATCCCCCCGCCGCTGATC
GAGGAGGCGTGCGAGCTGCCCGAGTGCCAGGAGGACGCGGGCAACAAGGTCTGCAGCCTG
CAGTGCAACAACCACGCGTGCGGCTGGGACGGCGGTGACTGCTCCCTCAACTTCAATGAC
CCCTGGAAGAACTGCACGCAGTCTCTGCAGTGCTGGAAGTACTTCAGTGACGGCCACTGT
GACAGCCAGTGCAACTCAGCCGGCTGCCTCTTCGACGGCTTTGACTGCCAGCGTGCGGAA
GGCCAGTGCAACCCCCTGTACGACCAGTACTGCAAGGACCACTTCAGCGACGGGCACTGC
GACCAGGGCTGCAACAGCGCGGAGTGCGAGTGGGACGGGCTGGACTGTGCGGAGCATGTA
CCCGAGAGGCTGGCGGCCGGCACGCTGGTGGTGGTGGTGCTGATGCCGCCGGAGCAGCTG
CGCAACAGCTCCTTCCACTTCCTGCGGGAGCTCAGCCGCGTGCTGCACACCAACGTGGTC
TTCAAGCGTGACGCACACGGCCAGCAGATGATCT TCCCCTACTACGGCCGCGAGGAGGAG
CTGCGCAAGCACCCCATCAAGCGTGCCGCCGAGGGCTGGGCCGCACCTGACGCCCTGCTG
GGCCAGGTGAAGGCCTCGCTGCTCCCTGGTGGCAGCGAGGGTGGGCGGCGGCGGAGGGAG
CTGGACCCCATGGACGTCCGCGGCTCCATCGTCTACCTGGAGATTGACAACCGGCAGTGT
GTGCAGGCCTCCTCGCAGTGCTTCCAGAGTGCCACCGACGTGGCCGCATTCCTGGGAGCG
CTCGCCTCGCTGGGCAGCCTCAACATCCCCTACAAGATCGAGGCCGTGCAGAGTGAGACC
GTGGAGCCGCCCCCGCCG SEQ TD NO:2 Notch] amino acids 1427-1732 HI LDYS
FGGGAGRD I P P PLI EEACELPECQEDAGNKVCSLQCNNHACGWDGGDCSLNFND
PWKNCTQSLQCWKYFSDGHCDSQCNSAGCLFDGFDCQRAEGQCNPLYDQYCKDHFSDGHC
DQGCNSAECEWDGLDCAEHVPERLAAGTLVVVVLMPPEQLRNSSFHFLRELSRVLHTNVV
FKRDAHGQQM I FPYYGREEELRKHP I KRAAEGWAAPDALLGQVICASLL PGGSEGGRRRRE
LDPMDVRGS IVYLE I DNRQCVQAS SQCFQSATDVAAFLGALASLGS LNI PYKIEAVQSET VE
PPP P Mouse antibody 52M51 sequences:  SEQ ID NO:3 52M51 Light chain
polynucleotide sequence (Putative signal sequence is underlined)
ATGGCCTGGATTTCACTTATACTCTCTCTCCTGGCTCTCAGCTCAGGGGCCATTTCCCAG
GCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTCACACTCACT 



TGTCGCT CAAGTACTGGGGCTGTTACAACTAGTAACTACGCCAACTGGGT CCAAGAAAAA
CCTGATCATT TATTCACTGGT C TAATAGGTGGTACCAACAACCGAGCT CCAGGTGTT CCT
GCCAGATTCTCAGGCTCCCTGATTGGAGACAAGGCTGCCCTCACCATCACAGGGGCACAG
ACTGAGGATGAGGCAATATATTTCTGTGCTCTATGGTACAGCAACCACTGGGTGTTCGGT
GGAGGAACCAAACTGACTGT CCTAGGCCAGCCCAAGTCTTCGCCATCAGT CACCCTGTTT
CCACCTTCCTCTGAAGAGCTCGAGACTAACAAGGCCACACTGGTGTGTACGATCACTGAT
TTCTACCCAGGTGTGGTGACAGTGGACTGGAAGGTAGATGGTACCCCTGTCACTCAGGGT
ATGGAGACAACCCAGCCTT CCAAACAGAGCAACAACAAGTACATGGCTAGCAGCTACCTG
ACCCTGACAGCAAGAGCATGGGAAAGGCATAGCAGTTACAGCTGCCAGGTCACTCATGAA
GGTCACACTGTGGAGAAGAGTTTGTCCCGTGCTGACTGTTCCTAG SEQ ID NO:4 52M51 Light
chain amino acid sequence (Putative signal sequence is underlined)
MAW I SL ILSLLALSSGAI SQAVVTQESALTTSPGETVTLTCRSSTGAVTTSNYANWVQEK
PDHLFTGL IGGTNNRAPGVPARFSGSL IGDKAALT I TGAQTEDEA I YFCALWYSNHWVFG
GGTKLTVLGQ PKSSPSVTLFPPSSEELETNKATLVCTITDFYPGVVTVDWKVDGTPVTQG
METTQPSKQSNNKYMAS S YLTLTARAWERHS SYS CQVTHEGHTVE KS LSRADCS SEQ ID
NO:5 52M51 Light chain variable region polynucleotide sequence
(Putative signal sequence is underlined) ATGGCCTGGATTTCACTTATACT CT
CT CTCCTGGCT CTCAGCT CAGGGGCCATTT CCCAG
GCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTCACACTCACT
TGTCGCTCAAGTACTGGGGCTGTTACAACTAGTAACTACGCCAACTGGGTCCAAGAAAAA CCTGAT
CATTTATT CAC TGGT CTAATAGGTGGTACCAACAACCGAGCTCCAGGTGTTCCT GCCAGAT
TCTCAGGCTCCCTGAT TGGAGACAAGGCTGCCCT CACCATCACAGGGGCACAG
ACTGAGGATGAGGCAATATATTTCTGTGCTCTATGGTACAGCAACCACTGGGTGTTCGGT
GGAGGAACCAAACTGACTGTCCTAGGC 



SEQ ID NO:6 52M51 Light chain variable region amino acid sequence
(Putative signal sequence is underlined) MAW ISLILSLLALS SGAI
SQAVVTQESALTTS PGETVTLT CRS S TGAVTT SNYANWVQEK PDHL FT GL I
GGTNNRAPGVPARFSGS L I GDKAALT I TGAQT EDEA IYFCALWY SNHWVFG
GGTKLTVLGQ P KS S P SVTLFPPSSEELETNKATLVCT I TDFY PGVVTVDWKVDGTPVTQG
SEQ ID NO:7 52M51 Light chain variable region polynucleotide sequence
without putative signal sequence
CAGGCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACAGTCACACTC
ACTTGTCGCTCAAGTACTGGGGCTGTTACAACTAGTAACTACGCCAACTGGGTCCAAGAA
AAACCTGATCATTTATTCACTGGTCTAATAGGTGGTACCAACAACCGAGCTCCAGGTGTT
CCTGCCAGATTCTCAGGC TCCCTGATTGGAGACAAGGCTGCCCT CACCATCACAGGGGCA
CAGACTGAGGATGAGGCAATATATTTCTGTGCTCTATGGTACAGCAACCACTGGGTGTTC
GGTGGAGGAACCAAACTGACTGTCCTAGGC SEQ ID NO:8 



52M51 Light chain variable region amino acid sequence without
putative signal sequence QAVVTQESALTTS
PGETVTLTCRSSTGAVTTSNYANWVQEKPDHLFTGL IGGTNNRAPGV PARFSGSL IGDKAALT I
TGAQTEDEAI YFCALWYSNHWVFGGGTKLTVLG SEQ ID NO:9 52M51 Heavy chain
polynucleotide sequence (Putative signal sequence is underlined)
ATGGAATGGACCTGGGTCTTTCTCTTCCTCCTGT CAGTAACTGCAGGTGTCCACT CCCAG GT T
CAGCTGCAGCAGT CTGGAGCTGAGCTGATGAAGCCTGGGGCCT CAGTGAAGATAT CC
TGCAAGGCTGCTGGCTACACAATGAGAGGCTACTGGATAGAGTGGATAAAGCAGAGGCCT
GGACATGGCCTTGAGTGGATTGGACAGATTTTACCTGGAACTGGGAGAACTAACTACAAT
GAGAAGTTCAAGGGCAAGGCCACATTCACTGCAGATACATCCTCCAACACAGCCAACATG
CAACTCAGCAGCCTGACAT CTGAGGACT CTGCCGTCTATTACTGTGCAAGATTTGATGGT AAC
TACGGTTACTATGCTATGGACTACTGGGGT CAAGGAT CCT CAGT CACCGT CTCCTCA
GCCAAAACGACACCCCCATCTGTCTATCCACTGGCCCCTGGATCTGCTGCCCAAACTAAC
TCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATTTCCCTGAGCCAGTGACAGTGACC
TGGAACTCTGGAT CCCTGTCCAGCGGTGTGCACACCTTCCCAGC TGTCCTGCAGT CTGAC CT
CTACACTCTGAGCAGCT CAGTGACTGTCCCCT CCAGCCCTCGGCCCAGC GAGACCGT C
ACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTGGACAAGAAAATTGTGCCCAGG
GATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAAGTATCATCTGTCTTCATCTTC
CCCCCAAAGCCCAAGGATGTCCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTG
GTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGT T TGTAGATGATGTGGAG
GTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTC
AGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGTC
AACAGTGCAGCTTT CCCTGCCCCCATCGAGAAAACCATATCCAAAACCAAAGGCAGACCG
AAGGCTCCACAGGTGTACACCAT T CCACCTCCCAAGGAGCAGATGGCCAAGGATAAAGT C
AGTCTGACCTGCATGATAACAGACTTCTTCCCTGAAGACATAACAGTGGAGTGGCAGTGG
AATGGGCAGCCAGCGGAGAACTACAAGAACACT CAGCCCATCATGAACACGAATGGCT CT
TACTTCGTCTACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATACTTTC
ACCTGCTCTGTGTTACATGAGGGCCTGCACAACCACCATACTGAGAAGAGCCTCTCCCAC
TCTCCTGGTAAATGA SEQ ID NO:10 52M51 Heavy chain amino acid sequence
(Putative signal sequence is underlined) MEWTWVFL FLL SVTAGVH S
QVQLQQ S GAE LMKPGASVK I SCKAAGYTMRGYW I EW I KQRP GHGLEW I GQ I L
PGTGRTNYNEKFKGKATFTADTSSNTANMQLS S LTS EDSAVYYCARFDG
NYGYYAMDYWGQGSSVTVSSAKTTP PSVYPLAPGSAAQTNSMVTLGCLVKGYF PE PVTVT
WNSGSLSSGVHTFPAVLQSDLYTLSSSVTVPSSPRPSETVTCNVAHPASSTKVDKKIVPR DCGC KPC
I CTVPEVSSVF I FPPKP KDVLTI TLTPKVTCVVVD I SKDDPEVQFSWFVDDVE
WITAQTQPREEQFNSTFRSVS EL P IMHQDWLNGKE FKCRVNSAAFPAP I EKT I S KTKGRP
KAPQVYT I PPPICEQMAKDKVS LTCM I TDFFPED I TVEWQWNGQ PAENYKNTQP
IMNTNGS YFVYSKLEVQKSNWEAGNTFTCSVLHEGLHNHHTEKSLSHSPGK SEQ ID NO:11 



52M51 Heavy chain variable region polynucleotide sequence (Putative
signal sequence is underlined)
ATGGAATGGACCTGGGTCTTTCTCTTCCTCCTGTCAGTAACTGCAGGTGTCCACTCCCAG
GTTCAGCTGCAGCAGTCTGGAGCTGAGCToATGAAGCCTGGGGCCTCAGTGAAGATATCC
TGCAAGGCTGCTGGCTACACAATGAGAGGCTACTGGATAGAGTGGATAAAGCAGAGGCCT
GGACATGGCCTTGAGTGGATTGGACAGATTTTACCTGGAACTGGGAGAACTAACTACAAT
GAGAAGTTCAAGGGCAAGGCCACATTCACTGCAGATACATCCTCCAACACAGCCAACATG
CAACTCAGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTGCAAGATTTGATGGT
AACTACGGTTACTATGCTATGGACTACTGGGGTCAAGGATCCTCAGTCACCGTCTCCTCA SEQ ID
NO:12 52M51 Heavy chain variable region amino acid sequence (Putative
signal sequence is underlined)
MEWTWVFLFLLSVTAGVHSQVQLQQSGAELMKPGASVKISCKAAGYTMRGYW I EW I KQRP
GHGLEW I GQI L PGTGRTNYNEKFKGKATFTADTSSNTANMQLSSLTSEDSAVYYCARFDG
NYGYYAMDYWGQGSSVTVSSAKTTP PS VYPLAPGSAAQTNSMVTLGCLVKGY FIDE PVTVT SEQ
ID NO: 13 52M51 Heavy chain variable region polynucleotide sequence
without putative signal sequence 



CAGGTTCAGCTGCAGCAGTCTGGAGCTGAGCTGATGAAGCCTGGGGCCTCAGTGAAGATA
TCCTGCAAGGCTGCTGGCTACACAATGAGAGGCTACTGGATAGAGTGGATAAAGCAGAGG
CCTGGACATGGCCTTGAGTGGATTGGACAGATT TTACCTGGAACTGGGAGAACTAACTAC
AATGAGAAGTTCAAGGGCAAGGCCACATTCACTGCAGATACATCCTCCAACACAGCCAAC
ATGCAACTCAGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTGCAAGATTTGAT
GGTAACTACGGTTACTATGCTATGGACTACTGGGGTCAAGGAT CCT CAGTCACCGTCTCC T CA
SEQ ID NO:14 52M51 Heavy chain variable region amino acid sequence
without putative signal sequence QVQLQQSGAELMKPGASVKI S CICAAGYTMRGYW
I EW I KQRPGHGLEW I GQ IL PGTGRTNY NEKFKGKAT FTADT SSNTANMQL S S LT
SEDSAVYYCARFDGNYGYYAMDYWGQGS SVTVS SA SEQ ID NO:15 52M51 Heavy chain
CDRI RGYW I E SEQ ID NO:16 



52M5I Heavy chain CDR2 Q I LPGTGRTNYNEKFKG SEQ ID NO: 17 52M51 Heavy
chain CDR3 FDGNYGYYAMDY SEQ ID NO:18 52M51 Light chain CDR1 RS S
TGAVTT SNYAN SEQ ID NO:19 52M51 Light chain CDR2 GTNNRAP SEQ ID NO:20



52M51 Light chain CDR3 ALWYSNHWVFGGGTKL Humanized 52M51 sequences:
SEQ ID NO:21 52M51-H4 Heavy chain polynucleotide sequence (Putative
signal sequence underlined)
ATGGATTGGACATGGAGGGTGTTCTGCCTCCTCGCTGTGGCTCCTGGAGTCCTGAGCCAG
GTCCAGCTCGTCCAGAGCGGGGCTGAAGTCAAGAAGCCTGGCGCTAGCGTCAAAATCAGC
TGTAAGGTCAGCGGATACACACTGAGGGGATACTGGATCGAGTGGGTGAGGCAGGCTCCA
GGAAAGGGCCTGGAATGGATCGGCCAGATCCTGCCTGGAACCGGAAGGACAAATTACAAT
GAGAAGTTTAAGGGAAGGGTCACAATGACAGCAGACACAAGCACAGACACAGCTTATATG
GAACTCAGCTCCCTCAGATCCGAGGACACCGCTGTCTACTATTGTGCCAGGTTCGATGGA
AATTACGGATACTATGCCATGGATTACTGGGGACAGGGGACAACGGTCACCGTGAGCTCA
GCCAGCACAAAGGGCCCTAGCGTCTTCCCTCTGGCTCCCTGCAGCAGGAGCACCAGCGAG
AGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCG
TGGAACTCAGGCGCTCTGACCAGCGGCGTGCACACCTTCCCAGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAACTTCGGCACCCAGACC
TACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAGACAGTTGAGCGC
AAATGTTGTGTCGAGTGCCCACCGTGCCCAGCACCACCTGTGGCAGGACCGTCAGTCTTC
CTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACGTGC
GTGGTGGTGGACGTGAGCCACGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGACGGC
GTGGAGGTGCATAATGCCAAGACAAAGCCACGGGAGGAGCAGTTCAACAGCACGTTCCGT
GTGGTCAGCGTCCTCACCGTTGTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGC
AAGGTCTCCAACAAAGGCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGG
CAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAAC
CAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTGGAGTGG
GAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACACCTCCCATGCTGGACTCCGAC
GGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAAC
GTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC
TCCCTGTCTCCGGGTAAATGA SEQ ID NO:22 52M51 H4 Heavy chain amino acid
sequence (Putative signal sequence underlined) 



MDWTWRVFCLLAVAPGVLSQVOLVOSGAEVKKPGASVKISCKVSGYTLRGYWIEWVRQAP
GKGLEWIGQILPGTGRTNYNEKFKGRVTMTADTSTDTAYMELSSLRSEDTAVYYCARFDG
NYGYYAMDYWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNEGTQTYTCNVDHKPSNTKVDKTVER
KCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDG
VEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKG
QPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK SEQ ID NO:23 52M51-H4
Heavy chain variable region amino acid sequence (Putative signal
sequence underlined)
MDWTWRVECLLAVAPGVLSQVQLVQSGAEVKKPGASVKISCICVSGYTLRGYWIEWVRQAP
GKGLEWIGQILPGTGRTNYNEKFKGRVTMTADTSTDTAYMELSSLRSEDTAVYYCAREDG
NYGYYAMDYWGQGTTVTVSSA SEQ ID NO:24 52M51-H4 Heavy chain variable
region amino acid sequence without putative signal sequence
QVQLVQSGAEVKKPGASVKISCINSGYTLRGYWIEWVRQAPGKGLEWIGQILPGTGRTNY
NEKFKGRVTMTADTSTDTAYMELSSLRSEDTAVYYCAREDGNYGYYAMDYWGQGTTVTVS SA 



SEQ ID NO:25 52M51-L3 Light chain polynucleotide sequence (Putative
signal sequence is underlined)
ATGAGCGTCCCTACAATGGCTTGGATGATGCTCCTGCTGGGACTCCTGGCTTATGGAAGC
GGAGTGGATAGCCAGGCCGTCGTCACACAGGAACCTAGCCTCACCGTTAGCCCTGGAGGA
ACAGTCACACTGACCTGTAGGAGCTCCACAGGAGCTGTGACAACAAGCAATTACGCTAAC
TGGTTCCAGCAGAAGCCCGGTCAAGCCCCTAGAACCCTCATCGGCGGCACCAATAACAGA
GCTCCCGGAGTCCCCGCCAGGTTCTCCGGCTCCCTCCTGGGTGGCAAGGCTGCTCTGACA
CTCAGCGGTGCCCAGCCAGAGGATGAAGCGGAGTACTACTGTGCACTGTGGTACAGCAAC
CATTGGGTTTTCGGAGGCGGAACAAAGTTAACCGTCCTCGGGCAGCCTAAGGCTGCTCCT
AGCGTCACACTGTTCCCCCCATCTAGCGAGGAGCTGCAGGCTAACAAGGCAACCCTCGTC
TGCCTGGTTAGCGACTTCTACCCTGGCGCTGTCACAGTGGCCTGGAAAGCTGACGGCTCC
CCTGTGAAAGTTGGCGTCGAAACCACAAAGCCTTCTAAGCAGAGCAATAATAAATATGCC
GCAAGCTCCTACCTCTCCCTGACTCCTGAGCAGTGGAAAAGCCATAGGAGCTACTCCTGC
CGGGTCACACACGAAGGA.AGCACAGTGGAAAAGACAGTCGCCCCTGCTGAGTGTAGCTGA SEQ ID
NO:26 52M51-L3 Light chain amino acid sequence (Putative signal
sequence is underlined)
MSVPTMAWMMLLLGLLAYGSGVDSQAVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN
WFQQKPGQAPRTLIGGTNNRAPGVPARFSGSLLGGICAALTLSGAQPEDEAEYYCALWYSN
HWVEGGGTKLTVLGQPKAAPSVTLEPPSSEELQANICATLVCLVSDFYPGAVTVAWICADGS
PVKVGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAECS  SEQ ID
NO:27 52M51-L3 Light chain variable region amino acid sequence
(Putative signal sequence is underlined)
MSVPTMAWMMLLLGLLAYGSGVDSQAVVTQEPSLTVS PGGTVTLTCRSSTGAVTTSNYAN
WFQQKPGQAPRTL IGGTNNRAPGVPARFSGSLLGGKAALT L SGAQ PEDEAE YYCALWY SN
HWVFGGGTKLTVLG SEQ ID NO:28 



52M51-L3 Light chain variable region amino acid sequence without
putative signal sequence SGVDSQAVVTQEPSLTVS PGGTVTLT CRS STGAVTT
SNYANWFQQKPGQAPRTL I GGTNN RAPGVPARF SGSLLGGKAALTL SGAQ P
EDEAEYYCALWYSNHWVFGGGTKLTVLG SEQ ID NO:29 52M51-L4 Light chain
polynucleotide sequence (Putative signal sequence is underlined)
ATGAGCGTCCCTACAATGGCTTGGATGATGCTCCTGCTGGGACTCCTGGCTTATGGAAGC
GGAGTGGATAGCCAGACCGTCGTCACACAGGAACCTAGCTTTTCCGTTAGCCCTGGAGGA ACAGT CA
CACTGACCTGTAGGAGCTCCACAGGAGCTGTGACAACAAGCAATTACGCTAAC
TGGTATCAGCAGACTCCCGGTCAAGCCCCTAGAACCCTCATCGGCGGCACCAATAACAGA
GCTCCCGGAGTCCCCGACAGGTTCTCCGGCTCCATCCTGGGAAATAAAGCTGCTCTGACA AT
CACAGGTGCCCAGGCTGACGATGAAAGCGACTACTACTGTGCACTGTGGTACAGCAAC
CATTGGGTTTTCGGAGGCGGAACAAAGTTAACCGTCCTCGGGCAGCCTAAGGCTGCTCCT
AGCGTCACACTGTTCCCCCCATCTAGCGAGGAGCTGCAGGCTAACAAGGCAACCCTCGTC
TGCCTGGTTAGCGACTTCTACCCTGGCGCT GTCACAGTGGCCTGGAAAGCTGACGGCTCC
CCTGTGAAAGTTGGCGTCGAAACCACAAAGCCTTCTAAGCAGAGCAATAATAAATATGCC
GCAAGCTCCTACCTCTCCCTGACTCCTGAGCAGTGGAAAAGCCATAGGAGCTACTCCTGC
CGGGTCACACACGAAGGAAGCACAGTGGAAAAGACAGTCGCCCCTGCTGAGTGTAGCTGA SEQ ID
NO:30 52M5I-L4 Light chain amino acid sequence (Putative signal
sequence is underlined) MS VP TMAWMMLLLGL LAYGSGVDSQTVVTQE P S F SVS
PGGTVTLTCRSSTGAVTTSNYAN WYQQT PGQAPRTL IGGTNNRAPGVPDRF SGS I LGNKAALT
I TGAQADDESDYYCALWYSN HWVFGGGTKLTVLGQPKAAPSVTLFP P
SSEELQANKATLVCLVSDFYPGAVTVAWKADGS PVKVGVETTKP S KQ SNNKYAAS SYL S LT
PEQW KSHRS Y SCRVTHEGSTVEKTVAPAECS SEQ ID NO:31 52M51-L4 Light chain
variable region amino acid sequence (Putative signal sequence is
underlined) MSVPTMAWMMLLLGLLAYGSGVDSQTVVTQE
PSFSVSPGGTVTLTCRSSTGAVTTSNYAN 



WYQQTPGQAPRTL I GGTNNRAPGVPDRF SGS I LGNKAALT ITGAQADDESDYYCALWYSN
HWVFGGGTKLTVLG SEQ ID NO:32 52M51-L4 Light chain variable region
amino acid sequence without putative signal sequence SGVDSQTVVTQE PS
FSVS PGGTVTLT CRS STGAVTTSNYANWYQQTPGQAPRTLIGGTNN RAPGVPDRFSGS I
LGNKAALT I TGAQADDESDYYCALWYSNHWVFGGGTKLTVLG  WHAT IS CLAIMED IS: I.
An isolated antibody that specifically binds to a non-ligand binding
membrane proximal region of an extracellular domain of human Notchl
receptor and inhibits tumor growth. 



2. The antibody of claim I, wherein the antibody specifically binds
to a non-ligand binding membrane proximal region of an extracellular
domain of at least one additional Notch receptor.  3. The antibody of
claims 1 or 2, wherein the antibody is an antagonist of Notchl.  4.
The antibody according to any one of claims 1-3, wherein the antibody
inhibits activation of Notchl.  5. The antibody according to any one
of claims 1-4, wherein the antibody inhibits cleavage within the
membrane proximal region.  6. The antibody according to any one of
claims 1-5, wherein the antibody inhibits cleavage at the S2 site
within the membrane proximal region.  7. The antibody according to
any one of claims 1-6, wherein the antibody inhibits release of the
intracellular domain (lCD) of Notch!. 8. The antibody according to
any one of claims 1-7, wherein the antibody is an IgA, IgD, IgE, IgG
or IgM antibody.  9. The antibody according to any one of claims 1-7,
wherein the antibody is an IgG1 antibody. 



10. The antibody according to any one of claims 1-7, wherein the
antibody is an IgG2 antibody. 11. The antibody according to any one
of claims 1-10, wherein the antibody is a monoclonal antibody.  12.
The antibody according to any one of claims 1-11, wherein the
antibody is a chimeric antibody.  13. The antibody according to any
one of claims 1-12, wherein the antibody is a humanized antibody.
14. The antibody according to any one of claims 1-12, wherein the
antibody is a human antibody. 15. The antibody according to any one
of claims 1-14, wherein the antibody is an antibody fragment.  16.
The antibody according to any one of claims 1-15, wherein the
antibody is a monovalent antibody. 



17. The antibody according to any one of claims 1-16, wherein the
non-ligand binding membrane proximal region of the Notchl receptor
comprises SEQ ID NO:2.  18. The antibody according to any one of
claims 1-17, wherein the antibody comprises a heavy chain CDR1
comprising RGYWIE (SEQ ID NO:15), a heavy chain CDR2 comprising
Q1LPGTGRTNYNEKFKG (SEQ ID NO: 16), and a heavy chain CDR3 comprising
FDGNYGYYAMDY (SEQ ID NO: 17).  19. The antibody of claim 18, wherein
the antibody further comprises a light chain CDR1 comprising
RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2 comprising
GTNNRAP(SEQ ID NO:19), and a light chain CDR3 comprising
ALWYSNHWVFGGGTKL (SEQ ID NO:20).  20. The antibody according to any
one of claims 1-17, wherein the antibody comprises a light chain CDR1
comprising RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2
comprising GTNNRAP (SEQ ID NO:19), and a light chain CDR3 comprising
ALWYSNHWVFGGGTKL (SEQ ID NO:20).  21. An isolated antibody that
specifically binds to a non-ligand binding membrane proximal region
of an extracellular domain of human Notchl , wherein the antibody
comprises a heavy chain CDR1 comprising RGYWIE (SEQ ID NO:15), a
heavy chain CDR2 comprising QILPGTGRTNYNEKFKG (SEQ ID NO: 16), and/or
a heavy chain CDR3 comprising FDGNYGYYAMDY (SEQ ID NO: 17).  22. The
antibody of claim 21, wherein the antibody further comprises a light
chain CDR1 comprising RSSTGAVTTSNYAN (SEQ ID NO: IS), a light chain
CDR2 comprising GTNNRAP(SEQ ID NO: 19), and/or a light chain CDR3
comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20).  23. An isolated antibody
that specifically binds a non-ligand binding membrane proximal region
of an extracellular domain of human Notch', wherein the antibody
comprises a light chain CDR1  



comprising RSSTGAVTTSNYAN (SEQ ID NO:18), a light chain CDR2
comprising GTNNRAP(SEQ ID NO:19), and/or a light chain CDR3
comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20). 24. An isolated antibody
that specifically binds a non-ligand binding membrane proximal region
of an extracellular domain of human Notch I, wherein the antibody
comprises:  (a) a heavy chain CDR1 comprising RGYVVIE (SEQ ID NO:15),
a heavy chain CDR2 comprising QILPGTGRTNYNEKFKG (SEQ ID NO: 16), and
a heavy chain CDR3 comprising FDGNYGYYAMDY (SEQ ID NO: 17); and/or
(b) a light chain CDR1 comprising RSSTGAVTTSNYAN (SEQ ID NO:18), a
light chain CDR2 comprising GTNNRAP(SEQ ID NO:19), and a light chain
CDR3 comprising ALWYSNHWVFGGGTKL (SEQ ID NO:20). 25. An isolated
antibody that specifically binds a non-ligand binding membrane
proximal region of an extracellular domain of human Notch], wherein
the antibody comprises a heavy chain variable region comprising: (a)
a heavy chain CDR1 comprising RGYWIE (SEQ ID NO:15), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions; (b) a
heavy chain CDR2 comprising QILPGTGRTNYNEKFKG (SEQ ID NO: 16), or a
variant thereof comprising 1, 2, 3, or 4 amino acid substitutions;
and (c) a heavy chain CDR3 comprising FDGNYGYYAMDY (SEQ ID NO:17), or
a variant thereof comprising 1, 2, 3, or 4 amino acid substitutions.
26. The antibody of claim 25, wherein the antibody further comprises
a light chain variable region comprising: (a) a light chain CDR1
comprising RSSTGAVTTSNYAN (SEQ ID NO:18), or a variant thereof
comprising 1, 2, 3, or 4 amino acid substitutions; (b) a light chain
CDR2 comprising GTNNRAP(SEQ ID NO:19), or a variant thereof
comprising 1, 2, 3, or 4 amino acid substitutions; and/or (c) a light
chain CDR3 comprising ALWYSNFIWVFGGGTKL (SEQ ID NO:20), or a variant
thereof comprising 1, 2, 3, or 4 amino acid substitutions. 27. An
isolated antibody that specifically binds a non-ligand binding
membrane proximal region of an extracellular domain of human Notchl,
wherein the antibody comprises a light chain variable region
comprising: (a) a light chain CDR1 comprising RSSTGAVTTSNYAN (SEQ ID
NO: 18), or a variant thereof comprising 1, 2, 3, or 4 amino acid
substitutions; (b) a light chain CDR2 comprising GTNNRAP(SEQ ID NO:
19), or a variant thereof comprising 1, 2, 3, or 4 amino acid
substitutions; and/or (c) a light chain CDR3 comprising
ALWYSNHWVFGGGTKL (SEQ ID NO:20), or a variant thereof comprising 1,
2, 3, or 4 amino acid substitutions.  



28. The antibody according to any one of claims 25-27, wherein the
amino acid substitutions are conservative amino acid substitutions.
29. An isolated antibody which specifically binds to a non-ligand
binding membrane proximal region of an extracellular domain of human
Notch!, wherein the antibody binds to the same epitope within the
membrane proximal region as the epitope to which antibody 52M51
produced by the hybridoma cell line deposited as ATCC Patent Deposit
PTA-9405 binds.  30. An isolated antibody which specifically binds to
a non-ligand binding membrane proximal region of an extracellular
domain of human Notchl and inhibits formation of the Notchl ICD,
wherein the antibody inhibits tumor growth.  31. An isolated antibody
that competes with the antibody according to any one of claims 1-30
for specific binding to the non-ligand binding membrane proximal
region of an extracellular domain of human Notchl.  32. An isolated
antibody that competes with the antibody according to any one of
claims 1-30 for specific binding to a non-ligand binding membrane
proximal region of an extracellular domain of human Notchl in a
competitive binding assay.  33. An isolated antibody that competes
with antibody 52M51 for specific binding to the non-ligand binding
membrane proximal region of an extracellular domain of human Notch!.
34. An isolated antibody that specifically binds to the non-ligand
binding membrane proximal region of an extracellular domain of human
Notchl, wherein the antibody comprises: (a) a heavy chain variable
region having at least 90% sequence identity to SEQ ID NO: 14 or SEQ
ID NO:24; and/or (b) a light chain variable region having at least
90% sequence identity to SEQ ID NO:8, SEQ ID NO:28, or SEQ ID NO:32.
35. The antibody of claim 34, wherein the heavy chain variable region
has at least 95% sequence identity to SEQ ID NO: 14 or SEQ ID NO:24;
and/or (b) the light chain variable region has at least 95% sequence
identity to SEQ ID NO:8, SEQ ID NO:28, or SEQ ID NO:32. 



36. An isolated polypeptide comprising:   (a) a polypeptide having
the amino acid sequence of SEQ ID NO:14 or SEQ ID NO:24; and/or  (b)
a polypeptide having the amino acid sequence of SEQ ID NO:8, SEQ ID
NO:28, or SEQ ID NO:32.  37. The polypeptide of claim 36, wherein the
polypeptide is an antibody.  38. The polypeptide of claim 36, wherein
the polypeptide comprises a polypeptide having the amino acid
sequence of SEQ ID NO: 14 and a polypeptide having the amino acid
sequence of SEQ ID NO:8.  39. The polypeptide of claim 36, wherein
the polypeptide comprises a polypeptide having the amino acid
sequence of SEQ ID NO:24 and a polypeptide having the amino acid
sequence of SEQ ID NO:28.  40. The polypeptide of claim 36, wherein
the polypeptide comprises a polypeptide having the amino acid
sequence of SEQ ID NO:24 and a polypeptide having the amino acid
sequence of SEQ ID NO:32. 



41. An antibody comprising the same heavy and light chain variable
regions as a polypeptide encoded by a plasmid on deposit as ATCC
Patent Deposit Designation PTA-9549.  42. An antibody produced by the
hybridoma cell line deposited on deposit as ATCC Patent Deposit
Designation PTA-9405.  43. An antibody that specifically binds human
Notchl comprising the polypeptide of claims 36 or 37.  44. An
antibody that specifically binds human Notchl comprising: a
polypeptide comprising SEQ ID NO:14 or SEQ ID NO:24; and a
polypeptide comprising SEQ ID NO:8, SEQ ID NO:28 or SEQ ID NO:32. 45.
A pharmaceutical composition comprising the antibody or polypeptide
according to any one of claims 1-44 and a pharmaceutically acceptable
carrier. 46. A pharmaceutical composition comprising the antibody or
polypeptide according to any one of claims 1 - 44 and at least one
additional anti-cancer agent. 



47. An isolated polynucleotide molecule comprising a polynucleotide
that encodes the antibody or polypeptide according to any one of
claims 1 -44.  48. An expression vector comprising the polynucleotide
molecule of claim 47.  49. A host cell comprising the expression
vector of claim 48.  50. A host cell comprising the polynucleotide
molecule of claim 47.  51. A hydridoma cell line on deposit as ATCC
Patent Deposit Designation PTA-9405.  52. A cell line producing the
antibody according to any one of claims 1 -44.  53. A method of
inhibiting activity of Notch] in a cell, comprising contacting the
cell with the antibody or polypeptide according to any one of claims
1 -44. 



54. The method of claim 53, wherein the cell is a tumor cell.  55. A
method of inhibiting growth of a tumor in a subject, comprising
administering to the subject a therapeutically effective amount of
the antibody or polypeptide according to any one of claims 1 -44.
56. A method of reducing tumorigenicity of a tumor that comprises
cancer stem cells in a subject, comprising administering to the
subject a therapeutically effective amount of the antibody or
polypeptide according to any one of claims 1 -44, wherein the
frequency or number of cancer stem cells in the tumor is reduced by
administration of the antibody or polypeptide.  57. The method of
claims 55 or 56, wherein the tumor or tumor cell is selected from the
group consisting of a breast tumor, colorectal tumor, hepatic tumor,
renal tumor, lung tumor, pancreatic tumor, ovarian tumor, prostate
tumor, and head and neck tumor.  58. A method of treating cancer in a
subject comprising administering to the subject a therapeutically
effective amount of the antibody or polypeptide according to any one
of claims 1 -44.   59. The method of claim 58, wherein the cancer is
selected from the group consisting of a breast cancer, colorectal
cancer, hepatic cancer, kidney cancer, liver cancer, lung cancer,
pancreatic cancer, gastrointestinal cancer, melanoma, ovarian cancer,
prostate cancer, cervical cancer, bladder cancer, glioblastoma, and
head and neck cancer.  60. The method of any one of claims 55 -59,
wherein the method further comprises administering to the subject at
least one additional anti-cancer/therapeutic agent. 



61. The method of claim 60, wherein the additional anti-cancer agent
is selected from the group consisting of taxol, irinotecan,
gemcitabine, and oxaliplaitin.  62. The method of claim 60, wherein
the anti-cancer agent is an additional antibody therapeutic.  63. The
method of claim 62, wherein the additional antibody therapeutic
comprises an antibody that specifically binds a second Notch
receptor.  64. The method of claim 62, wherein the additional
antibody therapeutic comprises an antibody that specifically binds
VEGF.  65. The method of claim 62, wherein the additional antibody
therapeutic comprises an antibody that specifically binds a Notch
receptor ligand.  66. The method of claim 65, wherein the NOTCH
receptor ligand is DLL4.  67. The method of claim 65, wherein the
NOTCH receptor ligand is JAG 1.  68. The method according to any one
of claims 55 - 67, wherein the antibody is conjugated to a cytotoxic
moiety. 



69. The method according to any one of claims 55 -68, wherein the
antibody is administered with radiation therapy. 70. The method
according to any one of claims 55 -59, wherein the antibody is
administered with chemotherapy.   71. A method of inhibiting growth
of a tumor in a subject, the method comprising administering to the
subject a therapeutically effective amount of an antibody that
specifically binds to a non-ligand binding membrane proximal region
of an extracellular domain of human Notchl, wherein binding inhibits
activity of Notch].  72. The method of claim 71, wherein the tumor is
selected from the group consisting of a breast tumor, colorectal
tumor, hepatic tumor, renal tumor, lung tumor, pancreatic tumor,
ovarian tumor, prostate tumor, and head and neck tumor.  73. The
method according to claims 71 or 72, wherein the subject is a human.
74. The method according to any one of claims 71 -73, wherein the
antibody is an antagonist of Notchl.  75. The method according to any
one of claims 71 -73, wherein the antibody is an IgG1 antibody. 



76. The method according to any one of claims 71 -74, wherein the
antibody is an IgG2 antibody.  77. The method according to any one of
claims 71 - 76, wherein the antibody is a monoclonal antibody.  78.
The method according to any one of claims 71 -77, wherein the
antibody is a chimeric antibody.  79. The method according to any one
of claims 71 -78, wherein the antibody is a humanized antibody.  80.
The method according to any one of claims 71 -78, wherein the
antibody is a human antibody.  81. The method according to any one of
claims 71 -80, wherein the antibody is an antibody fragment.  82. The
method according to any one of the claims 71 -81, wherein the
antibody is conjugated to a cytotoxic agent.  



83. The method according to any one of the claims 71 - 82, which
further comprises administering at least one additional therapeutic
agent appropriate for effecting combination therapy.  84. A method of
reducing the tumorigenicity of a tumor that comprises cancer stem
cells by reducing the frequency or number of cancer stem cells in the
tumor, said method comprising contacting the tumor with an effective
amount of an antibody that inhibits the activity of Notchl. 


