
COMPOSITIONS AND METHODS OF USE FOR ANTIBODIES OF
DICKKOPF-I FIELD OF USE The present invention relates
to compositions and methods of use for antibodies of .
Dickkopf-1 ("DKKl"), Dickkopf-4 ("DKK4"), or both, to
treat DKK-related abnormalities of bone density,
metabolism, diabetes, cancers and the like. BACKGROUND
OF THE INVENTION The Wnt signaling pathway are
involved in the control of embryonic development and
neoplastic processes. Extracellular Wnt proteins are
responsible for the growth and differentiation of many
cell types, including in particular the growth,
differentiation and regulation of osteoblasts,
osteoclasts and adipocytes. Many cancers are
associated with bone tissues and can result in
osteoblastic lesions such as those found in prostate
cancer, or in osteolytic lesions such as those found
in lung cancer, breast cancer, and multiple myeloma
(e.g., Tian et al., 2003 New England J. Med.
349:2483-2494). Members of the Wnt gene family encode
secreted glycoproteins that are required for a variety
of developmental processes (Fedi et al., 1999 J . Bio.
Chem. 274:19465-19472). A Wnt family member protein
initiates a signaling pathway that is important for
the growth and differentiation of osteoblasts, which
cause bone deposition. In addition to bone formation,
bone resorption is an ongoing normal process conducted
by cells known as osteoclasts. In contrast, receptor
activator of nuclear factor-kappa B ligand (RANKL) is
the final mediator of osteoclastic bone resorption,
where it plays a major role in the pathogenesis of
postmenopausal osteoporosis, as well as in bone loss
associated with rheumatoid arthritis, metastatic
cancer, multiple myeloma, aromatase inhibitor therapy
and androgen deprivation therapy (see, e.g., Lewiecki
(2006) Expert Opin Biol Ther. 6: 1041-50).
Osteoprotegrin (OPG), which is expressed by
osteoblasts, inhibits RANKL, thereby decreasing
osteoclast activity and formation. The balance between
anabolic bone formation and analytic bone resorption
regulates normal bone density, while an increase in
one or the other leads to increased bone density or
increased bone loss, respectively. Wnt binds and acts
through other cell surface proteins and Wnt signaling
can contribute to the neoplastic process. Furthermore,
genetic alterations can affect a cellular protein
complex known as adenomatous polyposis coli involving
a protein /?-catenin, and these complexes have been
observed in cells of patients with diseases such as
human colon cancer, melanomas, and hepatocellular
carcinomas, indicating that aberrations of Wnt
signaling pathways are relevant to the development of
these and possibly other human cancers (Fedi et al.,
1999 J . Bio. Chem. 274:19465- 19472). There are at
least two families of proteins that inhibit Wnt
signaling, namely the secreted frizzled-related family
and the Dickkopf (DKK) family. The DKK family
currently contains fourfamily members, namely DKKl
(human DNA accno. NMJ)1 2242; PRT accno. 094907), DKK2
(human accno. NM_014421; PRT accno. NP_055236), DKK3
(human accno. NM_O15881; PRT accno. AAQ88744), and
DKK4 (human accno. NM_014420; PRT accno. NP_055235).
Dickkopf-1 (DKKl) is a secreted inhibitor of the
Wnt//?-catenin signaling pathway. See, e.g., U.S.
patent application 2005-0079 173 to Niehrs; U.S.
patent application 2004-02345 15 to McCarthy. DKKl
possesses the ability to inhibit Wnt-induced axis
duplication, and genetic analysis indicates that DKKl
acts upstream to inhibit Wnt signaling. DKKl is also
important in skeletal development as demonstrated by
effects on the loss of bone structures in chicken and
mouse embryos after exposure to elevated levels of
DKKl (Tian et ah, 2003 New England J. Med.
349:2483-2494). Elevated DKKl serum levels has been
associated with prostate cancer, and elevated DKKl and
RANKL levels in bone marrow plasma and peripheral
blood in patients with multiple myeloma are associated
with the presence of focal bone lesions See, e.g.,
Tian 2003, OMIM accno. 605189. DKKl also plays a role
in adipogenesis, chondrogenesis, proliferation of the
gastrointestinal epithelial proliferation, bone loss
associated with rheumatisms, and initiation of hair
follicle placode formation . OMIM accno. 605 189.
Dickkopf-4 (DKK4) is less well characterized but is
likewise a secreted inhibitor of the Wnt pathway. DKK4
has been shown to be deposited in plaques in patients
with Alzheimers disease and is expressed in muscle.
Wnt has no known role in muscle development, therefore
it is postulated herein that DKK4 has an inhibitory
role on muscle development. There is a need for
compositions and methods to treat cancers and bone
density abnormalities, including such agents that
interfere or neutralize DKKl and/or DKK4 mediated
antagonism of Wnt signaling. SUMMARY OF THE INVENTION
An embodiment of the invention herein provides an
antibody or an antigen binding portion thereof that
selectively binds to and neutralizes a DKKl and/or a
DKK4 polypeptide or a fragment thereof. In a preferred
embodiment, the antibody is a DKKI/4 neutralizing
antibody. In various embodiments, the antigen-binding
portion of the DKKI/4 neutralizing antibody does not
bind a DKK2 ora DKK3. In one embodiment the antibody
or an antigen binding portion thereof is arranged
within an immunoglobulin-like scaffold, such as a
framework selected from, e.g., a human, humanized,
humaneered, shark or cameld scaffold, and/or may
additionally be recombinant, chimeric, or CDR grafted
antibodies. For instance, technology designed to
minimize the Human Anti-murine Antibody response
(humaneering technology of Kalobios or humanization
technology of PDL) are contemplated within the
invention. Further, antigen binding portions specific
to DKKl or DKK4 may also be within
non-immunoglobulin-like scaffold, including, e.g.,
arrayed within an adnectin, fibrinogen,
ankyrin-derived repeats, etc. type of framework.In a
particular embodiment, the Dkkl antibody is
characterized as having an antigenbinding region that
is specific for target protein DKKl, and the antibody
or functional fragment binds to DKKl or a fragment
thereof. In a related embodiment, the DKK4 antibody is
characterized as having an antigen-binding region that
is specific for target protein DKK4, and the antibody
or functional fragment binds to DKK4 or a fragment
thereof. In a related embodiment, the Dkk4 antibody is
characterized as having an antigen-binding region that
is specific for target protein DKK4, and the antibody
or functional fragment binds to DKK4 or a fragment
thereof. In a preferred embodiment, the antibody or
antigen-binding portion thereof binds to a DKKl and a
DKK4 polypeptide, but not to a DKK2 or DKK3
polypeptide. In another embodiment the antibody or an
antigen binding portion thereof is monoclonal. In
another embodiment, the antigen-binding portion is
polyclonal. In various embodiments, the DKKl antibody,
or an antigen binding portion thereof binds a peptide
consisting of 30 contiguous amino acids of a DKKl or a
DKK4 polypeptide. In a related embodiment, the binding
to DKKl or DKK4 is determined at least by one of the
following assays: inhibition of DKKl or DKK4
antagonism of Wnt-signaled transcription; surface
plasmon resonance affinity determination,
enzyme-linked immunosorbent assay binding;
electrochemi luminescence-based binding analysis;
FMAT, SET, SPR, ALP, TopFlash, blood serum
concentration of biomarkers such as osteocalcin (OCN),
procollagen type 1 nitrogenous propeptide (PlNP) and
osteoprotegrin (OPG), and binding to cell surface
receptors) such as Frizzled (Fz), LRP (LRP5/6) or
Kremen (Krm). In certain embodiments, the Dkkl
antibody or antigen-binding portion possesses at least
one of the following properties: selectivity for DKKl
that is at least 103- fold, 104- fold or 105- fold
greater than for human DKK2 or DKK3; binds to DKKl or
DKK4 with a K0n of less than 100 nM, 50 nM, 1OnM, 1.0
nM, 500 pM, 100 pM, 50 pM or 10 pM; and has an
off-rate for DKKl of less than 10"2 per sec, 10"3 per
sec, 10 4 per sec, or 10"5 per sec. In a related
embodiment, an antibody of the invention competes with
DKKl and/or DKK4 for binding to LRP5/6. In a related
embodiment, an antibody of the invention competes with
DKKl and/or DKK4 for binding to Krm. In still another
embodiment, the invention provides an isolated
antigen-binding region of any of the above antibodies
or functional fragments of these antibodies, and amino
acid sequences of these. Thus in certain embodiments,
the invention provides isolated amino acid sequences
selected from the group of SEQ ID NOs: 2-20 and SEQ ID
NOs: 40-72 and conservative or humaneered variants of
these sequences. Further, in certain additional
embodiments, the invention provides amino acid
sequences SEQ ID NOs: 2-20, 65-72, and conservative or
humaneered variants of these sequences, which provide
isolated antigen-binding regions each of which is an
H-CDR-3. In a related embodiment, the isolated
antigen-binding region is an H-CDR2 region having an
amino acid sequence, selected from SEQ ID NOs: 2-20,
57-64, and conservative or humaneeredvariants of
these. In still another related embodiment, the
isolated antigen-binding region is a consensus H-CDR2
region depicted in sequence selected from the group of
SEQ ID NO: 40 having amino acid sequence
GISGSGSYTYYADSVKF, SEQ ID NO: 4 1 having amino acid
sequence GISYYGGNTYYADSVKF, and SEQ ID NO: 42 having
amino acid sequence GISYYGGSTYYADSVKF, and
conservative or humaneered variants of amino acid
residues of these sequences. In certain embodiments,
the novel sequence provided is SEQ ID NOs: 2-5, 8-1 1,
20, 49-56, and conservative or humaneered variants of
these, which provide an isolated antigen-binding
region which is an H-CDRl region. In a related
embodiment, the isolated antigen-binding region is a
consensus H-CDRl region having an amino acid sequence
(using the one letter amino acid code) selected from
amino acid sequences GFTFSSYGMT (SEQ IDNO: 43),
GFTFNSYGMT (SEQ IDNO: 44), GFTFSNYGMT (SEQ ID NO: 45),
GFTFSSYWMT (SEQ ID NO: 46), GFTFSSYAMT (SEQ ID NO:
47), GFTFSSYGMS (SEQ IDNO: 48) and conservative or
humaneered variants of any of these sequences. In
another embodiment, the invention provides amino acid
sequences which are isolated antigen-binding regions
having an L-CDR3 region, such as amino acid sequences
selected from SEQ ID NOs: 21-39, 89-96, and
conservative or humaneered variants of these
sequences. In still another related embodiment, the
isolated antigen-binding region is an L-CDRl region
having an 



amino acid sequence selected from SEQ ID NOs: 21-39,
73-80, and conservative or humaneered variants of
these sequences. In yet another related embodiment,
the isolated antigen-binding region is an L-CDR2
region having an amino acid sequence selected from SEQ
IDNOs: 21-39, 81-88, and conservative or humaneered
variants of these sequences. In certain embodiments,
the isolated antigen-binding region is a variable
light chain having an amino acid sequence selected
from SEQ ID NOs: 21-39, and conservative or humaneered
variants of these sequences. In another embodiment,
the invention provides a nucleotide sequence selected
from the group of SEQ ID NOs: 97-103. In a related
embodiment, each of these nucleotide sequences encodes
an amino acid sequence and conservative or humaneered
variants of these encoded amino acid sequences are
also within the scope of the invention herein. In
another related embodiment, the nucleotide sequence of
each of SEQ ID NOs: 97-100 encodes an antigen binding
light chain. In a further related embodiment, the
nucleotide sequence of each of SEQ ID NOs: 101-103
encodes an antigen binding heavy chain. In yet another
related embodiment, each of these nucleotide sequences
is further optimized for expression in a cell.
Preferred cells include, but are not limited to, e.g.,
Chinese hamster (e.g., CHO) cells, baculovirus, yeast,
bacteria, myeloma cells, and/or H. sapiens.
Preferably, sequences are optimized for expression and
for production and clinical use. Characteristics to be
optimization for clinical use include but are not
limited to, e.g., half-life,pharmacokinetics (PK),
antigenicity, effector function, FcRn clearance, and
patient response including antibody dependent cell
cytotoxicity (ADCC) or complement dependent
cytotoxicity (CDC) activities. In a further
embodiment, the invention provides an isolated
antigen-binding region having a heavy chain encoded by
a nucleotide sequence selected from the group of SEQ
ID NOs: 101-103. In a related embodiment, the
invention provides an isolated antigen-binding region
having a light chain encoded by a nucleotide sequence
selected from the group of SEQ ID NOs: 97-1 00. In yet
another related embodiment, the invention provides an
isolated antigen-binding region having a light chain
encoded by a nucleotide sequence selected from the
group of SEQ ID NOs: 97-100, and a heavy chain encoded
by a nucleotide sequence selected from the group of
SEQ ID NOs: 101-103. In certain embodiments, the
invention provides a nucleotide sequence selected from
the group of SEQ ID NOs: 104-1 10. In a related
embodiment, each of these nucleotide sequences encodes
an amino acid sequence and conservative or humaneered
variants of these amino acid sequences are also within
the scope of the invention herein. In another related
embodiment, the nucleotide sequence of each of SEQ ID
NOs: 104-107 encodes an antigen binding light chain.
In a further related embodiment, the nucleotide
sequence of each of SEQ ID NOs: 108-1 10 encodes an
antigen binding heavy chain. In yet another related
embodiment, each of these nucleotide sequences is
optimized for expression and/or for clinical use. In a
further embodiment, the invention provides an isolated
antigen-binding region having a heavy chain encoded by
a nucleotide sequence selected from the group of SEQ
ID NOs: 108-1 10. In another related embodiment, the
invention provides an isolated antigen-binding region
having a light chain encoded by a nucleotide sequence
selected from the group of SEQ ID NOs: 104- 107. In
yet another related embodiment, the invention provides
an isolated antigen-binding region having a light
chain encoded by a nucleotide sequence selected from
the group of SEQ ID NOs: 104-1 07, and a heavy chain
encoded by a nucleotide sequence selected from the
group of SEQ ID NOs: 108- 110. In other embodiments,
the invention provides an amino acid sequence selected
from the group of SEQ ID NOs: 111-1 17, and provides
conservative variants of these sequences. In a related
embodiment, each of SEQ ID NOs: 111-1 14 depicts an
antigen binding light chain. In another embodiment,
each of SEQ ID NOs: 115-117 depicts an antigen binding
heavy chain. In yet another related embodiment, the
amino acid sequence is optimized for expression and/or
for clinical use. In a further embodiment, the
invention provides an isolated antigen-binding region
having a heavy chain depicted in an amino acid
sequence selected from the group of SEQ ID NOs: 115-1
17, and provides conservative variants of these
sequences. In a related embodiment, the invention
provides an isolated antigen-binding region having a
light chain depicted in an amino acid sequence
selected from the group of SEQ ID NOs: 111-1 14, and
provides conservative variants of these sequences. In
yet another related embodiment, the invention provides
an isolated antigen-binding region having a heavy
chain depicted in an amino acid sequence selected from
the group of SEQ IDNOs: 115-1 17, and provides
conservative variants of these sequences, and a light
chain depicted in an amino acid sequence selected from
the group of SEQ IDNOs: 111-1 14, and provides
conservative variants of these sequences. In another
embodiment, the invention provides a nucleotide
sequence selected from the group of SEQ ID NOs: 120-
121, and/or the an isolated antigen-binding region
having a variable region of a light chain or a heavy
chain encoded by the respective nucleotide sequences.
In a related embodiment, each of these nucleotide
sequences encodes an amino acid sequence, and
conservative or humaneered variants of these amino
acid sequences are also within the scope of the
invention. In another related embodiment, the
nucleotide sequence of SEQ ID NO: 120 encodes an
antigen binding light chain. In a further related
embodiment, the nucleotide sequence of SEQ ID NOs: 121
encodes an antigen binding heavy chain. In yet another
related embodiment, each of these nucleotide sequences
is further optimized for expression and/or for
clinical use. In certain embodiments, the invention
provides an amino acid sequence selected from the
group of 118-1 19 and conservative or humaneered
variants of these sequences. In a related embodiment,
SEQ ID NO: 118 depicts an antigen binding variable
region of a light chain. In another related
embodiment, SEQ ID NO: 119 depicts an antigen binding
variable region of a heavy chain. In still another
related embodiment, the amino acid sequence is
optimized for expression and/or for clinical use. In
other embodiments, the invention provides an amino
acid sequence having at least 60, 70, 80, 90, 95, 96,
97, 98 or 99 % identity with the CDR regions depicted
in SEQ ID NOs: 2-39. In a related embodiment, the
invention provides, an amino acid sequence having at
least 60, 70, 80, 90, 95, 96, 97, 98 or 99 % identity
with a sequence depicted in SEQ ID NOs: 111-120. In
yet another related embodiment, the invention
provides, a nucleotide sequence having at least 60,
70, 80, 90, 95, 96, 97, 98 or 99 % identity with a
sequence depicted in SEQ ID NOs: 97-1 10 and 120-121.
In a certain embodiment, any of the above isolated
antibodies is an IgG. In a related embodiment, any of
the above isolated antibodies is an IgGl, an IgG2, an
IgG3 or an IgG4. In another embodiment, the antibody
is an IgE, an IgM, an IgD or an IgA. In a related
embodiment, the invention is selected from a
monoclonal or a polyclonal antibody composition. In
further embodiments, the antibody is chimeric,
humanized, humaneered, recombinant, etc.In yet another
embodiment, the invention provides an isolated human
or humanized antibody or functional fragment of it,
having an antigen-binding region that is specific for
an epitope of DKKl, and the antibody or functional
fragment binds to DKKl or DKK4, or otherwise blocks
binding of DKKl or DKK4 to a cell surface receptor
(e.g., receptors such as LRP5/6, Kremen, Frizzled). In
certain embodiments the antibody or fragment of it
prevents, treats, or ameliorates development of
osteolytic lesions. In other embodiments, the anti-DKK
composition of the invention prevents, treats, or
ameliorates a DKKl- or DKK4-associated cancer or
disease.In a related embodiment, the invention
provides an isolated human or humanized antibody or
functional fragment of it, having an antigen-binding
region that is specific for an epitope of target DKKl
or DKK4, and the epitope contains six or more amino
acid residues from a polypeptide fragment comprising
the CYSl-linker-CYS2 domains of DKKl and/or DKK4. In a
related embodiment, the epitope is a conformational
epitope. In a preferred embodiment, the epitope
resides within the CYS2 domain. In a particular
embodiment, the epitope comprises a modified amino
acid residue. In a related embodiment, the epitope
contains at least one glycosylated amino acid residue.
Functional fragments include Fv and Fab fragments
(including single chain versions such as scFv), as
well other antigen-binding regions of an antibody,
including those that are linked to a nonimmunoglobulin
scaffold and heavy chain antibodies such as camel id
and shark antibodies and nanobodies. In a related
embodiment, the isolated antibody as described above
is an IgG. In another related embodiment, the isolated
antibody as described above is an IgG 1, an IgG2, IgG3
or an IgG4. In another embodiment, the antibody is an
IgE, an IgM or an IgA. In a related embodiment, the
invention is a polyclonal antibody composition. In
another embodiment, the invention provides a
pharmaceutical composition having at least one of any
of the above antibodies or functional fragments or
conservative variants, and a pharmaceutically
acceptable carrier or excipient of it. In still
another embodiment, the invention provides for a
transgenic animal carrying a gene encoding any of the
above antibodies or functional fragments of them. In
certain embodiments, the invention provides a method
for treating a disorder or condition associated with
DKKl or DKK4 expression. As used herein, "DKKl
-associated diseases" or "DKK4-associated diseases"
include, but are not limited to, osteolytic lesions -
especially osteolytic lesions associated with a
myeloma, especially a multiple myeloma, or with
cancers of the bone, breast, colon, melanocytes,
hepatocytes, epithelium, esophagus, brain, lung,
prostate or pancreas or metastasis thereof; bone loss
associated with transplantation. Further diseases or
disorders include but are not limited to, e.g.,
osteosarcoma, prostate cancer, hepatocellular
carcinoma (HCC), myeloma including multiple myeloma,
diabetes, obesity, muscle wasting, Alzheimers disease,
osteoporosis, osteopenia, rheumatism, colitis and/or
unwanted hair loss. The method involves administering
to a subject in need thereof an effective amount of
any of the above pharmaceutical compositions. In a
related embodiment, the disorder or condition to be
treated is a bone density abnormality. In another
related embodiment, the bone density abnormality to be
treated is the presence of an osteolytic lesion in the
subject. In another embodiment, the disorder or
condition to be treated is an osteoporotic condition,
such as an osteolytic lesion associated with a cancer.
In a related embodiment, the cancer to be 



treated is a myeloma, such as multiple myeloma, or a
cancer of the bone, breast, colon,
melanocytes,hepatocytes, epithelium, esophagus, brain,
lung, prostate or pancreas or metastasis thereof. In
other embodiments, the osteoporotic condition is
osteoporosis or osteopenia or osteosarcoma. In certain
embodiments, any of the above methods further involve
administering a chemotherapeutic agent. In a related
embodiment, the chemotherapeutic agent is an
anticancer agent. In another related embodiment, the
chemotherapeutic agent is an antiosteoporotic agent.
In still another embodiment, the invention provides a
method for treating a target cell, the method
involving blocking DKKl or DKK4 interaction with the
cell with any of the above antibodies or functional
fragments of them. In general, the target cell bears a
receptor that binds DKKl or DKK4. In one embodiment,
the target cell is an osteoblast, wherein treatment
with the neutralizing anti-DKKl/4 composition of the
invention will enhance proliferation and stimulate
bone formation. In one embodiment, the target cell is
a muscle cell, wherein treatment will counteract
muscle wasting. In a related embodiment, the method
further involves treating a patient with the target
cell with a chemotherapeutic agent or radiation. In a
related embodiment, following administering or
contacting, any of the methods above further involves
observing amelioration or retardation of development
of an osteolytic lesion. In yet another embodiment,
the invention provides a method for identifying DKKl
or DKK4 in serum. This method involves detecting DKKl
or DKK4 with any of the above antibodies or antibody
fragments further having a detectable label. The label
is radioactive, fluorescent, magnetic, paramagnetic,
or chemiluminescent. In another embodiment, any of the
above human or humanized antibodies or antibody
fragments are synthetic. In another embodiment, the
invention provides a pharmaceutical composition of any
of the above antibodies or functional fragments of
these antibodies and an additional therapeutic agent.
The additional therapeutic agent can be selected from
the group consisting of an anti-cancer agent; an
anti-osteoporotic agent; an antibiotic; an
antimetabolic agent; an antidiabetic agent; an
antiinflammatory agent; an anti-angiogenic agent; a
growth factor; and a cytokine. The invention further
relates to a method of preventing or treating
proliferative diseases or diseases, such as a cancer,
in a mammal, particularly a human, with a combination
of pharmaceutical agents which comprises: (a) a DKK1/4
neutralizing agent of the invention; and (b) one or
more pharmaceutically active agents; wherein at least
one pharmaceutically active agent is an anti-cancer
therapeutic. The invention further relates to
pharmaceutical compositions comprising: (a) a DKK1/4
neutralizing antibody; (b) a pharmaceutically active
agent; and(c) a pharmaceutically acceptable carrier;
wherein at least one pharmaceutically active agent is
ah anti-cancer therapeutic. The present invention
further relates to a commercial package or product
comprising: (a) a pharmaceutical formulation of a
DKK1/4 neutralizing antibody; and (b) a pharmaceutical
formulation of a'pharmaceuticalIy active agent for
simultaneous, concurrent, separate or sequential use;
wherein at least one pharmaceutically active agent is
an anti-cancer therapeutic. In a certain embodiment,
the invention provides an antibody having a first
amino acid sequence which is a heavy chain selected
from SEQ ID NOs: 2-20, and a sequence having at least
60, 70, 80, 90, 95, 96, 97, 98 or 99 percent sequence
identity in the CDR regions with the CDR regions
having SEQ ID NOs: 2-20; and a second amino acid
sequence which is a light chain selected from SEQ ID
NOs: 21-39, and a sequence having at least 60, 70, 80,
90, 95, 96, 97, 98 or 99 percent sequence identity in
the CDR regions with the CDR regions shown in SEQ ID
NOs: 21-39. In still another embodiment, the invention
provides an immunoconjugate made out of a first
component which is an antibody or fragment as
described above and a second component having a second
amino acid sequence. For example, the immunoconjugate
is a cytotoxin, or the immunoconjugate is a binding
protein or antibody having a binding specificity for a
target that is different from DKKl or DKK4. For
example, the target of the binding specificity
different from DKKl or DKK4 is a tumor antigen or
tumor-associated protein on a surface of a cancer
cell. In certain embodiments, the invention provides
for any of the above antibodies to be a bispecifc
antibody. In another embodiment, the invention
provides a kit having any of the above antibodies or
antibody fragments. In some embodiments, the kit
further contains a pharmaceutically acceptable carrier
or excipient of it. In other related embodiments, any
of the above antibodies in the kit is present in a
unit dose. In yet another embodiment, the kit is an
ELISA diagnostic kit. In a related embodiment, the kit
includes instructions for use in administering any of
the above antibodies to a subject. BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a graph illustrating no
significant loss of His-Strep-tagged DKKl from the
Strep- Tactin-coated beads when the non-washed beads
are compared with those beads washed with different
HuCAL(r) stringencies. FIG. 2 is a bar graph
illustrating the results of a Wnt activity Assay with
100 ml Bright-GIo luciferase reagent, as provided in
Example 3. FIG. 3 is a graph of an Enzyme Linked
Immuno Sorbent Assay (ELISA). The fluorescence is
measured in a TECAN Spectrafluor plate reader and the
binding curves are shown. FIG. 4 is a graph
illustrating the standard Wnt3a-dependent TCF/LEF luc
reporter assay, as provided in Example 6.FIG. 5 is a
graph illustrating an improved version of the TCF/LEF
luc reporter assay showing highly improved sensitivity
to DKK] mediated by the co-expression of the Kremen
coreceptor protein. FIG. 6A is a graphic illustration
of the surface plasmin resonance measurement of an
anti- DKKl /4 antibody binding to DKKl . FIG. 6B is a
tabulation of calculated binding affinity and kinetic
values. FIG. 7A is a schematic representation of
full-length and truncated DKKl for use in epitope
mapping. FlG. 7B depicts binding of an antibody of the
invention to the DKKl proteins and fragments of FIG.
7A. FIG. 8 is a graphic illustration of DKKl/4
antibody binding in a competition ELISA assay. FIG. 9
is a graphic illustration of DKKl/4
antibody-associated reactivation of Wntregulated gene
transcription downstream. FIG. 10 is a graphic
illustration of DKKl/4 antibody reversal DKKl
inhibited of ALP secretion. FIG. 11 is a graphic
illustration of DKKI/4 antibody effects on in vivo
xenografts. FIG. 12 is a graphic illustration of
DKKl/4 antibody-associated elevation of bone density
in vivo. FIG. 13 is a graphic illustration comparing
anti-osteolytic efficacy of Zometa with a DKLKI /4
antibody. FIG. 14 is a graphic illustration of the
dose dependent efficacy of a DKKl/4 antibody on
anabolic bone. DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to isolated DKKl/4
antibodies, particularly human antibodies, that bind
specifically to DKKl or DKK4 and that inhibit
functional properties of DKKl or DKK4. In a preferred
embodiment, the DKKl/4 antibody does not specifically
bind to DKK2 or DKK3. In certain embodiments, the
antibodies of the invention are derived from
particular heavy and light chain sequences and/or
comprise particular structural features such as CDR
regions comprising particular amino acid sequences.
The invention provides isolated antibodies, methods of
making such antibodies, immunoconjugates and
bispecific molecules comprising such antibodies and
pharmaceutical compositions containing the antibodies,
immunoconjugates or bispecific molecules of the
invention. The invention also relates to methods of
using the antibodies to inhibit a disorder or
condition associated DKKl or DKK4. Contemplated
diseases and disorders include, but are not limited
to, osteolytic lesions - especially osteolytic lesions
associated with a myeloma, especially a multiple
myeloma, or with cancers of the bone, breast, colon,
melanocytes, hepatocytes, epithelium, esophagus,
brain, lung, prostate or pancreas or metastasis
thereof; bone loss associated with transplantation.
Further diseases or disorders include but are not
limited to, e.g., osteosarcoma,prostate cancer,
hepatocellular carcinoma (HCC), myeloma including
multiple myeloma, diabetes, obesity, muscle wasting,
Alzheimers disease, osteoporosis, osteopenia,
rheumatism, colitis and/or unwanted hair loss. In
order that the present invention may be more readily
understood, certain terms are first defined.
Additional definitions are set forth throughout the
detailed description. The term ."immune response"
refers to the action of, for example, lymphocytes,
antigen presenting cells, phagocytic cells,
granulocytes, and soluble macromolecules produced by
the above cells or the liver (including antibodies,
cytokines, and complement) that results in selective
damage to, destruction of, or elimination from the
human body of invading pathogens, cells or tissues
infected with pathogens, cancerous cells, or, in cases
of autoimmunity or pathological inflammation, normal
human cells or tissues. A "signal transduction
pathway" refers to the biochemical relationship
between a variety of signal transduction molecules
that play a role in the transmission of a signal from
one portion of a cell to another portion of a cell. As
used herein, the phrase "cell surface receptor"
includes, for example, molecules and complexes of
molecules capable of receiving a signal and capable of
the transmission of such a signal across the plasma
membrane of a cell. An example of a "cell surface
receptor" of the present invention is a receptor to
which the DKKl or the DKK4 protein molecule 



binds. Such cell surface receptors include, but are
not limited to, Frizzled (Fz), LRP (LRP5 and LRP6),
and Kremen (Krm). As used herein, the term "antibody"
refers to polyclonal antibodies, monoclonal
antibodies, humanized antibodies, single-chain
antibodies, and fragments thereof such as Fab F(ab)2,
Fv, and other fragments that retain the antigen
binding function of the parent antibody. As such, an
antibody may refer to an immunoglobulin or
glycoprotein, or fragment or portion thereof, or to a
construct comprising an antigen-binding portion
comprised within a modified immunoglobulin-like
framework, or to an antigen-binding portion comprised
within a construct comprising a nonimmunoglobulin-
like framework or scaffold. As used herein, the term
"monoclonal antibody" refers to an antibody
composition having a homogeneous antibody population.
The term is not limited regarding the species or
source of the antibody, nor is it intended to be
limited by the manner in which it is made. The term
encompasses whole immunoglobulins as well as fragments
such as Fab, F ab)2, Fv, and others that retain the
antigen binding function of the antibody. Monoclonal
antibodies of any mammalian species can be used in
this invention. In practice, however, the antibodies
will typically be of rat or murine origin because of
the availability of rat or murine cell lines for use
in making the required hybrid cell lines or hybridomas
to produce monoclonal antibodies. As used herein, the
term "polyclonal antibody" refers to an antibody
composition having a heterogeneous antibody
population. Polyclonal antibodies are often derived
from the pooled serum from immunized animals or from
selected humans.As used herein, the phrase "single
chain antibodies" refer to antibodies prepared by
determining the binding domains (both heavy and light
chains) of a binding antibody, and supplying a linking
moiety which permits preservation of the binding
function. This forms, in essence, a radically
abbreviated antibody, having only that part of the
variable domain necessary for binding to the antigen.
Determination and construction of single chain
antibodies are described in U.S. Pat. No. 4,946,778 to
Ladner et al. A "naturally occurring antibody" is a
glycoprotein comprising at least two heavy (H) chains
and two light (L) chains inter-connected by disulfide
bonds. Each heavy chain is comprised of a heavy chain
variable region (abbreviated herein as VH) and a heavy
chain constant region. The heavy chain constant region
is comprised of three domains, CHl , CH2 and CH3. Each
light chain is comprised of a light chain variable
region (abbreviated herein as VL) and a light chain
constant region. The light chain constant region is
comprised of one domain, CL- The VH and V regions can
be further subdivided into regions of
hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and
VL is composed of three CDRs and four FRs arranged
from amino-terminus to carboxy-terminus in the
following order: FRl, CDRl, FR2, CDR2, FR3, CDR3, FR4.
The variable regions of the heavy and light chains
contain a binding domain that interacts with an
antigen. The constant regions of the antibodies may
mediate the binding of the immunoglobulin to host
tissues or factors, including various cells of the
immune system (e.g., effector cells) and the first
component (CIq) of the classical complement system.
The term "antigen-binding portion" of an antibody (or
simply "antigen portion"), as used herein, refers to
the protein sequence that binds the target, e.g., one
or more CDRs. It includes, e.g., full length
antibodies, one or more fragments of an antibody,
and/or CDRs on a nonimmunoglobul in-related scaffold
that retain the ability to specifically bind to an
antigen (e.g., DKKl). The antigen-binding function of
an antibody can be performed by fragments of a
full-length antibody. Examples of binding fragments
encompassed within the term "antigen-binding portion"
of an antibody include a Fab fragment, a monovalent
fragment consisting of the VL, VH, CL and CHl domains;
a F(ab)2 fragment, a bivalent fragment comprising two
Fab fragments linked by a disulfide bridge at the
hinge region; a Fd fragment consisting of the VH and
CHl domains; a Fv fragment consisting of the VL and VH
domains of a single arm of an antibody; a dAb fragment
(Ward et al., 1989 Nature 341 :544-546), which
consists of a VH domain; and an isolated
complementarity determining region (CDR). As used
herein, an "antigen" or an "epitope" interchangeably
refer to a polypeptide sequence on a target protein
specifically recognized by an antigen-binding portion
of an antibody, antibody fragment, or their
equivalents. An antigen or epitope comprises at least
6 amino acids, which may be contiguous within a target
sequence, or non-contiguous. A conformational epitope
may comprise non-contiguous residues, and optionally
may contain naturally or syntheticallymodified amino
acid residues. Modifications to residues include, but
are not limited to: phosphorylation, glycosylation,
PEGylation, ubiquitinization, furanylization, and the
like. Furthermore, although the two domains of the Fv
fragment, VL and VH, are coded for by separate genes,
they can be joined, using recombinant methods, by a
synthetic linker that enables them to be made as a
single protein chain in which the VL and VH regions
pair to form monovalent molecules (known as single
chain Fv (scFv); see e.g., Bird et al., 1988 Science
242:423-426; and Huston et al., 1988 PrOc. Natl. Acad.
Sci. 85: 5879-5883). Such single chain antibodies are
also intended to be encompassed within the term
"antigen-binding portion" of an antibody. These
antibody fragments are obtained using conventional
techniques known to those of skill in the art, and the
fragments are screened for utility in the same manner
as are intact antibodies. As described herein, the
conservative variants include! amino acid residues in
any of the amino acid sequences identified,
particularly conservative changes that are well known
to one of ordinary skill in the art of protein
engineering. An "isolated antibody", as used herein,
refers to an antibody that is substantially free of
other antibodies having different antigenic
specificities (e.g., an isolated antibody that
specifically binds DKKl is substantially free of
antibodies that specifically bind antigens other than
DKKl). An isolated antibody that specifically binds
DKKl may, however, have cross-reactivity to other
antigens, such as DKKl molecules from other species,
or other family members such as DKK4 or related
paralogs. Moreover, an isolated antibody may be
substantially free of other cellular material and/or
chemicals. The term "human antibody", as used herein,
is intended to include antibodies having variable
regions in which both the framework and CDR regions
are derived from sequences of human origin.
Furthermore, if the antibody contains a constant
region, the constant region also is derived from such
human sequences, e.g., human germline sequences, or
mutated versions of human germline sequences. The
human antibodies of the invention may include amino
acid residues not encoded by human sequences (e.g.,
mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo).
However, the term "human antibody", as used herein, is
not intended to include antibodies in which CDR
sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted
onto human framework sequences. The term "human
monoclonal antibody" refers to antibodies displaying a
single binding specificity which have variable regions
in which both the framework and CDR regions are
derived from human sequences. In one embodiment, the
human monoclonal antibodies are produced by a
hybridoma which includes a B cell obtained from a
transgenic nonhuman animal, e.g., a transgenic mouse,
having a genome comprising a human heavy chain
transgene and a light chain transgene fused to an
immortalized cell. As used herein, the term "humanized
antibodies" means that at least a portion of the
framework regions of an immunoglobulin are derived
from human immunoglobulin sequences. A"humanized"
antibodies such as antibodies with CDR sequences
derived from the germline of another species,
especially a mammalian species, e.g., a mouse, that
have been grafted onto human framework sequences.
Example technologies include humanization technology
of PDL. As used herein, the term "humaneered
antibodies" means antibodies that bind the same
epitope but differ in sequence. Example technologies
include humaneered antibodies produced by humaneering
technology of Kalobios, wherein the sequence of the
antigen-binging region is derived by, e.g., mutation,
rather than due to conservative amino acid
replacements. The term "recombinant human antibody",
as used herein, includes all human antibodies that are
prepared, expressed, created or isolated by
recombinant means, such as antibodies isolated from an
animal (e.g., a mouse) that is transgenic or
transchromosomal for human immunoglobulin genes or a
hybridoma prepared therefrom, antibodies isolated from
a host cell transformed to express the human antibody,
e.g., from a transfectoma, antibodies isolated from a
recombinant, combinatorial human antibody library, and
antibodies prepared, expressed, created or isolated by
any other means that involve splicing of all or a
portion of a human immunoglobulin gene, sequences to
other DNA sequences. Such recombinant human antibodies
have variable regions in which the framework and CDR
regions are derived from human germline immunoglobulin
sequences. In certain embodiments, however, such
recombinant human antibodies can be subjected to in
vitro mutagenesis (or, when an animal transgenic for
human Ig sequences is used, in vivo somatic
mutagenesis) and thus the amino acid sequences of the
VH and VL regions of the recombinant antibodies are
sequences that, while derived from and related to
human germline VH and V sequences, may not naturally
exist within the human antibody germline repertoire in
vivo. As used herein, "isotype" refers to the antibody
class (e.g., IgA, IgD, IgM, IgE, IgG such as IgGl ,
IgG2, IgG3 or lgG4) that is provided by the heavy
chain constant region genes. The phrases "an antibody
recognizing an antigen" and " an antibody specific for
an antigen" are used interchangeably herein with the
term "an antibody which binds specifically to an
antigen." As used herein, an antibody that
"specifically binds to human DKKl" is intended to
refer to an antibody that binds to human DKKl with a
KDof 5 x 10 9 M or less, 2 x 10 9 M or less, or 1 x
10"10 M or less. An antibody that "cross-reacts with
an antigen other than human DKKl" is intended to refer
to an antibody that binds that antigen with a KD of
0.5 x 10"8 M or less, 5 x 10"9 M or less, or 2 x 10"9
M or less. An antibody that "does not cross-react with
a particular antigen" is intended to refer to an
antibody that binds to that antigen, with a KD of 1.5
x 10 8 M or greater, or a KD of 5- 10 x 10 8 M or 1 x
10'7 M or greater. In certain embodiments, such
antibodies that do not cross-react with the antigen
exhibit essentially undetectable binding against these
proteins in standard binding assays. 



As used herein, an antibody that "inhibits binding of
DKKl to a cell surface receptor" such as LRP, Fz or
Krm, refers to an antibody that inhibits DKKl binding
to the receptor with a K of 1 nM or less, 0.75 nM or
less, 0.5 nM or less, or 0.25 nM or less.As used
herein, "osteolysis" refers to a decrease in bone
density, which may be due to various mechanisms of
action including, e.g., decreased osteoblast activity,
increased osteoclast activity. Osteolysis therefore
encompasses mechanisms that generically affect bone
mineral density. As used herein, an antibody that
"inhibits osteolytic activity" is intended to refer to
an antibody that inhibits loss of bone density either
by increasing bone formation or blocking a bone
resorption. The term "Kassoc" or "Ka", as used herein,
is intended to refer to the association rate of a
particular antibody-antigen interaction, whereas the
term "Kd18" or "KD," as used herein, is intended to
refer to the dissociation rate of a particular
antibody-antigen interaction. The term "KD", as used
herein, is intended to refer to the dissociation
constant, which is obtained from the ratio of K to Ka
(i.e. KyK ) and is expressed as a molar concentration
(M). K D values for antibodies can be determined using
methods well established in the art. A method for
determining the KD of an antibody is by using surface
plasmon resonance, by FMAT, or by using a biosensor
system such as a Biacore (r) system. As used herein,
the term "affinity" refers to the strength of
interaction between antibody and antigen at single
antigenic sites. Within each antigenic site, the
variable region of the antibody "arm" interacts
through weak non-covalent forces with antigen at
numerous sites; the more interactions, the stronger
the affinity. As used herein, the term "avidity"
refers to an informative measure of the overall
stability or strength of the antibody-antigen complex.
It is controlled by three major factors: antibody
epitope affinity; the valence of both the antigen and
antibody; and the structural arrangement of the
interacting parts. Ultimately these factors define the
specificity of the antibody, that is, the likelihood
that the particular antibody is binding to a precise
antigen epitope. In order to get a higher avidity
probe, a dimeric conjugate (two molecules of JWJ-I
coupled to a FACS marker) can be constructed, thus
making low affinity interactions (such as with the
germline antibody) more readily detected by FACS. In
addition, another means to increase the avidity of
antigen binding involves generating dimers or
multimers of any of the fibronectin constructs
described herein of the DKKl or DKK4 antibodies. Such
multimers may be generated through covalent binding
between individual modules, for example, by imitating
the natural C-to-Nterminus binding or by imitating
antibody dimers that are held together through their
constant regions. The bonds engineered into the Fc/Fc
interface may be covalent or non-covalent. In
addition, dmerizing or multimerizing partners other
than Fc can be used in DKKl or DKK4 hybrids to create
such higher order structures. As used herein, the term
"cross-reactivity" refers to an antibody or population
of antibodies binding to epitopes on other antigens.
This can be caused either by low avidity or
specificity of the antibody or by multiple distinct
antigens having identical or very similar epitopes.
Cross reactivity is sometimes desirable when one wants
general binding to a related group of antigens or
whenattempting cross-species labeling when the antigen
epitope sequence is not highly conserved in evolution.
As used herein, the term "high affinity" or "high
specificity" for an IgG antibody refers to an antibody
having a KD of 10"8 M or less, 10'9 Mor less, or 10'10
M or less for a target antigen. However, "high
affinity" binding can vary for other antibody
isotypes. For example, "high affinity" binding for an
IgM isotype refers to an antibody having a KD of 10'
7Mor less, or 10"8 M or less. As used herein, the term
"subject" includes any human or nonhuman animal. The
term "nonhuman animal" includes all vertebrates, e.g.,
mammals and non-mammals, such as nonhuman primates,
sheep, dogs, cats, horses, cows chickens, amphibians,
reptiles, etc. As used herein, the term, "optimized"
means that a nucleotide sequence has been altered to
encode an amino acid sequence using codons that are
preferred in the production cell or organism, and/or
the nucleotide sequence has been altered to remove
latent splice donor or splice acceptor sites.
Optimized codon tables are well known in the art for a
wide variety of species. Sequences for splice donor
and acceptor sites are also known in the art and
latent splice sites may be identified, e.g., by
analysis of transcript or expression data. Production
cells include, but are not limited to, a prokaryotic
cell such as e.g., a prokaryotic cell such as a
baculovirus or a bacteria (E. coli), or a eukaryotic
cell, for example, yeast (e.g., Pichia), a Chinese
Hamster Ovary cell (CHO), a myeloma cell or a human
cell. The optimized nucleotide sequence is engineered
to retain completely or as much as possible the amino
acid sequence and residue number originally encoded by
the starting nucleotide sequence, which is also known
as the "parental" sequence. The optimized sequences
herein have been engineered to have codons that are
preferred in the production cells, however optimized
expression of these sequences in other eukaryotic and
prokaryotic cells is also envisioned herein. The amino
acid sequences encoded by optimized nucleotide
sequences are optionally referred to as optimized. In
related embodiments, polypeptide sequences of
neutralizing anti-DKKl/4 compositions of the
invention, and the nucleotides that encode them, are
preferably optimized for production and clinical use.
Characteristics that may be optimization for clinical
use include, but are not limited to, e.g., half-life,
pharmacokinetics (PK), antigenicity, effector
function, FcRn clearance, and patient response
including antibody dependent cell cytotoxicity (ADCC)
or complement dependent cytotoxicity (CDC) activities.
As used herein, "DKKl -associated diseases" or
"DKK4-associated diseases" include, but are not
limited to, osteolytic lesions - especially osteolytic
lesions associated with a myeloma, especially a
multiple myeloma, or with cancers of the bone, breast,
colon, melanocytes, hepatocytes, epithelium,
esophagus, brain, lung, prostate or pancreas or
metastasis thereof; bone loss associated with
transplantation. Further diseases or disorders include
but are not limited to, e.g., osteosarcoma, prostate
cancer, hepatocellular carcinoma (HCC), myeloma
including multiple myeloma, diabetes,obesity, muscle
wasting, Alzheimers disease, osteoporosis, osteopenia,
rheumatism, colitis and/or unwanted hair loss. As used
herein, a "treatment" is an intervention performed
with the intention of preventing the development or
altering the pathology of a disorder. Accordingly,
"treatment" refers to both therapeutic treatment and
prophylactic or preventative measures. Those in need
of treatment include those already with the disorder
as well as those in which the disorder is to be
prevented. In tumor (e.g., cancer) treatment, a
therapeutic agent may directly decrease the pathology
of tumor cells, or render the tumor cells more
susceptible to treatment by other therapeutic agents,
e.g., radiation and/or chemotherapy. The "pathology"
of cancer includes all phenomena that compromise the
well being of the patient. This includes, without
limitation, abnormal or uncontrollable cell growth,
metastasis, interference with the normal functioning
of neighboring cells, release of cytokines or other
secretory products at abnormal levels, suppression or
aggravation of inflammatory or immunological response,
etc. Treatment of patients suffering from clinical,
biochemical, radiological or subjective symptoms of
the disease, such as osteolysis, may include
alleviating some or all of such symptoms or reducing
the predisposition to the disease. In general, a
neutralizing anti-DKKl/4 composition of the invention
prevents, treats, or ameliorates Wnt-reJated diseases
associated with DKKl or DKK4 or both, but not diseases
associated with DKK2, DKK3 or with other modulators of
the Wnt pathway. Various aspects of the invention are
described in further detail in the following
subsections. The Wnt pathway is a major regulator of
mesenchymal stem cell (MSC) differentiation into
osteoblasts. It is also an important survival factor
for active osteoblasts. Dickkopf-1 (DKKl) is a Wnt
pathway antagonist expressed predominantly in bone in
adults and is upregulated in myeloma patients with
osteolytic lesions. A neutralizing anti-DKKl/4
antibody is a truly anabolic agent, which acts through
increasing osteoblastic activity while simultaneously
decreasing osteoclastic activity.. In contrast,
current drugs such as PTH, which are marketed as
anabolic agents, in fact increase markers associated
with both osteoblast ands osteoblasts. Provided in the
invention are polyclonal and monoclonal antibodies
selected for binding to DKKl . A preferred antibody
has an affinity of less than 10 pM against human DKKl
. In some embodiments, the anti-DKKl antibody
crossreacts with DKK4 (Kd~300 pM) but not DKK2
(affinity analysis ongoing). A preferred epitope for
an anti-DKKl or anti-DKK4 antibody is mapped to the
Cys-2 domain (AAs 189-263), which is known to be
responsible for both LRP6 and Kremen binding. In one
embodiment, the epitope includes at least six, and at
most thirty, amino acid residues from the Cys-2 domain
of a DKKl or a DKK4 polypeptide In a certain
embodiment, the epitope includes a stretch of at least
six contiguous amino acids. In another embodiments,
the preferred binding site isnon-linear, i.e.,
includes non-contiguous amino acid residues. In some
embodiments, binding depends on N-glycosylation. Only
one N-glycosy)atidn site is predicted, at residue 256
in the Cys-2 domain. In the present invention, a
neutralizing anti-DKKl antibody blocks the interaction
of DKKl with LRP6 in both ELISA and cell surface
binding assays. As expected this effectively
neutralizes the Wnt suppressive activity of DKKl at
EC50's below 1 nM in vitro. In an in vitro model of
osteoblast differentiation, mouse 1OT1/2 cells are
treated with Wnt3A to stimulate secretion of alkaline
phosphatase (AP), a marker for osteoblast activity.
DKKl blocks AP production in this model and antibodies
of the invention fully reverses this inhibition. In
certain embodiments, an antibody of the invention
exhibits dose linear pharmacokinetics (AUC) in mice,
with a dose dependent terminal half-life of 35-96
hours in mice over a dose of 20- 200 mg/mouse. Using
the intratibial model of osteolytic prostate tumor
metastasis, antibodies of the invention inhibit
tumor-induced cortical bone damage. Effects on
trabecular bone are confounded in this model by the
observation that both tumor implants and sham implants
cause mechanical damage to the bone, which results in
an initial increase in woven bone that is later
remodeled, thus causing a decrease in apparent bone
volume. In a certain embodiment, an antibody of the
invention increases 



the production of woven bone in both tumor and sham
implanted tibias and inhibits the decrease in bone
volume accompanying remodeling. In related
embodiments, changes in bone markers (osteocalcin,
sRANKL, OPG, AP, TRAP) are used to demonstrate
clinical effects of antibodies of the invention on
bone-related diseases and to predict clinical outcomes
of treatments with pharmaceutically effective levels
of a neutralizing anti- DKKl antibody as provided
herein. Krm binds DKK in approx same region as LRP.
Krm needed for Wnt signal inhibition via DKK
interaction with LRP. Krm-DKK-LRP complexed in order
to be internalized for Wnt pathway deactivation. A
neutralizing anti-DKKl /4 composition of the invention
preferably binds DKKl or DKK4, blocking their
interaction with LRP and/or Krm, thereby neutralizing
DKKl or DKK4 effect on Wnt signaling pathway. Wnt
pathway reactivation occurs only where DKKl and/or
DKK4 are limiting. Standard assays to evaluate the
binding ability of the antibodies toward DKKl of
various species are known in the art, including for
example, ELISAs, western blots and RIAs. Suitable
assays are described in detail in the Examples. The
binding kinetics (e.g., binding affinity) of the
antibodies also can be assessed by standard assays
known in the art, such as by Bacore analysis, BioVeris
SET assay, FMAT, chemiluminescense, and/or SPR assays
- signal inhibition or release assays. Assays to
evaluate the effects of the antibodies on functional
properties of DKKl are described in further detail in
the Examples. Accordingly, an antibody that "inhibits"
one or more of these DKKl functional properties (e.g.,
biochemical, immunochemical, cellular, physiological
or other biological activities, or thelike) as
determined according to methodologies known to the art
and described herein, will be understood to relate to
a statistically significant decrease in the particular
activity relative to that seen in the absence of the
antibody (e.g., or when a control antibody of
irrelevant specificity is present). An antibody that
inhibits DKKl activity effects such a statistically
significant decrease by at least 10% of the measured
parameter, by at least 50%, 80% or 90%, and in certain
embodiments an antibody of the. invention may inhibit
greater than 95%, 98% or 99% of DKKl functional
activity. Dickkopf Family Members Appropriate bone
metabolism involves a complex web of regulatory
pathways and interconnections between osteoblasts,
osteoclasts and the surrounding stroma. Imbalances in
these regulatory mechanisms are involved in osteolytic
conditions such as osteoporosis, tumor-induced
osteolytic lesions, renal and liver transplant induced
bone loss, and anti-hormone chemotherapy induced-bone
loss. These conditions can have severe symptoms
including bone pain, fractures, vertebral compression,
and reduced mobility. Most treatments approved or
currently under clinical evaluation act predominantly
by inhibiting osteoclast function. For example,
bisphosphonates such as zoledronic acid (Zometa) are
the current standard of care and act by inhibiting
osteoclast function and survival. While
bisphosphonates are generally effective, some patients
do not respond robustly or discontinue use due to
renal toxicity or osteonecrosis [Markowitz 2003]
[Ruggiero 2004]. In addition there are multiple
investigational drugs targeting osteoclast development
such as RANKL and M-CSF neutralizing antibodies, or
osteoclast function such as Cathepsin K inhibitors.
Stimulation of osteoblast activity would provide a
novel mechanism by which to treat osteolytic disease.
The Wnt pathway plays a major role in osteoblast
differentiation and activity, while the Dickkopf (DKK)
family of antagonists in particular have been
identified as key regulators of this process in vitro
(see [Krishnan 2006] for review). In vitro, Wnt is an
essential osteoblast survival and differentiation
factor. Clinical validation for the role of the Wnt
pathway is provided by mutations in the Wnt
co-receptor, LRP5. Inactivating mutations in LRP5
result in osteoporosispseudoglioma syndrome (OPPG) [Ai
2005], while activating mutations result in high bone
mass [Boyden 2002]. These activating mutations are
found in the extracellular domain and have been
demonstrated to impair binding to the Dickkopf (DKK)
family of Wnt antagonists. DKKl has been reported to
be overexpressed in myeloma cells from patients with
bone lesions but absent in normal plasma cells or in
plasma cells from patients without bone lesions [Tian
2004][Politou 2006]. Such an overexpression of DKKl by
myeloma cells may upset the normal balance between
osteoblasts and osteoclasts by blocking osteoblast
differentiation, and thus promoting bone resorption.
Moreover, some of the anti-tumor treatments used for
myeloma, such as dexamethasone, have been reported to
upregulate DKKl [Ohnaka 2004]. Therefore, an anti-DKKl
neutralizing antibody should allow reactivation of the
Wnt pathway in osteolytic lesions, while notaffecting
Wnt signaling in other tissues where DKKl levels are
relatively low or where other antagonists predominate.
In adults, DKKl has been reported to be highly
expressed only in bone [Li 2006], suggesting an
ongoing role for DKKl in regulating bone metabolism in
adults. Transgenic mice overexpressing Wntl in breast
tissue develop mammary carcinomas [Tsukamoto 1988] and
-90% of human colorectal cancers have mutations in
either APC or b- catenin, two cytoplasmic components
of the Wnt pathway [Morin 1997][Rowan 2000]. This type
of evidence raises concerns that activation of the Wnt
pathway could be a risk for increased tumor initiation
or progression. In addition, DKKs are down regulated
in colorectal tumors and melanomas, suggesting a
potential tumor suppressive role. A DKK polypeptide of
the invention includes DKKl (SEQ ID NO:1) and DKK4
(SEQ ID NO: 124), as well as DKK2 (SEQ ID NO: 122) and
DKK3 (SEQ ID NO: 123). DKK family members have two CYS
domains (CYSl and CYS2) as shown in the Table A - DKKl
Family Member PiIeUp. DKK proteins contains an acid
N-terminal signal peptide, two CYS domains containing
clusters of cysteine residues separated by a divergent
linker region, and a potential Cterminal
N-glycosylation site. The CYS2 domain in DKK4 has a
lipfd-bindng function that may facilitate WNT/DKK
interactions at the plasma membrane. OMIM accno. 60541
7.Antibodies against DKKl and DKK4 In a preferred
embodiment, the antibody of the invention is specific
to a human DKK protein. In a more preferred
embodiment, the antibody of the invention A DKKI or
DKK4 neutralizing antibody is distinct from the Wnt
pathway modifications that have been linked to tumor
promotion. The Wnt pathway is regulated by a complex
network of extracellular ligands, receptors and
antagonists of which DKKl is only one. Due to the
restricted expression of DKKl in adults and its
functional redundancy with other Wnt antagonists a
neutralizing DKKl antibody is unlikely to cause
widespread activation of Wnt signaling or therefore,
tumorigenesis. This is further supported by two
observations: first, activating LRP5 mutations
(inhibiting DKK binding) induce a high bone mass
phenorype but have no apparent increased cancer risk
[Moon 2004], while DKKl heterozygous null or
Doubleridge mice have decreased DKKl levels, high bone
mass phenotype, but no reported increased rate of
tumor formation [MacDonald 2004]. An anti-DKKl
antibody should positively impact myeloma-induced
osteolytic disease while not increasing the risk of de
novo tumorigenesis. It is expected that such an
antibody would be used in combination with anti-tumor
chemotherapies and possibly with anti-bone resorption
drugs that inhibit osteoclast function. Polyclonal
antibodies Antibodies of the invention may be
polyclonal antibodies, especially human polyclonal
antibodies. Polyclonals are derived from the pooled
serum from immunized animals or from selected
humans.Monoclonal antibodies Antibodies of the
invention are preferably the Human monoclonal
antibodies, such as the isolated and structurally
characterized, e,g., in Examples 1-8. Specific VH
amino acid sequences of the antibodies are shown,
e.g., in SEQ ID NOs: 2-20. Specific V L amino acid
sequences of the antibodies are shown, e.g., in SEQ ID
NOs: 21-39. A VH amino acid sequence of the antibody
may be optimized for expression in a mammalian cell,
e.g., such as the sequence shown in SEQ ID NO: 119. A
V amino acid sequence of the antibodies may be
optimized for expression in a mammalian cell, e.g.,
such as the sequence shown in SEQ ID NO: 118.
Likewise, sequences may be optimized for expression
in, e.g., yeast, bacteria, hamster and other cells,
depending on which expression system is preferred for
the characteristic being optimized. Other antibodies
of the invention include amino acids that have been
mutated, yet have at least 60, 70, 80, 90, 95, 96, 97,
98 or 99 percent identity in the CDR regions with the
CDR regions depicted in the sequences described above.
Further, full length light chain parental nucleotide
sequences are shown in SEQ ID NOs: 97- 100. Full
length heavy chain parental nucleotide sequences are
shown in SEQ ID NOs: 101-103. Full length light chain
nucleotide sequences optimized for expression in a
mammalian cell are shown in SEQ IDNOs: 104-107. Full
length heavy chain nucleotide sequences optimized for
expression in a mammalian cell are shown in SEQ ID
NOs: 108-1 10. Full length light chain amino acid
sequences encoded by optimized light chain nucleotide
sequences are shown in SEQ ID NOs: 111-1 14. Full
length heavy chain amino acid sequences encoded by
optimized heavy chain nucleotide sequences are shown
in SEQ ID NOs: 115-1 17. Other antibodies of the
invention include amino acids or nucleic acids that
have been mutated, yet have at least 60, 70, 80, 90,
95, 96, 97, 98 or 99 percent identity to the sequences
described above. Since each of these antibodies can
bind to DKKl, the VH, VL, full length light chain, and
full length heavy chain sequences (nucleotide
sequences and amino acid sequences) can be "mixed and
matched" to create other anti-DKKl binding molecules
of the invention. DKKl binding of such "mixed and
matched" antibodies can be tested using the binding
assays described above and in the Examples (e.g.,
ELISAs). When these chains are mixed and matched, a VH
sequence from a particular V H/VL pairing should be
replaced with a structurally similar VH sequence.
Likewise a full length heavy chain sequence from a
particular full length heavy chain / full length light
chain pairing should be replaced with a structurally
similar full length heavy chain sequence. Likewise, a
VL sequence from a particular VH/V pairing should be
replaced with a structurally similar VL sequence.
Likewise a full length light chain sequence from a
particular full length heavy chain / full length light
chain pairing should be replaced with a structurally
similar full length light chain sequence. The V H, V ,
full length light chain, and full length heavy chain
sequences of the 



antibodies of the present invention are particularly
amenable for mixing and matching, since
theseantibodies use VH, VL, full length light chain,
and full length heavy chain sequences derived from the
same germline sequences and thus exhibit structural
similarity. Accordingly, in one aspect, the invention
provides an isolated monoclonal antibody or antigen
binding portion thereof having: a V H region
comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 2-20 and 119; and a VL
region comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 21-39 and 118;
wherein the antibody specifically binds DKKl .
Examples of heavy and light chain combinations
include: a VH region comprising the amino acid
sequence of SEQ ID NO: 2 and a VL region comprising
the amino acid sequence of SEQ ID NO: 21; or a VH
region comprising SEQ ID NO: 3 and a VL region
comprising SEQ ID NO: 22; or a VH region comprising
SEQ ID NO: 4 and a VL region comprising SEQ ID NO: 23;
or a V H region comprising SEQ ID NO: 5 and a VL
region comprising SEQ ID NO: 24; or a VH region
comprising SEQ ID NO: 6 and a VL region comprising SEQ
ID NO: 25; or a VH region comprising SEQ ID NO: 7 and
a VL region comprising SEQ ID NO: 28; or a VH region
comprising SEQ ID NO: 8 and a V region comprising SEQ
ID NO: 29; or a VH region comprising SEQ ID NO: 9 and
a VL region comprising SEQ ID NO: 30; or a VH region
comprising SEQ ID NO: 10 and a VL region comprising
SEQ ID NO: 31; or a VH region comprising SEQ IDNO: 11
and a VL region comprising SEQ ID NO: 32; or a VH
region comprising SEQ ID NO: 12 and a VL region
comprising SEQ ID NO: 33; or a VH region comprising
SEQ ID NO: 119 and a VL region comprising SEQ ID NO:
118. In another aspect, the invention provides an
isolated monoclonal antibody or antigen binding
portion thereof having: a full length heavy chain
comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 115-117; and a full
length light chain comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs:
111-1 14. Thus, examples of full length heavy chain
and full length light chain combinations,
respectively, include: SEQ IDNO: 115 with SEQ ID NO:
111; or SEQ ID NO: 116 with SEQ ID NO: 112; or SEQ ID
NO: 117 with SEQ ID NO: 113; or SEQ IDNO: 117 with SEQ
ID NO: 114. In another aspect, the invention provides
an isolated monoclonal antibody or antigen binding
portion thereof comprising a full length heavy chain
encoded by a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 101-103; and a full
length light chain encoded by a nucleotide sequence
selected from the group consisting of SEQ ID NOs: 97-1
00. Thus, examples of nucleotides that encode full
length heavy and light chains, respectively, that may
be combined include: SEQ IDNO: 101 and 97; or SEQ ID
NO: 102 and 98; or a SEQ ID NO: 103 and 99; or SEQ ID
NO: 103 and 100. In yet another aspect, the invention
provides an isolated monoclonal antibody or antigen
binding portion that has been optimized for expression
in the cell having: a full length heavy chain
comprising a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 108-1 10; anda full
length light chain comprising a nucleotide sequence
selected from the group consisting of SEQ ID NOs:
104-107. In yet another aspect, the invention provides
antibodies that comprise the heavy chain and light
chain CDRIs, CDR2s and CDR3s of the antibodies, or
combinations thereof. The amino acid sequences of the
VH CDRl s of the antibodies are shown in SEQ ID NOs:
2-5, 8-1 1, 20, and 49-56. The amino acid sequences of
the VH CDR2s of the antibodies and are shown in SEQ ID
NOs: 2-20 and 57-64. The amino acid sequences of the
VH CDR3s of the antibodies are shown in SEQ ID NOs:
2-20 and 65-72. The amino acid sequences of the VL
CDRl s of the antibodies are shown in SEQ ID NOs:
21-39 and 73-80. The amino acid sequences of the VL
CDR2s of the antibodies are shown in SEQ ID NOs: 21-39
and 81-88. The amino acid sequences of the VL CDR3s of
the antibodies are shown in SEQ ID NOs: 21-39 and
89-96. The CDR regions are delineated using the Kabat
system (Kabat, E. A., et al., 1991 Sequences of
Proteins of Immunological Interest, Fifth Edition,
U.S. Department of Health and Human Services, NIH
Publication No. 91-3242). Given that each of these
antibodies can bind to DKKl and that antigen-binding
specificity is provided primarily by the CDRl, 2 and 3
regions, the VH CDRl , 2 and 3 sequences and VL CDR1,
2 and 3 sequences can be "mixed and matched" (i.e.,
CDRs from different antibodies can be mixed and match,
although each antibody must contain a VH CDRl , 2 and
3 and a VL CDRl , 2 and 3 to create other anti-DKK 1
binding molecules of the invention. DKKl binding of
such "mixed and matched" antibodies can be tested
using the binding assays described above and in the
Examples (e.g., ELISAs). When VH CDR sequences are
mixed and matched, the CDRl , CDR2 and/or CDR3
sequence from a particular VH sequence should be
replaced with a structurally similar CDR sequence(s).
Likewise, when VL CDR sequences are mixed and matched,
the CDRl, CDR2 and/or CDR3 sequence from a particular
V sequence should be replaced with a structurally
similar CDR sequence(s). Furthermore, CDRl , CDR2
and/or CDR3 sequence from a particular VH or VL
sequence may be specifically or randomly mutated to
create antibodies that may be tested for affinity or
binding characteristics. It will be readily apparent
to the ordinarily skilled artisan that novel VH and VL
sequences can be created by substituting one or more
VH and/or VL CDR region sequences with structurally
similar sequences from the CDR sequences shown herein
for monoclonal antibodies of the present invention. An
isolated monoclonal antibody, or antigen binding
portion thereof has: a VH region CDRl comprising an
amino acid sequence selected from the group consisting
of SEQ ID NOs: 2-5, 8-11, 20 and 49-56; a VH region
CDR2 comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 2-20 and 57-64; a
VH region CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 2-20
and 65-72; a VL region CDRl comprising an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 21-39 and 73-80; a VL region CDR2 comprising an
amino acid sequence selected from the group consisting
of SEQ IDNOs: 21-39 and 81-88; and a VL region CDR3
comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 21-39 and 89-96;
wherein the antibody specifically binds DKKl. In a
certain embodiment, the antibody consists of: a VH
region CDRl comprising SEQ ID NO: 2; a VH region CDR2
comprising SEQ ID NO: 6; a VH region CDR3 comprising
SEQ ID NO: 7; a VL region CDRl comprising SEQ ID NO:'2
1; a Vt region CDR2 comprising SEQ ID NO: 22; and a VL
region C.DR3 comprising SEQ ID NO: 23. In another
embodiment, the antibody consists of: a VH region CDRl
comprising SEQ ID NO: 3; a VH region CDR2 comprising
SEQ ID NO: 12; a VH region CDR3 comprising SEQ ID NO:
13; a VL region CDRl comprising SEQ ID NO: 24; a VL
region CDR2 comprising SEQ ID NO: 25; and a VL region
CDR3 comprising SEQ ID NO: 26. In yet another
embodiment, the antibody consists of: a V H region
CDRl comprising SEQ ID NO: 4; a ,VH region CDR2
comprising SEQ VH ID NO: 14; a VH region CDR3
comprising SEQ ID NO: 15; a VL region CDRl comprising
SEQ IDNO: 27; a VL region CDR2 comprising SEQ ID NO:
28; and a VL region CDR3 comprising SEQ ID NO: 29.' In
another embodiment, the antibody consists of: a VH
region CDRI comprising SEQ ID NO: 5; a VH region CDR2
comprising SEQ ID NO: 16; a VH region CDR3 comprising
SEQ ID NO: 17; a VL region CDRl comprising SEQ ID NO:
30; a VL region CDR2 comprising SEQ IDNO: 31; and a VL
region CDR3 comprising SEQ ID NO: 32. In a certain
embodiment, the antibody consists of: a V H region
CDRl comprising SEQ ID NO: 8; a VH region CDR2
comprising SEQ ID NO: 18; a VH region CDR3 comprising
SEQ ID NO: 19; a VL region CDRl comprising SEQ ID NO:
33; a VL region CDR2 comprising SEQ ID NO: 34; and a
VL region CDR3 comprising SEQ ID NO: 35. In another
embodiment, the antibody consists of: a VH region CDRl
comprising SEQ ID NO: 9; a VH region CDR2 comprising
SEQ ID NO: 10; a VH region CDR3 comprising SEQ ID NO:
11; a V L region CDRl comprising SEQ ID NO: VH 36; a
VL region CDR2 comprising SEQ ID NO: 37; and a VL
region CDR3 comprising SEQ ID NO: 38. As used herein,
a human antibody comprises heavy or VL regions or full
length heavy or light chains that are "the product of
or "derived from" a particular germline sequence if
the variable regions or full length chains of the
antibody are obtained from a system that uses human
germline immunoglobulin genes. Such systems include
immunizing a transgenic mouse carrying human
immunoglobulin genes with the antigen of interest or
screening a human immunoglobulin gene library
displayed on phage with the antigen of interest. A
human antibody that is "the product of or "derived
from" a human germline immunoglobulin sequence can be
identified as such by comparing the amino acid
sequence of the human antibody to the amino acid
sequences of human germline immunoglobulins and
selecting the human germline immunoglobulin sequence
that is closest in sequence (i.e., greatest %
identity) to the sequence of the human antibody. A
human antibody that is "the product of or "derived
from" a particular human germline immunoglobulin
sequence maycontain amino acid differences as compared
to the germline sequence due to, for example,
naturally occurring somatic mutations or intentional
introduction of site-directed mutation. However, a
selected human antibody typically is at least 90%
identical in amino acids sequence to an amino acid
sequence encoded by a human germline immunoglobulin
gene and contains amino acid residues that identify
the human antibody as being human when compared to the
germline immunoglobulin amino acid sequences of other
species (e.g., murine germline sequences). In certain
cases, a human antibody may be at least 60%, 70%, 80%,
90%, or at least 95%, or even at least 96%, 97%, 98%,
or 99% identical in amino acid sequence to the amino
acid sequence encoded by the germline immunoglobulin
gene. Typically, a human antibody derived from a
particular human germline sequence will display no
more than 10 amino acid differences from the amino
acid sequence encoded by the human germline
immunoglobulin gene. In certain cases, the human
antibody may display no more than 5, or even no more
than 4, 3, 2, or 1 amino acid difference from the
amino acid sequence encoded by the germline
immunoglobulin gene. Homologous antibodies In yet
another embodiment, an antibody of the invention has
full length heavy and light chain amino acid
sequences; full length heavy and light chain
nucleotide sequences, variable region heavy and light
chain nucleotide sequences, or variable region heavy
and light chain amino acid sequences that are
homologous to the amino acid and nucleotide sequences
of the antibodies 



described herein, and wherein the antibodies retain
the desired functional properties of the neutralizing
anti-DKK 1/4 composition of the Invention. For
example, the invention provides an isolated monoclonal
antibody, or antigen binding portion thereof,
comprising a V H region and a VL region, wherein: the
VH region comprises an amino acid sequence that is at
least 80% homologous to an amino acid sequence
selected from the group consisting of SEQ ID NOs: 2-20
and 119; the VL region comprises an amino acid
sequence that is at least 80% homologous to an amino
acid sequence selected from the group consisting of
SEQ ID NOs: 21-39 and 118; the antibody specifically
binds to DKKl and/or DKK4, and the antibody exhibits
at least one of the following functional properties:
the antibody neutralizes binding of a DKKl protein to
LRP6, Fz and/or Krm, or the antibody neutralizes
binding of a DKK4 protein to LRP, Pz and/or Krm.. In a
further example, the invention provides an isolated
monoclonal antibody, or antigen binding portion
thereof, comprising a full length heavy chain and a
full length light chain, wherein: the full length
heavy chain comprises an amino acid sequence that is
at least 80% homologous to an amino acid sequence
selected from the group consisting of SEQ ID NOs:
115-1 17; the full length light chain comprises an
amino acid sequence that is at least 80% homologous to
an amino acid sequence selected from the group
consisting of SEQ ID NOs: 111-1 14; the antibody
specifically binds to DKKl, and the antibody exhibits
at least one of the following functional properties:
the antibody inhibits binding DKKl protein to the DKKl
receptor or the antibody inhibits DKKlreceptor binding
preventing or ameliorating osteolysis or the antibody
inhibits DKKl receptor binding preventing or
ameliorating osteolytic lesions or the antibody
inhibits DKKl receptor binding preventing or
ameliorating cancer. In another example, the invention
provides an isolated monoclonal antibody, or antigen
binding portion thereof, comprising a full length
heavy chain and a full length light chain, wherein:
the full length heavy chain comprises a nucleotide
sequence that is at least 80% homologous to a
nucleotide sequence selected from the group consisting
of SEQ ID NOs: 101-103; the full length light chain
comprises a nucleotide sequence that is at least 80%
homologous to a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 97-100; the antibody
specifically binds to DKKl, and the antibody exhibits
at least one of the following functional properties:
the antibody inhibits binding DKKl protein to the DKKl
receptor or the antibody inhibits DKKl receptor
binding preventing or ameliorating osteolysis or the
antibody inhibits DKKl receptor binding preventing or
ameliorating osteolytic lesions or the antibody
inhibits DKKl receptor binding preventing or
ameliorating cancer. In another example, the invention
provides an isolated monoclonal antibody, or antigen
binding portion thereof that has been optimized for
expression in a cell, comprising a full length heavy
chain and a full length light chain, wherein: the full
length heavy chain comprises a nucleotide sequence
that is at least 80% homologous to a nucleotide
sequence selected from the group consisting of SEQ ID
NOs: 108-1 10; the full length light chain comprises a
nucleotide sequence that is at least 80% homologous to
a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 104- 107; the antibody
specifically binds to DKKl , and the antibody exhibits
at least one of the following functional properties:
the antibody inhibits binding DKKl protein to the DKKl
receptor or the antibody inhibits DKKl receptor
binding preventing or ameliorating osteolysis or the
antibody inhibits DKKl receptor binding preventing or
ameliorating osteolytic lesions or the antibody
inhibits DKK.1 receptor binding preventing or
ameliorating cancer. In another example, the invention
provides an isolated monoclonal antibody, or antigen
binding portion thereof that has been optimized for
expression in a cell, comprising a VH region and a V L
region, wherein: the full length heavy chain comprises
a nucleotide sequence that is at least 80% homologous
to a nucleotide sequence selected from the group
consisting of SEQ ID NO: 121; the full length light
chain comprises a nucleotide sequence that is at least
80% homologous to a nucleotide sequence selected from
the group consisting of SEQ ID NO: 120; the antibody
specifically binds to DKKl, and the antibody exhibits
at least one of the following functional properties:
the antibody inhibits binding DKKl protein to the DKKl
receptor or the antibody inhibits DKKl receptor
binding preventing or ameliorating osteolysis or the
antibody inhibits DKKl receptor binding preventing or
ameliorating osteolytic lesions or the antibody
inhibits DKKl receptor binding preventing or
ameliorating cancer.In various embodiments, the
antibody may exhibit one or more, two or more, or
three of the functional properties discussed above.
The antibody can be, for example, a human antibody, a
humanized antibody or a chimeric antibody. As used
herein, the percent homology between two amino acid
sequences or two nucleotide sequences is equivalent to
the percent identity between the two sequences. The
percent identity between the two sequences is a
function of the number of identical positions shared
by the sequences (i.e., % homology = # of identical
positions/total # of positions x 100), taking into
account the number of gaps, and the length of each
gap, which need to be introduced for optimal alignment
of the two sequences. The comparison of sequences and
determination of percent identity between two
sequences can be accomplished using a mathematical
algorithm, as described in the non-limiting examples
below. The percent identity between two amino acid
sequences can be determined using the algorithm of E.
Meyers and W. Miller (Comput. Appl. Biosci., 4:1 1-17,
1988) which has been incorporated into the ALIGN
program (version 2.0), using a PAM 120 weight residue
table, a gap length penalty of 12 and a gap penalty of
4. In addition, the percent identity between two amino
acid sequences can be determined using the Needleman
and Wunsch (J. MoI, Biol. 48:444-453, 1970) algorithm
which has been incorporated into the GAP program in
the GCG software package (available at
http://www.gcg.com), using either a Blossom 62 matrix
or a PAM250 matrix, and a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5,
or 6. Additionally or alternatively, the protein
sequences of the present invention can further be used
as a "query sequence" to perform a search against
public databases to, for example, identify related
sequences. Such searches can be performed using the
XBLAST program (version 2.0) of Altschul, et al., 1990
J.Mol. Biol. 2 15:403-10. BLAST protein searches can
be performed with the XBLAST program, score = 50,
wordlength = 3 to obtain amino acid sequences
homologous to the antibody molecules of the invention.
To obtain gapped alignments for comparison purposes,
Gapped BLAST can be utilized as described in Altschul
et al., 1997 Nucleic Acids Res. 25(17):3389-3402. When
utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs (e.g., XBLAST
and NBLAST) can be used. See
http:www.ncbi.nhn.nih.gov. Antibodies with
conservative modifications In certain embodiments, an
antibody of the invention has a VH region consisting
of CDRl , CDR2, and CDR3 sequences and a VL region
consisting of CDRl, CDR2, and CDR3 sequences, wherein
one or more of these CDR sequences have specified
amino acid sequences based on the antibodies described
herein or conservative modifications thereof, and
wherein the antibodies retain the desired functional
properties of the neutralizing anti-DKKl/4 composition
of the invention. Accordingly, the invention provides
an isolated monoclonal antibody, or antigen binding
portion thereof, consisting of a VH region consisting
of CDRl, CDR2, and CDR3 sequences and a VL region
consisting of CDRl, CDR2, and CDR3 sequences, wherein:
the VH regions of CDRl is sequencesconsisting of amino
acid sequences selected from the group consisting of
amino acid sequences of SEQ ID NOs: 2-5, 8-1 1, 20,
49-56, and conservative modifications thereof; the VH
region of CDR2 is sequences consisting of amino acid
sequences selected from the group consisting of amino
acid sequences of SEQ IDNOs: 2-20, 57-64, and
conservative modifications thereof; the VH region of
CDR3 is sequences consisting of amino acid sequences
selected from the group consisting of amino acid
sequences of SEQ ID NOs: 2-20, 65-72, and conservative
modifications thereof; the VL regions of CDRl is
sequences consisting of amino acid sequences selected
from the group consisting of amino acid sequences of
SEQ ID NOs: 21-39, 73-80, and conservative
modifications thereof; the VL regions of CDR2 is
sequences consisting of amino acid sequences selected
from the group consisting of amino acid sequences of
SEQ IDNOs: 21-39, 81-88, and conservative
modifications thereof; the V L regions of CDR3 is
sequences consisting of amino acid sequences selected
from the group consisting of amino acid sequences of
SEQ ID NOs: 21-39, 89-96, and conservative
modifications thereof; the antibody specifically binds
to DKKl ; and the antibody exhibits at least one of
the following functional properties: the antibody
inhibits binding DKKl protein to the DKKl receptor or
the antibody inhibits DKKl receptor binding preventing
or ameliorating osteolysis or the antibody inhibits
DKKl receptor binding preventing or ameliorating
osteolytic lesions or the antibody inhibits DKKl
receptor binding preventing or ameliorating cancer. In
various embodiments, the antibody may exhibit one or
more, two or more, or three or more of the functional
properties listed discussed above. Such antibodies can
be, for example, human antibodies, humanized
antibodies or chimeric antibodies. In other
embodiments, an antibody of the invention has a full
length heavy chain sequence and a full length light
chain sequence, wherein one or more of these sequences
have specified amino acid sequences based on the
antibodies described herein or conservative
modifications thereof, and wherein the antibodies
retain the desired functional properties of the
neutralizing anti-DKKl/4 composition of the invention.
Accordingly, the invention provides an isolated
monoclonal antibody, or antigen binding portion
thereof, consisting of a full length heavy chain and a
full length light chain wherein: the full length heavy
chain has amino acid sequences selected from the group
of SEQ IDNOs: 115-1 17, and conservative modifications
thereof; and the full length light chain has amino
acid sequences selected from the group of SEQ ID NOs:
111-1 14, and conservative modifications thereof; the
antibody specifically binds to DKKl ; and the antibody
exhibits at least one of the following functional
properties: the antibody inhibits binding DKKl protein
to the DKKl receptor or the antibody inhibits DKKl
receptor binding preventing or ameliorating osteolysis
or the antibody inhibits DKKl receptor binding
preventing or ameliorating osteolytic lesions or the
antibody inhibits DKKl receptor binding preventing or
ameliorating cancer. In various embodiments, the
antibody may exhibit one or more, two or more, or
three or 



more of the functional properties listed discussed
above. Such antibodies can be, for example, human
antibodies, humanized antibodies or chimeric
antibodies.In other embodiments, an antibody of the
invention optimized for expression in a cell has a VH
region sequence and a VL region sequence, wherein one
or more of these sequences have specified amino acid
sequences based on the antibodies described herein or
conservative modifications thereof, and wherein the
antibodies retain the desired functional properties of
the neutralizing anti-DKKl/4 composition of the
invention. Accordingly, the invention provides an
isolated monoclonal antibody, or antigen binding
portion thereof, consisting of a VH region and a VL
region wherein: the VH region has amino acid sequences
selected from the group of SEQ ED NO: 119, and
conservative modifications thereof; and the VL region
has amino acid sequences selected from the group of
SEQ ID NOs: 118, and conservative modifications
thereof; the antibody specifically binds to DKK 1; and
the antibody exhibits at least one of the following
functional properties: the antibody inhibits binding
DKKl protein to the DKKl receptor or the antibody
inhibits DKKl receptor binding preventing or
ameliorating osteolysis or the antibody inhibits DKKl
receptor binding preventing or ameliorating osteolytic
lesions or the antibody inhibits DKKl receptor binding
preventing or ameliorating cancer. In various
embodiments, the antibody may exhibit one or more, two
or more, or three or more of the functional properties
listed discussed above. Such antibodies can be, for
example, human antibodies, humanized antibodies or
chimeric antibodies. As used herein, the term
"conservative sequence modifications" is intended to
refer to amino acid modifications that do not
significantly affect or alter the binding
characteristics of the antibody containing the amino
acid sequence. Such conservative modifications include
amino acid substitutions, additions and deletions.
Modifications can be introduced into an antibody of
the invention by standard techniques known in the art,
such as site-directed mutagenesis and PCRmediated
mutagenesis. Conservative amino acid substitutions are
ones in which the amino acid residue is replaced with
an amino acid residue having a similar side chain.
Families of amino acid residues having similar side
chains have been defined in the art. These families
include amino acids with basic side chains (e.g.,
lysine, arginine, histdine), acidic side chains (e.g.,
aspartic acid, glutamic acid), uncharged polar side
chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine, tryptophan), nonpolar
side chains (e.g., alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine),
beta-branched side chains (e.g., threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Thus, one or
more amino acid residues within the CDR regions of an
antibody of the invention can be replaced with other
amino acid residues from the same side chain family,
and the altered antibody can be tested for retained
function using the functional assays described herein.
Antibodies that bind to the same epitope as
neutralizing anti-DKK1/4 composition of the invention
In another embodiment, the invention provides
antibodies that bind to the sameepitope as do the
various neutralizing anti-DKKl/4 composition of the
invention provided herein. Such additional antibodies
can be identified based on their ability to
cross-compete (e.g., to competitively inhibit the
binding of, in a statistically significant manner)
with other antibodies of the invention in standard
DKKl binding assays. The ability of a test antibody to
inhibit the binding of antibodies of the present
invention to human DKKl demonstrates that the test
antibody can compete with that antibody for binding to
human DKKl ; such an antibody may, according to
non-limiting hypotheses, bind to the same or a related
(e.g., a structurally similar or spatially proximal)
epitope on human DKKl as the antibody with which it
competes. In a certain embodiment, the antibody that
binds to the same epitope on human DKKl as the
antibodies of the present invention is a human
monoclonal antibody. Such human monoclonal antibodies
can be prepared and isolated as described in the
Examples. Camelid and other heavy chain antibodies
Antibody proteins obtained from members of the camel
and dromedary (Camelus bactrianus and Calelus
dromaderius) family including new world members such
as llama species {Lamapaccos, Lama glama and Lama
vicugna) have been characterized with respect to size,
structural complexity and antigenicity for human
subjects. Certain IgG antibodies from this family of
mammals as found in nature lack light chains, and are
thus structurally distinct from the typical four chain
quaternary structure having two heavy and two light
chains, for antibodies from other animals. See
PCT/EP93/02214 (WO 94/04678 published 3 March 1994). A
region of the camelid antibody which is the small
single variable domain identified as VHH can be
obtained by genetic engineering to yield a small
protein having high affinity for a target, resulting
in a low molecular weight antibody-derived protein
known as a "camelid nanobody". See U.S. patent number
5,759,808 issued June 2, 1998; see also Stijlemans, B.
et al., 2004 J Biol Chem 279: 1256-1261; Dumoulin, M.
et al., 2003 Nature 424: 783-788; Pleschberger, M. et
al. 2003 Bioconjugate Chem 14: 440-448;
Cortez-Retamozo, V. et al. 2002 Int J Cancer 89:
456-62; and Lauwereys, M. etal. 1998 EMBO J 17:
3512-3520. Engineered libraries of camelid antibodies
and antibody fragments are commercially available, for
example, from Ablynx, Ghent, Belgium. As with other
antibodies of non-human origin, an amino acid sequence
of a camelid antibody can be altered recombinantly to
obtain a sequence that more closely resembles a human
sequence, i.e., the nanobody can be "humanized". Thus
the natural low antigenicity of camelid antibodies to
humans can be further reduced. The camelid nanobody
has a molecular weight approximately one-tenth that of
a human IgG molecule, and the protein has a physical
diameter of only a few nanometers. One consequence of
the small size is the ability of camelid nanobodies to
bind to antigenic sites that are functionally
invisible to larger antibody proteins, i.e., camelid
nanobodies are useful as reagents detect antigens that
are otherwise cryptic using classical immunological
techniques, and as possible therapeutic agents. Thus
yet another consequence of small size is that a
camelid nanobody can inhibit as aresult of binding to
a specific site in a groove or narrow cleft of a
target protein, and hence can serve in a capacity that
more closely resembles the function of a classical low
molecular weight drug than that of a classical
antibody. The low molecular weight and compact size
further result in camelid nanobodies being extremely
thermostable, stable to extreme pH and to proteolytic
digestion, and poorly antigenic. Another consequence
is that camelid nanobodies readily move from the
circulatory system into tissues, and even cross the
blood-brain barrier and can treat disorders that
affect nervous tissue. Nanobodies can further
facilitated drug transport across the blood brain
barrier. See U.S. patent application 20040161738
published August 19, 2004. These features combined
with the low antigenicity to humans indicate great
therapeutic potential. Further, these molecules can be
fully expressed in prokaryotic cells such as E. coli
and are expressed as fusion proteins with
bacteriophage and are functional. Accordingly, a
feature of the present invention is a camelid antibody
or nanobody having high affinity for DKK1. In certain
embodiments herein, the camelid antibody or nanobody
is naturally produced in the camelid animal, i.e., is
produced by the camelid following immunization with
DKKl or a peptide fragment thereof, using techniques
described herein for other antibodies. Alternatively,
the neutralizing anti-DKKl/4 camelid nanobody is
engineered, i.e., produced by selection for example
from a library of phage displaying appropriately
mutagenized camelid nanobody proteins using panning
procedures with DKKl and/or DKK4 as a target as
described in the examples herein. Engineered
nanobodies can further be customized by genetic
engineering to have a half life in a recipient subject
of from 45 minutes to two weeks. In addition to
Camelid antibodies, heavy chain antibodies occur
naturally in other animal including but not limited
to, e.g., certain species of shark and pufferfish
(see, e.g., PCT publication WO 03/014161). Although
variable domains derived from such heavy chain
antibodies may be used in the invention, the use of
Camelid-derived heavy chain antibodies and/or of the
variable domain sequences thereof is preferred
optimization, humanization, humaneering, and the like
and/or for clinical use in humans. Engineered and
modified antibodies An antibody of the invention
further can be prepared using an antibody having one
or more of the VH and/or VL sequences shown herein as
starting material to engineer a modified antibody,
which modified antibody may have altered properties
from the starting antibody. An antibody can be
engineered by modifying one or more residues within
one or both variable regions (i. e., VH and/or VL),
for example within one or more CDR regions and/or
within one or more framework regions. Additionally or
alternatively, an antibody can be engineered by
modifying residues within the constant region(s), for
example to alter the effector function(s) of the
antibody.One type of variable region engineering that
can be performed is CDR grafting. Antibodies interact
with target antigens predominantly through amino acid
residues that are located in the six heavy and light
chain complementarity determining regions (CDRs). For
this reason, the amino acid sequences within CDRs are
more diverse between individual antibodies than
sequences outside of CDRs. Because CDR sequences are
responsible for most antibody-antigen interactions, it
is possible to express recombinant antibodies that
mimic the properties of specific naturally occurring
antibodies by constructing expression vectors that
include CDR sequences from the specific naturally
occurring antibody grafted onto framework sequences
from a different antibody with different properties
(see, e.g., Riechmann, L. et al., 1998 Nature
332:323-327; Jones, P. et al., 1986 Nature
321:522-525; Queen, C. et al., 1989 Proc. Natl. Acad.
See. U.S.A. 86:10029-10033; U.S. Patent No. 5,225,539
to winter, and U.S. Patent Nos. 5,530,101; 5,585,089;
5,693,762 and 6, 180,370 to Queen et al.) Accordingly,
another embodiment of the invention pertains to an
isolated monoclonal antibody, or antigen binding
portion thereof, comprising a VH region comprising
CDRl sequences having an amino acid sequence selected
from the group consisting of SEQ IDNOs: 2-5, 8-1 1 20,
49-56; CDR2 sequences having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 2-20
and 57-64; CDR3 sequences having an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 2-20 and 65-72, respectively; and a VL region
having CDRl sequences 



having an amino acid sequence selected from the group
consisting of SEQlDNOs: 21-39 and 73- 80; CDR2
sequences having an amino acid sequence selected from
the group consisting of SEQ ID NOs: 21-39 and 81-88;
and CDR3 sequences consisting of an amino acid
sequence selected from the group consisting of SEQ
IDNOs: 21-39 and 89-96, respectively. Thus, such
antibodies contain the VH and V CDR sequences of
monoclonal antibodies, yet may contain different
framework sequences from these antibodies. Such
framework sequences can be obtained from public DNA
databases or published references that include
germline antibody gene sequences. For example,
gepmline DNA sequences for human heavy and V region
genes can be found in the "VBase" human germline
sequence database (available on the Internet at
www.mrc- cpe.cam.ac.uk/vbase), as well as in Kabat, E.
A., et al., 1991 Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department
of Health and Human Services, NIH Publication No.
91-3242; Tomlinson, I. M., et al., 1992 J . fol. Biol.
227:776-798; and Cox, J. P. L. et al., 1994 Eur. J
Immunol. 24:827-836; the contents of each of which are
expressly incorporated herein by reference. An example
of framework sequences for use in the antibodies of
the invention are those that are structurally similar
to the framework sequences used by selected antibodies
of the invention, e.g., consensus sequences and/or
framework sequences used by monoclonal antibodies of
the invention. The VH CDRl, 2 and 3 sequences, and the
VL CDRl, 2 and 3 sequences, can be grafted onto
framework regions that have the identical sequence as
that found in the germlineimmunoglobulin gene from
which the framework sequence derive, or the CDR
sequences can be grafted onto framework regions that
contain one or more mutations as compared to the
germline sequences. For example, it has been found
that in certain instances it is beneficial to mutate
residues within the framework regions to maintain or
enhance the antigen binding ability of the antibody
(see e.g., U.S. Patent Nos. 5,530,101; 5,585,089;
5,693,762 and 6,180,370 to Queen etal). Another type
of variable region modification is to mutate amino
acid residues within the VH and/or VL CDRl, CDR2
and/or CDR3 regions to thereby improve one or more
binding properties (e.g., affinity) of the antibody of
interest, known as "affinity maturation."
Site-directed mutagenesis or PCR-mediated mutagenesis
can be performed to introduce the mutation(s) and the
effect on antibody binding, or other functional
property of interest, can be evaluated in in vitro or
in vivo assays as described herein and provided in the
Examples. Conservative modifications (as discussed
above) can be introduced. The mutations may be amino
acid substitutions, additions or deletions. Moreover,
typically no more than one, two, three, four or five
residues within a CDR region are altered. Accordingly,
in another embodiment, the invention provides isolated
neutralizing anti- DKK1/4 composition, or antigen
binding portions thereof, consisting of a VH region
having: a VH CDRl region consisting of an amino acid
sequence selected from the group having SEQ ID NOs: 2-
5, 8-1 1, 20, 49-56 or an amino acid sequence having
one, two, three, four or five amino acid
substitutions, deletions or additions as compared to
SEQ ID NOs: 2-5, 8-11, 20, 49-56; a VHCDR2 region
having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 2-20 and 57-64, or an amino
acid sequence having one, two, three, four or five
amino acid substitutions, deletions or additions as
compared to SEQ ID NOs: 2-20 and 57-64; a VHCDR3
region having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 2-20 and 65-72, or an
amino acid sequence having one, two, three, four or
five amino acid substitutions, deletions or additions
as compared to SEQ ID NOs: 2-20 and 65-72; a V CDRl
region having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 21-39 and 73-80, or an
amino acid sequence having one, two, three, four or
five amino acid substitutions, deletions or additions
as compared to SEQ ID NOs: 21-39 and 73-80; a VL CDR2
region having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 21-39 and 81-88, or an
amino acid sequence having one, two, three, four or
five amino acid substitutions, deletions or additions
as compared to SEQ ID NOs: 21-39 and 81-88; and a VL
CDR3 region having an amino acid sequence selected
from the group consisting of SEQ ID NOs: 21-39 and
89-96, or an amino acid sequence having one, two,
three, four or five amino acid substitutions,
deletions or additions as compared to SEQ ID NOs:
21-39 and 89-96. Engineered antibodies of the
invention include those in which modifications have
been made to framework residues within VH and/or VL,
e.g. to improve the properties of the antibody.
Typically such framework modifications are made to
decrease the immunogenicity of the antibody.For
example, one approach is to "back mutate" one or more
framework residues to the corresponding germline
sequence. More specifically, an antibody that has
undergone somatic mutation may contain framework
residues that differ from the germline sequence from
which the antibody is derived. Such residues can be
identified by comparing the antibody framework
sequences to the germline sequences from which the
antibody is derived. To return the framework region
sequences Jo their germline configuration, the somatic
mutations can be "back mutated" to the germline
sequence by, for example, site-directed mutagenesis or
PCR-mediated mutagenesis. Such "back mutated"
antibodies are also intended to be encompassed by the
invention. Another type of framework modification
involves mutating one or more residues within the
framework region, or even within one or more CDR
regions, to remove T cell -epitopes to thereby reduce
the potential immunogenicity of the antibody. This
approach is also referred to as "deimmunization" and
is described in further detail in U.S. Patent
Publication No. 20030153043 by Carr et al. In addition
or alternative to modifications made within the
framework or CDR regions, antibodies of the invention
may be engineered to include modifications within the
Fc region, typically to alter one or more functional
properties of the antibody, such as serum half-life,
complement fixation, Fc receptor binding, and/or
antigen-dependent cellular cytotoxicity. Furthermore,
an antibody of the invention may be chemically
modified (e.g., one or more chemical moieties can be
attached to the antibody) or be modified to alter its
glycosylation, again to alter one or more functional
properties of the antibody. Each of these embodiments
is described in further detail below. The numbering of
residues in the Fc region is that of the EU index of
Kabat. In one embodiment, the hinge region of CHl is
modified such that the number of cysteine residues in
the hinge region is altered, e.g., increased or
decreased. This approach is described further in U.S.
Patent No. 5,677,425 by Bodmer et al. The number of
cysteine residues in the hinge region of CHl is
altered to, for example, facilitate assembly of the
light and heavy chains or to increase or decrease the
stability of the antibody. In another embodiment, the
Fc hinge region of an antibody is mutated to decrease
the biological half-life of the antibody. More
specifically, one or more amino acid mutations are
introduced into the CH2-CH3 domain interface region of
the Fc-hinge fragment such that the antibody has
impaired Staphylococcyl protein A (SpA) binding
relative to native Fc-hinge domain SpA binding. This
approach is described in further detail in U.S. Patent
No. 6,165,745 by Ward et at. In another embodiment,
the antibody is modified to increase its biological
half-life. Various approaches are possible. For
example, one or more of the following mutations can be
introduced: T252L, T254S, T256F, as described in U.S.
Patent No. 6,277,375 to Ward. Alternatively, to
increase the biological half life, the antibody can be
altered within the CHl or CL region to contain a
salvagereceptor binding epitope taken from two loops
of a CH2 domain of an Fc region of an IgG, as
described in U.S. Patent Nos. 5,869,046 and 6,121,022
by Presta et al. In yet other embodiments, the Fc
region is altered by replacing at least one amino acid
residue with a different amino acid residue to alter
the effector functions of the antibody. For example,
one or more amino acids can be replaced with a
different amino acid residue such that the antibody
has an altered affinity for an effector ligand but
retains the antigen-binding ability of the parent
antibody. The effector ligand to which affinity is
altered can be, for example, an Fc receptor or the Cl
component of complement. This approach is described in
further detail in U.S. Patent Nos. 5,624,821 and
5,648,260, both by Winter et al. In another
embodiment, one or more amino acids selected from
amino acid residues can be replaced with a different
amino acid residue such that the antibody has altered
CIq binding and/or reduced or abolished complement
dependent cytotoxicity (CDC). This approach is
described in further detail in U.S. Patent Nos.
6,194,551 by Idusogie et at. In another embodiment,
one or more amino acid residues are altered to thereby
alter the ability of the antibody to fix complement.
This approach is described further in PCT Publication
WO 94/29351 by Bodmer et at. In yet another
embodiment, the Fc region is modified to increase the
ability of the antibody to mediate antibody dependent
cellular cytotoxicity (ADCC) and/or to increase the
affinity of the antibody for an Fcg receptor by
modifying one or more amino acids. This approach is
described further in PCT Publication WO 00/42072 by
Presta. Moreover, the binding sites on human IgGl for
FcgRl, FcgRII, Fcg RIII and FcRn have been mapped and
variants with improved binding have been described
(see Shields, R.L. et al., 2001 J. Biol. Chen.
276:6591-6604). n still another embodiment, the
glycosylation of an antibody is modified. For example,
an aglycoslated antibody can be made (i.e., the
antibody lacks glycosylation). Glycosylation can be
altered to, for example, increase the affinity of the
antibody for an "antigen1. Such carbohydrate
modifications can be accomplished by; for example,
altering one or more sites of glycosylation within the
antibody sequence. For example, one or more amino acid
substitutions can be made that result in elimination
of one or more variable region framework glycosylation
sites to thereby eliminate glycosylation at that site.
Such aglycosylation may increase the affinity of the
antibody for antigen. Such an approach is described in
further detail in U.S. Patent Nos. 5,714,350 and
6,350,861 by Co et al. Additionally or alternatively,
an antibody can be made that has an altered type of
glycosylation, such as a hypofucosylated antibody
having reduced amounts of fucosyl residues or an
antibody having increased bisecting GlcNac structures.
Such altered glycosylation patterns have been
demonstrated to increase the ADCC ability of
antibodies. Such carbohydrate modifications can 



be accomplished by, for example, expressing the
antibody in a host cell with altered glycosylation
machinery. CeJJs with altered glycosylation machinery
have been described in the art and can beused a s host
cells in which to express recombinant antibodies of
the invention to thereby produce an antibody with
altered glycosylation. For example, EP 1,176,195
byHang et al. describes a cell line with a
functionally disrupted FUT8 gene, which encodes a
fucosyl transferase, such that antibodies expressed in
such a cell line exhibit hypofucosylation. PCT
Publication WO 03/035835 by Presta describes a variant
CHO cell line, Lecl3 cells, 'with reduced ability to
attach fucose to Asn(297)- linked carbohydrates, also
resulting in hypofucosylation of antibodies expressed
in that host cell (see also Shields, R.L. et ail.,
2002 J. Biol. Chem. 277:26733-26740). PCT Publication
WO 99/54342 by Umana et al. describes cell lines
engineered to express glycoprotein-modifying glycosyl
transferases (e.g., beta(l,4)-N
acetylglucosaminyltransferase III (GnTIII)) such that
antibodies expressed in the engineered cell lines
exhibit increased bisecting GlcNac structures which
results in increased ADCC activity of the antibodies
(see also Umana et al., 1999 Nat. Biotech.
17:176-180). Another modification of the antibodies
herein that is contemplated by the invention is
pegylation. An antibody can be pegylated to, for
example, increase the biological (e.g., serum) half-
Hfe of the antibody. To pegylate an antibody, the
antibody, or fragment thereof, typically is reacted
with polyethylene glycol (PEG), such as a reactive
ester or aldehyde derivative of PEG, under conditions
in which one or more PEG groups become attached to the
antibody or antibody fragment. The pegylation can be
carried out by an acylation reaction or an alkylation
reaction with a reactive PEG molecule (or an analogous
reactive water-soluble polymer). As used herein, the
term "polyethylene glycol" is intended to encompass
any of the forms of PEG that have been used to
derivatize other proteins, such as mono (Cl-ClO)
alkoxy- or aryloxy-polyethylene glycol or polyethylene
glycol-maleimide. In certain embodiments, the antibody
to be pegylated is an aglycosylated antibody. Methods
for pegylating proteins are known in the art and can
be applied to the antibodies of the invention. See for
example, EP 0 154 3 16 by Nishimura et al. and EP 0
401 384 by Ishikawa et al. Non-Immunoglobulin
Scaffolds A wide variety of antibody/ immunoglobulin
frameworks or scaffolds can be employed so long a s
the resulting polypeptide includes at least one
binding region which is specific for the target
protein. Such frameworks or scaffolds include the five
main idiotypes of human immunoglobulins, or fragments
thereof (such as those disclosed elsewhere herein),
and include immunoglobulins of other animal species,
preferably having humanized aspects. Single
heavy-chain antibodies such as those identified in
camelids and/or shark are of particular interest in
this regard. Novel frameworks, scaffolds and fragments
continue to be discovered and developed by those
skilled in the art. In one aspect, the invention
pertains to generating non-immunoglobulin based
antibodies using non- immunoglobulin scaffolds onto
which CDRs of the invention can be grafted. Known or
future non-immunoglobulin frameworks and scaffolds may
be employed, as long as they comprise a binding region
specific for the target protein of SEQ ID NO: 1 or SEQ
ID NO: 122. Such compounds are known herein as
"polypeptides comprising a target-specific binding
region". Knownnon-immunoglobulin frameworks or
scaffolds include, but are not limited to, Adnectins
(fibronectin) (Compound Therapeutics, Inc., Waltham,
MA), ankyrin (Molecular Partners AG, Zurich,
Switzerland), domain antibodies (Domantis, Ltd
(Cambridge, MA) and Ablynx nv (Zwijnaarde, Belgium)),
lipocalin (Anticalin) (Pieris Proteolab AG, Freising,
Germany), small modular immuno-pharmaceuticals
(Trubion Pharmaceuticals Inc., Seattle, WA),
maxybodies (Avidia, Inc. (Mountain View, CA)), Protein
A (Af body AG, Sweden) and affilin (gammacrystallin or
ubiquitin) (Scil Proteins GmbH, Halle, Germany). (T)
Adnectins -Compound Therapeutics The adnectin
scaffolds are based on fibronectin type III domain
(e.g., the tenth module of the fibronectin type III
(10 Fn3 domain). The fibronectin type III domain has 7
or 8 beta strands which are distributed between two
beta sheets, which themselves pack against each other
to form the core of the protein, and further
containing loops (analogous to CDRs) which connect the
beta strands to each other and are solvent exposed.
There are at least three such loops at each edge of
the beta sheet sandwich, where the edge is the
boundary of the protein perpendicular to the direction
of the beta strands. ( S 6,8 18,4 18). These
fbronectin-based scaffolds are not an immunoglobulin,
although the overall fold is closely related to that
of the smallest functional antibody fragment, the
variable region of the heavy chain, which comprises
the entire antigen recognition unit in camel and llama
IgG. Because of this structure, the non-immunoglobulin
antibody mimics antigen binding properties that are
similar in nature and affinity to those of antibodies.
These scaffolds can be used in a loop randomization
and shuffling strategy in vitro that is similar to the
process of affinity maturation of antibodies in vivo.
These fibronectin-based molecules can be used as
scaffolds where the loop regions of the molecule can
be replaced with CDRs of the invention using standard
cloning techniques. (W) Ankyrin -Molecular Partners
The technology is based on using proteins with ankyrin
derived repeat modules as scaffolds for bearing
variable regions which can be used for binding to
different targets. The ankyrin repeat module is a 33
amino acid polypeptide consisting of two anti-parallel
cc-helices and a b-turn. Binding of the variable
regions is mostly optimized by using ribosome display.
(in) Maxybodies/Avimers - Avidia Avimers are derived
from natural A-domain containing protein such as
LRP-I. These domains are used by nature for
protein-protein interactions and in human over 250
proteins are structurally based on A-domains. Avimers
consist of a number of different "A-domain" monomers
(2-1 0) linked via amino acid linkers. Avimers can be
created that can bind to the target antigen using the
methodology described in, for example, 20040175756;
20050053973; 20050048512; and 20060008844.(vi) Protein
A -Affibody Affibody(r) affinity ligands are small,
simple proteins composed of a three-helix bundle based
on the scaffold of one of the IgG-binding domains of
Protein A. Protein A is a surface protein from the
bacterium Staphylococcus aureus. This scaffold domain
consists of 58 amino acids, 13 of which are randomized
to generate Affibody(r) libraries with a large number
of ligand variants (See e.g., US 5,83 1,01?).
Affibody(r) molecules mimic antibodies, they have a
molecular weight of 6 kDa, compared to the molecular
weight of antibodies, which is 150 kDa. In spite of
its small size, the binding site of Affibody(r)
molecules is similar to that of an antibody. Cv
Anticalins -Pieris Anticalins(r) are products
developed by the company Pieris ProteoLab AG. They are
derived from lipocalins, a widespread group of small
and robust proteins that are usually involved in the
physiological transport or storage of chemically
sensitive or insoluble compounds. Several natural
lipocalins occur in human tissues or body liquids. The
protein architecture is reminiscent of
immunoglobulins, with hypervariable loops on top of a
rigid framework. However, in contrast with antibodies
or their recombinant fragments, lipocalins are
composed of a single polypeptide chain with 160 to 180
amino acid residues, being just marginally bigger than
a single immunoglobulin domain. The set of four loops,
which makes up the binding pocket, shows pronounced
structural plasticity and tolerates a variety of side
chains. The binding site can thus be reshaped in a
proprietary process in order to recognize prescribed
target molecules of different shape with high affinity
and specificity. One protein of lipocalin family, the
bilin-binding protein (BBP) of Pieris Brassicae has
been used to develop anticalins by mutagenizing the
set of four loops. One example of a patent application
describing "anticalins" is PCT WO 199916873. (vi)
Affilin - Scil Proteins Affilin(tm) molecules are
small non-immunoglobulin proteins which are designed
for specific affinities towards proteins and small
molecules. New Affilin (tm) molecules can be very
quickly selected from two libraries, each of which is
based on a different human derived scaffold protein.
Affilin(tm) molecules do not show any structural
homology to immunoglobulin proteins. Sell Proteins
employs two Affilin(tm) scaffolds, one of which is
gamma crystalline, a human structural eye lens protein
and the other is "ubiquitin" superfamily proteins.
Both human scaffolds are very small, show high
temperature stability and are almost resistant to pH
changes and denaturing agents. This high stability is
mainly due to the expanded beta sheet structure of the
proteins. Examples of gamma crystalline derived
proteins are described in WO200104144 and examples of
"ubiquitinlike" proteins are described in
WO2004106368.Methods of engineering antibodies As
discussed above, the anti-DKKl antibodies having VH
and VL sequences or full length heavy and light chain
sequences shown herein can be used to create new anti-
DKKl /4 antibodies by modifying full length heavy
chain and/or light chain sequences, VH and/or V
sequences, or the constant region(s) attached thereto.
Thus, in another aspect of the invention, the
structural features of an anti-DKKl antibody of the
invention are used to create structurally related
anti- DKK1/4 antibodies that retain at least one
functional property of the antibodies of the
invention, such as binding to human DKKl or DKK4 or
both and also inhibiting one or more functional
properties of DKKl or DKK4 or both. For example, one
or more CDR regions of the antibodies of the present
invention, or mutations thereof, can be combined
recombinantly with known framework regions and/or
other CDRs to create additional,
recombinantly-engineered, anti-DKKl antibodies of the
invention, as discussed above. Other types of
modifications include those described in the previous
section. The starting material for the engineering
method is one or more of the VH and/or V sequences
provided herein, or one or more CDR regions thereof.
To create the engineered antibody, it is not necessary
to actually prepare (i.e., express as a protein) an
antibody having one or more of the VH and/or VL
sequences provided herein, or one or more CDR regions
thereof. Rather, the information contained in the
sequence(s) is used as the starting material to create
a "second generation" sequence(s) derived from the
original sequence(s) and then the "second generation"
sequence(s) is prepared and 



expressed as a protein. Accordingly, in another
embodiment, the invention provides a method for
preparing an anti- DKKl antibody consisting of: a VH
region antibody sequence having a CDRl sequence
selected from the group consisting of SEQ ID "NOs:
2-5, 8-1 1, 20, 49-56, a CDR2 sequence selected from
the group consisting of SEQ ID NOs: 2-20 and 57-64
and/or a CDR3 sequence selected from the group
consisting of SEQ ID NOs: 2-20 and 65-72; and a VL
region antibody sequence having a CDRl sequence
selected from the group consisting of SEQ ID NOs:
21-39 and 73-80, a CDR2 sequence selected from the
group consisting of SEQ ID NOs: 21-39 and 81-88 and/or
a CDR3 sequence selected from the group consisting of
SEQ ID NOs: 21-39 and 89-96; altering at least one
amino acid residue within the VH region antibody
sequence and/or the VL region antibody sequence to
create at least one altered antibody sequence; and
expressing the altered antibody sequence as a protein.
Accordingly, in another embodiment, the invention
provides a method for preparing an anti- DKKl antibody
consisting of: a full length heavy chain antibody
sequence having a sequence selected from the group of
SEQ ID NOs: 115-1 17; and a full length light chain
antibody sequence having a sequence selected from the
group of SEQ ID NOs: 111-1 14; altering at least one
amino acid residue within the full length heavy chain
antibody sequence and/or the full length light
chainantibody sequence to create at least one altered
antibody sequence; and expressing the altered antibody
sequence as a protein. In another embodiment, the
invention provides a method for preparing a
neutralizing anti- DKKl /4 composition optimized for
mammalian expression consisting of: a VH region
antibody sequence having a sequence selected from the
group of SEQ ID NO: 119; and a V region antibody
sequence having a sequence selected from the group of
SEQ ID NO: 118; altering at least one amino acid
residue within the VH region antibody sequence and/or
the VL region antibody sequence to create at least one
altered antibody sequence; and expressing the altered
antibody sequence as a protein. Standard molecular
biology techniques can be used to prepare and express
the altered antibody sequence. The antibody encoded by
the altered antibody sequence(s) is one that retains
one, some or all of the functional properties of the
neutralizing anti-DKKl/4 compositions described
herein, which functional properties include, but are
not limited to, specifically binding to human DKKl;
and the antibody exhibits at least one of the
following functional properties: the antibody inhibits
binding of DKK 1 protein to the DKKl receptor, or the
antibody inhibits DKK1 receptor binding preventing or
ameliorating osteolysis, or the antibody inhibits DKKl
receptor binding thereby preventing or ameliorating
osteolytic lesions, or the antibody inhibits DKKl
receptor binding preventing or ameliorating cancer.
The altered antibody may exhibit one or more, two or
more, or three or more of the functional properties
discussed above. The functional properties of the
altered antibodies can be assessed using standard
assays available in the art and/or described herein,
such as those set forth in the Examples (e.g.,
ELISAs). In certain embodiments of the methods of
engineering antibodies of the invention, mutations can
be introduced randomly or selectively along all or
part of an anti-DKKl antibody coding sequence and the
resulting modified anti-DKKl antibodies can be
screened for binding activity and/or other functional
properties as described herein. Mutational methods
have been described in the art. For example, PCT
Publication WO 02/092780 by Short describes methods
for creating and screening antibody mutations using
saturation mutagenesis, synthetic ligation assembly,
or a combination thereof. Alternatively, PCT
Publication WO 03/074679 by Lazar et al. describes
methods of using computational screening methods to
optimize physiochemical properties of antibodies. The
Fc constant region of an antibody is critical for
determining serum half-life and effector functions,
i.e., antibody dependent cell cytotoxicity (ADCC) or
complement dependent cytotoxicity (CDC) activities.
One can engineer specific mutants of the Fc fragment
to alter the effector function and/or serum half-life
(see, e.g., Xencor technology, see also, e.g.,
WO2004029207). One method to alter effector function
and serum half-life of an antibody is to graft the
variable region of an antibody fragment with an Fc
fragment having the appropriate effectorfunction. IgGl
or lgG4 isotypes can be selected for cell killing
activity, whereas IgG2 isotype can be used for silent
or neutralizing antibodies (with no cell killing
activity). Silent antibodies with long serum half-life
can be obtained by making chimeric fusion of variable
regions of an antibody with a serum protein such as
HSA or a protein binding to such serum protein, such
HSA - binding protein. Effector functions can also be
altered by modulating the glycosylation pattern of the
antibody. Glycart (e.g., US6,602,684), Biowa (e.g.,
US6,946,292) and Genentech (e.g WO03/035835) have
engineered mammalian cell lines to produce antibodies
with increased or decreased effector function.
Especially, non fucosylated antibodies will have
enhanced ADCC activities. Glycofi has also developed
yeast cell lines capable of producing specific
glycoforms of antibodies. Nucleic acid molecules
encoding antibodies of the invention Another aspect of
the invention pertains to nucleic acid molecules that
encode the antibodies of the invention. Examples of
full length light chain parental nucleotide sequences
are shown in SEQ IDNOs: 97-100. Examples of full
length heavy chain parental nucleotide sequences are
shown in SEQ IDNOs: 101-103. Examples of full length
light chain nucleotide sequences optimized for
expression in a cell are shown in SEQ ID NOs: 104-107.
Examples of full length heavy chain nucleotide
sequences optimized for expression in a cell are shown
in SEQ ID NOs: 108-1 10. The nucleic acids may be
present in whole cells, in a cell lysate, or may be
nucleic acids in a partially purified or substantially
pure form. A nucleic acid is "isolated" or "rendered
substantially pure" when purified away from other
cellular components or other contaminants, e.g., other
cellular nucleic acids or proteins, by standard
techniques, including alkaline/SDS treatment, CsCl
banding, column chromatography, agarose gel
electrophoresis and others well known in the art. See,
F. Ausubel, et al., ed. 1987 Current Protocols in
Molecuiar Biology, Greene Publishing and Wiley
Interscience, New York. A nucleic acid of the
invention can be, for example, DNA or RNA and may or
may not contain intronic sequences. In an embodiment,
the nucleic acid is a cDNA molecule. The nucleic acid
may be present in a vector such as a phage display
vector, or in a recombinant plasm id vector. Nucleic
acids of the invention can be obtained using standard
molecular biology techniques. For antibodies expressed
by hybridomas (e.g., hybr domas prepared from
transgenic mice carrying human immunoglobulin genes as
described further below), cDNAs encoding the light and
heavy chains of the antibody made by the hybridoma can
be obtained by standard PCR amplification or cDNA
cloning techniques. For antibodies obtained from an
immunoglobulin gene library (e.g., using phage display
techniques), nucleic acid encoding the antibody can be
recovered from various phage clones that are members
of the library.Once DNA fragments encoding VH and VL
segments are obtained, these DNA fragments can be
further manipulated by standard recombinant DNA
techniques, for example to convert the variable region
genes to full-length antibody chain genes, to Fab
fragment genes or to an scFv gene. In these
manipulations, a VL- or Vn-encoding DNA fragment is
operatively linked to another DNA molecule, or to a
fragment encoding another protein, such as an antibody
constant region or a flexible linker. The term
"operatively linked", as used in this context, is
intended to mean that the two DNA fragments are joined
in a functional manner, for example, such that the
amino acid sequences encoded by the two DNA fragments
remain in-frame, or such that the protein is expressed
under control of a desired promoter. The isolated DNA
encoding the VH region can be converted to a
full-length heavy chain gene by operatively linking
the VH-encoding DNA to another ONA molecule encoding
heavy chain constant regions (CHl, CH2 and CH3). The
sequences of human heavy chain constant region genes
are known in the art (see e.g., Kabat, E. A., el al.,
1991 Sequences of Proteins of Immunological Interest,
Fifth Edition, U.S. Department of Health and Human
Services, NIH Publication No. 91- 3242) and DNA
fragments encompassing these regions can be obtained
by standard PCR amplification. The heavy chain
constant region can be an IgG 1, an IgG2, IgG3, IgG4,
IgA, IgE, IgM or IgD constant region. For a Fab
fragment heavy chain gene, the VH-encoding DNA can be
operatively linked to another DNA molecule encoding
only the heavy chain CHl constant region. The isolated
DNA encoding the VL region can be converted to a
full-length light chain gene (as well as to a Fab
light chain gene) by operatively linking the
VL-encoding DNA to another DNA molecule encoding the
light chain constant region, CL. The sequences of
human light chain constant region genes are known in
the art (see e.g., Kabat, E. A., et al., 1991
Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242) and DNA fragments
encompassing these regions can be obtained by standard
PCR amplification. The light chain constant region can
be a kappa or a lambda constant region. To create an
scFv gene, the VH- and VL-encoding DNA fragments are
operatively linked to another fragment encoding a
flexible linker, e.g., encoding the amino acid
sequence (Gly4 -Ser)3, such that the VH and VL
sequences can be expressed as a contiguous
single-chain protein, with the VL and VH regions
joined by the flexible linker (see e.g., Bird et al.,
1988 Science 242:423-426; Huston et at., 1988 Proc.
Natl. Acad. Sci. USA 85:5879-5883; McCafferty et al.,
1990 Nature 348:552-554). Production of monoclonal
antibodies of the invention Monoclonal antibodies
(mAbs) can be produced by a variety of techniques,
including conventional monoclonal antibody methodology
e.g., the standard somatic cell hybridization
technique of Kohler and Milstein, 1975 Nature 256:
495. Many techniques for producing monoclonal antibody
can be employed e.g., viral or oncogenic
transformation of B lymphocytes.An animal system for
preparing hybridomas is the murine system. Hybridoma
production in 



the mouse is a well established procedure.
Immunization protocols and techniques for isolation of
immunized splenocytes for fusion are known in the art.
Fusion partners (e.g., murine myeloma cells) and
fusion procedures are also known. Chimeric or
humanized antibodies of the present invention can be
prepared based on the sequence of a murine monoclonal
antibody prepared as described above. DNA encoding the
heavy and light chain immunoglobulins can be obtained
from the murine hybridoma of interest and engineered
to contain non-murine (e.g., human) immunoglobulin
sequences using standard molecular biology techniques.
For example, to create a chimeric antibody, the murine
variable regions can be linked to human constant
regions using methods known in the art (see e.g., U.S.
Patent No. 4,816,567 to Cabilly et al.). To create a
humanized antibody, the murine CDR regions can be
inserted into a human framework using methods known in
the art. See e.g., U.S. Patent No. 5225539 to Winter,
and U.S. Patent Nos. 5530101; 5585089; 5693762 and
6180370 to Queen et al. In a certain embodiment, the
antibodies of the invention are human monoclonal
antibodies. Such human monoclonal antibodies directed
against DKKl can be generated using transgenic or
transchromosomic mice carrying parts of the human
immune system rather than the mouse system. These
transgenic and transchromosomic mice include mice
referred to herein as HuMAb mice and KM mice,
respectively, and are collectively referred to herein
as "human Ig mice." ' The HuMAb mouse(r) (Medarex,
Inc.) contains human immunoglobulin gene miniloci that
encode un-rearranged human heavy (m and g ) and K
light chain immunoglobulin sequences, together with
targeted mutations that inactivate the endogenous m
and Kchain loci (see e.g., Lonberg, et al., 1994
Nature 368(6474): 856-859). Accordingly, the mice
exhibit reduced expression of mouse IgM or K, and in
response to immunization, the introduced human heavy
and light chain transgenes undergo class switching and
somatic mutation to generate high affinity human IgGk
monoclonal (Lonberg, N. et al., 1994 supra; reviewed
in Lonberg, N., 1994 Handbook of Experimental
Pharmacology 113:49-101; Lonberg, N. and Huszar, D.,
1995 Intern. Rev. Immunol. 13: 65-93, and Harding, F.
and Lonberg, N., 1995 Ann. N. Y. Acad. Sci.
764:536-546). The preparation and use of HuMAb mice,
and the genomic modifications carried by such mice, is
further described in Taylor, L. et al., 1992 Nucleic
Acids Research 20:6287-6295; Chen, J. et at, 1993
International Immunology 5: 647-656; Tuaillon et al.,
1993 Proc. Natl. Acad. Sci. USA 94:3720-3724; Choi et
al., 1993 Nature Genetics 4:1 17-123; Chen, J. et al.,
1993 EMBO J. 12: 821-830; Tuaillon et al., 1994 J.
Immunol. 152:2912-2920; Taylor, L. et al., 1994
International Immunology 579-591; and Fishwild, D. et
al., 1996 Nature Biotechnology 14: 845-851, the
contents of all of which are hereby specifically
incorporated by reference in their entirety. See
further, U.S. Patent Nos. 5,545,806; 5,569,825;
5,625,126; 5,633,425; 5,789,650; 5,877,397; 5,661,016;
5,814,318; 5,874,299; and 5,770,429; all to Lonberg
and Kay; U.S. Patent No. 5,545,807 to Surani et al.;
PCT Publication Nos.WO 92103918, WO 93/12227, WO
94/25585, WO 971 13852, WO 98/24884 and WO 99/45962,
all to Lonberg and Kay; and PCT Publication No. WO
01/14424 to Korman et al. In another embodiment, human
antibodies of the invention can be raised using a
mouse that carries human immunoglobulin sequences on
transgenes and transchomosomes such as a mouse that
carries a human heavy chain transgene and a human
light chain transchromosome. Such mice, referred to
herein.as "KM mice", are described in detail in PCT
Publication WO 02/43478 to Ishida et al. Still
further, alternative transgenic animal systems
expressing human immunoglobulin genes are available in
the art and can be used to raise anti-DKKl antibodies
of the invention. For example, an alternative
transgenic system referred to as the Xenomouse
(Abgenix, Inc.) can be used. Such mice are described
in, e.g., U.S. Patent Nos. 5,939,598; 6,075^181; 6,1
14,598; 6, 150,584 and 6,162,963 to Kucherlapati et
al. Moreover, alternative transchromosomic animal
systems expressing human immunoglobulin genes are
available in the art and can be used to raise
anti-DKKl antibodies of the invention. For example,
mice carrying both a human heavy chain transchromosome
and a human light chain tranchromosome, referred to as
"TC mice" can be used; such mice are described in
Tomizuka et al., 2000 Proc. Natl. Acad. Sci. USA
97:722-727. Furthermore, cows carrying human heavy and
light chain transchrornosomes have been described in
the art (Kuroiwa et al., 2002 Nature Biotechnology
20:889-894) and can be used to raise anti-DKKl
antibodies of the invention. Human monoclonal
antibodies of the invention can also be prepared using
phage display methods for screening libraries of human
immunoglobulin genes. Such phage display methods for
isolating human antibodies are established in the art.
See for example: U.S. Patent Nos. 5,223,409;
5,403,484; and 5,571,698 to Ladner et al.; U.S. Patent
Nos. 5,427,908 and 5,580,717 to Dower et al.; U.S.
Patent Nos. 5,969,108 and 6,172,197 to McCafferty et
al.; and U.S. Patent Nos. 5,885,793; 6,521,404;
6,544,731; 6,555,313; 6,582,915 and 6,593,081 to
Griffiths etal. Human monoclonal antibodies of the
invention can also be prepared using SCID mice into
which human immune cells have been reconstituted such
that a human antibody response can be generated upon
immunization. Such mice are described in, for example,
U.S. Patent Nos. 5,476,996 and 5,698,767 to Wilson
etal. Human antibody libraries screens may be used to
identify an antibody of the invention. Choice of
screening technologies include, but are not limited
to, e.g. phage display (Morphosys), the type of
libraries (e.g., HuCaI library from Morphosys),
affinity maturation technology and further codon
optimization sequence. Generation of human monoclonal
antibodies against DKKl. Purified recombinant human
DKKl derived from E.coli, baculovirus or HEK-EBNA
cells, or purified recombinant human DKKl conjugated
to keyhole limpet hemocyanin (KLH), is used as the
antigen.Fully human monoclonal antibodies to DKKl are
prepared using HCo7, HCol2 and HCol7 strains of HuMab
transgenic mice and the KM strain of transgenic
transchromosomic mice, each of which express human
antibody genes. In each of these mouse strains, the
endogenous mouse kappa light chain gene can be
homozygously disrupted as described in Chen et al.,
1993 EMBO J.12:81 1- 820 and the endogenous mouse
heavy chain gene can be homozygously disrupted as
described in Example 1 of PCT Publication WO 0
1109187. Each of these mouse strains carries a human
kappa light chain transgene, KCo5, as described in
Fishwild et al., 1996 Nature Biotechnology 14:845-85
1. The HCo7 strain carries the HCo7 human heavy chain
transgene as described in U.S. Patent Nos. 5,545,806;
5,625,825; and 5,545,807. The HCol2 strain carries the
HCol2 human heavy chain transgene as described in
Example 2 of PCT Publication WO 01/091 87. The HCol7
stain carries the HCoI 7 human heavy chain transgene.
The KNM strain contains the SC20 transchromosome as
described in PCT Publication WO 02/43478. To generate
fully human monoclonal antibodies to DKKl , HuMab mice
and KM mice are immunized with purified recombinant
DKKl derived from E. coli or DKKl-KLH conjugate as
antigen. General immunization schemes for HuMab mice
are described in Lonberg, N. et al., 1994 Nature
368(6474): 856-859; Fishwild, D. etal., 1996 Nature
Biotechnology 14:845-851 and PCT Publication WO
98/24884. The mice are 6-16 weeks of age upon the
first infusion of antigen. A purified recombinant
preparation (5-50 mg) of DKKl antigen (e.g., purified
from transfected E. coli cells expressing DKKl) is
used to immunize the HuMab mice and KM mice
intraperitonealy, subcutaneously (Sc) or by footpad
injection. Transgenic mice are immunized twice with
antigen in complete Freund's adjuvant or Ribi adjuvant
either intraperitonealy (IP), subcutaneously (Sc) or
by footpad (FP), followed by 3-21 days IP, Sc or FP
immunization (up to a total of 11 immunizations) with
the antigen in incomplete Freund's or Ribi adjuvant.
The immune response is monitored by retroorbital
bleeds. The plasma is screened by ELISA, and mice with
sufficient titers of anti-DKKl human immunogolobulin
are used for fusions. Mice are boosted intravenously
with antigen 3 and 2 days before sacrifice and removal
of the spleen. Typically, 10-35 fusions for each
antigen are performed. Several dozen mice are
immunized for each antigen. A total of 82 mice of the
HCo7, HCol2, HCol7 and KM mice strains are immunized
with DKKl. To select HuMab or KM mice producing
antibodies that bound DKKl, sera from immunized mice
can be tested by ELISA as described by Fishwild, D. et
al., 1996. Briefly, microliter plates are coated with
purified recombinant DKKl from E. coli at 1-2 mg /ml
in PBS, 50 ml/wells incubated 4 0C overnight then
blocked with 200 ml/well of 5% chicken serum in
PBS/Tween (0.05%). Dilutions of plasma from DKKl
-immunized mice are added to each well and incubated
for 1-2 hours at ambient temperature. The plates are
washed with PBS/Tween and then incubated with a
goat-anti-human IgG Fc polyclonal antibody conjugated
with horseradish peroxidase (HRP) for 1 hour at room
temperature. After washing, the plates are developed
withABTS substrate (Sigma, A-1 888, 0.22 mg/ml) and
analyzed by spectrophotometer at OD 415-495. Mice that
developed the highest titers of anti-DKKl antibodies
are used for fusions. Fusions are performed and
hybridoma supernatants are tested for anti-DKKl
activity by ELISA. The mouse splenocytes, isolated
from the HuMab mice and KM mice, are fused with PEG to
a mouse myeloma cell line based upon standard
protocols. The resulting hybridomas are then screened
for the production of antigen-specific antibodies.
Single cell suspensions of splenic lymphocytes from
immunized mice are fused to one-fourth the number of
SP2/0 nonsecreting mouse myeloma cells (ATCC, CRL
1581) with 50% PEG (Sigma). Cells are plated at
approximately 1x10 Vwell in flat bottom microtiter
plate, followed by about two week incubation in
selective medium containing 10% fetal bovine serum,
10% P388D 1(ATCC, CRL TIB-63) conditioned medium, 3-5%
origen (IGEN) in DMEM (Mediatech, CRL 10013, with high
'glucose, L-glutamine and sodium pyruvate) plus 5 mM
HEPES, 0.055 mM 2-mercaptoethanol, 50 mglnni
gentamycin and Ix HAT (Sigma, CRL P-7185). After 1-2
weeks, cells are cultured in medium in which the HAT
is replaced with HT. Individual wells are then
screened by ELISA for human anti-DKKl monoclonal IgG
antibodies. Once extensive hybridoma growth occurred,
medium is monitored usually after 10-14 days. The
antibody secreting hybridomas are replated, screened
again and, if still positive for human IgG, anti-DKKl
monoclonal antibodies are subcloned at least twice by
limiting dilution. The stable subclones are then
cultured in vitro to generate small amounts of
antibody in tissue culture medium 



for further characterization. Immunization of human Ig
mice When human Ig mice are used to raise human
antibodies of the invention, such mice can be
immunized with a purified or enriched preparation of
DKKl antigen and/or recombinant DKKl, or an DKKl
fusion protein, as described by Lonberg, N. et al.,
1994 Nature 368(6474): 856-859; Fishwild, D. et al.,
1996 Nature Biotechnology 14: 845-85 1; and PCT
Publication.WO 98124884 and WO 01/14424. The mice can
be 6-16 weeks of age upon the first infusion. For
example, a purified or recombinant preparation (5-50
mg) of DKKl antigen can be used to immunize the human
Ig mice intraperitoneally. Detailed procedures to
generate fully human monoclonal antibodies to DKKl are
described above. Cumulative experience with various
antigens has shown that the transgenic mice respond
when initially immunized intraperitoneally (IP) with
antigen in complete Freund's adjuvant, followed by
every other week IP immunizations (up to a total of 6)
with antigen in incomplete Freund's adjuvant. However,
adjuvants other than Freund's are also found to be
effective. In addition, whole cells in the absence of
adjuvant are found to be highly immunogenic. The
immune response can be monitored over the course of
the immunization protocol with plasma samples being
obtained by retroorbital bleeds. The plasma can be
screened by ELISA, and mice with sufficient titers of
anti-DKKl human immunoglobulin can be used for
fusions. Mice can be boosted intravenously with
antigen 3 days before sacrifice and removal of the
spleen. It is expected that 2-3fusions for each
immunization may need to be performed. Between 6 and
24 mice are typically immunized for each antigen.
Usually both HCo7 and HCo 12 strains are used. In
addition, both HCo7 and HCo 12 transgene can be bred
together into a single mouse having two different
human heavy chain transgenes (HCo7/HCol2). Generation
of hvbridomas producing human monoclonal antibodies To
generate hybridomas producing human monoclonal
antibodies of the invention, splenocytes and/or lymph
node cells from immunized mice can be isolated and
fused to an appropriate immortalized cell line, such
as a mouse myeloma cell line. The resulting hybridomas
can be screened for the production of antigen-specific
antibodies. For example, single cell suspensions of
splenic lymphocytes from immunized mice can be fused
to one-sixth the number of P3X63-Ag8.653 nonsecreting
mouse myeloma cells (ATCC, CRL 1580) with 50% PEG.
Cells are plated at approximately 2 x 145 in flat
bottom microtiter plates, followed by a two week
incubation in selective medium containing 20% fetal
Clone Serum, 18% "653" conditioned media, 5% origen
(IGEN), 4 mM L-glutamine, 1mM sodium pyruvate, 5mM
HEPES, 0:055 mM 2-mercaptoethanol, 50 units/ml
penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin
and IX HAT (Sigma; the HAT is added 24 hours after the
fusion). After approximately two weeks, cells can be
cultured in medium in which the HAT is replaced with
HT. Individual wells can then be screened by ELISA for
human monoclonal IgM and IgG antibodies. Once
extensive hybridoma growth occurs, medium can be
observed usually after 10-14 days. The antibody
secreting hybridomas can be replated, screened again,
and if still positive for human IgG, the monoclonal
antibodies can be subcloned at least twice by limiting
dilution. The stable subclones can then be cultured in
vitro to generate small amounts of antibody in tissue
culture medium for characterization. To purify human
monoclonal antibodies, selected hybridomas can be
grown in two-liter spinner-flasks for monoclonal
antibody purification. Supernatants can be filtered
and concentrated before affinity chromatography with
protein A-sepharose (Pharmacia, Piscataway, N.J.).
Eluted IgG can be checked by gel electrophoresis and
high performance liquid chromatography to ensure
purity. The buffer solution can be exchanged into PBS,
and the concentration can be determined by OD280 using
1.43 extinction coefficient. The monoclonal antibodies
can be aliquoted and stored at -80 C. Generation of
transfectomas producing monoclonal antibodies
Antibodies of the invention also can be produced in a
host cell transfectoma using, for example, a
combination of recombinant DNA techniques and gene
transfection methods as is well known in the art
(e.g., Morrison, S. (1985) Science 229:1202). For
example, to express the antibodies, or antibody
fragments thereof, DNAs encoding partial or
full-length light and heavy chains, can be obtained by
standard molecular biology techniques (e.g., PCR
amplification or cDNA cloning using a hybridoma that
expresses the antibody of interest) and the DNAs can
be inserted into expression vectors such that the
genes are operatively linked to transcriptional and
translational control sequences. In this context, the
term "operativelylinked" is intended to mean that an
antibody gene is Iigated into a vector such that
transcriptional and translattonai control sequences
within the vector serve their intended function of
regulating the transcription and translation of the
antibody gene. The expression vector and expression
control sequences are chosen to be compatible with the
expression host cell used. The antibody light chain
gene and the antibody heavy chain gene can be inserted
into separate vector or more typically, both genes are
inserted into the same expression vector. The antibody
genes are inserted into the expression vector by
standard methods (e.g., ligation of complementary
restriction sites on the antibody gene fragment
and'vector, or blunt end ligation if no restriction
sites are present). The light and VH regions of the
antibodies described herein can be used to create
full-length antibody genes of any antibody isotype by
inserting them into expression vectors already
encoding heavy chain constant and light chain constant
regions of the desired isotype such that the VH
segment is operatively linked to the CH segments)
within the vector and the VL segment is operatively
linked to the CL segment within the vector.
Additionally or alternatively, the recombinant
expression vector can encode a signal peptide that
facilitates secretion of the antibody chain from a
host cell. The antibody chain gene can be cloned into
the vector such that the signal peptide is linked in
frame to the amino terminus of the antibody chain
gene. The signal peptide can be an immunoglobulin
signal peptide or a heterologous signal peptide (i.e.,
a signal peptide from a non-immunoglobulin protein).
In addition to the antibody chain genes, the
recombinant expression vectors of the invention carry
regulatory sequences that control the expression of
the antibody chain genes in a host cell. The term
"regulatory sequence" is intended to include
promoters, enhancers and other expression control
elements (e.g., polyadenylation signals) that control
the transcription or translation of the antibody chain
genes. Such regulatory sequences are described, for
example, in Goeddel (Gene Expression Technology.
Methods in Enzymology 185, Academic Press, San Diego,
CA 1990). It will be appreciated by those skilled in
the art that the design of the expression vector,
including the selection of regulatory sequences, may
depend on such factors as the choice of the host cell
to be transformed, the level of expression of protein
desired, etc. Regulatory sequences for mammalian host
cell expression include viral elements that direct
high levels of protein expression in mammalian cells,
such as promoters and/or enhancers derived from
cytomegalovirus (CMV), Simian Virus 40 (SV40),
adenovirus (e.g., the adenovirus major late promoter
(AdMLP)), and polyoma. Alternatively, nonviral
regulatory sequences may be used, such as the
ubiquitin promoter or P-globin promoter. Still
further, regulatory elements composed of sequences
from different sources, such as the SRa promoter
system, which contains sequences from the SV40 early
promoter and the long terminal repeat of human T cell
leukemia virus type 1 (Takebe, Y. et al., 1988 MoI.
Cell. Biol. 8:466-472). In addition to the antibody
chain genes and regulatory sequences, the recombinant
expression vectors of the invention may carry
additional sequences, such as sequences that
regulatereplication of the vector in host cells (e.g.,
origins of replication) and selectable marker genes.
The selectable marker gene facilitates selection of
host cells into which the vector has been introduced
(see, e.g., U.S. Pat. Nos. 4,399,216, 4,634,665 and
5,179,017, all by Axel et al.). For example, typically
the selectable marker gene confers resistance to
drugs, such as G4 18, hygromycin or methotrexate, on a
host cell into which the vector has been introduced.
Selectable marker genes include the dihydrofolate
reductase (DHFR) gene (for use in dhfr- host cells
with methotrexate selection/amplification) and the neo
gene (for G4 18 selection). For expression of the
light and heavy chains, the expression vector(s)
encoding the heavy and light chains is transfected
into a host cell by standard techniques. The various
forms of the term "transfection" are intended to
encompass a wide variety of techniques commonly used
for the introduction of exogenous DNA into a
prokaryotic or eukaryotic host cell, e.g.,
electroporation, calcium-phosphate precipitation,
DEAE-dextran transfection and the like. It is
theoretically possible to express the antibodies of
the invention in either prokaryotic or eukaryotic host
cells. Expression of antibodies in eukaryotic cells,
in particular mammalian host cells, is discussed
because such eukaryotic cells, and in particular
mammalian cells, are more likely than prokaryotic
cells to assemble and secrete a properly folded and
antigen binding antibody. Prokaryotic expression of
antibody genes has been reported to be ineffective for
production of high yields of active antibody (Boss, M.
A. and Wood, C. R., 1985 Immunology Today 6:12-13).
Mammalian host cells for expressing the recombinant
antibodies of the invention include Chinese Hamster
Ovary (CHO cells) (including dhfr- CHO cells,
described Urlaub and Chasin, 1980 Proc. Natl. Acad.
Sci. USA 77:4216-4220 used with a DH FR selectable
marker, e.g., as described in RJ. Kaufman and P.A.
Sharp, 1982 MoI. Biol. 159:601-621, NSO myeloma cells,
COS cells and SP2 cells. In particular, for use with
NSO myeloma cells, another expression system is the GS
gene expression system shown in WO 87/04462, WO
89/01036 and EP 338,841. When recombinant expression
vectors encoding antibody genes are introduced into
mammalian host cells, the antibodies are produced by
culturing the host cells for a period of time
sufficient to allow for expression of the antibody in
the host cells or secretion of the antibody into the
culture medium in which the host cells are grown.
Antibodies can be recovered from the culture medium
using standard protein purification methods.
Pharmaceutical compositions In another aspect, the
present invention provides a composition, e.g., a
pharmaceutical composition, containing one or a
combination of a neutralizing anti-DKKl/4 composition,
or antigen-binding portion(s) thereof, of the present
invention, formulated together with a pharmaceutically
acceptable carrier. Such compositions may include one
or a combination of (e.g., 



two or more different) antibodies, or immunoconjugates
or bispectfic molecules of the invention. For example,
a pharmaceutical composition of the invention can
comprise a combination ofantibodies (or
immunoconjugates or bispecifics) that bind to
different epitopes on the target antigen or that have
complementary activities. Pharmaceutical compositions
of the invention also can be administered in
combination therapy, i.e., combined .with other
agents. For example, the combination therapy can
include an anti-DKJCl antibody of the present
invention combined with at least one other
anti-inflammatory or anti-osteoprotic agent. Examples
of therapeutic agents that can be used in combination
therapy are described in greater detail below in the
section on uses of the antibodies of the invention. As
used herein, "pharmaceutically acceptable carrier"
includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like
that are physiologically compatible. The carrier
should be suitable for intravenous, intramuscular,
subcutaneous, parenteral, spinal or epidermal
administration (e.g., by injection or infusion).
Depending on the route of administration, the active
compound, i.e., antibody, immunoconjuage, or
bispecific molecule, may be coated in a material to
protect the compound from the action of acids and
other natural conditions that may inactivate the
compound. The pharmaceutical compounds of the
invention may include one or more pharmaceutically
acceptable salts. A "pharmaceutically acceptable salt"
refers to a salt that retains the desired biological
activity of the parent compound and does not impart
any undesired toxicological effects (see e.g., Berge,
S.M., etal., 1977 J. Pharm. Sci. 66:1-19). Examples of
such salts include acid addition salts and base
addition salts. Acid addition salts include those
derived from nontoxic inorganic acids, such as
hydrochloric, nitric, phosphoric, sulfuric,
hydrobromic, hydroiodic, phosphorous and the like, as
well as from nontoxic organic acids such as aliphatic
mono- and dicarboxylic acids, phenyl-substituted
alkanoic acids, hydroxy alkanoic acids, aromatic
acids, aliphatic and aromatic sulfonic acids and' the
like. Base addition salts include those derived from
alkaline earth metals, such as sodium, potassium,
magnesium, calcium and the like, as well as from
nontoxic organic amines, such as
N,N'-dibenzylethylenediamine, N-methylglucamine,
chloroprocaine, choline, diethanolamine,
ethylenediamine, procaine and the like. A
pharmaceutical composition of the invention also may
include a pharmaceutically acceptable anti-oxidant.
Examples of pharmaceutically acceptable antioxidants
include: water soluble antioxidants, such as ascorbic
acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like;
oil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), lecithin, propyl gal late,
alphatocopherol, and the like; and metal chelating
agents, such as citric acid, ethylenediamine
tetraacetic acid (EDTA), sorbitol, tartaric acid,
phosphoric acid, and the like. Examples of suitable
aqueous and nonaqueous carriers that may be employed
in the pharmaceutical compositions of the invention
include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like),
and suitable mixtures thereof, vegetable oils,such as
olive oil, and injectable organic esters, such as
ethyl oleate. Proper fluidity can be maintained, for
example, by the use of coating materials, such as
lecithin, by the maintenance of the required particle
size in the case of dispersions, and by the use of
surfactants. These compositions may also contain
adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention
of presence of microorganisms may be ensured both by
sterilization procedures, supra, and by the inclusion
of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol sorbic acid,
and the like. It may also be desirable to include
isotonic agents, such as sugars, sodium chloride, and
the like into the compositions. In addition, prolonged
absorption of the injectable pharmaceutical form may
be brought about by the inclusion of agents which
delay absorption such as, aluminum monostearate and
gelatin. Pharmaceutically acceptable carriers include
sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile
injectable solutions or dispersion. The use of such
media and agents for pharmaceutically active
substances is known in the art. Except insofar as any
conventional media or agent is incompatible with the
active compound, use thereof in the pharmaceutical
compositions of the invention is contemplated.
Supplementary active compounds can also be
incorporated into the compositions. Therapeutic
compositions typically must be sterile and stable
under the conditions of manufacture and storage. The
composition can be formulated as a solution,
microemulsion, liposome, or other ordered structure
suitable to high drug concentration. The carrier can
be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene
glycol, and the like), and suitable mixtures thereof.
The proper fluidity can be maintained, for example, by
the use of a coating such as lecithin, by the
maintenance of the required particle size in the case
of dispersion and by the use of surfactants. In many
cases, one can include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol, or
sodium chloride in the composition. Prolonged
absorption of the injectable compositions can be
brought about by including in the composition an agent
that delays absorption for example, monostearate salts
and gelatin. Sterile injectable solutions can be
prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or
a combination of ingredients enumerated above, as
required, followed by sterilization microfiltration.
Generally, dispersions are prepared by incorporating
the active compound into a sterile vehicle that
contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile
injectable solutions, the methods of preparation are
vacuum drying and freezedrying (lyophilization) that
yield a powder of the active ingredient plus any
additional desired ingredient from a previously
sterile-filtered solution thereof.The amount of active
ingredient which can be combined with a carrier
material to produce a single dosage form will vary
depending upon the subject being treated, and the
particular mode of administration. The amount of
active ingredient which can be combined with a carrier
material to produce a single dosage form will
generally be that amount of the composition which
produces a therapeutic effect. Generally, out of one
hundred percent, this amount will range from about
0.01 per cent to about ninety-nine percent of active
ingredient, from about 0.1 per cent to about 70 per
cent, or from about 1 percent to about 30 percent of
active ingredient in combination with a
pharmaceutically acceptable carrier. Dosage regimens
are adjusted to provide the optimum desired response
(e.g., a therapeutic response). For example, a single
bolus may be administered, several divided doses may
be administered over time or the dose may be
proportionally reduced or increased as indicated by
the exigencies of the therapeutic situation. It is
especially advantageous to formulate parenteral
compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete
units suited as unitary dosages for the subjects to be
treated; each unit contains a predetermined quantity
of active compound calculated to produce the desired
therapeutic effect in association with the required
pharmaceutical carrier. The specification for the
dosage unit forms of the invention are dictated by and
directly dependent on the unique characteristics of
the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in
the art of compounding such an active compound for the
treatment of sensitivity in individuals. For
administration of the antibody, the dosage ranges from
about 0.0001 to 200 mg/kg, and more usually 0.01 to 50
mg/kg, of the host body weight. For example dosages
can be 0.3 mg/kg body weight, 1 mg/kg body weight, 3
mg/kg body weight, 5 mg/kg body weight or 10 mg/kg
body weight or within the range of 1-20 mg/kg. An
exemplary treatment regime entails administration once
per week, once every two weeks, once every three
weeks, once every four weeks, once a month, once every
3 months or once every three to 6 months. Dosage
regimens for an anti-DKKl antibody of the invention
include 1 mg/kg body weight or 3 mg/kg body weight by
intravenous administration, with the antibody being
given using one of the following dosing schedules:
every four weeks for six dosages, then every three
months; every three weeks; 3 mg/kg body weight once
followed by 1 mg/kg body weight every three weeks. In
some methods, two or more monoclonal antibodies with
different binding specificities are administered
simultaneously, in which case the dosage of each
antibody administered falls within the ranges
indicated. Antibody is usually administered on
multiple occasions. Intervals between single dosages
can be, for example, weekly, monthly, every three
months or yearly. Intervals can also be irregular as
indicated by measuring patient blood levels of
antibody to the target antigen or of some biomarker
such as OCN, OPG or PlNP. In some methods, dosage is
adjusted to achieve a plasma antibody concentration of
about l-)000 mg/ml and in some methods about 25-300
mg/ml.Alternatively, antibody can be administered as a
sustained release formulation, in which case less
frequent administration is required. Dosage and
frequency vary depending on the half-life of the
antibody in the patient. In general, human antibodies
show the longest half-life, followed by humanized
antibodies, chimeric antibodies, and nonhuman
antibodies. The dosage and frequency of administration
can vary depending on whether the treatment is
prophylactic or therapeutic. In prophylactic
applications, a relatively low dosage is administered
at relatively infrequent intervals over a long period
of time. Some patients continue to receive treatment
for the rest of their lives. In therapeutic
applications, a relatively high dosage at relatively
short intervals is sometimes required until
progression of the disease is reduced or terminated or
until the patient shows partial or complete
amelioration of symptoms of disease. Thereafter, the
patient can be administered a prophylactic regime.
Actual dosage levels of the active ingredients in the
pharmaceutical compositions of the present invention
may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired
therapeutic response for a particular patient,
composition, and mode of administration, without being
toxic to the patient. The selected dosage level will
depend upon a variety of pharmacokinetic factors
including the activity of the particular compositions
of the 



present invention employed, or the ester, salt or
amide thereof, the route of administration, the time
of administration, the rate of excretion of the
particular compound being employed, the duration of
the treatment, other drugs, compounds and/or materials
used in combination with the particular compositions
employed, the age, sex, weight, condition, general
health and prior medical history of the patient being
treated, and like factors well known in the medical
arts. A "therapeutically effective dosage" of an
anti-DKKl antibody of the invention can results in a
decrease in severity of disease symptoms, an increase
in frequency and duration of disease symptom-free
periods, or a prevention of impairment or disability
due to the disease affliction. A composition of the
present invention can be administered by one or more
routes of administration using one or more of a
variety of methods known in the art. As will be
appreciated by the skilled artisan, the route and/or
mode of administration will vary depending upon the
desired results. Routes of administration for
antibodies of the invention include intravenous,
intramuscular, intradermal, intraperitoneal,
subcutaneous, spinal or other parenteral routes of
administration, for example by injection or infusion.
The phrase "parenteral administration" as used herein
means modes of administration other than enteral and
topical administration, usually by injection, and
includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal,
intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and
intrastemal injection and infusion. Alternatively, an
antibody of the invention can be administered by a
nonparenteral route, such as a topical, epidermal or
mucosal route of administration, for example,
intranasally, orally, vaginally, rectally,
sublingually or topically.The active compounds can be
prepared with carriers that will protect the compound
against rapid release, such as a controlled release
formulation, including implants, transdermal patches,
and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene
vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Many
methods for the preparation of such formulations are
patented or generally known to those skilled in the
art. See, e.g., Sustained and Controlled Release Drug
Delivery Systems, J.R. Robinson, ed., Marcel Dekker,
Inc., New York, 1978. Therapeutic compositions can be
administered with medical devices known in the art.
For example, in one embodiment, a therapeutic
composition of the invention can be administered with
a needleless hypodermic injection device, such as the
devices shown in U.S. Patent Nos. 5,399,163;
5,383,851; 5,312,335; 5,064,413; 4,941,880; 4,790,824
or 4,596,556. Examples of well known implants and
modules useful in the present invention include: U.S
Patent No. 4,487,603, which shows an implantable
micro-infusion pump for dispensing medication at a
controlled rate; U.S. Patent No. 4,486,194, which
shows a therapeutic device for administering medicants
through the skin; U.S. Patent No. 4,447,233, which
shows a medication infusion pump for delivering
medication at a precise infusion rate; U.S. Patent No.
4,447,224, which shows a variable flow implantable
infusion apparatus for continuous drug delivery; U.S.
Patent No. 4,439,196, which shows an osmotic drug
delivery system having multi-chamber compartments; and
U.S. Patent No. 4,475, 196, which shows an osmotic
drug delivery system. These patents are incorporated
herein by reference. Many other such implants,
delivery systems, and modules are known to those
skilled in the art. In certain embodiments, the human
monoclonal antibodies of the invention can be
formulated to ensure proper distribution in vivo. For
example, the blood-brain barrier (BBB) excludes many
highly hydrophilic compounds. To ensure that the
therapeutic compounds of the invention cross the BBB
(if desired), they can be formulated, for example, in
liposomes. For methods of manufacturing liposomes,
see, e.g., U.S. Patents 4,522,8 11; 5,374,548; and
5,399,33 1. The liposomes may comprise one or more
moieties which are selectively transported into
specific cells or organs, thus enhance targeted drug
delivery (see, e.g., V.V. Ranade, 1989 J. Cline
Pharmacol. 29:685). Exemplary targeting moieties
include folate or biot n (see, e.g., U.S. Patent
5,416,016 to Low et al.); mannosides (Umezawa et al.,
1988 Biochem. Biophys. Res. Commun. 153:1038);
antibodies (P.G. Bloeman et al., 1995 FEBS Lett.
357:140; M. Owais et al., 1995 Antimicrob. Agents
Chemother. 39: 180); surfactant protein A receptor
(Briscoe et al., 1995 Am. J . Physiol. 1233: 134);
pl20 (Schreier etal., 1994 J. Biol. Chem. 269:9090);
see also K. Keinanen; M.L. Laukkanen, 1994 FEBSLett.
346:123; J J - Killion; IJ. Fidler, 1994
Jmrnunomethods 4:273. The Combinations The invention
further relates to a method of preventing or treating
proliferative diseases or diseases, such as a cancer,
in a mammal, particularly a human, with a combination
of pharmaceutical agents which comprises(a) a
neutralizing anti-DKK 1/4 composition; and (b) one or
more pharmaceutically active agents. The invention
further relates to pharmaceutical compositions
comprising: (a) a neutralizing anti-DKKl/4
composition; (b) a pharmaceutically active agent; and
(c) a pharmaceutically acceptable carrier. The present
invention further relates to a commercial package or
product comprising: (a) a pharmaceutical formulation
of a neutralizing anti-DKKl/4 composition; and (b) a
pharmaceutical formulation of a pharmaceutically
active agent for simultaneous, concurrent, separate or
sequential use. The Pharmaceutically Active Agents The
term " pharmaceutically active agents" is a broad one
covering many pharmaceutically active agents having
different mechanisms of action. Combinations of some
of these with DKK1/4 neutralizing
antibodies/compositions can result in improvements in
cancer therapy. Generally, pharmaceutically active
agents are classified according to the mechanism of
action. Many of the available agents are
anti-metabolites of development pathways of various
tumors, or react with the DNA of the tumor cells.
There are also agents which inhibit enzymes, such as
topoisomerase I and topoisomerase II, or which are
anti-mitotic agents. By the term " pharmaceutically
active agent" is meant especially any pharmaceutically
active agent other than a neutralizing anti-DKKl/4
composition or a derivative thereof. It includes, but
is not limited to: i. an aromatase inhibitor; ii. an
anti-estrogen, an anti-androgen or a gonadorelin
agonist; iii. a topoisomerase I inhibitor or a
topoisomerase II inhibitor; iv. a microtubule active
agent, an alkylating agent, an anti-neoplastic
anti-metabolite or a platin compound; v. a compound
targeting/decreasing a protein or lipid kinase
activity or a protein or lipid phosphatase activity, a
further anti-angiogenic compound or a compound which
induces cell differentiation processes; vi. monoclonal
antibodies; vii. a cyclooxygenase inhibitor, a
bisphosphonate, a heparanase inhibitor, a biological
response modifier; viii. an inhibitor of Ras oncogenic
isoforms; ix. a telomerase inhibitor; x. a protease
inhibitor, a matrix metal loproteinase inhibitor, a
methionine aminopeptidase inhibitor, or a proteasome
inhibitor;xi. agents used in the treatment of
hematologic malignancies or compounds which target,
decrease or inhibit the activity of FIt-3; xii. an
HSP90 inhibitor; xiii. antiproliferative antibodies;
xiv. a histone deacetylase (HDAC) inhibitor; xv.
a.compound which targets, decreases or inhibits the
activity/function of serine/threonine mTOR kinase;
xvi. a somatostatin receptor antagonist; xvii. an
anti-leukemic compound; xviii. tumor cell damaging
approaches; xix. an EDG binder; xx. a ribonucleotide
reductase inhibitor; xxi. an S-adenosylmethionine
decarboxylase inhibitor; xxii. a monoclonal antibody
of VEGF or VEGFR; xxiii. photodynamic therapy; xxiv.
an angiostatic steroid; xxv. an implant containing
corticosteroids; xxv . an ATI receptor antagonist; and
xxvii. an ACE inhibitor. The term "aromatase
inhibitor", as used herein, relates to a compound
which inhibits the estrogen production, i.e., the
conversion of the substrates androstenedione and
testosterone to estrone and estradiol, respectively.
The term includes, but is not limited to, steroids,
especially atamestane, exemestane and formestane; and,
in particular, non-steroids, especially
aminoglutethimide, roglethimide, pyridoglutethimide,
trilostane, testolactone, ketokonazole, vorozole,
fadrozole, anastrozole and letrozole. Exemestane is
marketed as AROMASIN; formestane as LENTARON;
fadrozole as AFEMA; anastrozole as ARIMIDEX; letrozole
as FEMARA or FEMAR; and aminoglutethimide as ORIMETEN.
A combination of the invention comprising a
pharmaceutically active agent which is an aromatase
inhibitor is particularly useful for the treatment of
hormone receptor positive tumors, e.g., breast tumors.
The term "anti-estrogen", as used herein, relates to a
compound which antagonizes the effect of estrogens at
the estrogen receptor level. The term includes, but is
not limited to, tamoxifen, fulvestrant, raloxifene and
raloxifene hydrochloride. Tamoxifen can be
administered in the form as it is marketed, e.g.,
NOLVADEX; and raloxifene hydrochloride is marketed as
EVISTA. 



Fulvestrant can be formulated as disclosed in U.S.
Patent No. 4,659,5 16 and is marketed as FASLODEX. A
combination of the invention comprising a
pharmaceutically active agent which is an
anti-estrogen is particularly useful for the treatment
of estrogen receptor positive tumors, e.g., breast
tumors.The term "anti-androgen", as used herein,
relates to any substance which is capable of
inhibiting the biological effects of androgenic
hormones and includes, but is not limited to,
bicalutamide (CASODEX), which can be formulated, e.g.,
as disclosed in U.S. Patent No. 4,636,505. The term
"gonadorelin agonist", as used herein, includes, but
is not limited to, abarelix, goserelin and goserelin
acetate. Goserelin is disclosed in U.S. Patent No.
4,100,274 and is marketed as ZOLADEX. Abarelix can be
formulated, e.g., as disclosed in U.S. Patent No.
5,843,901. The term "topoisomerase I inhibitor", as
used herein, includes, but is not limited to,
topotecan, gimatecan, irinotecan, camptothecian and
its analogues, 9-nitrocamptothecin and the
macromolecular camptothecin conjugate PNU-166148
(compound Al in WO 99/17804). Irinotecan can be
administered, e.g., in the form as it is marketed,
e.g., under the trademark CAMPTOSAR. Topotecan can be
administered, e.g., in the form as it is marketed,
e.g., under the trademark HYCAMTIN. The term
"topoisomerase II inhibitor", as used herein,
includes, but is not limited to, the anthracyclines,
such as doxorubicin, including liposomal formulation,
e.g., CAELYX, daunorubicin, including liposomal
formulation, e.g., DAUNOSOME, epirubicin, idarubicin
and nemorubicin; the anthraquinones mitoxantrone and
losoxantrone; and the podophillotoxines etoposide and
teniposide. Etoposide is marketed as ETOPOPHOS;
teniposide as VM 26-BRISTOL; doxorubicin as
ADRIBLASTIN or ADRIAMYCIN; epirubicin as FARMORUBICIN;
idarubicin as ZAVEDOS; and mitoxantrone as NOVANTRON.
The term "microtubule active agent" as used herein,
relates to microtubule stabilizing, microtubule
destabilizing agents and microtublin polymerization
inhibitors including, but not limited to, taxanes,
e.g., paciltaxel and docetaxel; vinca alkaloids, e.g.,
vinblastine, especially vinblastine sulfate;
vincristine, especially vincristine sulfate and
vinorelbine; discodermolides; cochicine and
epothilonesand derivatives thereof, e.g., epothilone B
or a derivative thereof. Paclitaxel is marketed as
TAXOL; docetaxel as TAXOTERE; vinblastine sulfate as
VfNBLASTIN R.P; and vincristine sulfate as FARMISTIN.
Also included are the generic forms of paclitaxel as
well as various dosage forms of paclitaxel. Generic
forms of paclitaxel include, but are not limited to,
betaxolol hydrochloride. Various dosage forms of
paclitaxel include, but are not limited to albumin
nanoparticle paclitaxel marketed as ABRAXANE; ONXOL,
CYTOTAX Discodermolide can be obtained, e.g., as
disclosed in U.S. Patent No. 5,010,099. Also included
are Epotholine derivatives which are disclosed in U.S.
Patent No. 6,194,1 81, WO 98/10121, WO 98/25929, WO
98/08849, WO 99/43653, WO 98/22461 and WO 00/3 1247.
Especially preferred are Epotholine A and/or B. The
term "alkylating agent", as used herein, includes, but
is not limited to, cyclophosphamide, ifosfamide,
melphalan or nitrosourea (BCNU or Gliadel), or
temozolamide(TEMODARJ.Cyclophosphamide can be
administered, e.g., in the form as it is marketed,
e.g., under the trademark CYCLOSTIN; and ifosfamide as
HOLOXAN. The term "anti-neoplastic anti-metabolite"
includes, but is not limited to, 5-fluorouracil (5-
FU); capecitabine; gemcitabine; DNA de-methylating
agents, such as 5-azacytidine and decitabine;
methotrexate; edatrexate; and folic acid antagonists
such as, but not limited to, pemetrexed. Capecitabine
can.be administered, e.g., in the form as it is
marketed, e.g., under the trademark XELODA; and
gemcitabine as GEMZAR. The term "platin compound", as
used herein, includes, but is not limited to,
carboplatin, cisplatin, cisplatinum, oxaliplatin,
Satraplatin and platinum agents such as ZD0473.
Carboplatin can be administered, e.g., in the form as
it is marketed, e.g., CARBOPLAT; and oxaliplatin as
ELOXATIN. i The term "compounds targeting/decreasing a
protein or lipid kinase activity; or a protein or
lipid phosphatase activity; or further anti-angiogenic
compounds", as used herein, includes, but is not
limited to, protein tyrosine kinase and/or serine
and/or theroine kinase inhibitors or lipid kinase
inhibitors, for example: i) compounds targeting,
decreasing or inhibiting the activity of the vascular
endothelial growth factor-receptors (VEGF), such as
compounds which target, decrese or inhibit the
activity of VEGF, especially compounds which inhibit
the VEGF receptor, wuch as, but not limited to,
7H-pyrroIo[2,3-d]pyrimidine derivatives (AEE788); BAY
43-9006; isolcholine compounds disclosed in WO
00/09495 such as
(4-tert-butyl-phenyl)-94-pyridin-4-ylmethyl-isoquinoli
n-l-yl)- amine (AAL881); and ii) compounds targeting,
decreasing or inhibiting the activity of the
platelet-derived growth factor-receptors (PDGFR), such
as compounds which target, decrease or inhibit the
activity of PDGFR, especially compounds which inhibit
the PDGF receptor, e.g., a N-phenyl-2-pyrimidineamine
derivative, e.g., imatinib, SUl 01, SU6668 and GFB-1
11; iii) compounds targeting, decreasing or inhibiting
the activity of the fibroblast growth factor-receptors
(FGFR); iv) compounds targeting, decreasing or
inhibiting the activity of the insulin-like growth
factor receptor 1 (IGF-IR), such as compounds which
target, decrease or inhibit the activity of IGFIR,
especially compounds which inhibit the IGF-IR
receptor. Compounds include but are not limited to the
compounds disclosed in WO 02/092599 and derivatives
thereof of 4-amino-5-phenyI-
7-cyclobutyl-pyrrolo[2,3-d]pyrimidine derivatives
(AEW541); v) compounds targeting, decreasing or
inhibiting the activity of the Trk receptor tyrosine
kinase family; vi) compounds targeting, decreasing or
inhibiting the activity of the AxI receptor tyrosine
kinase family; vii) compounds targeting, decreasing or
inhibiting the activity of the c-Met receptor;viii)
compounds targeting, decreasing or inhibiting the
activity of the Ret receptor tyrosine kinase; ix)
compounds targeting, decreasing or inhibiting the
activity of the Kit/SCFR receptor tyrosine kinase; x)
compounds targeting, decreasing or inhibiting the
activity of the C-kit receptor tyrosine kinases (part
of the PDGFR family), such as compounds which target,
decrease or inhibit the activity of the c-Kit receptor
tyrosine kinase family, especially compounds which
inhibit the c- Kit receptor, e.g., imatnib; xi)
compounds targeting, decreasing or inhibiting the
activity of members of the c AbI family and their
gene-fusion products, e.g., BCR-AbI kinase, such as
compounds which target decrease or inhibit the
activity of c-Abl family members and their gene fusion
products, e.g., a Nphenyl- 2-pyrimidine-amine
derivative, e.g., imatinib, PDl 80970, AG957, NSC
680410 or PD 173955 from ParkeDavis; BMS354825 xii)
compounds targeting, decreasing or inhibiting the
activity of members of the protein kinase C (PKC) and
Raf family of serine/threonine kinases, members of the
MEK, SRC, JAK, FAK, PDK and Ras/MAPK family members,
or PI(3) kinase family, or of the PI(3)-kinase-related
kinase family, and/or members of the cyclin-dependent
kinase family (CDK) and are especially those
staurosporine derivatives disclosed in U.S. Patent No.
5,093,330, e.g., midostaurin; examples of further
compounds include, e.g., UCN-01; safingol; BAY
43-9006; Bryostatin 1; Perifosine; Ilmofosine; RO 3
18220 and RO 320432; GO 6976; Isis 3521 ;
LY333531/LY379196; isochinoline compounds, such as
those disclosed in WO 00/09495; FTJs; PDl 84352 or
QAN697, a P13K inhibitor; xiii) compounds targeting,
decreasing or inhibiting the activity of
protein-tyrosine kinase, such as imatinib mesylate
(GLEEVEC); tyrphostin or pyrymidylaminobenzamide and
derivatives thereof (AMN 107). A tyrphostin is
preferably a low molecular weight (Mr <1500) compound,
or a pharmaceutically acceptable salt thereof,
especially a compound selected from the
benzylidenemalonitrile class or the S
arylbenzenemalonirile or bisubstrate quinoline class
of compounds, more especially any compound selected
from the group consisting of Tyrphostin A23/RG-50810,
AG 99, Tyrphostin AG 213, Tyrphostin AG 1748,
Tyrphostin AG 490, Tyrphostin B44, Tyrphostin B44 (+)
enantiomer, Tyrphostin AG 555, AG 494, Tyrphostin AG
556; AG957 and adaphostin
(4-{[(2,5-dihydroxyphenyl)methyl]arnino}-benzoic acid
adamantyl ester, NSC 680410, adaphostin); xiv)
compounds targeting, decreasing or inhibiting the
activity of the epidermal growth factor family of
receptor tyrosine kinases (EGFR, ErbB2, ErbB3, ErbB4
as^omo- or heterodimers), such as compounds which
target, decrease or inhibit the activity of the
epidermal growth factor receptor family are especially
compounds, proteins or antibodies which inhibit
members of the EGF receptor tyrosine kinase family,
e.g., EGF receptor, ErbB2, ErbB3 and ErbB4 or bind to
EGF orEGF-related ligands, and are in particular those
compounds, proteins or monoclonal antibodies
generically and specifically disclosed in WO 97/02266,
e.g., the compound of Example 39, or in EP 0 564 409,
WO 99/03854, EP 0520722, EP 0 566 226, EP 0 787 722,
EP 0 837 063, U.S. Patent No. 5,747,498, WO 98/10767,
WO 97/30034, WO 97/49688, WO 97/38983 and, especially,
WO 96/30347, e.g., compound known as CP 358774, WO
96/33980, e.g., compound ZD 1839; and WO 95/03283,
e.g., compound ZMl 051 80, e.g., trastuzumab
(HERCEPTIN(r)), cetuximab, Iressa, OSI- 774, CI 1033,
EKB-569, GW-2016, El. 1, E2.4, E2.5, E6.2, E6.4, E2.1
1, E6.3 or E7.6.3, and 7Hpyrrolb-[ 2,3-d]pyrimidine
derivatives which are disclosed in WO 03/013541,
erlotinib and gefltinib. Erlotinib can be administered
in the form as it is marketed, e.g. TARCEVA, and
gefltinib as IRESSA, human monoclonal antibodies
against the epidermal growth factor receptor including
ABX-EGFR; and i xv) Compounds which target, decrease
or inhibit the activity/function of serine/theronine
mTOR kinase are especially compounds, proteins or
antibodies which target/inhibit members of the mTOR
kinase family, e.g., RAD, RADOOl, CCI-779, ABT578,
SAR543, rapamycin 



and derivatives/analogs thereof, AP23573 and AP23841
from Ariad, everolimus (CERTICAN) and sirolimus.
CERTICAN (everolimus, RAD) an investigational novel
proliferation signal inhibitor that prevents
proliferation of T-cells and vascular smooth muscle
cells. When referring to antibody, it is to include
intact monoclonal antibodies, nanobodies, polyclonal
antibodies, multi-specific antibodies formed from at
least 2 intact antibodies, and antibodies fragments so
long as they exhibit the desired biological activity.
The phrase "compound which targets, decreases or
inhibits the activity of a protein or lipid
phosphatase" as used herein includes but is not
limited to inhibitors of phosphatase 1, phosphatase
2A, PTEN or CDC25, e.g., okadaic acid or a derivative
thereof. The term "monoclonal antibodies", as used
herein, includes, but is not limited to bevacizumab,
cetuximab, trastuzumab, Ibritumomab tiuxetan,
denosumab, anti-CD40, anti-GMCSF, and tositumomab and
iodine 1 131. Bevacizumab can be administered in the
form as it is marketed, e.g. AVASTlN; cetuximab as
ERBlTUX; trastuzumab as HERCEPTIN; Rituximab as
MABTHERA; Ibritumomab tiuxetan as ZEVULIN; anti-RANKL
as denosumab (AMG 162), anti- CD40 as HCD122 (U.S.
patent application 2002-0106371), and tositumomab and
iodine I 131 as BEXXAR. The phrase "further
anti-angiogenic compounds" includes but is not limited
to compounds having another mechanism for their
activity, e.g., unrelated to protein or lipid kinase
inhibition, e.g., thalidomide (THALOMID) and TNP-470.
The phrase "compounds which induce cell
differentiation processes" as used herein, include but
is not limited to retinoic acid, a-, g- or
d-tocopherol or a-, g- or d-tocotrienol. The term
"cyclooxygenase inhibitor" as used herein includes,
but is not limited to, e.g., Cox-2 inhibitors, 5-alkyl
substituted 2-arylaminophenylacetic acid and
derivatives, such ascelecoxib (CELEBREX), rofecoxib
(VIOXX), etoricoxib, valdecoxib or a 5-alkyl-2-
arylaminophenylacetic acid, e.g.,
5-methyl-2-(2'-chIoro-6'-fluoroanilino)pheny] acetic
acid, lumiracoxib. The term "bisphosphonates", as used
herein, includes, but is not limited to, etridonic,
clodronic, tiludronic, pamidronic, alendronic,
ibandronic, risedronic and zoledronic acid. "Etridonic
acid" can be administered, e.g., in the form as it is
marketed, e.g., DIDRONEL; "clodronic acid" as BONEFOS;
"tiludronic acid" as SKELID; "pamidronic acid" as
AREDIA; "alendronic acid" as FOSAMAX; "ibandronic
acid" as BONDRANAT; "risedronic acid" as ACTONEL; and
"zoledronic acid" as ZOMETA. The term "heparanase
inhibitor", as used herein, refers to compounds which
target, decrease or inhibit heparin sulphate
degradation. The term includes, but is not limited to,
PI 88. The term "biological response modifier", as
used herein, includes, but is not limited to
lymphokine or interferons, e.g., interferon g . The
term "inhibitor of Ras oncogenic isoforms", as used
herein, includes, but is not limited to H-Ras, K-Ras
or N-Ras, as used herein, refers to compounds which
target, decrease or inhibit the oncogenic activity of
Ras, e.g., a farnesyl transferase inhibitor (FTI),
e.g., L-744832, DK8G557 or Rl 15777 (ZARNESTRA). The
term "telomerase inhibitor", as used herein, inciudes,
but is not limited to compounds which target, decrease
or inhibit the activity of telomerase. Compounds which
target, decrease or inhibit the activity of telomerase
are especially compounds which inhibit the telomerase
receptor, e.g., telomestatin. The term "matrix metal
loproteinase inhibitor" or (MMP inhibitor), as used
herein, includes, but is not limited to, collagen
peptidomimetic and non-peptidomimetic inhibitors;
tetracycline derivatives, e.g., hydroxamate
peptidomimetic inhibitor batimastat; and its
orally-bioavailable analogue marimastat (BB-25 16),
prinomastat (AG3340), metastat (NSC 68355 1) BMS 27925
1, BAY 12-9566, TAA21 1, MMI270B or AAJ996. The term
"methionine aminopeptidase inhibitor", as used herein,
includes, but is not limited to, compounds which
target, decrease or inhibit the activity of methionine
aminopeptidase. Compounds which target, decrease or
inhibit the activity of methionine aminopeptidase are,
e.g., bengamide or a derivative thereof. The term
"proteasome inhibitors", as used herein, includes
compounds which target, decrease or inhibit the
activity of the proteosome. Compounds which target,
decrease or inhibit the activity of the proteosome
include, but are not limited to, PS-341; MLN 341.
bortezomib or Velcade. The phrase "agent used in the
treatment of hematologic malignancies", as used
herein, includes, but is not limited to, FMS-like
tyrosine kinase inhibitors, e.g., compounds targeting,
decreasing or inhibiting the activity of FMS-like
tyrosine kinase receptors (Flt-3R); interferon,
1-bD-arabinofuransylcytosine (ara-c) and bisulfan; and
ALK inhibitors, e.g., compounds which target, decrease
or inhibit anaplastic lymphoma kinase. The phrase
"compounds which target, decrease or inhibit the
activity of Flt-3" as used herein, includes, but is
not limited to compounds, proteins or antibodies which
inhibit Flt-3, e.g., Nbenzoyl- staurosporine,
midostaurin, a staurosp'orine derivative, SU11248 and
MLN518. The term,"HSP90 inhibitors", as used herein,
includes, but is not limited to, compounds targeting,
decreasing or inhibiting the intrinsic ATPase activity
of HSP90; degrading, targeting, decreasing or
inhibiting the HSP90 client proteins via the ubiquitin
proteosome pathway. Compounds targeting, decreasing or
inhibiting the intrinsic ATPase activity of HSP90 are
especially compounds, proteins or antibodies which
inhibit the ATPase activity of HSP90, e.g., 17-
allylamino,17-demethoxygeldanamycin (17AAG), a
geldanarftycin derivative; other geldanamycinrelated
compounds; radicicol and HDAC inhibitors. The term "an
antiproliferative antibody" as used herein, includes,
but is not limited to trastuzumab (HERCEPTIN),
trastuzumab-DM 1, erlotinib (TARCEVA), bevacizumab
(AVASTIN), rituximab (RITUXAN), PRO64553 (anti-CD40)
and 2C4 Antibody. By antibodies is meant e.g. intact
monoclonal antibodies, polyclonal antibodies,
multispecific antibodies formed from at least 2 intact
antibodies, and antibodies fragments so long as they
exhibit the desired biological activity. The term
"HDAC inhibitor", as used herein relates to relates to
compounds which inhibit the histone deacetylase and
which possess anti-proliferative activity. This
includes but is not limited to compounds disclosed in
WO 02/22577, especially
N-hydroxy-3-[4-[[(2-hydroxyethyl)[2-(lHmdol-
3-yl)ethyl3-amino]methyl]phenyl]-2E-2-propenamide, and
N-hydroxy-3-[4-[[[2-(2-methyl-
1H-indol-3-yl)-ethyl]-amino]rnethyl]phenyl]-2E-2-prope
namide and pharmaceutically acceptable salts thereof
(LBH589). It further especially includes
Suberoylanilide hydroxamic acid (SAHA); [4-
(2-amino-phenylcarbamoyl)-benzyl]-carbamic acid
pyridine-3-ylmethyl ester and derivatives thereof;
butyric acid, pyroxamide, trichostatin A,
Oxamflatin,.apicidin, Depsipeptide; depudecin and
trapoxin. The phrase "compound which targets,
decreases or inhibits the activity/function of
serine/theronine mTOR kinase" as used herein, includes
but is not limited to compounds, proteins or
antibodies which target/inhibit members of the mTOR
kinase family, e.g., RAD, RADOOl, CCI-779, ABT578,
SAR543, rapamycin and derivatives/analogs thereof,
AP23573 and AP23841 from Ariad, everolimus (CERTICAN)
and sirolimus (RAPAMUNE), CCI-779 and ABT578. CERTICAN
(everolimus, RAD) an investigational novel
proliferation signal inhibitor that prevents
proliferation of T-cells and vascular smooth muscle
cells. The term "somatostatin receptor antagonist", as
used herein, includes, but is not limited to, agents
which target, treat or inhibit the somatostatin
receptor, such as octreoride and SOM230.The term
"anti-leukemic compound" as used herein, includes, but
is not limited to Ara-C, a pyrimidine analog, which is
the 2'-a-hydroxy ribose (arabinoside) derivative of
deoxycytidine. Also included is the purine analog of
hypoxanthine, 6-mercaptopurine (6-MP) and fludarabine
phosphate. The phrase "tumor cell damaging approaches"
refers to approaches, such as ionizing radiation. The
term "ionizing radiation", referred to above and
hereinafter, means ionizing radiation that occurs as
either electromagnetic rays, such as X-rays and gamma
rays; or particles, such as alpha, beta and gamma
particles. Ionizing radiation is provided in, but not
limited to, radiation therapy and is known in the art.
See Hellman, Cancer, 4th Edition, Vol. 1, Devita et
al., Eds., pp. 248-275 (1993). The term "EDG binder"
as used herein, includes, but is not limited to, a
class of immunosuppressants that modulates lymphocyte
recirculation, such as FTY720. The term
"ribonucleotide reductase inhibitor" as used herein,
includes, but is not limited to, pyrimidine or purine
nucleoside analogs including, but not limited to,
fludarabine and/or ara-C; 6- thioguanine; 5-FU;
cladribine; 6-mercaptopurine, especially in
combination with ara-C against ALL; and/or
pentostatin. Ribonucleotide reductase inhibitors are
especially hydroxyurea or 2-hydroxy-
1H-isoindole-l,3-dione derivatives, such as PL-I,
PL-2, PL-3, PL-4, PL-5, PL-6, PL-7 or PL 8. See Nandy
et al., Acta Oncologica, Vol. 33, No. 8, pp. 953-961
(1994). The term "S-adenosylmethionine decarboxylase
inhibitors", as used herein, includes, but is not
limited to, the compounds disclosed in U S. Patent No.
5,461,076. The phrase "monoclonal antibodies of VEGF
or VEGFR", as used herein, includes but is not limited
to, compounds disclosed in WO 98/35958, e.g.,
l-(4-chloroanilino)-4-(4- pyridylmethyl)phthalazine or
a pharmaceutically acceptable salt thereof, e.g., the
succinate, or in WO 00/09495, WO 00/27820, WO
00/59509, WO 98/1 1223, WO 00/27819 and EP 0 769 947;
those as described by Prewett et al., Cancer Res, Vol.
59, pp. 5209-521 8 (1999); Yuan et al., Proc Natl Acad
Sci USA, Vol. 93, pp. 14765-14770 (1996); Zhu et al.,
Cancer Res, Vol. 58, pp. 3209- 3214 (1998); and
Mordenti et al., Toxicol Pathol, Vol. 27, No. 1, pp.
14-21 (1999) in WO 00/37502 and WO 94/10202;
ANGIOSTATIN, described by O'Reilly et al., Cell, Vol.
79, pp. 315-328 (1994); ENDOSTATlN, described by
O'Reilly et al., Cell, Vol. 88, pp. 277-285 (1997);
anthranilic acid amides; ZD4190; ZD6474; SU5416;
SU6668; bevacizumab; or anti-VEGF antibodies or anti-
VEGF receptor antibodies, e.g., rhuMAb and RHUFab;
VEGF aptamer, e.g., Macugon; FLT-4 inhibitors; FLT-3
inhibitors; VEGFR-2 IgGl antibody; Angiozyme (RPI
4610); and Avastan. The term "photodynamic therapy",
as used herein, refers to therapy which uses certain 



chemicals known as photosensitizing agents to treat or
prevent cancers. Examples of photodynamic therapy
include, but are not limited to, treatment with
agents, such as, e.g., VISUDYNE and porfimer sodium.
The term "angiostatic steroid", as used herein,
includes, but is not limited to agents which block or
inhibit angiogenesis, such as, e.g., anecortave,
triamcinolone, hydrocortisone, 11-a-epihydrocotisol,
cortexolone, 17a-hydroxyprogesterone, corticosterone,
desoxycorticosterone, testosterone, estrone and
dexamethasone. The phrase "Implant containing
corticosteroids" as used herein, includes, but is not
limited to agents, such as, e.g.,.fluocinolone and
dexamethasone. The term "ATI receptor antagonist" as
used herein, includes, but is not limited to agents,
such as DIOVAN. The term "ACE inhibitor" as used
herein, includes, but is not limited to CIBACEN,
benazepril, enazepril (LOTENSIN), captopril,
enalapril, fosinopril, lisinopril, moexipril,
quinapril, ramipril, perindopril and trandolapril.
Other pharmaceutically active agents include, but are
not limited to, plant alkaloids, hormonal agents and
antagonists, biological response modifiers, preferably
lymphokines or interferons, antisense oligonucleotides
or oligonucleotide derivatives; or miscellaneous
agents or agents with other or unknown mechanism of
action. In each case where citations of patent
applications or scientific publications are given, in
particular with regard to the respective compound
claims and the final products of the working examples
therein, the subject matter of the final products, the
pharmaceutical preparations and the claims is hereby
incorporated into the present application by reference
to these publications. Comprised are likewise the
corresponding stereoisomers, as well as the
corresponding crystal modifications, e.g., solvates
and polymorphs, which are disclosed therein. The
compounds used as active ingredients in the
combinations disclosed herein can be prepared and
administered as described in the cited documents,
respectively. The structure of the active agents
identified by code numbers, generic or trade names may
be taken from the actual edition of the standard
compendium "The Merck Index" or from databases, e.g.,
Patents International, e.g., IMS World Publications,
or the publications mentioned above and below. The
corresponding content thereof is hereby incorporated
by reference. It will be understood that references to
the components (a) and (b) are meant to also include
the pharmaceutically acceptable salts of any of the
active substances. If active substances comprised by
components (a) and/or (b) have, for example, at least
one basic center, they can form acid addition salts.
Corresponding acid addition salts can also be formed
having, if desired, an additionally present basic
center. Active substances having an acid group, e.g.,
COOH, can form salts with bases. The active substances
comprised in components (a) and/or (b) or a
pharmaceutically acceptable salts thereof may also be
used in form of a hydrate or include other solvents
used for crystallization. Thus, in a first aspect, the
present invention relates to a method for the
prevention of treatment of proliferative diseases or
diseases that are triggered by persistent angiogenesis
in a mammal, preferably a human patient, which
comprises treating the patient concurrently or
sequentially with pharmaceutically effective amounts
of a combination of:(a) a neutralizing anti-DKKl/4
composition; and (b) an pharmaceutically active agent.
In preferred embodiment, the present invention
provides a pharmaceutical preparation comprising: (a)
a neutralizing anti-DKKl/4 composition; and (b) one or
more pharmaceutically active agents selected from the
group consisting of an aromatase inhibitor; an
antiestrogen; an anti-androgen; a gonadorelin agonist;
a topoisomerase I inhibitor; a topoisomerase II
inhibitor; a microtubule active agent; an alkylating
agent; an anti neoplastic anti-metabolite; a platin
compound; a compound targeting/decreasing a protein or
lipid kinase activity or a protein or lipid
phosphatase activity, a anti-angiogenic compound; a
compound which induces cell differentiation processes;
monoclonal antibodies; a cyclooxygenase inhibitor; a
bisphosphonate; a heparanase inhibitor; a biological
response modifier; an inhibitor of Ras oncogenic
isoforms; a telomerase inhibitor; a protease
inhibitor, a matrix metalloproteinase inhibitor, a
methionine aminopeptidase inhibitor; a proteasome
inhibitor; agents which target, decrease or inhibit
the activity of Flt-3; an HSP90 inhibitor;
antiproliferative antibodies; an HDAC inhibitor; a
compound which targets, decreases or inhibits the
activity/function of serine/theronine mTOR kinase; a
somatostatin receptor antagonist; an anti-leukemic
compound; tumor cell damaging approaches; an EDG
binder; a ribonucleotide reductase inhibitor; an
S-adenosylmethionine decarboxylase inhibitor; a
monoclonal antibody of VEGF or VEGFR; photodynamic
therapy; an Angiostatic steroid; an implant containing
corticosteroids; an ATI receptor antagonist; and an
ACE inhibitor. Any of the combination of components
(a) and (b), the method of treating a warm-blooded
animal comprising administering these two components,
a pharmaceutical composition comprising these two
components for simultaneous, separate or sequential
use, the use of the combination for the delay of
progression or the treatment of a proliferative
disease or for the manufacture of a pharmaceutical
preparation for these purposes or a commercial product
comprising such a combination of components (a) and
(b), all as mentioned or defined above, will be
referred to subsequently also as combination of the
invention (so that this term refers to each of these
embodiments which thus can replace this term where
appropriate). Simultaneous administration may, e.g.,
take place in the form of one fixed combination with
two or more active ingredients, or by simultaneously
administering two or more active ingredients that are
formulated independently. Sequential use
(administration) preferably means administration of
one (or more) components of a combination at one time
point, other components at a different ' time point,
that is, in a chronically staggered manner, preferably
such that the combination shows more efficiency than
the single compounds administered independently
(especially showing synergism). Separate use
(administration) preferably means administration of
the components of the combination independently of
each other at different time points, preferably
meaning that thecomponents (a) and (b) are
administered such that no overlap of measurable blood
levels of both compounds are present in an overiapping
manner (at the same time). Also combinations of two or
more of sequential, separate and simultaneous
administration are possible, preferably, such that the
combination component-drugs show a joint therapeutic
effect that exceeds the effect found when the
combination component-drugs are used independently at
time intervals so large .that no mutual effect on
their therapeutic efficiency can be found, a
synergistic effect being especially preferred. The
term "delay of progression" as used herein means
administration of the combination to patients being in
a pre-stage or in an early phase, of the first
manifestation or a relapse of the disease to be
treated, in which patients, e.g., a pre-form of the
corresponding disease is diagnosed or which patients
are in a condition, e.g., during a medical treatment
opa condition resulting from an accident, under which
it is likely that a corresponding disease will
develop. "Jointly therapeutically active" or "joint
therapeutic effect" means that the compounds may be
given separately (in a chronically staggered manner,
especially a sequence-specific manner) in such time
intervals that they preferably, in the warm-blooded
animal, especially human, to be treated, still show a
(preferably synergistic) interaction (joint
therapeutic effect). Whether this is the case, can
inter alia be determined by following the blood
levels, showing that both compounds are present in the
blood of the human to be treated at least during
certain time intervals. "Pharmaceutically effective"
preferably relates to an amount that is
therapeutically or in a broader sense also
prophylactically effective against the progression of
a proliferative disease. The term "a commercial
package" or "a product", as used herein defines
especially a "kit of parts" in the sense that the
components (a) and (b) as defined above can be dosed
independently or by use of different fixed
combinations with distinguished amounts of the
components (a) and (b), i.e., simultaneously or at
different time points. Moreover, these terms comprise
a commercial package comprising (especially combining)
as active ingredients components (a) and (b), together
with instructions for simultaneous, sequential
(chronically staggered, in time-specific sequence,
preferentially) or (less preferably) separate use
thereof in the delay of progression or treatment of a
proliferative disease. The parts of the kit of parts
can then, e.g., be administered simultaneously or
chronologically staggered, that is at different time
points and with equal or different time intervals for
any part of the kit of parts. Very preferably, the
time intervals are chosen such that the effect on the
treated disease in the combined use of the parts is
larger than the effect which would be obtained by use
of only any one of the combination partners (a) and
(b) (as can be determined according to standard
methods. The ratio of the total amounts of the
combination partner (a) to the combination partner (b)
to be administered in the combined preparation can be
varied, e.g., in order to cope with the needs of a
patient sub-population to be treated or the needs of
the single patient which different needs can be due to
the particular disease, age, sex, body weight, etc. of
the patients. Preferably, there is at Jeast one
beneficial effect, e.g., a mutual enhancing of the
effect of the combinationpartners (a) and (b), in
particular a more than additive effect, which hence
could be achieved with lower doses of each of the
combined drugs, respectively, than tolerable in the
case of treatment with the individual drugs only
without combination, producing additional advantageous
effects, e.g., less side effects or a combined
therapeutic effect in a non-effective dosage of one or
both of the combination partners (components) (a) and
(b), and very preferably a strong synergism of the
combination partners (a) and (b). Both in the case of
the use of the combination of components (a) and (b)
and of the commercial package, any combination of
simultaneous, sequential and separate use is also
possible, meaning that the components (a) and (b) may
be administered at one time point simultaneously,
followed by administration of only one component with
lower host toxicity either chronically, e.g., more
than 3-4 weeks of daily dosing, at a later time point
and subsequently the other component or the
combination of both components at a still later time
point (in subsequent drug combination 



treatment courses for an optimal anti-tumor effect) or
the like. The COMBINATION OF THE INVENTION can also be
applied in combination with other treatments, e.g.,
surgical intervention, hyperthermia and/or irradiation
therapy. The pharmaceutical compositions according to
the present invention can be prepared by conventional
means and are those suitable for enteral, such as oral
or rectal, and parenteral administration to mammals
including man, comprising a therapeutically effective
amount of a VEGF inhibitor and at least one
pharmaceutically active agent alone or in combination
with one or more pharmaceutically acceptable carriers,
especially those suitable for enteral or parenteral
application. The pharmaceutical compositions comprise
from about 0.00002 to about 100%, especially, e.g., in
the case of infusion dilutions that are ready for use,
of 0.0001 to 0.02%, or, e.g., in case of injection or
infusion concentrates or especially parenteral
formulations, from about 0.1% to about 95%, preferably
from about 1% to about 90%, more preferably from about
20% to about 60% active ingredient (weight by weight,
in each case). Pharmaceutical compositions according
to the invention may be, e.g., in unit dose form, such
as in the form of ampoules, vials, drag es, tablets,
infusion bags or capsules. The effective dosage of
each of the combination partners employed in a
formulation of the present invention may vary
depending on the particular compound or pharmaceutical
compositions employed, the mode of administration, the
condition being treated and the severity of the
condition being treated. A physician, clinician or
veterinarian of ordinary skill can readily determine
the effective amount of each of the active ingredients
necessary to prevent, treat or inhibit the progress of
the condition. Tyrphostins, especially Adaphostin, are
preferably administered to a warm-blooded animal,
especially a human in a dosage in the range of about
1-6000 mg/day, more preferably 25-5000mg/day, most
preferably 50-4000 mg/day. Unless stated otherwise
herein, the compound is preferably administered from
one to 5, especially from 1-4 times per day.
Pharmaceutical preparations for the combination
therapy for enteral or parenteral administration are,
e.g., those in unit dosage forms, such as sugar-coated
tablets, capsules or suppositories, and furthermore
ampoules. If not indicated otherwise, these
formulations are prepared by conventional means, e.g.,
by means of conventional mixing, granulating,
sugar-coating, dissolving or lyophilizing processes.
It will be appreciated that the unit content of a
combination partner contained in an individual dose of
each dosage form need not in itself constitute an
effective amount since the necessary effective amount
can be reached by administration of a plurality of
dosage units. One of skill in the art has the ability
to determine appropriate pharmaceutically effective
amounts of the combination components. i Preferably,
the compounds or the pharmaceutically acceptable salts
thereof, are administered as an oral pharmaceutical
formulation in the form of a tablet, capsule or syrup;
or as parenteral injections if appropriate. In
preparing compositions for oral administration, any
pharmaceutically acceptable media may be employed such
as water, glycols, oils, alcohols, flavoring agents,
preservatives, coloring agents. Pharmaceutically
acceptable carriers include starches, sugars,
microcrystalline celluloses, diluents, granulating
agents, lubricants, binders, disintegrating agents.
Solutions of the active ingredient, and also
suspensions, and especially isotonic aqueous solutions
or suspensions, are useful for parenteral
administration of the active ingredient, it being
possible, e.g., in the case of lyophilized
compositions that comprise the active ingredient alone
or together with a pharmaceutically acceptable
carrier, e.g., mannitol, for such solutions or
suspensions to be produced prior to use. The
pharmaceutical compositions may be sterilized and/or
may comprise excipients, e.g., preservatives,
stabilizers, wetting and/or emulsifying agents,
solubilizers salts for regulating the osmotic pressure
and/or buffers, and are prepared in a manner known per
se, e.g., by means of conventional dissolving or
lyophilizing processes. The solutions or suspensions
may comprise viscosity-increasing substances, such as
sodium carboxymethylcellulose, carboxymethylcellulose,
dextran, polyvinylpyrrolidone or gelatin. Suspensions
in oil comprise as the oil component the vegetable,
synthetic or semi-synthetic oils customary for
injection purposes. The isotonic agent may be selected
from any of those known in the art, e.g. mannitol,
dextrose, glucose and sodium chloride. The infusion
formulation may be diluted with the aqueous medium.
The amount of aqueous medium employed as a diluent is
chosen according to the desired concentration of
active ingredient in the infusion solution. Infusion
solutions may contain other excipients commonly
employed in formulations to be administered
intravenously such as antioxidants. The present
invention further relates to "a combined preparation",
which, as used herein, defines especially a "kit of
parts" in the sense that the combination partners (a)
and (b) as definedabove can be dosed independently or
by use of different fixed combinations with
distinguished amounts of the combination partners (a)
and (b), i.e., simultaneously or at different time
points. The parts of the kit of parts can then, e.g.,
be administered simultaneously or chronologically
staggered, that is at different time points and with
equal or different time intervals for any part of the
kit of parts. The ratio of the total amounts of the
combination partner (a) to the combination partner (b)
to be administered in the combined preparation can be
varied, e.g., in order to cope with the needs of a
patient sub-population to be treated or the needs of
the single patient based on the severity of any side
effects that the patient experiences. Uses and methods
of the invention The antibodies (and immunoconjugates
and bispecific molecules) of the present invention
have in vitro and in vivo diagnostic and therapeutic
utilities. For example, these molecules can be
administered to cells in culture, e.g. in vitro or in
vivo, or in a subject, e.g., in vivo, to treat,
prevent or diagnose a variety of disorders. The term
"subject" as used herein in intended to include human
and non-human animals. Non-human animals includes all
vertebrates, e.g., mammals and nonmammals, such as
non-human primates, sheep, dogs, cats, cows, horses,
chickens, amphibians, and reptiles. The methods are
particularly suitable for treating human patients
having a disorder associated with DKKl expression.
When antibodies to DKKl are administered together with
another agent, the two can be administered in either
order or simultaneously. In one embodiment, the
antibodies (and immunoconjugates and bispecific
molecules) of the invention can be used to detect
levels of DKKl, or levels of cells that contain DKKl.
This can be achieved, for example, by contacting a
sample (such as an in vitro sample) and a control
sample with the anti-DKKl antibody under conditions
that allow for the formation of a complex between the
antibody and DKKl . Any complexes formed between the
antibody and DKKl are detected and compared in the
sample and the control. By non-limiting example,
standard detection methods that are well known in the
art, such as e.g., ELISA, MALDI and flow cytometic
assays, can be performed using the compositions of the
invention. Accordingly, in one aspect, the invention
further provides methods for detecting the presence of
DKKl (e.g., human DKKl antigen) in a sample, or
measuring the amount of DKKl, comprising contacting
the sample, and a control sample, with an antibody of
the invention, or an antigen binding portion thereof,
which specifically binds to DKKl , under conditions
that allow for formation of a complex between the
antibody or portion thereof and DKKl . The formation
of a complex is then detected, wherein a difference in
complex formation between the sample compared to the
control sample is indicative of the presence of DKKl
in the sample. Also within the scope of the invention
are kits consisting of the compositions (e.g.,
antibodies, human antibodies, immunoconjugates and
bispecific molecules) of the invention and
instructions for use. The kit can further contain a
least one additional reagent, or one or moreadditional
antibodies of the invention (e.g., an antibody having
a complementary activity which binds to an epitope on
the target antigen distinct from the first antibody).
Kits typically include a label indicating the intended
use of the contents of the kit. The term label
includes any writing, or recorded material supplied on
or with the kit, or which otherwise accompanies the
kit. The invention having been fully described, it is
further illustrated by the following examples and
claims, which are illustrative and are not meant to be
further limiting. Those skilled in the art will
recognize or be able to ascertain using no more than
routine experimentation, numerous equivalents to the
specific procedures described herein. Such equivalents
are within the scope of the present invention and
claims. The contents of all references, including
issued patents and published patent applications,
cited throughout this application are hereby
incorporated by reference. EXAMPLES Example 1:
Generation of human DKKl-specific antibodies from the
HuCAL GOLD Library Therapeutic antibodies against
human DKKl protein are generated by selection of
clones having high binding affinities, using as the
source of antibody variant proteins a commercially
available phage display library, the MorphoSys HuCAL
GOLD(r) library. HuCAL GOLD(r) is a Fab library
(Knappik et al., 2000 J.Mol. Biol. 296:57-86; Krebs et
al., 2001 J Immunol. Methods 254:67- 84; Rauchenberger
et al., 2003 J Biol Chem. 278(40):3 8194-38205), in
which all six CDRs are diversified by appropriate
mutation, and which employs the CysDisplay(tm)
technology for linking Fab fragments to the phage
surface (WO 01/05950 Ldhning 2001). General
procedures: phagemid rescue, phage amplification, and
purification The HuCAL GOLD(r) library is amplified in
standard rich bacterial medium (2xYT) containing 34
mg/ml chloramphenicol and 1% glucose (2xYT-CG). After
infection of cells at an OD oo nm of 0.5 with VCSM13
helper phages (incubating the mix of cells and phage
for 30 min at 37C without shaking followed by 30 min
at 37C shaking at 250 rpm), cells are centrifuged
(4120 g; 5 min; 4C), are resuspended in 2xYT/ 34 mg/ml
chloramphenicol/ 50 mg/ml kanamycin/ 0.25 mM IPTG, and
are grown overnight at 22C. At the end of this period
cells are removed by centrifugation, and phages are
PEG-precipitated twice from the supernatant,
resuspended in PBS/ 20% glycerol and are stored at
-800C. 



Phage amplification between two panning rounds is
conducted as follows: mid-log phase E. coli strain TGl
cells are infected with phages are eluted following
the selection with DKKl protein, and are plated onto
LB-agar supplemented with 1% of glucose and 34 mg/ml
of chloramphenicol (LB-CG plates). After overnight
incubation of the plates at 300C, bacterial colonies
are scraped off the agar surface, and used to
inoculate 2xYT-CG broth to obtain an OD60onm of 0.5,
then VCSM 13 helper phages are added to obtain a
productive infection as described above.
Pre-experiments for solution panning using
Strep-Tactin magnetic beadsThe Strep-tag II has been
reported to have low affinity for the Strep-Tactin
matrix (KD ~ 1 mM according to (Voss and Skerra, 1997
Protein Eng. 10:975-982), therefore, a pre-experiment
is performed to assess the suitability of using
Strep-Tactin-coated MagStrep beads for the capturing
of the antigen during the antibody selections, and to
avoid antigen loss during the pannings. For that
purpose, 8 mg of MagStrep beads is incubated with 46
mg of His-Strep-tagged DKKl for 1 h at room
temperature and the sample is divided into four
pre-blocked Eppendorf tubes. One tube served as the
positive control (no washing) and the other three
samples are washed with different stringencies
according to the HuCAL GOLD(r) manual panning section.
Detection of binding of the His-Strep-tagged DKKl to
the MagStrep beads (Strep-Tactin coated Magnetic beads
obtained from IBA, Gdttingen, Germany) is performed in
BioVeris using a goat anti-DKKl antibody and a
Rubidium-labeled anti-goat detection antibody. As
shown in FIG. 1 herein, no significant loss of
His-Strep-tagged DKKl from the Strep- Tactin-coated
beads is detectable when the non-washed beads are
compared with those beads washed with different
HuCAL(r) stringencies. Thus, the His-Strep-tagged DKKl
seemed to be suitable for the use in the solution
pannings with Strep-Tactin-coated magnetic beads
(MagStrep beads). Selection by panning of DKKl
-specific antibodies from the library For the
selection of antibodies recognizing human DKKl, two
panning strategies are applied. In summary, HuCAL
GOLD(r) phage-antibodies are divided into four pools
comprising different combinations of VH master genes
(pool 1contained VH1/5 XK; pool 2 contained VH3 ic;
pool 3 contained VH2/4/6 lic; and pool 4 contained
VH1-6 lx). These pools are individually subjected to
two rounds of solution panning His-Strep-tagged DKKl
captured onto StrepTactin magnetic beads (Mega Strep
beads; IBA), and for the third selection round only,
either on His-Streptagged DKKl captured onto
StrepTactin magnetic beads or on APP-tagged human DKKl
protein captured by Streptavidin beads (Dynabeads(r)
M-280 Streptavidin; Dynal) with a biotinylated anti-
APP antibody. In detail, for the solution panning
using His-Strep-tagged DKKl coupled to StrepTactin
magnetic beads, the following protocol is applied:
pre-blocked tubes are prepared (1.5 ml Eppendorf
tubes) by treatment with 1.5 ml 2x ChemiBLOCKER
diluted 1:1 with PBS over night at 4C. Preblocked
beads are prepared by treatment as follows: 580 ml (28
mg beads) StrepTactin magnetic beads are washed once
with 580 ml PBS and resuspended in 580 ml Ix
ChemiBLOCKER (diluted in one volume Ix PBS). Blocking
of the beads is performed in the pre-blocked tubes
over night at4C. Phage particles diluted in PBS to a
final volume of 500 ml for each panning condition are
mixed with 500 ml 2x ChemiBLOCKER/ 0.1% Tween and kept
for one hour at room temperature on a rotating wheel.
Pre-adsorption of phage particles for removal of
StrepTactin or beads-binding phages is performed
twice: 160 ml of blocked StrepTactin magnetic beads (4
mg) is added to theblocked phage particles, and is
incubated for 30 min at room temperature on a rotating
wheel. After separation of the beads by a magnetic
device (Dynal MPC-E), the phage supernatant (~1 . 1
ml) is transferred to afresh, blocked reaction tube
and pre-adsorption is repeated using 160 ml blocked
beads for 30 min. Then, His-Strep-tagged DKKl, either
400 nM or 100 nM, is added to the blocked phage
particles in a fresh, blocked 1.5 ml reaction tube and
the mixture is incubated for 60 min at room
temperature on a rotating wheel. The phage-antigen
complexes are captured using either 320 ml or 160 ml
of blocked StrepTactin magnetic beads added to the 400
nM or the 100 nM phage panning pools, respectively,
which is then incubated for 20 min at room temperature
on a rotating wheel. Phage particles bound to the
StrepTactin magnetic beads are again collected with
the magnetic particle separator. Beads are then washed
seven times with PBS/ 0.05% Tween (PBST), followed by
washing another three times with PBS only. Elution of
phage particles from the StrepTactin magnetic beads is
performed by addition of 200 ml 20 mM DTT in 10 mM
Tris-HCl, pH 8.0 to each tube for 10 min. The eluate
is collected, and the beads are washed once with 200
ml PBS and the PBS eluate is added to the DTT eluate.
This eluate sample is used to infect 14 ml of an E.
coli TG-I culture that had been grown to an OD oonm of
0.6-0.8. After infection and subsequent centrifugation
for 10 min at 5000 rpm, each bacterial pellet is
resuspended in 500 ml 2xYT medium, plated onto 2xYT-CG
agar plates and incubated overnight at 300C. The next
morning, the resulting colonies are scraped off the
plates and the phage is prepared by rescue and
amplification as described above. The second round of
solution pannings on His-Strep-tagged DKKl is
performed according to the protocol of the first
round, except that decreasing amounts of antigen are
used (50 nM, and 10 nM) and the stringency of the
washing procedure is altered appropriately. Two
different panning strategies are applied for the third
selection round: the amplified phage output of the
second panning round is split and subjected to two
different panning conditions. The first half of the
phage output is used for the standard panning strategy
on human His-Streptagged DKKl captured onto
StrepTactin beads as described above (antigen amounts
are 10 nM or 1 nM, respectively). The second panning
variation for the third selection round is performed
on human APPtagged DKKl . APP-tagged DKKl protein at a
final concentration of 50 nM or 10 nM is mixed with
1ml of pre-cleared, second round phage particles, and
the mixture is incubated at room temperature for 1
hour on a rotating wheel. In parallel, 8 mg
pre-blocked Dynabeads M-280 Streptavidin (Dynal) is
incubated with 40 mg biotinylated mouse anti-APP
antibody for 30 min at room temperature on a rotating
wheel followed by two washing steps with PBST. The
pre-formed complexes consisting of phage-antibodies
bound to APP-tagged DKKl are captured by the anti-APP
coated M-280 Streptavidin magnetic beads for 30 min at
room temperature. Phage elution and amplification are
performed as described above.Subcloning and expression
of soluble Fab fragments The Fab-encoding inserts of
the selected HuCAL GOLD(r) phagemids are subcloned
into expression vector pMORPH (r)X9_Fab_FH, in order
to facilitate rapid and efficient expression of
soluble Fabs. For this purpose, the plasmid DNA of the
selected clones is digested with restriction enzyme
endonucleases XbcA and EcoRl, thereby excising the
Fab-encoding insert (ompA-VLCL and phoA-Fd). This
insert is then cloned intOvYial/ 'coRI-digested
expression vector pMORPH(r)X9_Fab_FH. Fab proteins are
expressed from this vector, and as a result carry two
C-terminal tags (FLAG(tm) and 6xHis, respectively) for
both detection and purification. Microexpression of
HuCAL GOLD(r) Fab antibodies in E. coli To obtain
sufficient amounts of protein encoded by each of the
clones obtained above, chloramphenicol-resistant
single bacterial colonies are selected after
subcloning of the selected Fabs into the pMORPH
(r)X9_Fab_FH expression vector. Each of these colonies
is then used to inoculate the wells of a sterile
96-well microtiter plate, each well containing 100 ml
2xYT-CG medium per well, and bacteria are grown
overnight at 370C. A sample (5 ml) of each E. coli
TG-I culture is transferred to a fresh, sterile
96-well microtiter plate pre-filled with 100 ml 2xYT
medium supplemented with 34 mg/ml chloramphenicol and
0.1% glucose per well. The microtiter plates are
incubated at 300C with shaking at 400 rpm on a
microplate shaker until the cultures are slightly
turbid (~2-4 hrs) with an OD6oonm of about 0.5. For
expression in the format of these plates, 20 ml 2xYT
medium supplemented with 34 mg/ml chloramphenicol and
3 mM IPTG (isopropyl- b-D-thiogalactopyranoside) is
added per well (final concentration 0.5 mM IPTG), the
microtiter plates sealed with a gas-permeable tape,
and incubated overnight at 300C shaking at 400 rpm.
Generation of whole cell lvsates (BEL extracts) To
each well of the expression plates, 40 ml BEL buffer
(2xBBS/ EDTA: 24.7 g/1 boric acid, 18.7 g NaCl/1, 1.49
g EDTA/1, pH 8.0) containing 2.5 mg/ml lysozyme is
added, and plates are incubated for 1 h at 22C on a
microtiter plate shaker (400 rpm). The BEL extracts
are used for binding analysis by FMAT (see Example 2).
Expression of microgram amounts of HuCAL GOLD(r) Fab
antibodies in E. coli and purification Expression of
Fab fragments encoded by pMORPH (r)X9_Fab_FH in E.
coli TG1 F- cells is carried out in 50 ml plastic
tubes. For this purpose, pre-cultures inoculated with
single clones are grown in 2xYT-CG medium overnight at
300C. The next morning, 50 ml of each pre-culture are
used to inoculate 25 ml 2xYT medium supplemented with
34 mg/ml Chloramphenicol, 1mM IPTG, and 0. 1% glucose
in sterile 50 ml plastic tubes, and incubated over
night at 300C. E. coli cells are harvested, the cell
pellets frozen and finally disrupted with Bug Buster
(Novagen). The Fab fragments are isolated using Ni-NTA
Agarose (Qiagen, Hilden, Germany).Expression of
milligram amounts of HuCAL GOLD(r) Fab antibodies in
E. colt and purification Expression of Fab fragments
encoded by pMORPH (r)X9_Fab_FH in TGl F- cells is
carried out in shaker flask cultures using 750 ml of
2xYT medium supplemented with 34 mg/ml
chloramphenicol. Cultures are shaken at 300C until the
OD6oonm reached 0.5. Expression is induced by addition
of 0.75 mM IPTG followed by incubation for 20 h at
300C. Cells are disrupted using lysozyme, and Fab
fragments are isolated by Ni-NTA chromatography
(Qiagen, Hilden, Germany). Protein concentrations are
determined by UV-spectrophotometry (Krebs et al.,
2001). Example 2: Identification of DKKl-specif  c
HuCAL (r) antibodies BEL extracts of individual E. cob
clones selected by the above mentioned panning
strategies are analyzed by Fluorometric Microvolume
Assay Technology (FMAT(tm), 8200 Cellular Detection
System analyzer, Applied Biosystems, Foster City,
Calif.), to identify clones encoding DKKlspecif 



c Fabs. The FMAT(tm) 8100 HTS System is a fluorescence
macro-confocal, high-throughput screening instrument
that automates detection of mix-and-read,
non-radioactive assays with live cells or beads
(Miraglia, J . Biomol. Screening (1999), 4(4)
193-204). Fluorometric Microvolume Assay
Technology-based binding analysis (FMAT) for detection
of DKKl -binding Fabs from bacterial lysates For the
detection of DKKl -binding Fab antibodies from E. coli
lysates (BEL extracts), binding is analyzed with the
FMAT 8200 cellular detection system (Applied
Biosystems). To couple His-Strep-tagged DKKl onto
M-450 Expoxy beads (Dynal), a sample of 300 ml M-450
Epoxy beads (1.2x1 0s beads) is transferred into a
reaction tube and captured with a magnetic particle
separator. The supernatant is removed and the beads
are washed four times in 1 ml of 100 mM sodium
phosphate buffer, pH 7.4. For antigen coating, 60 mg
His-Strep-tagged DKKl is added to the bead suspension
in 150 ml 100 mM sodium phosphate buffer, pH 7.4. The
antigen-bead suspension is incubated for 16 h at room
temperature on a rotating wheel. The coated beads are
then washed three times with PBS and resuspepded in a
final volume of 250 ml PBS. For each 384-well plate, a
mixture of 20 ml PBS containing 3% BSA, 0.005%
Tween-20, 4 ml DKKl -coated beads ( 1.9x1 06 beads)
and 4 ml Cy5(tm) detection antibody is prepared. A
sample of 45 ml of this solution is dispensed per well
into a 384-well FMAT black/clear bottom plate (Applied
Biosystems). Fab-containing BEL extract (5 ml) is
added to each well. The FMAT plates are incubated at
room temperature overnight. The next morning the
plates are analyzed in the 8200 Cellular Detection
System (Applied Biosystems). Postitive clones are
obtained, and the heavy and light chain sequences of
clones yielding positive, specific signals in FMAT are
analyzed. It is observed that, 57 unique
(non-redundant) anti- DKKl clones are identified that
showed sufficient strong binding to human DKKl . These
clones are expressed, purified and tested for affinity
and in functional assays.Determination of nanomolar
affinities using surface plasmon resonance Using these
clones, kinetic SPR analysis is performed on a CM5
chip (Biacore, Sweden) which had been coated with a
density of -400 RU of either recombinant human DKKl,
mouse DKKl (R&D system), or cynomolgus DKKl in 10 mM
Na-acetate pH 4.5 using standard EDCNHS amine coupling
chemistry. A comparable amount of human serum albumin
(HSA) is immobilized on the reference flow cell. PBS
(136 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.76 mM
KH2PO4 pH 7.4) is used as the running buffer. The Fab
preparations are applied in concentration series of 16
- 500 nM at a flow rate of 20 ml/min. Association
phase is set to 60 s and dissociation phase to 120 s.
A summary of the affinities in nM to each of human,
mouse, and cynomolgus DKKl determined by that method
are shown in Table 1 herein. Table 1. Affinities of
selected Fabs to each of human, mouse, and cynomolgus
* single measurement n.d.: not determined Example 3:
Identification of anti-human DKKl Fab candidates
inhibiting the Wnt antagonistic activity of DKKl The
resulting 57 different DKKl -specific antibodies
selected from the HuCAL GOLD (r) library are used to
obtain purified antibody, which is then tested for
potency to inhibit the Wnt antagonistic activity of
human DKKl. Of these, 17 antibody candidates are
functionally active, as shown in FIGS 2 and 4. The
functional activity of each of the HuCAL (r) Fabs is
checked using a luciferase reporter gene assay. Twelve
TCF/Lef binding sites are cloned upstream of the
luciferase reporter gene rendering the luciferase gene
TCF/Lef-responsive. The canonical Wnt proteins lead to
a stabilization of beta-catenin, thereby activating
transcription of TCF/Lef and producing the luciferase
protein. Addition of DKKl protein blocks Wnt activity
and therefore also the transcription of the luciferase
gene. In consequence, the luciferase levels produced
by the respective cells are expected to correlate with
the potency of the selected Fabs to block DKLKl
action. Stable TCF/Lef-responsive reporter cell line
HEK293T/1 7-12xSTF Bioassays are performed using the
stable human embryonic kidney cell reporter cell line
HEK293T/17-12xSTF. The cells are cultivated in DMEM
high glucose medium (Invitrogen),containing 10% FCS
(PAN or BioWhittaker) and 1 mg/ml puromycin (BD
Biosciences), until 90% confluency is reached. The
cells are then trypsinized, counted, and diluted in
culture medium without puromycin to a concentration of
4x1 05 cells per ml. Subsequently, the cells are
seeded into a white, flat-bottom 96-well plate
(Corning; 100 ml cell suspension per well) and
incubated at 37C and 5% CO2 over night. On the next
day, the assay medium is prepared: 500 ng/ml DKKl -APP
is added to Wnt3a Conditioned Medium (CM). The
anti-DKKl HuCAL(r) Fabs (final concentration 20 mg/ml)
and the goat anti-human DKKl antibody (R&D Systems)
used as a positive control (final concentration 1.5
mg/ml) are diluted in CM. A volume of 60 ml medium is
removed from each well of the assay plate without
disturbing the adhering cells, and substituted by 60
ml of the test antibody or control, diluted in CM. The
cells are incubated for another 24 h and 100 ml
Bright-Glo luciferase reagent is added to each well.
After 5 min incubation time, the luminescence is read
in a luminometer (GenioPro, Tecan). The results
obtained with 20 of the 57 Fabs are shown in FIG. 2
herein. The extent of luciferase expressed is a
measure of the extent of antibody present. Example 4:
Quantitative analysis of binding affinities:
determination of anti-human DKKl Fab candidates that
inhibit the Wnt-antagonistic activity of DKKl Affinity
determination In order to further characterize the
anti-DKKl antibodies, the affinity to human,
cynomolgus, and mouse DKKl is determined. The
recombinant DKKl protein is immobilized on a CM5
Biacore chip and the Fabs are applied in the mobile
phase in different concentrations. For a reliable
determination of monovalent affinities only such Fab
batches are used for Biacore measurements which showed
>90% monomeric fraction in a size exclusion
chromatography. The summarized affinity data on human,
mouse, and cynomolgus DKKl is shown in Table 2. All 17
tested Fabs are found to have affinity to human DKKl
below 100 nM. Further, nine of the clones produced
antibodies with affinities less than 10 nM. In all
tested cases, the affinities for cynomolgus and mouse
DKKl are almost identical to those for human DKKl .
Table 2. Affinity data of selected Fabs on human,
mouse, and cynomolgus* single measurement n.d.: not
determined ECsn determination The data showing the
effective concentration for 50% inhibition for the
clones of antibodies having the greatest affinity for
DKKl is shown in Table 3 herein. The data show that
effective concentrations EC5Orange from 39-95 nM, with
a median value between 58 and 83 nM. Table 3.
Effective concentration for 50% inhibition of selected
Fabs Example 5: Affinity maturation of selected
anti-DKKl Fabs by parallel exchange of LCDR3 and HCDR2
cassettes For optimizing the affinities of the
antibodies described herein for DKKl for a pool of
parental Fab fragments, the LCDR3, framework 4 and the
constant region of the light chains (405 bp) of each
parental Fab is removed using BpH and SpM, and is
replaced by a repertoire of diversified LCDR3s
together with framework 4 and the constant domain. A
sample of 0.5 mg of the binder pool vector is ligated
with a 3-fold molar excess of the insert fragment
carrying the diversified LCDR3s. In a similar
approach, the HCDR2 is diversified using the Xho\ and
BssH l sites, and the connecting framework regions are
kept constant. In order to increase the cloning
efficiency, the parental HCDR2 is replaced by a 590 bp
stuffer sequence prior to the insertion of the
diversified HCDR2 cassette.Ligation mixtures of 11
different libraries are electroporated into 4 ml E.
coli TOPlO F' cells (Invitrogen, Carlsbad, CA, USA),
yielding from 2xlO7 to 2xlO 8 independent colonies.
Amplification of the libraries is performed as
previously described (Rauchenberger et al., 2003 J
Biol Chem. 278(40):3 8.1 94-38205). For quality
control, several clones per library are randomly
picked and sequenced (SequiServe, Vaterstetten,
Germany) using primers CFR84 (VL) and OCAL_Seq_Hp
(VH). Selection of candidates for affinity maturation
Six selected maturation candidates ("parental Fabs")
are selected by having been . characterized as having
the following properties: affinities to human DKKl
less than 10 nM, with significant cross-reactivity to
cynomolgus and mouse DKLKl, ECs0 less than 100 nM, and
good to moderate Fab expression levels in E. coli and
lack of aggregation after Fab purification. During the
course of the affinity measurements, it became evident
that MOR04480 is highly unstable at high dilutions.
For this reason, MOR04480 is omitted from the list of
maturation candidates albeit having the highest
affinity ( 1 nM) and the best EC5O(7 nM) of all tested
Fabs. MOR04483 had a high affinity of 5.5 nM to human
DKKl but is shown to be crossreactive to mouse DKKl,
and MOR04453 contained a high proportion of Fab
aggregates after purification. Therefore, these two
antibodies are also excluded from the maturation.
After careful evaluation of all available data, six
maturation candidates (MOR04454, MOR04455, MOR04456,
MOR04461, MOR04470, and MOR045 16) are selected. The
properties of these candidates are listed in Table 4
herein. Table 4. Properties of selected Fabs * single
measurement n.d.: not determined # monomeric portion >
90% Generation of selected Fab libraries for affinity
maturation In order to obtain clones having increased
affinity and inhibitory activity of the anti-DKKl
antibodies, the selected Fab clones MOR04454,
MOR04455, MOR04456, MOR04461, MOR04470, and MOR4516
shown in the previous example are subjected to further
rounds of diversification and selection, a process
known as affinity maturation.For this purpose, CDR
regions are diversified using corresponding LCDR3 and
HCDR2 



maturation cassettes pre-built by trinucleotide
mutagenesis (Virnekas et al., 1994 Nucleic Acids Res.
22:5600-5607; Nagy et al., 2002 Nature Medicine
8:801-807). Table 5 herein shows the LCDR3 sequences
for the parental clones MOR04454, MOR04455, MOR04456,
MOR061, MOR04470 and MOR4516. Table 5. LCDR3 sequences
for selected Fabs Table 6 herein shows the HCDR2
sequences for the parental clones MOR04454, MOR04455,
MOR04456, MOR061, MOR04470 and MOR4516. Table 6. HCDR2
sequences for selected Fabs Fab fragments from
expression vector pMORPH(r)X9_Fab_FH are subcloned
into the phagemid vector pMORPH(r)25 (see US patent
number 6,753, 136). This vector provides the phage
protein pill fused N-terminally to a cysteine residue
as well as a C-terminal cysteine to the Fd antibody
chain and thus allows disulfide-l inked display of the
respective Fab fragments on the phage surface. Two
different strategies are applied in parallel to
optimize both the affinity and the efficacy of the
parental Fabs. Five phage antibody Fab libraries are
generated in which the LCDR3 of five of the six
parental clones is replaced by a repertoire of
individual light chain CDR3 sequences. The LCDR3
maturation of MOR04454 is not performed, as this clone
has an additional BpH restriction site in one of the
CDR regions and the BpH restriction enzyme is used for
the library cloning procedure.) In parallel, the HCDR2
region of each parental clone is replaced by a
repertoire of individual heavy chain CDR2 sequences.
Each parental Fab is excised and replaced for a 590 bp
stuffer. This DNA stuffer facilitates the separation
of single digested from double digested vector bands
and reduces the background of the high-affinity
parental Fabs during the maturation pannings.In a
subsequent step, the stuffer is excised from the
Fab-encoding plasmids of each parental clone and
replaced for the highly diversified HCDR2 maturation
cassette. Large affinity maturation libraries of more
than 2x1 07 members are generated by standard cloning
procedures, and the diversified clones are transformed
into electro-competent E. coli TOPlOF' cells
(Invitrogen). Fab-presenting phages are prepared as
described in Example 1 above. Four maturation pools
are built in order to facilitate the subsequent
selection process: pool 1a consisted of the MOR04470,
and MOR04516 LCDR3 libraries; pool Ib consisted of the
MOR04470, and MOR04516 HCDR2 libraries; pool 2a
consisted of the MOR04454, MOR04455, MOR04456, and
MOR04461 LCDR3 libraries; and pool 2b consisted of the
MOR04454, MOR04455, MOR04456, and MOR04461 HCDR2
libraries. For each pool the panning is performed in
solution using decreasing amounts of Hs-Streptagged
DKKl and phage-antigen capturing by Strep-Tactin
beads. In parallel, each pool is applied in pannings
using decreasing amounts of biotinylated DKKl, which
is captured onto Neutravidincoated plates. In order to
increase the panning stringency and to select for
improved off rates, competition with purified parental
Fabs as well as unlabeled antigen is performed during
prolonged incubation periods. Immediately after the
pannings the enriched phagemid pools are subcloned
into the pMORPH X9_FH expression vector. About 2300
single clones are picked, and the Fabs are induced
with IPTG. Maturation panning strategies Panning
procedures using the four antibody pools are performed
with His-Strep-tagged DKKl and with biotinylated
His-Strep-tagged DKKl in solution for two or three
rounds, respectively. For each of the panning
strategies, competition with the purified parental Fab
proteins or with unlabeled APP-tagged DKKl, as' well
as low antigen concentrations and extensive washing,
are used to increase stringency. The solution panning
on unlabeled His-Strep-tagged DKKl is performed over
two selection rounds mainly according to the standard
protocol described in Example 1. Exceptions to these
procedures are the application of reduced amounts of
antigen (decreasing from 5 nM down to 1 nM), the high
stringency of the washing procedure either with
competitor or without, and prolonged incubation
periods of antibody-phages together with the antigen.
For the first selection round using biotinylated DKKl,
the wells of a Neutravidin plate are washed two times
with 300 ml PBS. The wells are blocked with 2x
ChemiBLOCKER (Chemcon, Temecula, CA) diluted 1:1 in
PBS (Blocking Buffer). Prior to the selections, the
HuCAL GOLD(r) phages are also blocked with one volume
Blocking Buffer containing 0.1% Tween-20 for 30 min at
room temperature. The blocked phage preparations are
transferred in 100 ml aliquots to the wells of a
Neutravidin-coated plate for 30 min at room
temperature. This pre-adsorption step is repeated
once. Blocked and pre-cleared phage preparations are
incubated with 5 nM biotinylated DKKl for2 h at 22C on
a rotating wheel. Parental Fab, APP-DKKl or no
competitor is added and the samples are incubated
overnight at4C on a rotating wheel. Antigen-phage
complexes are captured in the wells of aNeutravidin
plate for 20 min at room temperature. After extensive
washing steps, bound phage particles are eluted by
addition of 200 ml of 20 mM DTT in 10 mM Tris pH 8.0
per well for 10 min at room temperature. The eluate is
removed and added to 14 ml E. coli TGl cells grown to
an OD oonm of 0.6-0.8. The wells are rinsed once with
200 ml PBS and this solution is also added to the E.
coli TGl cells. Phage infection of E. coli is allowed
for 45 min at 37C without shaking. After
centrifugation for 10 min at 5000 rpm, the bacterial
pellets are each resuspended in 500 ml 2xYT medium,
plated onto 2xYT-CG agar plates and incubated
overnight at 300C. The colonies are harvested by
scraping from the surface of the plates and the phage
particles are rescued and amplified as described
above. The second and third round of the selection are
performed as described above for the first round of
selection, excepted that washing conditions are more
stringent and antigen concentrations are 1 and 0.1 nM,
respectively. Electrochemiluminescence
(BioVeris)-based binding analysis of DKKl binding Fabs
For the detection of affinity-improved, DKK1-specific
antibody fragments in E. coli lysates (BEL extracts),
a BioVeris M-384 SERIES(r) Workstation (BioVeris
Europe, Witney, Oxfordshire, UK), is used. The assay
is carried out in 96-well polypropylene microtiter
plates and PBS supplemented with 0.5% BSA and 0.02%
Tween-20 as the assay buffer. Biotinylated human DKKl
is immobilized on M-280 Streptavidin paramagnetic
beads (Dynal) according to the instructions of the
supplier. A 1:25 dilution of the bead stock solution
is added per well. Samples of 100 ml diluted BEL
extract and beads are incubated overnight at room
temperature on a shaker. For detection, antihuman
(Fab)'2 (Dianova) labelled with BV-tagTM according to
instructions of the supplier (BioVeris Europe, Witney,
Oxfordshire, UK) is used. A set of about 2300 randomly
picked clones are analyzed by the method described
above. A subset of 160 clones giving the highest
values is chosen for further analysis in solution
equilibrium titration. Determination of picomolar
affinities using Solution Equilibrium Titration (SET)
For KD determination, monomer fractions (at least 90%
monomer content, analyzed by analytical SEC;
Superdex75, Amersham Pharmacia) of Fab are used.
Electrochemiluminescence (ECL) based affinity
determination in solution and data evaluation are
basically performed as described by Haenel et al.,
2005. A constant amount of Fab is equilibrated with
different concentrations (serial 3 dilutions) of human
DKKl (4 nM starting concentration) in solution.
Biotinylated human DKKl coupled to paramagnetic beads
(M-280 Streptavidin, Dynal), and BVtag (tm) (BioVeris
Europe, Witney, Oxfordshire, UK) labelled anti-human
(Fab)' 2 (Dianova) is added and the mixture incubated
for 30 min. Subsequently, the concentration of unbound
Fab is quantified by ECL detection using the
M-SERIES(r) 384 analyzer (BioVeris Europe).For this
purpose, 160 single clones are selected and purified
by Ni-NTA Agarose in the mg scale. Preliminary
affinities are determined by 4-point solution
equilibrium titration (SET) in BioVeris. From these
data, 20 clones showing affinities are selected. These
Fabs are purified in the mg scale. MOR04950 is
excluded from affinity determination and further
evaluation due to partial aggregation of the Fab which
is detected in size exclusion chromatography. Final
affinities are determined from two independent batches
of each Fab clone using an 8-point SET measurement and
human, mouse, and cynomolgus DKKl . Affinity
determination to mouse and cynomolgus DKKl is done
essentially as described above using mouse DKKl (R&D
Systems) and cynomolgus DKKl as analyte in solution
instead of human DKKl . For detection of free Fab,
biotinylated human DKKl coupled to paramagnetic beads
is used. Affinities are calculated according to Haenel
etal., 2005 Anal Biochem 339.1 :182-184. Using the
assay conditions described above, the affinities for
the affinity-optimized anti- DKKl Fabs are determined
in solution. Affinities are determined for MOR04910
and MOR04946, with KDs below 30 pM to human DKKl and
between 36 and 42 pM to mouse and cynomolgus DKKl.
Further seven antibodies showed affinities below 100
pM to all three antigens. Clone MOR04950 did not show
binding to the biotinylated DKKl. The affinities are
summarized in Table 7 herein. Table 7. Affinities of
FabsExample 6: Characterization of affinity-optimized
anti-human DKKl Fabs Enzyme Linked Immuno Sorbent
Assay (ELISA) Techniques Binding specificity of the
matured Fabs in the presence of 50% human serum (HS)
is determined. Serial dilutions of human recombinant,
biotinylated DKKl in TBS are coated onto isleutravidin
microtiter plates for 2 h at room temperature, from 8
ng DKKl per well to a concentration of 125 ng DKKl per
well. After coating of the antigen, wells are blocked
with TBS/ 0.05% Tween (TBS-T) supplemented with 1% BSA
for 1 h at room temperature. Purified Fabs described
above are diluted either in TBS/ 4% BSA or TBS/ 50% HS
at a final concentration of 1 mg/ml, added to the
coated and blocked wells and the plates are incubated
for 1 h at room temperature. For detection, an
anti-FLAG alkaline phosphatase (AP)-conjugated
antibody ( 1:5000 dilution in TBST) and the
fluorogenic substrate AttoPhos (Roche) are used. After
each incubation, the wells of the microtiter plates
are washed with TBST five times, except after the
final incubation step with the labeled secondary
antibody when wells are washed three times. The
fluorescence is measured in a TECAN Spectrafluor plate
reader. Exemplary binding 



curves are shown in FIG. 3 herein. Table 8 summarizes
the binding activity of the optimized anti- DKKl Fabs
in presence of 50% human serum compared to binding
activity in 4% BSA, which ranges from 83% to 100%. The
median value is found to be 93%, thus the anti-DKKl
Fabs are found to fully bind to target in the presence
of human serum. Table 8. Binding activity of
FabsLuciferase reporter cell assay in presence of
human serum using the U2OS cell line For a further
determination of binding specificity of the optimized
anti-DKKl Fabs, the luciferase reporter cell assay is
repeated in presence of 15% human serum using the
osteosarcoma cell line U2OS. The U2OS cells (ATCC No.
HTB-96) are grown according to the provider's protocol
(ATCC, Manassas, VA, USA). The cells are trypsinized,
counted, and diluted in culture medium (McCoy's 5a/
10% FCS) to a concentration of 2x1 05 cells/ml. For
each 2x1 04 cells, a solution is prepared that is a
mixture of 0.075 mg pTA-LUC-12xSuperTopFlash and 0.004
mg phRLSV40." These are mixed in a final volume of 9.8
ml OPTI-MEM. Then 0.2 ml FuGENE 6 Transfection Reagent
(Roche, Mannheim, Germany) is added. This transfection
mix is briefly incubated and then mixed with the
previously prepared cells. Subsequently, the cells are
seeded in 100 ml per well of a white flat-bottomed
96-well cell culture dish and incubated at 37C and 5%
CO2 over night. The next day, 75 ml medium are removed
from each well of the assay plate and substituted by
10 ml of HuCAL(r) Fab antibodies dilutions from (10 to
0.01 mg/ml diluted in serumfree culture medium), 15 ml
of either 70% FCS or Human Serum, and 50 ml of the
Wnt3a Conditioned Medium, containing 600 ng/ml
DKKl-APP is added to each well. For a negative
control, serum-free medium is added instead of
antibody dilutions. In order to obtain a maximum
luciferase signal, controls containing 1Oml serum-free
medium instead of antibody dilutions and 50 ml Wnt3a
CM without DKKl-APP are added. After 24 h incubation
at 37C, 5% CO2, the luminescence is measured with the
Dual-Glo Luciferase Assay System (Promega, Madison,
WI, USA) according to the manufacturer's instructions.
Table 9 shows the inhibitory activity of the optimized
anti-DKKl Fabs in presence of 15% human serum
(compared to the inhibitory activity in 15% FCS). The
data shows that the activity obtained in the presence
of serum ranged from 26% to 90%, with a median value
of 70-74%. These data show that clones of the
anti-DKKl Fabs are obtained that function in the
presence of human serum. Table 9. Inhibitory activity
of FabsECsn determination of affinity-optimized
anti-DKKl Fabs by luciferase reporter cell assay The
test of the affinity-improved Fabs in the standard
Wnt3a-dependent TCF/LEF luc reporter assay used 10 nM
DKKl in order to obtain inhibition of the luciferase
expression. It is seen that EC50 values could not be
generated by this method as the sensitivity of the
assay is too low. This is indicated by very steep
inhibition curves and similar ECso values for all Fabs
tested as seen in FIG. 4 herein. An improved version
of the TCF/LEF luc reporter assay is developed. DKKl
binds to the Kremen-1 and -2 transmembrane proteins
and this interaction leads to a strong synergistic
inhibition of Wnt signaling (Mao et al. 2002 Nature:
417: 664-67). Therefore, Kremen cDNA is co-transfected
with the TCF/LEF luc reporter assay. The resulting
Wnt3a-dependent reporter assay showed highly improved
sensitivity to DKK 1, mediated by co-expression of the
Kremen co-receptor protein. In this assay, 0.33 nM
DKKl is sufficient to induce full inhibition of Wnt
signaling. The Fab titrations (at ten concentrations)
are repeated using 0.33 nM DKKl , and yielded sigmoid
inhibition curves (FIG. 5 herein) from which EC50
values could be calculated. The affinity-optimized
anti-DKKl Fabs are thereby analyzed with respect to EC
0 as described above. As shown in Table 10 herein, the
EC5Ovalues obtained by this method ranged from 0.2 nM
to 5.6 nM. Table 10. EC50 of FabsSequence analysis of
the affinity-optimized Fabs The nucleotide sequences
of the heavy and V regions (VHand VL) of all twenty
Fabs are determined. Amino acid sequences of the
complementarity determining regions (CDRs) are listed
in Table 1IA and Table 1IB herein Table 1IA. Amino
acid sequences of Heavy Chain CDR's Table 11B. Amino
acid sequences of Light Chain CDR'sThe sequence
analysis showed that five of the six parental (P) Fabs
yielded affinityimproved successors. MOR04461 and
MOR04470 could be optimized in HCDR2 as well as in
LCDR3. No optimized successors of MOR04454 are
obtained. In addition, high homology appears between
disparate parent antibodies, as shown in consensus]
and consensus2 sequences for the various CDRs in Table
1IB Similar consensus sequences may be provided for
parent sequences shown in Table 1OA using methods well
known to one skilled in the art. In addition, it is
determined that MOR04920 has a mutation in the HCDR2
region (a Ser residue to a GIy at pos. 73 according to
the numbering scheme published by Honegger and
Pluckthun, 2001 J MoI Biol 309.3:657-670 thus
deviating from the HuCAL(r) design. MOR04913 is shown
to have a point mutation in framework 4 of the kappa
light chain (Lys to Asn exchange at position 148). As
this position is not expected to have an effect on the
binding properties of the antibody the mutation is
reverted back to the germline / HuCAL(r) composition
during IgG conversion, yielding antibody MOR05145.
MOR04947 has a potential glycosylation site in LCDR2.
This site is not removed as MOR04947 is selected only
as one of the back-up candidates.Example 7: Production
of HuCAL(r) immunoglobulins Conversion into the IgG
format In order to express full length immunoglobulin
(Ig), variable domain fragments of heavy (VH) and
light chains (VL) are subcloned from the pMORPH X9_FH
Fab expression vectors either into the pMORPH(r)_h_Ig
or the pMORPH(r)2_h_Ig vector series for human IgGl
and human lgG4. Alternative vectors may be used for
human IgG2. Restriction enzymes EcoRl, Mf el, and BIpI
are used for subcloning of the VHdomain fragment into
rMORPH(r)_h_IgGl and pMORPH(r)_h_IgG4. Restriction
enzymes Mfel and BIpI are used for subcloning of the
VH domain fragment into pMORPH(r)2_h_IgGlf and
pMORPH(r)2_h_IgG4. Subcloning of the VL domain
fragment into pMORPH(r)_h_Ig k and rMORPH(r)2_h_Igk is
performed using the EcoRV and BsMl sites, whereas
subcloning into pMORPH(r)_h_Ig l and pMORPH(r)2_h_Ig
l2 is done using EcoRV and Hpal. Transient expression
and purification of human IgG HEK293 cells are
transfected with an equimolar amount of IgG heavy and
light chain expression vectors. On days 4 or 5 after
transfection, the celi culture supernatant is
harvested. After adjusting the pH of the supernatant
to 8.0 and sterile filtration, the solution is
subjected to standard protein A column chromatography
(Poros 2OA, PE Biosystems). Conversion of parental
Fabs into the IgG formats In parallel to the start of
the affinity maturation, MOR04454, MOR04456, and
MOR04470 are cloned into the pMORPH(r)_h_IgGl and
pMORPH(r)_h_IgG4 expression vectors. Alternative
constructs may be used for creation of IgG2 expression
vectors. Small scale expression is performed by
transient transfection of HEK293 cells and the full
length immunoglobulins are purified from the cell
culture supernatant. The data show by size exclusion
chromatography that the antibodies are in monomeric
form. Testing in the Wnt3a-dependent reporter assay
proved that the proteins are functional. Example 8:
Amino acid sequences and nucleotide sequences of genes
optimized for expression To increase mammalian
expression, changes are introduced into the heavy and
the light chains of Fabs herein for optimization of
codon usage for expression in a cell. It is known that
several negatively cis-acting motifs decrease
expression in mammals. The optimization process herein
removes negative cis-acting sites (such as splice
sites or poIy(A) signals) which negatively influence
expression. The optimization process herein further
enriches GC content, to prolong mRNA half-life.
Variable light and heavy chain regions are optimized
using a clone of a Fab, MOR04945 (full length light
chain parental nucleotide sequence is SEQ ID NO: 98
and full length heavy chain parental nucleotide
sequence is SEQ IDNO: 102), isolated herein by
selection with phage display. Then the nucleotide
sequences encoding each of the entire light and heavy
chains of this and other clones are each optimized
using these procedures.Optimization process for V and
V chains of MOR04945 For optimizing the nucleotide
sequence and amino acid sequence of each of the VL and
VH chains for expression in mammalian cells, the codon
usage is adapted to the codon bias of mammalian genes.
In addition, regions of very high (> 80%) or very low
(< 30%) GC content are reduced or eliminated where
possible. Alternatively, optimization for expression
in bacteria, yeast or baculovirus would entail
adapting codon usage biased for their respective
genes. During the optimization process for mammalian
expression, the following cis-acting sequence motifs
are avoided: internal TATA-boxes, chi-sites and
ribosomal entry sites, AT-rich or GC-rich sequence
stretches, RNA instability motif (ARE) sequence
elements, inhibitory RNA sequence elements (INS), cAMP
responsive (CRS) sequence elements, repeat sequences
and RNA secondary structures, splice donor and
acceptor sites including cryptic sites, and branch
points. Except as indicated, introduction of MIuI and
HindIII sites is avoided in the process of optimizing
the nucleotide sequence of the VL chain. Except as
indicated, introduction of Mlyl and BstElI sites is
avoided in the process of optimizing the nucleotide
sequence of the VH chain. Amino acid sequences of VH
and Vr chains of MOR04945 optimized for expression
Codon usage is adapted to that of mammals to enable
higher and more stable expression rates in a mammalian
cell for the resulting optimized amino acid sequences
for the VH and VL chains of the clone MOR04945
described above. See Example 5. Table 12A below shows
the sense and anti-sense (AS) nucleotide sequences of
the variable light chain (SEQ ID NO: 120) and the
resulting variable light chain amino acid (designated
AA) sequence (SEQ ID NO: 118) as optimized for
expression. Table 12A. Nucleotide sense and antisense
sequences, and amino acid sequences of VH chain
optimized for expressionTable 12B below shows sense
and anti-sense variable heavy chain nucleotide
sequences (SEQ ID NO: 121) and the resulting variable
heavy chain amino acid (designated AA) sequence 



(SEQ ID NO: 119) as optimized for expression. Table
12B. Nucleotide sense and antisense sequences, and
amino acid sequences of VHchain optimized for
expressionPre- and post-optimization charts may
provide the percentages of sequence codons for each of
the parental sequences and optimized genes
respectively, and analyses the quality class of the
respecting nucleotide sequences encoding the VH and VL
chains. Quality value as used herein means that the
most frequent codon used for a given amino acid in the
desired expression system is set as 100, and the
remaining codons are scaled accordingly to frequency
of usage. (Sharp, P.M., Li, .H., Nucleic Acids Res. 15
(3), 1987). Further, the codon adaptation index (CAT)
is a number that describes how well the codons of the
nucleotide sequence match the codon usage preference
of the target organism. The maximum value of CAl is
set to 1.0, thus a CAI of > 0.9 is considered as
enabling high expression. The CAI for the V L chain
prior to optimization is found to be 0.73, and after
optimization, the CAI is determined to be 0.95.
Similarly, the CAI for the VH chain prior to
optimization is found to be 0.74, and after
optimization, is determined to be 0.98 in optimized
constructs, the GC content in the V chain is increased
from 51% for the parent sequence of MOR04945 to 62%
for the optimized sequence derived from MOR04945. As
shown in FIGS. 9A and 9B, the GC content in the VH
chain is increased from 54% for the parent sequence of
MOR04945 to 64% for the optimized derivative of
MOR04945. Optimization for expression of full length
light chains and heavy chains of MOR04910. MOR04945.
MOR04946. and MOR05145 The optimization process is
applied to each of the parent full length nucleotide
sequences of the light chains of MOR04910 (SEQ ID NO:
97), MOR04945 (SEQ ID NO: 98), MOR04946 (SEQ ID NO:
99), and MOR05145 (SEQ ID NO: 100) and the parent full
length nucleotide sequences of the heavy chains of
MOR04910 (SEQ ID NO: 101), MOR04945 (SEQ ID NO: 102),
MOR04946 (SEQ ID NO: 103), and MOR05145 (SEQ ID NO:
103).The optimization process is used to construct
each of the following light chain nucleotide sequences
associated with the parent clone numbers: for clone
MOR04910 the optimized nucleotide sequence is SEQ ID
NO: 104; for clone MOR04945 the optimized nucleotide
sequence is SEQ ID NO: 105; for clone MQR04946 the
optimized nucleotide sequence is SEQ ID NO: 106, and
for clone MOR05145 the optimized nucleotide sequence
is SEQ ID NO: 107. Further, the optimization process
is used to, construct each of the following heavy
chain nucleotide sequences associated with the parent
clone numbers: for clone MOR04910 the optimized
nucleotide sequence is SEQ IDNO: 108; for clone
MOR04945 the optimized nucleotide sequence is SEQ ID
NO: 109; for clone MOR04946 the optimized nucleotide
sequence is SEQ ID NO: 110; and for clone MOR05 145
the optimized nucleotide sequence is SEQ ID NO: 110.
The optimized light chain nucleotide sequences are
associated with the following optimized light chain
amino acid sequences: for clone MOR04910 the optimized
amino acid sequence is SEQ ID NO: 111; for clone
MOR04945 the optimized amino acid sequence is SEQ ID
NO: 112; for clone MOR04946 the optimized amino acid
sequence is SEQ ID NO: 113; and for clone MOR05 145
the optimized amino acid sequence is SEQ ID NO: 114.
The optimized heavy chain nucleotide sequences are
associated with the following optimized heavy chain
amino acid sequences: for clone MOR0491 0 the
optimized amino acid sequence is SEQ ID NO: 115; for
clone MOR04945 the optimized amino acid sequence is
SEQ ID NO: 116; for clone MOR04946 the optimized amino
acid sequence is SEQ IDNO: 117; and for clone MOR05145
the optimized amino acid sequence is SEQ ID NO: 117. A
listing of nucleotide and polypeptide sequences of
contemplated full length light and heavy chain
sequences are provided in Table 13A and Table 13B.
Table 13A provides optimized nucleotide sequences and
the polypeptides encoded by them. These nucleotide
sequences are optimized to remove latent splice sites
that are recognized in mammalian expression systems.
Table 13B provides the parental nucleotide sequences
for the clones listed in Table 13A. Table 13A: Light
Chain (LC) and Heavy Chain (HC) Sequences -
optimizedTHIAZOLE COMPOUNDS AND METHODS OF USE CROSS
REFERENCES TO RELATEDAPPLICATIONS [0001] This
application claims the benefit of United States
Provisional Application No. 60/759,546, filed on
January 18, 2006, which is hereby incorporated by
reference in its entirety and for all purposes as if
fully set forth herein. FIELD OF THE INVENTION [0002]
The invention relates to thiazole compounds useful for
treating diseases mediated by protein kinase B (PKB).
The invention also relates to the therapeutic use of
such thiazole compounds and compositions thereof in
treating disease states associated with abnormal cell
growth, cancer, inflammation, and metabolic disorders.
BACKGROUND OF THE INVENTION [0003] Protein kinases
represent a large family of proteins which play a
central role in the regulation of a wide variety of
cellular processes, maintaining control over cellular
function. A partial list of such kinases includes abl,
bcr-abl, BIk, Brk, Btk, c-kit, c-met, c-src, c-fms,
CDKl, CDK2, CDK3, CDK4, CDK5, CDK6, CDK7, CDK8, CDK.9,
CDKlO, cRafl, CSFlR, CSK, EGFR, ErbB2, ErbB3, ErbB4,
Erk, Fak, fes, FGFRl, FGFR2, FGFR3, FGFR4, FGFR5, Fgr,
flt-1, Fps, Frk, Fyn, GSK3a GSK3b, Hck, IGFIR, INS-R,
Jak, KDR, Lck, Lyn, MEK, MK2, MSKl, p38, PDGFR, PIK,
PKB, PKA, PIMl, PIM2, PRAK, PRK2, PKC, PYK2, P70S6,
ROCK2, ros, tie, tie2, TRK, Yes, and Zap70. Inhibition
of such kinases has become an important therapeutic
approach. [0004] AKT (also known as protein kinase B
(PKB) or RAC-PK), including three isoforms AKTl/PKB
a/RAC-PK a, AKT2/PKB a/RAC-PK bJ AKT3/PKB g/RACPK g,
has been identified as a serine/threonine protein
kinase. Testa et al., Proc. Natl. Acad, ScL, 2001, 98,
10983-10985; Brazil et al., Trends Biochem ScL, 2001,
11, 657-64; Lawlor et al., J. Cell ScL, 2001 , 114,
2903-29 10; Cheng, Proc. Natl. Acad. ScL USA, 1992,
89, 9267-9271 ; Brodbeck, et al, J. Biol Chem. 1999,
274, 9133-9136. PKB mediates many effects of IGF-I and
other growth factors on tumor growth and inhibition
ofapoptosis. Nicholson, el al, Cell. Signal, 2002, 14,
381-395. PKB plays an important role in cell
proliferation, apoptosis and response to insulin. For
these reasons, modulation _ ] _of PKBs is of interest
in the treatment of tumorigenesis, abnormal cell
proliferation, and diabetes. [0005] The molecular
structure of the PKBs comprises a regulatory site near
the carboxy terminus of the polypeptide, a catalytic
domain with an activation loop having a threonine, and
an amino-terminal pleckstrin homology domain. The
pleckstrin homology domain permits anchorage of the
enzyme to the cell membrane through interaction with
phospholipids, which triggers the activation of the
PKBs. The role of the pleckstrin homology domain
requires phosphorylation of phosphatidylinositol at
the D-3 position via phosphatidylinositol 3-kinase
PI3K, an SH2 domain protein that associates with
activated receptor tyrosine kinases, particularly
IGF-I R. In particular, phosphoinositol-3- kinase,
when activated by receptor tyrosine kinase, catalyzes
the synthesis of phosphoinositol-3,4-diphosphate and
phosphatidylinositol 3,4,5-triphosphate. The
pleckstrin homology domain binds 3-phosphoinositides,
which are synthesized by PI3K upon stimulation by
growth factors such as platelet derived growth factor
(PDGF), nerve growth factor (NGF) and insulin-like
growth factor (IGF-I ) . Kulik et al, MoI. Cell. Biol,
1997, 17, 1595-1606; Hemmings, Science, 1997, 275,
628-630; Datta, et al. Genes Dev., 1999, 13,
2905-2927. Lipid binding to the pleckstrin homology
domain promotes translocation of PKB to the plasma
membrane. Further activation of PKB occurs by
phosphorylation by another protein kinase, PDKl at
Thr308, Thr309, and Thr305 for the PKB isoforms a, b
and g, respectively. A third step of activation is
catalyzed by a kinase that phosphorylates Ser473,
Ser474 or Ser472 in the C-terminal tails of PKBa, b,
and g respectively. The Ser473 kinase activity has
been identified to be associated with plasma membrane
and is not due to PKB and PDKl kinase activity. HiII
al, Current Biology, 2002, 12, 1251-1255; Hresko
etal., J. Biol. Chem., 2003, 278, 21615-21622. The
process produces the fully activated form of PKB.
[0006] Activation of PKB can also occur by inhibiting
the D-3 phosphoinositide specific phosphatase, PTEN,
which is a membrane-associated FYVE finger phosphatase
commonly inactivated in many cancers due to genetic
alteration, including prostate cancer. Besson, et al,
Eur. J. Biochem., 1999, 263, 605-61 1; Li, etal.,
Cancer Res., 1997, 57 2124-2129. [0007] The catalytic
domain of PKB is responsible for the phosphorylation
of serine or threonine in the target protein.[0008]
Once activated, PKB mediates several cellular
functions including proliferation, cell growth, and
promotion of survival. Intracoronary,
adenovirus-mediated akt gene transfer in heart limits
infarct size following ischemia-reperfusion injury in
vivo. Miao etal, J . MoI. Cell. Cardiol., 2000, 32,
2397-2402. The antiapoptotic function of PKB is
reported to be mediated by its ability to
phosphorylate apoptosis regulatory molecules including
BAD, caspase 9, IKK-, and the forkhead transcriptional
factor FKHRLl. Datta et al., at 2905. PKB signaling is
also implicated in the physiological regulation of
organ size (Verdu, et al., Nat. Cell Biol., 1999, 1,
500-506), glucose homeostasis (Czech, et al., J. Biol.
Chem., 1999, 274, 1865-1 868), vasomotor tone (Luo, et
al. J. Clin. Invest. 1999, 106, 493-499), and
angiogenesis (Kureishi, et al., Nat. Med., 2000, 6,
1004-1010). [0009] Manifestations of altered PKB
regulation appear in both injury and disease, the most
important role being in cancer. PKB kinase activity is
constitutively activated in tumors with PTEN mutation,
PI 3-kinase mutation and overexpression, and receptor
tyrosine kinase overexpression. PKB is also a mediator
of normal cell functions 



in response to growth factor signaling. Expression of
the PKB gene was found to be amplified in 15% of human
ovarian carcinoma cases. Cheng, et ah, Proc. Natl.
Acad. Sci. U.S.A., 1992, 89, 9267-9271. PKB has also
been found to be over expressed in 12% of pancreatic
cancers. Cheng, et al., Proc. Natl. Acad. Sci. U.S.A.,
1996, 93, 3636-3641. In particular, PKBb is
over-expressed in 12% of ovarian carcinomas and in 50%
of undifferentiated tumors, suggesting that PKB may be
associated with tumor aggressiveness. Bellacosa, et
al, Int. J. Cancer, 1995, 64, 280-285. PKB is also a
mediator of normal cell functions. Khwaja, Nature,
1999, 401, 33-34; Yuan, et al., Oncogene, 2000, 19,
2324-2330; Namikawa, et al., JNeurosci., 2000, 20,
2875-2886. [0010] Elucidation of the role of PKB in
the increase of growth and inhibition of apoptosis is
complicated by the many protein substrates of PKB,
including BAD, Forkhead (FOXO family), GSK3, Tuberin
(TSC2), p27 Kipl, p21Cipl/WAFl, Raf, Caspase-9, and
Mdm2. Lin, et al, Proc. Natl. Acad. Sci. U. S. A.,
2001, 98, 7200-7205; Blume-Jensen, et al., Nature
2001, 4 11, 355-365; Vivanco, et al., Nat. Rev.
Cancer, 2002, 2, 489-501. [0011] The various PKBs vary
in their abundance in different mammalian cell types.
For example, PKBb is especially abundant in highly
insulin-responsive tissues,including brown fat; PKBa
is widely expressed in most of the tissues; and PKBg
is more abundant in brain and testes. [0012]
Modulation of PKB by small molecules can be achieved
by identifying compounds that bind to and activate or
inhibit one or more PKBs. Cao et al. in United States
Publication No. 2004/0122016, published June 24, 2004,
disclose certain thiophene derivatives and thiophene
analogs as inhibitors of protein kinases. In
particular, the disclosure addresses compositions
effective as inhibitors of Rho-associated coiled-coil
forming protein serine/threonine kinase (ROCK),
extracellular signal regulated kinase (ERK), glycogen
synthase kinase (GSK), and members of the AGC
sub-family of protein kinases. Id. at 4. The AGC
sub-family of kinases includes protein kinase A (PKA),
PDK, p70s6K-l, p70S6K-2, and PKB. Id. [0013]
Triciribine has been reported to inhibit cell growth
in PKBb overexpressing cells, transformed cells, and
was effective at a concentration of 50 nM. Yang et
al., Cancer Res., 2004, 64, 4394-4399. [0014] In other
work, U.S. Patent No. 5,232,921, issued August 3,
1993, discloses thiazole derivatives that are active
on the cholinergic system. The patent does not address
modulation of PKB. [0015] U.S. Patent Publication No.
US 2005/0004134, published January 6, 2005, discloses
certain thiazole derivatives, a method of obtaining
them, and pharmaceutical compositions containing them.
The derivatives are described as adenosine antagonists
useful in the prevention and/or treatment of cardiac
and circulatory disorders, degenerative disorders of
the central nervous system, respiratory disorders, and
many diseases for which diuretic treatment is
suitable. [0016] Derivatives of thiazole were
synthesized and used in treating conditions alleviated
by antagonism of a 5-HT2b receptor in International
Publication No. WO 03/068227. Thiazolyl substituted
aminopyrimidines were also made and tested as
fungicides in U.S. Patent Publication No. US
2005/0038059, published February, 2005. Derivatives of
thiazole were also synthesized by Sanner et al. and
indicated to have activity inhibiting cdk5, cdk2, and
GSK-3. U.S. Patent Publication No. US 2003/0078252,
published April 24, 2003. [0017] Thiadiazole compounds
useful for treating diseases mediated by PKB are
disclosed in WO 2006/044860, published on April 27,
2006, and in U.S. Patent Publication No. US
2006/0154961, published on July 13, 2006.[0018] A need
exists for new compounds that can be used to modulate
PKB and can be used to treat various disease
conditions associated with PKB. SUMMARY OF THE
INVENTION [0019] This invention encompasses novel
compounds useful for treating diseases or conditions
mediated by PKB. The invention also encompasses the
therapeutic use of such compounds and compositions
thereof in the treatment of disease states associated
with abnormal cell growth, such as cancer, or
metabolic disease states, such as diabetes, or
inflammation. The invention further provides
pharmaceutical compositions that include the compounds
of the invention and the use of the compounds in the
preparation of medicaments for treating various
conditions and disease states. [0020] In one aspect
the invention comprises a compound of Formula I
wherein: A is or aryl; Y is-N(R 5)R6 or-OR 6; X is O,
S or-N(R 7); R1 is R8, -CHR 1'-N(H)-R 8 -CHR 1'-O-R 8,
C2-C6 alkynyl, C2-C6 hydroxyalkynyl, or -C=N; R2 is
aryl or heteroaryl; R3 is-H, C -C6 alkyl which may be
interrupted by one or more hetero atoms, -(CR9R
0),(aryl), -(CR9RI0)t(heteroaryl),
-(CR9R10)t(cycloalkyl), or -(CR9R10),(heterocyclyl);R4
is C1-C6 alkyl which may be interrupted by one or more
hetero atoms, -(CR9R )t(aryl), -(CR9R1),(heteroaryl),
-(CR9R10)t(cycloalkyl), or -(CR9RI0),(heterocyclyl),
or R3 and R4, together with the carbon atom to which
they are both attached, join to form a C3-Ci0
heterocyclic or carbocyclic ring system, or R4 and R7
join to form a C3-C10 heterocyclic ring; R5 is -H,
C1-C8 alkyl, -C(O)(CR 9RI0),)N(R7)2, -C(O)(CR9R10 ),,
-C(O) 2(CR R10),, -(CR9R10),(aryl),
-(CR9R10)t(heteroaryl), -(CR9R10),(cycloalkyl), or
-(CR9R1),(heterocyclyI), or R4 and R5join to form a
C3-C10 heterocyclic ring; R6 and R7 are independently
selected from-H, Ci-C8 alkyl, -(C -C6 alkyl)aryl, or
-C(O)(Ci-C 6 alkyl), or R6 and R7, together with the
atoms to which they are linked, join to form a 5 to
6-membered heterocyclic ring, or Rs and R6, together
with the nitrogen atom to which they are linked, join
to form a 5 to 6- membered heterocyclic or heteroaryl
ring; R8 is -H, Ci-C6 alkyl, -(C, -C6 alkyl)aryl,
aryl, or heteroaryl; and R9, R10 , and R1' are
independently selected from -H, C1-C6 alkyl, or aryl;
wherein n is an integer from 1to 6; m is an integer
from 0 to 2; and each t is independently an integer
from 0 to 3; wherein each of the above alkyl, aryl,
heteroaryl, cycloalkyl, and heterocyclyl moieties and
heterocyclic and carbocyclic rings are optionally and
independently substituted by 1- 3 substituents
selected from amino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl optionally substituted by 1-5
substituents selected from Ci-C alkoxy, Ci-C6 alkyl
optionally substituted by halo, aryl, halo, hydroxy!,
heteroaryl, Ci-C6 hydroxyalkyl, or -NHS(O) 2-(Ci-C 6
alkyl);C1-C6 alkyl, C1-C6 haloalkyl, C1-C5
hydroxyalkyi, C1-C6 alkoxy, C1-C6 alkylamino, C2-C
alkenyl, or C2-Q5 alkynyl, wherein each of which may
be interrupted by one or more hetero atoms, cyano,
halo, hydroxyl, nitro, or -O-aryl; or a
pharmaceutically acceptable salt, hydrate, or
stereoisomer thereof. [0021] In one embodiment, the
invention comprises a compound of Formula I, wherein A
is [0022] In another embodiment, the invention
comprises a compound of Formula I, wherein A is and m,
n, and t are 1. [0023] In another embodiment, the
invention comprises a compound of Formula I, wherein A
is and X is -N(R7), Y is -N(R5)(R6), and m, n, and t
are 1. [0024] In another embodiment, the invention
comprises a compound of Formula I, wherein A isand X
is -N(R7), Y is -N(R5)(R5), R2 is heteroaryl, R3 is
-H, R4 is -(CR 9Rlo)t(aryl) or -(CR9R1)t(heteroaryl),
m, n, and t are 1, R5, R6, and R7 are -H, and R9 and
R10 are independently selected from H or C -C3 alkyl.
[0025] In another embodiment, the invention comprises
a compound of Formula I, wherein A is and X is -N(R7),
Y is -N(RS)(R6), R2 is bicyclic heteroaryl, R3 is -H,
R4 is 



-(CR9Rl0),(monocycIic aryl) or -(CR9RI0),(bicyclic
heteroaryl), m, n, and tare 1, and R5, R6, R7 R9and
R10 are -H. [0026] In another embodiment, the
invention comprises a compound of Formula I, wherein A
is and X is -N(R7), Y is -N(R5)(Re), R2 is bicyclic
heteroaryl, R3 is -H, R4 is -(CR9R10),(monocyclic
aryl) or -(CR9Rl0),(bicyclic heteroaryl), m, n, and t
are 1, and R5, R6, R7, R9and R10 are -H, wherein the
bicyclic heteroaryl group of R2 is isoquinolinyl,
lH-indazolyl, thiazolo[5,4-c]pyridinyl,
benzo[d]thiazole-2(3H)-onyl, phthalazinyl,
indolin-2-onyl, 3,4-dihydroquinolin-2(lH)-onyl,
benzo[d}isoxazolyl, benzo[d]oxazol- 2(3H)-onyI,
benzo[d]imidazol-2(3H)-onyl, or 1,6-naphthyridinyl;
and the monocyclic aryl group of R4 is phenyl,
chlorophenyl, (trifluoromethyl)phenyl, or (C
-C6)alkoxyphenyl, or the bicyclic heteroaryl group of
R4 is lH-indolyl. In some embodiments, the bicyclic
heteroaryl group of R2 is isoquinolin-6-yl,
3-aminoisoquinolin-6-yI, lH-indazol-5-yl, 1Hindazol-
6-yl, 3-amino-lH-indazol-5-yl,
3-amino-lH-indazol-6-yl, 3-amino- 1-methyl- 1Hindazol-
6-yl, 3-methylamino-lH-indazol-5-yl,
3-methyl-lH-indazol-5-yl, thiazolo[5,4-c]pyridin-2-yl,
benzo[d]thiazole-2(3H)-on-6-yl,
l-hydroxyphthalazin-6-yl, phthalazin-6- yl,
indolin-2-on-5-yl, 3-methylindolin-2-on-5-yl,
3-(furan-2-ylmethylene)indolin-2-on-5- yl,
3-(lH-imidazol-5-ylmethylene)indolin-2-on-5-yl,
3,3-difluoroindolin-2-on-5-yl, 3,4-
dihydroquinoIin-2(lH)-on-6-yl, benzo(d]isoxazol-5-yI,
3-aminobenzo[d]isoxazol-5-yl,
benzo[d]oxazol-2(3H)-on-6-yl,
l-methyl-lH-benzo[d]imidazol-2(3H)-on-6-yl, or 1,6-
naphthyridin-2-yl. In some such embodiments, the
monocyclic aryl group of R4 is phenyl, 3-chlorophenyl,
4-chlorophenyI, 4-methoxyphenyI,
3-(trifluoromethyl)phenyl, or
4-(trifluoromethyl)phenyl, or the bicycHc heteroaryl
group of R4 is lH-indol-3-yl. [0027] In another
embodiment, the invention comprises a compound of
Formula I, wherein A is and X is -N(R7), Y is
-N(R5)(R6), R2 is bicyclic heteroaryl, R3 is -H, R4 is
-(CR9R10),(monocyclic aryl), m, n, and t are 1, and
R5, R6, R7, R9 and R10 are -H, wherein the bicyclic
heteroaryl group of R2 is isoquinolin-6-yl,
3-aminoisoquinolin-6-yl, 1Hindazol- 5-yl,
3-methyl-lH-indazol-5-yl, thiazolo[5
s4-c]pyridin-2-yl, benzo[d]oxazol- 2(3H)-on-6-yl, or
l,6-naphthyridin-2-yl, and the monocyclic aryl group
of R4 is 4- chlorophenyl, 3-(trifluoromethyl)phenyl or
4-(trifluoromethyl)phenyi. [0028] In other
embodiments, the invention comprises a compound of
Formula I having any of the features of any of the
embodiments described above in which R1 is-H, -CH3,
-CH2CH , -CH2OCH3, -CH2OCH2CH3, -CH2OH, -CH2OCH2CF3,
-CH2N(H)CH 3, -CH(CH3)OCH3, furanyl, phenyl, pyridyl,
or -CsN. In some such embodiments, R1 is- H, -CH3
-CH2OCH3, -CH2OCH2CH3, -CH2OH, or furan-2-yl. In other
embodiments, R1 is -CH3, -CH2CH3, -CH2OCH3,
-CH2OCH2CH3, -CH2OH, -CH2OCH2CF3, -CH2N(H)CH3,
-CH(CH3)OCH3, furanyl, phenyl, pyridyl, or-C N. In
some such embodiments, R1 is -CH3, -CH2OCH3,
-CH2OCH2CH3, -CH2OH, or furan-2-yl. In other
embodiments, R1 is -(C 1-C6 alkyl), -(C 1-C6
alkyl)aryl, aryl, heteroaryl, -CHR 1'-N(H)-R 8, -CHR
1'-O-R 8, or -C=N. In some such embodiments, R1 is
-(CpC alkyl), aryl, heteroaryl, -CHR 1'-N(H)- R8, -CHR
n -O-R 8, or -CsN. In still other such embodiments, R1
is -(C 1-C6 alkyl), heteroaryl, or -CHR 1'-O-R 8.
.[0029] In another embodiment, the invention comprises
a compound of Formula I, wherein A is aryl, X is
-N(R7) R2 is heteroaryl, and m is 1. [0030] In another
embodiment, the invention comprises a compound of
Formula I, wherein A is aryl, X is -N(R7), R2 is a
bicyclic heteroaryl, m is 1, and R7 is -H. [0031] In
another embodiment, the invention comprises a compound
of Formula I, wherein A is a monocyclic aryl, X is
-N(R7), R1 is -H, R2 is thiazolo[5,4-c]pyridin-2-yl, m
is 1, and R7 is -H. [0032] In another aspect, the
invention provides a compound of Formula II wherein:
R1 is -H, halo, -OR8, C1-C6 alky], -(C1-C6 alkyl)-O-R
s, -(C1-C6 haloalkyl)-O-R8, -(C2-C6 alkenyl)-O-R8,
-(C1-C6 alkyl)N(R7)2, -(C1-C6 alkyl)aryl, -C(O)R8,
-C(O)O-R8, -C(O)N(R7)2, -CHR1'-N(H)-R 8, -CHR1'-O-R 8,
C2-C alkynyl, (C2-C6 alkynyl)-O-R8, -ON, -(C2-C6
alkynyl)(C3-C8 cycloalkyl), -(C2-C6 alkynyl)(C 5-C
cycloalkenyl), -(C2-C6 alkynyl)-N(R7)S(O)2-R8, aryl,
heteroaryl, cycloalkyl, or heterocyclyl; R2 is a
carbocyclic ring system or is a heterocyclic ring
system; R5 is -H, C1-C alkyl, -C(O)(CR9R10),)N(R7)2
-C(O)(CR9R10 ),, -C(O)2(CR9R10),, -(CR9R10)t(aryl),
-(CR9R10)t(heteroaryl), -(CR9R10)t(cycloalkyl), or
-(CR9Rl0),(heterocyclyl); R6 and R7, in each instance,
are independently selected from H, C1-C8 alkyl, -(C
\-C alkyl)aryl, or -C(O)(C 1-C6 alkyl); R8 is selected
from -H, Cr C6 alkyl, C1-C6 haloalkyl, -(Cr C6
alkyl)aryl, aryl, heteroaryl, Ci-C6 hydroxyalkyl, or
-(CpC6 alkyl)-O-(C !-C6 alkyl), cycloalkyl, or
heterocyclyl; R9 and R10, in each instance, and R1 1
are independently selected from -H, Ci-C6 alkyl, or
aryl; R12 is -H, -OR8, -0-(Ci-C 6 alkyl)-O-R8, Ci-C6
alkyl, C1-C6 alkenyl, -(C1-C6 alkyl)-O-R 8, or -(Ci-C6
alkyl)-O-C(O)-R 8;R13 is-H, or C,-C6 alkyl; R14 is -H,
-OR8, -O-(Cr C6 alkyl)-O-R8, C1-C6 alkyl, C1-C6
alkenyl, -(C,-C6 alkyl)-O-R8, or -(Ci-C6
alkyl)-O-C(O)-R ; each t is independently selected
from 0, 1, 2, or 3; and Z is aryl or heteroaryl;
wherein each of the above alkyl, aryl, heteroaryl,
cycloalkyl, and heterocyclyl moieties and heterocyclic
and carbocyclic rings are optionally and independently
substituted by 1- 3 substituents selected from amino,
aryl, heteroaryl, cycloalkyl, or heterocyclyl
optionally substituted by 1-5 substituents selected
from Ci-C6 alkoxy, C -C6 alkyl optionally substituted
by halo, aryl, halo, hydroxyl, heteroaryl, C -C5
hydroxyalkyl, or -NHS(O) 2-(Ci-C 6 alkyl); Ci-C6
alkyl, Cr C6 haloalkyl, C1-C6 hydroxyalkyl, C1-C6
alkoxy, Ci-C 6 haloalkoxy, C1-C6 hydroxyalkoxy,C -C6
alkylamino, C2-C6 alkenyl, or C2-C6 alkynyl, wherein
each of which may be interrupted by one or more hetero
atoms, cyano, halo, hydroxyl, nitro, oxo, -NH(CO)-O-(C
1-C6 alkyl)aryl, -NH(CO)-O-(C 1-C6 alkyl), -N(C1-C6
alkyl)(CO)-O-(C]-C 6 alkyl)aryl, -N(C-C 6 alky
I)(CO)-O-(C ,-C6 alkyl), -C(O)OH, -C(O)O(C 1-C6
alkyl), -C(O)NH2, -C(O)N(H)-(Ci-C 6 alkyl), -C(O)N(C
1-C6 alkyl)2, -NH(C 1-C6 alkyl), -N(C 1-C6 alkyl)2,
-(C2-C4 alkenyl)heterocyclyl, Or-(C2- C4
alkenyl)cycloalkyl, or -O-aryl; or a pharmaceutically
acceptable salt, hydrate, stereoisomer, or mixture
thereof.[0033] In some embodiments, the compound of
Formula II has the Formula HA HA. [0034] In some
embodiments, the compound of Formula II has the
Formula HB TIB. [0035] In some embodiments, the
compound of Formula II has the Formula HC IIC. [0036]
In some embodiments, the compound of Formula II has
the Formula IID[0037] In some embodiments, the
compound of Formula II has the Formula HE HE. [0038]
In some embodiments of the compound of Formula II, R1
is -H. [0039] In some embodiments of the compound of
Formula II, R12 is -H or Q-C alkyl. In some such
embodiments, R12 is-H or methyl. [0040] In some
embodiments of the compound of Formula II, R13 is -H.
[0041] In some embodiments of the compound of Formula
II, R14 is-H. [0042] In some embodiments of the
compound of Formula H, R14 is -OR8, -0-(C 1-C6
alkyl)-O-R 8, C1-C6 alkyl, C -C6 alkenyl, -(C 1-C
aIkyl)-O-R 8, or -(C1-C6 alkyl)-O-C(O)-R 8. [0043] In
some embodiments of the compound of Formula 11, R14 is
selected from -H, methyl, ethyl, propyl, ethenyl,
propenyl, hydroxymethyl, methoxymethyl, -CH2-O-C(O)-(C
1-C6 alkyl), l-hydroxyethyl,or methoxymeth sxy. {0044]
In some embodiments of the compound of Formula II, Z
is selected from optionally substituted phenyl,
optionally substituted indolyl, optionally substituted
naphthyl, optionally substituted pyridyl, or
optionally substituted thiophenyl. In some such
embodiments, Z is selected from phenyl, indolyl,
naphthyl, pyridyl, or thiophenyl, each of which is
optionally substituted with 1-3 substituents selected
from -CI, -F, -CF3, -OH, -O-(C,-C 6 alkyl), -0-(C 1-C6
alkyl)-CI, -0-(C 1-C6 alkyI)-OH, -C1-C6 alkyl, -OCF3, 



-NH(CO)-O-(C 1-C6 alkyl)aryl, or -NH(CO)-O-(C 1-C6
alkyl). [0045] In some embodiments of the compound of
Formula II, Z is selected from phenyl, indolyl,
naphthyl, pyridyl, thiophenyl, 4-chlorophenyl,
4-trifluormethylphenyI, 3- chlorophenyl,
3-trifluoromethylphenyl, 4-methoxyphenyl, 3-fluoro-4-
trifluoromethylphenyl, 4-chloro-3 -fluorophenyl,
4-(3-chloropropoxy)phenyl >4-(3-
hydroxypropoxy)phenyl, 3,4-dichlorophenyl,
4-fluorophenyl, 2,4-dichlorophenyl, 4- methylphenyl,
3,4-difluorophenyl, 3-fiuoro-4-methoxyphenyl,
3,5-difluorophenyl, 6- trifluoromethylpyridin-3-yl,
5-methoxy-6-trifluoromethylpyridin-3-yl,
2-fluoro-4-trifluoromethylpheny],
4-trifluoromethoxyphenyl,
2,3-difluoro-4-trifluoromethylphenyl, 4-hydroxyphenyl,
3-methoxy-4-trifluoromethylphenyl, 3-hydroxy-4-
trifluoromethylphenyl, 5-chlorothiophen-2-yl,
3-fluoro-4-hydroxyphenyl, or a phenyl substituted in
the 4 position with -NH~C(O)~O-CH2-phenyl. [0046] In
some embodiments of the compound of Formula II, R7 is
H. In some such embodiments, R5 and 6 are both H.
[0047] In some embodiments of the compound of Formula
II, R5 and R6 are both H. [0048] n some embodiments of
the compound of Formula II, R12 is-H or Ci-C6 alkyl,
R13 is -H, and R14 is -H, -OR8, -0-(Ci-C 6 alkyl)-O-R
8, C1-C6 alkyl, C -C6 alkenyl, -(Ci-C6 alkyl)-O-R 8,
or -(C 1-C6 alkyI)-O-C(O)-R8. In some such
embodiments, R14 is -OR8, -0-(Ci-C 6 alky])-O-R 8, C
1-C6 alkyl, Cr C6 alkenyl, -(Ci-C6 alkyl)-O-R 8, or
-(Ci-C6 alkyI)-O-C(O)-R . In further such embodiments,
R5, R6, and R7 are all H. [0049] In some embodiments
of the compound of Formula II, the carbocyclic ring
system or the heterocyclic ring system of R2 includes
at least one aromatic ring. [0050] In some embodiments
of the compound of Formula IT, R2 is selected from
optionally substituted phenyl, pyridyl, indazolyl,
isoquinolinyl, thiazolopyridinyl, benzothiazolonyl,
dihydroquinoli ponyl, benzoisoxazolyl,
benzooxazolonyl, indolinonyl, benzoimidazolonyl,
phthalazinyl, naphthyridinyl, thienopyridinyl,
benzodioxolyl, isoindolinonyt, quinazolinyl, or
cinnolinyl. In other embodiments, R2 is selected from
isoquinolinyl, 1H-indazolyl, thiazolo[5,4-c]pyridinyl,
benzo[d]thiazole-2(3H)-onyl, phthalazinyl,
indolin-2-onyl, 3,4-dihydroquinolin-2(lH)-onyl,
benzo[d]isoxazolyl, benzo[d]oxazol-2(3H)-onyl,
benzo[d]imidazol-2(3 H)-ony 1, 1,6-naphthyridinyI,
quinazolin-7-yl, or cinnolin-6-yl. In other
embodiments, R2 is isoquinolin-6-yl, 3-
aminoisoquinolin-6-yl, lH-indazol-5-yl,
lH-indazol-6-yl, 3-amino-lH-indazol-5-yl, 3-
amino-lH-indazol-6-yl,
3-amino-l-methyl-lH-indazol-6-yl, 3-methylamino-l
H-indazol- 5-yl, 3-methyl-lH-indazol-5-yl,
thiazolo[5,4-c]pyridin-2-yl,
benzo[d]thiazole-2(3H)-on- 6-yl,
l-hydroxyphthalazin-6-yl, phthalazin-6-yl,
indolin-2-on-5-yl, 3-methylindoIin-2-on- 5-yl,
3-(furan-2-ylmethylene)indolin-2-on-5-yl, 3-(l
H-imidazol-5-ylmethylene)indolin-2- on-5-yl,
3,3-difluoroindolin-2-on-5-yl,
3,4-dihydroquinolin-2(lH)-on-6-yl,
benzo[d]isoxazol-5-yl, 3-aminobenzo[d]isoxazol-5-yl,
benzo[d]oxazol-2(3H)-on-6-yl, 1-
methyl-lH-benzo[d]imidazol-2(3H)-on-6-yl,
l,6-naphthyridin-2-yl, quinazolin-7-yl, or
cinnolin-6-yl.[0051] In some embodiments of the
compound of Formula II, R2 is selected from one of the
following groups which may optionally be substituted
and where the wavy line indicates the point of
attachment to the thiazole:[0052] In some embodiments
of the compound of Formula II, R2 is selected from one
of the following groups, where the wavy line indicates
the point of attachment to the thiazole:COMPOUNDS FOR
THE TREATMENT OF INFLAMMATORY DISORDERS Field of the
Invention This invention relates generally to novel
hydantoin derivatives that can inhibit matrix
metalloproteinases (MMPs), a disintegrin and
metalloproteases (ADAMs) and/or tumor necrosis factor
alpha - converting enzyme (TACE) and in so doing
prevent the release of tumor necrosis factor alpha
(TNF-a) , pharmaceutical compositions comprising such
compounds, and methods of treatment using such
compounds. BACKGROUND OF THE INVENTION Osteo- and
rheumatoid arthritis (OA and RA, respectively) are
destructive diseases of articular cartilage
characterized by localized erosion of the cartilage
surface. Findings have shown that articular cartilage
from the femoral heads of patients with OA, for
example, had a reduced incorporation of radiolabeled
sulfate over controls, suggesting that there must be
an enhanced rate of cartilage degradation in OA
(Mankin et al. J. Bone Joint Surg. 52A (1970)
424-434). There are four classes of protein
degradative enzymes in mammalian cells: serine,
cysteine, aspartic and metalloproteases. The available
evidence supports the belief that it is the
metalloproteases that are responsible for the
degradation of the extracellular matrix of articuHar
cartilage in OA and RA. Increased activities of
collagepases and stromelysin have been found in OA
cartilage and the activity correlates with severity of
the lesion (Mankin et al. Arthritis Rheum. 2 1, 1978,
761-766, Woessner et al. Arthritis Rheum. 26, 1983,
63-68 and Ibid. 27, 1984, 305-312). In addition,
aggrecanase (a newly identified metailoprotease) has
been identified that provides the specific cleavage
product of proteoglycan, found in RA and OA patients
(Lohmander L. S. et al. Arthritis Rheum. 36, 1993,
1214-22). Metalloproteases (MPs) have been implicated
as the key enzymes in the destruction of mammalian
cartilage and bone. It can be expected that the
pathogenesis of such diseases can be modified in a
beneficial manner by the administration of MP
inhibitors (see Wahl et al. Ann. Rep. Med. Chem. 25,
175-184, AP, San Diego, 1990).MMPs are a family of
over 20 different enzymes that are involved in a
variety of biological processes important in the
uncontrolled breakdown of connective tissue, including
proteoglycan and collagen, leading to resorption of
the extracellular matrix. This is a feature of many
pathological conditions, such as RA and OA, cornea!,
epidermal or gastric ulceration; tumor metastasis or
invasion; periodontal disease and bone disease.
Normally these catabolic enzymes are tightly regulated
at the level of their synthesis as well as at their
level of extracellular activity through the action of
specific inhibitors, such as alpha-2-macroglobulins
and TIMPs (tissue inhibitor of MPs), which form
inactive complexes with the MMP's. Tumor necrosis
factor alpha (TNF-a) is a cell-associated cytokine
that is processed from a 26 kDa precursor form to a 17
kd active form. See Black R.A. "Tumor necrosis
factor-alpha converting enzyme" lnt J Biochem Cell
Biol. 2002 Jan; 34(1 ):1-5 and Moss ML, White JM,
Lambert MH Andrews RC 1TACE and other ADAM proteases
as targets for drug discovery" Drug Discov Today. 2001
Apr 1;6(8):41 7-426, each of which is incorporated by
reference herein. TNF-a has been shown to play a
pivotal role in immune and inflammatory responses.
Inappropriate or over-expression of TNF-a is a
hallmark of a number of diseases, including RA,
Crohn's disease, multiple sclerosis, psoriasis and
sepsis. Inhibition of TNF-a production has been shown
to be beneficial in many preclinical models of
inflammatory disease, making inhibition of TNF-a
production or signaling an appealing target for the
development of novel anti-inflammatory drugs. TNF-a is
a primary mediator in humans and animals of
inflammation, fever and acute phase responses, similar
to those observed during acute infection and shock.
Excess TNF-a has been shown to be lethal. Blocking the
effects of TNF-a with specific antibodies can be
beneficial in a variety of conditions, including
autoimmune diseases such as RA (Feldman et al, Lancet,
(1994) 344, 1105), non-insulin dependent diabetes
mellitus (Lohmander L. S. et al., Arthritis Rheum. 36
(1993) 1214-22) and Crohn's disease (Macdonald T. et
al., Clin. Exp. Immunol. 81 (1990) 301).Compounds that
inhibit the production of TNF-a are therefore of
therapeutic importance for the treatment of
inflammatory disorders. Recently it has been shown
that metalloproteases, such as TACE, are capable of
converting TNF-a from its inactive to active form
(Gearing et al Nature, 1994, 370, 555). Since
excessive TNF-a production has been noted in several
disease conditions also characterized by MMP-mediated
tissue degradation, compounds which inhibit both MMPs
and TNF-a production may also have a particular
advantage in diseases where both mechanisms are
involved. One approach to inhibiting the harmful
effects of TNF-a is to inhibit the enzyme, TACE before
it can process TNF-a to its soluble form. TACE is a
member of the ADAM family of type I membrane proteins
and mediates the ectodomain shedding of various
membrane-anchored signaling and adhesion proteins.
TACE has become increasingly important in the study of
several diseases, including inflammatory disease,
because of its role in cleaving TNF- a from its
"stalk" sequence and thus releasing the soluble form
of the TNF-a protein (Black R.A. lnt J Biochem Cell
Biol. 2002 34,1-5). There are numerous patents and
publications which disclose hydroxamate, sulphonamide,
hydantoin, carboxylate and/or lactam based MMP
inhibitors. 



US 6,677,355 and US 6,534,491 (B2), describe compounds
that are hydroxamic acid derivatives and MMP
inhibitors. US 6,495,565 discloses lactam derivatives
that are potential inhibitors of MMPs and/or TNF-a.
PCT Publications WO2002/074750, WO2002/096426,
WO20040067996, WO2004012663, WO200274750 and
WO2004024721 disclose hydantoin derivatives that are
potential inhibitors of MMPs. PCT Publications
WO2004024698 and WO200402471 5 disclose sulphonamide
derivatives that are potential inhibitors of MMPs. PCT
Publications WO2004056766, WO2003053940 and
WO2003053941 also describe potential inhibitors of
TACE and MMPs. There is a need in the art for
inhibitors of MMPs, ADAMs, TACE, and TNF-a, which can
be useful as anti-inflammatory compounds and
cartilageprotecting therapeutics. The inhibition of
TNF-a, TACE and or other MMPs can prevent the
degradation of cartilage by these enzymes, thereby
alleviating the pathological conditions of OA and RA
as well as many other auto-immune diseases. SUMMARY OF
THE INVENTION In its many embodiments, the present
invention provides a novel class of compounds as
inhibitors of TACE, the production of TNF-a, MMPs,
ADAMs or any combination thereof, methods of preparing
such compounds, pharmaceutical compositions comprising
one or more such compounds, methods of preparing
pharmaceutical formulations comprising one or more
such compounds, and methods of treatment, prevention,
inhibition or amelioration of one or more diseases
associated with TACE, TNF-a, MMPs, ADAMs or any
combination thereof using such compounds or
pharmaceutical compositions. In one embodiment, the
present application discloses a compound having the
general structure shown in formula (I): or a
pharmaceutically acceptable salt, solvate, ester, or
isomer thereof, wherein: 4 4 X is selected from the
group consisting of -S-, -C(R )2- or -N(R )-: T is
selected from the group consisting of H (with U and V
being absent), alkyl, alkenyl, aryl, heteroaryl,
heterocyclyl, cycloalkyl, alkylaryl, and arylalkyl,
said aryl, heteroaryl, heterocyclyl, cycloalkyl,
alkylaryl and arylalkyl being optionally fused with
one or more moieties selected from the group
consisting of aryl, heteroaryl, heterocyclyl,
cycloalkyl, alkylaryl and arylalkyl, wherein each of
any of the aforementioned alkyl, alkenyl, aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl groups of T is unsubstituted oroptionally
independently substituted with one to four R10
moieties which can be the same or different, each R10
moiety being independently selected from the group of
R10 moieties below; U is absent or present, and if
present U is selected from the group consisting of a
covalent bond, -N(R4)-, -N(R4)C(R4)2-, -N(R4)C(O)-,
-O-, -N(R4)S(O)2-, -N(R4)C(O)N(R4)-, and -N(R4)C(S)N(R
4)-; V is absent or present, and if present V is
selected from the group consisting of alkyl, aryl,
heteroaryl, heterocyclyl and cycloalkyl, said aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl being optionally fused with one or more
moieties selected from the group consisting of aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl, wherein each of any of the aforementioned
alkyl, aryl, heteroaryl, heterocyclyl and cycloalkyl
is unsubstituted or optionally independently
substituted with one to four R10 moieties which can be
the same or different, each R10 moiety being
independently selected from the group of R10 moieties
below; Y is absent or present, and if present Y is
selected from the group consisting of a covalent bond,
-(C(R 4)2)n , -N(R4)-, -C(O)N(R 4)-, -N(R4)C(O)-,
-N(R4)C(O)N(R 4)-, -S(O) 2N(R4)-, -N(R4J-S(O)2, -O-
-S-, -C(O)-, -S(O)-, and -S(O)2-; Z is absent or
present, and if present Z is selected from the group
consisting of a covalent bond, -(C(R 4)2)n- , -N(R4)-,
-C(O)N(R 4)-, -N(R4)C(O)-, -N(R4)C(O)N(R 4)-, -S(O)
2N(R4)-, -N(R4)-S(O)2-, -O- -S-, -C(O)-, -S(O)-, and
-S(O)2- ; n is 1 to 3; R is selected from the group
consisting of H, -OR 4, halogen, alkyl, fluoroalkyl,
aryl, heteroaryl, heterocyclyl, alkylaryl,
alkylheteroaryl and arylalkyl, wherein each of the
alkyl, fluoroalkyl, aryl, heteroaryl, heterocyclyl,
alkylaryl, alkylheteroaryl and arylalkyl groups of R
is unsubstituted or optionally independently
substituted with one to four R20 moieties which can be
the same or different, each R20 moiety being
independently selected fromthe group of R20 moieties
below, with the proviso that when Y is present and Y
is N S or O, then R1 is not halogen; R is selected
from the group consisting of H, -OR 4, halogen, alkyl,
fluoroalkyl, aryl, heteroaryl, heterocyclyl,
alkylaryl, alkylheteroaryl and arylalkyl, wherein each
of the alkyl, fluoroalkyl, aryl, heteroaryl,
heterocyclyl, 2 alkylaryl, alkylheteroaryl and
arylalkyl groups of R is unsubstituted or optionally
independently substituted with one to four R20
moieties which can be the same or different, each R20
moiety being independently selected from the group of
R20 moieties below, with the proviso that when 2 is
present and Z is N, S or O, then R2 is not halogen; 4
each R is the same or different and is independently
selected from the group consisting of H and alkyl,
alkynyl, alkynyl, cycloalkyl, heterocyclyl, aryl, and
heteroaryl wherein each of said alkynyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl are
independently optionally substituted with one or two
moieties selected from the group consisting of
hydroxyl, alkyl, cycloalkyl, aryl, heteroaryl,
-arylheteroaryl, and -heteroarylaryl; R is selected
from the group consisting of -OR4, -N(R )2,-S(O)-R4,
-S(O)2-R4, -N(R4)S(O)2-R4, -S(O)2N(R4)2,
-O(fluoroalkyl), halogen, alkyl, fluoroalkyl, aryl,
heteroaryl, heterocyclyl, cycloalkyl, -alkylcycloalkyl
-alkylaryl and -arylalkyl, wherein each of the alkyl,
fluoroalkyl, aryl, heteroaryl, heterocyclyl,
cycloalkyl, -alkylcycloalkyl, -alkylaryl and
-arylalkyl groups of R is unsubstituted or optionally
independently substituted with one to four R30
moieties which can be the same or different, each R30
moiety being independently selected from the group of
R30 moieties below; 20 R is selected from the group
consisting of halogen, alkyl, fluoroalkyl; and R is
selected from the group consisting of halogen, alkyl,
and fluoroalkyl.The compounds of Formula I can be
useful as inhibitors of TACE and may be useful in the
treatment and prevention of diseases associated with
TACE, TNF-a, MMPs ADAMs or any combination thereof.
DETAILED DESCRIPTION OF THE INVENTION In its several
embodiments, the present invention provides a novel
class of inhibitors of TACE, the production of TNF-a,
MMPs, ADAMs or any combination thereof, pharmaceutical
compositions containing one or more of the compounds,
methods of preparing pharmaceutical formulations
comprising one or more such compounds, and methods of
treatment, prevention or amelioration of one or more
of the symptoms of inflammation. In one embodiment,
the present invention provides compounds which are
represented by structural Formula (I) above or a
pharmaceutically acceptable salt, solvate, ester or
isomer thereof, wherein the various moieties are as
described above. In another embodiment, the isomer
referred to the in the preceding paragraph is a
stereoisomer. 4 In one embodiment, T is alkyl or aryl;
X is -C(R )2- ; Y is absent; Z is 2 absent or present;
R is selected from the group consisting of H, halogen
and alkyl; and if Z is present Z is -O-. 4 In another
embodiment, T is alkyl or aryl; X is -C(R )2- ; Y is
absent; Z is absent or present, and if present Z is
-O-; and R is selected from the group consisting of
alkylaryl and alkylheteroaryl. In another embodiment,
T is alkyl or aryl; X is -N(R )-;Y is absent; Z is 2
absent or present; R is selected from the group
consisting of H, halogen and 



alkyl; and if Z is present Z is -O-. In another
embodiment, X is -CH 2- or -N(R )-. In yet another
embodiment, X is -CH 2- . 4 In still another
embodiment, X is -N(R )-. 4 In another embodiment, R
is H. In another embodiment, T is alkyl.In yet another
embodiment, T is -CH 3. In still another embodiment, T
is aryl and said aryl is unsubstituted or optionally
independently substituted with one to five R10
moieties which can be the same or different, each R10
moiety being independently selected from the group of
R10 moieties. In another embodiment, R10 is halogen.
In yet another embodiment, R10 is heteroaryl. In still
another embodiment, R10 is aryl. In an embodiment U
selected from the group consisting of a covalent bond,
-N(R4)-, -N(R4)C(O)-, and -N(R4JS(O)2- . In yet
another embodiment U is a covalent bond. 4 In still
another embodiment U is -N(R )-. 4 In yet still
another embodiment, U is -N(R )C(O)-. In another
embodiment, V is selected from the group consisting of
aryl, heteroaryl, heterocyclyl and cycloalkyl, said
aryl, heteroaryl, heterocyclyl, and cycloalkyl being
optionally fused with one or more moieties selected
from the group consisting of aryl, heteroaryi,
heterocyclyl, or cycloalkyl, wherein each of any of
said aryl, heteroaryl, heterocyclyl and cycloalkyl is
unsubstituted or optionally independently substituted
with one to four R10 moieties which can be the same or
different, each R10 moiety being independently
selected from the group of R10 moieties. In another
embodiment, Y is selected from the group consisting of
a covalent bond, -(C(R 4)2)n- , -C(O)- and -O-. In yet
another embodiment, Y is -O-. In still another
embodiment, Y is -(C(R 4)2)n-. In yet still another
embodiment, Y is -C(O)-. In another embodiment, Y is a
covalent bond. In an embodiment, R1 is selected from
the group consisting of -OR 4, H, alkyl, fluoroalkyl,
alkylaryl, halogen, and heteroaryl. in another
embodiment, R1 is H. In yet another embodiment, R1 is
alkylaryl. In still another embodiment, R1 is alkyl.In
yet still another embodiment, R1 is fluoroalkyl. In a
further embodiment, R1 is halogen. In another
embodiment, R1 is -OR 4. In another embodiment, where
R1 is -OR 4, R4 is -CH 2C CCH3. In another embodiment,
where R1 is -OR 4, R4 is -CH 2CsCCH2OH. In another
embodiment, where R1 is -OR 4, R4 is In another
embodiment, the alkyl is -CH 3. In still another
embodiment, the alkyl is -CH 2CH3. In another
embodiment, in formula (I), T, U, and V are taken
together to form and R1 is selected from the ng of F,
Cl, OH, -OCH 2C=CCH 3 -OCH 2CCCH 2OH, -OCH 3, and In
another embodiment, in formula (I), T, U, a V are
taken together to form and R1 is selected from the
group consisting of F, Cl, OH, -OCH 2CsCCH3, -OCH
2CsCCH2OH -OCH 3, and In another embodiment, in
formula (I), T, U and V are taken together to form and
R1 is selected from the group consisting of F, Cl, OH,
-OCH 2C=CCH3, -OCH 2C=CCH2OH, -OCH 3, and In another
embodiment, in formula (I), T, U and V are taken
together to form and R1 is selected from the group
consisting of F, Cl, OH, -OCH 2C CCH3,-OCH 2CsCCH2OH,
-OCH 3, and In another embodiment, in formula (I),
T1U, and V are taken together to form and R1 is
selected from the group consisting of F, Cl, OH, -OCH
2C CCH3,-OCH 2CsCCH2OH, -OCH 3, andIn another
embodiment, in formula (I), T U, and V are taken
together to form and R2 is selected from the group
consisting of F, Cl, OH, -OCH 2C CCH3,-OCH 2C CCH2OH,
-OCH 3, and In another embodiment, in formula (I), T,
U, an V are taken together to form and R2 is selected
from the group consisting of F, Cl, OH -OCH
2CsCCH3,-OCH 2OHCCH 2OH, -OCH 3, and In another
embodiment, in formula (I), T, , and V are taken
together to form and R2 is selected from the group
consisting of F, Cl, OH -OCH 2C CCH3,-OCH 2OCCH 2OH,
-OCH 3, an In another embodiment, in formula (I) T U,
and V are taken together to form and R2 is selected
from the group consisting of F1Cl, OH -OCH 2C
CCH3,-OCH 2CsCCH2OH -OCH 3, and In another embodiment,
in formula (I), T, , and V are taken together to for
nd R2 is selected from the group consisting of F, Cl,
OH, -OCH 2C CCH3,-OCH 2CsCCH2OH, -OCH 3, and In
another embodiment, the fluoroalkyl is - 2CF3. In an
embodiment, halogen is selected from the group
consisting of -Br, -Cl and -F. In another embodiment,
R4 is -CH3. In yet another embodiment, alkyl of R1 is
substituted with one to four R20 moieties which can be
the same or different, each R20 moiety being
independently selected from the group of R20 moieties.
In another embodiment, R20 is aryl. In another
embodiment, Z is selected from the group consisting of
a covalent bond, -N(R4)-, -(C(R 4)2) - , -C(O)- and
-O-.In yet another embodiment, Z is -O-. In still
another embodiment, Z is a covalent bond. 4 In yet
still another embodiment, Z is -N(R )-. In a further
embodiment, Z is -C(O)-. 4 In another embodiment, R is
alkyl. In another embodiment, R2 is selected from the
group consisting of -OR4, H, alkyl, fluoroalkyl,
alkylaryl, halogen, and heteroaryl. In another
embodiment wherein R2 is -OR 4, R4 is -CH 2CCCH3. In
another embodiment wherein R2 is -OR 4, R4 is -CH
2CsCCH2OH. In another embodiment wherein R2 is -OR 4,
R4 is ~ C 2 . In yet another embodiment, R2 is
hydrogen. In still another embodiment, R2 is alkyl. In
yet still another embodiment, R2 is alkylaryl. In yet
further embodiment, R2 is fluoroalkyl. In another
embodiment, R2 is -CH 2CF3. In yet another embodiment,
R2 is halogen. In another embodiment, R2 is
heteroaryl. In another embodiment, R4 is -CH3. Another
embodiment of the invention discloses the following
compounds shown in Table A below. Table AGENE
EXPRESSION MARKERS FOR COLORECTAL CANCER PROGNOSIS
Cross-Reference to Related Applications [0001] This is
a non-provisional application filed under 37 C.F.R.
1.53(b) claiming priority under 35 U.S.C. 119(e) to
provisional Application Serial No. 60/758,392 filed
January 11, 2006 and to provisional Application Serial
No. 60/800,277. filed May 12, 2006 and to provisional
Application Serial No. 60/810,077 filed May 31, 2006
all of which are incorporated herein by reference in
their entirety. Background of the Invention Field of
the Invention [0002] The present invention provides
genes and gene sets, the expression levels of which
are useful for predicting outcome of colorectal
cancer. Description of Related Art [0003] Colorectal
cancer is the number two cause of cancer-related death
in the United States and the European Union,
accounting for 10% of all cancer-related deaths.
Although colon cancer and rectal cancer may represent
identical or similar disease at the molecular level,
surgery for rectal cancer is complicated by anatomical
issues. Possibly for this 



reason, the rate of local recurrence for rectal cancer
is significantly higher than for colon cancer, and so
the treatment approach is significantly different.
Approximately 100,000 colon cancers are newly
diagnosed each year in the United States, with about
65% of these being diagnosed as stage II/III
colorectal cancer as discussed below. [0004] Refining
a diagnosis of colorectal cancer involves evaluating
the progression status of the cancer using standard
classification criteria. Two classification systems
have been widely used in.colorectal cancer, the
modified Duke's or Astler-Coller staging system
(Stages AD) (Astler VB, Coller FA., Ann Surg 1954;
139:846-52), and more recently TNM staging (Stages
I-IV) as developed by the American Joint Committee on
Cancer (AJCC Cancer Staging Manual, 6th Edition,
Springer-Verlag, New York, 2002). Both systems apply
measures of the spread ofthe primary tumor through
layers of colon or rectal wall to the adjacent organs,
lymph nodes and distant sites to evaluate tumor
progression. Estimates of recurrence risk and
treatment decisions in colon cancer are currently
based primarily on tumor stage. [0005] There are
approximately 33,000 newly diagnosed Stage II
colorectal cancers each year in the United States.
Nearly all of these patients are treated by surgical
resection of the tumor and, in addition, about 40% are
currently treated with chemotherapy based on 5-
fluorouracil (5-FU). The decision whether to
administer adjuvant chemotherapy is not
straightforward. The five-year survival rate for Stage
II colon cancer patients treated with surgery alone is
approximately 80%. Standard adjuvant treatment with
5-FU + leucovorin (folinic acid) demonstrates an
absolute benefit of only 2-4% in this population and
shows significant toxicity, including a rate of toxic
death from chemotherapy as high as 1%. Thus, a large
number of patients receive toxic therapy from which
only a few benefit. [0006] A test capable of prognosis
after surgery in Stage II colorectal cancer patients
would be of great benefit for guiding treatment
decisions for these patients. [0007] The benefit of
chemotherapy in Stage III colon cancer is more evident
than it is in Stage II. A large proportion of the
31,000 patients annually diagnosed with Stage III
colon cancer receive 5-FU-based adjuvant chemotherapy,
and the absolute benefit of 5-FU + leucovorin in this
setting is around 18-24%, depending on the particular
regimen employed. Current standard-of-care
chemotherapy treatment for Stage III colon cancer
patients (5-FU + leucovorin or 5-FU + leucovorin +
oxaliplatin) is moderately effective, achieving an
improvement in 5-yr survival rate from about 50%
(surgery alone) to about 65% (5-FU + leucovorin) or
70% (5-FU + leucovorin + oxaliplatin). Treatment with
5-FU leucovorin alone or in combination with
oxaliplatin is accompanied by a range of adverse
side-effects, including toxic death in approximately
1% of patients treated. Furthermore, the three-year
survival rate for Stage III colon cancer patients
treated with surgery alone is about 47% and it has not
been established whether a subset of Stage III
patients exists for which recurrence risk resembles
that observed for Stage II patients. [0008] A test
that would quantify recurrence risk based on molecular
markers rather than tumor stage alone would be useful
for identifying a subset of Stage III patients that
may not require adjuvant therapy to achieve acceptable
outcomes.[0009] Staging of rectal tumors is carried
out based on similar criteria as for colon tumor
staging, although there are some differences resulting
for example from differences in the arrangement of the
draining lymph nodes. As a result, Stage II/III rectal
tumors bear a reasonable correlation to Stage II/III
colon tumors as to their state of progression. As
noted above, the rate of local recurrence and other
aspects of prognosis differ between rectal cancer and
colon cancer, and these differences may arise from
difficulties in accomplishing total resection of
rectal tumors. Nevertheless, there is no compelling
evidence that there is a difference between colon
cancer arid rectal cancer as to the molecular
characteristics of the respective tumors. Prognostic
tests for rectal cancer would have utility similar in
nature as described for colon cancer prognostic tests
and the same prognostic markers might well apply to
both cancer types. [0010] In addition, there is a
clear need for safer and more efficacious drugs for
the treatment of colon cancer. Current chemotherapy
for colon cancer is based on the relatively crude
approach of administering drugs that generally
interfere with the proliferation of dividing cells.
Recent clinical studies have demonstrated the
feasibility of developing improved drugs based on
detailed molecular understanding of particular cancer
types and subtypes. For example, the HER2 (ERBB2) gene
is amplified and the HER2 protein is overexpressed in
a subset of breast cancers; HERCEPTIN(r) (Genentech,
Inc.) a drug developed to target HER2, is indicated
only for those patients who have an higher than normal
copy number of HER2 as demonstrated by fluorescent in
situ hybridization (FISH) or a high level of HER2
expression as demonstrated by immunohistochemistry.
Genes, whose expression is associated with clinical
outcome in human cancer patients, are a valuable
resource for selection of targets for drug compound
screening and further drug development activities.
[0011] Molecularly targeted drugs, such as
HERCEPTIN(r) (Genentech, Inc.) can be developed and
commercialized in conjunction with a diagnostic test
that can identify patients who are likely to benefit
from the drug; one aspect of such a test is the
identification of those patients likely to have a
positive outcome without any treatment other than
surgery. For example, 80% of Stage II colon cancer
patients survive five years or more when treated with
surgery alone. .Gene markers that identify patients
more likely to be among the 20% whose cancer will
recur without additional treatment are useful in drug
development, for example in screening patients for
inclusion in a clinical trial.Summary of the Invention
[0012] In one aspect, the present invention concerns a
method for predicting the clinical outcome in a
subject diagnosed with colorectal cancer following
surgical resection of said cancer, comprising
determining the expression level of one or more
predictive RNA transcripts listed in Tables IA-B,
2A-B, 3A-B, 4A-B, 5A-B, 6 and/or 7, or their
expression products, in a biological sample comprising
cancer cells obtained from said subject wherein: (a)
evidence of increased expression of one or more of the
genes listed in Table IA, 2A, 3A, 4A , and/or 5A , or
the corresponding expression product, indicates a
decreased likelihood of a positive clinical outcome;
and (b) evidence of increased expression of one or
more of the genes listed in Table IB, 2B, 3B, 4B
and/or 5B, or the corresponding expression product,
indicates an increased likelihood of a positive
clinical outcome. It is contemplated that if the
likelihood of positive clinical outcome is predicted
to be decreased said patient is subjected to further
therapy following said surgical removal. It is further
contemplated that the therapy is chemotherapy and/or
radiation therapy. [0013] The clinical outcome of the
method of the invention may be expressed, for example,
in terms of Recurrence-Free Interval (RFI), Overall
Survival (OS), Disease-Free Survival (DFS), or Distant
Recurrence-Free Interval (DRFI). [0014] In one
embodiment, the cancer is Dukes B (stage II) or Dukes
C (stage III) colorectal cancer. [0015] In another
aspect, the invention concerns a method of predicting
the duration of Recurrence-Free Interval (RFI) in a
subject diagnosed with Dukes B (stage II) or Dukes C
(stage III) colorectal cancer following surgical
resection of said cancer, comprising determining the
expression level of one or more predictive RNA
transcripts listed in Tables IA , 5A, IB, and/or 5B,
or their expression products, in a biological sample
comprising cancer cells obtained from said subject,
wherein: (a) evidence of increased expression of one
or more of the genes listed in Table IA or 5A, or the
corresponding expression product, indicates that said
RFI is predicted to be shorter; and (b) evidence of
increased expression of one or more of the genes
listed in Table IB, or 5B, or the corresponding
expression product, indicates that said RFI is
predicted to be longer.[0016] In another aspect, the
invention concerns a method of predicting Overall
Survival (OS) in a subject diagnosed with Dukes B
(stage II) or Dukes C (stage III) colon cancer
following surgical resection of said cancer,
comprising determining the expression level of one or
more predictive RNA transcripts listed in Tables 2A
and/or 2B, or their expression products, in a
biological sample comprising cancer cells obtained
from said subject, wherein: (a) evidence of increased
expression of one or more of the genes listed in Table
2A, or the corresponding expression product, indicates
that said OS is predicted to be shorter; and (b)
evidence of increased expression of one or more of the
genes listed in Table 2B, or the corresponding
expression product, indicates that said OS is
predicted to be longer. [0017] In another aspect, the
invention concerns a method of predicting Disease-Free
Survival (DFS) in a subject diagnosed with Dukes B
(stage II) or Dukes C (stage III) colon cancer
following surgical resection of said cancer,
comprising determining the expression level of one or
more predictive RNA transcripts listed in Tables 3A,
and/or 3B, or their expression products, in a
biological sample comprising cancer cells obtained
from said subject, wherein: (a) evidence of increased
expression of one or more of the genes listed in Table
3A, or the corresponding expression product, indicates
that said DFS is predicted to be shorter; and (b)
evidence of increased expression of one or more of the
genes listed in Table 3B, or the corresponding
expression product, indicates that said DFS is
predicted to be longer. [0018] In another aspect, the
invention concerns a method of predicting the duration
of Distant Recurrence-Free Interval (DRFI) in a
subject diagnosed with Dukes B (stage II) or Dukes C
(stage III) colon cancer following surgical resection
of said cancer, comprising determining the expression
level of one or more predictive RNA transcripts listed
in Tables 4A . and/or 4B, or their expression
products, in a biological sample comprising cancer
cells obtained from said subject, wherein: (a)
evidence of increased expression of one or more of the
genes listed in Table 4A, or the corresponding
expression product, indicates that said DRFI is
predicted to be shorter; and (b) evidence of increased
expression of one or more of the genes listed in Table
4B, or the corresponding expression product, indicates
that said DRFI is predicted to be longer. 



[0019] In another aspect, the invention concerns a
method of predicting clinical outcome for a subject
diagnosed with colorectal cancer following surgical
resection of said cancer, comprising determining
evidence of the expression level of one or more
predictive RNAtranscripts listed in Tables 1.2A-B,
2.2A-B9 3.2A-B, 4.2A-B, 5.2A-B, 6.2 and/or 7.2, or
their expression products, in a biological sample
comprising cancer cells obtained from said subject,
wherein (a) evidence of increased expression of one or
more of the genes listed in Table 1.2A, 2.2A, 3.2A,
4.2A and/or 5.2A, or the corresponding expression
product, indicates a decreased likelihood of a
positive clinical outcome; and (b) evidence of
increased expression of one or more of the genes
listed in Table 1.2B, 2.2B, 3.2B, 4.2B and/or 5.2B, or
the corresponding expression product, indicates an
increased likelihood of a positive clinical outcome.
[0020] In another aspect, the invention concerns a
method of predicting the duration of Recurrence-Free
Interval (RFI) in a subject diagnosed with Dukes B
(stage II) or Dukes C (stage III) colorectal cancer
following surgical resection of said cancer,
comprising determining the expression level of one or
more predictive RNA transcripts listed in Tables 1.2A,
1.2B, 5.2A and/or 5.2B, or their expression products,
in a biological sample comprising cancer cells
obtained from said subject, wherein (a) evidence of
increased expression of one or more of the genes
listed in Table 1.2A or 5.2A, or the corresponding
expression product, indicates that said RFI is
predicted to be shorter; and (b) evidence of increased
expression of one or more of the genes listed in Table
1.2B or 5.2B, or the corresponding expression product,
indicates that said RFI is predicted to be longer.
[0021] In another aspect, the invention concerns a
method of predicting Overall Survival (OS) in a
subject diagnosed with Dukes B (stage II) or Dukes C
(stage III) colon cancer following surgical resection
of said cancer, comprising determining the expression
level of one or more predictive RNA transcripts listed
in Tables 2.2A and/or 2.2B, or their expression
products, in a biological sample comprising cancer
cells obtained from said subject, wherein (a) evidence
of increased expression of one or more of the genes
listed in Table 2.2A, or the corresponding expression
product, indicates that said OS is predicted to be
shorter; and (b) evidence of increased expression of
one or more of the genes listed in Table 2.2B, or the
corresponding expression product, indicates that said
OS is predicted to be longer. [0022] In another
aspect, the invention concerns a method of predicting
Disease-Free Survival (DFS) in a subject diagnosed
with Dukes B (stage II) or Dukes C (stage III) colon
cancer following surgical resection of said cancer,
comprising determining the expression level of one or
more predictive RNA transcripts listed in Tables 3.2A
and/or 3.2B, or their expression products, in a
biological sample comprising cancer cells obtained
from said subject, wherein (a)evidence of increased
expression of one or more of the genes listed in Table
3.2A, or the corresponding expression product,
indicates that said DFS is predicted to be shorter;
and (b) evidence of increased expression of one or
more of the genes listed in Table 3.2B, or the
corresponding expression product, indicates that said
DFS is predicted to be longer. [0023] In another
aspect, the invention concerns a method of predicting
the duration of Distant Recurrence-Free Interval
(DRFI) in a subject diagnosed with Dukes B (stage II)
or Dukes C (stage III) colon cancer following surgical
resection of said cancer, comprising determining the
expression level of one or more predictive RNA
transcripts listed in Tables 4.2A and/or 4.2B or their
expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein (a)
evidence of increased expression of one or more of the
genes listed in Table 4.2A, or the corresponding
expression product, indicates that said DRFI is
predicted to be shorter; and (b) evidence of increased
expression of one or more of the genes listed in Table
4.2B or the corresponding expression product,
indicates that said DRFI is predicted to be longer.
[0024] In another aspect, the invention concerns a
method of predicting clinical outcome for a subject
diagnosed with colorectal cancer following surgical
resection of said cancer, comprising determining
evidence of the expression level of one or more
predictive RNA transcripts listed in Tables IA-B,
1.2A-B, 2A-B, 2.2A-B, 3A-B, 3.2A-B, 4A-B, 4.2A-B,
5A-B, 5.2A-B, 6, 6.2, 7 and/or 7.2, or their
expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein (a)
evidence of increased expression of one or more of the
genes listed in Table 1A,1.2A, 2A, 2.2A, 3A, 3.2A, 4A,
4.2A, 5A and/or 5.2A, or the corresponding expression
product, indicates a decreased likelihood of a
positive clinical outcome; and (b) evidence of
increased expression of one or more of the genes
listed in Table 1B,1.2B, 2B, 2.2B, 3B, 3.2B, 4B, 4.2B,
5B and/or 5.2B, or the corresponding expression
product, indicates an increased likelihood of a
positive clinical outcome. [0025] In another aspect,
the invention concerns a method of predicting the
duration of Recurrence-Free Interval (RFI) in a
subject diagnosed with Dukes B (stage II) or Dukes C
(stage III) colorectal cancer following surgical
resection of said cancer, comprising determining the
expression level of one or more predictive RNA
transcripts listed in Tables IA, 1.2A, IB, 1.2B, 5A,
5.2A, 5B and/or 5.2B, or their expression products, in
a biological sample comprising cancer cells obtained
from said subject, wherein (a) evidence of increased
expression of one ormore of the genes listed i Table
IA, 1.2A, 5A and/or 5.2A, or the corresponding
expression product, indicates that said PLFI is
predicted to be shorter; and (b) evidence of increased
expression of one or more of the genes listed in Table
IB, 1.2B, 5B and/or 5.2B, or the corresponding
expression product, indicates that said RFI is
predicted to be longer. [0026] In another aspect, the
invention concerns a method of predicting Overall
Survival (OS) in a subject diagnosed with Dukes B
(stage II) or Dukes C (stage III) colon cancer
following surgical resection of said cancer,
comprising determining the expression level of one or
more predictive RNA transcripts listed in Tables 2A,
2.2A, 2B and/or 2.2B, or their expression products, in
a biological sample comprising cancer cells obtained
from said subject, wherein (a) evidence of increased
expression of one or more of the genes listed in Table
2A and/or 2.2A, or the corresponding expression
product, indicates that said OS is predicted to be
shorter; and (b) evidence of increased expression of
one or more of the genes listed in Table 2B and/or
2.2B-, or the corresponding expression product,
indicates that said OS is predicted to be longer.
[0027] In another aspect, the invention concerns a
method of predicting Disease-Free Survival (DFS) in a
subject diagnosed with Dukes B (stage II) or Dukes C
(stage III) colon cancer following surgical resection
of said cancer, comprising determining the expression
level of one or more predictive RNA transcripts listed
in Tables 3A, 3.2A, 3B and/or 3.2B, or their
expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein (a)
evidence of increased expression of one or more of the
genes listed in Table 3A and/or 3.2A, or the
corresponding expression product, indicates that said
DFS is predicted to be shorter; and (b) evidence of
increased expression of one or more of the genes
listed in Table 3B and/or 3.2B, or the corresponding
expression product, indicates that said DFS is
predicted to be longer. [0028] In another aspect, the
invention concerns a method of predicting the duration
of Distant Recurrence-Free Interval (DRFI) in a
subject diagnosed with Dukes B (stage H) or Dukes C
(stage III) colon cancer following surgical resection
of said cancer, comprising determining the expression
level of one or more predictive RNA transcripts listed
in Tables 4A, 4.2A, 4B and/or 4.2B, or their
expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein (a)
evidence of increased expression of one or more of the
genes listed in Table 4A and/or 4.2A, or the
corresponding expression product, indicates thatsaid
DRFI is predicted to be shorter; and (b) evidence of
increased expression of one or more of the genes
listed in Table 4B and/or 4.2B, or the corresponding
expression product, indicates that said DRFI is
predicted to be longer. [0029] In another aspect, the
invention concerns a method of predicting clinical
outcome in a subject diagnosed with Dukes B (stage II)
colorectal cancer following surgical resection of said
cancer, comprising determining the expression level of
one or more predictive RNA transcripts selected from
the group consisting of ALCAM, CD24, CDHl 1, CENPE,
CLTC, CYR61, EMR3, ICAM2, LOX, MADH2, MGAT5, MT3,
NUFIPl, PRDX6, SIR2, SOSl, STAT5B, TFF3, TMSB4X,
TP53BP1, WIF, CAPG, CD28, CDC20, CKSlB, DKKl, HSD17B2,
and MMP7, or their expression products, in a
biological sample comprising cancer cells obtained
from said subject, wherein: (a) evidence of increased
expression of one or more of the genes selected from
the group consisting of ALCAM, CD24, CDHl 1, CENPE,
CLTC, CYR61, EMR3, ICAM2, LOX, MADH2, MGAT5, MT3,
NUFIPl, PRDX6, SIR2, SOSl, STAT5B, TFF3, TMSB4X,
TP53BP1, and WIF, or the corresponding expression
product, indicates a decreased likelihood of positive
clinical outcome; and (b) evidence of increased
expression of one or more of the genes selected from
the group consisting of CAPG, CD28, CDC20, CKSlB,
DKKl, HSD17B2, and MMP7, or the corresponding
expression product, indicates an increased likelihood
of positive clinical outcome. [0030] In another
aspect, the invention concerns a method of predicting
clinical outcome in a subject diagnosed with Dukes C
(stage III) colorectal cancer following surgical
resection of said cancer, comprising determining the
expression level of one or more predictive RNA
transcripts selected from the group consisting of
CAPG, CD28, CKSlB, CYR61, DKKl, HSDl 7B2, LOX, MMP7,
SIR2, ALCAM, CD24, CDC20, CDHIl, CENPE, CLTC, EMR3,
ICAM2, MADH2, MGAT5, MT3, NUFIPl, PRDX6, SOSl, STAT5B,
TFF3, TMSB4X, TP53BP1, and WIF, or their expression
products, in a biological sample comprising cancer
cells obtained from said subject, wherein: (a)
evidence of increased expression of one or more of the
genes selected from the group consisting of CAPG,
CD28, CKSlB, CYR61, DKKl, HSD17B2, LOX, MMP7, and
SIR2, or the corresponding expression product,
indicates a decreased likelihood of positive clinical
outcome; and (b) evidence of increased expression of
one or more of the genes selected from the group
consisting of ALCAM, CD24, CDC20, CDHl 1, CENPE, CLTC,
EMR3, ICAM2, MADH2, MGAT5, MT3, NUFIPl, PRDX6, SOSl,
STAT5B, TFF3,TMSB4X, TP53BP1, and WIF, or the
corresponding expression product, indicates an
increased likelihood of positive clinical outcome. 



[0031] For all aspects of the method of the invention,
determining the expression level of one or more genes
may be obtained, for example, by a method of gene
expression profiling. The method of gene expression
profiling may be, for example, a PCR-based method.
[0032] For all aspects of the invention, the
expression levels of the genes may be normalized
relative to the expression levels of one or more
reference genes, or their expression products. [0033]
For all aspects of the invention, the subject
preferably is a human patient. [0034] For all aspects
of the invention, the method may further comprise
determining evidence of the expression levels of at
least two of said genes, or their expression products.
It is further contemplated that the method of the
invention may further comprise determining evidence of
the expression levels of at least three of said genes,
or their expression products. It is also contemplated
that the method of the invention may further comprise
determining evidence of the expression levels of at
least four of said genes, or their expression
products. It is also contemplated that the method of
the invention may further comprise determining
evidence of the expression levels of at least five of
said genes, or their expression products. [0035] For
all aspects of the invention, the method may further
comprise the step of creating a report summarizing
said prediction. [0036] For all aspects of the
invention, it is contemplated that for every increment
of an increase in the level of one or more predictive
RNA transcripts or their expression products, the
patient is identified to show an incremental increase
in clinical outcome. [0037] For all aspects of the
invention, the determination of expression levels may
occur more than one time. For all aspects of the
invention, the determination of expression levels may
occur before the patient is subjected to any therapy
following surgical resection. [0038] In a different
aspect the invention is directed to a report
comprising the predicted clinical outcome in a subject
diagnosed with colorectal cancer following surgical
resection of said cancer, comprising a prediction of
clinical outcome based on information comprising the
expression level of one or more predictive RNA
transcripts listed in Tables IA-B, 2A-B, 3A-B, 4A-B,
5A-B, 6 and/or 7, or their expression products, in a
biological samplecomprising cancer cells obtained from
said subject wherein: (a) evidence of increased
expression of one or more of the genes listed in Table
IA, 2A, 3A, 4A , and/or 5A , or the corresponding
expression product, indicates a decreased likelihood
of a positive clinical outcome; and (b) evidence of
increased expression of one or more of the genes
listed in Table IB 2B, 3B, 4B and/or 5B, or the
corresponding expression product, indicates an
increased likelihood of a positive clinical outcome.
The clinical outcome of the report of the invention
may be expressed, for example, in terms of
Recurrence-Free Interval (RFI), Overall Survival (OS),
Disease-Free Survival (DFS), or Distant
Recurrence-Free Interval (DRFI). In one embodiment
that cancer is Dukes B (stage II) or Dukes C (stage
III) colorectal cancer. The prediction of clinical
outcome may comprise an estimate of the likelihood of
a particular clinical outcome for a subject or may
comprise the classification of a subject into a risk
group based on said estimate. [0039] In another aspect
the invention is directed to a report predicting
clinical outcome for a subject diagnosed with
colorectal cancer following surgical resection of said
cancer, comprising a prediction of clinical outcome
based on information comprising the expression level
of one or more predictive RNA transcripts listed in
Tables 1.2A-B, 2.2A-B, 3.2A-B, 4.2A-B, 5.2A-B, 6.2
and/or 7.2, or their expression products, in a
biological sample comprising cancer cells obtained
from said subject, wherein (a) evidence of increased
expression of one or more of the genes listed in Table
1.2A, 2.2A, 3.2A, 4.2A and/or 5.2A, or the
corresponding expression product, indicates a
decreased likelihood of a positive clinical outcome;
and (b) evidence of increased expression of one or
more of the genes listed in Table 1.2B, 2.2B, 3.2B,
4.2B and/or 5.2B, or the corresponding expression
product, indicates an increased likelihood of a
positive clinical outcome. The clinical outcome of the
report of the invention may be expressed, for example,
in terms of Recurrence-Free Interval (RFI), Overall
Survival (OS), Disease-Free Survival (DFS), or Distant
Recurrence-Free Interval (DRFI). In one embodiment
that cancer is Dukes B (stage II) or Dukes C (stage
III) colorectal cancer. The prediction of clinical
outcome may comprise an estimate of the likelihood of
a particular clinical outcome for a subject or may
comprise the classification of a subject into a risk
group based on said estimate. [0040] In another
aspect, the invention concerns a report predicting
clinical outcome for a subject diagnosed with
colorectal cancer following surgical resection of said
cancer, comprising a prediction of clinical outcome
based on information comprising the expressionlevel of
one or more predictive RNA transcripts listed in
Tables IA-B, 1.2A-B, 2A-B, 2.2A-B, 3A-B, 3.2A-B, 4A-B,
4.2A-B, 5A-B, 5.2A-B, 6, 6.2, 7 and/or 7.2, or their
expression products, in a biological sample comprising
cancer cells obtained from said subject, wherein (a)
evidence of increased expression of one or more of the
genes listed in Table IA, 1.2A, 2A, 2.2A, 3A, 3.2A,
4A, 4.2A, 5A and/or 5.2A, or the corresponding
expression product, indicates a decreased likelihood
of a positive clinical outcome; and (b) evidence of
increased expression of one or more of the genes
listed in Table 1B,1.2B, 2B, 2.2B, 3B, 3.2B, 4B, 4.2B,
5B and/or 5.2B, or the corresponding expression
product, indicates an increased likelihood of a
positive clinical outcome. The prediction of clinical
outcome may comprise an estimate of the likelihood of
a particular clinical outcome for a subject or may
comprise the classification of a subject into a risk
group based on said estimate. [0041] In another aspect
the invention is directed to a report predicting
clinical outcome in a subject diagnosed with Dukes B
(stage II) colorectal cancer following surgical
resection of said cancer, comprising a prediction of
clinical outcome based on information comprising the
expression level of one or more predictive RNA
transcripts selected from the group consisting of
ALCAM, CD24, CDHIl, CENPE, CLTC, CYR61, EMR3, ICAM2,
LOX, MADH2, MGAT5, MT3, NUFIPl, PRDX6, SIR2, SOSl,
STAT5B, TFF3, TMSB4X, TP53BP1, WIF, CAPG, CD28, CDC20,
CKSlB DKKl, HSD17B2, and MMP7, or their expression
products, in a biological sample comprising cancer
cells obtained from said subject, wherein: (a)
evidence of increased expression of one or more of the
genes selected from the group consisting of ALCAM,
CD24, CDHI l , CENPE, CLTC, CYR61, EMR3, ICAM2, LOX,
MADH2, MGAT5, MT3, NUFIPl, PRDX6, SIR2, SOSl, STAT5B,
TFF3, TMSB4X, TP53BP1, and WIF, or the corresponding
expression product, indicates a decreased likelihood
of positive clinical outcome; and (b) evidence of
increased expression of one or more of the genes
selected from the group consisting of CAPG, CD28,
CDC20, CKSlB, DKKl, HSD17B2, and MMP7, or the
corresponding expression product, indicates an
increased likelihood of positive clinical outcome. The
prediction of clinical outcome may comprise an
estimate of the likelihood of a particular clinical
outcome for a subject or may comprise the
classification of a subject into a risk group based on
said estimate. [0042] In another aspect the invention
is directed to a report predicting clinical outcome in
a subject diagnosed with Dukes C (stage III)
colorectal cancer following surgicalresection of said
cancer, comprising a prediction of clinical outcome
based on information comprising the expression level
of one or more predictive RNA transcripts selected
from the group consisting of CAPG, CD28, CKSlB, CYR61,
DKKl, HSD17B2, LOX, MMP7, SIR2, ALCAM, CD24, CDC20,
CDHI l CENPE, CLTC, EMR3, ICAM2, MADH2, MGAT5, MT3,
NUFIPl, PRDX6, SOSl, STAT5B, TFF3, TMSB4X, TP53BP1,
and WIF, or their expression products, in a biological
sample comprising cancer cells obtained from said
subject, wherein: (a) evidence of increased expression
of one or more of the genes selected from the group
consisting of CAPG, CD28, CKSlB, CYR61, DKKl, HSD17B2,
LOX, MMP7, and SIR2, or the corresponding expression
product, indicates a decreased likelihood of positive
clinical outcome; and (b) evidence of increased
expression of one or more of the genes selected from
the group consisting of ALCAM, CD24, CDC20, CDHIl,
CENPE, CLTC, EMR3, ICAM2, MADH2, MGAT5, MT3, NUFIPl,
PRDX6, SOSl, STAT5B, TFF3, TMSB4X, TP53BP1, and WIF,
or the corresponding expression product, indicates an
increased likelihood of positive clinical outcome. The
prediction of clinical outcome may comprise an
estimate of the likelihood of a particular clinical
outcome for a subject or may comprise the
classification of a subject into a risk group based on
said estimate. [0043] In a different aspect the
invention concerns a kit comprising one or more of (1)
extraction buffer/reagents and protocol; (2) reverse
transcription buffer/reagents and protocol; and (3)
qPCR buffer/reagents and protocol suitable for
performing the methods of this invention. The kit may
comprise data retrieval and analysis software. Brief
Description of Drawings [0044] Figure 1 shows a
dendrogram representing the expression clustering of
142 genes that were statistically significantly
related to recurrence-free interval (Tables 1.2A and
1.2B) in the univariate Cox proportional hazards
analysis. The cluster analysis used the unweighted
pair-group average amalgamation method and 1-Pearson r
as the distance measure. The identities of particular
genes in clusters of interest are indicated along the
x-axis. Detailed Description of the Preferred
Embodiment A. Definitions[0045] Unless defined
otherwise, technical and scientific terms used herein
have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention
belongs. Singleton et al., Dictionary of Microbiology
and Molecular Biology 2nd ed., J. Wiley & Sons (New
York, NY 1994), and March, Advanced Organic Chemistry
Reactions, Mechanisms and Structure 4th ed., John
Wiley & Sons (New York, NY 1992), provide one skilled
in the art with a general guide to many of the terms
used in the present application. [0046] One skilled in
the art will recognize many methods and materials
similar or equivalent to those described herein, which
could be used in the practice of the present
invention. Indeed, the present invention is in no way
limited to the methods and materials described. For 



purposes of the present invention, the following terms
are defined below. [0047] The term "tumor," as used
herein, refers to all neoplastic cell growth and
proliferation, whether malignant or benign, and all
pre-cancerous and cancerous cells and tissues. [0048]
The terms "cancer" and "cancerous" refer to or
describe the physiological condition in mammals that
is typically characterized by unregulated cell growth.
Examples of cancer include, but are not limited to,
breast cancer, ovarian cancer, colon cancer, lung
cancer, prostate cancer, hepatocellular cancer,
gastric cancer, pancreatic cancer, cervical cancer,
liver cancer, bladder cancer, cancer of the urinary
tract, thyroid cancer, renal cancer, carcinoma,
melanoma, and brain cancer. [0049] The "pathology" of
cancer includes all phenomena that compromise the
wellbeing of the patient. This includes, without
limitation, abnormal or uncontrollable cell growth,
metastasis, interference with the normal functioning
of neighboring cells, release of cytokines or other
secretory products at abnormal levels, suppression or
aggravation of inflammatory or immunological response,
neoplasia, premalignancy, malignancy, invasion of
surrounding or distant tissues or organs, such as
lymph nodes, etc. [0050] The term "colorectal cancer"
is used in the broadest sense and refers to (1) all
stages and all forms of cancer arising from epithelial
cells of the large intestine and/or rectum and/or (2)
all stages and all forms of cancer affecting the
lining of the large intestine and/or rectum. In the
staging systems used for classification of colorectal
cancer, the colon and rectum are treated as one organ.
[0051] According to the tumor, node, metastatis (TNM)
staging system of the American Joint Committee on
Cancer (AJCC) (Greene et al. (eds.), AJCC Cancer
StagingManual. 6th Ed. New York, NY: Springer; 2002),
the various stages of colorectal cancer are defined as
follows: [0052] Tumor: Tl: tumor invades submucosal
T2: tumor invades muscularis propria; T3: tumor
invades through the muscularis propria into the
subserose, or into the pericolic or perirectal
tissues; T4: tumor directly invades other organs or
structures, and/or perforates. [0053] Node: NO: no
regional lymph node metastasis; Nl: metastasis in 1 to
3 regional lymph nodes; N2: metastasis in 4 or more
regional lymph nodes. [0054] Metastasis:M0: mp distant
metastasis; Ml : distant metastasis present. [0055]
Stage groupings: Stage I : Tl NOMO; T2 NOMO; Stage II:
T3 NOMO; T4 NO MO; Stage III: any T, Nl-2; MO; Stage
IV: any T, any N, Ml. [0056] According to the Modified
Duke Staging System, the various stages of colorectal
cancer are defined as follows: [0057] Stage A: the
tumor penetrates into the mucosa of the bowel wall but
not further. Stage B: tumor penetrates into and
through the muscularis propria of the bowel wall;
Stage C: tumor penetrates into but not through
muscularis propria of the bowel wall, there is
pathologic evidence of colorectal cancer in the lymph
nodes; or tumor penetrates into and through the
muscularis propria of the bowel wall, there is
pathologic evidence of cancer in the lymph nodes;
Stage D: tumor has spread beyond the confines of the
lymph nodes, into other organs, such as the liver,
lung or bone. [0058] Prognostic factors are those
variables related to the natural history of '
colorectal cancer, which influence the recurrence
rates and outcome of patients once they have developed
colorectal cancer. Clinical parameters that have been
associated with a worse prognosis include, for
example, lymph node involvement, , and high grade
tumors. Prognostic factors are frequently used to
categorize patients into subgroups with different
baseline relapse risks. [0059] The term "prognosis" is
used herein to refer to the prediction of the
likelihood of cancer-attributable death or
progression, including recurrence, metastatic spread,
and drug resistance, of a neoplastic disease, such as
colon cancer. [0060] The term "prediction" is used
herein to refer to the likelihood that a patient will
have a particular clinical outcome, whether positive
or negative, following surgical removal of the primary
tumor. The predictive methods of the present invention
can be used clinically tomake treatment decisions by
choosing the most appropriate treatment modalities for
any particular patient. The predictive methods of the
present invention are valuable tools in predicting if
a patient is likely to respond favorably to a
treatment regimen, such as surgical intervention. The
prediction may include prognostic factors. [0061] The
term "positive clinical outcome" means an improvement
in any measure of patient status, including those
measures ordinarily used in the art, such as an
increase in the duration of Recurrence-Free interval
(RFI), an increase in the time of Overall Survival
(OS), an increase in the time of Disease-Free Survival
(DFS), an increase in the duration of Distant
Recurrence-Free Interval (DRFI), and the like. An
increase in the likelihood of positive clinical
outcome corresponds to a decrease in the likelihood of
cancer recurrence. [0062] The term "risk
classification" means the level of risk or the
prediction that a subject will experience a particular
clinical outcome. A subject may be classified into a
risk group or classified at a level of risk based on
the predictive methods of the present invention. A
"risk group" is a group of subjects or individuals
with a similar level of risk for a particular clinical
outcome. [0063] The term "long-term" survival is used
herein to refer to survival for at least 3 years, more
preferably for at least 5 years. [0064] The term
"Recurrence-Free Interval (RFI)" is used herein to
refer to time in years to first colon cancer
recurrence censoring for second primary cancer as a
first event or death without evidence of recurrence.
[0065] The term "Overall Survival (OS)" is used herein
to refer to time in years from surgery to death from
any cause. [0066] The term "Disease-Free Survival
(DFS)" is used herein to refer to time in years to
colon cancer recurrence or death from any cause.
[0067] The term "Distant Recurrence-Free Interval
(DRFI)" is used herein to refer to the time (in years)
from surgery to the first anatomically distant cancer
recurrence. [0068] The calculation of the measures
listed above in practice may vary from study to study
depending on the definition of events to be either
censored or not considered. [0069] The term
"microarray" refers to an ordered arrangement of
hybridizable array elements, preferably polynucleotide
probes, on a substrate.[0070] The term
"polynucleotide," when used in singular or plural,
generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or
DNA or modified RNA or DNA. Thus, for instance,
polynucleotides as defined herein include, without
limitation, single- and double-stranded DNA, DNA
including single- and double-stranded regions, single-
and double-stranded RNA, and RNA including single- and
double-stranded regions, hybrid molecules comprising
DNA and RNA that may be single-stranded or, more
typically, double-stranded or include single- and
double-s.tranded regions. In addition, the term
"polynucleotide" as used herein refers to
triple-stranded regions comprising RNA or DNA or both
RNA and DNA. The strands in such regions may be from
the same molecule or from different molecules. The
regions may include all of one or more of the
molecules, but more typically involve only a region of
some of the molecules. One of the molecules of a
triple-helical region often is an oligonucleotide. The
term "polynucleotide" specifically includes cDNAs. The
term includes DNAs (including cDNAs) and RNAs that
contain one or more modified bases. Thus, DNAs or RNAs
with backbones modified for stability or for other
reasons are "polynucleotides" as that term is intended
herein. Moreover, DNAs or RNAs comprising unusual
bases, such as inosine, or modified bases, such as
tritiated bases, are included within the term
"polynucleotides" as defined herein. In general, the
term "polynucleotide" embraces all chemically,
enzymatically and/or metabolically modified forms of
unmodified polynucleotides, as well as the chemical
forms of DNA and RNA characteristic of viruses and
cells, including simple and complex cells. [0071] The
term "oligonucleotide" refers to a relatively short
polynucleotide, including, without limitation,
single-stranded deoxyribonucleotides, single- or
double-stranded ribonucleotides, RNArDNA hybrids and
double-stranded DNAs. Oligonucleotides, such as
single-stranded DNA probe oligonucleotides, are often
synthesized by chemical methods, for example using
automated oligonucleotide synthesizers that are
commercially available. However, oligonucleotides can
be made by a variety of other methods, including in
vitro recombinant DNA-mediated techniques and by
expression of DNAs in cells and organisms. [0072] The
terms "differentially expressed gene," "differential
gene expression" and their synonyms, which are used
interchangeably, refer to a gene whose expression is
activated to a higher or lower level in a subject
suffering from a disease, specifically cancer, such as
colon cancer, relative to its expression in a normal
or control subject. The terms also include geneswhose
expression is activated to a higher or lower level at
different stages of the same disease. It is also
understood that a differentially expressed gene may be
either activated or inhibited at the nucleic acid
level or protein level, or may be subject to
alternative splicing to result in a different
polypeptide product. Such differences may be evidenced
by a change in mRNA levels, surface expression,
secretion or other partitioning of a polypeptide, for
example. Differential gene expression may include a
comparison of expression between two or more genes or
their gene products, or a comparison of the ratios of
the expression between two or more genes or their gene
products, or even a comparison of two differently
processed products of the same gene, which differ
between normal subjects and subjects suffering from a
disease, specifically cancer, or between various
stages of the same disease. Differential expression
includes both quantitative, as well as qualitative,
differences in the temporal or cellular expression
pattern in a gene or its expression products among,
for example, normal and diseased cells, or among cells
which have undergone different disease events or
disease stages. For the purpose of this invention,
"differential gene expression" is considered to be
present when there is at least an 



about two-fold, preferably at least about four-fold,
more preferably at least about six-fold, most
preferably at least about ten-fold difference between
the expression of a given gene in normal and diseased
subjects, or in various stages of disease development
in a diseased subject. [0073] The term
"over-expression" with regard to an RNA transcript is
used to refer to the level of the transcript
determined by normalization to the level of reference
mRNAs, which might be all measured transcripts in the
specimen or a particular reference set of mRNAs.
[0074] The phrase "gene amplification" refers to a
process by which multiple copies of a gene or gene
fragment are formed in a particular cell or cell line.
The duplicated region (a stretch of amplified DNA) is
often referred to as "amplicon." Usually, the amount
of the messenger RNA (mRNA) produced, i.e., the level
of gene expression, also increases in the proportion
of the number of copies made of the particular gene
expressed. [0075] "Stringency" of hybridization
reactions is readily determinable by one of ordinary
skill in the art, and generally is an empirical
calculation dependent upon probe length, washing
temperature, and salt concentration. In general,
longer probes require higher temperatures for proper
annealing, while shorter probes need lower
temperatures. Hybridization generally depends on the
ability of denatured DNA to reanneal when
complementary strands are present in an environment
below their melting temperature. The higher the degree
of desiredhomology between the probe and hybridizable
sequence, the higher the relative temperature which
can be used. As a result, it follows that higher
relative temperatures would tend to make the reaction
conditions more stringent, while lower temperatures
less so. For additional details and explanation of
stringency of hybridization reactions, see Ausubel et
al., Current Protocols in Molecular Biology, Wiley
Interscience Publishers, (1995). [0076] "Stringent
conditions" or "high stringency conditions", as
defined herein, typically: (1) employ low ionic
strength and high temperature for washing, for example
0.015 M sodium chloride/0.0015 M sodium citrate/0.1%
sodium dodecyl sulfate at 50C; (2) employ during
hybridization a denaturing agent, such as formamide,
for example, 50% (v/v) formamide with 0.1% bovine
serum albumin/0. 1% Ficoll/0.1%
polyvinylpyrrolidone/50mM sodium phosphate buffer at
pH 6.5 with 750 mM sodium chloride, 75 mM sodium
citrate at 42C; or (3) employ 50% formamide, 5 x SSC
(0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x
Denhardt's solution, sonicated salmon sperm DNA (50
mg/ml), 0.1% SDS, and 10% dextran sulfate at 42C, with
washes at 42C in 0.2 x SSC (sodium chloride/sodium
citrate) and 50% formamide, followed by a
high-stringency wash consisting of 0.1 x SSC
containing EDTA at 55C. [00771 "Moderately stringent
conditions" may be identified as described by Sambrook
et al., Molecular Cloning: A Laboratory Manual, New
York: Cold Spring Harbor Press, 1989, and include the
use of washing solution and hybridization conditions
(e.g., temperature, ionic strength and %SDS) less
stringent that those described above. An example of
moderately stringent conditions is overnight
incubation at 37C in a solution comprising: 20%
formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5 x
Denhardt's solution, 10% dextran sulfate, and 20 mg/ml
denatured sheared salmon sperm DNA, followed by
washing the filters in 1 x SSC at about 37-500C. The
skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.
[0078] In the context of the present invention,
reference to "at least one," "at least two," "at least
five," etc. of the genes listed in any particular gene
set means any one or any and all combinations of the
genes listed. [0079] The term "node negative" cancer,
such as "node negative" colon cancer, is used herein
to refer to cancer that has not spread to the lymph
nodes.[0080] The terms "splicing" and "RNA splicing"
are used interchangeably and refer to RNA processing
that removes introns and joins exons to produce mature
mRNA with continuous coding sequence that moves into
the cytoplasm of an eukaryotic cell. [OObl ] In
theory, the term "exon" refers to any segment of an
interrupted gene that is represented in the mature RNA
product (B. Lewin. Genes TV Cell Press, Cambridge
Mass. 1990). In theory the term "intron" refers to any
segment of DNA that is transcribed but removed from
within the transcript by splicing together the exons
on either side of it. Operationally, exon sequences
occur in the mRNA sequence of a gene as defined by
Ref. SEQ ID numbers. Operationally, intron sequences
are the intervening sequences within the genomic DNA
of a gene, bracketed by exon sequences and having GT
and AG splice consensus sequences at their 5' and 3'
boundaries. [0082] The term "expression cluster" is
used herein to refer to a group of genes which
demonstrate similar expression patterns when studied
within samples from a defined set of patients. As used
herein, the genes within an expression cluster show
similar expression patterns when studied within
samples from patients with Stage II and/or Stage III
cancers of the colon and/or rectum. B.I General
Description of the Invention [0083] The practice of
the present invention will employ, unless otherwise
indicated, conventional techniques of molecular
biology (including recombinant techniques),
microbiology, cell biology, and biochemistry, which
are within the skill of the art. Such techniques are
explained fully in the literature, such as, "Molecular
Cloning: A Laboratory Manual", 2nd edition (Sambrook
et al., 1989); "Oligonucleotide Synthesis" (MJ. Gait,
ed., 1984); "Animal Cell Culture" (RJ. Freshney, ed.,
1987); "Methods in Enzymology" (Academic Press, Inc.);
"Handbook of Experimental Immunology", 4th edition
(D.M. Weir & CC. Blackwell, eds., Blackwell Science
Inc., 1987); "Gene Transfer Vectors for Mammalian
Cells" (J.M. Miller & M.P. Calos, eds., 1987);
"Current Protocols in Molecular Biology" (F.M. Ausubel
et al., eds., 1987); and "PCR: The Polymerase Chain
Reaction", (Mullis et al., eds., 1994). [0084] Based
on evidence of differential expression of RNA
transcripts in normal and cancer cells, the present
invention provides prognostic gene markers for
colorectal cancer. Thus, in a particular aspect, the
invention provides prognostic gene markers of Stage II
and/or Stage IIIcolorectal cancer, including markers
that are specifically prognostic to the outcome of
either Stage II or Stage III disease and those that
have prognostic value at both stages, reflecting
underlying differences in tumor cells in the two
stages and/or in the extent of tumor progression. The
prognostic markers and associated information provided
by the present invention allow physicians to make more
intelligent treatment decisions, and to customize the
treatment of colorectal cancer to the needs of
individual patients, thereby maximizing the benefit of
treatment and minimizing the exposure of patients to
unnecessary treatments, which do not provide any
significant benefits and often carry serious risks due
to toxic side-effects. [0085J Disruptions in the
normal functioning of various physiological processes,
including proliferation, apoptosis, angiogenesis and
invasion, have been implicated in the pathology in
cancer. The relative contribution of dysfunctions in
particular physiological processes to the pathology of
particular cancer types is not well characterized. Any
physiological process integrates the contributions of
numerous gene products expressed by the various cells
involved in the process. For example, tumor cell
invasion of adjacent normal tissue and intravasation
of the tumor cell into the circulatory system are
effected by an array of proteins that mediate various
cellular characteristics, including cohesion among
tumor cells, adhesion of tumor cells to normal cells
and connective tissue, ability of the tumor cell first
to alter its morphology and then to migrate through
surrounding tissues, and ability of the tumor cell to
degrade surrounding connective tissue structures.
[0086] Multi-anal yte gene expression tests can
measure the expression level of one or more genes
involved in each of several relevant physiologic
processes or component cellular characteristics. In
some instances the predictive power of the test, and
therefore its utility, can be improved by using the
expression values obtained for individual genes to
calculate a score which is more highly correlated with
outcome than is the expression value of the individual
genes. For example, the calculation of a quantitative
score (recurrence score) that predicts the likelihood
of recurrence in estrogen receptor-positive,
node-negative breast cancer is describe in a
co-pending U.S. Patent application (Publication Number
20050048542). The equation used to calculate such a
recurrence score may group genes in order to maximize
the predictive value of the recurrence score. The
grouping of genes may be performed at least in part
based on knowledge of their contribution to
physiologic functions or component cellular
characteristics such as discussed above. The formation
of groups, in addition, can facilitate the
mathematical weighting of thecontribution of various
expression values to the recurrence score. The
weighting of a gene group representing a physiological
process or component cellular characteristic can
reflect the contribution of that process or
characteristic to the pathology of the cancer and
clinical outcome. Accordingly, in an important aspect,
the present invention also provides specific groups of
the prognostic genes identified herein, that together
are more reliable and powerful predictors of outcome
than the individual genes or random combinations of
the genes identified. [0087] In addition, based on the
determination of a recurrence score, one can choose to
partition patients into subgroups at any particular
value(s) of the recurrence score, where all patients
with values in a given range can be classified as
belonging to a particular risk group. Thus, the values
chosen will define subgroups of patients with
respectively greater or lesser risk. [0088] The
utility of a gene marker in predicting colon cancer
outcome may not be unique to that marker. An
alternative marker having a expression pattern that is
closely similar to a particular test marker may be
substituted for or used in addition to a test marker
and have little impact on the overall predictive
utility of the test. The closely similar expression
patterns of two genes may result from involvement of
both genes in a particular process and/or being under
common regulatory control in colon tumor cells. The
present invention specifically includes and
contemplates the use of such substitute genes or gene
sets in the methods of the present invention. [0089]
The prognostic markers and associated information
provided by the present 



invention predicting the clinical outcome in Stage II
and/or Stage III cancers of the colon and/or rectum
has utility in the development of drugs to treat Stage
II and/or Stage III cancers of the colon and/or
rectum. [0090] The prognostic markers and associated
information provided by the present invention
predicting the clinical outcome in Stage II and/or
Stage III cancers of the colon and/or rectum also have
utility in screening patients for inclusion in
clinical trials that test the efficacy of drug
compounds for the treatment of patients with Stage II
and/or Stage III cancers of the colon and/or rectum.
In particular the prognostic markers may be used on
samples collected from patients in a clinical trial
and the results of the test used in conjunction with
patient outcomes in order to determine whether
subgroups of patients are more or less likely to show
a response to the drug than the whole group or other
subgroups.[0091] The prognostic markers and associated
information provided by the present invention
predicting the clinical outcome in Stage II and/or
Stage III cancers of the colon and/or rectum are
useful as inclusion criterion for a clinical trial.
For example, a patient is more likely to be included
in a clinical trial if the results of the test
indicate a higher likelihood that the patient will
have a poor clinical outcome if treated with surgery
alone and a patient is less likely to be included in a
clinical trial if the results of the test indicate a
lower likelihood that the patient will have a poor
clinical outcome if treated with surgery alone. [0092]
In a particular embodiment, prognostic markers and
associated information are used to design or produce a
reagent that modulates the level or activity of the
gene's transcript or its expression product. Said
reagents may include but are not limited to an
antisense RNA, a small inhibitory RNA, a ribozyme, a
monoclonal or polyclonal antibody. [0093] In a further
embodiment, said gene or its transcript, or more
particularly, an expression product of said transcript
is used in an (screening) assay to identify a drug
compound, wherein said drug compounds is used in the
development of a drug to treat Stage II and/or Stage
III cancers of the colon and/or rectum. [0094] In
various embodiments of the inventions, various
technological approaches are available for
determination of expression levels of the disclosed
genes, including, without limitation, RT-PCR,
microarrays, serial analysis of gene expression (SAGE)
and Gene Expression Analysis by Massively Parallel
Signature Sequencing (MPSS), which will be discussed
in detail below. In particular embodiments, the
expression level of each gene may be determined in
relation to various features of the expression
products of the gene including exons, introns, protein
epitopes and protein activity. In other embodiments,
the expression level of a gene may be inferred from
analysis of the structure of the gene, for example
from the analysis of the methylation pattern of gene's
promoters). B.2 Gene Expression Profiling [0095]
Methods of gene expression profiling include methods
based on hybridization analysis of polynucleotides,
methods based on sequencing of polynucleotides, and
proteomicsbased methods. The most commonly used.
methods known in the art for the quantification of
mRNA expression in a sample include northern blotting
and in situ hybridization (Parker & Barnes, Methods in
Molecular Biology 106:247-283 (1999)); RNAse
protection assays (Hod,Biotechniques 13:852-854
(1992)); and PCR-based methods, such as reverse
transcription polymerase chain reaction (RT-PCR) (Weis
et al., Trends in Genetics 8:263-264 (1992)).
Alternatively, antibodies may be employed that can
recognize sequence-specific duplexes, including DNA
duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or
DNA-protein duplexes. Representative methods for
sequencing-based gene expression analysis include
Serial Analysis of Gene Expression (SAGE), and gene
expression analysis by massively parallel signature
sequencing (MPSS). a. Reverse TranscriptasePCR RT-PCR)
100961 Of the techniques listed above, the most
sensitive and most flexible quantitative method is
RT-PCR, which can be used to determine mRNA levels in
various samples. The results can be used to compare
gene expression patterns between sample sets, for
example in normal and tumor tissues and in patients
with or without drug treatment. [0097]- The first step
is the isolation of mRNA from a target sample. The
starting material is typically total RNA isolated from
human tumors or tumor cell lines, and corresponding
normal tissues or cell lines, respectively. Thus RNA
can be isolated from a variety of primary tumors,
including breast, lung, colon, prostate, brain, liver,
kidney, pancreas, spleen, thymus, testis, ovary,
uterus, etc., tumor, or tumor cell lines, with pooled
DNA from healthy donors. If the source of mRNA is a
primary tumor, mRNA can be extracted, for example,
from frozen or archived paraffin-embedded and fixed
(e.g. formalin-fixed) tissue samples. [0098] General
methods for mRNA extraction are well known in the art
and are disclosed in standard textbooks of molecular
biology, including Ausubel et al., Current Protocols
of Molecular Biology , John Wiley and Sons (1997).
Methods for RNA extraction from paraffin embedded
tissues are disclosed, for example, in Rupp and
Locker, Lab Invest; 56:A67 (1987), and De Andres et
al, BioTechniques 18:42044 (1995). hi particular, RNA
isolation can be performed using purification kit,
buffer set and protease from commercial manufacturers,
such as Qiagen, according to the manufacturer's
instructions. For example, total RNA from cells in
culture can be isolated using Qiagen RNeasy
mini-columns. Other commercially available RNA
isolation kits include MasterPure(tm) Complete DNA and
RNA Purification Kit (EPICENTRE(r), Madison, WI), and
Paraffin Block RNA Isolation Kit (Ambion, Inc.). Total
RNA from tissue samples can be isolated using RNA
Stat-60 (Tel-Test). RNA prepared from tumor can be
isolated, for example, by cesium chloride density
gradient centrifugation.[0099] As RNA cannot serve as
a template for PCR, the first step in gene expression
profiling by RT-PCR is the reverse transcription of
the RNA template into cDNA, followed by its
exponential amplification in a PCR reaction. The two
most commonly used reverse transcriptases are avilo
myeloblastosis virus reverse transcriptase (AMV-RT)
and Moloney murine leukemia virus reverse
transcriptase (MMLV-RT). The reverse transcription
step is typically primed using specific primers,
random hexamers, or oligo-dT primers, depending on the
circumstances and the goal of expression profiling.
For example, extracted RNA can be reverse-transcribed
using a GeneAmp RNA PCR kit (Perkin Elmer, CA, USA),
following the manufacturer's instructions. The derived
cDNA can then be used as a template in the subsequent
PCR reaction. [0100] Although the PCR step can use a
variety of thermostable DNA-dependent DNA polymerases,
it typically employs the Taq DNA polymerase, which has
a 5'-3' nuclease activity but lacks a 3'-5'
proofreading endonuclease activity. Thus, TaqMan(r)
PCR typically utilizes the 5'-nuclease activity of Taq
or Tth polymerase to hydrolyze a hybridization probe
bound to its target amplicon, but any enzyme with
equivalent 5' nuclease activity can be used. Two
oligonucleotide primers are used to generate an
amplicon typical of a PCR reaction. A third
oligonucleotide, or probe, is designed to detect
nucleotide sequence located between the two PCR
primers. The probe is non-extendible by Taq DNA
polymerase enzyme, and is labeled with a reporter
fluorescent dye and a quencher fluorescent dye. Any
laser-induced emission from the reporter dye is
quenched by the quenching dye when the two dyes are
located close together as they are on the probe.
During the amplification reaction, the Taq DNA
polymerase enzyme cleaves the probe in a
template-dependent manner. The resultant probe
fragments disassociate in solution, and signal from
the released reporter dye is free from the quenching
effect of the second fluorophore. One molecule of
reporter dye is liberated for each new molecule
synthesized, and detection of the unquenched reporter
dye provides the basis for quantitative interpretation
of the data. [0101] TaqMan(r) RT-PCR can be performed
using commercially available equipment, such as, for
example, ABI PRISM 7700(tm) Sequence Detection
System(tm) (Perkin- Elmer-Applied Biosystems, Foster
City, CA, USA), or Lightcycler (Roche Molecular
Biochemicals, Mannheim, Germany). In a preferred
embodiment, the 5' nuclease procedure is run on a
real-time quantitative PCR device such as the ABI
PRISM 7700(tm) Sequence DetectionSystem(tm). The
system consists of a thermocycler, laser,
charge-coupled device (CCD), camera and computer. The
system amplifies samples in a 96-weIl format on a
thermocycler. During amplification, laser-induced
fluorescent signal is collected in real-time through
fiber optics cables for all 96 wells, and detected at
the CCD. The system includes software for running the
instrument and for analyzing the data. [0102]
5'-NucIease assay data are initially expressed as Ct,
or the threshold cycle. As discussed above,
fluorescence values are recorded during every cycle
and represent the amount of product amplified to that
point in the amplification reaction. The point when
the fluorescent signal is first recorded as
statistically significant is the threshold cycle (Q).
[0103] To minimize errors and the effect of
sample-to-sample variation, RT-PCR is usually
performed using an internal standard. The ideal
internal standard is expressed at a constant level
among different tissues, and is unaffected by the
experimental treatment. RNAs most frequently used to
normalize patterns of gene expression are mRNAs for
the housekeeping genes
glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) and
b-actin. [0104] A more recent variation of the RT-PCR
technique is the real time quantitative PCR, which
measures PCR product accumulation through a
dual-labeled fluorigenic probe (i.e., TaqMan(r)
probe). Real time PCR is compatible both with
quantitative competitive PCR, where internal
competitor for each target sequence is. used for
normalization, and with quantitative comparative PCR
using a normalization gene contained within the
sample, or a housekeeping gene for RT-PCR. For further
details see, e.g. Held et al, Genome Research
6:986-994 (1996). [0105] The steps of a representative
protocol for profiling gene expression using fixed,
paraffin-embedded tissues as the RNA source, including
mRNA isolation, purification, primer extension and
amplification are given in various published journal
articles (for example: T.E. Godfrey et al. J. Molec.
Diagnostics 2: 84-91 (2000); K. Specht et al., Am. J.
Pathol. 158: 419-29 (2001)). Briefly, a representative
process starts with cutting about 10 mm thick sections



of paraffin-embedded tumor tissue samples. The RNA is
then extracted, and protein and DNA are removed. After
analysis of the RNA concentration, RNA repair and/or
amplification steps may be included, if necessary, and
RNA is reverse transcribed using gene specific
promoters followed by RT-PCR. b. MassARRAY
System[0106] In the MassARRAY-based gene expression
profiling method, developed by Sequenom, Inc. (San
Diego, CA) following the isolation of RNA and reverse
transcription, the obtained cDNA is spiked with a
synthetic DNA molecule (competitor), which matches the
targeted cDNA region in all positions, except a single
base, and serves as an internal standard. The
cDNA/competitor mixture is PCR amplified and is
subjected to a post-PCR shrimp alkaline phosphatase
(SAP) enzyme treatment, which results in the
dephosphorylation of the remaining nucleotides. After
inactivarion of the alkaline phosphatase, the PCR
products from the competitor and cDNA are subjected to
primer extension, which generates distinct mass
signals for the competitor- and cDNA-derives PCR
products. After purification, these products are
dispensed on a chip array, which is pre-loaded with
components needed for analysis with matrixassisted
laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS) analysis. The cDNA present
in the reaction is then quantified by analyzing the
ratios of the peak areas in the mass spectrum
generated. For further details see, e.g. Ding and
Cantor, Proc. Natl. Acad. Sci. USA 100:3059-3064
(2003). c. Other PCR-basedMethods [0107] Further
PCR-based techniques include, for example,
differential display (Liang and Pardee, Science
257:967-971 (1992)); amplified fragment length
polymorphism (iAFLP) (Kawamoto et al., Genome Res.
12:1305-1312 (1999)); BeadArray(tm) technology
(Illumina, San Diego, CA; Oliphant et al., Discovery
of Markers for Disease (Supplement to Biotechniques),
June 2002; Ferguson et al., Analytical Chemistry
72:5618 (2000)); BeadsArray for Detection of Gene
Expression (BADGE), using the commercially available
LuminexlOO LabMAP system and multiple color-coded
microspheres (Luminex Corp., Austin, TX) in a rapid
assay for gene expression (Yang et al., Genome Res.
11:1888-1898 (2001)); and high coverage expression
profiling (HiCEP) analysis (Fukumura et al., Nucl.
Acids. Res. 31(16) e94 (2003)). d. Microarrays [0108]
Differential gene expression can also be identified,
or confirmed using the microarray technique. Thus, the
expression profile of colon cancer-associated genes
can be measured in either fresh or paraffin-embedded
tumor tissue, using microarray technology. In this
method, polynucleotide sequences of interest
(including cDNAs and oligonucleotides) are plated, or
arrayed, on a microchip substrate. The arrayed
sequences are then hybridized with specific DNA probes
from cells or tissues of interest. Just as in the
RT-PCR method, the source ofmRNA typically is total
RNA isolated from human tumors or tumor cell lines,
and corresponding normal tissues or cell lines. Thus
RNA can be isolated from a variety of primary tumors
or tumor cell lines. If the source of mRNA is a
primary tumor, mRNA can be extracted, for example,
from frozen or archived paraffin-embedded and fixed
(e.g. formalin-fixed) tissue samples, which are
routinely prepared and preserved in everyday clinical
practice. [0109] . In a specific embodiment of the
microarray technique, PCR amplified inserts of cDNA
clones are applied to a substrate in a dense array.
Preferably at least 10,000 nucleotide sequences are
applied to the substrate. The microarrayed genes,
immobilized on the microchip at 10,000 elements each,
are suitable for hybridization under stringent
conditions. Fluorescently labeled cDNA probes may be
generated through incorporation of fluorescent
nucleotides by reverse transcription of RNA extracted
from tissues of interest. Labeled cDNA probes applied
to the chip hybridize with specificity to each spot of
DNA on the array. After stringent washing to remove
non-specifically bound probes, the chip is scanned by
confocal laser microscopy or by another detection
method, such as a CCD camera. Quantitation of
hybridization of each arrayed element allows for
assessment of corresponding mRNA abundance. With dual
color fluorescence, separately labeled cDNA probes
generated from two sources of RNA are hybridized pair
wise to the array. The relative abundance of the
transcripts from the two sources corresponding to each
specified gene is thus determined simultaneously. The
miniaturized scale of the hybridization affords a
convenient and rapid evaluation of the expression
pattern for large numbers of genes. Such methods have
been shown to have the sensitivity required to detect
rare transcripts, which are expressed at a few copies
per cell, and to reproducibly detect at least
approximately two-fold differences in the expression
levels (Schena et at, Proc. Natl. Acad. ScL USA
93(2):106-149 (1996)). Microarray analysis can be
performed by commercially available equipment,
following manufacturer's protocols, such as by using
the Affymetrix GenChip technology, or Incyte's
microarray technology. [0110] The development of
microarray methods for large-scale analysis of gene
expression makes . it possible to search
systematically for molecular markers of cancer
classification and outcome prediction in a variety of
tumor types, e. Serial Analysis of Gene Expression
(SAGE) [0111] Serial analysis of gene expression
(SAGE) is a method that allows the simultaneous and
quantitative analysis of a large number of gene
transcripts, without the need ofproviding an
individual hybridization probe for each transcript.
First, a short sequence tag (about 10-14 bp) is
generated that contains sufficient information to
uniquely identify a transcript, provided that the tag
is obtained from a unique position within each
transcript. Then, many transcripts are linked together
to form long serial molecules, that can be sequenced,
revealing the identity of the multiple tags
simultaneously. The expression pattern of any
population of transcripts can be quantitatively
evaluated by determining the abundance of individual
tags, and identifying the gene corresponding to each
tag. For more details see, e.g. Velculescu et ah,
Science 270:484-487 (1995); and Velculescu et at, Cell
88:243-51 (1997). f. Gene Expression Analysis by
Massively Parallel Signature Sequencing CMPSS) [0112]
This method, described by Brenner et ah, Nature
Biotechnology 18:630-634 (2000), is a sequencing
approach that combines non-gel-based signature
sequencing with in vitro cloning of millions of
templates on separate 5 mm diameter microbeads. First,
a microbead library of DNA templates is constructed by
in vitro cloning. This is followed by the assembly of
a planar array of the template-containing microbeads
in a flow cell at a high density (typically greater
than 3 x 10 microbeads/cm ). The free ends of the
cloned templates on each microbead are analyzed
simultaneously, using a fluorescence-based signature
sequencing method that does not require DNA fragment
separation. This method has been shown to
simultaneously and accurately provide, in a single
operation, hundreds of thousands of gene signature
sequences from a yeast cDNA library. g.
Immunohistochemistrv [0113] Immunohistochemistry
methods are also suitable for detecting the expression
levels of the prognostic markers of the present
invention. Thus, antibodies or antisera, preferably
polyclonal antisera, and most preferably monoclonal
antibodies specific for each marker are used to detect
expression. The antibodies can be detected by direct
labeling of the antibodies themselves, for example,
with radioactive labels, fluorescent labels, hapten
labels such as, biotin, or an enzyme such as horse
radish peroxidase or alkaline phosphatase.
Alternatively, unlabeled primary antibody is used in
conjunction with a labeled secondary antibody,
comprising antisera, polyclonal antisera or a
monoclonal antibody specific for the primary antibody.
Immunohistochemistry protocols and kits are well known
in the art and are commercially available. h.
Proteomics[0114] The term "proteome" is defined as the
totality of the proteins present in a sample (e.g.
tissue, organism, or cell culture) at a certain point
of time. Proteomics includes, among other things,
study of the global changes of protein expression in a
sample (also referred to as "expression proteomics").
Proteomics typically includes the following steps: (1)
separation of individual proteins in a sample by 2-D
gel electrophoresis (2-D PAGE); (2) identification of
the individual proteins recovered from the gel, e.g.
my mass spectrometry or Nterminal sequencing, and (3)
analysis of the data using bioinformatics. Proteomics
methods are valuable supplements to other methods of
gene expression profiling, and can be used, alone or
in combination with other methods, to detect the
products of the prognostic markers of the present
invention. i. Promoter Methylation Analysis [0115] A
number of methods for quantization of RNA transcripts
(gene expression analysis) or their protein
translation products are discussed herein. The
expression level of genes may also be inferred from
information regarding chromatin structure, such as for
example the methylation status of gene promoters and
other regulatory elements and the acetylation status
of histones. [0116] In particular, the methylation
status of a promoter influences the level of
expression of the gene regulated by that promoter.
Aberrant methylation of particular gene promoters has
been implicated in expression regulation, such as for
example silencing of tumor suppressor genes. Thus,
examination of the methylation status of a gene's
promoter can be utilized as a surrogate for direct
quantization of RNA levels. [0117] Several approaches
for measuring the methylation status of particular DNA
elements have been devised, including
methylation-specific PCR (Herman J.G. et al. (1996)
Methylation-specif c PCR: a novel PCR assay for
methylation status of CpG islands. Proc. Natl Acad.
Sci. USA. 93, 9821-9826.) and bisulfite DNA sequencing
(Frommer M. et al. (1992) A genomic sequencing
protocol that yields a positive display of
5-methylcytosine residues in individual DNA strands.
Proc. Natl Acad. Sci. USA. 89, 1827-1831.). More
recently, microarray-based technologies have been used
to characterize promoter methylation status (Chen CM.
(2003) Methylation target array for rapid analysis of
CpG island hypermethylation in multiple tissue
genomes. Am. J. Pathol. 163, 37-45.). 



j . Coexpression of Genes[0118] A further aspect of
the invention is the identification of gene expression
clusters. Gene expression clusters can be identified
by analysis of expression data using statistical
analyses known in the art, including pairwise analysis
of correlation based on Pearson correlation
coefficients (Pearson K. and Lee A. (1902) Biometrika
2, 357). [0119] In one embodiment, an expression
cluster identified herein includes BGN, CALDl, COLlAl,
COLl A2, SPARC, VIM and other genes which are known to
be synthesized predominantly by stromal cells and to
be involved in remodeling extracellular matrix. This
expression cluster is referred to herein as the
Extracellular Matrix Remodeling/Stromal cluster.
[0120] In another embodiment, an expression cluster
identified herein includes ANXA2, KLK6, KLKlO, LAMA3,
LAMC2, MASPIN, SLPI, and other genes encoding
epithelial cell secreted products, most of which are
secreted predominantly by epithelial cells but which
may be secreted by other cell types. This expression
cluster is referred to herein as the
Epithelial/Secreted cluster. [0121] In still another
embodiment, an expression cluster identified herein
includes DUSPl, EGRl, EGR3, FOS, NR4A1, RHOB, and
other genes whose transcription is upregulated early
after exposure of cells to certain stimuli. A variety
of stimuli trigger transcription of early response
genes, e.g. exposure to growth factor s, which enables
cells to quickly increase their motility and their
ability to transport nutrients such as glucose. This
expression cluster is referred to herein as the Early
Response cluster. [0122] In yet another embodiment, an
expression cluster identified herein includes MCPl,
CD68, CTSB, OPN, and other genes encoding proteins
usually associated with cells of the immune system.
This expression cluster is referred to herein as the
Immune cluster. [0123] In a further embodiment, an
expression cluster identified herein includes CCNE2,
CDC20, SKP2, CHKl, BRCAl, CSELl and other genes
implicated in cell proliferation and regulation of the
cell cycle. This expression cluster is referred to
herein as the Proliferation/Cell Cycle cluster. k.
General Description of the mRNA Isolation.
Purification and Amplification [0124] The steps of a
representative protocol for profiling gene expression
using fixed, paraffin-embedded tissues as the RNA
source, including mRNA isolation, purification, primer
extension and amplification are provided in various
published journal articles (for example: T.E. Godfrey
et al,. J. Molec. Diagnostics 2 : 84-91 (2000); K.
Specht et al., Am. J.Pathol. 158: 419-29 (2001)).
Briefly, a representative process starts with cutting
about 10 mm thick sections of paraffin-embedded tumor
tissue samples. The RNA is then extracted, and protein
and DNA are removed. After analysis of the RNA
concentration, RNA repair and/or amplification steps
may be included, if necessary, and RNA is reverse
transcribed using gene specific promoters followed by
RT-PCR. Finally, the data are analyzed to identify the
best treatment option(s) available to the patient on
the basis of the characteristic gene expression
pattern identified in the tumor sample examined,
dependent on the predicted likelihood of cancer
recurrence. 1. Colon Cancer Gene Set, Assayed Gene
Subsequences, and Clinical Application of Gene
Expression Data [0125] An important aspect of the
present invention is to use the measured expression of
certain genes by colon cancer tissue to provide
prognostic information. For this purpose it is
necessary to correct for (normalize away) both
differences in the amount of RNA assayed and
variability in the quality of the RNA used. Therefore,
the assay typically measures and incorporates the
expression of certain normalizing genes, including
well known housekeeping genes, such as GAPDH and Cypl.
Alternatively, normalization can be based on the mean
or median signal (Ct) of all of the assayed genes or a
large subset thereof (global normalization approach).
On a gene-by-gene basis, measured normalized amount of
a patient tumor mRNA is compared to the amount found
in a colon cancer tissue reference set. The number (N)
of colon cancer tissues in this reference set should
be sufficiently high to ensure that different
reference sets (as a whole) behave essentially the
same way. If this condition is met, the identity of
the individual colon cancer tissues present in a
particular set will have no significant impact on the
relative amounts of the genes assayed. Usually, the
colon cancer tissue reference set consists of at least
about 30, preferably at least about 40 different FPE
colon cancer tissue specimens. Unless noted otherwise,
normalized expression levels for each mRNA/tested
tumor/patient will be expressed as a percentage of the
expression level measured in the reference set. More
specifically, the reference set of a sufficiently high
number (e.g. 40) of tumors yields a distribution of
normalized levels of each mRNA species. The level
measured in a particular tumor sample to be analyzed
falls at some percentile within this range, which can
be determined by methods well known in the art. Below,
unless noted otherwise, reference to expression
levels.of a gene assume normalized expression relative
to the reference set although this is not always
explicitly stated. rn. Design oflntron-Based PCR
Primers and Probes [0126] According to one aspect of
the present invention, PCR primers and probes are
designed based upon intron sequences present in the
gene to be amplified. Accordingly, the first step in
the primer/probe design is the delineation of intron
sequences within the genes. This can be done by
publicly available software, such as the DNA BLAT
software developed by Kent, W.J., Genome Res.
12(4):656-64 (2002), or by the BLAST software
including its variations. Subsequent steps follow well
established methods of PCR primer and probe design.
[0127] In order to avoid non-specific signals, it is
important to mask repetitive sequences within the
introns when designing the primers and probes. This
can be easily accomplished by using the Repeat Masker
program available on-line through the Baylor College
of Medicine, which screens DNA sequences against a
library of repetitive elements and returns a query
sequence in which the repetitive elements are masked.
The masked intron sequences can then be used to design
primer and probe sequences using any commercially or
otherwise publicly available primer/probe design
packages, such as Primer Express (Applied Biosystems);
MGB assay-by-design (Applied Biosystems); Primer3
(Steve Rozen and Helen J. Skaletsky (2000) Primer3 on
the WWW for general users and for biologist
programmers. In: Rrawetz S, Misener S (eds)
Bioinformatics Methods and Protocols: Methods in
Molecular Biology. Humana Press, Totowa, NJ, pp
365-386). [0128] The most important factors considered
in PCR primer design include primer length, melting
temperature (Tm), and G/C content, specificity,
complementary primer sequences, and 3'-end sequence.
In general, optimal PCR primers are generally 17-30
bases in length, and contain about 20-80%, such as,
for example, about 50-60% G+C bases. Tm's between 50
and 80 0C, e.g. about 50 to 70 0C are typically
preferred. [0129] For further guidelines for PCR
primer and probe design see, e.g. Dieffenbach, CW. et
al, "General Concepts for PCR Primer Design" in: PCR
Primer, A Laboratory Manual, Cold Spring Harbor
Laboratory Press, . New York, 1995, pp. 133-155; Innis
and Gelfand, "Optimization of PCRs" in: PCR Protocols,
A Guide to Methods and Applications, CRC Press,
London, 1994, pp. 5-11; and Plasterer, T.N.
Primerselect: Primer and probe design. MethodsMoI.
Biol. 70:520-527 (1997), the entire disclosures of
which are hereby expressly incorporated by reference.
n. Kits of the Invention [0130] The materials for use
in the methods of the present invention are suited for
preparation of kits produced in accordance with well
known procedures. The invention thus provides kits
comprising agents, which may include gene-specific or
gene^selective probes and/or primers, for quantitating
the expression of the disclosed genes for predicting
prognostic outcome or response to treatment. Such kits
may optionally contain reagents for the extraction of
RNA from tumor samples, in particular fixed
paraffin-embedded tissue samples and/or reagents for
RNA amplification. In addition, the kits may
optionally comprise the reagent(s) with an identifying
description or label or instructions relating to their
use in the methods of the present invention. The kits
may comprise containers (including microliter plates
suitable for use in an automated implementation of the
method), each with one or more of the various reagents
(typically in concentrated form) utilized in the
methods, including, for example, pre-fabricated
microarrays, buffers, the appropriate nucleotide
triphosphates (e.g., dATP, dCTP, dGTP and dTTP; or
rATP, rCTP, rGTP and UTP), reverse transcriptase, DNA
polymerase, RNA polymerase, and one or more probes and
primers of the present invention (e.g., appropriate
length poly(T) or random primers linked to a promoter
reactive with the RNA polymerase). Mathematical
algorithms used to estimate or quantify prognostic or
predictive information are also properly potential
components of kits. o. Reports of the Invention [0131]
The methods of this invention, when practiced for
commercial diagnostic purposes generally produce a
report or summary of the normalized expression levels
of one or more of the selected genes. The methods of
this invention will produce a report comprising a
prediction of the clinical outcome of a subject
diagnosed with colorectal cancer following surgical
resection of said cancer. The methods and reports of
this invention can further include storing the report
in a database. Alternatively, the method can further
create a record in a database for the subject and
populate the record with data. In one embodiment the
report is a paper report, in another embodiment the
report is an auditory report, in another embodiment
the report is an electronic record. It is contemplated
that the report is provided to a physician and/or the
patient. The receiving of the report can further
include establishing a network connection toa server
computer that includes the data and report and
requesting the data and report from the server
computer. [0132] The methods provided by the present
invention may also be automated in whole or in part.
[0133] All aspects of the present invention may also
be practiced such that a limited number of additional
genes that are co-expressed with the disclosed genes,
for example as 



evidenced by high Pearson correlation coefficients,
are included in a prognostic or predictive test in
addition to and/or in place of disclosed genes. [0134]
Having described the invention, the same will be more
readily understood through reference to the following
Example, which is provided by way of illustration, and
is not intended to limit the invention in any way.
Examples A Study to Explore Relationships Between
Genomic Tumor Expression Profiles and the Likelihood
of Recurrence in Dukes' B and Duke's C Patients
Treated With Resection of the Colon [0135] The primary
objective of this study was to determine whether there
is a significant relationship between the expression
of each of 757 amplicons identified in Table B and
clinical outcome in stage II and stage III colon
cancer patients who receive colon resection (surgery)
without chemotherapy. Study Design [0136] This was an
exploratory study using tissue and outcome data from
National Surgical Adjuvant Breast and Bowel Project
(NSABP) Studies C-Ol and C-02 in up to 400 Dukes B
(stage II) and Dukes C (stage III) patients who
received colon resection (surgery) only or surgery and
postoperative Bacillus Calmette-Guerin (BCG).
Inclusion Criteria [0137] Patients enrolled in either
NSABP Study C-Ol: "A Clinical Trial To Evaluate
Postoperative Immunotherapy And Postoperative Systemic
Chemotherapy In The Management Of Resectable Colon
Cancer" or NSABP Study C-02: "A Protocol To Evaluate
ThePostoperative Portal Vein Infiision Of
5-Flourouracil And Heparin In Adenocarcinoma Of The
Colon" Details of C-Ol and C-02 can be found on the
NSABP Website at the following URL:
http://www.nsabp.pitt.edu/NSABP_Protocols.htm#treatmen
t%20closed [0138] Tissue samples from the surgery only
and surgery + postoperative BCG arms of NSABP COl and
from the surgery only arm of NSABP C02 surgery were
combined into one sample set. Exclusion Criteria
[0139] Patients enrolled in NSABP Study C-Ol or NSABP
Study C-02 were excluded from the present study if one
or more of the following applied: No tumor block
available from initial diagnosis in the NSABP archive.
Insufficient tumor in block as assessed by examination
of hematoxylin and eosin (H&E) slide Insufficient RNA
(<700 ng) recovered from tissue sections for RT-PCR
analysis. [0140] Of 1943 patients enrolled in NSABP
Study C-Ol or NSABP Study C-02, 270 patient samples
were available after application of exclusion criteria
and used in the gene expression study disclosed
herein. The overall demographic and clinical
characteristics of the 270 included samples were
similar to the original NSABP combined cohorts. Gene
Panel [0141] i Seven hundred sixty-one genes,
including seven reference genes, were chosen for
expression analysis. These genes are listed in Table A
together with the sequences of primers and probes used
in qRT-PCR to determine expression level. Experimental
Materials and Methods [0142] The expression of 750
cancer-related genes and 7 genes designated for use as
reference genes was quantitatively assessed for each
patient using TaqMan(r) RT-PCR, which was performed in
singlet with RNA input at 1 nanogram per reaction.
Data Analysis Methods Reference Normalization [0143]
For normalization of extraneous effects, cycle
threshold (CT) measurements obtained by RT-PCR were
normalized relative to the mean expression of a set of
six referencegenes. The resulting reference-normalized
expression measurements typically range from 0 to 15,
where a one unit increase generally reflects a 2-fold
increase in RNA quantity. Comparison of Study Cohort
to Original NSABP Study Populations [0144] We compared
the distribution of clinical and demographic variables
for the current study cohort of evaluable tissue
blocks versus the original NSABP C-Ol and C-02 study
populations. There were no clinically meaningful
differences in the distributions. Univariate Analysis
[0145] For each of the 757 amplicons under study, we
used the Cox proportional hazard model to examine the
relationship between gene expression and recurrence
free interval (RFI). The likelihood ratio was used as
the test of statistical significance. The method of
Bepjamini and Hochberg (Benjamini, Y. and Hochberg, Y.
(1995). Controlling the false discovery rate: a
practical and powerful approach to multiple testing.
J.R. Statist. Soc. B 57, 289- 300.), as well as
resampling and permutation based methods (Tusher VG,
Tibshirani R, Chu G (2001) Significance analysis of
microarrays applied to the ionizing radiation
response. Proc Natl Acad Sci USA, 98:51 16-5121.;
Storey JD, Tibshirani R (2001) Estimating false
discovery rates under dependence, with applications to
DNA microarrays. Stanford: Stanford University,
Department of Statistics; Report No.: Technical Report
2001-28.; Korn EL, Troendle J, McShane L, Simon R
(2001) Controlling the number of false discoveries:
Application to highdimensional genomic data. Technical
Report 003. 2001. National Cancer Institute.) were
applied to the resulting set of p-values to estimate
false discovery rates. All analyses were repeated for
each of the alternative endpoints: distant recurrence
free interval (DRFI), overall survival (OS), and
disease free survival (DFS). Multivariate Analysis
[0146] For each of the 757 amplicons under study, we
used the Cox proportional hazard model to examine the
relationship between gene expression and RFI, while
controlling for the effects of other standard clinical
covariates (including tumor location, surgery type,
tumor grade, number of lymph nodes examined, and
number of positive lymph nodes. The difference in the
log likelihoods of the (reduced) model including only
the standard clinical covariates andthe (fiill) model
including the standard clinical covariates plus gene
expression was used as the test of statistical
significance. Non-Linear Analysis [0147] For each of
the 757 amplicons under study, we explored alternative
functional relationships between gene expression and
recurrence using several different methods. For each
amplicon, we fit a Cox proportional hazards model of
RFI as a function of gene expression using a 2
degree-of-freedom (DF) natural spline (Stone C, Koo C.
(1985) In Proceedings of the Statistical Computing
Section ASA. Washington, DC, 45-48). Statistical
significance was assessed by the 2 DF likelihood ratio
test for the model. Functional relationships were also
explored by examining the pattern of (smoothed)
Martingale residuals derived from univariate Cox
proportional hazards models of RFI as a strictly
linear function of gene expression (Gray RJ (1992)
Flexible methods for analyzing survival data using
splines, with applications to breast cancer prognosis.
Journal of the American Statistical Asssociation,
87:942-951.; Gray RJ (1994) Spline-based tests in
survival analysis. Biometrics, 50:640-652.; Gray RJ
(1990) Some diagnostic methods for Cox regression
models through hazard smoothing. Biometrics, 46:93-
102.). Additionally, cumulative sums of Martingale
residuals from each the same Cox proportional hazards
models were used to detect departures from linearity
(Lin D, Wei L, Ying Z. (1993) Checking the Cox Model
with Cumulative Sums of Martingale-Based Residuals.
Vol. 80, No. 3, 557-572). Interaction with Stage
[0148] We determined whether there is a significantly
different relationship between gene expression and RFI
in stage II and stage III patients. For each of the
757 amplicons, we tested the hypothesis that there is
a significant difference between the (reduced)
proportional hazards model for gene expression and
tumor stage versus the (full) proportional hazards
model based on gene expression, tumor stage, and their
interaction. The difference in the log likelihoods of
the reduced and full models was used as the test of
statistical significance. [0149] Table A shows qRT-PCR
probe and primer sequences for all genes included in
the study described in the Example.[0150] Table B
shows target amplicons for all genes included in the
study described in the Example. First Analysis Study
Results [0151] Reference Gene set for the first
analysis was CLTC, FZD6, NEDD8, RPLPO, RPS13, UBB UBC.
[0152] Table IA shows associations for those genes
whose increased expression is predictive of shorter
Recurrence-Free Interval (RFI) based on univariate
proportional hazards analysis. [0153] Table IB shows
associations for those genes whose increased
expression is predictive of longer Recurrence-Free
Interval (RFI) based on univariate proportional
hazards analysis. [0154] Table 2A shows associations
for those genes whose increased expression is
predictive of decreased rate of Overall Survival (OS)
based on univariate proportional hazards analysis.
[0155] Table 2B shows associations for those genes
whose increased expression is predictive of increased
rate of Overall Survival (OS) based on univariate
proportional hazards analysis. [0156] Table 3A shows
associations for those genes whose increased
expression is predictive of decreased rate of Disease
Free Survival (DFS) based on univariate proportional
hazards analysis. [0157] Table 3B shows associations
for those genes whose increased expression is 



predictive of increased rate of Disease Free Survival
(DFS) based on univariate proportional hazards
analysis. [0158] Table 4A shows associations for those
genes whose increased expression is predictive of
shorter Distant Recurrence-Free Interval (DRFI) based
on univariate proportional hazards analysis. [0159]
Table 4B shows associations for those genes whose
increased expression is predictive of longer Distant
Recurrence-Free Interval (DRFI) based on univariate
proportional hazards analysis.[0160] Table 5A shows
associations between gene expression and RPI for those
genes whose increased expression is predictive of
shorter Recurrence-Free Interval (RFI), based on a
multivariate analysis controlling for particular
demographic and clinical characteristics of patients
included in the analysis. [0161] Table 5B shows
associations between gene expression and RFI for those
genes whose increased expression is predictive of
longer Recurrence-Free Interval (RFI), based on a
multivariate analysis controlling for particular
demographic and clinical characteristics of patients
included in the analysis. [0162] Table 6 shows genes
for which an association between gene expression and
clinical outcome was identified based on a nonlinear
proportional hazards analysis, using a 2
degree-of-freedom natural spline. [0163] Table 7 shows
all genes exhibiting an interaction (p-value < 0.05)
with tumor stage. [0164] Table IA shows associations
between clinical outcome and gene expression for those
genes which demonstrated a Hazard Ratio>1.0 and for
which p<0.1. Univariate Cox Proportional Hazards
Regression analysis was applied in combined Stage II
(Duke's B) and Stage III (Duke's C) patients using RFI
as the metric for clinical outcome. Table IAHYDANTOIN
DERIVATIVES FOR THE TREATMENT OF INFLAMMATORY
DISORDERS BACKGROUND OF THE INVENTION Field of the
Invention This invention relates generally to novel
hydantoin derivatives that can inhibit matrix
metalloproteinases (MMPs), a disintegrin and
metalloproteases (ADAMs) and/or tumor necrosis factor
alpha - converting enzyme (TACE) and in so doing
prevent the release of tumor necrosis factor alpha
(TNF-a) , pharmaceutical compositions comprising such
compounds, and methods of treatment using such
compounds. Description Osteo- and rheumatoid arthritis
(OA and RA, respectively) are destructive diseases of
articular cartilage characterized by localized erosion
of the cartilage surface. Findings have shown that
articular cartilage from the femoral heads of patients
with OA, for example, had a reduced incorporation of
radiolabeled sulfate over controls, suggesting that
there must be an enhanced rate of cartilage
degradation in OA (Mankin et al. J. Bone Joint Surg.
52A (1970) 424-434). There are four classes of protein
degradative enzymes in mammalian cells: serine,
cysteine, aspartic and metalloproteases. The available
evidence supports the belief that it is the
metalloproteases that are responsible for the
degradation of the extracellular matrix of articullar
cartilage in OA and RA. Increased activities of
collagenases and stromelysin have been found in OA
cartilage and the activity correlates with severity of
the lesion (Mankin et al. Arthritis Rheum. 2 1, 1978,
761-766, Woessner et al. Arthritis Rheum. 26, 1983,
63-68 and Ibid. 27, 1984, 305-312). In addition,
aggrecanase (a newly identified metalloprotease) has
been identified that provides the specific cleavage
product of proteoglycan, found in RA and OA patients
(Lohmander L. S. et al. Arthritis Rheum. 36, 1993,
1214-22). Metalloproteases (MPs) have been implicated
as the key enzymes in the destruction of mammalian
cartilage and bone. It can be expected that the
pathogenesis of such diseases can be modified in a
beneficial manner by theadministration of MP
inhibitors (see Wahl et al. Ann. Rep. Med. Chem. 25,
175-184, AP, San Diego, 1990). MMPs are a family of
over 20 different enzymes that are involved in a
variety of biological processes important in the
uncontrolled breakdown of connective tissue, including
proteoglycan and collagen, leading to resorption of
the extracellular matrix. This is a feature of many
pathological conditions, such as RA and OA, corneal,
epidermal or gastric ulceration; tumor metastasis or
invasion; periodontal disease and bone disease.
Normally these catabolic enzymes are tightly regulated
at the level of their synthesis as well as at their
level of extracellular activity through the action of
specific inhibitors, such as alpha-2-macroglobulins
and TIMPs (tissue inhibitor of MPs), which form
inactive complexes with the MMP's. Tumor necrosis
factor alpha (TNF-a) is a cell-associated cytokine
that is processed from a 26 kDa precursor form to a 17
kd active form. See Black R.A. "Tumor necrosis
factor-alpha converting enzyme" lnt J Biochem Cell
Biol. 2002 Jan; 34(1 ):1-5 and Moss ML, White JM,
Lambert MH, Andrews RC 1TACE and other ADAM proteases
as targets for drug discovery" Drug Discov Today. 2001
Apr 1;6(8):41 7-426, each of which is incorporated by
reference herein. TNF-a has been shown to play a
pivotal role in immune and inflammatory responses.
Inappropriate or over-expression of TNF-a is a
hallmark of a number of diseases, including RA,
Crohn's disease, multiple sclerosis, psoriasis and
sepsis. Inhibition of TNF-a production has been shown
to be beneficial in many preclinical models of
inflammatory disease, making inhibition of TNF-a
production or signaling an appealing target for the
development of novel anti-inflammatory drugs. TNF-a is
a primary mediator in humans and animals of
inflammation, fever and acute phase responses, similar
to those observed during acute infection and shock.
Excess TNF-a has been shown to be lethal. Blocking the
effects of TNF-awith specific antibodies can be
beneficial in a variety of conditions, including
autoimmune diseases such as RA (Feldman et al,Lancet,
(1994) 344, 1105), non-insulin dependent diabetes
mellitus (Lohmander L. S. et al., Arthritis Rheum. 36
(1993) 1214-22) and Crohn's disease (Macdonald T. et
al., Clin. Exp. Immunol. 8 1 (1990) 301). Compounds
that inhibit the production of TNF-a are therefore of
therapeutic importance for the treatment of
inflammatory disorders. Recently it has been shown
that metalloproteases, such as TACE, are capable of
converting TNF-a from its inactive to active form
(Gearing et al Nature, 1994, 370, 555). Since
excessive TNF-a production has been noted in several
disease conditions also characterized by MMP-mediated
tissue degradation, compounds which inhibit both MMPs
and TNF-a production may also have a particular
advantage in diseases where both mechanisms are
involved. One approach to inhibiting the harmful
effects of TNF-a is to inhibit the enzyme, TACE before
it can process TNF-a to its soluble form. TACE is a
member of the ADAM family of type I membrane proteins
and mediates the ectodomain shedding of various
membrane-anchored signaling and adhesion proteins.
TACE has become increasingly important in the study of
several diseases, including inflammatory disease,
because of its role in cleaving TNF- a from its
"stalk" sequence and thus releasing the soluble form
of the TNF-a protein (Black R.A. lnt J Biochem Cell
Biol. 2002 34,1-5). There are numerous patents and
publications which disclose hydroxamate, sulphonamide,
hydantoin, carboxylate and/or lactam based MMP
inhibitors. US 6,677,355 and US 6,534,491 (B2),
describe compounds that are hydroxamic acid
derivatives and MMP inhibitors. US 6,495,565 discloses
lactam derivatives that are potential inhibitors of
MMPs and/or TNF-a. PCT Publications WO2002/074750,
WO2002/096426, WO20040067996, WO2004012663,
WO200274750 and WO2004024721 disclose hydantoin
derivatives that are potential inhibitors of MMPs. PCT
Publications WO2004024698 and WO2004024715 disclose
sulphonamide derivatives that are potential inhibitors
of MMPs.PCT Publications WO2004056766, WO2003053940
and WO2003053941 also describe potential inhibitors of
TACE and MMPs. PCT Publication WO2006/019768 refers to
hydantoin derivatives that are TACE inhibitors. There
is a need in the art for inhibitors of MMPs ADAMs,
TACE, and TNF-a, which can be useful as
anti-inflammatory compounds and cartilage protecting
therapeutics. The inhibition of TNF-a, TACE and or
other MMPs can prevent the degradation of cartilage by
these enzymes, thereby alleviating the pathological
conditions of OA and RA as well as many other
auto-immune diseases. 



SUMMARY OF THE INVENTION In its many embodiments, the
present invention provides a novel class of compounds
as inhibitors of TACE, the production of TNF-a, MMPs,
ADAMs, aggrecanase, or any combination thereof,
methods of preparing such compounds, pharmaceutical
compositions comprising one or more such compounds,
methods of preparing pharmaceutical formulations
comprising one or more such compounds, and methods of
treatment, prevention, inhibition or amelioration of
one or more diseases associated with TACE,
aggrecanaseTNF- a, MMPs, ADAMs or any combination
thereof using such compounds or pharmaceutical
compositions. In one embodiment, the present
application discloses a compound represented by
Formula (I): or a pharmaceutically acceptable salt,
solvate, ester or isomer thereof, wherein:ring A is
selected from the group consisting of aryl and
heteroaryl, each of which is substituted with -Y-R 1
and -Z-R 2 as shown; X is selected from the group
consisting of-S-.-O-, -S(O)2- , S(O)-, -(C(R3)2)m- and
-N(R3)-; T is alkynyl; V is selected from the group
consisting H, alkyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, heterocyclyl, and N-oxides of said
heteroaryl and heterocyclyl, wherein when each of said
cycloalkyl, cycloalkenyl, aryl, heteroaryl,
heterocyclyl, and N oxides of said heteroaryl and
heterocyclyl contains two radicals on same or adjacent
carbon atoms, said radicals may optionally be taken
together with the carbon atom(s) to which they are
attached to form a five- to eight-membered cycloalkyl,
cycloalkenyl, aryl, heterocyclyl or heteroaryl ring,
wherein each of the aforementioned cycloalkyl,
cycloalkenyl, aryl, heteroaryl, and heterocyclyl,
optionally with said five- to eight-membered
cycloalkyl, cycloalkenyl, aryl, heterocyclyl, or
heteroaryl is independently unsubstituted or
substituted with one to four R10 moieties which can be
the same or different; Y is selected from the group
consisting of a covalent bond, -(C(R 4 2)D-, -N(R4)-,
-C(O)N(R4)-, -N(R4)C(O)-, -N(R4JC(O)N(R4)-,
-S(O)2N(R4)-, -N(R4)-S(O)2- , -O-.-S-, -C(O)-, -S(O)-,
and -S(O)2- ; Z is selected from the group consisting
of a covalent bond, -(C(R 4)2)n , -N(R4)-,
-C(O)N(R4)-, -N(R4)C(O)-, -N(R4)C(O)N(R4)-,
-S(O)2N(R4)-, -N(R4)- S(O)2- , -O-.-S-, -C(O)-,
-S(O)-, and -S(O)2-; m is 1 to 3: n is 1 to 3; R is
selected from the group consisting of H, cyano,
alkynyl, halogen, alkyl, cycloalkyl, haloalkyl, aryl,
heteroaryl, and heterocyclyl, wherein when each of
said cycloalkyl, heterocyclyl, aryl and heteroaryl
contains two radicals on adjacent carbon atoms, said
radicals may optionally be taken together with the
carbon atoms to which they are attached to form a
five- to eightmembered cycloalkyl, aryl, heterocyclyl
or heteroaryl ring; wherein each of theR1 alkyl,
alkynyl, aryl, heteroaryl, and heterocyclyl,
optionally with the five or six-membered cycloalkyl,
aryl, heterocyclyl or heteroaryl ring is unsubstituted
or optionally independently substituted with one to
four R20 moieties which can be the same or different;
with the proviso that when Y is -N(R 4)-, -S -or -O-,
then R1 is not halogen or cyano; R is selected from
the group consisting of H, cyano, alkynyl, halogen,
alkyl, cycloalkyl, haloalkyl, aryl, heteroaryl, and
heterocyclyl, wherein when each of said cycloalkyl,
heterocyclyl, aryl and heteroaryl contains two
radicals on adjacent carbon atoms, said radicals may
optionally be taken together with the carbon atoms to
which they are attached to form a five- to
eightmembered cycloalkyl, aryl, heterocyclyl or
heteroaryl ring; wherein each of the R2 alkyl,
cycloalkyl, aryl, heteroaryl, and heterocyclyl,
optionally with the five or six-membered cycloalkyl,
aryl, heterocyclyl or heteroaryl ring is unsubstituted
or optionally independently substituted with one to
four R20 moieties which can be the same or different;
with the proviso that when Y is - N(R4)-, -S -or-O-,
then R2 is not halogen or cyano; each R3 is the same
of different and is independently selected from the
group consisting of H, alkyl, and aryl; 4 each R is
the same or different and is independently selected
from the group consisting of H, alkyl, cycloalkyl,
haloalkyl, hydroxy, -alkylcycloalkyl, -
alkyl-N(alkyl)2, heterocyclyl, aryl, and heteroaryl;
10 R is selected from the group consisting of
hydrogen, cyano, nitro, -C(R 4)=N-OR 4, -OR4, -SR 4,
-N(R 4)2,-S(O)R 4, -S(O) 2R4, -N(R 4JS(O)2R4, -N(R 4)-
C(O)-R 4, -C(O)N(R 4J-S(O)2R4, -S(O) 2N(R-O-C(O)-R 4,
-C(O)N(R 4)C(O)R 4, -C(O)N(R 4)C(O)NR 4 -S(O) 2N(R4)2,
-N(R 4)-C(O)OR 4, -OC(O)N(R 4)2, - N(R4)C(O)N(R 4)2,
-S(O) 2N(R4 2, -S(O) 2N(R4)-C(O)-R 4, -N(R 4)-C(=NR
4)-N(R 4)2, -N(R 4)-C(=N-CN)-N(R 4)2 > -haloalkoxy,
-C(O)OR 4, -C(O)R 4, -C(O)N(R 4 2, halogen, alkyl,
haloalkyl, aryl, heteroaryl, heterocyclyl, and
cycloalkyl, wherein each of the R10 alkyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl is
unsubstituted o r optionally independently substituted
with one to four R30 moieties which can be the same or
different;or wherein two R10 moieties, when attached
to the same or adjacent carbon atoms may optionally be
taken together with the carbon atom(s) to which they
are attached to form a cycloalkyl, cycloalkenyl,
heterocyclyl, aryl, or heteroaryl ring; 20 R is
selected from the group consisting of cyano, nitro,
-C(R4J=N-OR4, -OR4. -SR4, -N(R4)2,-S(O)R4, -S(O)2R4,
-N(R4)S(O)2R4, -N(R4JC( O)-R4, -C(O)N(R 4J-S(O)2R4,
-S(O)2N(R4J-C(O)-R4, -C(O)N(R4)C(O)R4,
-C(O)N(R4)C(O)NR4 -S(O)2N(R4)2, -N(R4)-C(O)OR4,
-OC(O)N(R4)2, - N(R4)C(O)N(R4)2, -S(O)2N(R4 2,
-S(O)2N(R4J-C(O)-R4, -N(R4)-C(=NR4)-N(R4)2
-N(R4)-C(=N-CN)-N(R 4)2, -haloalkoxy, -C(O)OR4,
-C(O)R4, -C(O)N(R4)2, halogen, alky], haloalkyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl; wherein when
each of said R20 aryl, heteroaryl, heterocyclyl and
cycloalkyl contains two radicals on adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eight-membered cycloalkyl, aryl,
heterocyclyl or heteroaryl ring; wherein each of said
R20 alkyl, aryl, heteroaryl, heterocyclyl, and
cycloalkyl, optionally with said five- to
eight-membered cycloalkyl, aryl, heterocyclyl or
heteroaryl ring is unsubstituted or substituted with
one to four moieties selected independently from the
group consisting of alkyl, halo, haloalkyl, hydroxy,
alkoxy, haloalkoxy, hydroxyalkyl, cyano, nitro, -NH2,
-NH(alkyl), and -N(alkyl)2; or when two R20 moieties
when attached to the same or adjacent carbon atoms may
optionally be taken together with the carbon atom(s)
to which they are attached to form a cycloalkyl,
cycloalkenyl, heterocyclyl, aryl, or heteroaryl ring;;
R is selected from the group consisting of cyano,
nitro, -C(R4J=N-OR4, -OR4, -SR4, -N(R4J2,-S(O)R4,
-S(O)2R4, -N(R4)S(O)2R4, -N(R4JC( O)-R4, -C(O)N(R
4J-S(O)2R4, -S(O)2N(R4)-C(O)-R4, -C(O)N(R4JC(O)R4,
-C(O)N(R4)C(O)NR4 -S(O)2N(R4 2, -N(R4J-C(O)OR4,
-OC(O)N(R4J2, - N(R4JC(O)N(R4J2, -S(O)2N(R4J2,
-S(O)2N(R4J-C(O)-R4, -N(R4)-C(=NR4)-N(R4)2,
-N(R4)-C(=N-CN)-N(R 4)2, -haloalkoxy, -C(O)OR4,
-C(O)R4, -C(O)N(R4 2,halogen, alkyl, haloalkyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl; wherein when
each of said R30 aryl, heteroaryl, heterocyclyl and
cycloalkyl contains two radicals on adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eight-membered cycloalkyl, aryl,
heterocyclyl or heteroaryl ring; wherein each of said
R30 alkyl, aryl, heteroaryl, heterocyclyl, and
cycloalkyl, optionally with said five- to
eight-membered cycloalkyl, aryl, heterocyclyl or
heteroaryl ring is unsubstituted or substituted with
one to four moieties selected independently from the
group consisting of alkyl, halo, haloalkyl, hydroxy,
alkoxy, haloalkoxy, cyano, nitro, -NH2, -NH(alkyl),
and -N(alkyl)2; or when two R30 moieties when attached
to the same or adjacent carbon atoms may optionally be
taken together with the carbon atom(s) to which they
are attached to form a cycloalkyl, cycloalkenyl,
heterocyclyl, aryl, 



or heteroaryl ring. In another embodiment, the present
application discloses a compound having the general
structure shown in Formula (II): or a pharmaceutically
acceptable salt, solvate, ester or isomer thereof ,
wherein: the ring labeled A is selected from the group
consisting of aryl and heteroaryl, each of which is
substituted with -Y-R 1 and -Z-R 2 as shown; X is
selected from the group consisting of -S-,-O-, -C(R
)2- or -N(R )-; T is absent or present, and if
present, T is selected from the group consisting of H
(with U and V being absent), alkyl, alkenyl, alkynyl,
aryl, heteroaryl, heterocyclyl, cycloalkyl,
alkylaryl-, and arylalkyl-, said aryl,heteroaryl,
heterocyclyl, cycloalkyl, alkylaryl-, and arylalkyl-
being optionally fused with one or more moieties
selected from the group consisting of aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl, wherein each of any of the aforementioned
alkyl, alkenyl, aryl, heteroaryl, heterocyclyl,
cycloalkyl, alkylaryl and arylalkyl groups of T is
unsubstituted or optionally independently substituted
with one to four R10 moieties which can be the same or
different, each R10 moiety being independently
selected from the group of R10 moieties below; U is
absent or present, and if present U is selected from
the group consisting of alkynyl, -C(O)-, -C(O)O-, and
-C(O)NR 4-; V is absent or present, and if present V
is selected from the group consisting of hydrogen,
alkyl, aryl, heteroaryl, heterocyclyl,
heterocyclylalkyl-, cycloalkyl, alkylaryl-, and
arylalkyl-, said aryl, heteroaryl, heterocyclyl,
heterocyclylalkyl-, cycloalkyl, alkylaryl- and
arylalkyl- being optionally fused with one or more
moieties selected from the group consisting of aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl, wherein each of any of the aforementioned
alkyl, aryl, heteroaryl, heterocyclyl and cycloalkyl
is unsubstituted or optionally independently
substituted with one to four R10 moieties which can be
the same or different, each R10 moiety being
independently selected from the group of R10 moieties
below; Y is selected from the group consisting of a
covalent bond, -(C(R 4)2)n- , -N(R4)-, -C(O)N(R4)-,
-N(R4)C(O)-, -N(R4)C(O)N(R4)-, -S(O)2N(R4)-, -N(R4)-
S(O)2, -O- -S-, -C(O)-, -S(O)-. and -S(O)2-; Z is
selected from the group consisting of a covalent bond,
-(C(R 4)2)n-, -N(R4)-, -C(O)N(R4)-, -N(R4JC(O)-,
-N(R4JC(O)N(R4)-, - S(O)2N(R4)-, -N(R4)-S(O)2- ,
-O-.-S-, -C(O)-, -S(O)-, and -S(O)2-; n is 1 to 3; R
is selected from the group consisting of H, -OR 4,
cyano, -C(O)OR4, -C(O)N(R 4)2, halogen, alkyl,
fluoroalkyl, aryl, heteroaryl, heterocyclyl,
alkylaryl, alkylheteroaryl and arylalkyl, wherein each
of the alkyl, fluoroalkyl, aryl, heteroaryl,
heterocyclyl, alkylaryl, alkylheteroaryl and arylalkyl
groups ofR is unsubstituted or optionally
independently substituted with one to four R20
moieties which can be the same o r different, each R20
moiety being independently selected from the group of
R20 moieties below, with the proviso that when Y is
present and Y is N , S o r O , then R1 is not halogen
o r cyano; R is selected from the group consisting of
H , -OR 4 , cyano, -C(O)OR 4 , -C(O)N(R 4 )2, halogen,
alkyl, fluoroalkyl, aryl, heteroaryl, heterocyclyl,
alkylaryl, alkylheteroaryl and arylalkyl, wherein each
of the alkyl, fluoroalkyl, aryl, 2 heteroaryl,
heterocyclyl, alkylaryl, alkylheteroaryl and arylalkyl
groups of R is unsubstituted o r optionally
independently substituted with one to four R20
moieties which can be the same o r different, each R20
moiety being independently selected from the group of
R20 moieties below, with the proviso that when Z is
present and Z is N , S o r O , then R2 is not halogen;
each R3 is the same of different and is independently
selected from the group consisting of H , alkyl, and
aryl; 4 each R is the same o r different and is
independently selected from the group consisting of H
, alkyl, heterocyclyl, aryl, and heteroaryl; 10 A L 4
R is selected from the group consisting of cyano, -OR
, -SR , -N(R )2, -S(O)R 4- , -S(O) 2R4- , -N(R 4JS(O)
2R4 , -S(O) 2N(R 4 2 , -O(fluoroalkyl), -C(O)OR 4 ,
-C(O)N(R 4 )2, halogen, alkyl, fluoroalkyl, aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl, wherein each of the alkyl, fluoroalkyl,
aryl, heteroaryl, heterocyclyl, cycloalkyl, alkylaryl
and arylalkyl groups of R is unsubstituted o r
optionally independently substituted with one to four
R30 moieties which can be the same o r different, each
R30 moiety being independently selected from the group
of R30 moieties below; 20 R is selected from the group
consisting of halogen, alkyl, fluoroalkyl, -N(R 4)2 ,
and -C(O)N(R 4 )2 ; and 3300 R iiss sseelleecctteedd
ffrroonm the group consisting of halogen, alkyl,
fluoroalkyl, -N(R 4 2 , and -C(O)N(R 4 2 .The
compounds of Formula I can be useful as inhibitors of
TACE and may be useful in the treatment and prevention
of diseases associated with TACE, TNF-a, MMPs ADAMs or
any combination thereof. DETAILED DESCRIPTION OF THE
INVENTION In its several embodiments, the present
invention provides a novel class of inhibitors of
TACE, aggrecanase, the production of TNF-a, MMPs ADAMs
or any combination thereof, pharmaceutical
compositions containing one or more of the compounds,
methods of preparing pharmaceutical formulations
comprising one or more such compounds, and methods of
treatment, prevention or amelioration of one or more
of the symptoms of inflammation. In one embodiment,
the present invention provides compounds which are
represented by structural Formula (I)-(IV) above or a
pharmaceutically acceptable salt, solvate, ester or
isomer thereof, wherein the various moieties are as
described above. In another embodiment, the isomer
referred to the in the preceding paragraph is a
stereoisomer. In one embodiment, the labeled ring A is
selected from the group consisting of phenyl,
thiophenyl, pyridyl, pyrimidyl, and each of which is
substituted with -Y-R 1 and -Z-R 2 as shown in Formula
(I). In another embodiment, in Formula (I), ring A is
phenyl which is substituted with -Y-R 1 and -Z-R 2 as
shown. In another embodiment, in Formula (I), X is
selected from the group consisting of -(C(R 3)2)m- and
-N(R 3)-. In another embodiment, in Formula (I), X is
X is -(C(R 3)2)m. wherein m is 1 or 2.In another
embodiment, in Formula (I) 1X is is ~iC(R3)2)m,
wherein m is 1. In another embodiment, in Formula (I),
R3 is H. In another embodiment, in Formula (I), X is
is -(C(R 3)2)m, wherein m 1, and wherein R3 is H. In
another embodiment, in Formula (I), T is -CsC-. In
another embodiment, in Formula (I), wherein V is
selected from the group consisting of H, aryl,
heteroaryl, and N-oxide of said heteroaryl; wherein
when each of the aforementioned aryl, and heteroaryl
contains two radicals on same or adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atom(s) to which they are attached to
form a five or six-membered cycloalkyl, aryl,
heterocyclyl or heteroaryl ring; wherein said aryl and
heteroaryl optionally with said five or six-membered
cycloalkyl, aryl, heterocyclyl or heteroaryl ring is
unsubstituted or optionally substituted with one to
four R10 moieties which can be the same or different.
In another embodiment, in Formula (I), V is selected
from the group consisting of phenyl, naphthyl,
pyrrolyl, furanyl, thiophenyl, pyrrazolyl,
benzopyrazolyl, imidazoly, benzimidazolyl, furazanyl,
pyridyl, pyridyl-N-oxide, pyridazinyl, pyrimidinyl,
pyrazinyl, indolyl, isoindolyl, indazolyl,
indolizinyl, quinolinyl, isopquinolinyl, quinazolinyl,
pteridinyl, tetrazolyl, oxazolyl, isothiazolyl,
thiazolyl,HYDANTOIN COMPOUNDS FOR THE TREATMENT OF
INFLAMMATORY DISORDERS BACKGROUND OF THE INVENTION
Field of the Invention 



This invention relates generally to novel hydantoin
derivatives that can inhibit matrix metalloproteinases
(MIVIPs) 1a disintegrin and metalloproteases (ADAMs)
and/or tumor necrosis factor alpha - converting enzyme
(TACE) and in so doing prevent the release of tumor
necrosis factor alpha (TNF-a) , pharmaceutical
compositions comprising such compounds, and methods of
treatment using such compounds. Description Osteo- and
rheumatoid arthritis (OA and RA, respectively) are
destructive diseases of articular cartilage
characterized by localized erosion of the cartilage
surface. Findings have shown that articular cartilage
from the femoral heads of patients with OA, for
example, had a reduced incorporation of radiolabeled
sulfate over controls, suggesting that there must be
an enhanced rate of cartilage degradation in OA
(Mankin et al. J. Bone Joint Surg. 52A (1970)
424-434). There are four classes of protein
degradative enzymes in mammalian cells: serine,
cysteine, aspartic and metalloproteases. The available
evidence supports the belief that it is the
metalloproteases that are responsible for the
degradation of the extracellular matrix of articullar
cartilage in OA and RA. Increased activities of
collagenases and stromelysin have been found in OA
cartilage and the activity correlates with severity of
the lesion (Mankin et al. Arthritis Rheum. 2 1, 1978,
761-766, Woessner et al. Arthritis Rheum. 26, 1983,
63-68 and Ibid. 27, 1984, 305-312). In addition,
aggrecanase (a newly identified metalloprotease) has
been identified that provides the specific cleavage
product of proteoglycan, found in RA and OA patients
(Lohmander L S. et al. Arthritis Rheum. 36, 1993,
1214-22). Metalloproteases (MPs) have been implicated
as the key enzymes in the destruction of mammalian
cartilage and bone. It can be expected that the
pathogenesis of such diseases can be modified in a
beneficial manner by theadministration of MP
inhibitors (see Wahl et al. Ann. Rep. Med. Chem. 25,
175-184, AP, San Diego, 1990). MMPs are a family of
over 20 different enzymes that are involved in a
variety of biological processes important in the
uncontrolled breakdown of connective tissue, including
proteoglycan and collagen, leading to resorption of
the extracellular matrix. This is a feature of many
pathological conditions, such as RA and OA, corneal,
epidermal or gastric ulceration; tumor metastasis or
invasion; periodontal disease and bone disease.
Normally these catabolic enzymes are tightly regulated
at the level of their synthesis as well as at their
level of extracellular activity through the action of
specific inhibitors, such as alpha-2-macroglobulins
and TIMPs (tissue inhibitor of MPs) which form
inactive complexes with the MMP's. Tumor necrosis
factor alpha (TNF-a) is a cell-associated cytokine
that is processed from a 26 kDa precursor form to a 17
kd active form. See Black R.A. "Tumor necrosis
factor-alpha converting enzyme" lnt J Biochem Cell
Biol. 2002 Jan; 34(1 ):1 -5 and Moss ML, White JM,
Lambert MH, Andrews RC TACE and other ADAM proteases
as targets for drug discovery" Drug Discov Today. 2001
Apr 1;6(8):41 7-426, each of which is incorporated by
reference herein. TNF-a has been shown to play a
pivotal role in immune and inflammatory responses.
Inappropriate or over-expression of TNF-a is a
hallmark of a number of diseases, including RA,
Crohn's disease, multiple sclerosis, psoriasis and
sepsis. Inhibition of TNF-a production has been shown
to be beneficial in many preclinical models of
inflammatory disease, making inhibition of TNF-a
production or signaling an appealing target for the
development of novel anti-inflammatory drugs. TNF-a is
a primary mediator in humans and animals of
inflammation, fever and acute phase responses, similar
to those observed during acute infection and shock.
Excess TNF-a has been shown to be lethal. Blocking the
effects of TNF-a with specific antibodies can be
beneficial in a variety of conditions, including
autoimmune diseases such as RA (Feldman et al, Lancet,
(1994) 344, 1105), non-insulin dependent diabetes
mellitus(Lohmander L. S. et al., Arthritis Rheum. 36 (
1993) 1214-22) and Crohn's disease (Macdonald T. et
al., Clin. Exp. Immunol. 8 1 (1990) 301). Compounds
that inhibit the production of TNF-a are therefore of
therapeutic importance for the treatment of
inflammatory disorders. Recently it has been shown
that metalloproteases, such as TACE, are capable of
converting TNF-a from its inactive to active form
(Gearing et al Nature, 1994, 370, 555). Since
excessive TNF-a production has been noted in several
disease conditions also characterized by MMP-mediated
tissue degradation, compounds which inhibit both MMPs
and TNF-a production may also have a particular
advantage in diseases where both mechanisms are
involved. One approach to inhibiting the harmful
effects of TNF-a is to inhibit the enzyme, TACE before
it can process TNF-a to its soluble form. TACE is a
member of the ADAM family of type I membrane proteins
and mediates the ectodomain shedding of various
membrane-anchored signaling and adhesion proteins.
TACE has become increasingly important in the study of
several diseases, including inflammatory disease,
because of its role in cleaving TNF- a from its
"stalk" sequence and thus releasing the soluble form
of the TNF-a protein (Black R.A. lnt J Biochem Cell
Biol. 2002 34,1-5). There are numerous patents and
publications which disclose hydroxamate, sulphonamide,
hydantoin, carboxylate and/or lactam based MMP
inhibitors. US 6,677,355 and US 6,534,491 (B2),
describe compounds that are hydroxamic acid
derivatives and MMP inhibitors. US 6,495,565 discloses
lactam derivatives that are potential inhibitors of
MMPs and/or TNF-a. PCT Publications WO2002/074750,
WO2002/096426, WO20040067996, WO2004012663,
WO200274750 and WO2004024721 disclose hydantoin
derivatives that are potential inhibitors of MMPs. PCT
Publications WO2004024698 and WO200402471 5 disclose
sulphonamide derivatives that are potential inhibitors
of MMPs.PCT Publications WO2004056766, WO2003053940
and WO2003053941 also describe potential inhibitors of
TACE and MMPs. PCT Publication WO2006/019768 refers to
hydantoin derivatives that are TACE inhibitors. There
is a need in the art for inhibitors of MMPs, ADAMs,
TACE, and TNF-a, which can be useful as
anti-inflammatory compounds and cartilage protecting
therapeutics. The inhibition of TNF-a, TACE and or
other MMPs can prevent the degradation of cartilage by
these enzymes, thereby alleviating the pathological
conditions of OA and RA as well as many other
auto-immune diseases. SUMMARY OF THE INVENTION In its
many embodiments, the present invention provides a
novel class of compounds as inhibitors of TACE, the
production of TNF-a, MMPs, ADAMs1aggrecanase, or any
combination thereof, methods of preparing such
compounds, pharmaceutical compositions comprising one
or more such compounds, methods of preparing
pharmaceutical formulations comprising one or more
such compounds, and methods of treatment, prevention,
inhibition or amelioration of one or more diseases
associated with TACE aggrecanaseTNF-a, MMPs, ADAMs or
any combination thereof using such compounds or
pharmaceutical compositions. In one embodiment, the
present application discloses a compound, or
pharmaceutically acceptable salts or solvates of said
compound, said compound having the general structure
shown in Formula (I): or a pharmaceutically acceptable
salt, solvate, or ester thereof, wherein:ring A is
selected from the group consisting of aryl and
heteroaryl, each of which is substituted with -Y-R 1
and -Z-R 2 as shown; X is selected from the group
consisting of -S-.-O-, -S(O)2, -S(O)-, -(C(R3)2)pr and
-N(R3)-: T is absent or present, and if present, T is
selected from the group consisting of alkyl, aryl, and
heteroaryl, wherein when each of said T aryl and
heteroaryl contains two radicals on adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eight-membered aryl or heteroaryl
ring, wherein each of the aforementioned T aryl, and
heteroaryl, optionally with said five- to
eightmembered aryl or heteroaryl is independently
unsubstituted or substituted with one to four R10
moieties which can be the same or different; U is
absent or present or absent, and if present, U is
selected from the group consisting of-O-, -0-C(O)NH-,
-OC(O)N(alkyl)-, -C(O)-, -C(O)O-, -C(O)NH-,
-C(O)N(alkyl)-, -C(=N-OH)-alkyl-, and
-C(=N-O-alkyl)-alkyl-; 



V is absent or present, and if present V is selected
from the group consisting of alkyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, heteroaryl, and
Noxides of said heterocyclyl and heteroaryl, wherein
when each of said V cycloalkyl, heterocyclyl, aryl,
heteroaryl, and N-oxides of said heterocycyl and
heteroaryl contains two radicals on adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eight-membered cycloalkyl, aryl,
heterocyclyl or heteroaryl ring; wherein each of said
V alkyl, alkynyl, cycloalkyl, heterocyclyl, aryl, and
heteroaryl heterocyclyl, optionally with said five- to
eight-membered cycloalkyl, aryl, heterocyclyl, or
heteroaryl is independently unsubstituted or
substituted with one to four R10 moieties which can be
the same or different; Y is selected from the group
consisting of a covalent bond, -(C(R 4)2)n-, -N(R4)-,
-C(O)N(R4)-, -N(R4)C(O)-, -N(R4)C(O)N(R4)-,
-S(O)2N(R4)-, -N(R4)- S(O)2, -O- -S-, -C(O)-, -S(O)-,
and -S(O)2- ; Z is selected from the group consisting
of a covalent bond, -(C(R 4)2)n- , -N(R4)-,
-C(O)N(R4)-, -N(R4)C(O)-, -N(R4)C(O)N(R4)-,
-S(O)2N(R4)-, -N(R4)- S(O)2- , -O-.-S-, -C(O)-,
-S(O)-, and -S(O)2-;m is 1 to 3; n is 1 to 3; R is
selected from the group consisting of H, cyano,
-C(O)OH, - C(O)O-alkyl, -C(O)NH2, -C(O)NH(alkyl),
-C(O)N(alkyl)2, alkynyl, halogen, alkyl, cycloalkyl,
haloalkyl, aryl, heteroaryl, and heterocyclyl, wherein
when each of said cycloalkyl, heterocyclyl, aryl and
heteroaryl contains two radicals on adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eightmembered cycloalkyl, aryl,
heterocyclyl or heteroaryl ring; wherein each of the
R1 alkyl, alkynyl, aryl, heteroaryl, and heterocyclyl,
optionally with the five or six-membered cycloalkyl,
aryl, heterocyclyl or heteroaryl ring is unsubstituted
or optionally independently substituted with one to
four R20 moieties which can be the same or different;
with the proviso that when Y is -N(R 4)-, -S -or -O-,
then R1 is not halogen or cyano; 2 R is selected from
the group consisting of H, cyano, -C(O)OH, -
C(O)O-alkyl, -C(O)NH2, -C(O)NH(alkyl), -C(O)N(alky02
alkynyl, halogen, alkyl, cycloalkyl, haloalkyl, aryl,
heteroaryl, and heterocyclyl, wherein when each of
said cycloalkyl, heterocyclyl, aryl and heteroaryl
contains two radicals on adjacent carbon atoms, said
radicals may optionally be taken together with the
carbon atoms to which they are attached to form a
five- to eightmembered cycloalkyl, aryl, heterocyclyl
or heteroaryl ring; wherein each of the R2 alkyl,
cycloalkyl, aryl, heteroaryl, and heterocyclyl,
optionally with the five or six-membered cycloalkyl,
aryl, heterocyclyl or heteroaryl ring is unsubstituted
or optionally independently substituted with one to
four R20 moieties which can be the same or different;
with the proviso that when Y is - N(R4)-, -S -or -O-,
then R2 is not halogen or cyano; each R3 is the same
of different and is independently selected from the
group consisting of H, alkyl, and aryl; 4 each R is
the same or different and is independently selected
from the group consisting of H, alkyl, cycloalkyl,
haloalkyl, hydroxy, -alkylcycloalkyl, - alkyl-N(alkyl)
2, heterocyclyl, aryl, and heteroaryl, wherein when
each of said cycloalkyl, heterocyclyl, ayl, and
heteroaryl contains two radicals on adjacentcarbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eight-membered cycloalkyl, aryl,
heterocyclyl or heteroaryl ring; R is selected from
the group consisting of hydrogen, cyano, nitro,
-C(R4J=N-OR4, -OR4, -SR4, -N(R4 2,-S(O)R4, -S(O)2R4,
-N(R4)S(O)2R4, -N(R4)- C(O)-R 4, -N(R4)-C(O)-N(R4)2 ,
-N(R4J-C(O)-OR4, -OC(O)N(R4)2, -C(O)N(R4)- S(O)2R4,
-S(O)2N(R4J-C(O)-R4, -C(O)N(R4)C(O)R4,
-C(O)N(R4JC(O)NR4, - S(O)2N(R4J2,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)-N(R4)2,
-haloalkoxy, - C(O)OR4, -C(O)R4, -C(O)N(R4)2r halogen,
alkyl, haloalkyl, aryl, heteroaryl, heterocyclyl, and
cycloalkyl, wherein each of the R10 alkyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl is
unsubstituted or optionally independently substituted
with one to four R30 moieties which can be the same or
different; or wherein two R10 moieties, when attached
to the same or adjacent carbon atoms may optionally be
taken together with the carbon atom(s) to which they
are attached to form a cycloalkyl, cycloalkenyl,
heterocyclyl, aryl, or heteroaryl ring; 20 R is
selected from the group consisting of cyano, nitro,
-C(R4J=N-OR4, -OR4, -SR4, -N(R4 2,-S(O)R4, -S(O)2R4
-N(R4)S(O)2R4, -N(R4)- C(O)-R4, -N(R4)-C(O)-N(R4)2 ,
-N(R4J-C(O)-OR4, -OC(O)N(R4 2, -C(O)N(R4JS( O)2R4,
-S(O)2N(R-O-C(O)-R4, -C(O)N(R 4)C(O)R4,
-C(O)N(R4JC(O)NR4, - S(O)2N(R4J2,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)-N(R 4)2,
-haloalkoxy, - C(O)OR4, -C(O)R4, -C(O)N(R4)2, halogen,
alkyl, haloalkyl, aryl, heteroaryl, heterocyclyl, and
cycloalkyl; wherein when each of said R20 aryl,
heteroaryl, heterocyclyl and cycloalkyl contains two
radicals on adjacent carbon atoms, said radicals may
optionally be taken together with the carbon atoms to
which they are attached to form a five- to
eight-membered cycloalkyl, aryl, heterocyclyl or
heteroaryl ring; wherein each of said R20 alkyl, aryl,
heteroaryl, heterocyclyl, and cycloalkyl, optionally
with said five- to eight-membered cycloalkyl, aryl,
heterocyclyl or heteroaryl ring is unsubstituted or
substituted with one to four moieties selected
independently from the group consisting ofalkyl, halo,
haloalkyl, hydroxy, alkoxy, haloalkoxy, hydroxyalkyl,
cyano, nitro, - NH2, -NH(alkyl), and -N(alkyl)2; or
when two R20 moieties when attached to the same or
adjacent carbon atoms may optionally be taken together
with the carbon atom(s) to which they are attached to
form a cycloalkyl, cycloalkenyl, heterocyclyl, aryl,
or heteroaryl ring; R is selected from the group
consisting of cyano, nitro, -C(R4)=N-OR4, -OR4, -SR4,
-N(R4)2.-S(O)R4, -S(O)2R4,-N(R4)S(O)2R4, -N(R4)-
C(O)-R4, -N(R4)-C(O)-N(R4)2 , -N(R4J-C(O)-OR4,
-OC(O)N(R4 2, -C(O)N(R4)- S(O)2R4, -S(O)
2N(R4)-C(O)-R4, -C(O)N(R4)C(O)R4, -C(O)N(R4)C(O)NR4, -
S(O)2N(R4 2, -N(R4)-C(=NR4)-N(R4)2,
-N(R4)-C(=N-CN)-N(R 4)2, -haloalkoxy, - C(O)OR4,
-C(O)R 4, -C(O)N(R4 2, halogen, alkyl, haloalkyl,
aryl, heteroaryl, heterocyclyl, and cycloalkyl;
wherein when each of said R30 aryl, heteroaryl,
heterocyclyl and cycloalkyl contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered cycloalkyl,
aryl, heterocyclyl or heteroaryl ring; wherein each of
said R30 alkyl, aryl, heteroaryl, heterocyclyl, and
cycloalkyl, optionally with said five- to
eight-membered cycloalkyl, aryl, heterocyclyl or
heteroaryl ring is unsubstituted or substituted with
one to four moieties selected independently from the
group consisting of alkyl, halo, haloalkyl, hydroxy,
alkoxy, haloalkoxy, cyano, nitro, -NH2, - NH(alkyl),
and -N(alkyl) 2; or when two R30 moieties when
attached to the same or adjacent carbon atoms may
optionally be taken together with the carbon atom(s)
to which they are attached to form a cycloalkyl,
cycloalkenyl, heterocyclyl, aryl, or heteroaryl ring;
with the proviso that at least one of T, U, and V must
be present; and further that at least one of
conditions (1 )-(5) below are satisfied: ( 1) at least
one of T and V is present, and V is other than
alkynyl; wherein said T or V is substituted with at
least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, -C(O)R 4, -C(O)N(R4)2,
- C(O)N(R4)C(O)R4, -C(OJN(R4JC(O)NR4, -SR4, -S(O)2R4,
-N(R4J-C(O)OR4, -OC(O)N(R4)2, -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, -S(O)2N(R4 2, -S(O)2N(R4)- C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)-N(R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eightmembered 



aryl, heteocyclyl, heteroaryl or cycloalkyl ring; with
the proviso that when R10 is -S(O) R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than (2) U is present and is
selected from the group consisting of -OC( O)NH-,
-OC(O)N(alkyl)-, -C(O)-, -C(O)O-, -C(O)NH-,
-C(O)N(alkyl)-, - C(=N-OH)-alkyl-, and
-C(=N-O-alkyl)-alkyl-; (3) each of -Y-R 1 and -Z-R 2
is independently selected from the group consisting of
cyano, -(C(R 4)2)n-C(O)OH, -(C(R 4)2)n-C(O)O-alkyl,
-(C(R 4)2)n- C(O)NH2, -(C(R 4)2)n-C(O)NH(alkyl), and
~(C(R4)2)n-C(O)N(alkyl) 2. wherein each R4
independently is H or alkyl; and n is 1-3; (4) T is
aryl or heteroaryl, each of which is optionally
substituted with one to four independently selected
R10 moieties, and V is alkynyl which is optionally
substituted with one or two independently selected R10
moieties; and (5) ring A is heteroaryl, and V is other
than alkynyl. In another embodiment, the present
application discloses a compound, or pharmaceutically
acceptable salts or solvates of said compound, said
compound having the general structure shown in Formula
(II):or a pharmaceutically acceptable salt, solvate,
ester or isomer thereof, wherein: the ring labeled A
is selected from the group consisting of aryl and
heteroaryl, each of which is substituted with -Y-R 1
and -Z-R 2 as shown; 3 3 X is selected from the group
consisting of-S-,-O-, -C(R )2- or -N(R )-; T is absent
or present, and if present, T is selected from the
group consisting of H (with U and V being absent),
alkyl, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, cycloalkyl, alkylaryl-, and arylalkyl-,
said aryl, heteroaryl, heterocyclyl, cycloalkyl,
alkylaryl-, and arylalkyl- being optionally fused with
one or more moieties selected from the group
consisting of aryl, heteroaryl, heterocyclyl,
cycloalkyl, alkylaryl and arylalkyl, wherein each of
any of the aforementioned alkyl, alkenyl, aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl groups of T is unsubstituted or optionally
independently substituted with one to four R10
moieties which can be the same or different, each R10
moiety being independently selected from the group of
R10 moieties below; U is absent or present, and if
present U is selected from the group consisting of
alkynyl, -C(O)-, -C(O)O-, and -C(O)NR 4- ; V is absent
or present, and if present V is selected from the
group consisting of hydrogen, alkyl, aryl, heteroaryl,
heterocyclyl, heterocyclylalkyl-, cycloalkyl,
alkylaryl-, and arylalkyl-, said aryl, heteroaryl,
heterocyclyl, heterocyclylalkyl-, cycloalkyl,
alkylaryl- and arylalkyl- being optionally fused with
one or more moieties selected from the group
consisting of aryl, heteroaryl, heterocyclyl,
cycloalkyl, alkylaryl and arylalkyl, wherein each of
any of the aforementioned alkyl, aryl, heteroaryl,
heterocyclyl and cycloalkyl isunsubstituted or
optionally independently substituted with one to four
R10 moieties which can be the same or different, each
R10 moiety being independently selected from the group
of R10 moieties below; Y is selected from the group
consisting of a covalent bond, -(C(R 4)2)n-, -N(R4)-,
-C(O)N(R 4)-, -N(R4)C(O)-, -N(R4)C(O)N(R4)-,
-S(O)2N(R4)-, -N(R4)- S(O)2, -O-.-S-, -C(O)-, -S(O)-,
and -S(O)2-; Z is selected from the group consisting
of a covalent bond, -(C(R 4)2)n-, -N(R4)-, -C(O)N(R
4)-, -N(R4)C(O)-, -N(R4)C(O)N(R4)-, - S(O)2N(R4)-,
-N(R4J-S(O)2- , -O-.-S-, -C(O)-, -S(O)-, and -S(O)2- ;
n is 1 to 3; R is selected from the group consisting
of H -OR 4, cyano, -C(O)OR4, -C(O)N(R 4 2, halogen,
alkyl, fluoroalkyl, aryl, heteroaryl, heterocyclyl,
alkylaryl, alkylheteroaryl and arylalkyl, wherein each
of the alkyl, fluoroalkyl, aryl, heteroaryl,
heterocyclyl, alkylaryl, alkylheteroaryl and arylalkyl
groups of R is unsubstituted or optionally
independently substituted with one to four R20
moieties which can be the same or different, each R20
moiety being independently selected from the group of
R20 moieties below, with the proviso that when Y is
present and Y is N, S or O, then R1 is not halogen or
cyano; R is selected from the group consisting of H
-OR 4, cyano, -C(O)OR4, -C(O)N(R 4 2, halogen, alkyl,
fluoroalkyl, aryl, heteroaryl, heterocyclyl,
alkylaryl, alkylheteroaryl and arylalkyl, wherein each
of the alkyl, fluoroalkyl, aryl, 2 heteroaryl,
heterocyclyl, alkylaryl, alkylheteroaryl and arylalkyl
groups of R is unsubstituted or optionally
independently substituted with one to four R20
moieties which can be the same or different, each R20
moiety being independently selected from the group of
R20 moieties below, with the proviso that when Z is
present and Z is N, S or O, then R2 is not halogen;
each R3 is the same of different and is independently
selected from the group consisting of H, alkyl, and
aryl; 4 each R is the same or different and is
independently selected from the group consisting of H,
alkyl, heterocyclyl, aryl, and heteroaryl;R is
selected from the group consisting of cyano, -OR 4,
-SR4, -N(R )2, -S(O)R4- , -S(O) 2R4-, -N(R4JS(O)2R4,
-S(O) 2N(R4 2, -O(fluoroalkyl), -C(O)OR 4, -C(O)N(R
4)2, halogen, alkyl, fluoroalkyl, aryl, heteroaryl,
heterocyclyl, cycloalkyl, alkylaryl and arylalkyl,
wherein each of the alkyl, fluoroalkyl, aryl,
heteroaryl, heterocyclyl, cycloalkyl, alkylaryl and
arylalkyl groups of R is unsubstituted or optionally
independently substituted with one to four R30
moieties which can be the same or different, each R30
moiety being independently selected from the group of
R30 moieties below; R is selected from the group
consisting of halogen, alkyl, fluoroalkyl, -N(R4)2,
and -C(O)N(R 4)2 ; and 30 R is selected from the group
consisting of halogen, alkyl, fluoroalkyl, -N(R4 2,
and -C(O)N(R 4)2. The compounds of Formula I can be
useful as inhibitors of TACE and may be useful in the
treatment and prevention of diseases associated with
TACE, TNF-a, MMPs, ADAMs or any combination thereof.
DETAILED DESCRIPTION OF THE INVENTION In its several
embodiments, the present invention provides a novel
class of inhibitors of TACE, aggrecanase, the
production of TNF-a, MMPs, ADAMs or any combination
thereof, pharmaceutical compositions containing one or
more of the compounds, methods of preparing
pharmaceutical formulations comprising one or more
such compounds, and methods of treatment, prevention
or amelioration of one or more of the symptoms of
inflammation. In one embodiment, the present invention
provides compounds which are represented by structural
Formula (I) or (II) above or a pharmaceutically
acceptable salt, solvate, ester or isomer thereof,
wherein the various moieties are as described above.
In another embodiment, the isomer referred to the in
the preceding paragraph is a stereoisomer.In another
embodiment, in formula (I), X is selected from the
group consisting of -(C(R 3)2)m- and -N(R 3)-. In
another embodiment, in formula (I) X is -(C(R 3)2)m,
wherein m is 1 or 2. In another embodiment, in formula
(I), X is -(C(R 3)2)m. wherein m is 1. In another
embodiment, in formula (I), R3 is H. In another
embodiment, in formula (I), at least one of T and V is
present, and V is other than alkynyl; wherein said T
or V is substituted with at least one R10 moiety
selected from the group consisting of cyano, -C(O)OR4,
- C(O)R4, -C(O)N(R 4)2, -C(O)N(R4)C(O)R4, -C(O)N(R
4)C(O)NR4, -SR4, - S(O)2R4, -N(R4)-C(O)OR 4,
-OC(O)N(R4)2, -N(R4)C(O)N(R4)2, -N(R4J-C(O)-R4, -
S(O)2N(R4 2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CNJN( R4 2, and
-C(R4J=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached 



to form a five- to eight-membered aryl, heteocyclyl,
heteroaryl or cycloalkyl ring; with the proviso that
when R10 is -S(O) 2R4, V is other than piperidinyl,
and when R10 is cyano, the compound of Formula (I) is
other than In another embodiment in formula (I), at
least one of T and V is present, and V is other than
alkynyl; wherein said T or V is substituted with at
least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, - C(O)R4, -C(O)N(R 4)2,
-C(O)N(R4JC(O)R4, -C(O)N(R 4)C(O)NR4, -SR4, - S(O)2R4,
-N(R4)-C(O)OR 4, -OC(O)N(R4)2, -N(R4)C(O)N(R4)2,
-N(R4J-C(O)-R4, - S(O)2N(R4 2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CNJN(R4)2, and
-C(R4J=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein said T or V is
substituted with at least one R10 moiety selected from
the group consisting of cyano, - C(O)OR4, -C(O)R4,
-C(O)N(R 4)2, and -C(R4)=N-OR4. In another embodiment
in formula (I), at least one of T and V is present,
and V is other than alkynyl; wherein said T or V is
substituted with at least one R10 moiety selected from
the group consisting of cyano, -C(O)OR4, - C(O)R4,
-C(O)N(R4)2, -C(O)N(R 4)C(O)R4, -C(O)N(R4)C(O)NR4,
-SR4, - S(O)2R4, -N(R4)-C(O)OR4, -OC(O)N(R4)2,
-N(R4)C(O)N(R4)2, -N(R4)-C(O)-R4, - S(O)2N(R4)2,
-S(O)2N(R4)-C(O)-R4, -N(R4)-C(=NR4)-N(R4)2,
-N(R4)-C(=N-CN)- N(R4)2, and -C(R4J=N-OR4, wherein
each R4 independently is selected from the group
consisting of H, alkyl, cycloalkyl, heterocyclyl,
aryl, and heteroaryl, wherein when each of said R4
cycloalkyl, heterocyclyl, aryl, and heteroaryl
contains contains two radicals on adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eight-membered aryl, heteocyclyl,
heteroaryl or cycloalkyl ring; with the proviso that
when R10 is -S(O) 2R4, V is other than piperidinyl,
and when R10 is cyano, the compound of Formula (I) is
other thanwherein said T or V is substituted with at
least one R10 moiety that is cyano. In another
embodiment, in formula (I), at least one of T and V is
present, and V is other than alkynyl; wherein said T
or V is substituted with at least one R10 moiety
selected from the group consisting of cyano, -C(O)OR4,
- C(O)R4, -C(O)N(R4 2, -C(O)N(R4JC(O)R4,
-C(O)N(R4JC(O)NR4, -SR4, - S(O)2R4, -N(R4J-C(O)OR4,
-OC(O)N(R4 2, -N(R4JC(O)N(R4J2, -N(R4J-C(O)-R4, -
S(O)2N(R4)2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O)2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein said T or V is
substituted with at least one R10 moiety that is -SR
4. In another embodiment, in formula (I), at least one
of T and V is present, and V is other than alkynyl;
wherein said T or V is substituted with at least one
R10 moiety selected from the group consisting of
cyano, -C(O)OR4, - C(O)R4, -C(O)N(R4 2,
-C(O)N(R4JC(O)R4, -C(O)N(R4)C(O)NR4, -SR4 - S(O)2R4,
-N(R4J-C(O)OR4, -OC(O)N(R4)2, -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, - S(O)2N(R4)2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)-N(R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyf, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein said T or V is
substituted with at least one R10 moiety that is
-S(O)2R4. In another embodiment, in formula (I), at
least one of T and V is present, and V is other than
alkynyl; wherein said T or V is substituted with at
least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, - C(O)R4, -C(O)N(R4 2,
-C(O)N(R4)C(O)R4, -C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4,
-N(R4)-C(O)OR4, -OC(O)N(R4 2, -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, - S(O)2N(R4)2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4 2, and
-C(R4J=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other thanwherein said T or V is
substituted with at least one R10 moiety that
-S(O)2N(R4)2. In another embodiment, in formula (I),
at least one of T and V is present, and V is other
than alkynyl; wherein said T or V is substituted with
at least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, - C(O)R4, -C(O)N(R 4)2,
-C(O)N(R4)C(O)R4, -C(O)N(R 4)C(O)NR4, -SR4, - S(O)2R4,
-N(R4)-C(O)OR4, -OC(O)N(R4)2, -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, - S(O)2N(R4)2, -S(O) 2N(R4J-C(O)-R4,
-N(R4)-C(=NR 4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein ring A is selected
from the group consisting of phenyl, thiophenyl,
pyridyl, pyrimidyl, and each of which is substituted
with -Y-R 1 and -Z-R 2 as shown. In another
embodiment, in Formula (I), at least one of T and V is
present, and V is other than alkynyl; wherein said T
or V is substituted with at least one R10 moiety
selected from the group consisting of cyano, -C(O)OR4,
-C(O)R4, -C(O)N(R4)2, -C(O)N(R4)C(O)R4,
-C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4, -N(R4)-C(O)OR4,
-OC(O)N(R4)2. -N(R4)C(O)N(R4)2, -N(R4)-C(O)-R4, -
S(O)2N(R4 2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein ring A is phenyl. In
another embodiment, in Formula (I), at least one of T
and V is present, and V is other than alkynyl; wherein
said T or V is substituted with at least one R10
moiety selected from the group consisting of cyano,
-C(O)OR4, - 



C(O)R4, -C(O)N(R4 2, -C(O)N(R4JC(O)R4,
-C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4, -N(R4J-C(O)OR4,
-OC(O)N(R4)2, -N(R4)C(O)N(R4)2, -N(R4)-C(O)-R4, -
S(O)2N(R4)2, -S(O)2N(R4)-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other thanwherein T is selected from
the group consisting of alkyl, aryl, heteroaryl,
wherein when each of said T aryl and heteroaryl
contains two radicals on adjacent carbon atoms, said
radicals may optionally be taken together with the
carbon atoms to which they are attached to form a
five- to eight-membered aryl or heteroaryl ring;
wherein each of the aforementioned T aryl, and
heteroaryl, optionally with said five- to
eightmembered aryl or heteroaryl is independently
unsubstituted or substituted with one to four R10
moieties which can be the same or different. In
another embodiment, in Formula (I) at least one of T
and V is present, and V is other than alkynyl; wherein
said T or V is substituted with at least one R10
moiety selected from the group consisting of cyano,
-C(O)OR4, - C(O)R4, -C(O)N(R4 2, -C(O)N(R4)C(O)R4,
-C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4, -N(R4J-C(O)OR4,
-OC(O)N(R4)2, -N(R4)C(O)N(R4)2, -N(R4)-C(O)-R4, -
S(O)2N(R4 2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein T is selected from
the group consisting Of-CH 2-, phenyl,optionally
substituted with one to four R10 moieties such that
the number of R10 moieties per each T does not exceed
four. In another embodiment, in Formula (I), at least
one of T and V is present, and V is other than
alkynyl; wherein said T or V is substituted with at
least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, - C(O)R4, -C(O)N(R 4)2
> -C(O)N(R4)C(O)R4, -C(O)N(R4JC(O)NR4, -SR4, -
S(O)2R4, -N(R4)-C(O)OR4, -OC(O)N(R4)2,
-N(R4)C(O)N(R4)2, -N(R4)-C(O)-R4, - S(O)2N(R4 2,
-S(O)2N(R4J-C(O)-R4, -N(R4)-C(=NR4)-N(R4)2,
-N(R4)-C(=N-CN)- N(R4)2, and -C(R4)=N-OR4, wherein
each R4 independently is selected from the group
consisting of H, alkyl, cycloalkyl, heterocyclyl,
aryl, and heteroaryl, wherein when each of said R4
cycloalkyl, heterocyclyl, aryl, and heteroaryl
contains contains two radicals on adjacent carbon
atoms, said radicals may optionally be taken together
with the carbon atoms to which they are attached to
form a five- to eight-membered aryl, heteocyclyl,
heteroaryl or cycloalkyl ring; with the proviso that
when R10 is -S(O) 2R4, V is other than piperidinyl,
and when R10 is cyano, the compound of Formula (I) is
other than wherein U is absent or present, and if
present is selected from the group consisting of
-C(O)-, and -C(O)O-. In another embodiment, in Formula
(I), at least one of T and V is present, and V is
other than alkynyl; wherein said T or V is substituted
with at least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, -C(O)R4, -C(O)N(R 4)2,
-C(O)N(R4)C(O)R4, -C(O)N(R 4)C(O)NR4, -SR4, - S(O)2R4,
-N(R4J-C(O)OR4, -OC(O)N(R4)2, -N(R4)C(O)N(R 4)2l
-N(R4J-C(O)-R4, - S(O)2N(R4 2, -S(O) 2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CNJN( R4)2, and
-C(R4J=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein V is absent or
present, and if present is selected from the group
consisting of aryl, and heteroaryl, wherein when each
of said V aryl and heteroaryl contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl or
heteroaryl ring; wherein each of the aforementioned V
aryl, and heteroaryl, optionally with said five- to
eightmembered aryl or heteroaryl is independently
unsubstituted or substituted with one to four R10
moieties which can be the same or different. In
another embodiment, in Formula (I), at least one of T
and V is present, and V is other than alkynyl; wherein
said T or V is substituted with at least one R10
moiety selected from the group consisting of cyano,
-C(O)OR4, - C(O)R4, -C(O)N(R 4 2, -C(O)N(R4JC(O)R4,
-C(O)N(R 4)C(O)NR4, -SR4, - S(O)2R4, -N(R4)-C(O)OR 4,
-OC(O)N(R4 2, -N(R4JC(O)N(R4J2, -N(R4J-C(O)-R4, -
S(OJ2N(R4J2, -S(O) 2N(R4J-C(O)-R4, -N(R4)-C(=NR
4)-N(R4)2, -N(R4)-C(=N-CNJN( R4)2, and -C(R4J=N-OR4,
wherein each R4 independently is selected from the
group consisting of H, alkyl, cycloalkyl,
heterocycJyl, aryl, and heteroaryl,wherein when each
of said R4 cycloalkyl, heterocyclyl, aryl, and
heteroaryl contains contains two radicals on adjacent
carbon atoms, said radicals may optionally be taken
together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein V is selected from
the group consisting of phenyl, pyridyl, pyrazinyl,
indazolyl, and each of which is optionally substituted
with one to four R10 moieties which can be the same or
different. In another embodiment, in Formula (I), at
least one of T and V is present, and V is other than
alkynyl; wherein said T or V is substituted with at
least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, - C(O)R4, -C(O)N(R4 2,
-C(O)N(R 4)C(O)R4, -C(O)N(R4JC(O)NR4, -SR4, - S(O)2R4,
-N(R4J-C(O)OR4, -OC(O)N(R4)2, -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, - S(O)2N(R4 2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4)2 and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other thanwherein each of Y and Z is
independently selected from the group consisting of a
covalent bond and -OIn another embodiment, in Formula
(I), at least one of T and V is present, and V is
other than alkynyl; wherein said T or V is substituted
with at least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, - C(O)R4, -C(O)N(R4)2,
-C(O)N(R4)C(O)R4, -C(O)N(R4JC(O)NR4, -SR4, - S(O)2R4,
-N(R4)-C(O)OR4, -OC(O)N(R4)2 > -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, - S(O)2N(R4)2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4)2, and
-C(R4J=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached 



to form a five- to eight-membered aryl, heteocyclyl,
heteroaryl or cycloalkyl ring; with the proviso that
when R10 is -S(O) 2R4, V is other than piperidinyl,
and when R10 is cyano, the compound of Formula (I) is
other than wherein Y is -O- and Z is a covalent bond.
In another embodiment, in Formula (I), at least one of
T and V is present, and V is other than alkynyl;
wherein said T or V is substituted with at least one
R10 moiety selected from the group consisting of
cyano, -C(O)OR4, - C(O)R4, -C(O)N(R4 2,
-C(O)N(R4)C(O)R4, -C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4,
-N(R4J-C(O)OR4, -OC(O)N(R4 2, -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, -S(O)2N(R4 2, -S(O)2N(R4)-C(O)-R4.
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CN)- N(R4 , and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein each of R1 and R2 is
independently selected form the group consisting of H
and alkyl. In another embodiment, in Formula (I), at
least one of T and V is present, and V is other than
alkynyl; wherein said T or V is substituted with at
least one R10 moiety selected from the group
consisting of cyano, -C(O)OR4, - C(O)R4, -C(O)N(R4)2,
-C(O)N(R4)C(O)R4, -C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4,
-N(R4)-C(O)OR4, -OC(O)N(R 4 2, -N(R4)C(O)N(R4)2,
-N(R4)-C(O)-R4, - S(O)2N(R4 2, -S(O)2N(R-O-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2 > -N(R4)-C(=N-CN)- N(R4 2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other thanwherein R1 is alkyl and R2 is
H. In another embodiment, in Formula (I), at least one
of T and V is present, and V is other than alkynyl;
wherein said T or V is substituted with at least one
R10 moiety selected from the group consisting of
cyano, -C(O)OR4, - C(O)R4, -C(O)N(R 4 2,
-C(O)N(R4JC(O)R4, -C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4,
-N(R4)-C(O)OR4, -OC(O)N(R4)2, -N(R4)C(O)N(R4)2 >
-N(R4)-C(O)-R4, - S(O)2N(R4 2, -S(O)2N(R4KKO)-R 4,
-N(R4)-C(=NR4)-N(R4)2, -N(R4)-C(=N-CNJN( R4)2, and
-C(R4)=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,
wherein when each of said R4 cycloalkyl, heterocyclyl,
aryl, and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein R1 is methyl. In
another embodiment, in Formula (I), at least one of T
and V is present, and V is other than alkynyl; wherein
said T or V is substituted with at least one R10
moiety selected from the group consisting of cyano,
-C(O)OR4, - C(O)R4, -C(O)N(R 4)2 -C(O)N(R4JC(O)R4,
-C(O)N(R4)C(O)NR4, -SR4, - S(O)2R4, -N(R4)-C(O)OR4,
-OC(O)N(R4 2, -N(R4)C(O)N(R4)2, -N(R4)-C(O)-R4, -
S(O)2N(R4J2, -S(O)2N(R4J-C(O)-R4,
-N(R4)-C(=NR4)-N(R4)2 -N(R4)-C(=N-CN)- N(R4)2, and
-C(R4J=N-OR4, wherein each R4 independently is
selected from the group consisting of H, alkyl,
cycloalkyl, heterocyclyl, aryl, and heteroaryl,wherein
when each of said R4 cycloalkyl, heterocyclyl, aryl,
and heteroaryl contains contains two radicals on
adjacent carbon atoms, said radicals may optionally be
taken together with the carbon atoms to which they are
attached to form a five- to eight-membered aryl,
heteocyclyl, heteroaryl or cycloalkyl ring; with the
proviso that when R10 is -S(O) 2R4, V is other than
piperidinyl, and when R10 is cyano, the compound of
Formula (I) is other than wherein the compound of
Formula (I) is selected from the group consisting of:
Compound Structures ID 23 24ANG2 AND VEGF INHIBITOR
COMBINATIONS This application claims the benefit of
U.S. Provisional Application No. 60/762,493 filed
January 27, 2006 which is hereby incorporated by
reference herein. Field of the Invention The invention
relates to combinations of Ang2 inhibitors and VEGF
inhibitors and to their use in formulating
pharmaceutical compositions and in treating diseases,
among other things. Background of the Invention
Certain diseases are known to be associated with
deregulated angiogenesis, for example ocular
neovascularization, such as retinopathies (including
diabetic retinopathy), age-related macular
degeneration, psoriasis, hemangioblastoma, hemangioma,
arteriosclerosis, inflammatory disease, such as a
rheumatoid or rheumatic inflammatory disease,
especially arthritis (including rheumatoid arthritis),
or other chronic inflammatory disorders, such as
chronic asthma, arterial or posttransplantational
atherosclerosis, endometriosis, and neoplastic
diseases, for example so-called solid tumors and
liquid tumors (such as leukemias). For instance,
angiogenesis plays a crucial role in tumor
progression. Nascent and small tumors can obtain
sufficient oxygen and nutrients to sustain their
growth by simple diffusion. Beyond a diameter of 1 to
2 mm, however, diffusion cannot provide these elements
in the amounts required for further growth. For growth
beyond that size, all tumors require a vasculature,
whatever their cause, origin, type, age, or location.
Thus, tumor growth beyond a diameter of 1 to 2 mm
requires angiogenesis. Angiogenesis, accordingly, has
been seen as a promising target for developing an
effective general treatment for tumors. Three
principal mechanisms play an important part in the
activity of angiogenesis inhibitors against tumors:
(i) inhibition of the growth of vessels, especially
capillaries, into avascular resting tumors, with the
result that there is no net tumor growth owing to the
balance that is achieved between cell death and
proliferation; (ii) prevention of the migration of
tumor cells owing to the absence of blood flow to and
from tumors; and (iii) inhibition of endothelial cell
proliferation, thus avoiding the paracrine
growth-stimulating effect exerted on the surrounding
tissueby the endothelial cells which normally line the
vessels. See R. Connell and J . Beebe, Exp. Opin.
Ther. Patents, 11:77-114 (2001). Efforts to develop
therapeutically effective inhibitors of angiogenesis
have targeted all three of these principal mechanisms.
As a result of these efforts, a variety of promising
anti-angiogeneic agents have been identified. While
some of these exhibit notable inhibitory effects, none
of them has proven to be an entirely satisfactory way
to provide a monotherapeutic modality for most
angiogenic dependent disorders. Efforts to obtain a
more effective therapeutic profile have focused on
identifying new inhibitors, modifying known
inhibitors, improving formulation and administration,
and using the inhibitors together with other
therapeutic modalities. Thus far, while there has been
some progress, there is much that needs to be done.
One approach to developing a more effective treatment
modality has been to combine agents that act on
different targets, preferably targets that act on well
isolated pathways. A variety of combinations have been
suggested. Since the Tie2 pathway has been shown to be
important to angiogenesis, there have been a few
suggestions to try combining a Tie2 pathway inhibitor
with a VEGF 



pathway inhibitor. See Siemeister G., et al., Cancer
Research, 59:3185-3191 (1999); Jendreyko, N., et al.,
Journal of Biological Chemistry, 278:47812-47819
(2003); Jendreyko, N., et al., PNAS, 102:8293-8298
(2005). There is some evidence that the two pathways
act independently of one another. However, this does
not mean that combining an agent that acts on one
pathway with an agent that acts on the other pathway
will have an additive effect. Indeed, it is just as
likely that at optimum dosage either one of the agents
(used alone) will be at least as effective as when
used in combination. The inventors of the inventions
described herein have examined the therapeutic
profiles of a variety of combinations of agents that
act on the VEGF pathway with agents that act on the
Tie2 pathway. They have found that some combinations
of a VEGF pathway inhibitor and an Ang2 pathway
inhibitor are of particular enhanced utility in
treatment of patients. Summary of the Invention The
following numbered paragraphs describe a few
illustrative embodiments of the invention that
exemplify some of its aspects and features. They are
not exhaustivein illustrating its many aspects and
embodiments, and thus are not in any way limitative of
the invention. Many other aspects, features, and
embodiments of the invention are described herein.
Many other aspects and embodiments will be readily
apparent to those skilled in the art upon reading the
application and giving it due consideration in the
full light of the prior art and knowledge in the
field. The numbered paragraphs below are
self-referential. The phrase "according to any of the
foregoing or the following" refers to all of the
preceding and all of the following numbered paragraphs
and their contents. Likewise, the phrase "according to
any of the foregoing" refers to all preceding numbered
paragraphs and their contents. The phrase "according
to any of the following" refers to all of the numbered
paragraphs that follow. All phrases of the form
"according to #" are direct references to that
numbered paragraph, e.g., "according to 46." means
according to paragraph 46. in this collection of
numbered paragraphs. All cross-references are
combinatorial, except for redundancies and
inconsistencies of scope. The cross-references are
used explicitly to provide a concise description
showing the inclusion of the various combinations of
subject matter with one another. A. Compositions Al .
A composition comprising one or more Ang2 inhibitors
or salts thereof and one or more VEGF inhibitors or
salts thereof. A2. A composition according to Al ,
wherein one or more of the Ang2 inhibitors is
comprised of: I a non-naturally occurring polypeptide
that specifically binds to Ang2, including, but not
limited to, peptibodies that specifically bind Ang2;
II a non-naturally occurring antibody that binds Ang2,
comprising one or more heterologous CDRs; or III a
non-naturally occurring polypeptide comprising (a) a
soluble receptor fragment that specifically binds
Ang2, and (b) an Fc region of an antibody or a portion
thereof. A3. A composition according to Al , wherein
one or more of the VEGF inhibitors is comprised of: IV
a compound described in US2003/0125339 or US. Pat. No.
6995162 which is herein incorporated by reference in
its entirety, particularly in parts disclosing VEGF
inhibitors;V a substituted alkylamine derivative
described in US2003/0125339 or US2003/0225106 or US.
Pat. No. 6995162 or US. Pat. No. 6878714 each of which
is herein incorporated by reference in its entirety,
particularly in parts disclosing VEGF inhibitors; VI a
non-naturally occurring humanized monoclonal antibody
that binds to VEGF; VII a substituted
omega-carboxyaryl diphenyl urea or derivative thereof
as described in WO00/42012, WO00/41698,
US2005/0038080A1, US2003/0125359A1, US2002/0165394A1,
US2001/003447A1, US2001/0016659A1, and US2002/013774A1
which are herein incorporated by reference in their
entirety, particularly in parts disclosing the
foregoing VEGF inhibitors; VIII an anilinophthalazine
or derivative thereof that binds to and inhibits the
activity of multiple receptor tyrosine kinases
including binding to the protein kinase domain and
inhibition of VEGFRl and VEGFR2; IX
(5-[5-fluoro-2-oxo-l ,2-
dihydroindol-(3Z)-ylidenemethyl]-2, 4-
dimethyl-l//-pyrrole-3-carboxylic acid
[2-diethylaminoethyl]amide) or derivative thereof that
are VEGF inhibitors; or X a VEGF inhibitor as
described in US2006/024 1115, including particularly a
VEGF inhibitor of Formula IV therein, which disclosure
is herein incorporated by reference in its entirety
particularly in parts disclosing the foregoing VEGF
inhibitors. A4. A composition according to Al, wherein
one or more of the Ang2 inhibitors is comprised of: I
a non-naturally occurring polypeptide that
specifically binds to Ang2, including, but not limited
to, peptibodies that specifically bind Ang2; II a
non-naturally occurring antibody that binds Ang2,
comprising one or more heterologous CDRs; or III a
non-naturally occurring polypeptide comprising (a) a
soluble receptor fragment that specifically binds
Ang2, and (b) an Fc region of an antibody or a portion
thereof; and one or more of the VEGF inhibitors is
comprised of:IV a compound described in US2003/0
125339 or US. Pat. No. 6995162 which is herein
incorporated by reference in its entirety,
particularly in parts disclosing VEGF inhibitors; V a
substituted alkylamine derivative described in
US2003/0125339 or US2003/0225106 or US. Pat. No.
6995162 or US. Pat. No. 6878714 each of which is
herein incorporated by reference in its entirety,
particularly i parts disclosing VEGF inhibitors; VI a
non-naturally occurring humanized monoclonal antibody
that binds to VEGF; VII a substituted
omega-carboxyaryl diphenyl urea or derivative thereof
as described in WO00/42012, WO00/41698,
US2005/0038080A1, US2003/0125359A1, US2002/0165394A1,
US2001/003447A1, US2001/0016659A1, and US2002/013774A1
which are herein incorporated by reference in their
entirety, particularly in parts disclosing the
foregoing VEGF inhibitors; VIII an anilinophthalazine
or derivative thereof that binds to and inhibits the
activity of multiple receptor tyrosine kinases
including binding to the protein kinase domain and
inhibition of VEGFRl and VEGFR2; IX
(5-[5-fluoro-2-oxo- 1,2-
dihydroindol-(3Z)-ylidenemethyl]-2, 4-
dimethyl-l/Z-pyrrole-S-carboxylic acid
[2-diethylaminoethyl]amide) or derivative thereof that
are VEGF inhibitors; or X a VEGF inhibitor as
described in US2006/0241 115, including particularly a
VEGF inhibitor of Formula IV therein. A5. A
composition according to any of the foregoing, wherein
one or more of the Ang2 inhibitors is comprised of: I
a non-naturally occurring peptide or peptibody that
specifically binds to Ang2, as described in
WO2004/092215A2 or WO03/05134A2, which are herein
incorporated by reference in their entirety
particularly as to these Ang2 inhibitors; II a
non-naturally occurring antibody that binds Ang2, and
comprises one or more heterologous CDRs, as described
in WO03/030833A2 and US Application No. 10/982,440,
each of which is herein incorporated by reference in
its entirety particularly as to these Ang2 inhibitors;
orIII a non-naturally occurring polypeptide comprising
a soluble Tie2/Tek receptor fragment lacking at least
part of the region containing the FNIII motifs, as
described in WO00/75323A1 or related polypeptides as
described in US Patent No. 6,166,185, each of which is
herein incorporated by reference in its entirety
particularly as to these Ang2 inhibitors. A6. A
composition according to Al , wherein one or more of
the VEGF inhibitors is comprised of: IV 4TBPPAPC or a
closely related compound described in US2003/0125339
or US. Pat. No. 6995162 which is herein incorporated
by reference in its entirety, particularly in parts
disclosing 4TBPPAPC and closely related VEGF
inhibitors; V AMG 706 or a closely related substituted
alkylamine derivative described in US2003/0125339
orUS2003/0225106 or US. Pat. No. 6995162 or US. Pat.
No. 6878714 each of which is herein incorporated by
reference in its 



entirety, particularly in parts disclosing AMG 706 and
these closely related VEGF inhibitors; VI Avastin(tm)
or a closely related non-naturally occurring humanized
monoclonal antibody that binds to VEGF, is a VEGF
inhibitor, and is at least 90% identical in sequence
to Avastin(tm); VII Nexavar(r) or a closely related
substituted omega-carboxyaryl diphenyl urea or
derivative thereof described in WOOO/42012,
WOOO/41698, US2005/0038080A1, US2003/0125359A1,
US2002/0165394A1, US2001/003447A1, US2001/0016659A1,
and US2002/013774Al which are herein incorporated by
reference in their entirety, particularly in parts
disclosing these VEGF inhibitors; VIII PTK/ZK or a
closely related anilinophthalazine or derivative
thereof that binds to and inhibits the activity of
multiple receptor tyrosine kinases including binding
to the protein kinase domain and inhibition of VEGFRl
and VEGFR2; IX Sutent(r) or a closely related
derivative of (5-[5-fluoro-2-oxo-l,2-
dihydroindol-(32)-ylidenemethyl]-2, 4-dimethyl-l
H-pyrrole-3-carboxylic acid
[2-diethylaminoethyrjamide) that is a VEGF inhibitor;
or X a VEGF inhibitor of Formula IV as described in
US2006/0241 115.A7. A composition according to any of
the foregoing, wherein one or more of the Ang2
inhibitors is comprised of: I a non-naturally
occurring peptide or peptibody that specifically binds
to Ang2, as described in WO2004/092215A2 or
WO03/05134A2, which are herein incorporated by
re'ference in their entirety particularly as to these
Ang2 inhibitors; II a non-naturally occurring antibody
that binds Ang2, and comprises one or more
heterologous CDRs, as described in WO03/030833A2 and
US Application No. 10/982,440, each of which is herein
incorporated by reference in its entirety particularly
as to these Ang2 inhibitors; or III a non-naturally
occurring polypeptide comprising a soluble Tie2/Tek
receptor fragment lacking at least part of the region
containing the FNIII motifs, as described in
WO00/75323A1 or related polypeptides as described in
US Patent No. 6,166,185, each of which is herein
incorporated by reference in its entirety particularly
as to these Ang2 inhibitors; and one or more of the
VEGF inhibitors is comprised of: IV 4TBPPAPC or a
closely related compound described in US2003/01 25339
or US. Pat. No. 6995162 which is herein incorporated
by reference in its entirety, particularly in parts
disclosing 4TBPPAPC and closely related VEGF
inhibitors; V AMG 706 or a closely related substituted
alkylamine derivative described in US2003/0125339
orUS2003/0225106 or US. Pat. No. 6995162 or US. Pat.
No. 6878714 each of which is herein incorporated by
reference in its entirety, particularly in parts
disclosing AMG 706 and these closely related VEGF
inhibitors; VI Avastin(tm) or a closely related
non-naturally occurring humanized monoclonal antibody
that binds to VEGF, is a VEGF inhibitor, and is at
least 90% identical in sequence to Avastin(tm); VII
Nexavar(r) or a closely related substituted
omega-carboxyaryl diphenyl urea or derivative thereof
described in WOOO/42012, WO00/41 698,
US2005/0038080A1, US2003/0125359A1, US2002/0165394A1,
US2001/003447A1. US2001/0016659A1, and US2002/013774A1
which are herein incorporated by reference in their
entirety, particularly in parts disclosing these VEGF
inhibitors;VIII PTK/ZK or a closely related
anilinophthalazine or derivative thereof that binds to
and inhibits the activity of multiple receptor
tyrosine kinases including binding to the protein
kinase domain and inhibition of VEGFRl and VEGFR2; IX
Sutent(r) or a closely related derivative of
(5-[5-fluoro-2-oxo-l,2-
dihydroindol-(3Z)-ylidenemethyl]-2, 4-dimethyl-l
H-pyrrole-3-carboxylic acid
[2-diethylaminoethyl]amide) that is a VEGF inhibitor;
or X a VEGF inhibitor of Formula IV as described in
US2006/024 1115. A8. A composition according to any of
the foregoing, wherein one or more of the Ang2
inhibitors is comprised of: I 2xCon4(C), as described
in WO2004/092215A2 or WO03/05134A2, which are herein
incorporated by reference in their entirety
particularly as to 2xCon4(C); II Ab 536, as described
in WO03/030833A2 and US Application No. 10/982,440,
each of which is herein incorporated by reference in
its entirety particularly as to Ab 536; or III
Tek472/Fc, as described in WO00/75323A1, which is
herein incorporated by reference in its entirety
particularly as to Tek472/Fc. A9. A composition
according to Al , wherein one or more of the VEGF
inhibitors is comprised of: IV 4TBPPAPC, as described
in US2003/0125339 or US. Pat. No. 6995 162 which is
herein incorporated by reference in its entirety,
particularly in parts disclosing 4TBPPAPC; V AMG 706,
as described in US2003/0125339 or US. Pat. No. 6995162
or US. Pat. No. 6878714 which is herein incorporated
by reference in its entirety, particularly in parts
disclosing AMG 706; VI Avastin(tm); VII Nexavar(r), as
described in WO00/420 12, WO00/4 1698,
US2005/0038080A1, US2003/0125359A1, US2002/0165394A1,
US2001/003447A1, US2001/0016659A1, and US2002/013774A1
which are herein incorporated by reference in their
entirety, particularly in parts disclosing Nexavar(r);
VIII PTK/ZK; IX Sutent(r); orX a VEGF inhibitor of
Formula IV as described in US2006/0241 115. AlO. A
composition according to any of the foregoing, wherein
one or more of the Ang2 inhibitors is comprised of: I
2xCon4(C), as described in WO2004/0922 15A2 or WO03/05
134A2, which are herein incorporated by reference in
their entirety particularly as to 2xCon4(C); II Ab
536, as described in WO03/030833 A2 and US Application
No. 10/982,440, each of which is herein incorporated
by reference in its entirety particularly as to Ab
536; or III Tek472/Fc, as described in WO00/75323A1,
which is herein incorporated by reference in its
entirety particularly as to Tek472/Fc; and one or more
of the VEGF inhibitors is comprised of: IV 4TBPPAPC,
as described in US2003/0 125339 or US. Pat. No.
6995162 which is herein incorporated by reference in
its entirety, particularly in parts disclosing
4TBPPAPC; V AMG 706, as described in US2003/0125339 or
US. Pat. No. 6995162 or US. Pat. No. 6878714 which is
herein incorporated by reference in its entirety,
particularly in parts disclosing AMG 706; VI
Avastin(tm); VII Nexavar(r), as described in
WO00/42012, WOOO/41698, US2005/0038080A1,
US2003/0125359A1, US2002/0165394A1, US2001/003447A1,
US2001/0016659A1, and US2002/013774A1 which are herein
incorporated by reference in their entirety,
particularly in parts disclosing Nexavar(r); VIII
PTK/ZK; IX Sutent(r); or X a VEGF inhibitor of Formula
IV as described in US2006/0241 115. All. A
pharmaceutically acceptable composition according to
any of the foregoing. A12. A composition according to
any of the foregoing acceptably formulated for
therapeutic use. A13. A composition according to any
of the foregoing, wherein the therapeutic use is in a
treatment of a human patient.A14. A pharmaceutical
composition according to any of the foregoing further
comprising a pharmaceutically acceptable carrier. B.
Kits Bl. A kit comprising, in one or more containers,
separately or in admixture one or more Ang2 inhibitors
and one or more VEGF inhibitors in accordance with any
of the foregoing. B2. A kit according to Bl, wherein
the inhibitors are comprised in pharmaceutically
acceptable formulations. 



B3 A kit according to B2, comprising 2xCon4(C) and AMG
706. B4. A kit according to B2, wherein the inhibitors
are disposed in separate containers. B5. A kit
according to any of the foregoing, further comprising
integrally thereto or as one or more separate
documents, information pertaining to the contents or
the kit and the use of the inhibitors. B6. A kit
according to any of the foregoing, wherein the
compositions are formulated for reconstitution in a
diluent. B7. A kit according to any of the foregoing,
further comprising a container of sterile diluent. B8.
A kit according to any of the foregoing, wherein said
compositions are disposed in vials under partial
vacuum sealed by a septum and suitable for
reconstitution to form a formulation effective for
parental administration. C. Methods of Treatment Cl. A
method for treating a subject, comprising
administering to a subject by an effective route an
effective amount of (a) an Ang2 inhibitor, and (b) a
VEGF inhibitor. C2. A method of inhibiting undesired
angiogenesis in a mammal comprising administering to a
subject by an effective route an effective amount of
(a) an Ang2 inhibitor, and (b) a VEGF inhibitor. C3. A
method of treating cancer in a mammal comprising
administering to a subject by an effective route an
effective amount of (a) an Ang2 inhibitor, and (b) a
VEGF inhibitor.C4. A method according to any of the
foregoing, wherein the Ang2 inhibitor is one or more
of the Ang2 inhibitors set forth above in A2 I, II, or
III. C5. A method according to any of the foregoing,
wherein the VEGF inhibitor is one or more of the VEGF
inhibitors set forth above in A3 IV, V, VI, VII, VIII,
IX, or X. C6. A method according to any of the
foregoing, wherein the Ang2 inhibitor is one or more
of the Ang2 inhibitors set forth above in A2 I, II, or
III and the VEGF inhibitor is one or more of the VEGF
inhibitors set forth above in A3 IV, V, VI VII, VIII,
IX, or X. C7. A method according to any of the
foregoing, wherein the Ang2 inhibitor is one or more
of the Ang2 inhibitors set forth above in A5 I, II, or
III. C8. A method according to any of the foregoing,
wherein the VEGF inhibitor is one or more of the VEGF
inhibitors set forth above in A6 IV, V, VI, VII, VIII,
IX, or X. C9. A method according to any of the
foregoing, wherein the Ang2 inhibitor is one or more
of the Ang2 inhibitors set forth above in A5 I, II, or
III and the VEGF inhibitor is one or more of the VEGF
inhibitors set forth above in A6 IV, V, VI, VII, VIII,
IX, or X. ClO. A method according to any of the
foregoing, wherein the Ang2 inhibitor is one or more
of the Ang2 inhibitors set forth above in A8 I, II, or
III. CI l . A method according to any of the
foregoing, wherein the VEGF inhibitor is one or more
of the VEGF inhibitors set forth above in A9 IV, V,
VI, VII, VIII, IX, or X. C12. A method according to
any of the foregoing, wherein the Ang2 inhibitor is
one or more of the Ang2 inhibitors set forth above in
A8 I, II, or III and the VEGF inhibitor is one or more
of the VEGF inhibitors set forth above in A9 IV, V,
VI, VII, VIII, IX5or X. C13. A method according to any
of the foregoing, wherein the subject is a human
patient. C14. A method according to any of the
foregoing, wherein the inhibitors are administered
sequentially. Cl 5. A method according to any of the
foregoing, wherein the inhibitors are administered
together.Cl 6. A method according to any of the
foregoing, wherein at least once during the course of
therapy one or more Ang2 inhibitors is administered at
the same time as one or more VEGF inhibitors, and the
same or other Ang2 and VEGF inhibitors are
administered separately and at different times. Brief
Descriptions of the Figures FIGURE 1 graphically
presents tumor volumes (mean  SEM) over the course of
the study described in Example 1, in which Colo205
colorectal cancer cell xenograft tumors in female CDl
Nu/Nu mice were treated with Tek472/Fc plus IgG (group
4), Avastin(r) plus Fc (group 1), Tek472/Fc and
Avastin(r) (group 2), or IgG plus Fc (negative
control) (group 3). FIGURE 2 graphically presents
tumor volumes over the course of the study described
in Example 2, in which A431 epidermoid carcinoma cell
xenograft tumors in female CDl Nu/Nu mice were treated
with: (1) IgGl (control) (group 1); (2) anti- Ang2
antibody (Ab 536) and control (group 2); (3) anti-VEGF
antibody and control (group 3); and (4) both anti-VEGF
antibody and anti-Ang2 antibody (Ab 536) (group 4).
Each data point is the mean for a group. Each bar is
SEM. FIGURE 3 graphically depicts tumor volumes over
the course of the study described in Example 3, in
which HT29 human colon carcinoma cell xenograft tumors
in female athymic nude mice were treated with
combinations of: (1) vehicle and Fc (group 1); (2)
vehicle and 2xCon4(C) (group 2); (3) AMG 706 and Fc
(group 3); and (4) AMG 706 and 2xCon4(C) (group 4).
Each data point is the mean for a group of ten mice.
Each bar represents the range of the SEM. FIGURE 4A
through 4D graphically present results of the study
described in Example 4, in which Colo205 colorectal
cancer cell xenograft tumors in female CDl Nu/Nu mice
were treated with nine combinations of control
vehicles, 2xCon4(C), and/or 4TBPPAPC, as set forth in
Table 4A and Table 4B. Data represent the mean  SEM
(n=10 mice each). Figure 4A graphically depicts mean
tumor volumes over the course of treatment for groups
1, 2, 3, and 6 which were treated with control
vehicles (group 1), a suboptimal dose of 4TBPPAPC
(group 2), a suboptimal dose of 2xCon4(C) (group 3),
and a suboptimal dose of 4TBPPAPC and a suboptimal
dose of 2xCon4(C) (group 6).Figure 4B graphically
depicts mean tumor volumes over the course of
treatment for groups 1, 2, 5, and 7 which were treated
with control vehicles (group 1), a suboptimal dose of
4TBPPAPC (group 2), an optimal dose of 2xCon4(C)
(group 5), and a suboptimal dose of 4TBPPAPC and an
optimal dose of 2xCon4(C) (group 7). Figure 4C
graphically depicts mean tumor volumes over the course
of treatment for groups 1, 3 4, and 8 which were
treated with control vehicles (group 1), suboptimal
dose of 2xCon4(C) (group 3), an optimal dose of
4TBPPAPC (group 4), and an optimal dose of 4TBPPAPC
and a suboptimal dose of 2xCon4(C) (group 8). Figure
4D graphically depicts mean tumor volumes over the
course of treatment for groups 1, 4, 5 and 9 which
were treated with control vehicles (group 1), an
optimal dose of 4TBPPAPC (group 4), an optimal dose of
2xCon4(C) (group 5), and an optimal dose of 4TBPPAPC
and an optimal dose of 2xCon4(C) (group 9). FIGURE 5
graphically depicts mean tumor volumes over the course
of treatment of Colo205 colorectal cancer cell
xenografts in CDl Nu/Nu mice treated with AMG 706
(group 1), 2xCon4(C) (group 2), both AMG 706 and
2xCon4(C) (group 3), and FC/vehicle (group 4), as
described in Example 5. FIGURE 6 graphically depicts
mean tumor volumes over the course of treatment of
Colo205 colorectal cancer cell xenografts in CDl Nu/Nu
mice treated with 2xCon4(C) (group 3), Avastin(tm)
(group 2), both 2xCon4(C) and Avastin(tm) (group 4),
and control (group 1), as described in Example 6.
FIGURE 7 graphically depicts mean tumor volumes over
the course of treatment of Colo205 colorectal cancer
cell xenografts in CDl Nu/Nu mice treated with
2xCon4(C) (group 3), Avastin(tm) (group 2), both
2xCon4(C) and Avastin(tm) (group 4), and control
(group 1), as described in Example 7. Definitions
Illustrative meanings of certain terms and phrases as
used herein are set forth below. "2xCon4(C)" is an
Ang2 selective peptibody, as described in
WO03/057134A2 and WO2004/092215A2 each of which are
herein incorporated by reference in their entireties,
particularly in parts pertinent to 2xCon4(C), its
structure and properties, methods for making and using
it, and other related compounds. 2xCon4(C) is a fusion
of a human Fc fragment and two copies of an Ang2
specific binding peptide.2xCon4(C) is also referred to
as 2xCon4(C) IK. Among other names for 2xCon4(C) are
those set forth in the foregoing WIPO publications.
"4TBPPAPC" is a multi-kinase inhibitor that interferes
with the Kit, PDGR, and VEGF-signalling pathways. Its
name is N-(4-(l,l-dimethylethyl)phenyl)-2-((4-
pyridinylmethy)amino-3-pyridinecarboxamide, as
described in US Patent Application US2003/0 125339,
which is herein incorporated by reference in its
entirety particularly in parts pertinent to 4TBPPAPC,
its structure and properties, methods for making and
using it, and other related compounds. 4TBPPAPC also
is named N-[4-(tertbutyl) 



phenyl]{2-[(4-pyridyhnethy-l)amino](3-pyridyl)}carboxa
mide. "A" or "an" means herein one or more than one;
at least one. Where the plural form is used herein, it
generally includes the singular. The term "compounds"
includes one compound, as well as many compounds. The
term "salts" includes one salt, as well as many salts.
"Ab 536" is a human Ang2 specific antibody comprising
the 536 HC heavy chain and the 536 kappa light chain,
as described in WO03/030833 and US Application No.
10/982,440, each of which is herein incorporated by
reference in its entirety, particularly in parts
pertinent to Ab 536, its structure and properties,
methods for making and using it, and other related
antibodies. Ab 536 and related antibodies and the like
are also described in WO04/092215, which is herein
incorporated by reference in its entirety,
particularly in parts pertinent to Ab 536 and related
peptides and proteins, their structures and
properties, and methods for making and using them.
"Ang" is a designation for angiopoietin. "Ang2" is a
designation for angiopoietin 2. "Ang2 inhibitor" as
used herein is any substance that decreases the
effective activity of Ang2 in a given circumstance.
Ang2 inhibitors can be, to name just a few examples,
small molecules, peptides, polypeptides, proteins,
including more specifically antibodies, including
anti-Ang2 antibodies, intrabodies, maxibodies,
minibodies, diabodies, Fc fusion proteins such as
peptibodies, receptibodies, soluble Tie-2 receptor
proteins and fragments, and a variety of others. Many
Ang2 inhibitors work by binding to Ang2. Others work
by binding to factors that bind to or are bound by
Ang2. Other Ang2 inhibitors act more indirectly, for
instance by altering regulatory posttranslational
modifications such as phosphorylation that control the
signaling engendered by Ang2 or by altering the
interaction of Ang2 with other factors. Ang2
inhibitors in accordance with the invention also may
act in moreindirect ways to decrease Ang2 activity.
Whatever the mechanism, as used herein, an Ang2
inhibitor decreases the effective activity of Ang2 in
a given circumstance over what it would be in the same
circumstance in the absence of the inhibitor.
"Avastin(tm)" is a recombinant humanized monoclonal
antibody that binds directly to VEGF, and is sold by
Genentech. It is also called bevacizumab, R-435,
rhuMAB-VEGF, and CAS Registry Number 216974-75-3. "BAY
43-9006" - see Nexavar(r). "Cancer" and "cancerous"
refer to or describe the physiological condition in
mammals that is typically characterized by unregulated
cell growth. Examples of cancer include, but are not
limited to, carcinoma, lymphoma, sarcoma, blastoma,
and leukemia. More particular examples of such cancers
include squamous cell carcinoma, lung cancer,
pancreatic cancer, cervical cancer, bladder cancer,
hepatoma, breast cancer, colon carcinoma, and head and
neck cancer. "Co-administer" means to administer in
conjunction with one another, together, coordinately,
including simultaneous or sequential administration of
two or more agents. "Comprising" means, without other
limitation, including the referent, necessarily,
without any qualification or exclusion on what else
may be included. For example, "a composition
comprising x and y" encompasses any composition that
contains x and y, no matter what other components may
be present in the composition. Likewise, "a method
comprising the step of x" encompasses any method in
which x is carried out, whether x is the only step in
the method or it is only one of the steps, no matter
how many other steps there may be and no matter how
simple or complex x is in comparison to them.
"Comprised of and similar phrases using words of the
root "comprise" are used herein as synonyms of
"comprising" and have the same meaning. "Comprised of
is a synonym of comprising (see above). "Deleterious"
means, as used herein, harmful. By way of
illustration, "deleterious" processes include, for
example, harmful effects of disease processes and
harmful side effects of treatments. "Dysfunction"
means, as used herein, a disorder, disease, or
deleterious effect of an otherwise normal process.
"Effective amount" generally means an amount which
provides the desired local or systemic effect. For
example, an effective amount is an amount sufficient
to effectuate a beneficial or desired clinical result.
The effective amounts can beprovided all at once in a
single administration or in fractional amounts that
provide the effective amount in several
administrations. The precise determination of what
would be considered an effective amount may be based
on factors individual to each subject, including their
size, age, injury, and/or disease or injury being
treated, and amount of time since the injury occurred
or the disease began. One skilled in the art will be
able to determine the effective amount for a given
subject based on these considerations which are
routine in the art. As used herein, "effective dose"
means the same as "effective amount." "Effective
route" generally means a route which provides for
delivery of an agent to a desired compartment, system,
or location. For example, an effective route is one
through which an agent can be administered to provide
at the desired site of action an amount of the agent
sufficient to effectuate a beneficial or desired
clinical result. "FBS" means fetal bovine serum. "Kit"
means a collection of items used together for a given
purpose or purposes, in particular in the context of
the present disclosure, a set of items in one (or more
than one package) for use with one another for
combination therapy comprising, for instance,
2xCon4(C) and one or both of AMG 706 and 4TBPPAPC.
"Modality" means a type, approach, avenue, or method,
such as a therapeutic modality; i.e., a type of
therapy. "AMG 706" is a multi-kinase inhibitor that
interferes with the Kit, PDGF, and VEGF-signalling
pathways, as described in US2003/0125339, which is
herein incorporated by reference in its entirety,
particularly in parts pertinent to AMG 706, its
structure and properties, methods for making and using
it, and other related compounds. Its chemical name is
N-(2,3-dihydro-3,3-dimethyl-lH-indol-6-yl)-2-[(4-
pyridinylmethyl)amino]-3-pyridinecarboxamide (I). As
used herein the term AMG 706 includes pharmaceutically
acceptable salts, in particular, the diphosphate salt,
except as otherwise provided herein. AMG 706 is also
known as motesanib diphosphate. "Nexavar(r)" (also
known as BAY 43-9006, sorafenib tosylate, CAS Registry
Number 284461-73-0, raf kinase inhibitor, sorafenib
analogs, and IDDBCP150446, among others) is a
substituted omega carboxy diphenyl urea that inhibits
RAF-I activation, and thereby decreases RAF-I
dependent phosphorylation of MEK-I and ERK-I, as
described in US Patent Application No. 2003/0125359A1,
WO03/047523A2, andWilhelm et al., Current
Pharmaceutical Design, vol. 8, pp.2255-2257 (2002),
each of which is herein incorporated by reference in
its entirety, particularly in parts pertinent to
Nexavar(r), its structure and properties, methods for
making and using it, and other related molecules. Its
chemical name is 4-(4-{3-[4-
Chloro-3-(trifluoromethyl)phenyl]ureido}phenoxy)-N
2-methylpyridme-2- carboxamide. A variety of
derivatives have been produced. Among these are
fluorinated derivatives described in US Patent
Application 2005/0038080A1 and WO2005/009961A2, which
are herein incorporated by reference in their
entireties, particularly as to these and other
pharmaceutically active diphenyl urea compounds.
"Optimum dose" means a specific dose or a range of
doses that provide the best outcome under the
particular circumstances and for the purpose of its
administration. "PBS" means phosphate buffered saline.
"Peptibody" refers to a molecule comprising an
antibody Fc domain attached to at least one peptide.
The production of peptibodies is generally described
in PCT publication WO 00/24782, published May 4, 2000,
which is herein incorporated by reference in its
entirety, particularly as to the structure, synthesis,
properties, and uses of peptibodies, and to the same
specifically regarding Ang2 inhibitors and VEGF
inhibitors. "Pharmaceutically acceptable derivative"
is any pharmaceutically acceptable derivative of a
compound of the invention, such as a salt, an ester, a
metabolite, or a residue of a compound of this
invention. "PTK/ZK," also known as vatalanib, is a
multi-VEGF receptor tyrosine kinase inhibitor that is
said to block tumor angiogenesis and
lymphangiogenesis. Its chemical name is
N-(4-chlorophenyl)-4-(pyridin-4-ylmethyl)phthalazin-l
-amine. It also is known as CAS Registry Numbers
212141-54-3 and 212142-18-2, PTK787, PTK787/ZK,
PTK-787/ZK-222584, PTK787/ZK222584, ZK-22584,
VEGF-TKI, VEGF-RKI, PTK-787A, DE-00268, CGP-79787,
CGP-79787D, vatalanib, and ZK- 222584. See Thomas, A.,
et al., J. of Clin. Oncology, 23(18): 4162-4171
(2005); US Patent Application 200501 18600A1, which
are herein incorporated by reference in their
entirety, particularly as to the structure, synthesis,
properties, and uses of PTK/ZK and related compounds.
"SEM" means standard error of the mean. "Subject"
means a vertebrate, such as a mammal, such as a human.
Mammals 



include, but are not limited to, humans, farm animals,
sport animals, and pets.Subjects in need of treatment
by methods and/or compositions of the present
invention include those suffering from a disorder,
dysfunction, or disease, or a side effect thereof, or
from a side effect of a treatment thereof. "Sutent(r)"
is a small molecule receptor tyrosine kinase inhibitor
with the chemical name (5-[5-fluoro-2-oxo-l,2-
dihydroindol-(3Z)-ylidenemethyl]-2, 4- dimethyl-l
H-pyrrole-3-carboxylic acid
[2-diethylaminoethyl]amide). Sutent(r) is also known
as sunitinib malate, SUl 1248, SU-1 1248, SU-Ol 1248,
and SU-1 1248J, and is reported to have
anti-angiogenic and anti-tumor activities. See Mendel,
D., et al., Clinical Cancer Research, 9:327-337
(2003); Schlessinger, J., The Scientist, 19(7): 17
(2005), which are herein incorporated by reference in
their entirety, particularly as to the structure,
synthesis, properties, and uses of Sutent(r) and
related compounds. "Tek472/Fc" is a fusion of the
N-terminal 472 amino acids of Tek to a 232 amino acid
portion of the Fc region of human IgGl, as described
in WO00/75323A1, which is herein incorporated by
reference in its entirety, particularly in parts
pertinent to Tek472/Fc, its structure and properties,
methods for making and using it, and other related
fusion polypeptides. The N-terminal Tek fragment
constitutes a soluble Tek peptide that is missing
fibronectin type III motifs. It has a much higher
affinity for Tek ligands than other Tek polypeptides
that comprise full-length extra-cellular domains.
"Therapeutically effective" generally is used to
qualify the amount of an agent to encompass those
amounts that achieve an improvement in disorder
severity. For example, effective neoplastic
therapeutic agents prolong the survivability of the
patient, inhibit the rapidly-proliferating cell growth
associated with the neoplasm, or effect a regression
of the neoplasm. Treatments that are therapeutically
effective within the meaning of the term as used
herein, include treatments that improve a subject's
quality of life even if they do not improve the
disease outcome per se. "Treat," "treating," or
"treatment" are used broadly in relation to the
invention and each such term encompasses, among
others, preventing, ameliorating, inhibiting, or
curing a deficiency, dysfunction, disease, or other
deleterious process, including those that interfere
with and/or result from a therapy. "VEGF inhibitor" as
used herein is any substance that decreases signaling
by the VEGF-VEGFR pathway. VEGF inhibitors can be, to
name just a few examples, small molecules, peptides,
polypeptides, proteins, including more specifically
antibodies, including anti-VEGF antibodies, anti-VEGFR
antibodies, intrabodies,maxibodies, minibodies,
diabodies, Fc fusion proteins such as peptibodies,
receptibodies, soluble VEGF receptor proteins and
fragments, and a variety of others. Many VEGF
inhibitors work by binding to VEGF or to a VEGF
receptor. Others work more indirectly by binding to
factors that bind to VEGF or to a VEGF receptor or to
other components of the VEGF signaling pathway. Still
other VEGF inhibitors act by altering regulatory
posttranslational modifications that modulate VEGF
pathway signaling. VEGF inhibitors in accordance with
the invention also may act through more indirect
mechanisms. Whatever the mechanism involved, as used
herein, a VEGF inhibitor decreases the effective
activity of the VEGF signaling pathway in a given
circumstance over what it would be in the same
circumstance in the absence of the inhibitor.
Description of the Invention The inventors of the
inventions described herein have examined the
therapeutic profiles of various combinations of VEGF
inhibitors and Ang2 inhibitors. They have found, in
accordance with certain preferred aspects and
embodiments of the invention, that combining
inhibitors can provide advantages over the use of one
or the other alone. By way of introduction to these
and other aspects of the invention, a brief review of
the VEGF pathway and Ang2 pathway is provided below.
VEGF Pathway A central pathway in the network
regulating the growth and differentiation of the
vascular system and its components, both during
embryonic development and normal growth, and in a wide
number of pathological anomalies and diseases, is
mediated by Vascular Endothelial Growth Factor
("VEGF") (originally termed Vascular Permeability
Factor or VPF) and the cellular receptors of VEGF
("VEGFRs"). (See G. Breier et al., Trends in Cell
Biology, 6:454-456 (1996)). It has therefore been a
focus of study and a target for the development of
drugs. VEGF is a dimeric, disulfide-linked 46-kDa
glycoprotein related to Platelet- Derived Growth
Factor ("PDGF"). It is produced by normal cell lines
and tumor cell lines; is an endothelial cell-selective
mitogen; shows angiogenic activity in in vivo test
systems (e.g., rabbit cornea); is chemotactic for
endothelial cells and monocytes; and induces
plasminogen activators in endothelial cells, which are
involved in the proteolytic degradation of the
extracellular matrix during the formation of
capillaries.A number of isoforms of VEGF are known,
which while they show comparable biological activity,
differ in the type of cells that secrete them and in
their heparinbinding capacity. In addition, there are
other members of the VEGF family, such as Placenta
Growth Factor ("PGF") and VEGF-C. The cellular
receptors of VEGFs (VEGFRs) are transmembranous
receptor tyrosine kinases. They are characterized by
an extracellular domain with seven immunoglobulin-like
domains and an intracellular tyrosine kinase domain.
Various types of VEGF receptor have been
characterized, including VEGFR-I (also known as
flt-1), VEGFR-2 (also known as KDR) and VEGFR-3. A
large number of human tumors, especially gliomas and
carcinomas, express high levels of VEGF and VEGFRs.
This has led to the hypothesis that VEGF released by
tumor cells stimulates the growth of blood capillaries
and the proliferation of tumor endothelium in a
paracrine manner and, through the improved blood
supply, accelerates tumor growth. Increased VEGF
expression could explain the occurrence of cerebral
edema in patients with glioma. Direct evidence of the
role of VEGF as a tumor angiogenesis factor in vivo
has beeri found in studies in which VEGF expression or
activity was inhibited. This has been achieved with
anti-VEGF antibodies, with dominant-negative VEGFR-2
mutants that inhibited signal transduction, and with
antisense-VEGF RNA. All of the approaches led to a
reduction in the growth of glioma cell lines or other
tumor cell lines in vivo as a result of inhibited
tumor angiogenesis. VEGFs contribute to vascular
hyperpermeability and the formation of edema. Indeed,
vascular hyperpermeability and edema that is
associated with the expression or administration of
many other growth factors appears to be mediated via
VEGF production. Inflammatory cytokines stimulate VEGF
production. Hypoxia results in a marked upregulation
of VEGF in numerous tissues. Thus, situations
involving infarct, occlusion, ischemia, anemia, or
circulatory impairment typically invoke
VEGF/VPFmediated responses. Vascular
hyperpermeability, associated edema, altered
transendothelial exchange and macromolecular
extravasation, which is often accompanied by
diapedesis, can result in excessive matrix deposition,
aberrant stromal proliferation, fibrosis, etc. Hence,
VEGF-mediated hyperpermeability can significantly
contribute to disorders with these etiologic features.
Accordingly, theseregulators of angiogenesis have
become an important therapeutic target. See Hicklin
and Ellis, J. Clin Oncology, 23:1011-1027 (2005).
Tie2/TEK Pathway The Tie2 receptor tyrosine kinase
(referred to as "Tie2," "Tie2R," "ORK " "Tie2/Tek,"
and "murine Tek") and its ligands (the angiopoietins)
also are known to be critical signaling components in
a regulatory pathway of angiogenesis (Gale, N.W. and
Yancopoulos, G.D., Genes Dev. 13:1055-1066 (1999)).
There are 4 known angiopoietins, angiopoietin-1
("Angl") through angiopoietin-4 ("Ang4"), and they are
also referred to as "Tie2 ligands." (Davis, S., et
al., Cell, 87:1 161-1 169 (1996); Grosios, K., et al.,
Cytogenet Cell Genet, 84:118-120 (1999); Holash, J.,
et al., Investigative Ophthalmology & Visual Science,
42:1617-1625 (1999); Koblizek, T. L, et al., Current
Biology, 8:529-532 (1998); Lin, P., et al., Proc Natl
Acad Sci USA, 95:8829-8834 (1998); Maisonpierre, P. C
, et al., Science, 277:55 60 (1997); Papapetropoulos,
A., et al., Lab Invest, 79:213-223 (1999); Sato, T.
N., et al., Nature, 375:70- 74 (1998); Shyu, K. G., et
al., Circulation, 98:2081-2087 (1998); Suri, C , et
al., Cell, 87:1171-1180 (1996); Suri, C , et al.,
Science, 282:468-471 (1998); Valenzuela, D. M., et
al., Proc Natl to Acad Sci USA, 96: 1904-1909 (1999);
Witzenbichler, B., et al., J Biol Chem,
273:18514-18521 (1998)). Angl binding to Tie2 has been
shown to stimulate receptor phosphorylation in
cultured endothelial cells. Ang2 has been shown to be
both an agonist and antagonist of Tie2 receptor
phosphorylation (Davis, S., et al., (1996), supra;
Maisonpierre, P.C., et al., (1997), supra; Kim, I.,
J.H. Kim, et al., Oncogene 19(39):4549-4552 (2000)).
The phenotypes of mouse Tie2 and Angl knockouts are
similar and suggest that Angl -stimulated Tie2
phosphorylation mediates remodeling and stabilization
of developing vessels in utero through maintenance of
endothelial cell-support cell adhesion (Dumont, D.J.,
et al., Genes &Development, 8:1897 1909 (1994); Sato,
T.N., et al., Nature, 376:70-74 (1995); Suri, C et
al., (1996), supra). The role of Angl in vessel
stabilization is thought to be conserved in the adult,
where it is expressed widely 



and constitutively (Hanahan, D., Science, 277:48-50 (
1997); Zagzag, D., et al., Experimental Neurology,
159:391-400 (1999)) . In contrast, Ang2 expression is
primarily limited to sites of vascular remodeling,
where it is thought to block Angl function, thereby
inducing a state of vascular plasticity conducive to
angiogenesis(Hanahan, D., (1997), supra; Holash, J.,
et al., Science, 284:1994-1998 (1999); Maisonpierre,
P. C , et al., (1997), supra). A variety of
publications have reported on selective expression of
Ang2 in vessels in disease states that have an
associated angiogenic component. Ang2 has been
reported in this regard in psoriasis, macular
degeneration, and cancer, for instance (Bunone, G., et
al., American Journal of Pathology, 155:1967-1976
(1999); Etch, T., et al., Cancer Research,
61:2145-2153 (2001); Hangai, M., et al., Investigative
Ophthalmology & Visual Science, 42:1617-1625 (2001);
Holash, J., et al., (1999) supra; Kuroda, K., et al.,
Journal of Investigative Dermatology, 116:713-720
(2001); Otani, A., et al., Investigative Ophthalmology
& Visual Science, 40:1912-1920 (1999); Stratmann, A.,
et al., American Journal of Pathology, 153:1459-1466
(1998); Tanaka, S., et al., J Clin Invest, 103:34-345
(1999); Yoshida, Y., et al., International Journal of
Oncology, 15:1221-1225 15 (1999); Yuan, K., et al.,
Journal of Periodontal Research, 35: 165- 171 (2000);
Zagzag, D., et al., (1999) supra). Most of these
studies were directed to neoplasms and, in sum, they
establish vascular Ang2 expression in a wide variety
of tumor types. In contrast with its expression in
pathological angiogenesis, Ang2 expression in normal
tissues is extremely limited (Maisonpierre, P. C , et
al., (1997), supra; Mezquita, J., et al., Biochemical
and Biophysical Research Communications, 260:492- 498
(1999)). Indeed, the three main sites of angiogenesis
in a normal adult are the ovary, placenta, and uterus,
and these are the three sites in which Ang2 mKNA has
been preponderantly detected in non-neoplastic adult
tissues. Functional studies provide further evidence
that Ang2 is a factor in tumorassociated angiogenesis.
Ahmad et al. (Cancer Res., 61: 1255-1259 (2001))
reported that over-expression of Ang2 in a mouse
xenograft model increased tumor growth. Etoh et al.,
supra, and Tanaka et al., supra, similarly reported
that over expression of Ang2 results in tumor
hypervascularity. In contrast, Yu et al. (Am. J.
Path., 158:563- 570 (2001)) reported that
overexpression of Ang2 in Lewis lung carcinoma and TA3
mammary carcinoma cells prolonged survival of mice
injected with the corresponding transfectants. As a
result it has been suggested that Angl, Ang2, and/or
Tie2 is a possible target for anti-cancer therapy. For
example, U.S. Patent Nos. 6,166,185, 5,650,490, and
5,814,464 each disclose the concept of anti-Tie2
ligand antibodies and receptor bodies. Lin et al.
(Proc. Natl. Acad. Sci USA, 95:8829-8834 (1998))
injected anadenovirus expressing soluble Tie2 into
mice, and reported that it resulted in the production
of soluble Tie2 and decreased the number and size of
the tumors in the mice. In a related study, Lin et al
{J. Clin. Invest., 100:2072-2078 (1997)) injected a
soluble form of Tie2 into rats, and concluded that
this agent reduced tumor size in the rats. Siemeister
et al. {Cancer Res. , 59:3185- 3 189 ( 1999)) injected
human melanoma cell lines expressing the
extra-cellular domain of Tie2 into nude mice and
reported the production of soluble Tie2 in the animals
that resulted in a "significant inhibition" of tumor
growth and tumor angiogenesis. In fact, while there
has been notable progress in developing
monotherapeutic agents that target one pathway, as yet
no agents have been developed for targeting both
pathways that provide better results than the
corresponding monotherapies. Furthermore, as
illustrated by the examples set forth herein, contrary
to the prevailing view based on pathway independence,
many combinations of agents that together target both
pathways work no better than monotherapies with each
of the individual agents. The invention herein
described nonetheless provides combination therapies
that can be used to treat diseases with efficacies
that match and in some cases can exceed the results
obtained using monotherapies. Ang2 inhibitors and VEGF
inhibitors useful in combination in accordance with
the invention herein described are discussed below.
Ang2 Inhibitors. VEGF Inhibitors and Combinations
Thereof The invention herein disclosed in various of
its preferred aspects and embodiments thereof provides
for the treatment of a variety of indications and
diseases using a combination of at least one Ang2
inhibitor together with at least one VEGF inhibitor.
Ang-2 Inhibitors Among the Ang2 inhibitors preferred
in the invention are the following: (a) a
non-naturally occurring polypeptide that specifically
binds to Ang2, including, but not limited to,
peptibodies that specifically bind Ang2; (b) a
non-naturally occurring antibody that binds Ang2,
comprising one or more heterologous CDRs; and (c) a
nonnaturally occurring polypeptide comprising a
soluble receptor fragment that specifically binds Ang2
and an Fc region of an antibody or a portion thereof.
Among the particularly preferred Ang2 inhibitors are
the following: (a) a nonnaturally occurring peptide or
peptibody that specifically binds to Ang2, as
describedin WO2004/092215A2 or WO03/05134A2, which are
herein incorporated by reference in their entirety
particularly as to these Ang2 inhibitors; (b) a
non-naturally occurring antibody that binds Ang2, and
comprises one or more heterologous CDRs, as described
in WO03/030833A2 and US Application No. 10/982,440,
each of which is herein incorporated by reference in
its entirety particularly as to these Ang2 inhibitors;
and (c) a non-naturally occurring polypeptide
comprising a soluble Tie2/Tek receptor fragment
lacking at least part of the region containing the
FNIII motifs, as described in WO00/75323A1 and related
polypeptides as described in US Patent No. 6,166,185,
each of which is herein incorporated by reference in
its entirety particularly as to these Ang2 inhibitors.
Among the highly particularly preferred Ang2
inhibitors are the following: (a) 2xCon4(C), as
described in WO2004/092215A2 or WO03/05134A2, which
are herein incorporated by reference in their entirety
particularly as to 2xCon4(C); (b) Ab 536, as described
in WO03/030833A2 and US Application No. 10/982,440,
each of which is herein incorporated by reference in
its entirety particularly as to Ab 536; and (c)
Tek472/Fc, as described in WO00/75323A1 or related
polypeptides as described in US Patent No. 6,166,185,
each of which is herein incorporated by reference in
its entirety particularly as to Tek472/Fc. In this
regard, certain of the very highly particularly
preferred Ang2 inhibitors are further described below,
among these 2xCon4(C) is among the most highly
preferred Ang2 inhibitors. (1) 2xCon4(C) 2xCon4(C)is
an Ang2 selective peptibody, as described in
WO03/057134A2 and WO2004/09221 5A2 each of which are
herein incorporated by reference in their entireties,
particularly in parts pertinent to 2xCon4(C), its
structure and properties, methods for making and using
it, and other related compounds. 2xCon4(C) is a fusion
of a human Fc fragment and two copies of an Ang2
specific binding peptide. 2xCon4(C) is also referred
to as 2xCon4(C) IK. (2) Ab 536 Ab 536 is a human Ang2
specific antibody comprising the 536 HC heavy chain
and the 536 kappa light chain, as described in
WO03/030833 and US Application No. 10/982,440, each of
which is herein incorporated by reference in its
entirety, particularly in parts pertinent to Ab 536,
its structure and properties, methods for making and
using it, and other related antibodies.(3) Tek472/Fc
Tek472/Fc is a fusion of the N-terminal 472 amino
acids of Tek to a 232 amino acid portion of the Fc
region of human IgGl, as described in WO00/75323A1,
which is herein incorporated by reference in its
entirety, particularly in parts pertinent to
Tek472/Fc, its structure and properties, methods for
making and using it, and other related fusion
polypeptides. The N-terminal Tek fragment constitutes
a soluble Tek peptide that is missing fbronectin type
HI motifs. It has a much higher affinity for Tek
ligands than other Tek polypeptides that comprise
full-length extra-cellular domains. VEGFInhibitors A
great many VEGF inhibitors have been described in the
literature that may be used in the various embodiments
of the present invention. In addition to those
described in further detail below, VEGF inhibitors
that may be used in this regard are described in the
following patent documents: US 2003/0 105091,
US2006/024 1115, US 5,521,184, US 5,770,599, US
5,990,141, US 6,235,764, US 6,258,812, US 6,515,004,
US 6,630,500, US 6,713,485, WO2005/070891, WO
01/32651, WO 02/68406, WO 02/66470, WO 02/55501, WO
04/05279, WO 04/07481, WO 04/07458, WO 04/09784, WO
02/591 10, WO 99/450029, WO 00/59509, WO 99/61422, WO
00/12089, WO 00/02871, and WO 01/37820, all of which
are incorporated herein in their entirety particularly
in parts pertinent to VEGF inhibitors useful in the
invention herein described. The following are among
specific VEGF inhibitors that may be used in the
invention in this regard: 



ABT-869 (Abbott) including formulations for oral
administration and closely related VEGF inhibitors;
AEE-788 (Novartis) (also called AE-788 and
NVP-AEE-788, among others) including formulations for
oral administration and closely related VEGF
inhibitors; AG-13736 (Pfizer) (also called AG-Ol3736)
including formulations for oral administration and
closely related VEGF inhibitors; AG-028262 (Pfizer)
and closely related VEGF inhibitors; Angiostatin
(EntreMed) (also called CAS Registry Number
86090-08-6, Kl -4, and rhuAngiostatin, among others)
and closely related inhibitors as described in, among
others, US Patent Nos. 5,792,825 and 6,025,688 which
are hereby incorporatedby reference in their
entireties, particularly in parts pertaining to
Angiostatin and closely related VEGF inhibitors, their
structures and properties, and methods for making and
using them; Avastin(tm) (Genentech) (also called
bevacizumab, R-435, rhuMAB-VEGF, and CAS Registry
Number 216974-75-3, among others) and closely related
VEGF inhibitors; AVE-8062 (Ajinomoto Co. and
Sanofi-aventis) (also called AC-7700 and
combretastatin A4 analog, among others), and closely
related VEGF inhibitors; AZD-2171 (AstraZeneca) and
closely related VEGF inhibitors; Nexavar(r) (Bayer AG
and Onyx) (also called CAS Registry Number
284461-73-0, BAY-43-9006, raf kinase inhibitor,
sorafenib, sorafenib analogs, and IDDBCP 150446, among
others) and closely related VEGF inhibitors;
BMS-387032 (Sunesis and Bristol-Myers Squibb) (also
called SNS-032 and CAS Registry Number 345627-80-7,
among others) and closely related VEGF inhibitors;
CEP-7055 (Cephalon and Sanofi-aventis) (also called
CEP-1 1981 and SSR- 106462, among others) and closely
related VEGF inhibitors; CfflR-258 (Chiron) (also
called CAS Registry Number 405169-16-6, GFKI, and
GFKI-258, among others) and closely related VEGF
inhibitors; CP-547632 (OSI Pharmaceuticals and Pfizer)
(also called CAS Registry Number 252003-65-9, among
others) and closely related VEGF inhibitors such as,
for instance, CP-564959; E-7080 (Eisai Co.) (also
called CAS Registry Number 417716-92-8 and ER-
203492-00, among others) and closely related VEGF
inhibitors; 786034 (GlaxoSmithKline) and closely
related VEGF inhibitors; GW-654652 (GlaxoSmithKline)
and closely related indazolylpyrimidine Kdr
inhibitors; IMC-ICl 1 (ImClone) (also called DC-101
and c-plCll, among others) and closely related VEGF
inhibitors; KRN-951 (Kirin Brewery Co.) and other
closely related quinoline-urea VEGF inhibitors;
PKC-412 (Novartis) (also called CAS Registry Number
120685-11-2, benzoylstaurosporine, CGP-41251,
midostaurin, and STI-412, among others) and closely
related VEGF inhibitors;PTK-787 (Novartis and
Schering) (also called CAS Registry Numbers 212141-
54-3 and 212142-18-2, PTK/ZK, PTK-787/ZK-222584,
ZK-22584, VEGF-TKI, VEGF-RKI, PTK-787A DE-00268,
CGP-79787, CGP-79787D, vatalanib, ZK- 222584, among
others) and closely related anilinophthalazine
derivative VEGF inhibitors; SUl 1248 (Sugen and
Pfizer) (also called SU-1 1248, SU-Ol 1248, SU-1 1248J
Sutent(r), and sunitinib malate, among others) and
closely related VEGF inhibitors; SU-5416 (Sugen and
Pfizer/Pharmacia) (also called CAS Registry Number
194413-58-6, semaxanib, 204005-46-9, among others) and
closely related VEGF inhibitors; SU-6668 (Sugen and
Taiho) (also called CAS Registry Number 252916-29-3,
SU-006668, and TSU-68, among others) and closely
related VEGF inhibitors as described in, among others,
WO-09948868, WO-09961422, and WO-00038519, which are
hereby incorporated by reference in their entireties,
particularly in parts pertaining to SU-6668 and
closely related VEGF inhibitors, their structures and
properties, and methods for making and using them;
VEGF Trap (Regeneron and Sanofi-aventis) (also called
AVE-0005 and Systemic VEGF Trap, among others) and
closely related VEGF inhibitors as described in, among
others, WO-20041 10490, which is hereby incorporated
by reference in its entirety, particularly in parts
pertaining to VEGF Trap and closely related VEGF
inhibitors, their structures and properties, and
methods for making and using them; Thalidomide
(Celgene) (also called CAS Registry Number 50-35-1,
Synovir, Thalidomide Pharmion, and Thalomid, among
others) and closely related VEGF inhibitors; XL-647
(Exelixis) (also called EXEL-7647, among others) and
closely related VEGF inhibitors; XL-999 (Exelixis)
(also called EXEL-0999, among others) and closely
related VEGF inhibitors; XL-880 (Exelixis) (also
called EXEL-2880, among others) and closely related
VEGF inhibitors; ZD-6474 (AstraZeneca) (also called
CAS Registry Number 443913-73-3, Zactima, and
AZD-6474, among others) and closely related
anilinoquinazoline VEGF inhibitors; andZK-304709
(Schering) (also called CDK inhibitors (indirubin
derivatives), ZKCDK, MTGI, and multi-target tumor
growth inhibitor, among others) and other closely
related compounds including the indirubin derivative
VEGF inhibitors described in WO-00234717, WO-02074742,
WO-02100401, WO-00244148, WO-02096888, WO- 03029223,
WO-02092079, and WO-02094814 which are hereby
incorporated by reference in their entireties
particularly in parts pertinent to these and closely
related VEGF inhibitors, their structures and
properties, and methods for making and using them.
Also among VEGF inhibitors in this regard are:
Pazopanib, CDP791, Enzastaurin, BIBF 1120, BAY 573952,
BAY 734506, XL 184, IMC-1 121B, CEP 701, SU 014813, SU
10944, SU 12662, OSI-930, and BMS 582664, and closely
related VEGF inhibitors. In addition to the foregoing
inhibitors that act directly on VEGF or VEGFR, the
following inhibitors have anti-angiogenic properties
and can be used in the invention in much the same way
as inhibitors that act directly: ZD-6126 (AstraZeneca
and Angiogene) (also called CAS Registry Number
219923-05-4, N-acetylcolchinol phosphate, ANG-453,
AZD-6126, ZD-6126 derivatives and ZM-445526, among
others) and closely related VEGF inhibitors such as
other inhibitors in the ANG-400 series; Imatinib
(Novartis) (also called CAS Registry Numbers
152459-95-5 and 220127-57-1, Glivec, Gleevec, STI-571,
and CGP-57148, among others) and closely related VEGF
inhibitors; RAD-001 (Novartis) (also called CAS
Registry Number 159351-69-6, RAD- 001, SDZ-RAD,
Certican, and everolimus, among others) and closely
related VEGF inhibitors; and BMS-354825 (Bristol-Myers
Squibb) (also called CAS Registry Number 302962-49-8,
Src/Abl kinase inhibitor, and dasatinib, among others)
and closely related VEGF inhibitors. Also useful in
the invention in this are regard are Volociximab,
CCI-779, 17- AAG, DMXAA, CI-1040, and CI-1033. Among
the VEGF inhibitors preferred in the invention are the
following: (a) a compound described in US2003/0 125339
or US. Pat. No. 6995162 which is herein incorporated
by reference in its entirety, particularly in parts
disclosing VEGF inhibitors; (b) a substituted
alkylamine derivativedescribed in US2003/0125339 or
US2003/0225106 or US. Pat. No. 6995162 or US. Pat. No.
6878714 each of which is herein incorporated by
reference in its entirety, particularly in parts
disclosing VEGF inhibitors; (c) a non-naturally
occurring humanized monoclonal antibody that binds to
VEGF; (d) a substituted omega-carboxyaryl diphenyl
urea or derivative thereof as described in WOOO/42012,
WO00/41698, US2005/0038080A1, US2003/0125359A1,
US2002/0165394A1, US2001/003447A1, US200 1/001 6659A1,
and US2002/013774A1 which are herein incorporated by
reference in their entirety, particularly in parts
disclosing the foregoing VEGF inhibitors; (e) an
anilinophthalazine or derivative thereof that binds to
and inhibits the activity of multiple receptor
tyrosine kinases including binding to the protein
kinase domain and inhibition of VEGFRl and VEGFR2; (f)
(5-[5-fluoro-2-oxo-l,2-
dihydroindol-(3Z)-ylidenemethyl]-2, 4-dimethyl-l
'-pyrrole-3-carboxylic acid
[2-diethylaminoethyl]amide) or derivatives thereof
that are VEGF inhibitors; and (g) VEGF inhibitors as
described in US2006/024 1115, including those of
Formula IV therein. Among the particularly preferred
VEGF inhibitors are the following: (a) 



4TBPPAPC or a closely related compound described in
US2003/0 125339 or US. Pat. No. 6995162 which is
herein incorporated by reference in its entirety,
particularly in parts disclosing 4TBPPAPC and closely
related VEGF inhibitors; (b) AMG 706 or a closely
related substituted alkylamine derivative described in
US2003/0125339 or US2003/0225106 or US. Pat. No.
6995162 or US. Pat. No. 6878714 each of which is
herein incorporated by reference in its entirety,
particularly in parts disclosing AMG 706 and these
closely related VEGF inhibitors; (c) Avastin(tm) or a
closely related nonnaturally occurring humanized
monoclonal antibody that binds to VEGF, is a VEGF
inhibitor, and is at least 90% identical in sequence
to Avastin(tm); (d) Nexavar(r) or a closely related
substituted omega-carboxyaryl diphenyl urea or
derivative thereof described in WOOO/42012,
WO00/41698, US2005/0038080A1, US2003/0125359A1,
US2002/0165394A1, US2001/003447A1, US2001/0016659A1,
and US2002/013774A1 which are herein incorporated by
reference in their entirety, particularly in parts
disclosing these VEGF inhibitors; (e) PTK/ZK or a
closely related anilinophthalazine or derivative
thereof that binds to and inhibits the activity of
multiple receptor tyrosine kinases including binding
to the protein kinase domain and inhibition of VEGFRl
and VEGFR2; (f) Sutent(r) or a closely related
derivative of (5-[5-fluoro-2-oxo- 1,2-
dihydroindol-(32)-ylidenemethyl]-2, 4-dimethyl-l
H-pyrrole-3- carboxylic acid
[2-diethylaminoethyl]amide) that is a VEGF inhibitor;
and (g) VEGF inhibitors as described in US2006/0241
115, including those of Formula IV therein. Among the
highly particularly preferred VEGF inhibitors are the
following: (a) 4TBPPAPC, as described in
US2003/0125339 or US. Pat. No. 6995162 which is herein
incorporated by reference in its entirety,
particularly in parts disclosing 4TBPPAPC; (b) AMG
706, as described in US2003/0 125339 or US. Pat. No.
6995 162 or US. Pat. No. 6878714 which is herein
incorporated by reference in its entirety,
particularly in parts disclosing AMG 706; (c)
Avastin(tm); (d) Nexavar(r), as described in
WO00/42012, WO00/41698, US2005/0038080A1,
US2003/0125359A1, US2002/0165394A1, US2001/003447A1,
US2001/0016659A1, and US2002/013774A1 which are herein
incorporated by reference in their entirety,
particularly in parts disclosing Nexavar(r); (e)
PTK/ZK; (f) Sutent(r), and (g) VEGF inhibitors of
Formula IV as described in US2006/0241 115. In this
regard, certain of the very highly particularly
preferred VEGF inhibitors are further described below,
among these AMG 706 is among the most highly preferred
VEGF inhibitors. (J) AMG 706 AMG 706 is a multi-kinase
inhibitor that interferes with the Kit, PDGF, and
VEGF-signalling pathways, as described in
US2003/0125339, or US. Pat. No. 6995162 or US. Pat.
No. 6878714 which is herein incorporated by reference
in its entirety, particularly in parts pertinent AMG
706, its structure and properties, methods for making
and using it, and other related compounds. It has a
name of N-(2,3- dihydro-3,3-dimethyl-l
H-indol-6-yl)-2-[(4-pyridinyhnethyl)amino]-3-
pyridinecarboxamide (I). As used herein the term AMG
706 includes pharmaceutically acceptable salts, in
particular, the diphosphate salt, except as otherwise
provided herein. AMG 706 is also known as motesanib
diphosphate. (2) 4TBPPAPC 4TBPPAPC is a multi-kinase
inhibitor that interferes with the Kit, PDGR, and
VEGF-signalling pathways. Its name is N-(4-(l
,1-dimethylethyl)phenyl)-2-((4- pyridinylmethy)amino-3
-pyridinecarboxamide, as described in US Patent
Application US2003/0 125339, which is herein
incorporated by reference in its entirety particularly
in parts pertinent to 4TBPPAPC, its structure and
properties, methods for making and using it, and other
related compounds. 4TBPPAPC also is named
N-[4-(tertButyl)phenyl]{2-[(4-pyridylmethy-l)amino](3-
pyridyl)}carboxmide, as set forth in paragraph [0649]
of the foregoing patent application. (5) Avastin(tm)
Avastin(tm)" is a recombinant humanized monoclonal
antibody that binds directly to VEGF, and is sold by
Genentech. It is also known as bevacizumab. (4)
Nexavar(r) Nexavar(r) (also known as BAY 43-9006 and
sorafenib) is a substituted omega carboxy diphenyl
urea that inhibits RAF-I activation thereby decreasing
RAF-I dependent phosphorylation of MEK-I and ERK-I, as
described in US Patent Application No. 2003/0125359A1,
WO03/047523A2, and Wilhelm et al., Current
Pharmaceutical Design, vol. 8, pp. 2255-2257 (2002),
each of which are herein incorporated by reference in
their entireties, particularly in parts pertinent to
Nexavar(r), its structure and properties, methods for
making and using it, and other related molecules. Its
chemical name is 4-(4-{3-[4-Chloro-3-
(trifluoromethyl)phenyl]ureido}phenoxy)-N
2-methylpyridine-2-carboxamide. A variety of
derivatives of this compound have been produced. Among
these are fluorinated derivatives described in US
Patent Application 2005/003 8080A1 and
WO2005/009961A2, which are herein incorporated by
reference in their entireties, particularly as to
these and other pharmaceutically active diphenyl urea
compounds. (5) PTK/ZK PTK787, also known as vatalanib,
is a multi-VEGF receptor tyrosine kinase inhibitor
that is said to block tumor angiogenesis and
lymphangiogenesis. Its chemical structure is
N-(4-chlorophenyl)-4-(pyridin-4-yknethyl)phthalazin-l
-amine. It also is known as PTK787/ZK,
PTK787/ZK222584, and PTK/ZK. See Thomas, A., et al., J
. of Clin. Oncology, 23(18): 4162-4171 (2005); US
Patent Application 200501 18600A1. (6) Sutent(r)
Sutent(r) is a small molecule receptor tyrosine kinase
inhibitor with the following chemical structure
(5-[5-fluoro-2-oxo-l,2- dihydroindol-(3Z)-
ylidenemethyl]-2, 4-dimethyl-li-T-pyrrole-3-carboxylic
acid [2- diethylaminoethyl]amide). Sutent(r) is also
known as sunitinib malate and SUl 1248, and is
reported to have anti-angiogenic and anti-tumor
activities. See Mendel, D., et al., Clinical Cancer
Research, 9:327-337 (2003); Schlessinger, J., The
Scientist, 19(7): 17 (2005).Combinations ofAng2 and
VEGFInhibitors The invention herein described
particularly relates to the use of one or more Ang2
inhibitors together with one or more VEGF inhibitors.
In particular in this regard, the invention relates to
the use in combination of one or more of the Ang2
inhibitors described in the foregoing section thereon
and elsewhere herein in combination with one or more
of the VEGF inhibitors described in the foregoing
section thereon and elsewhere herein. It is to be
appreciated that any of the Ang2 inhibitors herein
described may be used with any of the VEGF inhibitors
herein described. In accordance with the invention,
preferred combinations utilize at least one preferred
Ang2 inhibitor or at least one preferred VEGF
inhibitor. Moreover, more highly preferred
combinations comprise more highly preferred Ang2
inhibitors or VEGF inhibitors or both. Among the
highly particularly preferred combinations of the
invention in this regard are those that comprise one
or more of the following Ang 2 inhibitors: 2xCon4(C),
Ab 536, or Tek472/Fc, and one or more of the following
VEGF inhibitors: AMG 706, 4TBPPAPC, Avastin(tm),
Sutent(r), PTK/ZK, or Nexavar(r). In this regard, in
certain of the very highly particularly preferred
combinations, the Ang2 inhibitor is 2xCon4(C) and the
VEGF inhibitor is AMG 706. Indications and Diseases A
variety of disorders and diseases and the like can be
treated in accordance with various aspects and
embodiments of the invention. In particular, in
accordance with certain of its preferred aspects and
embodiments, the compositions, methods and other
features of the invention are used to treat diseases
that involve a deleterious effect of or on
angiogenesis and/or vascularization, including those
that require angiogenesis and/or vascularization As
discussed in greater detail below, such diseases, in
various aspects and preferred embodiments of the
invention, include but are not limited to diseases
involving ocular neovascularization, such as
retinopathies (including diabetic retinopathy),
age-related macular degeneration, psoriasis,
hemangioblastoma, hemangioma, arteriosclerosis,
inflammatory diseases, such as a rheumatoid or
rheumatic inflammatory disease, especially arthritis
(including rheumatoid arthritis), and other chronic
inflammatory disorders, such as chronic asthma,
arterial or posttransplantational atherosclerosis,
endometriosis, and neoplastic diseases, for example
so-called solid tumors and liquid tumors, such as
leukemias, including hematopoietic leukemias, and
myeloproliferative neoplasms and disorders. The
invention furthermore, in various preferred aspects
and embodiments, provides compositions, methods, kits
and the like, among other things, useful to treat, for
instance, cancers, and other hyperproliferative
conditions, such as hyperplasia, psoriasis, contact
dermatitis, immunological disorders, and infertility,
some of which are mentioned above. The invention
further is useful in these regards and others, by way
of providing compositions, methods, kits and the like
as described herein for inhibiting cancer cell growth,
including inhibiting processes of cellular
proliferation, invasiveness, and 



metastasis in a subject, including human patients.
Cancers treatable by methods of the present invention
include those that occur in mammals, including those
that occur in humans and other primates, as well as
pet or companion animals such as dogs and cats,
laboratory animals such as rats, mice and rabbits, and
farm animals, such as horses, pigs, sheep, and cattle.
In certain of the particularly preferred aspects of
the invention and preferred embodiments thereof,
humans are highly preferred, particularly, human
patients suffering from a variety of conditions, such
as those particularly set forth herein. Tumors or
neoplasms include growths of tissue cells in which the
multiplication of the cells is uncontrolled and
progressive. Some such growths are benign, but others
are termed malignant and may lead to death. Malignant
neoplasms or cancers are distinguished from benign
growths in that, in addition to exhibiting aggressive
cellular proliferation, they may invade surrounding
tissues and metastasize. Moreover, malignant neoplasms
are characterized in that they show a greater loss of
differentiation (greater dedifferentiation), and of
their organization relative to one another and their
surrounding tissues. This property is also called
"anaplasia." Neoplasm and cancers whose invasiveness
or metastasis is associated with Ang-2 expression or
activity and with VEGF expression or activity are
particularly among the diseases to which the invention
may be advantageously applied. Neoplasms treatable by
the present invention include solid tumors, i.e.,
carcinomas and sarcomas. Carcinomas include those
malignant neoplasms derived from epithelial cells that
infiltrate (invade) the surrounding tissues and give
rise to metastases. Adenocarcinomas are carcinomas
derived from glandular tissue, or whichform
recognizable glandular structures. Another broad
category of cancers to which the invention may be
advantageously applied includes sarcomas, which are
tumors whose cells are embedded in a fibrillar or
homogeneous substance like embryonic connective
tissue. The invention also may be used for treatment
of cancers of the myeloid or lymphoid systems,
including leukemias, lymphomas and other cancers that
typically do not present as a tumor mass, but are
distributed in the vascular or lymphoreticular
systems. The types of cancer and tumor cells amenable
to treatment according to the invention include,
without limitation, cells of: ACTH-producing tumors,
acute lymphocytic leukemia, acute nonlymphocytic
leukemia, cancer of the adrenal cortex, bladder
cancer, brain cancer, breast cancer, cervical cancer,
chronic lymphocytic leukemia, chronic myelocytic
leukemia, colorectal cancer, cutaneous T-cell
lymphoma, endometrial cancer, esophageal cancer,
Ewing's sarcoma, gallbladder cancer, hairy cell
leukemia, head and neck cancer, Hodgkin's lymphoma,
Kaposi's sarcoma, kidney cancer, liver cancer, lung
cancer (small and non-small cell), malignant
peritoneal effusion, malignant pleural effusion,
melanoma, mesothelioma, multiple myeloma,
neuroblastoma, glioma, non-Hodgkin's lymphoma,
osteosarcoma, ovarian cancer, ovarian (germ cell)
cancer, pancreatic cancer, penile cancer, prostate
cancer, retinoblastoma, skin cancer, soft tissue
sarcoma, squamous cell carcinomas, stomach cancer,
testicular cancer, thyroid cancer, trophoblastic
neoplasms, uterine cancer, vaginal cancer, cancer of
the vulva, and Wilms' tumor. The present invention
thus provides compositions and methods useful for the
treatment of a wide variety of cancers, including
solid tumors and leukemias. Types of cancer that may
be treated include, but are not limited to:
adenocarcinoma of the breast, prostate, and colon; all
forms of bronchogenic carcinoma of the lung; myeloid;
melanoma; hepatoma; neuroblastoma; papilloma; apudoma;
choristoma; branchioma; malignant carcinoid syndrome;
carcinoid heart disease; carcinoma (e.g. , Walker,
basal cell, basosquamous, Brown-Pearce, ductal,
Ehrlich tumor, Krebs 2, merkel cell, mucinous,
non-small cell lung, oat cell, papillary, scirrhous,
bronchiolar, bronchogenic, squamous cell, and
transitional cell); histiocytic disorders; leukemia;
histiocytosis malignant; Hodgkin's disease;
immunoproliferative small lung cell carcinoma;
non-Hodgkin's lymphoma; plasmacytoma;
reticuloendotheliosis; melanoma; chondroblastoma;
chondroma; chondrosarcoma; fibroma; fibrosarcoma;
giant cell tumors; histiocytoma; lipoma; liposarcoma;
mesothelioma; myxoma;myxosarcoma; osteoma;
osteosarcoma; chordoma; craniopharyngioma;
dysgerminoma; hamartoma; mesenchymoma; mesonephroma;
myosarcoma; ameloblastoma; cementoma; odontoma;
teratoma; thymoma; tophoblastic tumor. Further, the
following types of cancers may also be treated:
adenoma; cholangioma; cholesteatoma; cyclindroma;
cystadenocarcinoma; cystadenoma; granulosa cell tumor;
gynandroblastoma; hepatoma; hidradenoma; islet cell
tumor; Leydig cell tumor; papilloma; Sertoli cell
tumor; theca cell tumor; leiomyoma; leiomyosarcoma;
myoblastoma; myoma; myosarcoma; rhabdomyoma;
rhabdomyosarcoma; ependymoma; ganglioneuroma; glioma;
medulloblastoma; meningioma; neurilemmoma;
neuroblastoma; neuroepithelioma; neurofibroma;
neuroma; paraganglioma; paraganglioma nonchromaffin;
angiokeratoma; angiolymphoid hyperplasia with
eosinophilia; angioma sclerosing; angiomatosis;
glomangioma; hemangioendothelioma; hemangioma;
hemangiopericytoma; hemangiosarcoma; lymphangioma;
lymphangiomyoma; lymphangiosarcoma; pinealoma;
carcinosarcoma; chondrosarcoma; cystosarcoma
phyllodes; fibrosarcoma; hemangiosarcoma;
leiomyosarcoma; leukosarcoma; liposarcoma;
lymphangiosarcoma; myosarcoma; myxosarcoma; ovarian
carcinoma; rhabdomyosarcoma; sarcoma; neoplasms;
nerofibromatosis; and cervical dysplasia. Another
aspect of the present invention is using the materials
and methods of the present invention to prevent and/or
treat any hyperproliferative condition of the skin
including psoriasis and contact dermatitis or other
hyperproliferative diseases. Other aspects of the
present invention include treating various
retinopathies (including diabetic retinopathy and
age-related macular degeneration) in which
angiogenesis is involved, as well as
disorders/diseases of the female reproductive tract
such as endometriosis, uterine fibroids, and other
such conditions associated with dysfunctional vascular
proliferation (including endometrial microvascular
growth) during the female reproductive cycle. Still
another aspect of the present invention relates to
treating abnormal vascular growth including cerebral
arteriovenous malformations (AVMs) gastrointestinal
mucosal injury and repair, ulceration of the
gastroduodenal mucosa in patients with a history of
peptic ulcer disease, including ischemia resulting
from stroke, a wide spectrum of pulmonary vascular
disorders in liver disease and portal hypertension in
patients with nonhepatic portal hypertension.The
invention also is useful for treating myelodysplastic
syndrome, including refractory anemia, which is
associated with a decrease in red blood cells, and
chronic myelomonocytic leukemia, which is associated
with a decrease in the white blood cells. The
invention also is useful for treating
myeloproliferative disorder, including chronic myeloid
leukemia, which is associated with an increase of
granulocytes, polycythemia veva, associated with an
increase of red blood cells, essential thrombocytosis,
which is associated with an increase of the platelets,
and myelofibrosis, a condition wherein the bone marrow
itself fills with fibrotic cells. Another aspect of
present invention is the prevention of cancers
utilizing the compositions and methods provided by the
present invention. The invention also is useful to
treat experimentally defined cancers., as well as
those that occur naturally. In this regard,
particularly using state-of-the-art in vitro and in
vivo models, various aspects of the invention are
useful to identify agents that reasonably may be
expected to have results as efficacious in treating
actual disease in vivo as were achieved in the model
systems. Routes of Administration Inhibitors in
accordance with the invention, in various embodiments,
may be administered by a variety of suitable routes,
well known to those skilled in the art of
administering therapeutics to a subject. In
embodiments of the invention in this regard, one or
more inhibitors, as described elsewhere herein, are
administered via the alimentary canal. In other
embodiments one or more inhibitors as described
elsewhere herein are administered parenterally. In
various embodiments one or more inhibitors may be
administered via the alimentary canal in conjunction
with one or more other inhibitors administered
parenterally. Such routes in a variety of embodiments
include but are not limited to administration of the
compositions orally, ocularly, mucosally, topically,
rectally, pulmonarily, such as by inhalation spray,
and epicutaneously. The following parenteral routes of
administration also are useful in various embodiments
of the invention: administration by intravenous,
intraarterial, intracardiac, intraspinal, intrathecal,
intraosseous, intraarticular, intrasynovial,
intracutaneous, intradermal, subcutaneous, peritoneal,
and/or intramuscular injection. In some embodiments
intravenous, intraarterial, intracutaneous,
intradermal, subcutaneous and/orintramuscular
injection are used. In some embodiments intravenous,
intraarterial, intracutaneous, subcutaneous, and/or
intramuscular injection are used. In certain
embodiments of the invention the compositions are
administered locally, for instance by intraocular
injection to treat ocular neovascularization,
retinopathy, or age-related macular degeneration.
Doses 



The amount of compounds which are administered and the
dosage regimen for treating a disease condition with
the compounds and/or compositions of this invention
depend on a variety of factors, including the age,
weight, sex, and medical condition of the subject, the
type of disease, the severity of the disease, the
route and frequency of administration, and the
particular compound employed. Thus, the dosage regimen
may vary widely. Appropriate dosage of VEGF and Ang2
inhibitors to be used in combination in accordance
with the invention may be determined by using
well-known techniques employed more generally in
pharmaceutical and related arts to determine the
dosages of single agents and/or combinations of other
agents for therapeutic uses. In certain embodiments in
this regard the dose of one or both inhibitors for use
in a combination in accordance with the invention may
be based partly or wholly on the optimum dose
established for either one or for both of the
inhibitors used alone. The optimum dose for each agent
may be the dose recommended or set by the US Food and
Drug Administration (particularly as to formulations
for use in the US) and/or by other authorities having
jurisdiction over such matters outside the US
(particularly as to formulations for use outside the
US), for the use of the agent by itself or in other
combination formulations. It is to be understood that
the optimum dose in some cases is the dose that
achieves the maximum therapeutic effect, but in other
cases may be higher or lower. For instance,
administration of any agent at the dose that achieves
maximum therapeutic effect may, at the same time,
produce unacceptable side effects such as toxicity, so
that the optimum dose is lower than that which has the
maximum therapeutic effect. Accordingly, in some
combinations in accordance with the invention, one or
both agents will be present at the dose that achieves
the maximum therapeutic effect when used alone and/or
when used in the combination. In other combinations
inaccordance with the invention one or the other or
both agents will be present in the amount that
achieves the optimum therapeutic effect when the agent
is used by itself. In still other embodiments one or
both agents will be present at a dose that achieves
the optimum therapeutic effect for that agent when
used in the combination, representing a balance
between therapeutic effects and undesirable side
effects such as toxicity. It is to be further
appreciated that among advantages of combination
therapies in accordance with the invention, is not
only that in some embodiments the combination works
better than either single agent by itself (at the same
doses) but also that the combination provides at least
the same therapeutic effect or better than either
agent by itself, using a dose of one or both agents
less than that required to achieve the same effect
when either agent is used by itself. In embodiments
such reduced dosages result in fewer side effects
and/or decreased toxicity. The same considerations
apply when more than two agents are used in
combination with one another, such as when three,
four, five or more agents are used in combination. In
accordance with the foregoing, the doses of agents to
be used in combination in embodiments are the doses
recommended, set, or prescribed by the US Food and
Drug Administration or by an agency of similar
authority outside the US. In embodiments, furthermore,
the dose of an agent used in a combination therapy
according to the invention also may be less, or more,
than the aforementioned recommended, set, or
prescribed doses, such as, in particular, when the
therapeutic profile of the agent in the combination
therapy is optimal at such lower or higher dose. In
embodiments in this regard, the dose of one or more of
the agents in the combination therapy is 10%, 25%,
50%, 75%, 85%, 95%, 105%, 110%, 125% or more of the
doses recommended, set, or prescribed by such an
agency for use of the agent alone, particularly as to
use of the agent alone for the same indication. In the
case of agents that are administered parenterally,
such as by IV injection, in embodiments of the
invention the dose of the agent for combination
therapy is 0.05 mg/kg to 100 mg/kg. In embodiments it
is 0.01 to 50 mg/kg. In embodiments it is 0.02 to 40
mg/kg. In embodiments it is 0.3 to 30 mg/kg. In
embodiments it is 0.5 to 25 mg/kg. In embodiments it
is 1.0 to 15 mg/kg. Further in this regard, in
embodiments the dose is any one or more of 0.05, 0.1,
0.2, 0.3, 0.5, 1.0, 2:0, 3.0, 5.0, 10, 15, 20, 25, 30,
40, 50, 60, 70, 80, 100 mg/kg or more. In this regard
the doses may beadministered at any interval,
including but not limited to more than once a day,
once a day, every two, three, four, five, six or more
days, once a week, every one, two, three, or four
weeks, or at longer intervals. For example, in
embodiments in this regard, doses of 2xCon4(C) in
combination therapies in accordance with the
invention, in addition to the above, are for 0.1 to 50
mg/kg IV once a week. In embodiments the doses are 0.3
mg/kg to 30 mg/kg IV once a week. In embodiments the
dose is 3 mg/kg IV once a week. In embodiments it is 5
mg/kg IV once a week. In embodiments it is 10 mg/ml IV
once a week. In embodiments it is 15 mg/kg IV once a
week. Much the same considerations as those described
immediately above apply as well to the dose of an
agent for oral administration in a combination therapy
in accordance with the invention. As noted elsewhere
herein, for oral administration the pharmaceutical
composition may be in the form of, for example, a
tablet, capsule, suspension, or liquid. The
pharmaceutical composition is preferably made in the
form of a dosage unit containing a particular amount
of the active ingredient. Examples of such dosage
units are tablets or capsules. General principles and
methods for formulating agents for oral administration
are well know to those skilled in the art.
Formulations of agents for oral administration in
combination therapy in accordance with the invention
in embodiments thereof contain the active ingredient
in an amount from less than 1 to about 2,000 mg, or
more. In embodiments the amount is from 1 to 1,000, 10
to 1,000, 50 to 500, 75 to 750 mg, among others. For
example, without limitation, in embodiments the amount
is 1, 10, 25, 50, 75, 100, 200, 250, 300, 400, 500,
600, 700, 800, 1,000, or 2,000 mg per dosage form. In
embodiments the agent is administered in combination
therapy in accordance with the invention in a doses of
0.01 or less to 2,000 mg/kg or more. In embodiments
the dose is 1 to 1,000 mg/kg. In embodiments it is 15
to 750 mg/kg. In embodiments it is 25 to 700 mg/kg. In
embodiments it is 50 to 500 mg/kg. For example, in
embodiments it is 1, 10, 25, 50, 75, 100, 200, 250,
300, 400, 500, 600, 700, 800, 1,000, or 2,000 mg/kg.
As for other forms of administration, doses for oral
administration may be administered one, two, three,
four, five, six, seven or more times per day, or at
intervals of more than a day, such as every two,
three, four, five, six, or seven days, or at longer
intervals.Oral administration of an agent in
combination therapy in accordance with the invention
as noted above will vary with many factors, including
the exact agent, and the indication and the immediate
condition of the patient, to name just a few. By way
of illustration only, keeping in mind this
variability, in embodiments in this regard, the agent
is administered orally in a dosage form containing, 1,
10, 25, 50, 75, 100, 200, 250, 300, 400, 500, 600,
700, 800, 1,000, or 2,000 mg each. In embodiments in
this regard, the agent is orally administered in one
or more of the foregoing amounts one, two, three, four
or more times per day, or at lesser intervals. In
embodiments in this regard, one, two, three, or four
dosage units are administered at the same time. In
embodiments including embodiments in which
administration is by parenteral, oral, or other means,
dosing intervals are varied, such as between two,
three or more frequencies of administration, or by
skipping or adding administrations at set intervals or
in accordance with patient response. In embodiments
doses are altered between responses, such as regular
variation between two, three, four or more dosing
regimes, or in accordance with patient response. The
foregoing considerations apply to both Ang2 and VEGF
inhibitors used in combination therapy in accordance
with the invention, among others. Dosing regimens are
discussed in further detail below. Dosing Regimens
Compositions can be administered in dosages and by
techniques well known to those skilled in the medical
and veterinary arts taking into consideration such
factors as the age, sex, weight, and condition of the
particular patient, and the formulation that will be
administered (e.g., solid vs. liquid). Doses for
humans or other mammals can be determined without
undue experimentation by the skilled artisan, from
this disclosure, the documents cited herein, and the
knowledge in the art. In accordance with various
embodiments, proper dosages and dosing plans will
depend on numerous factors, and may vary in different
circumstances. The parameters that will determine the
optimal dosage plans to be administered typically will
include some or all of the following: the disease
being treated and its stage; the species of the
subject, their health, gender, age, weight, and
metabolic rate; other therapies being administered;
and expected potential complications from the
subject's history or genotype.The optimal dosing plan
in a given situation also will take into consideration
the way in which the compositions are formulated, the
way they are administered, their 



distribution route following administration, and the
rate at which they will be cleared both from sites of
action and from the subject's body. Finally, the
determination of optimal dosing necessarily will
provide an effective dose that is neither below the
threshold of maximal beneficial effect nor above the
threshold where the deleterious effects associated
with the dose of the active agents outweighs the
advantages of the increased dose. It will be
appreciated that a "dose" may be delivered all at
once, fractionally, or continuously over a period of
time. The entire dose also may be delivered to a
single location or spread fractionally over several
locations. Furthermore, doses may remain the same over
a treatment, or they may vary. In various embodiments,
compositions of the invention are administered in an
initial dose, and thereafter maintained by further
administrations. A composition of the invention in
some embodiments is administered by one method
initially, and thereafter administered by the same
method or by one or more different methods. The
dosages of on-going administrations may be adjusted to
maintain at certain values the levels of the active
agents in the subject. In some embodiments the
compositions are administered initially and/or to
maintain their level in the subject by intravenous
injection. In a variety of embodiments, other forms of
administration are used, dependent upon the patient's
condition and other factors, discussed elsewhere
herein. Suitable regimens for initial administration
and further doses for sequential administrations may
all be the same or may be variable. Appropriate
regimens can be ascertained by the skilled artisan,
from this disclosure, the documents cited herein, and
the knowledge in the art. The dose, frequency, and
duration of treatment will depend on many factors,
including the nature of the disease, the subject, and
other therapies that may be administered. Accordingly,
a wide variety of regimens may be used to administer
the compositions. In some embodiments they are
administered to a subject in one dose. In others they
are administered to a subject in a series of two or
more doses in succession. In some other embodiments
where they are administered in a single dose, in two
doses, and/or more than two doses, the doses may be
the same or different, and they may be administered
with equal or with unequal intervals between
them.Compositions of the invention may be administered
in many frequencies over a wide range of times,
including any suitable frequency and range of times
that delivers a treatment-effective dose. Doses may be
continuously delivered, administered every few hours,
one or more times a day, every day, every other day or
several times a week, or less frequently. In some
embodiments they are administered over periods of one,
two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen, or more days. In
some embodiments they are administered over periods of
one, two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, or more months. In a variety of
embodiments they are administered for a period of one,
two, three, four, five, six, seven, eight, nine, ten,
or more years. Generally lengths of treatment will be
proportional to the length of the disease process, the
effectiveness of the therapies being applied, and the
condition and response of the subject being treated.
In various embodiments of the invention, inhibitors
are administered one to four times per day, in equal
amounts, at equal intervals. Formulations
Pharmaceutical compositions in accordance with various
embodiments of the invention may comprise one or more
non-toxic, pharmaceutically-acceptable carriers and/or
diluents and/or adjuvants (collectively referred to
herein as "carrier" materials) and, if desired, other
active ingredients. The pharmaceutically active
compounds of this invention can be processed in
accordance with conventional methods of pharmacy to
produce medicinal agents for administration to human
patients and to other subjects. Formulations for
administration of biologies such as proteins,
including antibodies, are well known in the art. For
example, see US 6,171,586; WO 2005/044854; US
6,288,030; US 6,267,958; WO 2004/055 164; US
4,597,966; US 2003/0138417; US 6,252,055; US
5,608,038; US 6,875,432; US 2004/0197324; WO
02/096457; US 5,945,098; US 5,237,054; US 6,485,932;
US 6,821,515; US 5,792,838; US 5,654,403; US
5,908,826; EP 0 804 163; and WO 2005/063291 , each of
which is incorporated herein by reference in its
entirety, in particular in parts pertinent to
formulation, stabilization, and delivery of
protein-based drugs. As described in the foregoing and
elsewhere, among preferred buffering agents for
proteins known in the art are acetate, succinate,
gluconate, glutamate, glutamic acid, histidine,
citrate, aspartic acid, and other organic acid
buffers.For oral administration, the pharmaceutical
composition may be in the form of, for example, a
tablet, capsule, suspension, or liquid. The
pharmaceutical composition is preferably made in the
form of a dosage unit containing a particular amount
of the active ingredient. Examples of such dosage
units are tablets or capsules. For therapeutic
purposes, the active compounds of this invention are
ordinarily combined with one or more adjuvants
appropriate to the indicated route of administration.
If administered per os, the compounds may be admixed
with lactose, sucrose, starch powder, cellulose esters
of alkanoic acids, cellulose alkyl esters, talc,
stearic acid, magnesium stearate, magnesium oxide,
sodium and calcium salts of phosphoric and sulfuric
acids, gelatin, acacia gum, sodium alginate,
polyvinylpyrrolidone, and/or polyvinyl alcohol, and
then tableted or encapsulated for convenient
administration. Such capsules or tablets may contain a
controlled-release formulation as may be provided in a
dispersion of active compound in hydroxypropylmethyl
cellulose. Formulations for parenteral administration
may be in the form of aqueous or non-aqueous isotonic
sterile injection solutions or suspensions. These
solutions and suspensions may be prepared from sterile
powders or granules using one or more of the carriers
or diluents mentioned for use in the formulations for
oral administration or by using other suitable
dispersing or wetting agents and suspending agents.
The compounds may be dissolved in water, polyethylene
glycol, propylene glycol, ethanol, corn oil,
cottonseed oil, peanut oil, sesame oil, benzyl
alcohol, sodium chloride, tragacanth gum, and/or
various buffers. Other adjuvants and modes of
administration are well and widely known in the
pharmaceutical art. The active ingredient may also be
administered by injection as a composition with
suitable carriers including saline, dextrose, or
water, or with cyclodextrin (i.e., Captisol),
cosolvent solubilization (i.e., propylene glycol), or
micellar solubilization (i.e., Tween 80). The sterile
injectable preparation may also be a sterile
injectable solution or suspension in a non-toxic
parenterally acceptable diluent or solvent, for
example as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed
are water, Ringer's solution, and isotonic sodium
chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be
employed, including synthetic mono- or diglycerides.
In addition, fatty acids such as oleic acid find use
in the preparation of injectables.For pulmonary
administration, the pharmaceutical composition may be
administered in the form of an aerosol or with an
inhaler including dry powder aerosol. The
pharmaceutical compositions may be subjected to
conventional pharmaceutical operations such as
sterilization and/or may contain conventional
adjuvants, such as preservatives, stabilizers, wetting
agents, emulsifiers, buffers etc. Tablets and pills
can additionally be prepared with enteric coatings.
Such compositions may also comprise adjuvants, such as
wetting, sweetening, flavoring, and perfuming agents.
Pharmaceutical compositions in accordance with the
foregoing and other aspects of the invention may
contain formulation materials for modifying,
maintaining or preserving, for example, the pH,
osmolality, viscosity, clarity, color, isotonicity,
odor, sterility, stability, rate of dissolution or
release, adsorption or penetration of the composition.
Suitable formulation materials include, but are not
limited to, amino acids (such as glycine, glutamine,
asparagine, arginine or lysine); antimicrobials;
antioxidants (such as ascorbic acid, sodium sulfite or
sodium hydrogen-sulfite); buffers (such as borate,
bicarbonate, Tris-HCl, citrates, phosphates, other
organic acids); bulking agents (such as mannitol or
glycine), chelating agents [such as ethylenediamine
tetraacetic acid (EDTA)]; complexing agents (such as
caffeine, polyvinylpyrrolidone, beta-cyclodextrin or
hydroxypropyl-beta-cyclodextrin); fillers;
monosaccharides; disaccharides and other carbohydrates
(such as glucose, mannose, or dextrins); proteins
(such as serum albumin, gelatin or immunoglobulins);
coloring; flavoring and diluting agents; emulsifying
agents; hydrophilic polymers (such as
polyvinylpyrrolidone); low molecular weight
polypeptides; salt-forming counterions (such as
sodium); preservatives (such as benzalkonium chloride,
benzoic acid, salicylic acid, thimerosal, phenethyl
alcohol, methylparaben, propylparaben, chlorhexidine,
sorbic acid or hydrogen peroxide); solvents (such as
glycerin, propylene glycol or polyethylene glycol);
sugar alcohols (such as mannitol or sorbitol);
suspending agents; surfactants or wetting agents (such
as pluronics, PEG, sorbitan esters, polysorbates such
as polysorbate 20, polysorbate 80, triton,
tromethamine, lecithin, cholesterol, 



tyloxapal); stability enhancing agents (sucrose or
sorbitol); tonicity enhancing agents (such as alkali
metal halides (preferably sodium or potassium
chloride, mannitol sorbitol); delivery vehicles;
diluents; excipients and/or pharmaceutical
adjuvants.(Remington's Pharmaceutical Sciences, 18th
Edition, A.R. Gennaro, ed., Mack Publishing Company,
1990). The optimal pharmaceutical composition will be
determined by one skilled in the art depending upon,
for example, the intended route of administration,
delivery format, and desired dosage. See for example,
Remington's Pharmaceutical Sciences, supra. Such
compositions may influence the physical state,
stability, rate of in vivo release, and rate of in
vivo clearance of the specific binding agent. The
primary vehicle or carrier in a pharmaceutical
composition may be either aqueous or non-aqueous in
nature. For example, a suitable vehicle or carrier may
be water for injection, physiological saline solution
or artificial cerebrospinal fluid, possibly
supplemented with other materials common in
compositions for parenteral administration. Neutral
buffered saline or saline mixed with serum albumin are
further exemplary vehicles. Other exemplary
pharmaceutical compositions comprise Tris buffer of
about pH 7.0-8.5, or acetate buffer of about pH
4.0-5.5, which may further include sorbitol or a
suitable substitute therefore. In one embodiment of
the present invention, binding agent compositions may
be prepared for storage by mixing the selected
composition having the desired degree of purity with
optional formulation agents (Remington's
Pharmaceutical Sciences, supra) in the form of a
lyophilized cake or an aqueous solution. Further, the
binding agent product may be formulated as a
lyophilizate using appropriate excipients such as
sucrose. The pharmaceutical compositions can be
selected for parenteral delivery. Alternatively, the
compositions may be selected for inhalation or for
enteral delivery such as orally, aurally,
opthalmically, rectally, or vaginally. The preparation
of such pharmaceutically acceptable compositions is
within the skill of the art. The formulation
components are present in concentrations appropriate
to the site of administration. For example, buffers
are used to maintain the composition at physiological
pH or at slightly lower pH, typically within a pH
range of from about 5 to about 8. When parenteral
administration is contemplated, the therapeutic
compositions for use in this invention may be in the
form of a pyrogen-free, parenterally acceptable
aqueous solution comprising the desired specific
binding agent in a pharmaceutically acceptable
vehicle. A particularly suitable vehicle for
parenteral injection is sterile distilled water in
which a binding agent is formulated as a sterile,
isotonic solution, properly preserved.Yet another
preparation can involve the formulation of the desired
molecule with an agent, such as injectable
microspheres, bio-erodible particles, polymeric
compounds (polylactic acid, polyglycolic acid), beads,
or liposomes, that provides for the controlled or
sustained release of the product which may then be
delivered via a depot injection. Hyaluronic acid may
also be used, and this may have the effect of
promoting sustained duration in the circulation. Other
suitable means for the introduction of the desired
molecule include implantable drug delivery devices. In
another aspect, pharmaceutical formulations suitable
for parenteral administration may be formulated in
aqueous solutions, preferably in physiologically
compatible buffers such as Hanks' solution, ringer's
solution, or physiologically buffered saline. Aqueous
injection suspensions may contain substances that
increase the viscosity of the suspension, such as
sodium carboxymethyl cellulose, sorbitol, or dextran.
Additionally, suspensions of the active compounds may
be prepared as appropriate oily injection suspensions.
Suitable lipophilic solvents or vehicles include fatty
oils, such as sesame oil, or synthetic fatty acid
esters, such as ethyl oleate, triglycerides, or
liposomes. Non-lipid polycationic amino polymers may
also be used for delivery. Optionally, the suspension
may also contain suitable stabilizers or agents to
increase the solubility of the compounds and allow for
the preparation of highly concentrated solutions. A
pharmaceutical composition in accordance with certain
embodiments of the invention may be suitable for
inhalation. For example, a binding agent may be
formulated as a dry powder for inhalation. Polypeptide
or nucleic acid molecule inhalation solutions may also
be formulated with a propellant for aerosol delivery.
In yet another embodiment, solutions may be nebulized.
Pulmonary administration is further described in PCT
Application No. PCT/US94/001875, which describes
pulmonary delivery of chemically modified proteins. It
is also contemplated that certain formulations may be
administered orally. In one embodiment of the present
invention, binding agent molecules that are
administered in this fashion can be formulated with or
without those carriers customarily used in the
compounding of solid dosage forms such as tablets and
capsules. For example, a capsule may be designed to
release the active portion of the formulation at the
point in the gastrointestinal tract when
bioavailability is maximized and pre-systemic
degradation is minimized. Additional agents can be
included to facilitate absorption of the binding agent
molecule. Diluents, flavorings, low meltingpoint
waxes, vegetable oils, lubricants, suspending agents,
tablet disintegrating agents, and binders may also be
employed. Pharmaceutical compositions for oral
administration can also be formulated using
pharmaceutically acceptable carriers well known in the
art in dosages suitable for oral administration. Such
carriers enable the pharmaceutical compositions to be
formulated as tablets, pills, dragees, capsules,
liquids, gels, syrups, slurries, suspensions, and the
like, for ingestion by the patient. Pharmaceutical
preparations for oral use can be obtained through
combining active compounds with solid excipient and
processing the resultant mixture of granules
(optionally, after grinding) to obtain tablets or
dragee cores. Suitable auxiliaries can be added, if
desired. Suitable excipients include carbohydrate or
protein fillers, such as sugars, including lactose,
sucrose, mannitol, and sorbitol; starch from corn,
wheat, rice, potato, or other plants; cellulose, such
as methyl cellulose, hydroxypropylmethylcellulose, or
sodium carboxymethylcellulose; gums, including arabic
and tragacanth; and proteins, such as gelatin and
collagen. If desired, disintegrating or solubilizing
agents may be added, such as the cross-linked
polyvinyl pyrrolidone, agar, and alginic acid or a
salt thereof, such as sodium alginate. Dragee cores
may be used in conjunction with suitable coatings,
such as concentrated sugar solutions, which may also
contain gum arabic, talc, polyvinylpyrrolidone,
carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestuffs or pigments
may be added to the tablets or dragee coatings for
product identification or to characterize the quantity
of active compound, i.e., dosage. Pharmaceutical
preparations that can be used orally also include
push-fit capsules made of gelatin, as well as soft,
sealed capsules made of gelatin and a coating, such as
glycerol or sorbitol. Push-fit capsules can contain
active ingredients mixed with fillers or binders, such
as lactose or starches, lubricants, such as talc or
magnesium stearate, and, optionally, stabilizers. In
soft capsules, the active compounds may be dissolved
or suspended in suitable liquids, such as fatty oils,
liquid, or liquid polyethylene glycol with or without
stabilizers. Another pharmaceutical composition may
involve an effective quantity of binding agent in a
mixture with non-toxic excipients that are suitable
for the manufacture of tablets. By dissolving the
tablets in sterile water, or other appropriate
vehicle, solutions can be prepared in unit dose form.
Suitable excipients include, butare not limited to,
inert diluents, such as calcium carbonate, sodium
carbonate or bicarbonate, lactose, or calcium
phosphate; or binding agents, such as starch, gelatin,
or acacia; or lubricating agents such as magnesium
stearate, stearic acid, or talc. Additional
pharmaceutical compositions will be evident to those
skilled in the art, including formulations involving
binding agent molecules in sustained- or
controlled-delivery formulations. Techniques for
formulating a variety of other sustained- or
controlled-delivery means, such as liposome carriers,
bio-erodible microparticles or porous beads and depot
injections, are also known to those skilled in the
art. See for example, PCT/US93/00829 that describes
controlled release of porous polymeric microparticles
for the delivery of pharmaceutical compositions.
Additional examples of sustained-release preparations
include semipermeable polymer matrices in the form of
shaped articles, e.g. films, or microcapsules.
Sustained release matrices may include polyesters,
hydrogels, polylactides (U.S. 3,773,919, EP 58,481),
copolymers of L-glutamic acid and gamma
ethyl-L-glutamate [Sidman et al., Biopolymers,
22:547-556 ( 1983)], poly
(2-hydroxyethyl-methacrylate) [Langer et al., J.
Biomed. Mater. Res., 15:167-277, (1981)] and [Langer
et al., Chem. Tech., 12:98- 105(1982)], ethylene vinyl
acetate (Langer et al., supra) or
poly-D(-)-3-hydroxybutyric acid (EP 133,988).
Sustained-release compositions also include liposomes,
which can be prepared by any of several methods known
in the art. See e.g., Eppstein et al., Proc. Natl.
Acad. Sci. (USA), 82:3688-3692 (1985); EP 36,676; EP
88,046; EP 143,949. The pharmaceutical composition to
be used for in vivo administration typically must be
sterile. This may be accomplished by filtration
through sterile filtration membranes. Where the
composition is lyophilized, sterilization using this
method may 



be conducted either prior to or following
lyophilization and reconstitution. The composition for
parenteral administration may be stored in lyophilized
form or in solution. In addition, parenteral
compositions generally are placed into a container
having a sterile access port, for example, an
intravenous solution bag or vial having a stopper
pierceable by a hypodermic injection needle. The term
"pharmaceutically-acceptable salts" embraces salts
commonly used to form alkali metal salts and to form
addition salts of free acids or free bases. The nature
of the salt is not critical, provided that it is
pharmaceutically-acceptable. Suitable
pharmaceuticallyacceptable acid addition salts of
compounds may be prepared from an inorganic acid or
from an organic acid. Examples of such inorganic acids
are hydrochloric, hydrobromic, hydroiodic, nitric,
carbonic, sulfuric and phosphoric acid. Appropriate
organic acids may be selected fromaliphatic,
cycloaliphatic, aromatic, arylaliphatic, heterocyclic,
carboxylic and sulfonic classes of organic acids,
example of which are formic, acetic, adipic, butyric,
propionic, succinic, glycolic, gluconic, lactic,
malic, tartaric, citric, ascorbic, glucuronic, maleic,
fumaric, pyruvic, aspartic, glutamic, benzoic,
anthranilic, mesylic, 4-hydroxybenzoic, phenylacetic,
mandelic, embonic (pamoic), methanesulfonic,
ethanesulfonic, ethanedisulfonic, benzenesulfonic,
pantothenic, 2-hydroxyethanesulfonic, toluenesulfonic,
sulfanilic, cyclohexylaminosulfonic, camphoric,
camphorsulfonic, digluconic, cyclopentanepropionic,
dodecylsulfonic, glucoheptanoic, glycerophosphonic,
heptanoic, hexanoic, 2-hydroxy-ethanesulfonic,
nicotinic, 2-naphthalenesulfonic, oxalic, palmoic,
pectinic, persulfuric, 2-phenylpropionic, picric,
pivalic propionic, succinic, tartaric, thiocyanic,
mesylic, undecanoic, stearic, algenic, b-
hydroxybutyric, salicylic, galactaric and galacturonic
acid. Suitable pharmaceuticallyacceptable base
addition salts of compounds include metallic salts,
such as salts made from aluminum, calcium, lithium,
magnesium, potassium, sodium and zinc, or salts made
from organic bases including primary, secondary and
tertiary amines, substituted amines including cyclic
amines, such as caffeine, arginine, diethylamine,
N-ethyl piperidine, aistidine, glucamine,
isopropylamine, lysine, morpholine, N-ethyl
morpholine, piperazine, piperidine, triethylamine,
trimethylamine. All of these salts may be prepared by
conventional means from the corresponding compound of
the invention by reacting, for example, the
appropriate acid or base with the compound. Once the
pharmaceutical composition has been formulated, it may
be stored in sterile vials as a solution, suspension,
gel, emulsion, solid, or a dehydrated or lyophilized
powder. Such formulations may be stored either in a
ready-to-use form or in a form (e.g., lyophilized)
requiring reconstitution prior to administration. Kits
The invention also provides kits comprising one or
more Ang2 inhibitors and one or more VEGF inhibitors
in accordance with the foregoing. The inhibitors may
be disposed in the kits in one or more containers.
Each such container may contain separately or in
admixture one or more Ang2 inhibitors and one or more
VEGF inhibitors in accordance with any of the
foregoing. Typically, such kits are designed for
medical use, and the inhibitors are comprised in
pharmaceutically acceptable formulations. Among very
highly preferred kits in this regard are those
comprising 2xCon4(C) and AMG 706. Also among highly
preferred embodiments in this regard are kits wherein
the inhibitors are disposed in separate
containers.Further preferred kits are those that
comprise integrally thereto or as one or more separate
documents, information pertaining to the contents or
the kit and the use of the inhibitors. Also among
further preferred kits are those wherein the
compositions are formulated for reconstitution in a
diluent. In this regard, kits further comprising one
or more containers of sterile diluent are especially
preferred. Yet further preferred embodiments in this
regard include kits wherein at least one of the
inhibitors is disposed in vials under partial vacuum
sealed by a septum and suitable for reconstitution to
form a formulation effective for parental
administration. Preferred embodiments of the present
invention also include kits that provide single-dose
packaging of one or more of the inhibitors. Preferred
kits also include those that provide single and
multi-chambered pre-filled syringes (e.g., liquid
syringes and lyosyringes) for administering one or
more of the inhibitors. Particularly preferred in this
regard are kits in which the syringes are preloaded.
The present invention is additionally described by way
of the following illustrative, non-limiting examples.
Variations and changes which are obvious to one
skilled in the art are intended to be within the scope
and nature of the invention which are defined in the
appended claims. Examples EXAMPLE 1: Tek472/Fc and
Avastin(tm) Xenografts of Colo205 cells injected into
female CDl Nu/Nu mice were treated with: (1)
Avastin(tm) (group 1); (2) both Avastin(tm) and
Tek472/Fc (group 2); (3) HuIgGl and Fc control (group
3), and (4) Tek472/Fc (group 4), as described in
greater detail below. Tumors were induced by injecting
Colo205 cells into forty CDl Nu/Nu female mice, 6 to 8
weeks of age, weighing between 20 and 22 grams. All of
the mice were obtained from Charles River Laboratories
(Raleigh, NC, APR# 245658). Colo205 cells for
injection were cultured in suspension at 37 C in
McCoy5A medium (Gibco/BRL, Grand Island, NY)
supplemented with 10% FBS (Hyclone, Logan, Utah). For
injection, cells were harvested from culture and mixed
with Matrigel(tm) (BD Bioscience, Bedford, MA, Cat#3
54234) to a concentration of 1 x 107 cells/ml. 0.2 ml
of the cell-Matrigel(tm) mixture containing 2 x 106
Colo205 cells was injected intothe right flank of each
mouse subcutaneously . Mice then were randomly
assigned to the control and treatment groups
(summarized in Table IA), marked, and weighed. Twice
each week, throughout the study, the length, height,
and width of each tumor was measured, and the mice
were weighed. Tumor volumes were calculated from the
dimensional measurements (length times width times
height) and uniformly expressed in mm3. Before use,
the Tek472/Fc, Fc, HuIgGl, and Avastin(tm)
preparations were diluted in PBS at a concentration of
1 mg/ml (0.1%). 100 ml doses were administered ip or
sc. Treatment amounts and routes of administration are
set out in Table IA for all of the groups. Table IA
All treatments were started 2 1 days after cells were
injected into the mice, when the tumor volumes were
around 450 mm3. A double blind procedure was used
throughout the study, whereby the persons measuring
the tumor volumes and administering the drugs were
unaware of the treatment. All results are expressed as
the mean standard error of the mean ("SEM"). Data were
statistically analyzed with factorial ANOVA for
repeated measurements, using StatView software v5.0. 1
(SAS Institute, Cary, NC). Scheffe's post hoc test was
used to determine p values for repeated measurements.
Comparison groups with p values of 0.05 or less were
considered to be significantly different. Results are
graphically presented in Figures 1, which shows the
tumor volumes (mean db SEM) for each of the four
groups over the course of the study. Treatment with
Avastin(tm) alone (Group 1) or Tek472/Fc alone (Group
4) significantly inhibited tumor growth when compared
to treatment with the control by itself (Group 3):
pO.0001 for Avastin(tm) and p=0.0175 for Tek472/Fc.
Treatment with both Tek472/Fc and Avastin(tm) (Group
2) was significantly more effective than treatment
with thecontrol (Group 3): pO.0001. It also was
significantly more effective, p<0.0001, than treatment
with Tek472/Fc alone (Group 1). However, treatment
with Avastin(tm) by itself was as effective as
treatment with both Tek472/Fc and Avastin(tm). The
mean weights of the animals for each group did not
differ in a statistically significant manner over the
course of the study. In sum, as measured by tumor
volume, each agent alone and the combination
significantly inhibited tumor growth compared to the
control. The combination group was statistically
superior to treatment with Tek472/Fc alone (pO.0001)
but not Avastin(tm) alone. EXAMPLE 2: A ti-Ang2 (Ab
536 and Anti-VEGF Xenografts of A431 cells injected
into female CDl Nu/Nu mice were treated with: (1)
control human IgGl (kappa); (2) anti-Ang2 antibody (Ab
536); (3) anti- VEGF antibody; and (4) both anti-VEGF
antibody and anti-Ang2 antibody (Ab 536), as presented
in greater detail in Tables 2A and 2B and in the
discussion below. TABLE 2A TABLE 2B The A431 cells
were cultured in T-225 flasks. After 40 passages,
cells for the study were grown until they were 80-85%
confluent and then harvested using trypsin/EDTA.
Harvested cells were suspended in RPMI 1740 medium at
a concentration of 5 x 107 cells/ml. More then 95% of
the cells in the preparation used for this study were
viable as determined by trypan blue exclusion.Tumors
were induced by injecting 1 x 107 A43 1 cells
suspended in 0.2 ml of serum free media subcutaneously
into the right flank of 40 CDl Nu/Nu female mice, 6 to
8 weeks of age, weighing between 20 and 22 grams.
Before use, the anti-Ang2, HuIgGl, and anti-VEGF
antibodies were diluted in PBS. All treatments were
initiated three days after the cells were injected,
before the tumors were palpable. 



To start treatment the mice in each group were
injected with an initial dose that was three times
higher than the subsequent doses in the study. The
groups, the initial doses, and the continuing doses
are set out in detail in Tables 2A and 2B. Tumors were
measured and mice were weighed throughout the study as
described in Example 1. Results are expressed and the
data were analyzed as described in Example 1. Data
from the study are presented in Figures 2. The graph
in Figure 2 displays the mean tumor volume for each of
group 1 (control), group 2 (anti-Ang2 antibody, Ab
536), group 3 (anti-VEGF antibody), and group 4 (both
antibodies), over the course of the study. The
vertical bars represent the  SEM. The indicated p
values refer to comparisons with the control (IgGl)
(group 1) based on the tumor volumes as a function of
time using the repeated measure ANOVA with Scheffe's
post hoc test. Animal weights were measured over the
course of the study. All of the groups maintained
their weights, and by this measure, there was no
evidence that any of the treatments were significantly
deleterious to the animal's overall condition. As
shown in Figure 2, treatment with the anti-Ang2 (Ab
536) antibody alone (group 2) and the anti-VEGF
antibody alone (group 3) inhibited growth of the
xenografts significantly more than the control
treatment (group 1): p=0.00 12 and p=0.0004,
respectively. Treatment with both antibodies together
also effectuated a statistically significant
inhibition of tumor growth, relative to the control,
pO.OOOl . However, treatment with both antibodies was
not significantly more efficacious than treatment with
either one by itself. EXAMPLE 3: 2xCon4r and AMG
706-HT29 Xenografts Xenografts of HT29 cells injected
into female athymic nude mice were treated with
2xCon4(C) alone, AMG 706 alone, or a combination of
the two, as described below.Tumors were induced by
injecting HT29 cells subcutaneously into 90 female
athytnic nude mice, 6 to 8 weeks of age, weighing
between 2 1 and 23 grams. AUof the mice were obtained
from Harlan Sprague Dawley. HT29 cells for injection
were cultured in suspension at 37 C in McCoy5Al medium
(Gibco/BRL, Grand Island, NY) supplemented with 10%
FBS (Hyclone, Logan, Utah). After 26 passages, cells
for the study were grown until they were
semi-confluent (approximately 40%) and then harvested
using trypsin/EDTA. Cells were mixed with Matrigel(tm)
(BD Bioscience, Bedford, MA, Cat#354234) in a ratio of
2:1 to a concentration of 1 x 107 cells/ml. Greater
than 95% of the cells were viable as determined by
trypan blue exclusion. 0.2 ml of the cell-Matrigel(tm)
mixture containing 2 x 106 HT29 cells was injected
into the right flank of each mouse subcutaneously.
Twenty-one days after injection, 40 of the 90 mice
were selected for the study by computer using computer
randomizing and sorting programs, and treatment was
initiated. Twice each week, throughout the study, the
length, height, and width of each tumor was measured
and the mice were weighed. Tumor volumes were
calculated from the dimensional measurements length x
width x height and uniformly expressed in mm3. Before
use, 2xCon4(C) and the Fc control were each diluted to
working concentration (dose/0. 1 ml) in PBS. AMG 706
was diluted to working concentration with Ora-Plus(r)
adjusted with methanesulfonic acid to pH 2.0 (dose/0
.2 ml). All of compounds were stored at 4C. The
treatment regimen for each group of mice is set out in
Table 3A. Treatment started on day 2 1 after tumor
implantation. Groups were treated with: (1) vehicle
and Fc control (group 1), (2) AMG 706 and Fc (group
3), (3) 2xCon4(C) plus vehicle (group 2), and (4) AMG
706 and 2xCon4(C) (group 4). 2xCon4(C) was given at 14
mg/dose, subcutaneously, twice per week (group 2). AMG
706 was given orally at the dose of 75 mg/kg QD (group
3). The same doses and dosing schedule were used for
the combination treatment of 2xCon4(C) and AMG 706
(group 4). Vehicle served as the control for AMG 706.
Fc served as the control for 2xCon4(C). Group 1 was
treated only with the two controls. TABLE 3AResults
are expressed and the data were analyzed as described
in Example 1. Data are presented in Figure 3. The
graph in Figure 3 displays the mean tumor volume for
each of group 1 (control), group 2 (2xCon4(C)), group
3 (AMG 706), and group 4 (2xCon4(C) and AMG 706) over
the course of the study. The vertical bars represent
SEM. As indicated by a thick vertical arrow, treatment
began on day 2 1 post-implantation and ended on day
41. Animal weights were measured over the course of
the study. The body weights remained relatively stable
for all groups. By this measure, none of the
treatments were substantially deleterious or toxic. As
measured by tumor volume and depicted in Figure 3, all
three treatment groups, compared to the control, had a
statistically significant inhibitory effect on tumor
growth: pO.OOOl (groups 3 and 4), and p=0.0078 (group
2). In addition, as measured by tumor volume and
depicted in Figure 3, combination treatment (group 4)
was significantly more effective than treatment with
either 2xCon4(C) by itself (group 2), p=0.0385, or AMG
706 by itself (group 3), pO.OOOl . EXAMPLE 4: 2xCon4fO
and 4TBPPAPC As described below, xenografts of Colo205
cells injected into female CDl Nu/Nu mice were treated
with: (1) control vehicle, (2) 4TBPPAPC (low dose),
(3) 2xCon4(C) (low dose), (4) 4TBPPAPC (high dose),
(5) 2xCon4(C) (high dose), (6) 4TBPPAPC and 2xCon4(C)
(both low doses), (7) 4TBPPAPC (low dose) and
2xCon4(C) (high dose), (8) 4TBPPAPC (high dose) and
2xCon4(C) (low dose), and (9) 4TBPPAPC and 2xCon4(C)
(both high doses). Tumors were induced by injecting
Colo205 cells subcutaneously into 120 female CDl Nu/Nu
mice, 8-10 weeks old, weighing between 22 and 25
grams. All of the mice were obtained from Charles
River Laboratories (Raleigh, NC). Colo205 cells
(passage #Xp9) for injection were cultured in T-225
culture flasks until they were 70% confluent. Cells
were harvested for injection using trypsin/EDTA. The
cells were>95% viable by trypan blue exclusion. The
cells were resuspended in serum free medium containing
1/3 volume of Matrigel(tm) to 1 x 107 cells/ml. 0.2 ml
of the cell- Matrigel(tm) mixture containing 2 x 106
Colo205 cells was injected subcutaneously into the
right flank of each mouse. Twenty-one days after
injection, when the tumor volumes were approximately
500 mm3, 90 of the 120 mice were selected for the
study by computerized randomizing and sorting, and
treatment was initiated the same day on these mice.
There were 10 mice in each group. Twice each week
throughout the study, the length, height, and width of
each tumor was measured, and the mice were weighed
beginning on day 12 post-implantation. Tumor volumes
were calculated from the dimensional measurements as
length x width x height, and uniformly expressed in
mm3. Before use, 2xCon4(C) was diluted to a working
concentration (dose/0.1 ml) in PBS. 4TBPPAPC was
diluted to a working concentration (dose/0.2 ml) in
Ora-Plus(r) adjusted with methanesulfonic acid to pH
2.0. Treatment started on day 2 1 post-tumor
implantation. Dosing regimens are detailed in Tables
4A and 4B.TABLE 4A Group Treatment 1 Vehicle (0.2 ml,
po, qd) + Vehicle (0.1 ml, sc, 2/wk) 2 4TBPPAPC 30
mg/kg (0.2 ml, po, qd) + Vehicle (0.1 ml, sc, 2/wk) 3
2xCon4(C) 2.8 mg (0.1 ml sc, 2/wk) + Vehicle (0.2 ml,
po, qd) 4 4TBPPAPC 100 mg/kg (0.2 ml, po, qd) 4-
Vehicle (0.1 ml sc, 2/wk) 5 2xCon4(C) 14 mg (0.1 ml,
sc, 2/wk) + Vehicle (0.2 ml, po, qd) 6 4TBPPAPC 30
mg/kg (0.2 ml, po, qd) + 2xCon4(C) 2.8 mg (0.1 ml, SC,
2/wk) 7 4TBPPAPC 30 mg/kg (0.2 ml, po, qd) + 2xCon4(C)
14 mg(0.1 ml, SC, 2/wk) 8 4TBPPAPC 100 mg/kg (0.2 ml,
po, qd) + 2xCon4(C) 2.8 mg (0.1 ml, SC, 2/wk) 9
4TBPPAPC 100 mg/kg (0.2 ml, po, qd) + 2xCon4(C) 14 mg
(0.1 ml, SC, 2/wk) TABLE 4B Results are expressed and
the data were analyzed as described in Example 1. Data
are presented in Figures 4A through 4D. In all of the
figures data points are the group mean values and the
vertical bars represent  SEM. The graph in Figure 4A
shows the mean tumor volumes for the mice treated with
the control vehicle (group 1), 4TBPPAPC (low dose)
(group 2), 2xCon4(C) (low dose) (group 3), and both
4TBPPAPC (low dose) and 2xCon4(C) (low dose) (group
6). The graph in Figure 4B shows the mean tumor
volumes for the mice treated with the control vehicle
(group 1), 4TBPPAPC (low dose) (group 2), 2xCon4(C)
(highdose) (group 5), and both 4TBPPAPC (low dose) and
2xCon4(C) (high dose) (group 7). 



The graph in Figure 4C shows the mean tumor volumes
for the mice treated with the control vehicle (group
I) 2xCon4(C) (low dose) (group 3), 4TBPPAPC (high
dose) (group 4), and both 4TBPPAPC (high dose) and
2xCon4(C) (low dose) (group 8). The graph in Figure 4D
shows the mean tumor volumes for the mice treated with
the control vehicle (group 1), 4TBPPAPC (high dose)
(group 4), 2xCon4(C) (high dose) (group 5), and both
4TBPPAPC (high dose) and 2xCon4(C) (high dose) (group
9). All groups treated with a single agent or a
combination of agents experienced a significant
reduction in tumor growth compared to vehicle control
(p<0.0001 for all treatment groups compared to the
vehicle control group). The combination of both agents
at suboptimal doses was significantly more efficacious
than suboptimal doses of either agent alone: p=0.01
for the combination compared to 4TBPPAPC and p=0.0026
for the combination compared to 2xCon4(C). The group
treated with an optimal dose of 2xCon4(C) combined
with a suboptimal dose of 4TBPPAPC experienced
significantly greater reduction in tumor volume than
the group treated with 4TBPPAPC alone (p<0.0001).
However, this combination treatment was not
significantly more efficacious than treatment with the
optimal dose of 2xCon4(C) alone. Treatment with a
suboptimal dose of 2xCon4(C) combined with an optimal
dose of 4TBPPAPC was significantly more efficacious
than treatment with a suboptimal dose of 2xCon4(C)
(p<0.0001). However, this combination was not
significantly different than treatment with the
optimal dose of 4TBPPAPC. Treatment with an optimal
dose of 2xCon4(C) combined with an optimal dose of
4TBPPAPC was significantly more efficacious than
treatment with an optimal dose of 2xCon4(C)
(p=0.0216). However, the combination treatment was not
significantly more efficacious than treatment with an
optimal dose of 4TBPPAPC (p=0.0527). This p value is
just above the significance threshold of 0.05. EXAMPLE
5: 2xCon4CC) and AMG 706-Colo205 Xenografts Xenografts
of Colo205 cells injected into female athymic nude
mice were treated with 2xCon4(C) alone, AMG 706 alone,
or a combination of the two as described below. Tumors
were induced by injecting Colo205 cells
subcutaneouslyinto female athymic nude mice (CDl
Nu/Nu), 8-10 weeks old. All of the mice were obtained
from Charles River Laboratories (Raleigh, NC). Colo205
cells for injection were cultured in T-225 culture
flasks. Cells were harvested from subconfluent
cultures using trypsin/EDTA. The cells were greater
than 95% viable by trypsin blue exclusion. The cells
were suspended in 33% Matrigel(tm) in RPMI (free of
FBS & PSG) at 10 x 106 cells/ml. 2 x 106 cells in 0.2
ml were injected subcutaneously into the right flank
of each mouse. On day 17 following injection the
tumors averaged 200 mm3, and the mice were divided at
random into four groups of 10 mice each. Group 1
received AMG 706 at a dose of 24.4 mg/kg and Fc
fragment control at a dose of 2.8 itg. Group 2
received 2xCon4fO at a dose of 2.8 g and the pH 2
water vehicle. Group 3 received AMG 706 at a dose of
24.4 mg/kg and 2xCon4(Q at 2.8 m . Group 4 received pH
2 water vehicle plus Fc fragment control at 2.8 mg and
served as a negative control. 2xCon4fO and the Fc
fragment control groups were administered
subcutaneously twice per week. AMG 706 and the pH 2
water vehicle groups were administered orally twice
per day, except for days 25 and 26. The experiment was
performed "blind" in accordance with the Cancer
Pharmacology Blinded Study Guidelines. Tumors were
measured and body weights were determined twice each
week. Tumors were measured with an electronic digital
caliper. Tumor volumes were calculated as the length x
width x height measurements and expressed in mm3. The
data were analyzed by repeated measures ANOVA for
tumor volumes over time using STATVIEW v. 5.0.1.
Scheffe's post-hoc test was used to determine p values
for repeated measures from day 17 to day 37 on all
four groups, and also from day 17 to day 48 for groups
1, 2, and 3. Treatment with 2xCon4(C) in combination
with AMG 706 (group 3) significantly inhibited tumor
growth compared to either AMG 706 (group 1) or
2xCon4(C) (group 2) (p<0.05 on day 37). In addition,
2xCon4(C) in combination with AMG 706 and the single
agent group, 2xCon4(C), significantly inhibited tumor
growth compared to the control group on day 37
(p<0.05). Administration of AMG 706 and 2xCon4(C)
together (group 3) significantly enhanced tumor
inhibition compared to either agent by itself
(p<0.0005 on day 48). The time course of tumor size
for all four groups is shown in Figure 5. No effect
was observed on the body weight of any of the
groups.EXAMPLE 6: 2xCon4(Q (2.8 MK) and Avastin(tm)
(30 ug) Xenografts of Colo205 cells injected into
female athymic nude mice were treated with 2xCon4(C)
alone, Avastin(tm), or a combination of the two as
described below. Tumors were induced by injecting
Colo205 cells subcutaneously into female athymic nude
mice (CDl Nu/Nu), 8-10 weeks old. AUof the mice were
obtained from Charles River Laboratories (Raleigh,
NC). Colo205 cells for injection were cultured in
T-225 culture flasks. Cells were harvested from
subconfluent cultures using trypsin/EDTA. The cells
were greater than 95% viable by trypsin blue
exclusion. The cells were resuspended in 33%
Matrigel(tm) in RPMI (free of FBS & PSG) at 10 x 106
/ml. 2 x 106 cells in 0.2 ml were injected
subcutaneously into the right flank of each mouse. On
day 16 after injection the tumors averaged 300 mm3,
and the mice were divided at random into four groups
of 10 mice each. Group 1 received IgGl at a dose of 30
mg and Fc fragment control at a dose of 2.8 mg and
served as a negative control. Group 2 received
Avastin(tm) at a dose of 30 mg and Fc fragment control
at 2.8 mg. Group 3 received 2xCon4(C) at a dose of 2.8
mg and human IgGl at a dose of 30 mg. Group 4 received
2xCon4(C) at a dose of 2.8 mg and Avastin(tm) at 30
mg. All mice receiving 2xCon4(C) and the Fc fragment
control were administered subcutaneously twice per
week. All mice receiving Avastin(tm) and the human
IgGl were administered IP twice per week. The
experiment was performed "blind" in accordance with
the Cancer Pharmacology Blinded Study Guidelines.
Tumors were measured and body weights were determined
twice each week. Tumors were measured with an
electronic digital caliper. Tumor volumes were
calculated as the length x width x height measurements
and expressed in mm3. The data were analyzed by
repeated measures ANOVA for tumor volumes over time
using STATVIEW v. 5.0.1. Scheffe's post-hoc test was
used to determine p values for repeated measures from
day 16 to day 5 1 for all groups. Treatment with
Avastin(tm) alone (group 2) exhibited significant
tumor inhibition compared to the control (group 1)
(pO.001). Treatment with 2xCon4(c) alone resulted in a
24% inhibition of tumor growth that was not
statistically significant compared to the control.
Treatment with 2xCon4(C) and Avastin(tm) together
resulted in significant tumor inhibition compared to
the control (p<0.0001) and compared totreatment with
2xCon4(C) alone (p<0.0001). Treatment with 2xCon4(C)
and Avastin(tm) together exhibited slightly greater
inhibition of tumor growth than did Avastin(tm) alone,
but the difference was not statistically significant.
The time course of tumor size for all groups in shown
in Figure 6. No effect was observed on the body weight
of any of the groups. EXAMPLE 7: 2xCon4fO (2.8 qg) and
Avastin(tm) (10 ug Xenografts of Colo205 cells
injected into female athymic nude mice were treated
with 2xCon4(C) alone, Avastin(tm), or a combination of
the two as described below. Tumors were induced by
injecting Colo205 cells subcutaneously into female
athymic nude mice (CDl Nu/Nu), 8-10 weeks old. All of
the mice were obtained from Charles River Laboratories
(Raleigh, NC). Cells were harvested from subconfluent
cultures using trypsin/EDTA. The cells were greater
than 95% viable by trypsin blue exclusion. 2 x 106
cells in 0.2 ml were injected subcutaneously into the
right flank of each mouse. On day 14 after injection
the tumors averaged 250 mm3, and the mice were divided
at random into four groups of 10 mice each. Group 1
received IgGl at a dose of 10 mg and Fc fragment
control at a dose of 2.8 mg and served as a negative
control. Group 2 received Avastin(tm) at a dose of 10
mg and Fc fragment control at 2.8 mg. Group 3 received
2xCon4(C) at a dose of 2.8 mg and human IgGl at a dose
of 10 mg. Group 4 received 2xCon4(C) at a dose of 2.8
mg and Avastin(tm) at 10 mg. All mice receiving
2xCon4(C) and the Fc fragment control were
administered subcutaneously twice per week. All mice
receiving Avastin(tm) and the human IgGl were
administered IP twice per week. The experiment was
performed "blind" in accordance with the Cancer
Pharmacology Blinded Study Guidelines. Tumors were
measured and body weights were determined twice each
week. Tumors were measured with an electronic digital 



caliper. Tumor volumes were calculated as the length x
width x height measurements and expressed in mm3. The
data were analyzed by repeated measures ANOVA for
tumor volumes over time using STATVIEW v. 5.0.1.
Scheffe's post-hoc test was used to determine p values
for repeated measures from day 14 to day 42 for all
groups. Treatment with Avastin(tm) alone exhibited a
18% reduction in tumor growth compared to the control.
Treatment with 2xCon4(c) alone resulted in a 22%
inhibitionof tumor growth. Treatment with 2xCon4(C)
and Avastin(tm) together resulted in significant tumor
inhibition compared to the control (pO.OOOl) and
compared to treatment with 2xCon4(C) alone or
Avastin(tm) alone (pO.OOOl for both). The time course
of tumor size for all groups in shown in Figure 7. No
effect was observed on the body weight of any of the
groups. From the foregoing description, one skilled in
the art can easily ascertain the essential
characteristics of this invention, and without
departing from the spirit and scope thereof, can make
various changes and modifications of the invention to
adapt it to various usages and conditions. All
mentioned references, patents, applications and
publications, are hereby incorporated by reference in
their entirety, as if here written.What is claimed is:
1. A composition comprising: (a) 2xCon4(C) and (b) AMG
706 or 4TBPPAPC; and pharmaceutically acceptable salts
thereof. 2. A composition according to claim 1,
comprising 2xCon4(C) and AMG 706; and pharmaceutically
acceptable salts thereof. 3. A composition according
to claim 1, comprising 2xCon4(C) and 4TBPPAPC; and
pharmaceutically acceptable salts thereof. 4. A
composition according to any of claims 1 through 3,
comprising a pharmaceutically acceptable salt of
2xCon4(C), 4TBPPAPC, or AMG 706. 5. A composition
according to any of claims 1 through 4, wherein the
composition is suitable for administration to a human
patient to treat a disease. 6 A method for treating a
disease in a subject comprising administering to a
subject by a route and in an amount effective to treat
a disease therein: (a) 2xCon4(C), and (b) AMG 706 or
4TBPPAPC; and pharmaceutically acceptable salts
thereof. 7. A method according to claim 6, wherein
2xCon4(C) and AMG 706 are administered to the subject.
8. A method according to claim 6, wherein 2xCon4(C)
and 4TBPPAPC are administered to the subject. 9. A
method according to any of claims 6 through 8, wherein
a salt of one or more of 2xCon4(C), 4TBPPAPC, or AMG
706 is administered to the subject. 10. A method
according to any of claims 6 through 9, wherein
pharmaceutically acceptable formulations of 2xCon4(C),
4TBPPAPC or AMG 706 are administered to the subject.
11. A method according to any of claims 6 through 10,
wherein the subject is a human patient. 12. A method
according to any of claims 6 through 10, wherein (a)
and (b) are administered at different times,
sequentially. 13. A method according to any of claims
6 though 10, wherein (a) and (b) are administered at
the same time. 14. A kit comprising in one or more
containers:(a) 2xCon4(C), and (b) AMG 706 or 4TBPPAPC.
15. A kit according to claim 14, comprising 2xCon4(C)
and AMG 706. 16. A kit according to claim 15,
comprising 2xCon4(C) and 4TBPPAPC. 17. A kit according
to any of claim 14 through 16, comprising a
pharmaceutically acceptable formulation of any or all
of 2xCon4(C), 4TBPPAPC, or AMG 706. 18. A kit
according to any of claims 14 through 17, wherein (a)
2xCon4(C), and (b) AMG 706 or 4TBPPAPC are disposed
therein in one or more containers in a unit dose or an
integral multiple of a unit dose. 19. A kit according
to any of claims 14 through 18, wherein (a) and (b)
are comprised in formulations acceptable for use in
treating diseases in humans. 20. A kit according to
any of claims 14 through 19, comprising a "
pharmaceutically acceptable salt of (a) or (b). 21. A
kit according to any of claims 14 through 20, further
comprising a sterile diluent, 22. A kit according to
any of claims 14 through 21, further comprising
information on the contents of the kit and on the
nature and proper use of (a) and (b). 23. A method
according to any of claims 6 though 10, wherein the
disease is cancer. 24. A method according to any of
claims 6 though 10, wherein the disease is colon
cancer. 25. The method of Claim 6 wherein AMG 706 is
administered at a dose of about 25 mg to about 125 mg
once a day. 


