
ANTI-IGF-IR ANTIBODIES AND USES THEREOF BACKGROUND OF
THE INVENTION [0001] A number of epidemiological
studies have shown that higher than normal circulating
levels of IGF-I are associated with increased risk for
several common cancers, including breast (Hankinson et
al, Lancet 1998.351:1393-6), prostate (Chan et al,
Science. 1998. 279:563-6), lung (Yu et al, J. Natl.
Cancer Inst.1999. 91:151-6) and colorectal cancers (Ma
et al, J. Natl. Cancer Inst.1999. 91:620-5). Elevated
circulating levels of IGF-2 also have been shown to be
associated with increases risk for endometrial cancer
(Jonathan et al, Cancer Biomarker & Prevention. 2004.
13:748-52). On the contrary, inverse correlation was
observed with elevated levels of one of the IGF
binding proteins, IGF-BP3, and cancer risk.
Furthermore, elevated levels of IGFs have also been
found in cancer patients (Peyrat et al Eur. J. Cancer.
1993. 351:1393-6; Jonathan et al, Cancer Biomarker &
Prevention. 2004. 13:748-52). [0002] IGF system plays
an important role in regulating cell proliferation,
differentiation, apoptosis and transformation (Jones
et al, Endocrinology Rev. 1995. 16:3-34). The IGF
system comprises of two types of unrelated receptors,
the insulin like growth factor receptor 1 (IGF-IR;
CD221) and insulin like growth factor receptor 2
(IGF-2R; CD222); two ligands, insulin like growth
factor 1 (IGF-I and IGF-2); several IGF binding
proteins (IGFBP-I to IGFBP-6). In addition, a large
group of IGFBP proteases (e.g.: caspases,
metalloproteinases, prostate-specific antigen)
hydrolyze IGF bound IGFBP to release free IGFs, which
then interact with IGF-IR and IGF-2R. The IGF system
is also intimately connected to insulin and insulin
receptor (InsR) (Moschos et al. Oncology 2002. 63:317-
32; Baserga et al., Int J. Cancer. 2003. 107:873-77;
Pollak et al., Nature Reviews Cancer. 2004.
4:505-516). [0003] m a cancer cell, receptor tyrosine
kinases (TK) play important role in connecting the
extra-cellular tumor microenvironment to the
intracellular signaling pathways that control diverse
cellular functions, such as, cell division cycle,
survival, apoptosis, gene expression, cytoskeletal
architecture, cell adhesion, and cell migration. As
the mechanisms controlling cell signaling are better
understood, therapeutic strategies of disrupting one
or more of these cellular functions could be developed
by targeting at thelevel of ligand binding, receptor
expression/recycling, receptor activation and the
proteins involved in the signaling events (Hanahan and
Weinberg, Cell 2000. 100:57-70). [0004] The type I
insulin like growth factor receptor (IGF-IR, CD221)
belongs to receptor tyrosine kinase (RTK) family,
(Ullrich et al., Cell.1990., 61:203-12). IGF-IR is
widely expressed and its ligands, IGF-I and IGF-2 play
a significant role in pre- and post natal development,
growth hormone responsiveness, cell transformation,
survival, and have been implicated in the acquisition
of an invasive and metastatic tumor phenotype
(Baserga, Cell. 1994. 79:927-30; Baserga et al., Exp.
Cell Res. 1999. 253:1-6, Baserga et al., Int J.
Cancer. 2003. 107:873-77). Immunohistochemical studies
have shown that a number of human tumors express
higher levels of IGF-IR. [0005] The molecular
architecture of IGF-IR comprises, two extra-cellular a
subunits (130-135 kD) and two membrane spanning b
subunits (95 kD) that contain the cytoplasmic
catalytic kinase domain. IGF-IR, like the insulin
receptor (InsR), differs from other RTK family members
by having covalent dimeric (a2b2) structures.
Structurally, IGF-IR is highly related to LnsR (Pierre
De Meyts and Whittaker, Nature Reviews Drug Discovery.
2002, 1: 769-83). IGF-IR contains 84% sequence
identity to InsR at the kinase domain, whereas the
juxta-membrane and the c-terminal regions share 61%
and 44% sequence identity, respectively (Ulrich et
al., EMBO J., 1986, 5:2503-12; Blakesley et al.,
Cytokine Growth Factor Rev., 1996. 7:153-56). [0006]
The IGF-I and IGF-2 are the two activating ligands of
IGF-IR. The binding of IGF-I and IGF-2 to the a chain
induces conformational changes that result in
autophosphorylation of each b-chain at specific
tyrosine residues, converting the receptor from
unphoshorylated state to the active state. The
activation of three tyrosine residues in the
activation loop (Tyr residues at 1131,1135 and 1136)
of the kinase domain leads to increase in catalytic
activity that triggers docking and phosphorylation of
the substrates such as IRS-I and She adaptor proteins.
Activation of these substrates leads to
phosphorylation of additional proteins involved in the
signaling cascade of survival (PI3K, AKT, TOR, S6)
and/or proliferation (mitogen-activated protein
kinase, p42/p44) (PoUak et al., Nature Reviews Cancer.
2004. 4:505-516; Baserga et al., Biochem Biophys Act.
1997. 1332:F105-F126; Baserga et al, Int. J. Cancer.
2003. 107:873-77). [0007] Despite the high degree of
homology between IGF-IR and InsR, evidence suggests
that the two receptors have distinct biological roles;
InsR is a key regulator of physiological functions
such as glucose transport and biosynthesis of glycogen
and fat, whereas the IGF-IR is a potent regulator of
cell growth and differentiation. In contrast toInsR,
IGF-IR is ubiquitously expressed in tissues where it
plays a role in tissue growth, under the control of
growth hormone (GH), which modulates IGF-I. Although
IGF-IR activation has been shown to promote normal
cell growth, experimental evidence suggests that
IGF-IR is not an absolute requirement (Baserga et al,
Exp Cell Res. 1999. 253:1-6; Baserga et al, Int. J.
Cancer. 2003. 107:873-77). [0008] IGFs play a crucial
role in regulating cell proliferation, differentiation
and apoptosis. Inhibition of IGF-IR mediated signaling
has been shown to reduce tumor growth rate, increase
apoptosis, increase killing of tumors by chemotherapy
and other molecular target therapies (reviewed in
Pollak et al., Nature Reviews Cancer. 2004. 4:505-516;
Zhang et al., Breast Cancer Res. 2000. 2:170-75;
Chakravarti et al, Cancer Res.2002. 62:200-07). [0009]
Experimental approaches undertaken to inhibit IGF-IR
function in tumors have provided encouraging but
limited success, and their effectiveness in treating
cancer is yet to be determined in the clinic. The
experimental approaches include; antibodies to IGFIR
(KuIl et al., J. Biol. Chem. 1983, 258:6561-66;
Kalebic et al., Cancer Res. 1994. 54:5531-4),
neutralizing antibodies to IGF-I or IGF-2 (Fang et al,
MoI. Cancer Therapy. 2006. 5:1 14-20; Miyamoto et al,
Clin. Cancer Res. 2005, 11:3494-502), small-molecule
tyrosine kinase inhibitors (Garcia-Escheverria et al,
Cancer Cell. 2004. 5:231-9; Scotlandi et al, Cancer
Res. 2005. 65:3868-76), antisense oligonucleotides
(Shapiro et al, J.Clin. Invest. 1994. 94:1235-42;
Wraight et al. Nature Biotech. 2000. 18:521-26;
Scotlandi et al, Cancer Gene Therapy. 2002. 9:296-07),
dominant-negative mutants of IGF-IR (Prager et al ,
Proc. Natl. Acad. Sci.1994, 91:2181-85; Kalebic et
al., Int. J. Cancer 1998. 76:223-7; Scotlandi et al.,
Int J . Cancer. 2002:101:11-6), analogues of the IGF
ligand (Pietrzkowski et al, MoI. Cell. Biol. 1992.
12:3883-89), recombinant IGF binding proteins (Yee et
al. Cell growth Differ. 1994. 5:73-77; Van Den Berg et
al, Eur. J. Cancer. 1997, 33:1108- 1113; Jerome et al
AACR 2004, Abstract # 5334), antagonists of
GH-releasing hormone, GHRH (Szereday et al, Cancer
Res. 2003. 63:7913-19; Letsh et al, Proc Natl. Acad.
Sci. USA. 2003. 100:1250-55) and GH (Kopchick et al,
2002. Endocr. Rev. 23, 623-46). [0010] The ability of
an antibody to inhibit IGF-IR function was first
demonstrated with a mouse monoclonal antibody (a -IR3)
targeting an unknown epitope in the a subunit of
IGF-IR (KuIl et al., J. Biol. Chem. 1983,
258:6561-66). Subsequently other antibodies 



developed to the a subunit of IGF-IR have been shown
to inhibit IGF-IR function to varying degrees in
different experimental cancer models (Maloney et al.
Cancer Res. 2003. 63: 5073-83; Burtrum et al, Cancer
Res. 2003. 63:8912-21; Sachdev D et al,
CancerRes.2003. 63, 627-35; Cohen et al, Clin. Cancer
Res.2005. 11:3065-74; Goetsch et al, Intl. J. Cancer.
2005. 113:316-28. Lu et al, J. Biol. Chem. 2004.
280:19665-72). [0011] In a cancer cell, in addition to
pro-survival and proliferative signaling, activation
of IGF-IR has also been shown to be involved in
motility and invasion (Ress et al., Oncogene 2001.
20:490-00, Nolan et al, Int. J. Cancer.1997.72:828-34,
Stracke et al, J. Biol. Chem. 1989. 264:21544-49;
Jackson et al, Oncogene, 2001. 20:7318-25). [0012]
Tumor cells have been shown to produce one or more of
the components of the IGF system (IGF-I, IGF-2,
IGF-IR, IGF-2R and IGF-BPs). Although in vitro studies
have indicated that tumors can produce IGF-I or IGF-2,
translational studies indicate that IGF-2 is the more
relevant and commonly expressed IGF in the tumors.
This is due to loss of imprinting (LOI) of the
silenced IGF-2 allele in the tumor by epigenetic
alterations, resulting in biallelic expression of the
IGF-2 gene (Fienberg et al., Nat. Rev. Cancer 2004.
4:143-53; Giovannucci et al, Horm. Metab. Res. 2003.
35:694-04; De Souza et al, FASEB J. et al, 1997.
11:60-7). This in turn results in increased IGF-2
supply to cancer cells and to the microenvironment
supporting tumor growth. [0013] IGF-IR sensitive
tumors receive receptor activation signals of IGF-I
from the circulation (liver produced) and IGF-2 from
the tumor, and thus approaches aimed at disrupting the
biological activity mediated by both IGF-I and IGF-2
should provide a better anti-tumor response.
Therefore, anti-IGF-lR antibody methods that
effectively block the biological functions mediated by
both IGF-I and IGF-2 may provide an improved efficacy
over other approaches that do not efficiently block
the biological functions of both IGF-land IGF-2
mediated IGF-IR signaling in tumor microenvironment.
[0014] With regard to safety, IGF-IR is ubiquitously
expressed and thus antibodies targeting IGF-IR should
have minimal or no effector functions to avoid
toxicities resulting from ADCC and CDC activities in
normal tissues. One possibility of developing such
antibodies is to have the non-glycosylated form of the
human gamma 4 Fc region, which does not mediate ADCC
or CDC functions. [0015] IGF-IR is involved in
oncogene mediated cellular transformation. [0016]
IGFAGF-IR activation mediates mitogenic and
pro-survival signaling in cancer cell. [0017] IGF-IR
activation also promotes cell motility and metastasis.
[0018] IGF-IR is over expressed in many cancers.[0019]
Individuals with higher than normal circulating IGF
levels have increased risk for developing cancer.
[0020] Increased plasma levels of IGF 1& 2 found in
many cancer patients. [0021] Human tumors produce
IGF-2 as an autocrine growth factor. [0022] Inhibition
of tumor growth has been demonstrated as single agent
and in combination with chemotherapeutic and
biological agents. [0023] There remains a need in the
art for IGF-IR antibodies with different or improved
binding, efficacy, and safety characteristics for the
treatment of various neoplastic diseases including
cancer and metastases thereof. BRIEF SUMMARY OF THE
INVENTION [0024] The present invention is based on the
important role of the IGF system in regulating cell
proliferation, differentiation, apoptosis and
transformation. In particular, type I insulin like
growth factor receptor (IGF-IR) and its ligands, IGF-I
and IGF-2, play a significant role in pre- and
post-natal development, growth hormone responsiveness,
cell transformation, survival, and have been
implicated in the acquisition of an invasive and
metastatic tumor phenotype. The invention relates
generally to IGF-IR antibodies, antigen binding
fragments or derivatives thereof. Certain IGF-IR
antibodies and antigenbinding fragments inhibit IGF-IR
function or block the biological functions of IGF-land
IGF-2 mediated IGF-IR signaling. Additionally, the
invention generally relates to methods for treating
various neoplastic diseases including cancer and
metastases, as well as various hyperproliferative
disease, disorders or injuries associated with IGF-IR
signaling. [0025] In some embodiments, the invention
provides an isolated antibody or antigenbinding
fragment thereof which specifically binds to the same
IGF-Rl epitope as a reference monoclonal Fab antibody
fragment selected from the group consisting of Ml 3-
C06, M14-G11, M14-C03, M14-B01, M12-E01, and M12-G04,
or a reference monoclonal antibody produced by a
hybridoma selected from the group consisting of
P2A7.3E11, 20C8.3B8, P1A2.2B1 1, 20D8.24B11,
P1E2.3B12, and PlG10.2B8. [0026] In some embodiments,
the invention provides an isolated antibody or
antigenbinding fragment thereof which specifically
binds to IGF-Rl, where the antibody or fragment
competitively inhibits a reference monoclonal Fab
antibody fragment selected from the group consisting
of M13-C06, M14-G11, M14-C03, M14-B01, M12-E01,
andM12-G04, or a reference monoclonal antibody
produced by a hybridoma selected from the group
consisting of P2A7.3E11, 20C8.3B8, P1A2.2B11,
20D8.24B11, P1E2.3B12, and P1G10.2B8 from binding to
IGF-Rl. [0027] In some embodiments, the invention
provides an isolated antibody or antigenbinding
fragment thereof which specifically binds to IGF-Rl,
where the antibody or fragment thereof comprises an
antigen binding domain identical to that of a
monoclonal Fab antibody fragment selected from the
group consisting of M13-C06, M14-G1 1, M14- C03,
M14-B01, M12-E01, and M12-G04, or a monoclonal
antibody produced by a hybridoma selected from the
group consisting of P2A7.3E1 1, 20C8.3B8, P1A2.2B11,
20D8.24Bll, PlE2.3B12, andPlG10.2B8. [0028] In some
embodiments, the invention provides an isolated
antibody or fragment thereof which specifically binds
to IGF-Rl, where the heavy chain variable region (VH)
of the antibody or fragment thereof comprises an amino
acid sequence at least 90% identical to a reference
amino acid sequence selected from the group consisting
of: SEQ ID NO: 4, SEQ ID NO: 9, SEQ ID NO: 14, SEQ ID
NO: 20, SEQ ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38,
SEQ ID NO: 43, SEQ ID NO: 48, SEQ ID NO: 53, SEQ ID
NO: 58, and SEQ ID NO: 63. [0029] In some embodiments,
the invention provides an isolated antibody or
fragment thereof which specifically binds to IGF-Rl,
where the light chain variable region (VL) of the
antibody or fragment thereof comprises an amino acid
sequence at least 90% identical to a reference amino
acid sequence selected from the group consisting of:
SEQ ID NO: 68, SEQ ID NO: 73, SEQ ID NO: 78, SEQ ID
NO: 83, SEQ ID NO: 88, SEQ ID NO: 93, SEQ ID NO: 98,
SEQ ID NO: 103, SEQ ID NO: 108, SEQ ID NO: 113, and
SEQ ID NO: 118. [0030] In some embodiments, the
invention provides an isolated antibody or fragment
thereof which specifically binds to IGF-Rl, where the
VH of the antibody or fragment thereof comprises an
amino acid sequence identical, except for 20 or fewer
conservative amino acid substitutions, to a reference
amino acid sequence selected from the group 



consisting of: SEQ ID NO: 4, SEQ ID NO: 9, SEQ ID NO:
14, SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 32, SEQ
ID NO: 38, SEQ ID NO: 43, SEQ ID NO: 48, SEQ ID NO:
53, SEQ ID NO: 58, and SEQ ID NO: 63. [0031] In some
embodiments, the invention provides an isolated
antibody or fragment thereof which specifically binds
to IGF-Rl, where the VL of the antibody or fragment
thereof comprises an amino acid sequence identical,
except for 20 or fewer conservativeamino acid
substitutions, to a reference amino acid sequence
selected from the group consisting of: SEQ ID NO: 68,
SEQ ID NO: 73, SEQ ID NO: 78, SEQ ID NO: 83, SEQ ID
NO: 88, SEQ ID NO: 93, SEQ ID NO: 98, SEQ ID NO: 103,
SEQ ID NO: 108, SEQ ID NO: 113, and SEQ ID NO: 118.
[0032] In some embodiments, the invention provides an
isolated antibody or fragment thereof which
specifically binds to IGF-Rl, where the VH of the
antibody or fragment thereof comprises an amino acid
sequence selected from the group consisting of: SEQ ID
NO: 4, SEQ ID NO: 9, SEQ ID NO: 14, SEQ ED NO: 20, SEQ
ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38, SEQ ID NO:
43, SEQ ID NO: 48, SEQ ID NO: 53, SEQ ID NO: 58, and
SEQ ID NO: 63. [0033] In some embodiments, the
invention provides an isolated antibody or fragment
thereof which specifically binds to IGF-Rl, where the
VL of the antibody or fragment thereof comprises an
amino acid sequence selected from the group consisting
of: SEQ ID NO: 68, SEQ ID NO: 73, SEQ ID NO: 78, SEQ
ID NO: 83, SEQ ID NO: 88, SEQ ID NO: 93, SEQ ID NO:
98, SEQ ID NO: 103, SEQ ID NO: 108, SEQ ID NO: 113,
and SEQ ID NO: 118. [0034] In some embodiments, the
invention provides an isolated antibody or fragment
thereof which specifically binds to IGF-Rl, where the
VH and VL of the antibody or fragment thereof
comprise, respectively, amino acid sequences at least
90% identical to reference amino acid sequences
selected from the group consisting of: SEQ ID NO: 4
and SEQ ID NO: 68; SEQ ID NO: 8 and SEQ ID NO: 73; SEQ
ID NO: 14 and SEQ ID NO: 78; SEQ ID NO: 20 and SEQ ID
NO: 83; SEQ ID NO: 26 and SEQ ID NO: 88; SEQ ID NO: 32
and SEQ ID NO: 93; SEQ ID NO: 38 and SEQ ID NO: 98;
SEQ ID NO: 43 and SEQ ID NO: 103; SEQ ID NO: 48 and
SEQ ID NO: 108; SEQ ID NO: 53 and SEQ ID NO: 103; SEQ
TD NO: 58 and SEQ ID NO: 113; and SEQ ID NO: 63 and
118. [0035] In some embodiments, the invention
provides an isolated antibody or fragment thereof
which specifically binds to IGF-Rl, where the VH and
VL of the antibody or fragment thereof comprise,
respectively, amino acid sequences identical, except
for 20 or fewer conservative amino acid substitutions
each, to reference amino acid sequences selected from
the group consisting of: SEQ ID NO: 4 and SEQ ID NO:
68; SEQ IDNO: 8 and SEQ ID NO: 73; SEQ ID NO: 14 and
SEQ ID NO: 78; SEQ ID NO: 20 and SEQ ID NO: 83; SEQ ID
NO: 26 and SEQ ID NO: 88; SEQ IDNO: 32 and SEQ ID NO:
93; SEQ ID NO: 38 and SEQ ID NO: 98; SEQ ID NO: 43 and
SEQ ID NO: 103; SEQ ID NO: 48and SEQ ID NO: 108; SEQ
ID NO: 53 and SEQ ID NO: 103; SEQ ID NO: 58 and SEQ ID
NO: 113; and SEQ ID NO: 63 and 118. [0036] In some
embodiments, the invention provides an isolated
antibody or fragment thereof which specifically binds
to IGF-Rl, where the VH and VL of the antibody or
fragment thereof comprise, respectively, amino acid
sequences selected from the group consisting of: SEQ
ID NO: 4 and SEQ ID NO: 68; SEQ ID NO: 8 and SEQ ID
NO: 73; SEQ ID NO: 14 and SEQ BD NO: 78; SEQ ID NO: 20
and SEQ ID NO: 83; SEQ ID NO: 26 and SEQ ID NO: 88;
SEQ D NO: 32 and SEQ ED NO: 93; SEQ DD NO: 38 and SEQ
ID NO: 98; SEQ ID NO: 43 and SEQ ID NO: 103; SEQ ED
NO: 48 and SEQ ID NO: 108; SEQ ID NO: 53 and SEQ ID
NO: 103; SEQ ID NO: 58 and SEQ ID NO: 113; and SEQ ID
NO: 63 and 118. [0037] In some embodiments, the
invention provides an isolated antibody or fragment
thereof which specifically binds to IGF-Rl, where the
VH of the antibody or fragment thereof comprises a
Kabat heavy chain complementarity determining region-1
(VHCDRl) amino acid sequence identical, except for two
or fewer amino acid substitutions, to a reference
VH-CDRl amino acid sequence selected from the group
consisting of: SEQ ID NO: 5 SEQ ED NO: 10, SEQ ED NO:
15, SEQ ID NO: 21, SEQ ID NO: 27, SEQ ID NO: 33, SEQ
ID NO: 39, SEQ ID NO: 44, SEQ ID NO: 49, SEQ ID NO:
54, SEQ ID NO: 59, and SEQ ID NO: 64. In further
embodiments, the VH-CDRl amino acid sequence is
selected from the group consisting of: SEQ ID NO: 5,
SEQ ID NO: 10, SEQ ID NO: 15, SEQ ID NO: 21, SEQ ED
NO: 27, SEQ ED NO: 33, SEQ ID NO: 39, SEQ ED NO: 44,
SEQ ID NO: 49, SEQ ID NO: 54, SEQ ED NO: 59, and SEQ
ID NO: 64. [0038] In some embodiments, the invention
provides an isolated antibody or fragment thereof
which specifically binds to IGF-Rl, where the VH of
the antibody or fragment thereof comprises a Kabat
heavy chain complementarity determining region-2
(VHCDR2) amino acid sequence identical, except for
four or fewer amino acid substitutions, to a reference
VH-CDR2 amino acid sequence selected from the group
consisting of: SEQ ID NO: 6, SEQ ED NO: 11, SEQ ED NO:
16, SEQ ID NO: 22, SEQ ED NO: 28, SEQ ID NO: 34, SEQ
ID NO: 40, SEQ ID NO: 45, SEQ ID NO: 50, SEQ ID NO:
55, SEQ ID NO: 60, and SEQ ID NO: 65. In further
embodiments, the VH-CDR2 amino acid sequence is
selected from the group consisting of: SEQ ID NO: 6,
SEQ ID NO: 11, SEQ ID NO: 16, SEQ ED NO: 22, SEQ ED
NO: 28, SEQ ED NO: 34, SEQ ID NO: 40, SEQ ED NO: 45,
SEQ ID NO: 50, SEQ ED NO: 55, SEQ ID NO: 60, and SEQ
ID NO: 65.[0039] In some embodiments, the invention
provides an isolated antibody or fragment thereof
which specifically binds to IGF-Rl, where the VH of
the antibody or fragment thereof comprises a Kabat
heavy chain complementarity determining regjon-3
(VHCDR3) amino acid sequence identical, except for
four or fewer amino acid substitutions, to a reference
VH-CDR3 amino acid sequence selected from the group
consisting of: SEQ ID NO: 7, SEQ ID NO: 12, SEQ ID NO:
17, SEQ ID NO: 23, SEQ ID NO: 29, SEQ ID NO: 35, SEQ
ID NO: 41, SEQ ID NO: 46, SEQ ID NO: 51, SEQ ID NO:
56, SEQ ID NO: 61, and SEQ ID NO: 66. In further
embodiments, the VH-CDR3 amino acid sequence is
selected from the group consisting of: SEQ ID NO: 7,
SEQ ID NO: 12, SEQ ID NO: 17, SEQ ID NO: 23, SEQ ID
NO: 29, SEQ ID NO: 35, SEQ ID NO: 41, SEQ ID NO: 46,
SEQ ED NO: 51, SEQ ID NO: 56, SEQ ID NO: 61, and SEQ
ID NO: 66. [0040] In some embodiments, the invention
provides an isolated antibody or fragment thereof
which specifically binds to IGF-Rl , where the VL of
the antibody or fragment thereof comprises a Kabat
light chain complementarity determining region- 1
(VL-CDRl) amino acid sequence identical, except for
four or fewer amino acid substitutions, to a reference
VL-CDRl amino acid sequence selected from the group
consisting of: SEQ ID NO: 69, SEQ ID NO: 74, SEQ ED
NO: 79, SEQ ED NO: 84, SEQ ID NO: 89, SEQ ID NO: 94,
SEQ ID NO: 99, SEQ ID NO: 104, SEQ ID NO: 109, SEQ ID
NO: 114, and SEQ ED NO: 119. In further embodiments,
the VL-CDRl amino acid sequence is selected from the
group consisting of: SEQ ID NO: 69, SEQ ID NO: 74, SEQ
ED NO: 79, SEQ ID NO: 84, SEQ ID NO: 89, SEQ ID NO:
94, SEQ ID NO: 99, SEQ ID NO: 104, SEQ ID NO: 109, SEQ
ID NO: 114, and SEQ ID NO: 119. [0041] In some
embodiments, the invention provides an isolated
antibody or fragment thereof which specifically binds
to IGF-Rl, where the VL of the antibody or fragment 



thereof comprises a Kabat light chain complementarity
determining region-2 (VL-CDR2) amino acid sequence
identical, except for two or fewer amino acid
substitutions, to a reference VL-CDR2 amino acid
sequence selected from the group consisting of: SEQ ED
NO: 70, SEQ ID NO: 75, SEQ ID NO: 80, SEQ ID NO: 85,
SEQ ID NO: 90, SEQ ED NO: 95, SEQ ID NO: 100, SEQ ID
NO: 105, SEQ ID NO: 110, SEQ ID NO: 115, and SEQ ED
NO: 120. In further embodiments, the VL-CDR2 amino
acid sequence is selected from the group consisting
of: SEQ ID NO: 70, SEQ ID NO: 75, SEQ ED NO: 80, SEQ
ED NO: 85, SEQ ID NO: 90, SEQ ID NO: 95, SEQ ID NO:
100, SEQ ED NO: 105, SEQ ED NO: 110, SEQ ID NO: 115,
and SEQ ED NO: 120.[0042] In some embodiments, the
invention provides an isolated antibody or fragment
thereof which specifically binds to IGF-Rl, where the
VL of the antibody or fragment thereof comprises a
Kabat light chain complementarity determining region-3
(VL-CDR3) amino acid sequence identical, except for
four or fewer amino acid substitutions, to a reference
VL-CDR3 amino acid sequence selected from the group
consisting of: SEQ ID NO: 71, SEQ ID NO: 76, SEQ ED
NO: 81, SEQ ID NO: 86, SEQ ID NO: 91, SEQ ID NO: 96,
SEQ ID NO: 101, SEQ ID NO: 106, SEQ ID NO: 111, SEQ ID
NO: 116, and SEQ ID NO: 121. In further embodiments,
the VL-CDR3 amino acid sequence is selected from the
group consisting of: SEQ ID NO: 71, SEQ ID NO: 76, SEQ
ID NO: 81, SEQ ID NO: 86, SEQ ID NO: 91, SEQ ID NO:
96, SEQ ID NO: 101, SEQ ID NO: 106, SEQ ID NO: 111,
SEQ ID NO: 116, and SEQ ID NO: 121. [0043] In some
embodiments, the invention provides an isolated
antibody or fragment thereof which specifically binds
to IGF-Rl, where the VH of the antibody or fragment
thereof comprises VH-CDRl, VH-CDR2, and VH-CDR3 amino
acid sequences selected from the group consisting of:
SEQ ID NOs: 5, 6, and 7; SEQ ID NOs: 10, 11, and 12;
SEQ ID NOs: 15, 16, and 17; SEQ ED NOs: 21, 22, and
23; SEQ IDNOs: 27, 28, and 29; SEQ TD NOs: 33, 34, and
35; SEQ ID NOs: 39, 40, and 41;. SEQ ID NOs: 44, 45,
and 46; SEQ ID NOs: 49, 50, and 51; SEQ ID NOs: 54,
55, and 56; SEQ ID NOs: 59, 60, and 61; and SEQ ID
NOs: 64, 65, and 66, except for one, two, three, or
four amino acid substitutions in at least one of said
VH-CDRs. [0044] In some embodiments, the invention
provides an isolated antibody or fragment thereof
which specifically binds to IGF-Rl, where the VH of
the antibody or fragment thereof comprises VH-CDRl,
VH-CDR2, and VH-CDR3 amino acid sequences selected
from the group consisting of: SEQ ID NOs: 5, 6, and 7;
SEQ ID NOs: 10, 11, and 12; SEQ ID NOs: 15, 16, and
17; SEQ ID NOs: 21, 22, and 23; SEQ ID NOs: 27, 28,
and 29; SEQ ID NOs: 33, 34, and 35; SEQ ID NOs: 39,
40, and 4 1;. SEQ ID NOs: 44, 45, and 46; SEQ ID NOS:
49, 50, and 51; SEQ BD NOs: 54, 55, and 56; SEQ ID
NOs: 59, 60, and 61; and SEQ ID NOs: 64, 65, and 66.
[0045] In some embodiments, the invention provides an
isolated antibody or fragment thereof which
specifically binds to IGF-Rl, where the VL of the
antibody or fragment thereof comprises VL-CDRl,
VL-CDR2, and VL-CDR3 amino acid sequences selected
from the group consisting of: SEQ ID NOs: 69, 70, and
71; SEQ H) NOs: 74, 75, and 76; SEQ ID NOs: 79, 80,
and 81; SEQ ID NOs: 84, 85, and 86; SEQ ID NOs: 89,
90, and 91; SEQ ED NOs: 94, 95, and 96; SEQ ID NOs:
99, 100, and 101; SEQ ID NOs: 104, 105,and 106; SEQ ID
NOs: 109, 110, and 111; SEQ ID NOs: 114, 115, and 116;
and SEQ ID NOs: 119, 120, and 121, except for one,
two, three, or four amino acid substitutions in at
least one of said VL-CDRs. [0046] In some embodiments,
the invention provides an isolated antibody or
fragment thereof which specifically binds to IGF-Rl ,
where the VL of the antibody or fragment thereof
comprises VL-CDRl, VL-CDR2, and VL-CDR3 amino acid
sequences selected from the group consisting of: SEQ
ID NOs: 69, 70, and 71; SEQ ID NOs: 74, 75, and 76;
SEQ ID NOs: 79, 80, and 81; SEQ ID NOs: 84, 85, and
86; SEQ ID NOs: 89, 90, and 91; SEQ ID NOs: 94, 95,
and 96; SEQ ID NOs: 99, 100, and 101; SEQ ID NOs: 104,
105, and 106; SEQ ID NOs: 109, 110, and 111; SEQ ID
NOs: 114, 115, and 116; and SEQ ID NOs: 119, 120, and
121. [0047] In various embodiments of the
above-described antibodies or fragments thereof, the
VH framework regions and/or VL framework regions are
human, except for five or fewer amino acid
substitutions. [0048] In some embodiments, the
above-described antibodies or fragments thereof bind
to a linear epitope or a non-linear conformation
epitope [0049] In some embodiments, the
above-described antibodies or fragments thereof are
multivalent, and comprise at least two heavy chains
and at least two light chains. [0050] In some
embodiments, the above-described antibodies or
fragments thereof are multispecific. In further
embodiments, the above-described antibodies or
fragments thereof are bispecific. [0051] In various
embodiments of the above-described antibodies or
fragments thereof, the heavy and light chain variable
domains are fully human. In further embodiments, the
heavy and light chain variable domains are from a
monoclonal Fab antibody fragment selected from the
group consisting of M13-C06, M14-G11, M14-C03,
M14-B01, M12- E01, and M12-G04. [0052] In various
embodiments of the above-described antibodies or
fragments thereof, the heavy and light chain variable
domains are murine. In further embodiments, the heavy
and light chain variable domains are from a monoclonal
antibody produced by a hybridoma selected from the
group consisting of P2A7.3E11, 20C8.3B8, P1A2.2B11,
20D8.24B1 1, P1E2.3B12, and P1G10.2B8. [0053] In
various embodiments, the above-described antibodies or
fragments thereof are humanized.[0054] In various
embodiments, the above-described antibodies or
fragments thereof are chimeric. [0055] In various
embodiments, the above-described antibodies or
fragments thereof are primatized. [0056] In various
embodiments, the above-described antibodies or
fragments thereof are fully human. [0057] In certain
embodiments, the above-described antibodies or
fragments thereof are Fab fragments, Fab1fragments,
F(ab) fragments, or Fv fragments. [0058] In certain
embodiments, the above-described antibodies are single
chain antibodies. [0059] In certain embodiments, the
above-described antibodies or fragments thereof
comprise light chain constant regions selected from
the group consisting of a human kappa constant region
and a human lambda constant region. [0060] In certain
embodiments, the above-described antibodies or
fragments thereof comprise a heavy chain constant
region or fragment thereof. In further embodiments,
the heavy chain constant region or fragment thereof is
human IgG4. In certain other embodiments, the IgG4 is
mutagenized to remove glycosylation sites. In further
embodiments, the IgG4 mutations comprise S241P and
T318A, using the Kabat numbering system. [0061] In
some embodiments, the above-described antibodies or
fragments thereof 



specifically bind to an IGF-Rl polypeptide or fragment
thereof, or an IGF-Rl variant polypeptide, with an
affinity characterized by a dissociation constant (KD)
which is less than the KD for said reference
monoclonal antibody. In further embodiments, the
dissociation constant (KD) is no greater than 5 x 10 2
M, 10 2 M, 5 x 10 3 M, 10 3 M, 5 x Kr 4 M, It) 4 M, 5
x l(r 5M, 10 M, 5 x 10 M, 10 6 M, 5 x 1(T7M, 10 7 M, 5
x 1(T8 M, 10 8M, 5 x 10 M, l(r 9M, 5 x 10 10 M, 10 10
M, 5 x 10 " M, 1(T1 1 M, 5 x 1(T12 M, 1(T12 M, 5 x 10
13 M, 10 3 M, 5 x 1(T14 M, 10 14 M, 5 x 10 15 M, or 10
5 M. [0062] In some embodiments, the above-described
antibodies or fragments thereof preferentially bind to
a human IGF-Rl polypeptide or fragment thereof,
relative to a murine IGF-Rl polypeptide or fragment
thereof or a non-human primate IGF-Rl polypeptide or
fragment thereof. [0063] In certain other embodiments,
the above described antibodies or fragments thereof
bind to human IGF-Rl polypeptide or fragment thereof,
and also binds to a non-human primate IGF-Rl
polypeptide or fragment thereof.[0064] In some
embodiments, the above described antibodies or
fragments thereof bind to IGF-Rl expressed on the
surface of a cell. In further embodiments, the cell is
a malignant cell, a neoplastic cell, a tumor cell, or
a metastatic cell. [0065] In some embodiments, the
above described antibodies or fragments thereof block
insulin growth factor from binding to IGF-Rl. In
further embodiments, the insulin growth factor is
insulin growth factor-1 (IGF-I) or insulin growth
factor-2 (IGF-2). In certain embodiments, the above
described antibodies or fragments thereof block both
IGF-I and IGF-2 from binding to IGF-Rl . [0066] In
some embodiments, the above described antibodies or
fragments thereof inhibit IGF-Rl -mediated cell
proliferation, IGF-I or IGF-2-mediated IGF-Rl
phosphorylation, tumor cell growth, or IGF-Rl
internalization. [0067] further embodiments, the above
described antibodies or fragments thereof further
comprise a heterologous polypeptide fused thereto.
[0068] In some embodiments, the above described
antibodies or fragments thereof are conjugated to an
agent selected from the group consisting of cytotoxic
agent, a therapeutic agent, cytostatic agent, a
biological toxin, a prodrug, a peptide, a protein, an
enzyme, a virus, a lipid, a biological response
modifier, pharmaceutical agent, a lymphokine, a
heterologous antibody or fragment thereof, a
detectable label, polyethylene glycol (PEG), and a
combination of two or more of any said agents. In
further embodiments, the cytotoxic agent is selected
from the group consisting of a radionuclide, a
biotoxin, an enzymatically active toxin, a cytostatic
or cytotoxic therapeutic agent, a prodrugs, an
immunologically active ligand, a biological response
modifier, or a combination of two or more of any said
cytotoxic agents. In further embodiments, the
detectable label is selected from the group consisting
of an enzyme, a fluorescent label, a chemiluminescent
label, a bioluminescent label, a radioactive label, or
a combination of two or more of any said detectable
labels. [0069] In additional embodiments, the
invention includes compositions comprising the
above-described antibodies or fragments thereof, and a
carrier. [0070] Certain embodiments of the invention
include an isolated polynucleotide comprising a
nucleic acid which encodes an antibody VH polypeptide,
where the amino acid sequence of the VH polypeptide is
at least 90% identical to a reference amino acid
sequence selected from the group consisting of: SEQ ID
NO: 4, SEQ ED NO: 9, SEQ ID NO: 14, SEQ ID NO: 20, SEQ
ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38, SEQ ID NO:
43, SEQ ID NO: 48, SEQ ID NO: 53, SEQ ID NO: 58, and
SEQ ID NO: 63; andwhere an antibody or antigen binding
fragment thereof comprising the VH polypeptide
specifically binds to IGF-Rl. In further embodiments,
the amino acid sequence of the VH polypeptide is
selected from the group consisting of: SEQ ID NO: 4,
SEQ ID NO: 9, SEQ ED NO: 14, SEQ ID NO: 20, SEQ ID NO:
26, SEQ ID NO: 32, SEQ ID NO: 38, SEQ ID NO: 43, SEQ
ED NO: 48, SEQ ID NO: 53, SEQ ID NO: 58, and SEQ ID
NO: 63. [0071] In certain embodiments, the nucleotide
sequence encoding the VH polypeptide is optimized for
increased expression without changing the amino acid
sequence of the VH polypeptide. In further
embodiments, the optimization comprises identification
and removal of splice donor and splice acceptor sites
and/or optimization of codon usage for the cells
expressing the polynucleotide. In further embodiments,
the nucleic acid comprises a nucleotide sequence
selected from the group consisting of: SEQ ID NO: 3,
SEQ ID NO: 8 SEQ ID NO: 13, SEQ ED NO: 18, SEQ ID NO:
19, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ED NO: 30, SEQ
ID NO: 31, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ED NO:
42, SEQ ED NO: 47, SEQ ID NO: 52, SEQ ID NO: 57, and
SEQ ID NO: 62. [0072] In some embodiments, the
invention provides an isolated polynucleotide
comprising a nucleic acid which encodes an antibody VL
polypeptide, where the amino acid sequence of the VL
polypeptide is at least 90% identical to a reference
amino acid sequence selected from the group consisting
of: SEQ ID NO: 68, SEQ ED NO: 73, SEQ ID NO: 78, SEQ
ID NO: 83, SEQ ID NO: 88, SEQ ID NO: 93, SEQ ID NO:
98, SEQ ID NO: 103, SEQ ED NO: 108, SEQ ID NO: 113,
and SEQ ID NO: 118; and where an antibody or antigen
binding fragment thereof comprising the VL polypeptide
specifically binds to IGF-Rl. In further embodiments,
the amino acid sequence of the VL polypeptide is
selected from the group consisting of: SEQ ID NO: 68,
SEQ DD NO: 73, SEQ ID NO: 78, SEQ ID NO: 83, SEQ ID
NO: 88, SEQ ID NO: 93, SEQ ID NO: 98, SEQ ID NO: 103,
SEQ ED NO: 108, SEQ ID NO: 113, and SEQ ED NO: 118.
[0073] In certain embodiments, the nucleotide sequence
encoding the VL polypeptide is optimized for increased
expression without changing the amino acid sequence of
said VL polypeptide. In further embodiments, the
optimization comprises identification and removal of
splice donor and splice acceptor sites and/or
optimization of codon usage for the cells expressing
the polynucleotide. In further embodiments, the
nucleic acid comprises a nucleotide sequence selected
from the group consisting of: SEQ ED NO: 67, SEQ ID
NO: 72, SEQ ID NO: 77, SEQ ID NO: 82, SEQ ED NO: 87,
SEQ ID NO: 92, SEQ ID NO: 97, SEQ ID NO: 102, SEQ ID
NO: 107, SEQ ID NO: 112, and SEQ ID NO: 117.[0074] In
certain other embodiments, the invention provides an
isolated polynucleotide comprising a nucleic acid
which encodes an antibody VH polypeptide, where the
amino acid sequence of the VH polypeptide is
identical, except for 20 or fewer conservative amino
acid substitutions, to a reference amino acid sequence
selected from the group consisting of: SEQ ID NO: 4,
SEQ ID NO: 9, SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO:
26, SEQ ID NO: 32, SEQ ED NO: 38, SEQ ID NO: 43, SEQ
ID NO: 48, SEQ ID NO: 53, SEQ ID NO: 58, and SEQ ID
NO: 63; and where an antibody or antigen binding
fragment thereof comprising said VH polypeptide
specifically binds to IGF-Rl . [0075] In some
embodiments, the invention provides an isolated
polynucleotide comprising a nucleic acid which encodes
an antibody VL polypeptide, where the amino acid
sequence of the VL polypeptide is identical, except
for 20 or fewer conservative amino acid substitutions,
to a reference amino acid sequence selected from the
group consisting of: SEQ ID NO: 68, SEQ ID NO: 73, SEQ
ID NO: 78, SEQ ID NO: 83, SEQ ID NO: 88, SEQ ID NO:
93, SEQ ID NO: 98, SEQ ID NO: 103, SEQ ID NO: 108, SEQ



ID NO: 113, and SEQ ID NO: 118; and wherein an
antibody or antigen binding fragment thereof
comprising said VL polypeptide specifically binds to
IGF-Rl. [0076] In some embodiments, the invention
provides an isolated polynucleotide comprising a
nucleic acid which encodes a VH-CDR1 amino acid
sequence identical, except for two or fewer amino acid
substitutions, to a reference VH-CDRl amino acid
sequence selected from the group consisting of: SEQ ID
NO: 5, SEQ ID NO: 10, SEQ ID NO: 15, SEQ ID NO: 21,
SEQ ID NO: 27, SEQ ID NO: 33, SEQ ID NO: 39, SEQ ID
NO: 44, SEQ ID NO: 49, SEQ ID NO: 54, SEQ ID NO: 59,
and SEQ ID NO: 64; and where an antibody or antigen
binding fragment thereof comprising the VH-CDRl
specifically binds to IGF-Rl. In further embodiments,
the VH-CDRl amino acid sequence is selected from the
group consisting of: SEQ ID NO: 5, SEQ ID NO: 10, SEQ
ID NO: 15, SEQ ID NO: 21, SEQ BD NO: 27, SEQ ID NO:
33, SEQ ID NO: 39, SEQ ID NO: 44, SEQ DD NO: 49, SEQ
ID NO: 54, SEQ ID NO: 59, and SEQ ID NO: 64. [0077] In
some embodiments, the invention provides an isolated
polynucleotide comprising a nucleic acid which encodes
a VH-CDR2 amino acid sequence identical, except for
four or fewer amino acid substitutions, to a reference
VH-CDR2 amino acid sequence selected from the group
consisting of: SEQ ID NO: 6, SEQ DD NO: 11, SEQ DD NO:
16, SEQ DD NO: 22, SEQ DD NO: 28, SEQ DD NO: 34, SEQ
DD NO: 40, SEQ DD NO: 45, SEQ ID NO: 50, SEQ DD NO:
55, SEQ DD NO: 60, and SEQ DD NO: 65; and where an
antibody or antigen bi ng fragment thereof comprising
the VH-CDR2specifically binds to IGF-Rl. In further
embodiments, the VH-CDR2 amino acid sequence is
selected from the group consisting of: SEQ ID NO: 6,
SEQ ID NO: 11, SEQ ID NO: 16, SEQ ID NO: 22, SEQ ID
NO: 28, SEQ ID NO: 34, SEQ ID NO: 40, SEQ ID NO: 45,
SEQ ID NO: 50, SEQ ID NO: 55, SEQ ID NO: 60, and SEQ
ID NO: 65. [0078] In some embodiments, the invention
provides an isolated polynucleotide comprising a
nucleic acid which encodes a VH-CDR3 amino acid
sequence identical, except for four or fewer amino
acid substitutions, to a reference VH-CDR3 amino acid
sequence selected from the group consisting of: SEQ ID
NO: 7, SEQ ID NO: 12, SEQ ID NO: 17, SEQ ID NO: 23,
SEQ ID NO: 29, SEQ ID NO: 35, SEQ ID NO: 41, SEQ ID
NO: 46, SEQ ID NO: 51, SEQ ID NO: 56, SEQ ID NO: 61,
and SEQ ID NO: 66; and where an antibody or antigen
binding fragment thereof comprising the VH-CDR3
specifically binds to IGF-Rl. In further embodiments,
the VH-CDR3 amino acid sequence is selected from the
group consisting of: SEQ ID NO: 7, SEQ ID NO: 12, SEQ
ID NO: 17, SEQ ID NO: 23, SEQ ED NO: 29, SEQ ID NO:
35, SEQ ID NO: 41, SEQ ID NO: 46, SEQ ID NO: 51, SEQ
ID NO: 56, SEQ ID NO: 61, and SEQ ID NO: 66. [0079] In
some embodiments, the invention provides an isolated
polynucleotide comprising a nucleic acid which encodes
a VL-CDRl amino acid sequence identical, except for
four or fewer amino acid substitutions, to a reference
VL-CDRl amino acid sequence selected from the group
consisting of: SEQ ID NO: 69, SEQ ID NO: 74, SEQ ID
NO: 79, SEQ ID NO: 84, SEQ ID NO: 89, SEQ ID NO: 94,
SEQ ID NO: 99, SEQ ID NO: 104, SEQ ID NO: 109, SEQ ID
NO: 114, and SEQ ID NO: 119; and where an antibody or
antigen binding fragment thereof comprising the
VL-CDRl specifically binds to IGF-Rl . In further
embodiments, the VL-CDRl amino acid sequence is
selected from the group consisting of: SEQ ID NO: 69,
SEQ ED NO: 74, SEQ ID NO: 79, SEQ ID NO: 84, SEQ ID
NO: 89, SEQ ID NO: 94, SEQ ID NO: 99, SEQ ED NO: 104,
SEQ ID NO: 109, SEQ DD NO: 114, and SEQ ED NO: 119.
[0080] In some embodiments, the invention provides an
isolated polynucleotide comprising a nucleic acid
which encodes a VL-CDR2 amino acid sequence identical,
except for two or fewer amino acid substitutions, to a
reference VL-CDR2 amino acid sequence selected from
the group consisting of: SEQ ID NO: 70, SEQ ED NO: 75,
SEQ ID NO: 80, SEQ ID NO: 85, SEQ ID NO: 90, SEQ ID
NO: 95, SEQ ID NO: 100, SEQ ID NO: 105, SEQ ID NO:
110, SEQ ED NO: 115, and SEQ ED NO: 120; and wherein
an antibody or antigen binding fragment thereof
comprising said VL-CDR2 specifically binds to IGF-Rl.
In further embodiments, the VL-CDR2 amino acid
sequence is selectedfiom the group consisting of: SEQ
ID NO: 70, SEQ ID NO: 75, SEQ ID NO: 80, SEQ ID NO:
85, SEQ ID NO: 90, SEQ ID NO: 95, SEQ ID NO: 100, SEQ
ID NO: 105, SEQ ID NO: 110, SEQ ID NO: 115, and SEQ ID
NO: 120. [0081] In some embodiments, the invention
provides an isolated polynucleotide comprising a
nucleic acid which encodes a VL-CDR3 amino acid
sequence identical, except for four or fewer amino
acid substitutions, to a reference VL-CDR3 amino acid
sequence selected from the group consisting of: SEQ ID
NO: 71, SEQ ID NO: 76, SEQ ID NO: 81, SEQ ID NO: 86,
SEQ ED NO: 91, SEQ ID NO: 96, SEQ ID NO: 101, SEQ ID
NO: 106, SEQ ID NO: 111, SEQ ID NO: 116, and SEQ ID
NO: 121; and wherein an antibody or antigen binding
fragment thereof comprising said VL-CDR3 specifically
binds to IGF-Rl. In further embodiments, the VL-CDR3
amino acid sequence is selected from the group
consisting of: SEQ ID NO: 71, SEQ ID NO: 76, SEQ ID
NO: 81, SEQ DO NO: 86, SEQ ID NO: 91, SEQ ID NO: 96,
SEQ ID NO: 101, SEQ ID NO: 106, SEQ ID NO: 111, SEQ ID
NO: 116, and SEQ ID NO: 121. [0082] In some
embodiments, the invention provides an isolated
polynucleotide comprising a nucleic acid which encodes
an antibody VH polypeptide, where the VH polypeptide
comprises VH-CDRl, VH-CDR2, and VH-CDR3 amino acid
sequences selected from the group consisting of: SEQ
ID NOs: 5, 6, and 7; SEQ ID NOs: 10, 11, and 12; SEQ
ID NOs: 15, 16, and 17; SEQ ID NOs: 21, 22, and 23;
SEQ ID NOs: 27, 28, and 29; SEQ ID NOs: 33, 34, and
35; SEQ ID NOs: 39, 40, and 41;. SEQ ID NOs: 44, 45,
and 46; SEQ ID NOs: 49, 50, and 51; SEQ ID NOs: 54,
55, and 56; SEQ ID NOs: 59, 60, and 61; and SEQ ID
NOs: 64, 65, and 66; and where an antibody or antigen
binding fragment thereof comprising the VL-CDR3
specifically binds to IGF-Rl. [0083] In some
embodiments, the invention provides an isolated
polynucleotide comprising a nucleic acid which encodes
an antibody VL polypeptide, wherein said VL
polypeptide comprises VH-CDRl, VH-CDR2, and VH-CDR3
amino acid sequences selected from the group
consisting of: SEQ ID NOs: 69, 70, and 71; SEQ D NOs:
74, 75, and 76; SEQ ID NOs: 79, 80, and 81; SEQ ID
NOs: 84, 85, and 86; SEQ ID NOs: 89, 90, and 91; SEQ
ID NOs: 94, 95, and 96; SEQ ID NOs: 99, 100, and 101;
SEQ ED NOs: 104, 105, and 106; SEQ ID NOs: 109, 110,
and 111; SEQ ID NOs: 114, 115, and 116; and SEQ ID
NOs: 119, 120, and 121; and wherein an antibody or
antigen binding fragment thereof comprising said
VL-CDR3 specifically binds to IGF-Rl.[0084] In some
embodiments, the above-described polynucleotides
further comprise a nucleic acid encoding a signal
peptide fused to the antibody VH polypeptide or the
antibody VL polypeptide. [0085] In certain other
embodiments, the above-described polynucleotides
further comprise a nucleic acid encoding a heavy chain
constant region CHl domain fused to the VH
polypeptide, encoding a heavy chain constant region
CH2 domain fused to the VH polypeptide, encoding a
heavy chain constant region CH3 domain fused to the VH
polypeptide, or encoding a heavy chain hinge region
fused to said VH polypeptide. In further embodiments,
the heavy chain constant region is human IgG4. In
certain other embodiments, the IgG4 is mutagenized to
remove glycosylation sites. In further 



embodiments, the IgG4 mutations comprise S241P and
T318A using the Kabat numbering system. [0086] In some
embodiments, the above-described polynucleotides
comprise a nucleic acid encoding a light chain
constant region domain fused to said VL polypeptide.
In further embodiments, the light chain constant
region is human kappa. [0087] In various embodiments
of the above-described polynucleotides, the antibody
or antigen-binding fragment thereof comprising a
polypeptide encoded by the nucleic acid specifically
binds the same IGF-Rl epitope as a reference
monoclonal Fab antibody fragment selected from the
group consisting of M13-C06, M14-G11, M14-C03, M14-
BOl, M12-E01, and M12-G04, or a reference monoclonal
antibody produced by a hybridoma selected from the
group consisting of P2A7.3E1 1, 20C8.3B8, P1A2.2B1 1,
20D8.24B1 1, P1E2.3B12, and P1G10.2B8. [0088] In
various other embodiments of the above-described
polynucleotides, the antibody or antigen-binding
fragment thereof comprising a polypeptide encoded by
the nucleic acid competitively inhibits a reference
monoclonal Fab antibody fragment selected from the
group consisting of M13-C06, M14-G11, M14-C03,
M14-B01, M12- EOl, and M12-G04, or a reference
monoclonal antibody produced by a hybridoma selected
from the group consisting of P2A7.3E11, 20C8.3B8,
P1A2.2B11, 20D8.24B1 1, P1E2.3B12, and P1G10.2B8.
[0089] In various embodiments of the above-describe
polynucleotides, the framework regions of the VH
polypeptide or VL polypeptide are human, except for
five or fewer amino acid substitutions. [0090] In
various embodiments of the above-described
polynucleotides, the invention provides an antibody or
antigen-birring fragment thereof comprising the
polypeptideencoded by the nucleic acid, that binds to
a linear epitope or a non-linear conformational
epitope. [00911 I various embodiments of the
above-described polynucleotides, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid is
multivalent, and comprises at least two heavy chains
and at least two light chains. [0092J In certain
embodiments of the above-described polynucleotides,
the antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
is multispecific. In further embodiments, the antibody
or antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid is bispecific.
[0093J In various embodiments of the above-described
polynucleotides, the antibody or antigen-binding
fragment thereof comprising the polypeptide encoded by
the nucleic acid comprises heavy and light chain
variable domains which are fully human. In further
embodiments, the heavy and light chain variable
domains are identical to those of a monoclonal Fab
antibody fragment selected from the group consisting
of M13-C06, M14- Gl 1, M14-C03, M14-B01, M12-E01, and
M12-G04. [0094J In certain other embodiments of the
above-described polynucleotides, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid comprises
heavy and light chain variable domains which are
murine. In further embodiments, the heavy and light
chain variable domains are identical to those of a
monoclonal antibody produced by a hybridoma selected
from the group consisting of P2A7.3E1 1, 20C8.3B8,
P1A2.2B11, 20D8.24B1 1, P1E2.3B12, and P1G10.2B8.
[0095] m various embodiments of the above-described
polynucleotides, the antibody or antigen-binding
fragment thereof comprising the polypeptide encoded by
the nucleic acid is humanized. [0096] In various
embodiments of the above-described polynucleotides,
the antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
is primatized. [0097J In various embodiments of the
above-described polynucleotides, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid is chimeric.
[00981 I some embodiments of the above-described
polynucleotides, the antibody or antigen-binding
fragment thereof comprising the polypeptide encoded by
the nucleic acid is fully human.[0099J In various
embodiments of the above-described polynucleotides,
the antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
is an Fab fragment, an Fab' fragment, an F(ab)2
fragment, or an Fv fragment. In certain embodiments of
the above-described polynucleotides, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid is a single
chain antibody. [0100] In some embodiments of the
above-described polynucleotides, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid specifically
binds to an IGF-Rl polypeptide or fragment thereof, or
an IGF-Rl variant polypeptide, with an affinity
characterized by a dissociation constant (KD) no
greater than 5 x 10 2 M, 10 2 M, 5 x 10 3 M, 10 3 M, 5
x 1(T* M, 10 M, 5 x 10 5 M, 10 5 M, 5 x 10 M, K M, 5 x
10 M, 1(T7 M, 5 x 10 8 M, 10 8 M, 5 x 10 M, 1(T9 M, 5
x 10 10 M, 10 0 M, 5 x 10 u M, 10 M, 5 x 10 2 M, 1(T12
M, 5 x 10 13 M, 10 13 M, 5 x 10 14 M, 10 14 M, 5 x
10'15 M, or 10-15 M. [0101] In some embodiments of the
above-described polynucleotides, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid preferentially
binds to a human IGF-Rl polypeptide or fragment
thereof, relative to a murine IGF-Rl polypeptide or
fragment thereof or a non-human primate IGF-Rl
polypeptide or fragment thereof. [0102] In some
embodiments of the above-described polynucleotides,
the antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
binds to a human IGF-Rl polypeptide or fragment
thereof, and also binds to a non-human primate IGF-Rl
polypeptide or fragment thereof. [0103] In some
embodiments of the above-described polynucleotides,
the antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
binds to IGF-Rl expressed on the surface of a cell. In
further embodiments, the cell is a malignant cell, a
neoplastic cell, a tumor cell, or a metastatic cell.
[0104] hi some embodiments of the above-described
polynucleotides, the antibody or antigen-binding
fragment thereof comprising the polypeptide encoded by
said nucleic acid blocks insulin growth factor from
binding to IGF-Rl. In further embodiments, the insulin
growth factor is insulin growth factor-1 (IGF-I) or
insulin growth factor-2 (IGF- 2). In certain other
embodiments of the above-described polynucleotide, the
antibody or antigen-binding fragment thereof blocks
both IGF-I and IGF-2 from binding to IGF-Rl.[0105] In
some embodiments of the above-described
polynucleotides, the an antibody or antigen-binding
fragment thereof comprising the polypeptide encoded by
the nucleic acid inhibits IGF-Rl -mediated cell
proliferation, inhibits IGF-I or IGF-2-mediated IGF-Rl
phosphorylation, inhibits tumor cell growth or
inhibits IGF-Rl internalization. [0106] In some
embodiments, the above-described polynucleotides
further comprise a nucleic acid encoding a
heterologous polypeptide. 



[0107] In some embodiments of the above-described
polynucleotides, the antibody or antigen-binding
fragment thereof comprising the polypeptide encoded by
the nucleic acid is conjugated to an agent selected
from the group consisting of cytotoxic agent, a
therapeutic agent, cytostatic agent, a biological
toxin, a prodrug, a peptide, a protein, an enzyme, a
virus, a lipid, a biological response modifier,
pharmaceutical agent, a lymphokine, a heterologous
antibody or fragment thereof, a detectable label,
polyethylene glycol (PEG), and a combination of two or
more of any said agents. In further embodiments, the
cytotoxic agent is selected from the group consisting
of a radionuclide, a biotoxin, an enzymatically active
toxin, a cytostatic or cytotoxic therapeutic agent, a
prodrugs, an immunologically active ligand, a
biological response modifier, or a combination of two
or more of any said cytotoxic agents. In certain other
embodiments, the detectable label is selected from the
group consisting of an enzyme, a fluorescent label, a
chemiluminescent label, a bioluminescent label, a
radioactive label, or a combination of two or more of
any said detectable labels. [0108] In some
embodiments, the invention provides compositions
comprising the abovedescribed polynucleotides. [0109]
In certain other embodiments, the invention provides
vectors comprising the above-described
polynucleotides. In further embodiments, the
polynucleotides are operably associated with a
promoter. In additional embodiments, the invention
provides host cells comprising such vectors. In
further embodiments, the invention provides vectors
where the polynucleotide is operably associated with a
promoter. [0110] In additional embodiments, the
invention provides a method of producing an antibody
or fragment thereof which specifically binds IGF-IR,
comprising culturing a host cell containing a vector
comprising the above-described polynucleotides, and
recovering said antibody, or fragment thereof. In
further embodiments, the invention provides an
isolated polypeptide produced by the above-described
method. [0111] In some embodiments, the invention
provides isolated polypeptides encoded by the
above-described polynucleotides.[0112] In further
embodiments of the above-described polypeptides, the
antibody or fragment thereof comprising the
polypeptide specifically binds to IGF-IR. Other
embodiments include the isolated antibody or fragment
thereof comprising the abovedescribed polypeptides.
[0113] In some embodiments, the invention provides a
composition comprising an isolated VH encoding
polynucleotide and an isolated VL encoding
polynucleotide, where the VH encoding polynucleotide
and the VL encoding polynucleotide, respectively,
comprise nucleic acids encoding amino acid sequences
at least 90% identical to reference amino acid
sequences selected from the group consisting of: SEQ
ID NO: 4 and SEQ ID NO: 68; SEQ ID NO: 8 and SEQ ID
NO: 73; SEQ ID NO: 14 and SEQ ID NO: 78; SEQ ID NO: 20
and SEQ ID NO: 83; SEQ ID NO: 26 and SEQ ID NO: 88;
SEQ ID NO: 32 and SEQ ID NO: 93; SEQ ID NO: 38 and SEQ
ID NO: 98; SEQ ID NO: 43 and SEQ ID NO: 103; SEQ ID
NO: 48 and SEQ ID NO: 108; SEQ ID NO: 53 and SEQ ED
NO: 103; SEQ ID NO: 58 and SEQ ID NO: 113; and SEQ ID
NO: 63 and 118; and where an antibody or fragment
thereof encoded by the VH and VL encoding
polynucleotides specifically binds IGF-Rl. In further
embodiments, the VH encoding polynucleotide and said
VL encoding polynucleotide, respectively, comprise
nucleic acids encoding amino acid sequences selected
from the group consisting of: SEQ ID NO: 4 and SEQ ID
NO: 68; SEQ ID NO: 8 and SEQ ID NO: 73; SEQ ID NO: 14
and SEQ ID NO: 78; SEQ ID NO: 20 and SEQ ID NO: 83;
SEQ ID NO: 26 and SEQ ID NO: 88; SEQ ID NO: 32 and SEQ
ID NO: 93; SEQ ID NO: 38 and SEQ ID NO: 98; SEQ ID NO:
43 and SEQ ID NO: 103; SEQ ID NO: 48 and SEQ ED NO:
108; SEQ ID NO: 53 and SEQ ID NO: 103; SEQ ED NO: 58
and SEQ ID NO: 113; and SEQ ID NO: 63 and 118. [01 14]
In certain other embodiments, the invention provides a
composition comprising an isolated VH encoding
polynucleotide and an isolated VL encoding
polynucleotide, where the VH encoding polynucleotide
and the VL encoding polynucleotide, respectively,
comprise nucleic acids encoding amino acid sequences
identical, except for less than 20 conservative amino
acid substitutions, to reference amino acid sequences
selected from the group consisting of: SEQ ID NO: 4
and SEQ ED NO: 68; SEQ ED NO: 8 and SEQ ID NO: 73; SEQ
ED NO: 14 and SEQ ID NO: 78; SEQ ID NO: 20 and SEQ ID
NO: 83; SEQ ID NO: 26 and SEQ DD NO: 88; SEQ ID NO: 32
and SEQ ID NO: 93; SEQ ED NO: 38 and SEQ ED NO: 98;
SEQ ED NO: 43 and SEQ ID NO: 103; SEQ DD NO: 48 and
SEQ DD NO: 108; SEQ DD NO: 53 and SEQ DD NO: 103; SEQ
DD NO: 58 and SEQ DD NO: 113; and SEQ DD NO: 63 and
118; and where an antibody or fragment thereof encoded
by theVH and VL encoding polynucleotides specifically
binds IGF-Rl. In further embodiments, the VH encoding
polynucleotide encodes a VH polypeptide comprising
VH-CDRl, VH-CDR2, and VH-CDR3 amino acid sequences
selected from the group consisting of: SEQ ID NOs: 5,
6, and 7; SEQ ID NOs: 10, 11, and 12; SEQ ID NOs: 15,
16, and 17; SEQ ID NOs: 21, 22, and 23; SEQ ID NOs:
27, 28, and 29; SEQ ID NOs: 33, 34, and 35; SEQ ID
NOs: 39, 40, and 41;. SEQ ID NOs: 44, 45, and 46; SEQ
ID NOs: 49, 50, and 51; SEQ ID NOs: 54, 55, and 56;
SEQ ID NOs: 59, 60, and 61; and SEQ ID NOs: 64, 65,
and 66; where the VL encoding polynucleotide encodes a
VL polypeptide comprising VL-CDRl, VL-CDR2, and
VL-CDR3 amino acid sequences selected from the group
consisting of: SEQ ID NOs: 69, 70, and 71; SEQ ID NOs:
74, 75, and 76; SEQ ID NOs: 79, 80, and 81; SEQ ID
NOs: 84, 85, and 86; SEQ ID NOs: 89, 90, and 91; SEQ
ID NOs: 94, 95, and 96; SEQ ID NOs: 99, 100, and 101;
SEQ ID NOs: 104, 105, and 106; SEQ ID NOs: 109, 110,
and 111; SEQ ID NOs: 114, 115, and 116; and SEQ ID
NOs: 119, 120, and 121; and where an antibody or
fragment thereof encoded by the VH and VL encoding
polynucleotides specifically binds IGF-Rl. [01151 I
various embodiments of the above-described
compositions, the VH encoding polynucleotide further
comprises a nucleic acid encoding a signal peptide
fused to the antibody VH polypeptide. [01161 m various
embodiments of the above-described compositions, the
VL encoding polynucleotide further comprises a nucleic
acid encoding a signal peptide fused to the antibody
VL polypeptide. [0117J hi some embodiments of the
above-described compositions, the VH encoding
polynucleotide further comprises a nucleic acid
encoding a heavy chain constant region CHl domain
fused to the VH polypeptide, further comprises a
nucleic acid encoding a heavy chain constant region
CH2 domain fused to the VH polypeptide, further
comprises a nucleic acid encoding a heavy chain
constant region CH3 domain fused to the VH
polypeptide, or further comprises a nucleic acid
encoding a heavy chain hinge region fused to the VH
polypeptide. In further embodiments, the heavy chain
constant region is human IgG4. In certain other
embodiments, the IgG4 is mutagenized to remove
glycosylation sites. In further embodiments, the IgG4
mutations comprise S24 IP and T318A using the Kabat
numbering system. [0118] In some embodiments of the
above-described compositions, the VL encoding
polynucleotide further comprises a nucleic acid
encoding a light chain constant regiondomain fused to
the VL polypeptide. In further embodiments, the light
chain constant 



region is human kappa. [0119} In some embodiments of
the above-described compositions, the antibody or
fragment thereof encoded by the VH and VL encoding
polynucleotides specifically binds the same IGF-Rl
epitope as a reference monoclonal Fab antibody
fragment selected from the group consisting of
M13-C06, M14-G11, M14-C03, M14-B01, M12-E01, and M12-
G04, or a reference monoclonal antibody produced by a
hybridoma selected from the group consisting of
P2A7.3E1 1, 20C8.3B8, P1A2.2B1 1, 20D8.24B11,
P1E2.3B12, and P1G10.2B8. [0120] In some embodiments
of the above-described compositions, the antibody or
fragment thereof encoded by the VH and VL encoding
polynucleotides competitively inhibits a reference
monoclonal Fab antibody fragment selected from the
group consisting of M13-C06, M14-G1 1, M14-C03,
M14-B01, M12-E01, and M12-G04, or a reference
monoclonal antibody produced by a hybridoma selected
from the group consisting of P2A7.3E11, 20C8.3B8,
P1A2.2B11, 20D8.24B11, P1E2.3B12, and P1G10.2B8 from
binding to IGF-Rl. [0121] In some embodiments of the
above-described compositions, the framework regions of
the VH and VL polypeptides are human, except for five
or fewer amino acid substitutions. [0122] In some
embodiments of the above-described compositions, the
antibody or fragment thereof encoded by the VH and VL
encoding polynucleotides binds to a linear epitope or
a non-linear conformational epitope. [0123] In some
embodiments of the above-described compositions, the
antibody or fragment thereof encoded by the VH and VL
encoding polynucleotides is multivalent, and comprises
at least two heavy chains and at least two light
chains. [0124] In some embodiments of the
above-described compositions, the antibody or fragment
thereof encoded by the VH and VL encoding
polynucleotides is multispecific. In further
embodiments, the antibody or fragment thereof encoded
by the VH and VL encoding polynucleotides is
bispecific. [0125] In some embodiments of the
above-described compositions, the antibody or fragment
thereof encoded by the VH and VL encoding
polynucleotides comprises heavy and light chain
variable domains which are fully human. In further
embodiments, the heavy and light chain variable
domains are identical to those of a monoclonal
Fabantibody fragment selected from the group
consisting of M13-C06, M14-G11, M14-C03, M14-B01,
M12-E01, and M12-G04. [0126] In some embodiments of
the above-described compositions, the antibody or
fragment thereof encoded by the VH and VL encoding
polynucleotides comprises heavy and light chain
variable domains which are murine. In further
embodiments, the heavy and light chain variable
domains are identical to those of a monoclonal
antibody produced by a hybridoma selected from the
group consisting of P2A7.3E1 1, 20C8.3B8, P1A2.2B11,
20D8.24B11, P1E2.3B12, and PlG10.2B8. [0127] In
various embodiments of the above-described
compositions, the antibody or antigen-binding fragment
thereof comprising the polypeptide encoded by the
nucleic acid is humanized. [0128] In various
embodiments of the above-described compositions, the
antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
is primatized. [0129] In various embodiments of the
above-described compositions, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid is chimeric.
[0130] In some embodiments of the above-described
compositions, the antibody or antigen-binding fragment
thereof comprising the polypeptide encoded by the
nucleic acid is fully human. [0131] In various
embodiments of the above-described compositions, the
antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
is an Fab fragment, an Fab' fragment, an F(ab)2
fragment, or an Fv fragment. In certain embodiments of
the above-described compositions, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid is a single
chain antibody. [0132] In some embodiments of the
above-described compositions, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid specifically
binds to an IGF-Rl polypeptide or fragment thereof, or
an IGF-Rl variant polypeptide, with an affinity
characterized by a dissociation constant (KD) no
greater than 5 x 10 2M, 10 2M, 5 x 10 M, 10 M, 5 x 10
4 M, 1(T4 M, 5 x 10 5M, 10~5 M, 5 x 10 M, 10 6M, 5 x
10 7M, 10~7 M, 5 x 10 8M, 10 8 M, 5 x 10~9 M, 10~9 M,
5 x 10~10 M, 10~10 M, 5 x 10 p M, 10 1 1 M, 5 x 10 2
M, 10 2 M, 5 x 10 13 M, 10 13 M, 5 x 10 14 M, 1(T14 M,
5 x 10 15M, or l 0 15-M.[0133J In some embodiments of
the above-described compositions, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid preferentially
binds to a human IGF-Rl polypeptide or fragment
thereof, relative to a murine IGF-Rl polypeptide or
fragment thereof or a non-human primate IGF-Rl
polypeptide or fragment thereof. [0134] In some
embodiments of the above-described compositions, the
antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
binds to a human IGF-Rl polypeptide or fragment
thereof, and also binds to a non-human primate IGF-Rl
polypeptide or fragment thereof. [0135] In some
embodiments of the above-described compositions, the
antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
binds to IGF-Rl expressed on the surface of a cell. In
further embodiments, the cell is a malignant cell, a
neoplastic cell, a tumor cell, or a metastatic cell.
[0136] In some embodiments of the above-described
compositions, the antibody or antigen-binding fragment
thereof comprising the polypeptide encoded by said
nucleic acid blocks insulin growth factor from binding
to IGF-Rl . In further embodiments, the insulin growth
factor is insulin growth factor-1 (IGF-I) or insulin
growth factor-2 (IGF- 2). In certain other embodiments
of the above-described compositions, the antibody or
antigen-binding fragment thereof blocks both IGF-I and
IGF-2 from binding to IGF-Rl . [0137] In some
embodiments of the above-described compositions, the
an antibody or antigen-binding fragment thereof
comprising the polypeptide encoded by the nucleic acid
inhibits IGF-Rl -mediated cell proliferation, inhibits
IGF-I or IGF-2-mediated IGF-Rl phosphorylation,
inhibits tumor cell growth or inhibits IGF-Rl
internalization. [0138] In some embodiments, the
above-described compositions, the VH encoding
polynucleotide, the VL encoding polynucleotide, or
both the VH and the VL encoding polynucleotides
further comprise a nucleic acid encoding a
heterologous polypeptide. [0139] In some embodiments
of the above-described compositions, the antibody or
antigen-binding fragment thereof comprising the
polypeptide encoded by the nucleic acid is conjugated
to an agent selected from the group consisting of
cytotoxic agent, a 



therapeutic agent, cytostatic agent, a biological
toxin, a prodrug, a peptide, a protein, an enzyme, a
virus, a lipid, a biological response modifier,
pharmaceutical agent, a lymphokine, a heterologous
antibody or fragment thereof, a detectable label,
polyethylene glycol (PEG), and a combination of two or
more of any said agents. In further embodiments, the
cytotoxic agent is selected from the group consisting
of a radionuclide,a biotoxin, an enzymatically active
toxin, a cytostatic or cytotoxic therapeutic agent, a
prodrugs, an immunologically active ligand, a
biological response modifier, or a combination of two
or more of any said cytotoxic agents. In certain other
embodiments, the detectable label is selected from the
group consisting of an enzyme, a fluorescent label, a
chemiluminescent label, a bioluminescent label, a
radioactive label, or a combination of two or more of
any said detectable labels. [0140] In some embodiments
of the above-described compositions, the VH encoding
polynucleotide is contained on a first vector and the
VL encoding polynucleotide is contained on a second
vector. In further embodiments, the VH encoding
polynucleotide is operably associated with a first
promoter and the VL encoding polynucleotide is
operably associated with a second promoter. In certain
other embodiments, the first and second promoters are
copies of the same promoter, hi further embodiments,
the first and second promoters non-identical. [0141]
In various embodiments of the above-described
compositions, the first vector and the second vector
are contained in a single host cell. [0142] In certain
other embodiments of the above-described compositions,
the first vector and the second vector are contained
in a separate host cells. [0143] In some embodiments,
the invention provides a method of producing an
antibody or fragment thereof which specifically binds
IGF-IR, comprising culturing the abovedescribed host
cells, and recovering the antibody, or fragment
thereof. [0144] In other embodiments, the invention
provides a method of producing an antibody or fragment
thereof which specifically binds IGF-IR, comprising
co-culturing separate host cells, and recovering the
antibody, or fragment thereof. Li further embodiments
of the above-described method, the invention provides
combining the VH and VL encoding polypeptides, and
recovering the antibody, or fragment thereof. [0145]
hi some embodiments, the invention provides an
antibody or fragment thereof which specifically binds
IGF-IR, produced by the above-described methods.
[0146] In some embodiments, the invention provides
compositions, where the VH encoding polynucleotide and
the VL encoding polynucleotide are on the same vector,
as well as the vectors therein. [0147] hi various
embodiments of the above described vectors, the VH
encoding polynucleotide and the VL encoding
polynucleotide are each operably associated with a
promoter.[0148] In various embodiments of the above
described vectors, the VH encoding polynucleotide and
the VL encoding polynucleotide are fused in frame, are
co-transcribed from a single promoter operably
associated therewith, and are cotranslated into a
single chain antibody or antigen-binding fragment
thereof. [0149] hi various embodiments of the above
described vectors, the VH encoding polynucleotide and
said VL encoding polynucleotide are co-transcribed
from a single promoter operably associated therewith,
but are separately translated. In further embodiments,
the vectors further comprise an IRES sequence disposed
between the VH encoding polynucleotide and the VL
encoding polynucleotide. Li certain other embodiments,
the polynucleotide encoding a VH and the
polynucleotide encoding a VL are separately
transcribed, each being operably associated with a
separate promoter. In further embodiments, the
separate promoters are copies of the same promoter or
the separate promoters are non-identical. [0150] hi
some embodiments, the invention provides host cells
comprising the abovedescribed vectors. [0151] In other
embodiments, the invention provides a method of
producing an antibody or fragment thereof which
specifically binds IGF-IR, comprising culturing the
abovedescribed host cells, and recovering the
antibody, or fragment thereof. [0152] In some
embodiments, the invention provides an antibody or
fragment thereof which specifically binds IGF-IR,
produced by the above-described methods. [0153] In
some embodiments, the invention provides a method for
treating a hyperproliferative disorder in an animal,
comprising administering to an animal in need of
treatment a composition comprising: a) an isolated
antibody or fragment as described above; and b) a
pharmaceutically acceptable carrier. In further
embodiments, the hyperproliferative disease or
disorder is selected from the group consisting of
cancer, a neoplasm, a tumor, a malignancy, or a
metastasis thereof. [0154] In various embodiments of
the above-described methods, the antibody or fragment
thereof specifically binds to IGF-IR expressed on the
surface of a malignant cell hi further embodiments,
the binding of the antibody or fragment thereof to the
malignant cell results in growth inhibition of the
malignant cell. [0155] In various embodiments of the
above-described methods, the antibody or fragment
thereof inhibits IGF binding to the malignant cell. In
further embodiments, the IGF is IGF-I or IGF-2.[0156]
In various embodiments of the above-described methods,
the antibody or fragment thereof inhibits IGF-I from
binding to said malignant cell but does not inhibit
IGF-2. In certain other embodiments, the antibody or
fragment thereof inhibits IGF-2 from binding to said
malignant cell but does not inhibit IGF-I. [0157] In
various embodiments of the above-described methods,
the antibody or fragment thereof promotes
internalization of IGF-IR into the malignant cell.
[0158] In various embodiments of the above-described
methods, the antibody or fragment thereof inhibits
IGF-IR phosphorylation or inhibits tumor cell
proliferation. In further embodiments, the tumor cell
proliferation is inhibited through the prevention or
retardation of metastatic growth. [0159] In various
embodiments of the above-described methods, the
antibody or fragment thereof inhibits tumor cell
migration. In further embodiments, the tumor cell
proliferation is inhibited through the prevention or
retardation of tumor spread to adjacent tissues.
[0160] In various embodiments of the above-described
methods, the hyperproliferative disease or disorder is
a neoplasm located in the: prostate, colon, abdomen,
bone, breast, digestive system, liver, pancreas,
peritoneum, adrenal gland, parathyroid gland,
pituitary gland, testicles, ovary, thymus, thyroid,
eye, head, neck, central nervous system, peripheral
nervous system, lymphatic system, pelvis, skin, soft
tissue, spleen, thoracic region, or urogenital tract.
[0161] In various embodiments of the above-described
methods, the hyperproliferative disease is cancer,
said cancer selected from the group consisting of:
epithelial squamous cell cancer, melanoma, leukemia,
myeloma, stomach cancer, brain cancer, lung cancer,
pancreatic cancer, cervical cancer, ovarian cancer,
liver cancer, bladder cancer, breast cancer, colon
cancer, renal cancer, prostate cancer, testicular
cancer, thyroid cancer, and head and neck cancer. In
further embodiments, the cancer is selected from the
group 



consisting of stomach cancer, renal cancer, brain
cancer, bladder cancer, colon cancer, lung cancer,
breast cancer, pancreatic cancer, ovarian cancer, and
prostate cancer. [0162] In various embodiments of the
above-described methods, the animal is a mammal. In
further embodiments, the mammal is a human. BRIEF
DESCRIPTION OF THE DRAWINGS [0163] Figure 1: Binding
activity of IGF-IR specific Fabs. (a) Binding of
purified anti- IGFlR Fab antibodies to recombinant
IGFlR-his and IGFlR-Fc protein by ELISA. (b)Binding of
purifed anti-IGFIR Fab antibodies to human IGFlR
expressed on 3T3 by flowcytometry. [0164] Figure 2:
Binding activity of Fabs to IGF-IR expressed on MCF-7
cells. [01651 Figure 3 : Anti-IGF-1R Fabs inhibited
the (a) IGF-I and (b) IGF-2 induced phosphorylation in
MCF7 cells [0166] Figure 4 : Binding of IGF-IR Fab
fragment antibodies to soluble IGF-IR (a) and INSR (b)
by ELISA. [01671 Figure 5 : The nucleotide and the
amino acid sequence of the original and the modified
versions of VH and VL chains of M13-C06, M14-G1 1,
M14-C03 and M14- BOl. (a) (SEQ ID NO: 13) shows the
single-stranded DNA sequence of heavy chain M13-C06.
(b) (SEQ ID NO:77) shows the single-stranded DNA
sequence of light chain M13-C06. (c) (SEQ ID NO: 14)
shows the amino acid sequence of heavy chain Ml 3-
C06. (d) (SEQ ID NO:78) shows the amino acid sequence
of light chain M13-C06. (e) (SEQ ID NO:25) shows the
single-stranded DNA sequence of heavy chain M14-C03.
(f) (SEQ ID NO:87) shows the single-stranded DNA
sequence of light chain M14-C03. (g) (SEQ ID NO:26)
shows the amino acid sequence of heavy chain M14-C03.
(h) (SEQ ID NO:88) shows the amino acid sequence of
light chain M14-C03. (i) (SEQ BD NO:31) shows the
single-stranded DNA sequence of heavy chain M14-Gl 1.
(j) (SEQ ID NO:92) shows the single-stranded DNA
sequence of light chain M14-G1 1. (k) (SEQ ID NO:32)
shows the amino acid sequence of heavy chain M14-Gl 1.
(1) (SEQ DD NO:93) shows the amino acid sequence of
light chain M14-G1 1. (m) (SEQ DD NO:19) shows the
singlestranded DNA sequence of heavy chain M14-B01.
(n) (SEQ DD NO:82) shows the single-stranded DNA
sequence of light chain M14-B01. (o) (SEQ DD NO:20)
shows the amino acid sequence of heavy chain M14-B01.
(p) (SEQ DD NO:83) shows the amino acid sequence of
light chain M14-B01. (q) (SEQ DD NO:18) shows the
single-stranded DNA sequence of sequence optimized
heavy chain M13-C06. (r) (SEQ DD NO:14) shows the
amino acid sequence of sequence optimized heavy chain
M13-C06. (s) (SEQ DD NO:30) shows the single-stranded
DNA sequence of sequence optimized heavy chain
M14-C03. (t) (SEQ DD NO:26) shows the amino acid
sequence of sequence optimized heavy chain M14-C03.
(u) (SEQ DD NO:36) shows the single-stranded DNA
sequence of sequence optimized heavy chain M14-G11.
(v) (SEQ DD NO:32) shows the amino acid sequence of
sequence optimized heavy chain M14-G1 1. (w) (SEQ DD
NO:24) shows the single-stranded DNA sequence of
sequence optimized heavy chain M14-B01. (x) (SEQ DD
NO:20) shows the amino acid seonence of sequence
optimized heavy chain M14-B01.(y) (SEQ ID NO:153)
shows the single-stranded DNA sequence of light chain
constant domain (z) (SEQ ID NO: 154) shows the amino
acid sequence of light chain constant domain (aa) (SEQ
ID NO: 155) shows the single-stranded DNA sequence of
heavy chain agly.IgG4.P constant domains (bb) (SEQ ID
NO: 156) shows the amino acid sequence of heavy chain
aglyIgG4.P constant domains. [0168] Figure 6:
Non-reduced and reduced SDA PAGE analysis of G4.P.agly
versions of fully human M13-C06 and M14-C03
antibodies. [0169] Figure 7: The binding activity of
fully human G4.P (a) and G4.P.agly (b) versions of
anti-IGF-lR antibodies as determined by ELISA. [0170]
Figure 8 : The binding of fully human antibodies to
IGF-IR expressed on MCF-7 (8.a), IGF-1R/3T3 (8.b) cell
was determined by flowcytometry. The binding EC50 on
MCF-7 ranged between 2.7-12 x 10-10 nM. [0171] Figure
9 : The ability of G4 versions of fully human
antibodies to block IGF-I (a) and IGF-2 (b) binding to
IGF-IR was determined by an RIA. [0172] Figure 10: (a)
Inhibition of H-23 tumor cell proliferation in
response to IGF-I by G4 versions of fully human
antibodies; (b) Inhibition of H-23 tumor cell
proliferation in response to IGF-2 by G4 versions of
fully human antibodies; (c) Inhibition of Calu-6 tumor
cell proliferation in response to IGF-I by G4 versions
of fully human antibodies. [0173] Figure 11:
Inhibition of IGF-I (a) and IGF-2 (b) driven receptor
phosphorylation by M13.C06.G4.P.agly,
M14.C03.G4.P.agly and M14.G11.P antibodies. [0174]
Figure 12: Inhibition of downstream signaling by
M13.C06.G4.P.agly. (a). Phospho Akt (Thr308) and total
Akt have been shown in top and bottom rows
respectively (b) Top Phospho p44/42 MAPK and total
p44/42 MAPK shown in top and bottom rows respectively.
[0175] Figure 13: Internalization of IGF-IR by human
anti-IGF-lR antibodies. The internalization of IGF-IR
by M13-C06.G4.P.agly antibody (a) was observed at time
0, 15 and 60 min by confocal microscopy. Anti-mouse
IGF-IR antibody clone 24-31 was the positive control
(b) and mouse 7F2 antibody and a human G4.P antibody
IDEC-1 51.G4.P were the isotype matched negative
controls (c) for the experiment. [0176] Figure 14:
Inhibition of IGF-I mediated tumor cell growth by
selected IGF-IR mAbs. (a) H23; (b) Calu-6; (c) Panc-1;
(d) BxPC3; (e) MaPaCa; and (f) Colo205. Bars show
means and SD. [0177] Figure 15: Inhibition of IGF-I
and IGF-2 driven proliferation of H-23 cells by
anti-IGF-lR antibodies.[0178] Figure 16: Inhibition of
BxPC3 cell proliferation (driven with recombinant
human IGF-I and IGF-2) by M13-C06.G4.P.agly antibody.
[0179] Figure 17: Inhibition of NCI-H23 cell
proliferation (driven with recombinant human IGF-I and
IGF-2) by M13-C06.G4.P.agly antibody. [0180] Figure
18: Inhibition of A549 cell proliferation (driven with
recombinant human IGF-I and IGF-2) by
M13-C06.G4.P.agly antibody. [0181] Figure 19:
Inhibition of IGF-I and IGF-2 induced phosphorylation
of Akt at amino acid residue Ser473 by a fully human
IGF-IR antibody. [0182] Figure 20: Fully human
M13.C06.G4.P.agly antibody exhibits in vivo dose
dependent inhibition of tumor growth in a pancreatic
cancer model. [0183] Figure 21: Fully human
M13.C06.G4.P.agly antibody exhibits in vivo dose
dependent inhibition of tumor growth in a lung cancer
model. [0184] Figure 22: Fully human M13.C06.G4.P.agly
antibody administered in combination with gemcitabine
exhibits increased efficacy in inhibiting tumor
growth. [0185] Figure 23: Fully human
M13.C06.G4.P.agly antibody binds to IGF-IR expressed
on an established cynomolgus fibroblast cell line.
[0186] Figure 24: Cross-competition binding analysis
of IGF-IR antibody binding epitopes. [0187] Figure 25:
Co-immunoprecipitation of IRS-I and p85 (regulatory
subunit of PBK) demonstrates M13-C06.G4.P.agly
mediated inhibition of IGF- IR signal transduction. 



[0188] Figure 26: Immunoprecipitation of IGF-IR and
INSR in mammalian cells demonstrates M13.C06.G4.P.agly
antibody binding to IGF-IR but not insulin receptor.
IGF-I R and INSR proteins were detected by immunoblot
(Western blot) analysis with mouse anti-human IR (A)
or mouse anti-human IGF-IR (B). [01 89] Figure 27.
Relative binding affinity measurements ofM13-C06 Fab
for (A) hlGFIR- Fc and (B) mIGF- IR-Fc. The x- and
y-axis scales are identical for (A) and (B). Residuals
for the binding fits are shown at the bottom of each
panel to indicate the applicability of the 1:1 binding
model in determining relative affinities of M13-C06
for each receptor. [0190] Figure 28: Examples of
M13.C06 antibody binding to hIGF-lR-Fc and mlGFIR- Fc
controls in the SPR assay compared to antibody binding
to IGF-IR mutant proteins SD006 (binding positive) and
SDOl5 (binding negative).[0191] Figure 29: Structural
representations of IGF-IR and INSR: A) Schematic
diagram of the structure of IGF-IR. A) FnIII-2
contains loop structure that is proteolytically
processed in vivo as shown on the diagram. The
transmembrane region is shown as a helical loop that
traverses a schematic of a phospholipid bilayer. The
location of the IGF-l/IGF-2 binding site within IGF-IR
is shown by a star. It has been demonstrated that only
one IGF-l/IGF-2 molecule binds to each IGF-IR
heterodimeric molecule. B & C) M13-C06 IGF-IR binding
epitope mapped to the surface of the structure of the
homologous INSR. The M13-C06 IGF-IR binding epitope
was modeled based on the highly homologous INSR
crystal structure. B) Surface representation of the
INSR structure with amino acid residue positions
corresponding to the homologous positions of V462-H464
in IGF-IR (i.e., L472-K474 in ESfSR) are shaded black.
The first three domains corresponding to IGF-IR (i.e.,
L1-CR-L2) (such as are included in the truncated
IGF-lR(l-462)-Fc construct described herein) are
shaded grey. C) Surface representation of the INSR
structure with those residues that expose surface area
to solvent and that are within a 14 A (angstrom)
radius (or 28 A diameter) of residues corresponding to
462-464 of IGF-IR (i.e., 472-474 of DvTSR) are shaded
black. Residues corresponding to IGF-IR amino acids
462-464 are shaded grey to indicate the experimentally
confirmed surface area of the proposed epitope. [0192]
Figure 30: Immunoblot (Western blot) analysis of in
vivo IGF-IR expression in mouse tumors treated with
M13.C06.G4.P.agly antibody. [0193] Figure 31: In vivo
anti-tumor activity of M13-C06.G4.P.agly in tumors
generated from a primary human colon tumor. [0194]
Figure 32: In vivo anti-tumor activity of
M13-C06.G4.P.agly in tumors generated from breast
carcinoma (MCF-7) cells. [0195] Figure 33: M13-C06
antibody does not exhibit in vitro ADCC activity.
DETAILED DESCRIPTION OF THE INVENTION I . DEFINITIONS
[0196] It is to be noted that the term "a" or "an"
entity refers to one or more of that entity; for
example, "an IGF-IR antibody," is understood to
represent one or more IGF-IRantibodies. As such, the
terms "a" (or "an"), "one or more," and "at least one"
can be used interchangeably herein. [0197] As used
herein, the term "polypeptide" is intended to
encompass a singular "polypeptide" as well as plural
"polypeptides," and refers to a molecule composed of
monomers (amino acids) linearly linked by amide bonds
(also known as peptide bonds). The term "polypeptide"
refers to any chain or chains of two or more amino
acids, and does not refer to a specific length of the
product. Thus, peptides, dipeptides, tripeptides,
oligopeptides, "protein," "amino acid chain," or any
other term used to refer to a chain or chains of two
or more amino acids, are included within the
definition of "polypeptide," and the term
"polypeptide" may be used instead of, or
interchangeably with any of these terms. The term
"polypeptide" is also intended to refer to the
products of post-expression modifications of the
polypeptide, including without limitation
glycosylation, acetylation, phosphorylation,
amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, or modification by
non-naturally occurring amino acids. A polypeptide may
be derived from a natural biological source or
produced by recombinant technology, but is not
necessarily translated from a designated nucleic acid
sequence. It may be generated in any manner, including
by chemical synthesis. [0198] A polypeptide of the
invention may be of a size of about 3 or more, 5 or
more, 10 or more, 20 or more, 25 or more, 50 or more,
75 or more, 100 or more, 200 or more, 500 or more,
1,000 or more, or 2,000 or more amino acids.
Polypeptides may have a defined three-dimensional
structure, although they do not necessarily have such
structure. Polypeptides with a defined
three-dimensional structure are referred to as folded,
and polypeptides which do not possess a defined
three-dimensional structure, but rather can adopt a
large number of different conformations, and are
referred to as unfolded. As used herein, the term
glycoprotein refers to a protein coupled to at least
one carbohydrate moiety that is attached to the
protein via an oxygen-containing or a
nitrogen-containing side chain of an amino acid
residue, e.g., a serine residue or an asparagine
residue. 10199] By an "isolated" polypeptide or a
fragment, variant, or derivative thereof is intended a
polypeptide that is not in its natural milieu. No
particular level of purification is required. For
example, an isolated polypeptide can be removed from
its native or natural environment. Recombinantly
produced polypeptides and proteins expressed in host
cells are considered isolated for purposed of the
invention, as are native or recombinant polypeptides
which have been separated, fractionated, or partially
or substantially purified by any suitable
technique.[0200] Also included as polypeptides of the
present invention are fragments, derivatives, analogs,
or variants of the foregoing polypeptides, and any
combination thereof. The terms "fragment," "variant,"
"derivative" and "analog" when referring to IGF-IR
antibodies or antibody polypeptides of the present
invention include any polypeptides which retain at
least some of the antigen-binding properties of the
corresponding native antibody or polypeptide.
Fragments of polypeptides of the present invention
include proteolytic fragments, as well as deletion
fragments, in addition to specific antibody fragments
discussed elsewhere herein. Variants of IGF-IR
antibodies and antibody polypeptides of the present
invention include fragments as described above, and
also polypeptides with altered amino acid sequences
due to amino acid substitutions, deletions, or
insertions. Variants may occur naturally or be
non-naturally occurring Nonnaturally occurring
variants may be produced using art-known mutagenesis
techniques. Variant polypeptides may comprise
conservative or non-conservative amino acid
substitutions, deletions or additions. Derivatives of
IGF-IR antibodies and antibody polypeptides of the
present invention, are polypeptides which have been
altered so as to exhibit additional features not found
on the native polypeptide. Examples include fusion
proteins. Variant polypeptides may also be referred to
herein as "polypeptide analogs." As used herein a
"derivative" of an IGF-IR antibody or antibody
polypeptide refers to a subject polypeptide having one
or more residues chemically derivatized by reaction of
a functional side group. Also included as
"derivatives" are those peptides which contain one or
more naturally occurring amino acid derivatives of the
twenty standard amino acids. 



For example, 4-hydroxyproline may be substituted for
proline; 5-hydroxylysine may be substituted for
lysine; 3-methylhistidine may be substituted for
histidine; homoserine may be substituted for serine;
and ornithine may be substituted for lysine. [0201]
The term "polynucleotide" is intended to encompass a
singular nucleic acid as well as plural nucleic acids,
and refers to an isolated nucleic acid molecule or
construct, e.g., messenger RNA (mRNA) or plasmid DNA
(pDNA). A polynucleotide may comprise a conventional
phosphodiester bond or a non-conventional bond (e.g.,
an amide bond, such as found in peptide nucleic acids
(PNA)). The term "nucleic acid" refer to any one or
more nucleic acid segments, e.g., DNA or RNA
fragments, present in a polynucleotide. By "isolated"
nucleic acid or polynucleotide is intended a nucleic
acid molecule, DNA or RNA, which has been removed from
its native environment. For example, a recombinant
polynucleotide encoding an IGF-IR antibody contained
in a vector is considered isolated for the Durposes of
the present invention. Further examplesof an isolated
polynucleotide include recombinant polynucleotides
maintained in heterologous host cells or purified
(partially or substantially) polynucleotides in
solution. Isolated RNA molecules include in vivo or in
vitro RNA transcripts of polynucleotides of the
present invention. Isolated polynucleotides or nucleic
acids according to the present invention further
include such molecules produced synthetically. In
addition, polynucleotide or a nucleic acid may be or
may include a regulatory element such as a promoter,
ribosome binding site, or a transcription terminator.
[0202] As used herein, a "coding region" is a portion
of nucleic acid which consists of codons translated
into amino acids. Although a "stop codon" (TAG, TGA,
or TAA) is not translated into an amino acid, it may
be considered to be part of a coding region, but any
flanking sequences, for example promoters, ribosome
binding sites, transcriptional terminators, introns,
and the like, are not part of a coding region. Two or
more coding regions of the present invention can be
present in a single polynucleotide construct, e.g., on
a single vector, or in separate polynucleotide
constructs, e.g., on separate (different) vectors.
Furthermore, any vector may contain a single coding
region, or may comprise two or more coding regions,
e.g., a single vector may separately encode an
immunoglobulin heavy chain variable region and an
immunoglobulin light chain variable region. In
addition, a vector, polynucleotide, or nucleic acid of
the invention may encode heterologous coding regions,
either fused or unfused to a nucleic acid encoding an
IGFIR antibody or fragment, variant, or derivative
thereof. Heterologous coding regions include without
limitation specialized elements or motifs, such as a
secretory signal peptide or a heterologous functional
domain. [0203] In certain embodiments, the
polynucleotide or nucleic acid is DNA. In the case of
DNA, a polynucleotide comprising a nucleic acid which
encodes a polypeptide normally may include a promoter
and/or other transcription or translation control
elements operably associated with one or more coding
regions. An operable association is when a coding
region for a gene product, e.g., a polypeptide, is
associated with one or more regulatory sequences in
such a way as to place expression of the gene product
under the influence or control of the regulatory
sequence(s). Two DNA fragments (such as a polypeptide
coding region and a promoter associated therewith) are
"operably associated" if induction of promoter
function results in the transcription of mRNA encoding
the desired gene product and if the nature of the
linkage between the two DNA fragments does not
interfere with the ability of the expression
regulatory sequences to direct the expression of the
gene product or interfere with the ability of the DNA
template to betranscribed. Thus, a promoter region
would be operably associated with a nucleic acid
encoding a polypeptide if the promoter was capable of
effecting transcription of that nucleic acid. The
promoter may be a cell-specific promoter that directs
substantial transcription of the DNA only in
predetermined cells. Other transcription control
elements, besides a promoter, for example enhancers,
operators, repressors, and transcription termination
signals, can be operably associated with the
polynucleotide to direct cell-specific transcription.
Suitable promoters and other transcription control
regions are disclosed herein. [0204] A variety of
transcription control regions are known to those
skilled in the art. These include, without limitation,
transcription control regions which function in
vertebrate cells, such as, but not limited to,
promoter and enhancer segments from cytomegaloviruses
(the immediate early promoter, in conjunction with
intron-A), simian virus 40 (the early promoter), and
retroviruses (such as Rous sarcoma virus). Other
transcription control regions include those derived
from vertebrate genes such as actin, heat shock
protein, bovine growth hormone and rabbit b-globin, as
well as other sequences capable of controlling gene
expression in eukaryotic cells. Additional suitable
transcription control regions include tissue-specific
promoters and enhancers as well as
lymphokine-inducible promoters (e.g., promoters
inducible by interferons or interleukins). [0205]
Similarly, a variety of translation control elements
are known to those of ordinary skill in the art. These
include, but are not limited to ribosome binding
sites, translation initiation and termination codons,
and elements derived from picornaviruses (particularly
an internal ribosome entry site, or IRES, also
referred to as a CITE sequence). [0206] In other
embodiments, a polynucleotide of the present invention
is RNA, for example, in the form of messenger RNA
(mRNA). [0207] Polynucleotide and nucleic acid coding
regions of the present invention may be associated
with additional coding regions which encode secretory
or signal peptides, which direct the secretion of a
polypeptide encoded by a polynucleotide of the present
invention. According to the signal hypothesis,
proteins secreted by mammalian cells have a signal
peptide or secretory leader sequence which is cleaved
from the mature protein once export of the growing
protein chain across the rough endoplasmic reticulum
has been initiated. Those of ordinary skill in the art
are aware that polypeptides secreted by vertebrate
cells generally have a signal peptide fused to the
N-terminus of the polypeptide, which is cleaved from
the complete or "full length" polypeptide to produce
asecreted or "mature" form of the polypeptide. In
certain embodiments, the native signal peptide, e.g.,
an immunoglobulin heavy chain or light chain signal
peptide is used, or a functional derivative of that
sequence that retains the ability to direct the
secretion of the polypeptide that is operably
associated with it. Alternatively, a heterologous
mammalian signal peptide, or a functional derivative
thereof, may be used. For example, the wildtype leader
sequence may be substituted with the leader sequence
of human tissue plasminogen activator (TPA) or mouse
b-glucuronidase. [0208] The present invention is
directed to certain IGF-IR antibodies, or
antigen-binding fragments, variants, or derivatives
thereof. Unless specifically referring to full-sized
antibodies such as naturally-occurring antibodies, the
term "IGF-IR antibodies" encompasses full-sized
antibodies as well as antigen-binding fragments,
variants, analogs, or derivatives of such antibodies,
e.g., naturally occurring antibody or immunoglobulin
molecules or engineered antibody molecules or
fragments that bind antigen in a manner similar to
antibody molecules. [0209] The terms "antibody" and
"immunoglobulin" are used interchangeably herein. An 



antibody or immunoglobulin comprises at least the
variable domain of a heavy chain, and normally
comprises at least the variable domains of a heavy
chain and a light chain. Basic immunoglobulin
structures in vertebrate systems are relatively well
understood. See, e.g., Harlow et al., Antibodies: A
Laboratory Manual, (Cold Spring Harbor Laboratory
Press, 2nd ed. 1988). [0210] As will be discussed in
more detail below, the term "immunoglobulin" comprises
various broad classes of polypeptides that can be
distinguished biochemically. Those skilled in the art
will appreciate that heavy chains are classified as
gamma, mu, alpha, delta, or epsilon, (g, m, a, d, e)
with some subclasses among them (e.g., g l -g4). It is
the nature of this chain that determines the "class"
of the antibody as IgG, IgM, IgA IgG, or IgE,
respectively. The immunoglobulin subclasses (isotypes)
e.g., IgGl, IgG2, IgG3, IgG4, IgAl, etc. are well
characterized and are known to confer functional
specialization. Modified versions of each of these
classes and isotypes are readily discernable to the
skilled artisan in view of the instant disclosure and,
accordingly, are within the scope of the instant
invention. All immunoglobulin classes are clearly
within the scope of the present invention, the
following discussion will generally be directed to the
IgG class of immunoglobulin molecules. With regard to
IgG, a standard immunoglobulin molecule comprises two
identical light chain polypeptides of molecular weight
approximately23,000 Daltons, and two identical heavy
chain polypeptides of molecular weight 53,000- 70,000.
The four chains are typically joined by disulfide
bonds in a "Y" configuration wherein the light chains
bracket the heavy chains starting at the mouth of the
"Y" and continuing through the variable region. [0211]
Light chains are classified as either kappa or lambda
(K, l). Each heavy chain class may be bound with
either a kappa or lambda light chain. In general, the
light and heavy chains are covalently bonded to each
other, and the "tail" portions of the two heavy chains
are bonded to each other by covalent disulfide
linkages or non-covalent linkages when the
immunoglobulins are generated either by hybridomas, B
cells or genetically engineered host cells. In the
heavy chain, the amino acid sequences run from an
Nterminus at the forked ends of the Y configuration to
the C-terminus at the bottom of each chain. [0212]
Both the light and heavy chains are divided into
regions of structural and functional homology. The
terms "constant" and "variable" are used functionally.
In this regard, it will be appreciated that the
variable domains of both the light (VL) and heavy (VH)
chain portions determine antigen recognition and
specificity. Conversely, the constant domains of the
light chain (CL) and the heavy chain (CHl, CH2 or CH3)
confer important biological properties such as
secretion, transplacental mobility, Fc receptor
binding, complement binding, and the like. By
convention the numbering of the constant region
domains increases as they become more distal from the
antigen binding site or amino-terminus of the
antibody. The N-terminal portion is a variable region
and at the Cterminal portion is a constant region; the
CH3 and CL domains actually comprise the
carboxy-terminus of the heavy and light chain,
respectively. [0213] As indicated above, the variable
region allows the antibody to selectively recognize
and specifically bind epitopes on antigens. That is,
the VL domain and VH domain, or subset of the
complementarity determining regions (CDRs), of an
antibody combine to form the variable region that
defines a three dimensional antigen binding site. This
quaternary antibody structure forms the antigen
binding site present at the end of each arm of the Y.
More specifically, the antigen binding site is defined
by three CDRs on each of the VH and VL chains, hi some
instances, e.g., certain immunoglobulin molecules
derived from camelid species or engineered based on
camelid immunoglobulins, a complete immunoglobulin
molecule may consist of heavy chainsonly, with no
light chains. See, e.g., Hamers-Casterman et al.,
Nature 363:446-448 (1993). [0214] In naturally
occurring antibodies, the six "complementarity
determining regions" or "CDRs" present in each antigen
binding domain are short, non-contiguous sequences of
amino acids that are specifically positioned to form
the antigen binding domain as the antibody assumes its
three dimensional configuration in an aqueous
environment. The remainder of the amino acids in the
antigen binding domains, referred to as "framework"
regions, show less inter-molecular variability. The
framework regions largely adopt a b- sheet
conformation and the CDRs form loops which connect,
and in some cases form part of, the b-sheet structure.
Thus, framework regions act to form a scaffold that
provides for positioning the CDRs in correct
orientation by inter-chain, non-covalent interactions.
The antigen binding domain formed by the positioned
CDRs defines a surface complementary to the epitope on
the immunoreactive antigen. This complementary surface
promotes the non-covalent binding of the antibody to
its cognate epitope. The amino acids comprising the
CDRs and the framework regions, respectively, can be
readily identified for any given heavy or light chain
variable region by one of ordinary skill in the art,
since they have been precisely defined (see,
"Sequences of Proteins of Immunological Interest,"
Kabat, E., et al., U.S. Department of Health and Human
Services, (1983); and Chothia and Lesk, J. MoI. Biol.,
196:901-917 (1987), which are incorporated herein by
reference in their entireties). [0215] In the case
where there are two or more definitions of a term
which is used and/or accepted within the art, the
definition of the term as used herein is intended to
include all such meanings unless explicitly stated to
the contrary. A specific example is the use of the
term "complementarity determining region" ("CDR") to
describe the non-contiguous antigen combining sites
found within the variable region of both heavy and
light chain polypeptides. This particular region has
been described by Kabat et al., U.S. Dept. of Health
and Human Services, "Sequences of Proteins of
Immunological Interest" (1983) and by Chothia et al.,
J. MoI. Biol. 196:901-917 (1987), which are
incorporated herein by reference, where the
definitions include overlapping or subsets of amino
acid residues when compared against each other.
Nevertheless, application of either definition to
refer to a CDR of an antibody or variants thereof is
intended to be within the scope of the term as defined
and used herein. The appropriate amino acid residues
which encompass the CDRs as defined by each of the
above cited references are set forth below in Table I
as acomparison. The exact residue numbers which
encompass a particular CDR will vary depending on the
sequence and size of the CDR. Those skilled in the art
can routinely determine which residues comprise a
particular CDR given the variable region amino acid
sequence of the antibody. TABLE l . CDR Definitions'
'Numbering of all CDR definitions in Table 1 is
according to the numbering conventions set forth by
Kabat et al. (see below). [0216] Kabat et al. also
defined a numbering system for variable domain
sequences that is applicable to any antibody. One of
ordinary skill in the art can unambigously assign this
system of "Kabat numbering" to any variable domain
sequence, without reliance on any experimental data
beyond the sequence itself. As used herein, "Kabat
numbering" . refers to the numbering system set forth
by Kabat et al., U.S. Dept. of Health and Human 



Services, "Sequence of Proteins of Immunological
Interest" (1983). Unless otherwise specified,
references to the numbering of specific amino acid
residue positions in an IGFIR antibody or
antigen-binding fragment, variant, or derivative
thereof of the present invention are according to the
Kabat numbering system. [0217] In camelid species, the
heavy chain variable region, referred to as VHH, forms
the entire antigen-binding domain. The main
differences between camelid VHH variable regions and
those derived from conventional antibodies (VH)
include (a) more hydrophobic amino acids in the light
chain contact surface of VH as compared to the
corresponding region in VHH, (b) a longer CDR3 in VHH,
and (c) the frequent occurrence of a disulfide bond
between CDRl and CDR3 in VHH. [0218] Antibodies or
antigen-binding fragments, variants, or derivatives
thereof of the invention include, but are not limited
to, polyclonal, monoclonal, multispecific, human,
humanized, primatized, or chimeric antibodies, single
chain antibodies, epitope-binding fragments, e.g.,
Fab, Fab' and F(ab')2, Fd, Fvs, single-chain Fvs
(scFv), single-chainantibodies, disulfide-linked Fvs
(sdFv), fragments comprising either a VL or VH domain,
fragments produced by a Fab expression library, and
anti-idiotypic (anti-Id) antibodies (including, e.g.,
anti-Id antibodies to IGF-IR antibodies disclosed
herein). ScFv molecules are known in the art and are
described, e.g., in US patent 5,892,019.
Immunoglobulin or antibody molecules of the invention
can be of any type {e.g., IgG, IgE, IgM, IgD, IgA, and
IgY), class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and
IgA2) or subclass of immunoglobulin molecule. [0219]
Antibody fragments, including single-chain antibodies,
may comprise the variable region(s) alone or in
combination with the entirety or a portion of the
following: hinge region, CHl, CH2, and CH3 domains.
Also included in the invention are antigen-binding
fragments also comprising any combination of variable
region(s) with a hinge region, CHl, CH2, and CH3
domains. Antibodies or immunospecific fragments
thereof of the present invention may be from any
animal origin including birds and mammals. Preferably,
the antibodies are human, murine, donkey, rabbit,
goat, guinea pig, camel, llama, horse, or chicken
antibodies. In another embodiment, the variable region
may be condricthoid in origin {e.g., from sharks). As
used herein, "human" antibodies include antibodies
having the amino acid sequence of a human
immunoglobulin and include antibodies isolated from
human immunoglobulin libraries or from animals
transgenic for one or more human immunoglobulins and
that do not express endogenous immunoglobulins, as
described infra and, for example in, U.S. Pat. No.
5,939,598 by Kucherlapati et al. [0220] As used
herein, the term "heavy chain portion" includes amino
acid sequences derived from an immunoglobulin heavy
chain. A polypeptide comprising a heavy chain portion
comprises at least one of: a CHl domain, a hinge
{e.g., upper, middle, and/or lower hinge region)
domain, a CH2 domain, a CH3 domain, or a variant or
fragment thereof. For example, a binding polypeptide
for use in the invention may comprise a polypeptide
chain comprising a CHl domain; a polypeptide chain
comprising a CHl domain, at least a portion of a hinge
domain, and a CH2 domain; a polypeptide chain
comprising a CHl domain and a CH3 domain; a
polypeptide chain comprising a CHl domain, at least a
portion of a hinge domain, and a CH3 domain, or a
polypeptide chain comprising a CHl domain, at least a
portion of a hinge domain, a CH2 domain, and a CH3
domain. In another embodiment, a polypeptide of the
invention comprises a polypeptide chain comprising a
CH3 domain. Further, a binding polypeptide for use in
the invention may lack at least a portion of a CH2
domain {e.g., all or part of a CH2domain). As set
forth above, it will be understood by one of ordinary
skill in the art that these domains (e.g., the heavy
chain portions) may be modified such that they vary in
amino acid sequence from the naturally occurring
immunoglobulin molecule. [0221] In certain IGF-IR
antibodies, or antigen-binding fragments, variants, or
derivatives thereof disclosed herein, the heavy chain
portions of one polypeptide chain of a multimer are
identical to those on a second polypeptide chain of
the multimer. Alternatively, heavy chain
portion-containing monomers of the invention are not
identical. For example, each monomer may comprise a
different target binding site, forming, for example, a
bispecific antibody. [0222] The heavy chain portions
of a binding polypeptide for use in the diagnostic and
treatment methods disclosed herein may be derived from
different immunoglobulin molecules. For example, a
heavy chain portion of a polypeptide may comprise a
CHl domain derived from an IgGl molecule and a hinge
region derived from an IgG3 molecule. In another
example, a heavy chain portion can comprise a hinge
region derived, in part, from an IgGl molecule and, in
part, from an IgG3 molecule. In another example, a
heavy chain portion can comprise a chimeric hinge
derived, in part, from an IgGl molecule and, in part,
from an IgG4 molecule. [0223] As used herein, the term
"light chain portion" includes amino acid sequences
derived from an immunoglobulin light chain.
Preferably, the light chain portion comprises at least
one of a VL or CL domain. [0224] IGF-IR antibodies, or
antigen-binding fragments, variants, or derivatives
thereof disclosed herein may be described or specified
in terms of the epitope(s) or portion(s) of an
antigen, e.g., a target polypeptide (IGF-IR) that they
recognize or specifically bind. The portion of a
target polypeptide which specifically interacts with
the antigen binding domain of an antibody is an
"epitope," or an "antigenic determinant." A target
polypeptide may comprise a single epitope, but
typically comprises at least two epitopes, and can
include any number of epitopes, depending on the size,
conformation, and type of antigen. Furthermore, it
should be noted that an "epitope" on a target
polypeptide may be or include non-polypeptide
elements, e.g., an "epitope may include a carbohydrate
side chain. [0225] The minimum size of a peptide or
polypeptide epitope for an antibody is thought to be
about four to five amino acids. Peptide or polypeptide
epitopes preferably contain at least seven, more
preferably at least nine and most preferably between
at least about 15 to about 30 amino acids. Since a CDR
can recognize an antigenic peptide or polypeptidein
its tertiary form, the amino acids comprising an
epitope need not be contiguous, and in some cases, may
not even be on the same peptide chain. In the present
invention, peptide or polypeptide epitope recognized
by IGF-IR antibodies of the present invention contains
a sequence of at least 4, at least 5, at least 6, at
least 7, more preferably at least 8, at least 9, at
least 10, at least 15, at least 20, at least 25, or
between about 15 to about 30 contiguous or
non-contiguous amino acids of IGF-IR. [0226] By
"specifically binds," it is generally meant that an
antibody binds to an epitope via its antigen binding
domain, and that the binding entails some
complementarity between the antigen binding domain and
the epitope. According to this definition, an antibody
is said to "specifically bind" to an epitope when it
binds to that epitope, via its antigen binding domain
more readily than it would bind to a random, unrelated
epitope. The term "specificity" is used herein to
qualify the relative affinity by which a certain
antibody binds to a certain epitope. For example,
antibody "A" may be deemed to have a higher
specificity for a given epitope than antibody "B," or
antibody "A" may be said to 



bind to epitope "C" with a higher specificity than it
has for related epitope "D." [0227] By "preferentially
binds," it is meant that the antibody specifically
binds to an epitope more readily than it would bind to
a related, similar, homologous, or analogous epitope.
Thus, an antibody which "preferentially binds" to a
given epitope would more likely bind to that epitope
than to a related epitope, even though such an
antibody may cross-react with the related epitope.
[0228] By way of non-limiting example, an antibody may
be considered to bind a first epitope preferentially
if it binds said first epitope with a dissociation
constant (KD) that is less than the antibody's KD for
the second epitope. In another non-limiting example,
an antibody may be considered to bind a first antigen
preferentially if it binds the first epitope with an
affinity that is at least one order of magnitude less
than the antibody's KD for the second epitope. In
another non-limiting example, an antibody may be
considered to bind a first epitope preferentially if
it binds the first epitope with an affinity that is at
least two orders of magnitude less than the antibody's
KD for the second epitope. [0229] In another
non-limiting example, an antibody may be considered to
bind a first epitope preferentially if it binds the
first epitope with an off rate (k(off)) that is less
than the antibody's k(of ) for the second epitope. In
another non-limiting example, an antibody may be
considered to bind a first epitope preferentially if
it binds the first epitope with an affinity that is at
least one order of magnitude less than the antibody's
k(off) for the second epitope. In another non-limiting
example, an antibody may beconsidered to bind a first
epitope preferentially if it binds the first epitope
with an affinity that is at least two orders of
magnitude less than the antibody's k(off) for the
second epitope. [0230] An antibody or antigen-binding
fragment, variant, or derivative disclosed herein may
be said to bind a target polypeptide disclosed herein
or a fragment or variant thereof with an off rate
(k(off)) of less than or equal to 5 X 10 2 sec 1, 10 2
sec 1, 5 X 10 3 sec 1 or 10 3 sec 1 . More preferably,
an antibody of the invention may be said to bind a
target polypeptide disclosed herein or a fragment or
variant thereof with an off rate (k(off)) less than or
equal to 5 X 10 sec 1 , 10 4 sec 1, 5 X 10 5 sec 1, or
10 5 sec 1 5 X 10 6 sec 1, 10 6 sec 1, 5 X 10 7 sec 1
or 10 7 sec 1 . [0231] An antibody or antigen-binding
fragment, variant, or derivative disclosed herein may
be said to bind a target polypeptide disclosed herein
or a fragment or variant thereof with an on rate
(k(on)) of greater than or equal to 103M 1 sec 1, 5 X
103M 1 sec 1, 104 M 1 sec 1 or 5 X 104 M 1 sec 1 .
More preferably, an antibody of the invention may be
said to bind a target polypeptide disclosed herein or
a fragment or variant thereof with an on rate (k(on))
greater than or equal to 10s M 1 sec 1, 5 X 105 M 1
sec 1, 106 M 1 sec 1, or 5 X 106 M 1 SeC 1 Or I O7 M 1
SeC 1 . [0232] An antibody is said to competitively
inhibit binding of a reference antibody to a given
epitope if it preferentially binds to that epitope to
the extent that it blocks, to some degree, binding of
the reference antibody to the epitope. Competitive
inhibition may be determined by any method known in
the art, for example, competition ELISA assays. An
antibody may be said to competitively inhibit binding
of the reference antibody to a given epitope by at
least 90%, at least 80%, at least 70%, at least 60%,
or at least 50%. [0233] As used herein, the term
"affinity" refers to a measure of the strength of the
binding of an individual epitope with the CDR of an
immunoglobulin molecule. See, e.g., Harlow et ah.
Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988) at pages 27-28. As
used herein, the term "avidity" refers to the overall
stability of the complex between a population of
immunoglobulins and an antigen, that is, the
functional combining strength of an immunoglobulin
mixture with the antigen. See, e.g. , Harlow at pages
29-34. Avidity is related to both the affinity of
individual immunoglobulin molecules in the population
with specific epitopes, and also the valencies of the
immunoglobulins and the antigen. For example, the
interaction between a bivalent monoclonal antibody and
an antigen with a highly repeating epitope structure,
such as a polymer, would be one of hieh avidity.[0234]
IGF-IR antibodies or antigen-binding fragments,
variants or derivatives thereof of the invention may
also be described or specified in terms of their
cross-reactivity. As used herein, the term
"cross-reactivity" refers to the ability of an
antibody, specific for one antigen, to react with a
second antigen; a measure of relatedness between two
different antigenic substances. Thus, an antibody is
cross reactive if it binds to an epitope other than
the one that induced its formation. The cross reactive
epitope generally contains many of the same
complementary structural features as the inducing
epitope, and in some cases, may actually fit better
than the original. [0235] For example, certain
antibodies have some degree of cross-reactivity, in
that they bind related, but non-identical epitopes,
e.g., epitopes with at least 95%, at least 90%, at
least 85%, at least 80%, at least 75%, at least 70%,
at least 65%, at least 60%, at least 55%, and at least
50% identity (as calculated using methods known in the
art and described herein) to a reference epitope. An
antibody may be said to have little or no
cross-reactivity if it does not bind epitopes with
less than 95%, less than 90%, less than 85%, less than
80%, less than 75%, less than 70%, less than 65%, less
than 60%, less than 55%, and less than 50% identity
(as calculated using methods known in the art and
described herein) to a reference epitope. An antibody
may be deemed "highly specific" for a certain epitope,
if it does not bind any other analog, ortholog, or
homolog of that epitope. [0236] IGF-IR antibodies or
antigen-binding fragments, variants or derivatives
thereof of the invention may also be described or
specified in terms of their binding affinity to a
polypeptide of the invention. Preferred binding
affinities include those with a dissociation constant
or Kd less than 5 x 10 2M, 10 M, 5 x 10 M, 10 3M, 5 x
10 M, 1O4M, 5 x 10 5 M, 10 5M, 5 x 10 M, 10 6 M, 5 x
10 7M, 10 M, 5 x 10-8M, 8M, 5 x 10 M, 10 9 M, 5 x 10
10M, 10 10M, 5 x 10 n M, 10 11M, 5 x 10 12M, 10 12M, 5
x 10 13M, 10 13M, 5 x 10 14M, 10 14M, 5 x 10 15M, or
10 15M. [0237] IGF-IR antibodies or antigen-binding
fragments, variants or derivatives thereof of the
invention may be "multispecific," e.g., bispecific,
trispecific or of greater multispecificity, meaning
that it recognizes and binds to two or more different
epitopes present on one or more different antigens
{e.g., proteins) at the same time. Thus, whether an
IGF-IR antibody is "monospecific" or "multispecific,"
e.g., "bispecific," refers to the number of different
epitopes with which a binding polypeptide reacts.
Multispecific antibodies may be specific for different
epitopes of a target polypeptide described hereinor
may be specific for a target polypeptide as well as
for a heterologous epitope, such as a heterologous
polypeptide or solid support material. [02381 As used
herein the term "valency" refers to the number of
potential binding domains, e.g., antigen binding
domains, present in an IGF-IR antibody, binding
polypeptide or antibody. Each binding domain
specifically binds one epitope. When an IGF-IR
antibody, binding polypeptide or antibody comprises
more than one binding domain, each binding domain may
specifically bind the same epitope, for an antibody
with two binding domains, termed "bivalent
monospecific," or to different epitopes, for an
antibody with two binding domains, termed "bivalent
bispecific." An antibody may 



also be bispecific and bivalent for each specificity
(termed "bispecific tetravalent antibodies"). In
another embodiment, tetravalent minibodies or domain
deleted antibodies can be made. [0239] Bispecific
bivalent antibodies, and methods of making them, are
described, for instance in U.S. Patent Nos. 5,731,168;
5,807,706; 5,821,333; and U.S. Appl. Publ. Nos.
2003/020734 and 2002/0155537, the disclosures of all
of which are incorporated by reference herein.
Bispecific tetravalent antibodies, and methods of
making them are described, for instance, in WO
02/096948 and WO 00/44788, the disclosures of both of
which are incorporated by reference herein. See
generally, PCT publications WO 93/17715; WO 92/08802;
WO 91/00360; WO 92/05793; Tutt et al., J. Immunol.
147:60- 69 (1991); U.S. Pat. Nos. 4,474,893;
4,714,681; 4,925,648; 5,573,920; 5,601,819; Kostelny
et al., J. Immunol. 7^:1547-1553 (1992). [0240] As
previously indicated, the subunit structures and three
dimensional configuration of the constant regions of
the various immunoglobulin classes are well known. As
used herein, the term "VH domain" includes the amino
terminal variable domain of an immunoglobulin heavy
chain and the term "CHl domain" includes the first
(most amino terminal) constant region domain of an
immunoglobulin heavy chain. The CHl domain is adjacent
to the VH domain and is amino terminal to the hinge
region of an immunoglobulin heavy chain molecule.
[0241] As used herein the term "CH2 domain" includes
the portion of a heavy chain molecule that extends,
e.g., from about residue 244 to residue 360 of an
antibody using conventional numbering schemes
(residues 244 to 360, Kabat numbering system; and
residues 231-340, EU numbering system; see Kabat EA et
al. op. cit. The CH2 domain is unique in that it is
not closely paired with another domain. Rather, two
N-linked branched carbohydrate chains are interposed
between the two CH2 domains of an intactnative IgG
molecule. It is also well documented that the CH3
domain extends from the CH2 domain to the C-terminal
of the IgG molecule and comprises approximately 108
residues. [0242] As used herein, the term "hinge
region" includes the portion of a heavy chain molecule
that joins the CHl domain to the CH2 domain. This
hinge region comprises approximately 25 residues and
is flexible, thus allowing the two N-terminal antigen
binding regions to move independently. Hinge regions
can be subdivided into three distinct domains: upper,
middle, and lower hinge domains (Roux et al., J.
Immunol. 757:4083 (1998)). [0243] As used herein the
term "disulfide bond" includes the covalent bond
formed between two sulfur atoms. The amino acid
cysteine comprises a thiol group that can form a
disulfide bond or bridge with a second thiol group. In
most naturally occurring IgG molecules, the CHl and CL
regions are linked by a disulfide bond and the two
heavy chains are linked by two disulfide bonds at
positions corresponding to 239 and 242 using the Kabat
numbering system (position 226 or 229, EU numbering
system). [0244] As used herein, the term "chimeric
antibody" will be held to mean any antibody wherein
the immunoreactive region or site is obtained or
derived from a first species and the constant region
(which may be intact, partial or modified in
accordance with the instant invention) is obtained
from a second species hi preferred embodiments the
target binding region or site will be from a non-human
source {e.g. mouse or primate) and the constant region
is human. [0245] As used herein, the term "engineered
antibody" refers to an antibody in which the variable
domain in either the heavy and light chain or both is
altered by at least partial replacement of one or more
CDRs from an antibody of known specificity and, if
necessary, by partial framework region replacement and
sequence changing. Although the CDRs may be derived
from an antibody of the same class or even subclass as
the antibody from which the framework regions are
derived, it is envisaged that the CDRs will be derived
from an antibody of different class and preferably
from an antibody from a different species. An
engineered antibody in which one or more "donor" CDRs
from a non-human antibody of known specificity is
grafted into a human heavy or light chain framework
region is referred to herein as a "humanized
antibody." It may not be necessary to replace all of
the CDRs with the complete CDRs from the donor
variable region to transfer the antigen binding
capacity of one variable domain to another. Rather, it
may only be necessary to transfer those residues that
are necessary to maintain theactivity of the target
binding site. Given the explanations set forth in,
e.g., U. S. Pat. Nos. 5,585,089, 5,693,761, 5,693,762,
and 6,180,370, it will be well within the competence
of those skilled in the art, either by carrying out
routine experimentation or by trial and error testing
to obtain a functional engineered or humanized
antibody. [0246] As used herein the term "properly
folded polypeptide" includes polypeptides (e.g.,
IGF-IR antibodies) in which all of the functional
domains comprising the polypeptide are distinctly
active. As used herein, the term "improperly folded
polypeptide" includes polypeptides in which at least
one of the functional domains of the polypeptide is
not active. In one embodiment, a properly folded
polypeptide comprises polypeptide chains linked by at
least one disulfide bond and, conversely, an
improperly folded polypeptide comprises polypeptide
chains not linked by at least one disulfide bond.
[0247} As used herein the term "engineered" includes
manipulation of nucleic acid or polypeptide molecules
by synthetic means (e.g. by recombinant techniques, in
vitro peptide synthesis, by enzymatic or chemical
coupling of peptides or some combination of these
techniques). [0248] As used herein, the terms
"linked," "fused" or "fusion" are used
interchangeably. These terms refer to the joining
together of two more elements or components, by
whatever means including chemical conjugation or
recombinant means. An "in-frame fusion" refers to the
joining of two or more polynucleotide open reading
frames (ORFs) to form a continuous longer ORF, in a
manner that maintains the correct translational
reading frame of the original ORFs. Thus, a
recombinant fusion protein is a single protein
containing two ore more segments that correspond to
polypeptides encoded by the original ORFs (which
segments are not normally so joined in nature.)
Although the reading frame is thus made continuous
throughout the fused segments, the segments may be
physically or spatially separated by, for example,
in-frame linker sequence. For example, polynucleotides
encoding the CDRs of an immunoglobulin variable region
may be fused, in-frame, but be separated by a
polynucleotide encoding at least one immunoglobulin
framework region or additional CDR regions, as long as
the "fused" CDRs are co-translated as part of a
continuous polypeptide. [0249] In the context of
polypeptides, a "linear sequence" or a "sequence" is
an order of amino acids in a polypeptide in an amino
to carboxyl terminal direction in which residues that
neighbor each other in the sequence are contiguous in
the primary structure of the polypeptide.[0250] The
term "expression" as used herein refers to a process
by which a gene produces a biochemical, for example,
an RNA or polypeptide. The process includes any
manifestation of the functional presence of the gene
within the cell including, without limitation, gene
knockdown as well as both transient expression and
stable expression. It 



includes without limitation transcription of the gene
into messenger RNA (mRNA), transfer RNA (tRNA), small
hairpin RNA (shRNA), small interfering RNA (siRNA) or
any other RNA product, and the translation of such
mRNA into polypeptide(s). If the final desired product
is a biochemical, expression includes the creation of
that biochemical and any precursors. Expression of a
gene produces a "gene product." As used herein, a gene
product can be either a nucleic acid, e.g., a
messenger RNA produced by transcription of a gene, or
a polypeptide which is translated from a transcript.
Gene products described herein further include nucleic
acids with post transcriptional modifications, e.g.,
polyadenylation, or polypeptides with post
translational modifications, e.g., methylation,
glycosylation, the addition of lipids, association
with other protein subunits, proteolytic cleavage, and
the like. [0251] As used herein, the terms "treat" or
"treatment" refer to both therapeutic treatment and
prophylactic or preventative measures, wherein the
object is to prevent or slow down (lessen) an
undesired physiological change or disorder, such as
the development or spread of cancer. Beneficial or
desired clinical results include, but are not limited
to, alleviation of symptoms, diminishment of extent of
disease, stabilized (i.e., not worsening) state of
disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and
remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean
prolonging survival as compared to expected survival
if not receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0252] By "subject" or
"individual" or "animal" or "patient" or "mammal," is
meant any subject, particularly a mammalian subject,
for whom diagnosis, prognosis, or therapy is desired.
Mammalian subjects include humans, domestic animals,
farm animals, and zoo, sports, or pet animals such as
dogs, cats, guinea pigs, rabbits, rats, mice, horses,
cattle, cows, and so on. [0253] s used herein, phrases
such as "a subject that would benefit from
administration of a binding molecule" and "an animal
in need of treatment" includes subjects, such as
mammalian subjects, that would benefit from
administration of a binding molecule used,e.g., for
detection of an antigen recognized by a binding
molecule (e.g., for a diagnostic procedure) and/or
from treatment, i.e., palliation or prevention of a
disease such as cancer, with a binding molecule which
specifically binds a given target protein. As
described in more detail herein, the binding molecule
can be used in unconjugated form or can be conjugated,
e.g., to a drug, prodrug, or an isotope. [0254] By
"hyperproliferative disease or disorder" is meant all
neoplastic cell growth and proliferation, whether
malignant or benign, including all transformed cells
and tissues and all cancerous cells and tissues.
Hyperproliferative diseases or disorders include, but
are not limited to, precancerous lesions, abnormal
cell growths, benign tumors, malignant tumors, and
"cancer." In certain embodiments of the present
invention, the hyperproliferative disease or disorder,
e.g., the precancerous lesion, abnormal cell growth,
benign tumor, malignant tumor, or "cancer" comprises
cells which express, over-express, or abnormally
express IGF-IR. [0255] Additional examples of
hyperproliferative diseases, disorders, and/or
conditions include, but are not limited to neoplasms,
whether benign or malignant, located in the: prostate,
colon, abdomen, bone, breast, digestive system, liver,
pancreas, peritoneum, endocrine glands (adrenal,
parathyroid, pituitary, testicles, ovary, thymus,
thyroid), eyehead and neck, nervous (central and
peripheral), lymphatic system, pelvic, skin, soft
tissue, spleen, thoracic, and urogenital tract. Such
neoplasms, in certain embodiments, express,
over-express, or abnormally express IGF-IR. [0256]
Other hyperproliferative disorders include, but are
not limited to: hypergammaglobulinemia,
lymphoproliferative disorders, paraproteinemias,
purpura, sarcoidosis, Sezary Syndrome, Waldenstron's
macroglobulinemia, Gaucher's Disease, histiocytosis,
and any other hyperproliferative disease, besides
neoplasia, located in an organ system listed above. In
certain embodiments of the present invention the
diseases involve cells which express, over-express, or
abnormally express IGF-IR. [0257] As used herein, the
terms "tumor" or "tumor tissue" refer to an abnormal
mass of tissue that results from excessive cell
division, in certain cases tissue comprising cells
which express, over-express, or abnormally express
IGF-IR. A tumor or tumor tissue comprises "tumor
cells" which are neoplastic cells with abnormal growth
properties and no useful bodily function. Tumors,
tumor tissue and tumor cells may be benign or
malignant. A tumor or tumor tissue may also comprise
"tumor-associated non-tumor cells", e.g., vascular
cells which form blood vessels to supply the tumor or
tumor tissue.Non-tumor cells may be induced to
replicate and develop by tumor cells, for example, the
induction of angiogenesis in a tumor or tumor tissue.
[0258] As used herein, the term "malignancy" refers to
a non-benign tumor or a cancer. As used herein, the
term "cancer" connotes a type of hyperproliferative
disease which includes a malignancy characterized by
deregulated or uncontrolled cell growth. Examples of
cancer include, but are not limited to, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia or lymphoid
malignancies. More particular examples of such cancers
are noted below and include: squamous cell cancer
(e.g. epithelial squamous cell cancer), lung cancer
including small-cell lung cancer, non-small cell lung
cancer, adenocarcinoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer
including gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, rectal cancer, colorectal cancer, endometrial
cancer or uterine carcinoma, salivary gland carcinoma,
kidney or renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma, anal
carcinoma, penile carcinoma, as well as head and neck
cancer. The term "cancer" includes primary malignant
cells or tumors {e.g., those whose cells have not
migrated to sites in the subject's body other than the
site of the original malignancy or tumor) and
secondary malignant cells or tumors (e.g., those
arising from metastasis, the migration of malignant
cells or tumor cells to secondary sites that are
different from the site of the original tumor).
Cancers conducive to treatment methods of the present
invention involves cells which express, over-express,
or abnormally express IGF-IR. [02591 Other examples of
cancers or malignancies include, but are not limited
to: Acute Childhood Lymphoblastic Leukemia, Acute
Lymphoblastic Leukemia, Acute Lymphocytic Leukemia,
Acute Myeloid Leukemia, Adrenocortical Carcinoma,
Adult (Primary) Hepatocellular Cancer, Adult (Primary)
Liver Cancer, Adult Acute Lymphocytic Leukemia, Adult
Acute Myeloid Leukemia, Adult Hodgkin's Disease, Adult
Hodgkin's Lymphoma, Adult Lymphocytic Leukemia, Adult
Non-Hodgkin's Lymphoma, Adult Primary Liver Cancer,
Adult Soft Tissue Sarcoma, AIDS-Related Lymphoma,
AIDS-Related Malignancies, Anal Cancer, Astrocytoma,
Bile Duct Cancer, Bladder Cancer, Bone Cancer, Brain
Stem Glioma, Brain Tumors, Breast Cancer, Cancer of
the Renal Pelvis and Ureter, Central Nervous System
(Primary) Lymphoma, Central Nervous 



System Lymphoma, Cerebellar Astrocytoma, Cerebral
Astrocytoma, Cervical Cancer, Childhood (Primary)
Hepatocellular Cancer, Childhood (Primary) Liver
Cancer,Childhood Acute Lymphoblastic Leukemia,
Childhood Acute Myeloid Leukemia, Childhood Brain Stem
Glioma, Childhood Cerebellar Astrocytoma, Childhood
Cerebral Astrocytoma, Childhood Extracranial Germ Cell
Tumors, Childhood Hodgkin's Disease, Childhood
Hodgkin's Lymphoma, Childhood Hypothalamic and Visual
Pathway Glioma, Childhood Lymphoblastic Leukemia,
Childhood Medulloblastoma, Childhood Non- Hodgkin's
Lymphoma, Childhood Pineal and Supratentorial
Primitive Neuroectodermal Tumors, Childhood Primary
Liver Cancer, Childhood Rhabdomyosarcoma, Childhood
Soft Tissue Sarcoma, Childhood Visual Pathway and
Hypothalamic Glioma, Chronic Lymphocytic Leukemia,
Chronic Myelogenous Leukemia, Colon Cancer, Cutaneous
TCeIl Lymphoma, Endocrine Pancreas Islet Cell
Carcinoma, Endometrial Cancer, Ependymoma, Epithelial
Cancer, Esophageal Cancer, Ewing's Sarcoma and Related
Tumors, Exocrine Pancreatic Cancer, Extracranial Germ
Cell Tumor, Extragonadal Germ Cell Tumor, Extrahepatic
Bile Duct Cancer, Eye Cancer, Female Breast Cancer,
Gaucher's Disease, Gallbladder Cancer, Gastric Cancer,
Gastrointestinal Carcinoid Tumor, Gastrointestinal
Tumors, Germ Cell Tumors, Gestational Trophoblastic
Tumor, Hairy Cell Leukemia, Head and Neck Cancer,
Hepatocellular Cancer, Hodgkin's Disease, Hodgkin's
Lymphoma, Hypergammaglobulinemia, Hypopharyngeal
Cancer, Intestinal Cancers, Intraocular Melanoma,
Islet Cell Carcinoma, Islet Cell Pancreatic Cancer,
Kaposi's Sarcoma, Kidney Cancer, Laryngeal Cancer, Lip
and Oral Cavity Cancer, Liver Cancer, Lung Cancer,
Lymphoproliferative Disorders, Macroglobulinemia, Male
Breast Cancer, Malignant Mesothelioma, Malignant
Thymoma, Medulloblastoma, Melanoma, Mesothelioma,
Metastatic Occult Primary Squamous Neck Cancer,
Metastatic Primary Squamous Neck Cancer, Metastatic
Squamous Neck Cancer, Multiple Myeloma, Multiple
Myeloma/Plasma Cell Neoplasm, Myelodysplastic
Syndrome, Myelogenous Leukemia, Myeloid Leukemia,
Myeloproliferative Disorders, Nasal Cavity and
Paranasal Sinus Cancer, Nasopharyngeal Cancer,
Neuroblastoma, Non-Hodgkin's Lymphoma During
Pregnancy, Nonmelanoma Skin Cancer, Non-Small Cell
Lung Cancer, Occult Primary Metastatic Squamous Neck
Cancer, Oropharyngeal Cancer, Osteo-ZMalignant Fibrous
Sarcoma, Osteosarcoma/Malignant Fibrous Histiocytoma,
Osteosarcoma/Malignant Fibrous Histiocytoma of Bone,
Ovarian Epithelial Cancer, Ovarian Germ Cell Tumor,
Ovarian Low Malignant Potential Tumor, Pancreatic
Cancer, Paraproteinemias, Purpura, Parathyroid Cancer,
Penile Cancer, Pheochromocytoma, Pituitary Tumor,
Plasma Cell Neoplasm/Multiple Myeloma, Primary Central
Nervous System Lymphoma, Primary Liver Cancer,
Prostate Cancer, Rectal Cancer, Renal Cell Cancer,
Renal Pelvis and UreterCancer, Retinoblastoma,
Rhabdomyosarcoma, Salivary Gland Cancer, Sarcoidosis
Sarcomas, Sezary Syndrome, Skin Cancer, Small Cell
Lung Cancer, Small Intestine Cancer, Soft Tissue
Sarcoma, Squamous Neck Cancer, Stomach Cancer,
Supratentorial Primitive Neuroectodermal and Pineal
Tumors, T-CeIl Lymphoma, Testicular Cancer, Thymoma,
Thyroid Cancer, Transitional Cell Cancer of the Renal
Pelvis and Ureter, Transitional Renal Pelvis and
Ureter Cancer, Trophoblastic Tumors, Ureter and Renal
Pelvis Cell Cancer, Urethral Cancer, Uterine Cancer,
Uterine Sarcoma, Vaginal Cancer, Visual Pathway and
Hypothalamic Glioma, Vulvar Cancer, Waldenstrom's
Macroglobulinemia, Wilms' Tumor, and any other
hyperproliferative disease, besides neoplasia, located
in an organ system listed above. [0260] The method of
the present invention may be used to treat
premalignant conditions and to prevent progression to
a neoplastic or malignant state, including but not
limited to those disorders described above. Such uses
are indicated in conditions known or suspected of
preceding progression to neoplasia or cancer, in
particular, where non neoplastic cell growth
consisting of hyperplasia, metaplasia, or most
particularly, dysplasia has occurred (for review of
such abnormal growth conditions, see Robbins and
Angell, Basic Pathology, 2d Ed., W. B. Saunders Co.,
Philadelphia, pp. 68-79 (1976). Such conditions in
which cells begin to express, over-express, or
abnormally express IGF-IR, are particularly treatable
by the methods of the present invention. [0261]
Hyperplasia is a form of controlled cell
proliferation, involving an increase in cell number in
a tissue or organ, without significant alteration in
structure or function. Hyperplastic disorders which
can be treated by the method of the invention include,
but are not limited to, angiofollicular mediastinal
lymph node hyperplasia, angiolymphoid hyperplasia with
eosinophilic atypical melanocytic hyperplasia, basal
cell hyperplasia, benign giant lymph node hyperplasia,
cementum hyperplasia, congenital adrenal hyperplasia,
congenital sebaceous hyperplasia, cystic hyperplasia,
cystic hyperplasia of the breast, denture hyperplasia,
ductal hyperplasia, endometrial hyperplasia,
fibromuscular hyperplasia, focal epithelial
hyperplasia, gingival hyperplasia, inflammatory
fibrous hyperplasia, inflammatory papillary
hyperplasia, intravascular papillary endothelial
hyperplasia, nodular hyperplasia of prostate, nodular
regenerative hyperplasia, pseudoepitheliomatous
hyperplasia, senile sebaceous hyperplasia, and
verrucous hyperplasia. [0262] Metaplasia is a form of
controlled cell growth in which one type of adult or
fully differentiated cell substitutes for another type
of adult cell. Metaplastic disorders whichcan be
treated by the method of the invention include, but
are not limited to, agnogenic myeloid metaplasia,
apocrine metaplasia, atypical metaplasia,
autoparenchymatous metaplasia, connective tissue
metaplasia, epithelial metaplasia, intestinal
metaplasia, metaplastic anemia, metaplastic
ossification, metaplastic polyps, myeloid metaplasia,
primary myeloid metaplasia, secondary myeloid
metaplasia, squamous metaplasia, squamous metaplasia
of amnion, and symptomatic myeloid metaplasia. [0263]
Dysplasia is frequently a forerunner of cancer, and is
found mainly in the epithelia; it is the most
disorderly form of non-neoplastic cell growth,
involving a loss in individual cell uniformity and in
the architectural orientation of cells. Dysplastic
cells often have abnormally large, deeply stained
nuclei, and exhibit pleomorphism. Dysplasia
characteristically occurs where there exists chronic
irritation or inflammation. Dysplastic disorders which
can be treated by the method of the invention include,
but are not limited to, anhidrotic ectodermal
dysplasia, anterofacial dysplasia, asphyxiating
thoracic dysplasia, atriodigital dysplasia,
bronchopulmonary dysplasia, cerebral dysplasia,
cervical dysplasia, chondroectodermal dysplasia,
cleidocranial dysplasia, congenital ectodermal
dysplasia, craniodiaphysial dysplasia,
craniocarpotarsal dysplasia, craniometaphysial
dysplasia, dentin dysplasia, diaphysial dysplasia,
ectodermal dysplasia, enamel dysplasia,
encephalo-ophthalmic dysplasia, dysplasia epiphysialis
hemimelia, dysplasia epiphysialis multiplex, dysplasia
epiphysialis punctata, epithelial dysplasia,
faciodigitogenital dysplasia, familial fibrous
dysplasia of jaws, familial white folded dysplasia,
fibromuscular dysplasia, fibrous dysplasia of bone,
florid osseous dysplasia, hereditary renal-retinal
dysplasia, hidrotic ectodermal dysplasia, hypohidrotic
ectodermal dysplasia, lymphopenic thymic dysplasia,
mammary dysplasia, mandibulofacial dysplasia,
metaphysial dysplasia, Mondini dysplasia, monostotic
fibrous dysplasia, mucoepithelial dysplasia, multiple
epiphysial dysplasia, oculoauriculovertebral
dysplasia, oculodentodigital dysplasia, oculovertebral
dysplasia, odontogenic dysplasia, 



ophthalmomandibulomelic dysplasia, periapical cemental
dysplasia, polyostotic fibrous dysplasia,
pseudoachondroplastic spondyloepiphysial dysplasia,
retinal dysplasia, septooptic dysplasia,
spondyloepiphysial dysplasia, and ventriculoradial
dysplasia. [0264] Additional pre-neoplastic disorders
which can be treated by the method of the invention
include, but are not limited to, benign
dysproliferative disorders (e.g., benign tumors,
fibrocystic conditions, tissue hypertrophy, intestinal
polyps, colon polyps, and esophageal dysplasia),
leukoplakia, keratoses, Bowen's disease, Farmer's
Skin, solar cheilitis, and solar keratosis.[0265] In
preferred embodiments, the method of the invention is
used to inhibit growth, progression, arid/or
metastasis of cancers, in particular those listed
above. [0266] Additional hyperproliferative diseases,
disorders, and/or conditions include, but are not
limited to, progression, and/or metastases of
malignancies and related disorders such as leukemia
(including acute leukemias {e.g., acute lymphocytic
leukemia, acute myelocytic leukemia (including
myeloblastic, promyelocytic, myelomonocytic,
monocytic, and erythroleukemia)) and chronic leukemias
(e.g., chronic myelocytic (granulocytic) leukemia and
chronic lymphocytic leukemia)), polycythemia vera,
lymphomas (e.g., Hodgkin's disease and non-Hodgkin's
disease), multiple myeloma, Waldenstrom's
macroglobulinemia, heavy chain disease, and solid
tumors including, but not limited to, sarcomas and
carcinomas such as fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma,
chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma,
sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal
cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilm's
tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, emangioblastoma, acoustic neuroma,
oligodendroglioma, menangioma, melanoma,
neuroblastoma, and retinoblastoma. p . IGF-IR [0267]
Naturally occurring insulin-like growth factor
receptor-1 (IGF-IR) IGF-IR is a heterotetrameric
plasma membrane glycoprotein composed of two
a-subunits (130 kDa each) and two b-subunits (90 kDa
each) linked by disulfide bonds. Massague ,J. and
Czech,M.P. J. Biol. Chem. 257:5038-5045 (1992). IGF-IR
is also known in the art by the names CD221 and JTKl
3. The nucleic acid sequence of the human IGF-IR mRNA
is available under GenBank Accession Number NM_OOO875,
and is presented herein as SEQ ID NO:!.SEQ ID NO:1
>gi| 11068002 |ref |NM_000875.2 I Homo sapiens
insulin-like growth factor 1 receptor (IGFlR) , mRNA
TTTTTTTTTTTTTTGAGAAAGGGAATTTCATCCCAAATAAAAGGAATGAAGTCT
GGCTCCGGAGGAGGGT
CCCCGACCTCGCTGTGGGGGCTCCTGTTTCTCTCCGCCGCGCTCTCGCTCTGGC
CGACGAGTGGAGAAAT
GAGGGCTACCTCCACATCCTGCTCATCTCCAAGGCCGAGGACTACCGCAGCTAC
CGCTTCCCCAAGCTCA
CGGTCATTACCGAGTACTTGCTGCTGTTCCGAGTGGCTGGCCTCGAGAGCCTCG
GAGACCTCTTCCCCAA
CCTCACGGTCATCCGCGGCTGGAAACTCTTCTACAACTACGCCCTGGTCATCTT
CGAGATGACCAATCTC
TCTGTTACCTCTCCACTGTGGACTGGTCCCTGATCCTGGATGCGGTGTCCAATA
ACTACATTGTGGGGAA
TAAGCCCCCAAAGGAATGTGGGGACCTGTGTCCAGGGACCATGGAGGAGAAGCC
GATGTGTGAGAAGACC
ACCATCAACAATGAGTACAACTACCGCTGCTGGACCACAAACCGCTGCCAGAAA
ATGTGCCCAAGCACGT
CCCAACACCTACAGGTTTGAGGGCTGGCGCTGTGTGGACCGTGACTTCTGCGCC
AACATCCTCAGCGCCG
AGAGCAGCGACTCCGAGGGGTTTGTGATCCACGACGGCGAGTGCATGCAGGAGT
GCCCCTCGGGCTTCAT
CCGCAACGGCAGCCAGAGCATGTACTGCATCCCTTGTGAAGGTCCTTGCCCGAA
GGTCTGTGAGGAAGAA
GGTGGTGACGGGCTACGTGAAGATCCGCCATTCTCATGCCTTGGTCTCCTTGTC
CTTCCTAAAAAACCTT
CGCCTCATCCTAGGAGAGGAGCAGCTAGAAGGGAATTACTCCTTCTACGTCCTC
GACAACCAGAACTTGC
AGCAACTGTGGGACTGGGACCACCGCAACCTGACCATCAAAGCAGGGAAAATGT
ACTTTGCTTTCAATCC
CAAATTATGTGTTTCCGAAATTTACCGCATGGAGGAAGTGACGGGGACTAAAGG
GCGCCAAAGCAAAGGG
GACATAAACACCAGGAACAACGGGGAGAGAGCCTCCTGTGAAAGTGACGTCCTG
CATTTCACCTCCACCA
CCACGTCGAAGAATCGCATCATCATAACCTGGCACCGGTACCGGCCCCCTGACT
ACAGGGATCTCATCAG
CTTCACCGTTTACTACAAGGAAGCACCCTTTAAGAATGTCACAGAGTATGATGG
GCAGGATGCCTGCGGC
TCCAACAGCTGGAACATGGTGGACGTGGACCTCCCGCCCAACAAGGACGTGGAG
CCCGGCATCTTACTAC
CCATATCCGTGGGGCCAAGAGTGAGATCTTGTACATTCGCACCAATGCTTCAGT
TCCTTCCATTCCCTTG
CTGCTCCAAAGACAAAATCCCCATCAGGAAGTATGCCGACGGCACCATCGACAT
TGAGGAGGTCACAGAG
GCCCAGACCTGAAAGGAAGCGGAGAGATGTCATGCAAGTGGCCAACACCACCAT
GTCCAGCCGAAGCAGG
AACACCACGGCCGCAGACACCTACAACATCACCGACCCGGAAGAGCTGGAGACA
GAGTACCCTTTCTTTG
AGAGCAGAGTGGATAACAAGGAGAGAACTGTCATTTCTAACCTTCGGCCTTTCA
CATTGTACCGCATCGA
TATCCACAGCTGCAACCACGAGGCTGAGAAGCTGGGCTGCAGCGCCTCCAACTT
CGTCTTTGCAAGGACT
AGTTGAGGATCAGCGAGAATGTGTGTCCAGACAGGAATACAGGAAGTATGGAGG
GGCCAAGCTAAACCGG
CGCTGTCCTGTTGATCGTGGGAGGGTTGGTGATTATGCTGTACGTCTTCCATAG
AAAGAGAAATAACAGC
AGGCTGGGGAATGGAGTGCTGTATGCCTCTGTGAACCCGGAGTACTTCAGCGCT
GCTGATGTGTACGTTC
GTCACCATGTGGTGCGATTGCTGGGTGTGGTGTCCCAAGGCCAGCCAACACTGG
TCATCATGGAACTGAT
ATAAGTTCGTCCACAGAGACCTTGCTGCCCGGAATTGCATGGTAGCCGAAGATT
TCACAGTCAAAATCGG
GTGCGCTGGATGTCTCCTGAGTCCCTCAAGGATGGAGTCTTCACCACTTACTCG
GACGTCTGGTCCTTCG
CGCATGTGCTGGCAGTATAACCCCAAGATGAGGCCTTCCTTCCTGGAGATCATC
AGCAGCATCAAAGAGG
AGATGGAGCCTGGCTTCCGGGAGGTCTCCTTCTACTACAGCGAGGAGAACAAGC
TGCCCGAGCCGGAGGA
GCTGGACCTGGAGCCAGAGAACATGGAGAGCGTCCCCCTGGACCCCTCGGCCTC
CTCGTCCTCCCTGCCACTGCCCGACAGACACTCAGGACACAAGGCCGAGAACGG
CCCCGGCCCTGGGGTGCTGGTCCTCCGCGCCA
GCTTCGACGAGAGACAGCCTTACGCCCACATGAACGGGGGCCGCAAGAACGAGC
GGGCCTTGCCGCTGCC
CCAGTCTTCGACCTGCTGATCCTTGGATCCTGAATCTGTGCAAACAGTAACGTG
TGCGCACGCGCAGCGG
GGTGGGGGGGGAGAGAGAGTTTTAACAATCCATTCACAAGCCTCCTGTACCTCA
GTGGATCTTCAGTTCT
GCCCTTGCTGCCCGCGGGAGACAGCTTCTCTGCAGTAAAACACATTTGGGATGT
TCCTTTTTTCAATATG
TCTCCTCTCTGCTTCATAACGGAAAAATAATTGCCACAAGTCCAGCTGGGAAGC
CCTTTTTATCAGTTTG
AAAAACACGTGGAGATGGAAATTTTTACCTTTATCTTTCACCTTTCTAGGGACA
TGAAATTTACAAAGGG CCATCGTTCATCO^GGCTGTTACC
TTTTAACGCTGCCTAATTTTGCCAAAATCCTGAACTTTCTCCCT
CATCGGCCCGGCGCTGATTCCTCGTGTCCGGAGGCATGGGTGAGCATGGCAGCT
GGTTGCTCCATTTGAG
AGACACGCTGGCGACACACTCCGTCCATCCGACTGCCCCTGCTGTGCTGCTCAA
GGCCACAGGCACACAG GGGGAGAAGCTGAACCGGC [0268] The
precursor polypeptide sequence is available under
GenBank Accession Number NP_000866, and is presented
herein as SEQ ID NO:2. SEQ ID NO:2 >gi I4S57665 |ref
|NP_000866 .1 1 insulin-like growth factor 1 receptor
precursor [Homo sapiens]
MKSGSGGGSPTSLWGLLFLSAALSLWPTSGEICGPGIDIRNDYQQLKRLENCTV
IEGYLHIII1ISKAEDY
IRIEKNADLCYLSTVDWSLILDAVSNNYIVGNKPPKECGDLCPGTMEEKPMCEK
TTINNEYNYRCWTTNR
CQKMCPSTCGKRACTENNECCHPECLGSCSAPDNDTACVACRHYYYAGVCVPAC
PPNTYRFEGWRCVDRD
FCANILSAESSDSEGFVIHDGECMQECPSGFIRNGSQSMYCIPCEGPCPKVCEE
EKKTKTIDSVTSAQML 



QGCTIFKGNLLINIRRGNNIASELENFMGLIEWTG
YVKIRHSHALVSLSFLKNLRLILGEEQLEGNYSF
YVLDNQNLQQLWDWDHRNLT IKAGKMYFAFNPKLCVS
EIYRMEEVTGTKGRQS KGDINTRNNGERASCES
DVLHFTSTTTSKNRIIITWHR
YRPPDYRDLISFTVYYKEAPFKNVTEYDGQDACGSNSWNMVDVDLPPNK
DVEPGILLHGLKPWTQYAVYVKAVTLTMVENDHIRGAKSEILYIRTNASVPSIP
LDVLSASNSSSQLIVK
WNPPSLPNGNLSYYIVRWQRQPQDGYLYRHNYCSKDKIPIRKYADGTIDIEEVT
ENPKTEVCGGEKGPCC ACPKTEAEKQAEKEEAEYRKVFENFLHNS
IFVPRPERKRRDVMQVANTTMS SRSRNTTAADTYNITDPEE
LETEYPFFESRVDNKERTVI
SNLRPFTLYRIDIHSCNHEAEKLGCSASNFVFARTMPAEGADDIPGPVTW
EPRPENSIFLKWPEPENPNGLILMYEIKYGSQVEDQRECVSRQEYRKYGGAKLN
RLNPGNYTARIQATSL
SGNGSWTDPVFFYVQAKTGYENFIHLIIALPVAVLLIVGGLVIMLYVFHRKRNN
SRLGNGVLYASVNPEY
FSAADVYVPDEWEVAREKITMSRELGQGSFGMVYEGVAKGWKDEPETRVAI
KTVNEAASMRERIEFLNE
ASVMKEFNCHHWRLLGWSQGQPTLVIMELMTRGDLKS
YLRSLRPEMENNPVLAPPSLSKMIQMAGEIA
DGMAYLNANKFVHRDLAARNCMVAED FTVKIGD FGMTRDIYETD
YYRKGGKGLLPVRWMSPESLKDGVFT
TYSDVWSFGWLWEIATLAEQPYQGLSNEQVLRFVMEGGLLDKPDNCPDMLFELM
RMCWQYNPKMRPSFL PGVLVLRASFDERQPYAHMNGGRKNERALPLPQSSTC
[0269] Amino acids 1 to 30 of SEQ ID NO:2 are reported
to encode the IGF-IR signal peptide, amino acids 3 1
to 740 of SEQ ID NO:2 are reported to encode the
IGF-IR a- subunit, and amino acids 741 to 1367 of SEQ
ED NO:2 are reported to encode the IGF-IR b-subunit.
These and other features of human IGF-IR reported in
the NP_000866 GenBank entry are presented in Table
2.Table 2 [0270] The present invention is also
directed to IGF-IR antibodies, or antigen-binding
fragments, variants, or derivatives thereof which bind
specifically, preferentially, or competitively to
non-human IGF-IR proteins, e.g., IGF-IR from rodents
or non-human primates. [0271] IGF-IR is expressed in a
large number of tumor cells, including, but not
limited to certain of the following: bladder tumors
(Hum. Pathol. 34:803 (2003)); brain tumors (Clinical
Cancer Res. 8:1822 (2002)); breast tumors (Eur. J.
Cancer 30:307 (1994) and Hum Pathol. 36:448-449
(2005)); colon tumors, e.g., adenocarcinomas,
metastases, and adenomas (Human Pathol. 30:1128
(1999), Virchows. Arc. 443:139 (2003), and Clinical
Cancer Res. 10:843 (2004)); gastric tumors (Clin. Exp.
Metastasis 21:755 (2004)); kidney tumors, e.g., clear
cell, chromophobe and papillary RCC (Am. J. Clin.
Pathol. 122:931- 937 (2004)); lung tumors (Hum.
Pathol. 34:803-808 (2003) and J. Cancer Res. Clinical
Oncol. 119:665-668 (1993)); ovarian tumors (Hum.
Pathol. 34:803-808 (2003)); pancreatic tumors, e.g.,
ductal adenocarcinoma (Digestive Diseases. Sci.
48:1972-1978 (2003) and Clinical Cancer Res.
11:3233-3242 (2005)); and prostate tumors (Cancer Res.
62:2942-2950 (2002)).m . IGF-IR ANTIBODIES [0272] In
one embodiment, the present invention is directed to
IGF-IR antibodies, or antigen-binding fragments,
variants, or derivatives thereof. For example, the
present invention includes at least the
antigen-binding domains of certain monoclonal
antibodies, and fragments, variants, and derivatives
thereof shown in Tables 3 and 4. Table 3 lists human
anti-human IGF-IR Fab regions identified from a phage
display library and various binding properties of the
antibodies, described in more detail in the Examples.
Table 4 lists murine anti-human IGF-IR monoclonal
antibodies identified by hybridoma technology, and
various binding properties of the antibodies,
described in more detail in the Examples. Table 3:
Functional properties of IGF-IR specific Fabs.
lnhibitlorI Of IGF-I R Fabs ELISA Binding FACS Binding
IGF Blocking Phosphorylation IGF-1R- IGF-1R MCF-7 His
IGF-IR-Fc InsR 3T3 EC50nM IGF-1 IGF-2 IGF-1 IGF-2
1M13-C06  "+ + + + 8.8 -+ + 2 M14-G11 + "++ + + 39.8
++ - f++ 3 M14-C03 "++ ++ 25.4 . f + f + 4 M14-B01 * +
+ "+ + * + + 29.4 H - 4-+ 4-+ 5 M12-E01 + + ++ 7.4 . -
* + f 6 M12-G04 + 25.0 f 4- pTy-IGF-1R >30%@0.1ug/ml
+++ Ligand Blocking >30%@0.1ug/ml +++ >30%@1ug/ml ++
>30%@1ug/ml ++ >30%@10ug/ml + >30%@10ug/ml + > OD 2x
bkg ELISA @0.1ug/ml +++ > OD 2x bkg @1ug/ml++ > OD 2x
bkg @10ug/ml +Table 4: Functional properties of murine
monoclonal antibodies MCF-1 = breast cancer cell; H-23
and Calu-6=lung cancer cells; Panc-1 =pancrbatic
cancer cell; Colo205=colon cancer cell pTy-IGF-1R
Llgand Blocking Ki67 Inhibit (MCF-7) Prolif.
Inhibition >30%@0. 1mg/ml +++ >40%@0.1 mg/ml +++
>50%@0.01 mg/ml ++++ >30%@0.01 mg/ml ++++ >30%@1 mg/ml
++ >40%@1 mg/ml ++ >50%@0.1 mg/ml +++ >30%@0.1 mg/ml
+++ >30%@10 mg/ml + >40%@10mg/ml + >50%@1mg/ml ++
>30%@1mg/ml ++ >50%@10mg/ml + >30%@10mg/ml + [0273J
Chinese Hamster Ovary cell lines which express
full-length antibody of M13-C06 and M14-C03 were
deposited with the American Type Culture Collection
("ATCC") on March 28, 2006, and were given ATCC
Deposit Numbers PTA-7444 and PTA-7445, respectively.
Chinese Hamster Ovary cell lines which express Fab
antibody fragment M14-G11 were deposited with the
American Type Culture Collection ("ATCC") on August
29, 2006, and were given ATCC Deposit Number PTA-7855.
[0274] Hybridoma cell line which express full-length
human antibodies P2A7.3E1 1, 20C8.3B8, and P1A2.2B11
were deposited with the ATCC on March 28, 2006, June
13, 2006, and March 28, 2006, respectively, and were
given the ATCC Deposit Numbers PTA-7458, PTA-7732,
and, PTA-7457, respectively. Hybridoma cell lines
which express full-length human antibodies 20D8.24B11,
P1E2.3B12, and P1G10.2B8 were deposited with the ATCC
on March 28, 2006, July 11, 2006, and July 11, 2006,
respectively, and were given the ATCC Deposit Numbers
PTA-7456, PTA-7730, and PTA-7731, respectively. See,
ATCC Deposit Table (below) for correlation of
antibodies and deposited cell lines. [0275] The ATCC
is located at 10801 University Boulevard, Manassas, VA
201 10-2209, USA. The ATCC deposits were made pursuant
to the terms of the Budapest Treaty on the
international recognition of the deposit of
microorganisms for purposes of patent procedure.[0276]
Certain embodiments of the invention were deposited
with the American Type Culture Collection as shown in
the following table ("ATCC Deposit Table"). ATCC
DEPOSIT TABLE [0277] As used herein, the term "antigen
binding domain" includes a site that specifically
binds an epitope on an antigen {e.g., an epitope of
IGF-IR). The antigen binding domain 



of an antibody typically includes at least a portion
of an immunoglobulin heavy chain variable region and
at least a portion of an immunoglobulin light chain
variable region. The binding site formed by these
variable regions determines the specificity of the
antibody. [0278J The present invention is more
specifically directed to an IGF-IR antibody, or
antigen-binding fragment, variant or derivatives
thereof, where the IGF-IR antibody specifically binds
to the same IGF-Rl epitope as a reference monoclonal
Fab antibody fragment selected from the group
consisting of M13-C06, M14-G11, M14-C03, M14-BOl,
M12-E01, and M12-G04, or a reference monoclonal
antibody produced by a hybridoma selected from the
group consisting of P2A7.3E11, 20C8.3B8, P1A2.2B11,
2OD8.24B11, P1E2.3B12, and PlG10.2B8. [0279] The
invention is further drawn to an IGF-IR antibody, or
antigen-binding fragment, variant or derivatives
thereof, where the IGF-IR antibody competitively
inhibits a reference monoclonal Fab antibody fragment
selected from the group consisting of M13-C06,
M14-G11, M14-C03, M14-B01, M12-E01, and M12-G04, or a
reference monoclonal antibody produced by a hybridoma
selected from the group consisting of P2A7.3E11,
20C8.3B8, P1A2.2B11, 20D8.24B11, P1E2.3B12, and
P1G10.2B8 from binding to IGF-IR. [0280] The invention
is also drawn to an IGF-IR antibody, or
antigen-binding fragment, variant or derivatives
thereof, where the IGF-IR antibody comprises an
antigen binding domain identical to that of a
monoclonal Fab antibody fragment selected from the
group consisting of M13-C06, M14-G11, M14-C03,
M14-B01, M12-E01, and M12-G04, or a monoclonal
antibody produced by a hybridoma selected from the
group consisting of P2A7.3E11, 20C8.3B8, P1A2.2B11,
20D8.24B11, P1E2.3B12, and P1G10.2B8. [0281] Methods
of making antibodies are well known in the art and
described herein. Once antibodies to various fragments
of, or to the full-length IGF-IR without the signal
sequence, have been produced, determining which amino
acids, or epitope, of IGF- IR to which the antibody or
antigen binding fragment binds can be determined by
epitope mapping protocols as described herein as well
as methods known in the art (e.g. double
antibody-sandwich ELISA as described in "Chapter 11 -
Immunology," Current Protocols in Molecular Biology,
Ed. Ausubel et al., v.2, John Wiley & Sons, Inc.
(1996)). Additional epitope mapping protocols may be
found in Morris, G. Epitope Mapping Protocols, New
Jersey: Humana Press (1996), which are both
incorporated herein by reference in their entireties.
Epitope mapping can also be performed by commercially
available means (i.e. ProtoPROBE, Inc. (Milwaukee,
Wisconsin)). [0282] Additionally, antibodies produced
which bind to any portion of IGF-IR can then be
screened for their ability to act as an antagonist of
IGF-IR for example, to inhibit binding of insulin
growth factor, e.g., IGF-I, IGF-2, or both IGF-I and
IGF-2 to IGF-IR, to promote internalization of IGF-IR,
to inhibit phosphorylation of IGF-IR, to inhibit
downstream phosphorylation, e.g., of Akt or p42/44
MAPK, or to inhibit tumor cell proliferation, motility
or metastasis. Antibodies can be screened for these
and other properties according to methods described in
detail in the Examples. Other functions ofantibodies
of the present invention can be tested using other
assays as described in the Examples herein. [0283] In
other embodiments, the present invention includes an
antibody, or antigenbinding fragment, variant, or
derivative thereof which specifically or
preferentially binds to at least one epitope of
IGF-IR, where the epitope comprises, consists
essentially of, or consists of at least about four to
five amino acids of SEQ ID NO:2, at least seven, at
least nine, or between at least about 15 to about 30
amino acids of SEQ ID NO:2. The amino acids of a given
epitope of SEQ ID NO:2 as described may be, but need
not be contiguous or linear. In certain embodiments,
at least one epitope of IGF-IR comprises, consists
essentially of, or consists of a non-linear epitope
formed by the extracellular domain of IGF-IR as
expressed on the surface of a cell or as a soluble
fragment, e.g., fused to an IgG Fc region. Thus, in
certain embodiments at least one epitope of IGF-IR
comprises, consists essentially of, or consists of at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20,
at least 25, between about 15 to about 30, or at least
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, or 100 contiguous or
non-contiguous amino acids of SEQ ID NO:2, where
non-contiguous amino acids form an epitope through
protein folding. [0284] In other embodiments, the
present invention includes an antibody, or
antigenbinding fragment, variant, or derivative
thereof which specifically or preferentially binds to
at least one epitope of IGF-IR, where the epitope
comprises, consists essentially of, or consists of, in
addition to one, two, three, four, five, six or more
contiguous or non contiguous amino acids of SEQ ID
NO:2 as described above, and an additional moiety
which modifies the protein, e.g., a carbohydrate
moiety may be included such that the IGF-IR antibody
binds with higher affinity to modified target protein
than it does to an unmodified version of the protein.
Alternatively, the IGF-IR antibody does not bind the
unmodified version of the target protein at all.
[0285] In certain aspects, the present invention is
directed to an antibody, or antigenbinding fragment,
variant, or derivative thereof which specifically
binds to a IGF-IR polypeptide or fragment thereof, or
an IGF-IR variant polypeptide, with an affinity
characterized by a dissociation constant (KD) which is
less than the KD for a given reference monoclonal
antibody. [0286] In certain embodiments, an antibody,
or antigen-binding fragment, variant, or derivative
thereof of the invention binds specifically to at
least one epitope of IGF-IR or fragment or variant
described above, i.e., binds to such an epitope more
readily than itwould bind to an unrelated, or random
epitope; binds preferentially to at least one epitope
of IGF-IR or fragment or variant described above,
i.e., binds to such an epitope more readily than it
would bind to a related, similar, homologous, or
analogous epitope; competitively inhibits binding of a
reference antibody which itself binds specifically or
preferentially to a certain epitope of IGF-IR or
fragment or variant described above; or binds to at
least one epitope of IGF-IR or fragment or variant
described above with an affinity characterized by a
dissociation constant KD of less than about 5 x 10 2
M, about 10 2 M, about 5 x 10 M, about 10 3 M, about 5
XlO-4M, about 10 M, about 5 x 10 5M, about 10 5M,
about 5 x 10 6M, about 10 6M, about 5 x 10 7M about 10
7 M, about 5 x 10 8M, about 10 8M, about 5 x 10 M,
about 10 9M, about 5 x 10 10M, about 10 10 M, about 5
x 10 11M, about 10 11M, about 5 x 10 12M, about 10
12M, about 5 x 10 13M, about 10 13 M, about 5 x 10 14
M, about 10 14 M, about 5 x 10 15M, or about 10 15 M.
In a particular aspect, the antibody or fragment
thereof preferentially binds to a human IGF-IR
polypeptide or fragment thereof, relative to a murine
IGF-IR polypeptide or fragment thereof. In another
particular aspect, the antibody or fragment thereof
preferentially binds to one or more IGF-IR
polypeptides or fragments thereof, e.g., one or more
mammalian IGF-IR polypeptides, but does not bind to
insulin receptor (InsR) polypeptides. While not being
bound by theory, insulin receptor polypeptides are
known to have some sequence similarity with IGF-IR
polypeptides, and antibodies which cross react with
InsR may produce unwanted side effects in vivo, e.g.,
interfering with glucose 



metabolism. [0287] As used in the context of antibody
binding dissociation constants, the term "about"
allows for the degree of variation inherent in the
methods utilized for measuring antibody affinity. For
example, depending on the level of precision of the
instrumentation used, standard error based on the
number of samples measured, and rounding error, the
term "about 10 2 M" might include, for example, from
0.05 M to 0.005 M. [0288] In specific embodiments, an
antibody, or antigen-binding fragment, variant, or
derivative thereof of the invention binds IGF-IR
polypeptides or fragments or variants thereof with an
off rate (k(off)) of less than or equal to 5 X 10 2
sec 1, 10 2 sec 1, 5 X 10 3 sec 1 or 10 3 sec 1.
Alternatively, an antibody, or antigen-binding
fragment, variant, or derivative thereof of the
invention binds IGF-IR polypeptides or fragments or
variants thereof with an off rate (k(off)) of less
than or equal to 5 X 10 sec 1, sec 1, 5 X 10 5 sec 1,
or 10 5 sec 1 5 X l O sec 1, 10 6 sec 1, 5 X 10 7 sec
1 or 10 7 sec 1.[0289] In other embodiments, an
antibody, or antigen-binding fragment, variant, or
derivative thereof of the invention binds IGF-IR
polypeptides or fragments or variants thereof with an
on rate (k(on)) of greater than or equal to 103 M 1
sec 1, 5 X 103M 1 sec 1, 104 M 1 sec 1 or 5 X 104 M 1
sec 1 . Alternatively, an antibody, or antigen-binding
fragment, variant, or derivative thereof of the
invention binds IGF-IR polypeptides or fragments or
variants thereof with an on rate (k(on)) greater than
or equal to 105 M 1 sec 1, 5 X 105M 1 sec 1, 106 M 1
sec 1, or 5 X 106 M 1 sec 1 or 107 M 1 sec 1. [0290]
In various embodiments, an IGF-IR antibody, or
antigen-binding fragment, variant, or derivative
thereof as described herein is an antagonist of IGF-IR
activity. In certain embodiments, for example, binding
of an antagonist IGF-IR antibody to IGF-IR as
expressed on a tumor cell inhibits binding of insulin
growth factor, e.g., IGF-I, IGF-2, or both IGF-I and
IGF-2 to IGF-IR, promotes internalization of IGF-IR
thereby inhibiting its signal transduction capability,
inhibits phosphorylation of IGF-IR, inhibits
phosphorylation of molecules downstream in the signal
transduction pathway, e.g., Akt or p42/44 MAPK, or
inhibits tumor cell proliferation, motility or
metastasis. [0291] Unless it is specifically noted, as
used herein a "fragment thereof in reference to an
antibody refers to an antigen-binding fragment, i.e.,
a portion of the antibody which specifically binds to
the antigen. In one embodiment, an IGF-IR antibody,
e.g., an antibody of the invention is a bispecifc
IGF-IR antibody, e.g., a bispecific antibody,
minibody, domain deleted antibody, or fusion protein
having binding specificity for more than one epitope,
e.g., more than one antigen or more than one epitope
on the same antigen. In one embodiment, a bispecific
IGF-IR antibody has at least one binding domain
specific for at least one epitope on a target
polypeptide disclosed herein, e.g., IGF-IR. In another
embodiment, a bispecific IGF-IR antibody has at least
one binding domain specific for an epitope on a target
polypeptide and at least one target binding domain
specific for a drug or toxin. In yet another
embodiment, a bispecific IGF-IR antibody has at least
one binding domain specific for an epitope on a target
polypeptide disclosed herein, and at least one binding
domain specific for a prodrug. A bispecific IGF-IR
antibody may be a tetravalent antibody that has two
target binding domains specific for an epitope of a
target polypeptide disclosed herein and two target
binding domains specific for a second target. Thus, a
tetravalent bispecific IGF-IR antibody may be bivalent
for each specificity. [0292] IGF-IR antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the invention, as known by those of
ordinary skill in the art, can comprise a
constantregion which mediates one or more effector
functions. For example, binding of the Cl component of
complement to an antibody constant region may activate
the complement system. Activation of complement is
important in the opsonisation and lysis of cell
pathogens. The activation of complement also
stimulates the inflammatory response and may also be
involved in autoimmune hypersensitivity. Further,
antibodies bind to receptors on various cells via the
Fc region, with a Fc receptor binding site on the
antibody Fc region binding to a Fc receptor (FcR) on a
cell. There are a number of Fc receptors which are
specific for different classes of antibody, including
IgG (gamma receptors), IgE (epsilon receptors), IgA
(alpha receptors) and IgM (mu receptors). Binding of
antibody to Fc receptors on cell surfaces triggers a
number of important and diverse biological responses
including engulfment and destruction of
antibody-coated particles, clearance of immune
complexes, lysis of antibody-coated target cells by
killer cells (called antibody-dependent cell-mediated
cytotoxicity, or ADCC), release of inflammatory
mediators, placental transfer and control of
immunoglobulin production. [0293] Accordingly, certain
embodiments of the invention include an IGF-IR
antibody, or antigen-binding fragment, variant, or
derivative thereof, in which at least a fraction of
one or more of the constant region domains has been
deleted or otherwise altered so as to provide desired
biochemical characteristics such as reduced effector
functions, the ability to non-covalently dimerize,
increased ability to localize at the site of a tumor,
reduced serum half-life, or increased serum half-life
when compared with a whole, unaltered antibody of
approximately the same immunogenicity. For example,
certain antibodies for use in the diagnostic and
treatment methods described herein are domain deleted
antibodies which comprise a polypeptide chain similar
to an immunoglobulin heavy chain, but which lack at
least a portion of one or more heavy chain domains.
For instance, in certain antibodies, one entire domain
of the constant region of the modified antibody will
be deleted, for example, all or part of the CH2 domain
will be deleted. In other embodiments, certain
antibodies for use in the diagnostic and treatment
methods described herein have s constant region, e.g.,
an IgG4 heavy chain constant region, which is altered
to eliminate glycosylation, referred to elsewhere
herein as "agly" antibodies. While not being bound by
theory, it is believed that "agly" antibodies may have
an improved safety and stability profile in vivo.
[0294] In certain IGF-IR antibodies, or
antigen-binding fragments, variants, or derivatives
thereof described herein, the Fc portion may be
mutated to decrease effector function using techniques
known in the art. For example, the deletion or
inactivation(through point mutations or other means)
of a constant region domain may reduce Fc receptor
binding of the circulating modified antibody thereby
increasing tumor localization. In other cases it may
be that constant region modifications consistent with
the instant invention moderate complement binding and
thus reduce the serum half life and nonspecific
association of a conjugated cytotoxin. Yet other
modifications of the constant region may be used to
modify disulfide linkages or oligosaccharide moieties
that allow for enhanced localization due to increased
antigen specificity or antibody flexibility. The
resulting physiological profile, bioavailability and
other biochemical effects of the modifications, such
as tumor localization, biodistribution and serum
halflife, may easily be measured and quantified using
well know immunological techniques without undue
experimentation. [0295] Modified forms of IGF-IR
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention can be made from
whole precursor or parent antibodies using techniques
known in the art. Exemplary techniques are discussed
in 



more detail herein. [0296] In certain embodiments both
the variable and constant regions of IGF-IR
antibodies, or antigen-binding fragments, variants, or
derivatives thereof are fully human. Fully human
antibodies can be made using techniques that are known
in the art and as described herein. For example, fully
human antibodies against a specific antigen can be
prepared by administering the antigen to a transgenic
animal which has been modified to produce such
antibodies in response to antigenic challenge, but
whose endogenous loci have been disabled. Exemplary
techniques that can be used to make such antibodies
are described in US patents: 6,150,584; 6,458,592;
6,420,140. Other techniques are known in the art.
Fully human antibodies can likewise be produced by
various display technologies, e.g., phage display or
other viral display systems, as described in more
detail elsewhere herein. [0297] IGF-IR antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the invention can be made or manufactured
using techniques that are known in the art. In certain
embodiments, antibody molecules or fragments thereof
are "recombinantly produced," i.e., are produced using
recombinant DNA technology. Exemplary techniques for
making antibody molecules or fragments thereof are
discussed in more detail elsewhere herein. [0298]
IGF-IR antibodies, or antigen-binding fragments,
variants, or derivatives thereof of the invention also
include derivatives that are modified, e.g., by the
covalentattachment of any type of molecule to the
antibody such that covalent attachment does not
prevent the antibody from specifically binding to its
cognate epitope. For example, but not by way of
limitation, the antibody derivatives include
antibodies that have been modified, e.g., by
glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage,
linkage to a cellular ligand or other protein, etc.
Any of numerous chemical modifications may be carried
out by known techniques, including, but not limited to
specific chemical cleavage, acetylation, formylation,
metabolic synthesis of tunicamycin, etc. Additionally,
the derivative may contain one or more non-classical
amino acids. [0299] In certain embodiments, IGF-IR
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention will not elicit a
deleterious immune response in the animal to be
treated, e.g., in a human. In one embodiment, IGF-IR
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention are modified to
reduce their immunogenicity using art-recognized
techniques. For example, antibodies can be humanized,
primatized, deimmunized, or chimeric antibodies can be
made. These types of antibodies are derived from a
non-human antibody, typically a murine or primate
antibody, that retains or substantially retains the
antigen-binding properties of the parent antibody, but
which is less immunogenic in humans. This may be
achieved by various methods, including (a) grafting
the entire non-human variable domains onto human
constant regions to generate chimeric antibodies; (b)
grafting at least a part of one or more of the
non-human complementarity determining regions (CDRs)
into a human framework and constant regions with or
without retention of critical framework residues; or
(c) transplanting the entire non-human variable
domains, but "cloaking" them with a human-like section
by replacement of surface residues. Such methods are
disclosed in Morrison et al., Proc. Natl. Acad. Sd.
57:6851-6855 (1984); Morrison et ai, Adv. Immunol.
44:65-92 (1988); Verhoeyen etal, Science 239:1534-
1536 (1988); Padlan, Molec. Immun. 25:489-498 (1991);
Padlan, Molec. Immun. 37:169- 217 (1994), and U.S.
Pat. Nos. 5,585,089, 5,693,761, 5,693,762, and
6,190,370, all of which are hereby incorporated by
reference in their entirety. [0300] De-immunization
can also be used to decrease the immunogenicity of an
antibody. As used herein, the term "de-immunization"
includes alteration of an antibody to modify T cell
epitopes (see, e.g., WO9852976A1, WO0034317A2). For
example, VH and VL sequences from the starting
antibody are analyzed and a human T cell epitope "map"
from each V region showing the location of epitopes in
relation to complementaritydetermining regions (CDRs)
and other key residues within the sequence. Individual
T cell epitopes from the T cell epitope map are
analyzed in order to identify alternative amino acid
substitutions with a low risk of altering activity of
the final antibody. A range of alternative VH and VL
sequences are designed comprising combinations of
amino acid substitutions and these sequences are
subsequently incorporated into a range of binding
polypeptides, e.g., IGF-lR-specific antibodies or
immunospecific fragments thereof for use in the
diagnostic and treatment methods disclosed herein,
which are then tested for function. Typically, between
12 and 24 variant antibodies are generated and tested.
Complete heavy and light chain genes comprising
modified V and human C regions are then cloned into
expression vectors and the subsequent plasmids
introduced into cell lines for the production of whole
antibody. The antibodies are then compared in
appropriate biochemical and biological assays, and the
optimal variant is identified. [0301] IGF-IR
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention may be generated
by any suitable method known in the art. Polyclonal
antibodies to an antigen of interest can be produced
by various procedures well known in the art. For
example, an IGF-IR antibody, e.g., a binding
polypeptide, e.g., an IGF-IRspecific antibody or
immunospecific fragment thereof can be administered to
various host animals including, but not limited to,
rabbits, mice, rats, chickens, hamsters, goats,
donkeys, etc., to induce the production of sera
containing polyclonal antibodies specific for the
antigen. Various adjuvants may be used to increase the
immunological response, depending on the host species,
and include but are not limited to, Freund's (complete
and incomplete), mineral gels such as aluminum
hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides,
oil emulsions, keyhole limpet hemocyanins,
dinitrophenol, and potentially useful human adjuvants
such as BCG (bacille Calmette-Guerin) and
Corynebacterium parvum. Such adjuvants are also well
known in the art. [0302] Monoclonal antibodies can be
prepared using a wide variety of techniques known in
the art including the use of hybridoma, recombinant,
and phage display technologies, or a combination
thereof. For example, monoclonal antibodies can be
produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et
al, Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, 2nd ed. (1988); Hammerling et
al., in: Monoclonal Antibodies and T-CeIl Hybridomas
Elsevier, N.Y., 563-681 (1981) (said references
incorporated by reference in their entireties). The
term "monoclonal antibody" as used herein is not
limited to antibodiesproduced through hybridoma
technology. The term "monoclonal antibody" refers to
an antibody that is derived from a single clone,
including any eukaryotic, prokaryotic, or phage clone,
and not the method by which it is produced. Thus, the
term "monoclonal antibody" is not limited to
antibodies produced through hybridoma technology.
Monoclonal antibodies can be prepared using IGF-IR
knockout mice to increase the regions of epitope
recognition. Monoclonal antibodies can be prepared
using a wide variety of techniques known in the art
including the use of hybridoma and recombinant and
phage display technology as described elsewhere
herein. 



[0303] Using art recognized protocols, in one example,
antibodies are raised in mammals by multiple
subcutaneous or intraperitoneal injections of the
relevant antigen (e.g., purified IGF-IR or cells or
cellular extracts comprising IGF-IR) and an adjuvant.
This immunization typically elicits an immune response
that comprises production of antigenreactive
antibodies from activated splenocytes or lymphocytes.
While the resulting antibodies may be harvested from
the serum of the animal to provide polyclonal
preparations, it is often desirable to isolate
individual lymphocytes from the spleen, lymph nodes or
peripheral blood to provide homogenous preparations of
monoclonal antibodies (MAbs). Preferably, the
lymphocytes are obtained from the spleen. [0304] In
this well known process (Kohler et al. Nature 256:495
(1975)) the relatively short-lived, or mortal,
lymphocytes from a mammal which has been injected with
antigen are fused with an immortal tumor cell line
(e.g. a myeloma cell line), thus, producing hybrid
cells or "hybridomas" which are both immortal and
capable of producing the genetically coded antibody of
the B cell. The resulting hybrids are segregated into
single genetic strains by selection, dilution, and
regrowth with each individual strain comprising
specific genes for the formation of a single antibody.
They produce antibodies which are homogeneous against
a desired antigen and, in reference to their pure
genetic parentage, are termed "monoclonal." [0305]
Hybridoma cells thus prepared are seeded and grown in
a suitable culture medium that preferably contains one
or more substances that inhibit the growth or survival
of the unfused, parental myeloma cells. Those skilled
in the art will appreciate that reagents, cell lines
and media for the formation, selection and growth of
hybridomas are commercially available from a number of
sources and standardized protocols are well
established. Generally, culture medium in which the
hybridoma cells are growing is assayed for production
of monoclonal antibodies against the desired antigen.
Preferably, the binding specificity of the monoclonal
antibodies produced by hybridoma cells isdetermined by
in vitro assays such as immunoprecipitation,
radioimmunoassay (RIA) or enzyme-linked
immunoabsorbent assay (ELISA). After hybridoma cells
are identified that produce antibodies of the desired
specificity, affinity and/or activity, the clones may
be subcloned by limiting dilution procedures and grown
by standard methods (Goding, Monoclonal Antibodies:
Principles and Practice, Academic Press, pp 59-103
(1986)). It will further be appreciated that the
monoclonal antibodies secreted by the subclones may be
separated from culture medium, ascites fluid or serum
by conventional purification procedures such as, for
example, protein-A, hydroxylapatite chromatography,
gel electrophoresis, dialysis or affinity
chromatography. [0306] Antibody fragments that
recognize specific epitopes may be generated by known
techniques. For example, Fab and F(ab')2 fragments may
be produced recombinantly or by proteolytic cleavage
of immunoglobulin molecules, using enzymes such as
papain (to produce Fab fragments) or pepsin (to
produce F(ab')2 fragments). F(ab')2 fragments contain
the variable region, the light chain constant region
and the CHl domain of the heavy chain. [0307] Those
skilled in the art will also appreciate that DNA
encoding antibodies or antibody fragments {e.g.,
antigen binding sites) may also be derived from
antibody libraries, such as phage display libraries.
In a particular, such phage can be utilized to display
antigen-binding domains expressed from a repertoire or
combinatorial antibody library (e.g., human or
murine). Phage expressing an antigen binding domain
that binds the antigen of interest can be selected or
identified with antigen, e.g., using labeled antigen
or antigen bound or captured to a solid surface or
bead. Phage used in these methods are typically
filamentous phage including fd and Ml 3 binding
domains expressed from phage with Fab, Fv OE DAB
(individual Fv region from light or heavy chains)or
disulfide stabilized Fv antibody domains recombinantly
fused to either the phage gene III or gene VIII
protein. Exemplary methods are set forth, for example,
in EP 368 684 Bl; U.S. patent. 5,969,108, Hoogenboom,
H.R. and Chames, Immunol. Today 27:371 (2000); Nagy et
al. Nat. Med. 5:801 (2002); Huie et ah, Proc. Natl.
Acad. Sci. USA 98:2682 (2001); Lui et al., J. MoI.
Biol. 375:1063 (2002), each of which is incorporated
herein by reference. Several publications {e.g., Marks
et al., Bio/Technology 70:779-783 (1992)) have
described the production of high affinity human
antibodies by chain shuffling, as well as
combinatorial infection and in vivo recombination as a
strategy for constructing large phage libraries. In
another embodiment, Ribosomal display can be used to
replace bacteriophage as the display platform (see,
e.g., Hanes et al., Nat.Biotechnol. /5:1287 (2000);
Wilson et al, Proc. Natl. Acad. Sci. USA 98:3750
(2001); or Irving et al., J. Immunol. Methods 248:31
(2001)). In yet another embodiment, cell surface
libraries can be screened for antibodies (Boder et
al., Proc. Natl. Acad. Sci. USA 97:10701 (2000);
Daugherty et al., J. Immunol. Methods 243:211 (2000)).
Such procedures provide alternatives to traditional
hybridoma techniques for the isolation and subsequent
cloning of monoclonal antibodies. [0308] In phage
display methods, functional antibody domains are
displayed on the surface of phage particles which
carry the polynucleotide sequences encoding them. For
example, DNA sequences encoding VH and VL regions are
amplified or otherwise isolated from animal cDNA
libraries (e.g., human or murine cDNA libraries of
lymphoid tissues) or synthetic cDNA libraries. In
certain embodiments, the DNA encoding the VH and VL
regions are joined together by an scFv linker by PCR
and cloned into a phagemid vector (e.g., p CANTAB 6 or
pComb 3 HSS). The vector is electroporated in E. coli
and the E. coli is infected with helper phage. Phage
used in these methods are typically filamentous phage
including fd and Ml 3 and the VH or VL regions are
usually recombinantly fused to either the phage gene
in or gene VIH. Phage expressing an antigen binding
domain that binds to an antigen of interest (i.e., an
IGF-IR polypeptide or a fragment thereof) can be
selected or identified with antigen, e.g., using
labeled antigen or antigen bound or captured to a
solid surface or bead. [0309] Additional examples of
phage display methods that can be used to make the
antibodies include those disclosed in Brinkman et al.,
J. Immunol. Methods 752:41-50 (1995); Ames et al., J.
Immunol. Methods 754:177-186 (1995); Kettleborough et
al., Eur. J. Immunol. 24:952-958 (1994); Persic et al,
Gene 757:9-18 (1997); Burton et al, Advances in
Immunology 57:191-280 (1994); PCT Application No.
PCT/GB9 1/01 134; PCT publications WO 90/02809; WO
91/10737; WO 92/01047; WO 92/18619; WO 93/11236; WO
95/15982; WO 95/20401; and U.S. Pat. Nos. 5,698,426;
5,223,409; 5,403,484; 5,580,717; 5,427,908; 5,750,753;
5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780,225;
5,658,727; 5,733,743 and 5,969,108; each of which is
incorporated herein by reference in its entirety.
[0310] As described in the above references, after
phage selection, the antibody coding regions from the
phage can be isolated and used to generate whole
antibodies, including human antibodies, or any other
desired antigen binding fragment, and expressed in any
desired host, including mammalian cells, insect cells,
plant cells, yeast, and bacteria. For example,
techniques to recombinantiv produce Fab, Fab' and
F(ab')2 fragments can alsobe employed using methods
known in the art such as those disclosed in PCT
publication WO 92/22324; Mullinax et al, BioTechniques
12(6):S64-$69 (1992); and Sawai et al, 



AJRI 34:26-34 (1995); and Better et al, Science
240:1041-1043 (1988) (said references incorporated by
reference in their entireties). 10311] Examples of
techniques which can be used to produce single-chain
Fvs and antibodies include those described in U.S.
Pat. Nos. 4,946,778 and 5,258,498; Huston et al,
Methods in Enzymology 203:46-88 (1991); Shu et al.,
PNAS 901995-1999 (1993); and Skerra et al., Science
240:1038-1040 (1988). For some uses, including in vivo
use of antibodies in humans and in vitro detection
assays, it may be preferable to use chimeric,
humanized, or human antibodies. A chimeric antibody is
a molecule in which different portions of the antibody
are derived from different animal species, such as
antibodies having a variable region derived from a
murine monoclonal antibody and a human immunoglobulin
constant region. Methods for producing chimeric
antibodies are known in the art. See, e.g., Morrison,
Science 229:1202 (1985); Oi et al., BioTechniques
4:214 (1986); Gillies et al., J. Immunol. Methods
725:191-202 (1989); U.S. Pat. Nos. 5,807,715;
4,816,567; and 4,816397, which are incorporated herein
by reference in their entireties. Humanized antibodies
are antibody molecules from non-human species antibody
that binds the desired antigen having one or more
complementarity determining regions (CDRs) from the
non-human species and framework regions from a human
immunoglobulin molecule. Often, framework residues in
the human framework regions will be substituted with
the corresponding residue from the CDR donor antibody
to alter, preferably improve, antigen binding. These
framework substitutions are identified by methods well
known in the art, eg-., by modeling of the
interactions of the CDR and framework residues to
identify framework residues important for antigen
binding and sequence comparison to identify unusual
framework residues at particular positions. {See,
e.g., Queen et al., U.S. Pat. No. 5,585,089; Riechmann
et al., Nature 332:323 (1988), which are incorporated
herein by reference in their entireties.) Antibodies
can be humanized using a variety of techniques known
in the art including, for example, CDRgrafting (EP
239,400; PCT publication WO 91/09967; U.S. Pat. Nos.
5,225,539; 5,530,101; and 5,585,089), veneering or
resurfacing (EP 592,106; EP 519,596; Padlan, Molecular
Immunology 28(4/5):489-49S (1991); Studnicka et al.,
Protein Engineering 7^:805-814 (1994); Roguska. et
al., PNAS 91:969-913 (1994)), and chain shuffling
(U.S. Pat. No. 5,565,332).[0312] Completely human
antibodies are particularly desirable for therapeutic
treatment of human patients. Human antibodies can be
made by a variety of methods known in the art
including phage display methods described above using
antibody libraries derived from human immunoglobulin
sequences. See also, U.S. Pat. Nos. 4,444,887 and
4,716,111; and PCT publications WO 98/46645, WO
98/50433, WO 98/24893, WO 98/16654, WO 96/34096, WO
96/33735, and WO 91/10741; each of which is
incorporated herein by reference in its entirety.
[0313] Human antibodies can also be produced using
transgenic mice which are incapable of expressing
functional endogenous immunoglobulins, but which can
express human immunoglobulin genes. For example, the
human heavy and light chain immunoglobulin gene
complexes may be introduced randomly or by homologous
recombination into mouse embryonic stem cells.
Alternatively, the human variable region, constant
region, and diversity region may be introduced into
mouse embryonic stem cells in addition to the human
heavy and light chain genes. The mouse heavy and light
chain immunoglobulin genes may be rendered
non-functional separately or simultaneously with the
introduction of human immunoglobulin loci by
homologous recombination. In particular, homozygous
deletion of the JH region prevents endogenous antibody
production. The modified embryonic stem cells are
expanded and microinjected into blastocysts to produce
chimeric mice. The chimeric mice are then bred to
produce homozygous offspring that express human
antibodies. The transgenic mice are immunized in the
normal fashion with a selected antigen, e.g., all or a
portion of a desired target polypeptide. Monoclonal
antibodies directed against the antigen can be
obtained from the immunized, transgenic mice using
conventional hybridoma technology. The human
immunoglobulin transgenes harbored by the transgenic
mice rearrange during Bcell differentiation, and
subsequently undergo class switching and somatic
mutation. Thus, using such a technique, it is possible
to produce therapeutically useful IgG, IgA, IgM and
IgE antibodies. For an overview of this technology for
producing human antibodies, see Lonberg and Huszar
Int. Rev. Immunol. 73:65-93 (1995). For a detailed
discussion of this technology for producing human
antibodies and human monoclonal antibodies and
protocols for producing such antibodies, see, e.g.,
PCT publications WO 98/24893; WO 96/34096; WO
96/33735; U.S. Pat. Nos. 5,413,923; 5,625,126;
5,633,425; 5,569,825; 5,661,016; 5,545,806; 5,814,318;
and 5,939,598, which are incorporated by reference
herein in their entirety. In addition, companies such
as Abgenix, Inc. (Freemont,Calif.) and GenPharm (San
Jose, Calif.) can be engaged to provide human
antibodies directed against a selected antigen using
technology similar to that described above. [0314]
Completely human antibodies which recognize a selected
epitope can be generated using a technique referred to
as "guided selection." In this approach a selected
non-human monoclonal antibody, e.g., a mouse antibody,
is used to guide the selection of a completely human
antibody recognizing the same epitope. (Jespers et
al., Bio/Technology 72:899-903 (1988). See also, U.S.
Patent No. 5,565,332.) [0315] Further, antibodies to
target polypeptides of the invention can, in turn, be
utilized to generate anti-idiotype antibodies that
"mimic" target polypeptides using techniques well
known to those skilled in the art. (See, e.g.,
Greenspan & Bona, FASEB J. 7(5):437- 444 (1989) and
Nissinoff, J. Immunol. J47(8):2429-243S (1991)). For
example, antibodies which bind to and competitively
inhibit polypeptide multimerization and/or binding of
a polypeptide of the invention to a ligand can be used
to generate anti idiotypes that "mimic" the
polypeptide multimerization and/or binding domain and,
as a consequence, bind to and neutralize polypeptide
and/or its ligand. Such neutralizing anti idiotypes or
Fab fragments of such anti-idiotypes can be used in
therapeutic regimens to neutralize polypeptide ligand.
For example, such anti-idiotypic antibodies can be
used to bind a desired target polypeptide and/or to
bind its ligands/receptors, and thereby block its
biological activity. [0316] In another embodiment, DNA
encoding desired monoclonal antibodies may be readily
isolated and sequenced using conventional procedures
(e.g., by using oligonucleotide probes that are
capable of binding specifically to genes encoding the
heavy and light chains of murine antibodies). The
isolated and subcloned hybridoma cells serve as a
preferred source of such DNA. Once isolated, the DNA
may be placed into expression vectors, which are then
transfected into prokaryotic or eukaryotic host cells
such as, but not limited to, E. coli cells, simian COS
cells, Chinese Hamster Ovary (CHO) cells or myeloma
cells that do not otherwise produce immunoglobulins.
More particularly, the isolated DNA (which may be
synthetic as described herein) may be used to clone
constant and variable region sequences for the
manufacture antibodies as described in Newman et al,
U.S. Pat. No. 5,658,570, filed January 25, 1995, which
is incorporated by reference herein. Essentially, this
entails extraction of RNA from the 



selected cells, conversion to cDNA, and amplification
by PCR using Ig specific primers. Suitable primers for
this purpose are also described in U.S. Pat. No.
5,658,570. As will be discussed in more detail below,
transformed cells expressing the desired antibody
maybe grown up in relatively large quantities to
provide clinical and commercial supplies of the
immunoglobulin. [0317] In one embodiment, an IGF-IR
antibody of the invention comprises at least one heavy
or light chain CDR of an antibody molecule. In another
embodiment, an IGF-IR antibody of the invention
comprises at least two CDRs from one or more antibody
molecules. In another embodiment, an IGF-IR antibody
of the invention comprises at least three CDRs from
one or more antibody molecules. In another embodiment,
an IGFIR antibody of the invention comprises at least
four CDRs from one or more antibody molecules. In
another embodiment, an IGF-IR antibody of the
invention comprises at least five CDRs from one or
more antibody molecules. In another embodiment, an
IGFIR antibody of the invention comprises at least six
CDRs from one or more antibody molecules. Exemplary
antibody molecules comprising at least one CDR that
can be included in the subject IGF-IR antibodies are
described herein. [0318] In a specific embodiment, the
amino acid sequence of the heavy and/or light chain
variable domains may be inspected to identify the
sequences of the complementarity determining regions
(CDRs) by methods that are well know in the art, e.g.,
by comparison to known amino acid sequences of other
heavy and light chain variable regions to determine
the regions of sequence hypervariability. Using
routine recombinant DNA techniques, one or more of the
CDRs may be inserted within framework regions, e.g.,
into human framework regions to humanize a non-human
antibody. The framework regions may be naturally
occurring or consensus framework regions, and
preferably human framework regions {see, e.g., Chothia
et al., J. MoI. Biol. 278:457-479 (1998) for a listing
of human framework regions). Preferably, the
polynucleotide generated by the combination of the
framework regions and CDRs encodes an antibody that
specifically binds to at least one epitope of a
desired polypeptide, e.g., IGF-IR. Preferably, one or
more amino acid substitutions may be made within the
framework regions, and, preferably, the amino acid
substitutions improve binding of the antibody to its
antigen. Additionally, such methods may be used to
make amino acid substitutions or deletions of one or
more variable region cysteine residues participating
in an intrachain disulfide bond to generate antibody
molecules lacking one or more intrachain disulfide
bonds. Other alterations to the polynucleotide are
encompassed by the present invention and within the
skill of the art. [0319] In addition, techniques
developed for the production of "chimeric antibodies"
(Morrison et al., Proc. Natl. Acad. Sd. 57:851-855
(1984); Neuberger et al, Nature 11372:604-608 (1984);
Takeda et al, Nature 314:452-454 (1985)) by splicing
genes from a mouse antibody molecule of appropriate
antigen specificity together with genes from a human
antibody molecule of appropriate biological activity
can be used. As used herein, a chimeric antibody is a
molecule in which different portions are derived from
different animal species, such as those having a
variable region derived from a murine monoclonal
antibody and a human immunoglobulin constant region,
e.g., humanized antibodies. [0320] Alternatively,
techniques described for the production of single
chain antibodies (U.S. Pat. No. 4,694,778; Bird,
Science 242:423-442 (1988); Huston et al, Proc. Natl.
Acad. Sd. USA 55:5879-5883 (1988); and Ward et al,
Nature 354:544-554 (1989)) can be adapted to produce
single chain antibodies. Single chain antibodies are
formed by linking the heavy and light chain fragments
of the Fv region via an amino acid bridge, resulting
in a single chain antibody. Techniques for the
assembly of functional Fv fragments in E coli may also
be used (Skerra et al, Science 242:1038-1041 (1988)).
[0321] Yet other embodiments of the present invention
comprise the generation of human or substantially
human antibodies in transgenic animals (e.g., mice)
that are incapable of endogenous immunoglobulin
production (see e.g., U.S. Pat. Nos. 6,075,181,
5,939,598, 5,591,669 and 5,589,369 each of which is
incorporated herein by reference). For example, it has
been described that the homozygous deletion of the
antibody heavy-chain joining region in chimeric and
germ-line mutant mice results in complete inhibition
of endogenous antibody production. Transfer of a human
immunoglobulin gene array to such germ line mutant
mice will result in the production of human antibodies
upon antigen challenge. Another preferred means of
generating human antibodies using SCDD mice is
disclosed in U.S. Pat. No. 5,81 1,524 which is
incorporated herein by reference. It will be
appreciated that the genetic material associated with
these human antibodies may also be isolated and
manipulated as described herein. [0322] Yet another
highly efficient means for generating recombinant
antibodies is disclosed by Newman, Biotechnology 10:
1455-1460 (1992). Specifically, this technique results
in the generation of primatized antibodies that
contain monkey variable domains and human constant
sequences. This reference is incorporated by reference
in its entirety herein. Moreover, this technique is
also described in commonly assigned U.S. Pat. Nos.
5,658,570, 5,693,780 and 5,756,096 each of which is
incorporated herein by reference. [0323] In another
embodiment, lymphocytes can be selected by
micromanipulation and the variable genes isolated. For
example, peripheral blood mononuclear cells can be
isolated from an immunized mamma 1 nd cultured for
about 7 days in vitro. The culturescan be screened for
specific IgGs that meet the screening criteria. Cells
from positive wells can be isolated. Individual
Ig-producing B cells can be isolated by FACS or by
identifying them in a complement-mediated hemolytic
plaque assay. Ig-producing B cells can be
micromanipulated into a tube and the VH and VL genes
can be amplified using, e.g., RT-PCR. The VH and VL
genes can be cloned into an antibody expression vector
and transfected into cells (e.g., eukaryotic or
prokaryotic cells) for expression. [03241
Alternatively, antibody-producing cell lines may be
selected and cultured using techniques well known to
the skilled artisan. Such techniques are described in
a variety of laboratory manuals and primary
publications. In this respect, techniques suitable for
use in the invention as described below are described
in Current Protocols in Immunology, Coligan et al.,
Eds., Green Publishing Associates and
Wiley-Interscience, John Wiley and Sons, New York
(1991) which is herein incorporated by reference in
its entirety, including supplements. [0325] Antibodies
of the present invention can be produced by any method
known in the art for the synthesis of antibodies, in
particular, by chemical synthesis or preferably, by
recombinant expression techniques as described herein.
[0326] In one embodiment, an IGF-IR antibody, or
antigen-binding fragment, variant, or derivative
thereof of the invention comprises a synthetic
constant region wherein one or more domains are
partially or entirely deleted ("domain-deleted
antibodies")- In certain embodiments compatible
modified antibodies will comprise domain deleted
constructs or variants wherein the entire CH2 domain
has been removed (DCH2 constructs). For other
embodiments a short connecting peptide may be
substituted for the deleted domain to provide
flexibility and freedom of movement for the variable
region. Those skilled in the art will appreciate that
such constructs are particularly preferred due to the
regulatory 



properties of the CH2 domain on the catabolic rate of
the antibody. Domain deleted constructs can be derived
using a vector encoding an IgGi human constant domain
(see, e.g., WO 02/060955A2 and WO02/096948A2). This
vector is engineered to delete the CH2 domain and
provide a synthetic vector expressing a domain deleted
IgG constant region. [0327] In certain embodiments,
IGF-IR antibodies, or antigen-binding fragments,
variants, or derivatives thereof of the invention are
minibodies. Minibodies can be made using methods
described in the art (see e.g., US patent 5,837,821 or
WO 94/09817A1).[0328] In one embodiment, an IGF-IR
antibody, or antigen-binding fragment, variant, or
derivative thereof of the invention comprises an
immunoglobulin heavy chain having deletion or
substitution of a few or even a single amino acid as
long as it permits association between the monomelic
subunits. For example, the mutation of a single amino
acid in selected areas of the CH2 domain may be enough
to substantially reduce Fc binding and thereby
increase tumor localization. Similarly, it may be
desirable to simply delete that part of one or more
constant region domains that control the effector
function (e.g. complement binding) to be modulated.
Such partial deletions of the constant regions may
improve selected characteristics of the antibody
(serum half-life) while leaving other desirable
functions associated with the subject constant region
domain intact. Moreover, as alluded to above, the
constant regions of the disclosed antibodies may be
synthetic through the mutation or substitution of one
or more amino acids that enhances the profile of the
resulting construct. In this respect it may be
possible to disrupt the activity provided by a
conserved binding site {e.g. Fc binding) while
substantially maintaining the configuration and
immunogenic profile of the modified antibody. Yet
other embodiments comprise the addition of one or more
amino acids to the constant region to enhance
desirable characteristics such as effector function or
provide for more cytotoxin or carbohydrate attachment.
In such embodiments it may be desirable to insert or
replicate specific sequences derived from selected
constant region domains. [0329] The present invention
also provides antibodies that comprise, consist
essentially of, or consist of, variants (including
derivatives) of antibody molecules (e.g., the VH
regions and/or VL regions) described herein, which
antibodies or fragments thereof immunospecifically
bind to an IGF-IR polypeptide or fragment or variant
thereof. Standard techniques known to those of skill
in the art can be used to introduce mutations in the
nucleotide sequence encoding an IGF-IR antibody,
including, but not limited to, site-directed
mutagenesis and PCR-mediated mutagenesis which result
in amino acid substitutions. Preferably, the variants
(including derivatives) encode less than 50 amino acid
substitutions, less than 40 amino acid substitutions,
less than 30 amino acid substitutions, less than 25
amino acid substitutions, less than 20 amino acid
substitutions, less than 15 amino acid substitutions,
less than 10 amino acid substitutions, less than 5
amino acid substitutions, less than 4 amino acid
substitutions, less than 3 amino acid substitutions,
or less than 2 amino acid substitutions relative to
the reference VH region, VH-CDRl, VH-CDR2, VH-CDR3, VL
region, VL-CDRl, VL-CDR2, or VL-CDR3. A "conservative
amino acid substitution" is one in which the amino
acid residue is replacedwith an amino acid residue
having a side chain with a similar charge. Families of
amino acid residues having side chains with similar
charges have been defined in the art. These families
include amino acids with basic side chains (e.g.,
lysine, arginine, histidine), acidic side chains
(e.g., aspartic acid, glutamic acid), uncharged polar
side chains (e.g., glycine, asparagjne, glutamine,
serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan),
beta-branched side chains ( e.g., threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Alternatively,
mutations can be introduced randomly along all or part
of the coding sequence, such as by saturation
mutagenesis, and the resultant mutants can be screened
for biological activity to identify mutants that
retain activity (e.g., the ability to bind an IGF-IR
polypeptide). [03301 r example, it is possible to
introduce mutations only in framework regions or only
in CDR regions of an antibody molecule. Introduced
mutations may be silent or neutral missense mutations,
i.e., have no, or little, effect on an antibody's
ability to bind antigen, indeed some such mutations do
not alter the amino acid sequence whatsoever. These
types of mutations may be useful to optimize codon
usage, or improve a . hybridoma's antibody production.
Codon-optimized coding regions encoding IGF-IR
antibodies of the present invention are disclosed
elsewhere herein. Alternatively, nonneutral missense
mutations may alter an antibody's ability to bind
antigen. The location of most silent and neutral
missense mutations is likely to be in the framework
regions, while the location of most non-neutral
missense mutations is likely to be in CDR, though this
is not an absolute requirement. One of skill in the
art would be able to design and test mutant molecules
with desired properties such as no alteration in
antigen binding activity or alteration in binding
activity (e.g., improvements in antigen binding
activity or change in antibody specificity). Following
mutagenesis, the encoded protein may routinely be
expressed and the functional and/or biological
activity of the encoded protein, (e.g., ability to
immunospecifically bind at least one epitope of an
IGF-IR polypeptide) can be determined using techniques
described herein or by routinely modifying techniques
known in the art. IV. POLYNUCLEOTIDES ENCODING IGF-IR
ANTIBODIES [0331] The present invention also provides
for nucleic acid molecules encoding IGF-IR antibodies,
or antigen-binding fragments, variants, or derivatives
thereof of the invention.2] In one embodiment, the
present invention provides an isolated polynucleotide
comprising, consisting essentially of, or consisting
of a nucleic acid encoding an immunoglobulin heavy
chain variable region (VH), where at least one of the
CDRs of the heavy chain variable region or at least
two of the VH-CDRs of the heavy chain variable region
are at least 80%, 85%, 90% or 95% identical to
reference heavy chain VH-CDRl, VH-CDR2, or VH-CDR3
amino acid sequences from monoclonal IGF-IR antibodies
disclosed herein. Alternatively, the VH-CDRl, VH-CDR2,
and VH-CDR3 regions of the VH are at least 80%, 85%,
90% or 95% identical to reference heavy chain VH-CDRl,
VH-CDR2, and VH-CDR3 amino acid sequences from
monoclonal IGF-IR antibodies disclosed herein. Thus,
according to this embodiment a heavy chain variable
region of the invention has VH-CDRl, VH-CDR2, or
VH-CDR3 polypeptide sequences related to the
polypeptide sequences shown in Table 5 : TABLE 5:
Reference VH-CDRl, VH-CDR2, and VH-CDR3 amino acid
sequences"PRODUCT RECOVERY IN GAS-SOLIDS REACTORS
FIELD OF THE INVENTION [0001] This invention is
directed to an apparatus and method for separating
gases from solid catalyst particles in a reaction
system using a gas-solids flow. BACKGROUND OF THE
INVENTION [0002] Riser reactors provide a convenient
reaction system for performing gas-solids reactions.
Gas phase reactants can be brought into contact with
solid catalyst while inside the riser to convert the
reactants into a desired product. Upon exiting the
riser, the conversion product is separated from the
solids to recover the catalyst. 



[0003] In reaction systems where only a fraction of
the solid catalyst is regenerated during each loop
through the system, product vapors generated during
one pass through the standpipe or riser reactor can
stay with the catalyst during the next pass through
the riser reactor. Passing the product vapors through
the riser reactor a second time can lead to excess
reaction, which can in turn lead to undesirable
products and possibly reduce the operating efficiency
of the reaction system. [0004] These problems are
further compounded in reactor systems having multiple
risers. In order to maintain control over the
gas-solids reaction, the average state of the solid
catalyst in each riser must be the same. To achieve
this, a roughly equal amount of regenerated and
non-regenerated catalyst should be introduced into
each of the multiple risers. [0005] U.S. Patent
4,364,905 describes a single riser FCC reaction system
for improving the separation of entrained product
vapors from spent catalyst. A stripping gas is
conducted through the spent catalyst as it passes
through a baffled region. All of the catalyst is then
sent to a regenerator. [0006] What is needed is a
system and method for improving the separation of gas
phase conversion product from catalyst solids. The
system and method should be compatible with reaction
systems having multiple risers. The system and method
should also allow for roughly even distribution of
regenerated and nonregenerated catalyst particles into
the multiple risers.SUMMARY OF THE INVENTION [0007] In
an embodiment, the invention relates to a method for
separating flowing solids comprising: separating from
a gas-solids flow a higher density flow comprising a
majority of the solids contained in the gas-solids
flow; conducting the solids from the higher density
flow through a transition zone at a transition zone
solids flux of at least 100 -Kg- in the presence of a
M 2 sec displacing gas flowing counter-currently with
respect to average solids flow; and then conducting
the displaced solids away from the transition zone.
(0008] In a related embodiment, the solids comprise
catalyst particles containing molecular sieve with
hydrocarbon and/or oxygenated hydrocarbon thereon or
therein. Optionally, the hydrocarbon and/or oxygenated
hydrocarbon are displaced from the catalyst particles
in the transition zone at a displacing efficiency of
at least 50%. Optionally, the catalyst particles
contain molecular sieve, preferably SAPO molecular
sieve, more preferably SAPO 18 and SAPO 34 molecular
sieve, and still more preferably SAPO 34 molecular
sieve. [0009] In an embodiment, the transition zone
comprises (a) a solids inlet, (b) a solids outlet
having an area A and (c) a displacing gas inlet,
located a vertical distance D from the solids outlet
wherein D and A are related by the function D=KA0-5
with K ranging from 0.3 to 1.5, preferably from 0.8 to
1.1. In a related embodiment, the transition zone
comprises at least one baffle layer, and wherein the
displacing gas inlets are either (i) proximate to the
baffle layer closest to the solids outlet or (ii)
between the solids outlet and the baffle layer closest
to the solids outlet. [0010] In a preferred
embodiment, (i) the catalyst particles have an average
flux through the transition zone ranging from 125 g to
488 K g 2 sec M 2 sec(ii) the catalyst particles have
an average catalyst residence time in the transition
zones ranging from 5 seconds to 10 minutes, and (iii)
the catalyst particles in the transition zone have an
average catalyst density gradient of 525 kg/m3-m or
less, (iv) at least 95 wt. % of the catalyst particles
in the transition zone have an average particles size
of 125 micrometers or less based on the total weight
of catalyst particles in the transition zone; and (iv)
D is at least 250 mm and A is at least 2.7x104 square
millimeters. [0011] In an embodiment, the catalyst is
conducted away from the transition zone through the
solids outlet and into a standpipe having a standpipe
crosssectional area no greater than A. While not
required, the transition zone can comprise a plurality
of solids outlets with each having a cross sectional
area equal to A. The catalyst is conducted away from
the transition zone through the plurality solids
outlets into a plurality of standpipes. Each of the
standpipes has an upstream end directly connected to
one of the transition zone's solids outlets.
Optionally, each standpipe is of even cross sectional
area with the transition zone outlet to which the
standpipe is connected, i.e., both the transition zone
solids outlet and the standpipe to which it connects
have cross sectional areas equal to A. Preferably, the
standpipes and the transition zone outlets have a
circular cross section. [0012] In yet another
embodiment, the invention relates to a method for
separating flowing catalyst particles comprising:
separating from a gas-catalyst flow a higher density
flow comprising a majority of the catalyst particles
contained in the gas-catalyst flow; conducting the
catalyst particles from the higher density flow
through a transition Kg Kg zone at a transition zone
catalyst flux ranging from 125 -- -- to 488 M sec M
sec in the presence of steam, with the steam flowing
counter-currently with respect to average catalyst
particle flow at a gas superficial velocity of at
least 0.09 meters per second, with the catalyst
particles in the transition zone have an
averagecatalyst density gradient of 525 kg/m3-m or
less; with the catalyst particles having an average
catalyst residence time in the transition zones
ranging from 5 seconds to 10 minutes, with at least 95
wt. % of the catalyst particles in the transition zone
having an average particles size of 125 micrometers or
less based on the total weight of catalyst particles
in the transition zone; and then conducting the
displaced catalyst particles away from the transition
zone; wherein the transition zone comprises (a) a
solids inlet for conducting catalyst into the
transition zone, (b) a solids outlet having a cross
sectional area A for conducting catalyst away from the
transition zone, (c) a baffle layer located between
the solids inlet and the solids outlet, and (d) a
displacing gas inlet, located a distance D from the
solids outlet and 



either (i) proximate to the baffle layer or (ii)
between the solids outlet and the baffle layer;
wherein D and A are related by the function D=KA0-5
wherein K ranges fromq.3 to 1.5 (preferably 0.8 to
1.1); D is at least 250 mm; and A is at least 2.7x104
square millimeters. [0013] In still another
embodiment, the invention relates to a method for
separating solids from a gas-solids flow comprising:
producing a gas-solids flow by performing an oxygenate
to olefin conversion reaction in a riser reactor;
separating from the gas-solids flow a higher density
flow comprising a majority of the solids contained in
the gas-solids flow; conducting the solids from each
higher density flow to a transition zone; conducting
the solids from the higher density flow through a
transition K zone at a transition zone solids flux of
at least 100 - - in the presence of a M sec displacing
gas flowing counter-currently with respect to average
solids flow; and then conducting the solids away from
the transition zone to the olefin conversion reactor;
the transition zone comprising (a) a solids inlet,(b)
a solids outlet having an area A, (c) a baffle layer
located between the solids inlet and the solids
outlet, (d) a displacing gas inlet, located a distance
D from the solids outlet and either (i) proximate to
the baffle layer or (ii) between the solids outlet and
the baffle layer; wherein D and A are related by the
function D=KA0 5 with K ranging from 0.8 to 1.5.
[0014] Optionally, the transition zone comprises a
plurality of baffle layers, wherein the displacing gas
inlets are either (i) proximate to the baffle layer
closest to the solids outlet or (ii) between the
solids outlet and the baffle layer closest to the
solids outlet. Optionally, the transition zone
comprises at least one pair of baffle layers, wherein
an orientation of one layer of the pair of baffle
layers is rotated by 90 degrees relative to the second
layer of the pair of baffle layers. Optionally, a
superficial velocity of the displacing gas within the
transition zone is 0.03 m/sec or greater. [0015] In a
related embodiment, (i) the solids comprise catalyst
particles containing molecular sieve with hydrocarbon
and/or oxygenated hydrocarbon thereon or therein, and
(ii) the hydrocarbon and/or oxygenated hydrocarbon is
stripped from the catalyst particles in the transition
zone at a stripping efficiency of at least 50%.
Optionally, the displacing gas is steam, and the steam
has a gas superficial velocity in the transition zone
of at least 0.09 meters per second. [0016] Within the
transition zone KR (i) the average catalyst flux
optionally ranges from 125 - - to 488 M sec Kg M sec
(ii) the average catalyst residence time optionally
ranges from 5 seconds to 10 minutes, and (iii) the
average catalyst density gradient is optionally 525
kg/m3-m or less, and(iv) D is optionally at least 250
mm and A is at least 2.7x104 square millimeters.
[0017] In a related embodiment, the catalyst is
conducted away from the transition zone through the
solids outlet and into the upstream end of a standpipe
having a standpipe cross-sectional area no greater
than A, and then from the downstream end of the
standpipe to the olefin conversion reactor, i.e., the
riser reactor. Optionally, the transition zone
comprises a plurality of solids outlets with each
having a cross sectional area A. The catalyst is
conducted away from the transition zone through the
plurality solids outlets into a plurality of
standpipes to the olefin conversion reactor, the
standpipes each having (i) an upstream end directly
connected to one of the transition zone's solids
outlets with the standpipe being of even
cross-sectional area with the connected transition
zone outlet (i.e., both equal to A) and (ii) a
downstream end. In a related embodiment, the olefin
conversion reactor comprises a plurality of riser
reactors, where the catalyst is conducted from the
downstream end of each standpipe into at least one
riser of the riser reactor. [0018] Optionally, at
least a portion of the catalyst in the transition zone
is in a fiuidized bed, the fluidized bed having a
density gradient of 53 kg/m3-m or less, and wherein
there is a volume fraction of bubbles at the catalyst
outlet of at least 0.00005. [001 9] In another
embodiment, the invention relates to a method for
making olefins, comprising contacting a feed
containing at least one oxygenate with a
SAPOcontaining catalyst in a riser reactor, separating
the catalyst particles from the olefins and conducting
at least a portion of the catalyst to a transition
zone having a catalyst flux of at least 100 -K- = s .-
in the presence of a displacing gas flowing
counter-currently with respect M sec to average
catalyst flow; displacing at least some of the
oxygenate and/or olefin from the catalyst in the
transition zone, and then conducting at least a
portion of the displaced catalyst to the riser
reactor.[0020] Optionally, the transition zone
comprises (a) a catalyst inlet, (b) a catalyst outlet
having an area A, and (c) a displacing gas inlet,
located a vertical distance D from the catalyst outlet
wherein D and A are related by the function D=KA0
5with K ranging from 0.3 to 1.5. [0021] Optionally,
the catalyst is in the form of catalyst particles
containing SAPO molecular sieve, and (i) the catalyst
particles have an average flux through the transition
zone ranging from 125 to 488 K. 8 , M sec M sec (ii)
the catalyst particles have an average catalyst
residence time in the transition zones ranging from 5
seconds to 10 minutes, and (iii) the catalyst
particles in the transition zone have an average
catalyst 



density gradient of 525 kg/m3-m or less, (iv) at least
95 wt. % of the catalyst particles in the transition
zone have an average particles size of 125 micrometers
or less based on the total weight of catalyst
particles in the transition zone; (v) D is at least
250 mm and A is at least 2.7x104 square millimeters,
(vi) K ranges from 0.8 to 1.1; and (vii) the
displacing gas is steam. [0022] In a related
embodiment, the transition zone comprises a plurality
of catalyst outlets, each of the catalyst outlets
having a cross sectional area equal to A, and wherein
at least a portion of the catalyst is conducted away
from the transition zone through each of the plurality
catalyst outlets into a plurality of standpipes and
then to the riser reactor, each of the standpipes
having the same cross sectional area as the catalyst
outlet to which it connects, and wherein the catalyst
flux in the standpipes ranges from 488 Kg/m2 sec to
1700 Kg/m2 sec. BRIEF DESCRIPTION OF THE DRAWINGS
[0023] FIG 1 schematically shows a reaction system
according to an embodiment of the invention.[0024]
FIGS. 2A and 2B schematically show a portion of a
reaction system according to an embodiment of the
invention. [0025] FIG. 3 shows expected performance
characteristics for an apparatus according to an
embodiment of the invention. [0026] FIG. 4
schematically shows an apparatus according to an
embodiment of the invention. [0027] FIG. 5
schematically shows an apparatus according to an
embodiment of the invention. [0028] FIG. 6 shows
results of operation of an apparatus according to an
embodiment of the invention. [0029] FIG. 7 shows
results of operation of an apparatus according to an
embodiment of the invention. [0030] FIG. 8 shows
results of operation of an apparatus according to an
embodiment of the invention. DETAILED DESCRIPTION QF
THE INVENTION [0031] The invention relates in part to
the discovery of a relationship between the location
of the displacing gas inlet in a transition zone and
the maximum stable flux for solids in gas-solids flow
in one or more standpipes connected to the downstream
end of the displacement zone. For a stable solids flux
in the range of 100 lb/ft^sec (488 kg/m 2*sec) to 350
IbZfI2 SeC (1710 kg/m 2*sec), preferably 200 IbZfI2
SeC to 300 lbZft2*sec (976 kgZm2*sec to 1460 kgZm2*sec
), in one or more standpipes of cross sectional area
A, the displacing gas inlet into the transition zone
should be located a distance D above the connection
between the downstream end of the transition zone and
the upstream end of the standpipe. The value for D can
be determined from the relationship D=K* A0 5 where K
ranges from 0.3 to 1.5, preferably from 0.8 to 1.1.
[0032] The invention also relates in part to the
discovery that in an oxygenateto- olefin reaction
system, a superficial velocity of the displacing gas
in the transition zone of 0.3 fVsec (0.09 mZsec) and
above results in improved displacement (e.g.,
stripping) efficiency, improved prime olefin
selectivity, and diminished coke selectivity. It has
also been discovered that in an oxygenate-toolefin
reaction system, transition zone displacement
efficiency can be maintainedeven at relatively high
catalyst flux (in the transition zone) of 100 Kg/ m2
sec and higher, or 125 Kg/ m2 sec and higher, or 150
Kg/ m2 sec and higher. In other words, the transition
zone of an oxygenate-to-olefin reaction system can
efficiently operate at a significantly higher
transition zone flux than other fluidized-catalyst
reaction systems (e.g., the fluidized catalytic
cracking of a gas oil), which would exhibit a
significant decrease in stripping efficiency at a flux
of 95 Kg/ m2 sec and above. [0033] While it should be
understood that it is not limited thereto, a
fluidizedcatalyst reaction system is a convenient
context for describing embodiments of the invention.
Accordingly, aspects of invention will be first
described in embodiments that relate to
fluidized-solids reactions, and in particular to
fluidized-solids reaction systems using oxygenate
feeds to produce olefins. Flow of Solid Catalyst in a
Fluidized-Catalvst Reaction System [0034] In a
fluidized-catalyst reaction system, solid particles
having activity for catalyzing the desired reaction
are introduced one or more risers. The desired
feedstock is conducted into the riser at a point
downstream of the catalyst inlet. The feedstock reacts
with the catalyst to make the desired product, and
catalyst, unreacted feedstock, desired product, and
any byproducts formed flow up the riser (i.e., in the
downstream direction) to the downstream end of the
riser. In an embodiment, the riser can have a diameter
of at least 1 meter, or at least 1.5 meters, or at
least 2 meters, or at least 3 meters, or at least 4
meters, or at least 5 meters, or at least 6 meters. In
another embodiment, the riser can have a diameter of 9
meters or less. The diameter of the riser can vary
over the length of the riser. For the purposes of this
invention, the diameter of the riser refers to the
diameter of the riser at the location where the riser
is joined to the termination device. [0035] The
downstream end of the riser is connected to a
separation zone comprising a termination device and
one or more gas-solids separators (e.g., cyclone
separators) for separating solid particles such as
catalyst and catalyst fines from the gas-solids flow
exiting the riser. The riser and termination device
can be coupled in any convenient manner. [0036] As the
gas-solids flow passes through the separation devices,
the flow is separated into a higher density (primarily
solids) flow and lower density(primarily gas) flow by
each device. For example, in an embodiment where the
separation devices are cyclone separator stages, each
stage produces a higher density flow that exits the
cyclone separator stage through a dipleg. The lower
density flow is either passed into the next cyclone
separator stage, or after the final stage the lower
density flow is passed out of the separation vessel.
Because the cyclone separator stages are not perfectly
efficient, some product gas will be entrained with the
higher density flow as it exits through the dipleg.
[0037] After exiting the dipleg, the solid catalyst
from a higher density flow (and any entrained product
vapor) is received into a transition zone in the
separation vessel. In an embodiment, the transition
zone contains a fluidized bed of the catalyst solids.
Catalyst is conducted from the fluidized catalyst bed
in the transition zone downward toward the downstream
end of the transition zone where the transition zone
terminates in one of more standpipes. As is the case
with the transition zone the catalyst in the standpipe
is preferably in the form of fluidized solids. The
downstream opening of the transition zone is connected
to 



the upstream opening of one or more standpipes.
Consequently, catalyst flows from the transition zone
downstream into the upstream opening of the
standpipe(s), and then flows downward in the standpipe
to the downstream opening of the standpipe which is
connected to the upstream opening of the riser (i.e.,
the riser's catalyst inlet). Once the catalyst has
been returned to the riser, it becomes available to
continue the gas-solids reaction with the feedstock.
In a preferred embodiment, the process is operated
continuously. [0038] Preferably, a portion of the
solid catalyst from the catalyst bed and/or the higher
density flows exiting the cyclone separator stages can
be diverted into a regenerator. The location in the
transition zone for withdrawing catalyst for diversion
to the regenerator can be at any convenient height of
the catalyst bed subsisting in the transition zone.
When catalyst is returned from the regenerator, the
regenerated catalyst can be distributed e.g., at the
top of the catalyst bed. The distribution method for
returning the catalyst to the top of the catalyst bed
can be any convenient catalyst distribution method,
including conventional methods. [0039] Like the riser,
the standpipe is preferably but not necessarily in the
shape of a hollow cylinder, i.e., a tube having a
circular cross-sectional area, butthis is not
required. As in the case of the riser, tubing of any
convenient crosssectional geometry can be used. The
standpipe can have a constant crosssectional area over
its length, or the diameter can vary along the
standpipe. In an embodiment, the standpipe entry
(i.e., the upstream and/or downstream opening of the
standpipe) has a circular cross sectional area with a
diameter of at least 0.5 meters, or at least 0.75
meters, or at least 1 meter. In another embodiment,
the standpipe entry can have a diameter of 2 meters or
less. When the standpipe has a non-constant cross
sectional area, the cross sectional area is determined
at the location where the solid catalyst enters the
standpipe from a downstream opening of the transition
zone. While there is generally a one to one
correspondence between the number of standpipes and
the number of risers, this is not required. In an
embodiment, a single standpipe can provide catalyst to
a plurality of risers. In another embodiment, a single
riser can receive catalyst from a plurality of
standpipes. In yet another embodiment, the system
comprises at least one standpipe providing catalyst to
a plurality of risers and at least one riser receiving
catalyst from a plurality of standpipes. [0040] FIG 1
schematically shows an embodiment of a reaction system
suitable for use in the invention. A plurality of
riser reactors 105 are provided for performing a
gas-solids reaction. The tops of risers 105 (and the
riser termination devices) are not shown as they are
contained within separation vessel 100. The downstream
riser opening (located near the top of each riser) are
coupled with cyclone separator stages 115. During
operation, solids separated by the cyclone separator
stages 115 pass out of the diplegs 116 toward
transition zone 110 of separation vessel 100. As
shown, the upstream opening of the transition zone is
connected to the downstream portion of the separation
vessel by a conical section. Preferably, a catalyst
bed will be formed by the catalyst in the bottom
region of the transition zone. Catalyst from this
catalyst bed feeds catalyst to downstream openings of
the transition zone and into the upstream openings 126
of the standpipesl25. A portion of the catalyst in the
catalyst bed can be diverted to regenerator 150 via
the conduit containing catalyst stripper 140.
Regenerator 150 is optionally provided with a catalyst
cooler 160. Regenerated catalyst can be returned via
conduit 165. In the embodiment shown in FIG 1,
regeneratedcatalyst is returned to the top of the
transition zone to join the catalyst exiting the
cyclone diplegs. More generally, regenerated catalyst
can be distributed at the top of the catalyst bed in
the transition zone by any convenient catalyst
distribution means, including conventional catalyst
distribution means. Transition Zone [0041] In
fiuidized-catalyst reaction systems using molecular
sieve catalyst, a significant portion of the desired
reaction product made in the riser can adhere to the
catalyst. For some molecular sieve catalysts such as
those containing SAPO molecular sieve e.g., SAPO 34, 2
wt. % to 5 wt. % or more of the desired product can be
adhered to the catalyst. As the catalyst continuously
traverses the reaction system, the portion of the
desired product adhered to the catalyst can continue
to react. This extended exposure of gas phase product
to the solid catalyst can result in additional coke
formation and the production of other undesirable
(e.g., overreaction) products, such as saturated
hydrocarbons. In addition to detrimentally affecting
desired product yield, coke and/or other over-reaction
products adhered on the catalyst can modify the
reactivity of the catalyst, leading to undesirable
changes in the catalytic conversion of the feed to the
desired products. Thus, separating out some or all of
this product gas and preventing it from entering the
riser will not only increase the amount of product
recovered from the reaction system, but will also
reduce the amount of undesired products that could
lead to degradation of the system performance. [0042]
The transition zone is configured to remove adhered
product from the catalyst in order to ameliorate the
aforementioned difficulties. When a plurality of
standpipes is used, the system provides for
approximately equivalent distribution of catalyst
among the standpipes so that an approximately equal
amount of catalyst can be conducted into each riser,
particularly at high transition zone catalyst fluxes
of 100 Kg/m2sec and above, of 125 Kg/m2sec and above,
or 150 Kg/m2sec and above; and high standpipe catalyst
fluxes of 976 Kg/m2sec to 1460 Kg/m2sec. In an
embodiment, improved separation of product gases from
solid catalyst can be achieved by passing the catalyst
through a transition zone containing a series of
baffle structures and one or more gas delivery inlets,
such as one or more gas spargers. The sparger or
spargers are configured to introduce adisplacing gas
which moves countercurrent with respect to catalyst
flow. In other words, a portion of the displacing gas
flows out the upstream (with respect to catalyst flow)
end of transition zone H Ointo vessel 100. The
displacing gas assists in removing desired product
adhered to the catalyst and in the transport of
desired product away from the transition zone into
separation vessel 100. [0043] When a regenerator is
used, catalyst from the regenerator can be returned to
the top of the transition zone, to allow time for the
regenerated and non-regenerated catalyst to mix and/or
distribute evenly. At the bottom (downstream end with
respect to catalyst flow) of the transition zone, the
catalyst passes into the standpipe entry for each
riser. [0044] In various embodiments, the structures
in the transition zone facilitate improved separation
of product gases from the solid catalyst. As the solid
catalyst travels down through the baffles, the solid
catalyst is contacted with the displacing gas. In an
embodiment, these inlets can be positioned just below
the last (most downstream with respect to catalyst
flow) tier of baffles. The gas introduced by 



the gas inlets can be steam, nitrogen, or another gas
that will not react significantly with the solid
catalyst or the product. [0045] When used, the baffles
can be of any geometry capable of impeding the flow of
catalyst through the transition zone. For example, the
baffles can be a series of bars or other solid
structures arranged parallel to each other that span
the interior of the transition zone at a given height
in the transition zone. The baffles can be partially
solid, i.e., they can have solid regions where no
catalyst can pass and open regions where catalyst can
freely pass. In other embodiments, the baffles can be
sheds, gratings, packing, or any other suitable solid
structures. In an embodiment, multiple levels of
baffles can be used such as a series of sheds,
gratings, or other solid structures. When the baffles
are arranged in levels or tiers, the solid structure
portions of the baffles in each level can be aligned,
or the solid structure portions can be offset so that
the openings in one level of baffles align with the
solid structure portions of the subsequent level.
Other arrangements, such as aligning the solid
structure portions of baffle levels perpendicular to
each other, or rotating the baffles at another angle,
can also be selected. In an embodiment, at least 2
levels of baffle structures can be used, or at least
4, or atleast 5, or at least 6, or at least 8. In
another embodiment, 10 or fewer levels of baffle
structures can be used. In still another embodiment,
baffles can be arranged in pairs of levels. Within a
pair of baffle levels, the axes of baffles in one
level can be aligned with the axes of the baffles in
the second level. For example, the baffles in one
level can be rotated 90 degrees relative to the second
level. Alternatively, the baffles in one level can be
offset to align openings in one level with solid
portions in the second level. [0046] In an embodiment,
the solid structures used to form the baffles can have
various geometries. For example, the solid structures
can have a rectangular profile, a triangular profile,
or any other convenient solid geometry. In another
embodiment, the baffles can be in the form of "sheds."
The sheds can have a "vshaped" profile that is
inverted so that the catalyst approaches the point of
the "v" as the catalyst moves through the transition
zone. Preferably, the sheds can also include a small
vertical surface at the bottom edges of the inverted
v-shape. Various orientations can be selected for the
sheds. All of the sheds can be aligned, or each
successive level of sheds can be oriented at an
offset, such as a 90 degree offset. Similarly, the
positioning of the sheds in each level can offset, as
noted above. In still another embodiment, a
commercially available packing material such as Koch
Glitsch FCC stripper packing can be used as a baffle
material. [0047] In an embodiment, at least a portion
of the baffles in at least one tier are perforated or
otherwise have openings to allow gas to pass through
the baffle structure. For example, the baffles can
have a series of 1 cm to 3 cm diameter holes spaced
evenly along the length of the baffle, or in more than
one row spread evenly along the length of the baffle.
The holes can be separated by at least 2 cm, or at
least 3 cm, or at least 4 cm. Alternatively, the holes
can be 6 cm or less apart. [0048] In still another
embodiment, one or more displacing-gas spargers or
other displacing-gas inlets can be provided in the
transition zone. In a related embodiment, the
displacing-gas inlets can be located below the lowest
level of baffles within the transition zone.
Alternatively, the displacing-gas inlet structures can
serve as the lowest level of baffles within the
transition zone. In a related embodiment, the
displacing-gas s inlet (or sparger) structure is the
sole baffle in the transition zone.[0049] FIGS. 2A and
2B schematically show an example of a transition zone
210 in a separation vessel according to an embodiment
of the invention. FIG. 2A shows a side view of the
transition zone 210. In the embodiment shown in FIG
2A, 5 levels of baffles 220 are used. Each level of
baffles is oriented perpendicular to the plane of the
drawing. The baffle structures in successive levels
are offset from one another, so that an open space in
one level is positioned above a baffle structure in
the next level. In the embodiment depicted, the baffle
structures are inverted v-shaped structures.
Preferably, a vertical piece can be attached to the
bottom edge of each v-shaped structure. A series of
gas spargers 230 is also located underneath the lowest
level of baffle structures 220. Preferably, each of
the baffle structures 220 is perforated to allow gas
to pass through the structures. The gas spargers 230
are separated from the entry locations for the
standpipes 205 by a distance 231. [00501 - B depicts a
top-down cross-sectional view of the transition zone.
As shown in FIG 2B, 4 standpipes 205 are connected to
the separation vessel that includes transition zone
210. FIG. 2B also shows a comparison between a radius
235 from the center of the transition zone 210 to the
center of the standpipes 205, and the overall diameter
240 of the transition zone. In this example, the ratio
of the radius to the center of the standpipes and the
diameter of the transition zone is 0.32. In other
embodiments, this ratio can be at least 0.2, or at
least 0.25, or at least 0.3. In still other
embodiments, this ratio can be 0.4 or less, or 0.35 or
less. [0051] To facilitate the flow of solid catalyst
through the reaction system, the bottom row of baffles
and/or the gas delivery inlets are separated from the
riser feed standpipe entrances by a minimum distance.
The separation distance is dependent on the cross
sectional area of the standpipes at the entry location
(i.e., where the upstream end of the standpipe
connects to the downstream end of the transition zone)
and the desired solid catalyst flux through the
standpipes and reaction system. Larger distances
between the riser standpipe entry and the gas delivery
inlets and/or bottom row of baffles will allow for
higher catalyst flux through the standpipes and
reaction system (while maintaining catalyst
fluidization in the standpipe) for a given standpipe
cross sectional area. Larger cross sectional areas for
the standpipes tend to reduce the maximum stable
catalystflux for a given separation distance. These
effects, illustrated in FIG. 3, result from the amount
of de-aeration taking place in the transition zone,
with a longer separation distance providing more
de-aeration and allowing higher flux. However, too
much de-aeration, such as would occur with too large
of a separation distance, can lead to complete
defluidization of the catalyst and a sudden loss of
catalyst flow. Consequently, enough gas must be
present with the catalyst so as to maintain catalyst
fluidization in the standpipe. In other words, as
solid catalyst flows below the gas inlet (such as a
gas sparger), the total amount of gas in contact with
the solid catalyst will be gradually reduced. If the
quantity of gas is too low, the solid catalyst could
lose some or all of its fluidization properties,
resulting in poor flow behavior for the catalyst in
the bed below the gas inlet. To avoid this, the
distance between the gas spargers and the entry
locations to the standpipes should be close enough so
that the solid catalyst retains a desired level of
fluidization. In order to quantify the level of
fluidization of a catalyst bed, the "defluidization"
of the catalyst can be expressed as the volume
fraction of gas 



bubbles in the catalyst relative to the total volume
of the gas/catalyst mixture. In an embodiment, the
defluidization of the solid catalyst at the entry
location for the standpipes can be 0.00005 or more, or
0.0001 or more, or 0.0002 or more. [0052] The catalyst
flux relationships shown in Figure 3 are
characteristic of a transition zone terminating in a
single standpipe or in a plurality of standpipes. When
the transition zone of the separation vessel is
similar to the transition zone shown in FIGS. 2A and
2B, the data shown in FIG. 3 corresponds to a maximum
stable flux for solids in the gas solids flow in the
plurality of standpipes. As shown in FIG. 3, the
maximum stable flux increases as the distance (height)
increases between the gas inlets (spargers) and the
standpipe entry locations. The lowest catalyst flux
shown is 100 Ib/ft2*sec (488 kg/m2*sec), which
corresponds to a typical minimum desired catalyst flux
within the standpipe. At a typical commercial
standpipe diameter of 46 inches (117 cm), a separation
of roughly 10 inches (25 cm) would be required between
the bottom of the gas spargers and the entry point for
the catalyst into the standpipes. At the same
standpipe diameter, maintaining a desirable commercial
value of 250 Ib/ft2*sec (1221 kg/m2*sec) requires a
separation distance of 40 inches (102 cm) between the
gas spargers andthe standpipes. Since the standpipe
can have a non-circular cross-sectional area, Fig. 3
can also be expressed with the standpipe
cross-sectional area on the X axis, instead of
standpipe diameter which assumes a circular cross
section. Accordingly, the relationship of Fig. 3 can
be expressed as D=KA0 5 where K ranges from 0.3 to
1.5; D is at least 250 mm; and A is at least 2.7xlO4
square millimeters to provide a stable fluidized
catalyst flux in the standpipe ranging from 100
Ib/ft2*sec to 350 Ib/ft2*sec (488 Kg/m2sec to 1710
Kg/m2sec). Standpipe fluidization generally becomes
unsustainable at catalyst fluxes of 1710 Kg/m2sec to
1950 Kg/m2sec, and above. [0053] In particular
embodiments, the distance between the displacing-gas
spargers (or other displacing-gas inlets) and the
entry locations for the standpipes is at least 10
inches (25 cm), or at least 50 cm, or at least 75 cm,
or at least 100 cm. In other embodiments, the distance
between the gas spargers (or other gas inlets) and the
entry locations for the standpipes is 300 cm or less.
[0054] In an embodiment, transition zone is in the
form of a fluidized bed. In a preferred embodiment,
the absolute catalyst density within the transition
zone ranges from 50% to 90% of the catalyst's minimum
fluidization density. In an embodiment, the density of
fluidized material within the transition zone can be
at least 400 Kg/m3 or at least 480 Kg/m3. hi another
embodiment, the density of the fluidized material in
the transition zone can be 720 Kg/m3 or less, or 640
Kg/m3 or less. It is believed that a catalyst density
gradient greater than 5 Ib/ft3*ft (266 kg/m3*m) will
result in reduced value for the maximum catalyst flux
that can flow through a reaction system. Thus, in
various embodiments the reaction system can be
operated to have a density gradient of 10 Ib/ft3-ft
(525 kg/m3-m) or less, or 5 Ib/ft3-ft (263 kg/m3-m) or
less, or 4 Ib/ft3-ft (210 kg/m3-m) or less, or 3
Ib/ft3-ft (158 kg/m3-m) or less, or 1 Ib/ft3-ft (53
kg/m3-m) or less. [0055] The catalyst flux within the
transition zone can also be characterized. In an
embodiment, the catalyst flux within the transition
zone ranges from 10 Ib/ft2*sec (48.8 kg/m2*sec) to 50
Ib/ft2*sec (244 kg/m2*sec). In another embodiment, the
catalyst flux ranges from 25 Ib/ft2*sec (122
kg/m2*sec) to 50 Ib/ft2*sec (244 kg/m2*sec). In
another embodiment, the catalyst flux ranges from125
another embodiment, the catalyst flux is at least 100
kg/m2*sec or at least 125 kg/m2*sec, or at least 130
kg/m2*sec. [0056] In an embodiment, the residence time
for catalyst in the transition zone can be 60 minutes
or less, or 10 minutes or less, or 1 minute or less.
In another embodiment, the residence time can be at
least 5 seconds, or at least 10 seconds, or at least
30 seconds. In a preferred embodiment where the
transition zone is part of an oxygenate-to-olefin
riser-reactor system, the residence time is 15
seconds. [0057] The flow rate of steam, nitrogen, or
other displacing gas out of the gas spargers can be
characterized in terms of a superficial velocity. The
superficial velocity of the gas emerging from the gas
spargers can be determined by taking the total flow
rate of gas and dividing it by the cross sectional
area of the transition zone. Dimensionally, this
corresponds to a flow rate for the gas in the
direction perpendicular to the cross-section of the
transition zone. In an embodiment, the superficial
velocity of the displacing gas introduced by the gas
spargers is 0.03 m/sec or greater, or 0.10 m/sec or
greater, or 0.15 m/sec or greater. In another
embodiment where the transition zone is part of an
oxygenate-to-olefin riser-reactor system, the
superficial velocity of the gas introduced by the gas
spargers is 0.06 m/sec or greater, or 0.09 m/sec or
greater, or 0.15 m/sec or greater. Oxygenate to Olefin
Reactions [0058] An example of a reaction system that
benefits from this invention is an oxygenate-to-olefin
process, such as a methanol to olefin conversion
reaction. Conventionally, oxygenate-to-olefin
processes are carried out in a fluidized bed, fast
fluidized bed, or riser reactor configuration where a
fluid (gas) flow of a feedstock is passed through a
bed of solid catalyst particles. [0059] As used
herein, the term "oxygenate" means one or more organic
compound(s) containing at least one oxygen atom. For
example, the oxygenate in the feedstock to an
oxygenate-to-olefin process can be one or more
alcohol(s), preferably aliphatic alcohol(s) where the
aliphatic moiety of the alcohol(s) has from 1 to 20
carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1to 4 carbon atoms. The
alcohols include lower straight andbranched chain
aliphatic alcohols and their unsaturated counterparts,
e.g., methanol, ethanol, n-propanol, isopropanol,
methyl ethyl ether, dimethyl ether, diethyl ether,
di-isopropyl ether, formaldehyde, dimethyl carbonate,
dimethyl ketone, acetic acid, and the like, including
mixtures thereof. In the most preferred embodiment,
the feedstock is selected from one or more of
methanol, ethanol, dimethyl ether, diethyl ether or a
combination thereof, more preferably methanol and
dimethyl ether, and most preferably methanol. [0060}
The feedstock optionally contains one or more
diluent(s), typically used to reduce the concentration
of the feedstock, and are generally non-reactive to
the feedstock or molecular sieve catalyst composition.
Non-limiting examples of diluents include helium,
argon, nitrogen, carbon monoxide, carbon dioxide,
water, essentially non-reactive paraffins (especially
alkanes such as methane, ethane, and propane),
essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are
water and nitrogen, with water being particularly
preferred. [0061] In an oxygenate to olefin reaction,
a feed containing an oxygenate is contacted in a
reaction zone of a reactor apparatus with a
catalytically effective amount of a molecular sieve
catalyst at process conditions effective to produce 



light olefins, i.e., an effective temperature,
pressure, WHSV (weight hour space velocity) and,
optionally, an effective amount of diluent, correlated
to produce light olefins. Usually, the oxygenate feed
is contacted with the catalyst when the oxygenate is
in a vapor phase. Alternatively, the process may be
carried out in a liquid or a mixed vapor/liquid phase.
When the process is carried out in a liquid phase or a
mixed vapor/liquid phase, different conversions and
selectivities of feed-to-product may result depending
upon the catalyst and reaction conditions. As used
herein, the term reactor includes not only commercial
scale reactors but also pilot sized reactor units and
lab bench scale reactor units. [0062] The conversion
of oxygenates to produce light olefins may be carried
out in a variety of large scale catalytic reactors,
e.g., fluid bed reactors and concurrent riser reactors
as described in Fluidization Engineering, D. Kunii and
O. Levenspiel, Robert E. Krieger Publishing Co. NY,
1977. Additionally, countercurrent free fall reactors
may be used in the conversion process. See,
forexample, U.S. Pat. No. 4,068,136 and Fluidization
and Fluid-Particle Systems, pp. 48-59, F.A. Zenz and
D. F. Othmer, Reinhold Publishing Corp., NY, 1960.
[0063] In one embodiment of this invention, the gas
and solid particles are conducted through a gas-solids
riser reactor at a weight hourly space velocity (WHSV)
of from 1 hr" 1 to 5,000 hr " , preferably from 5 hr"
1 to 3,000 hr 1, more preferably from 10 hr" 1 to
1,500 hr 1, and most preferably from 20 hr 1 to 1,000
hr 1. In one preferred embodiment, the WHSV is greater
than 25 hr 1, and up to 500 hr 1. In this invention,
WHSV is defined as the total weight per hour of the
gas flowing between reactor walls divided by the total
weight of the solids flowing between the same segment
of reactor walls. The WHSV is maintained at a level
sufficient to keep the catalyst composition in a
fiuidized state within the riser reactor. [0064] In a
related embodiment, cyclones are used in conjunction
with a riser reactor, and the gas and solid particles
are conducted through the gas-solids riser reactor at
a gas superficial velocity (GSV) at least 1 meter per
second (m/sec), preferably greater than 2 m/sec, more
preferably greater than 3 m/sec, and most preferably
greater than 4 m/sec. The GSV should be sufficient to
maintain the solids (i.e., catalyst) in a fiuidized
state in the riser, particularly in a fast fiuidized
state. In another related embodiment, the solids
particles and gas are conducted through the riser
reactor at a solids loading of at least 0.1 lb/ft3
(1.6 kg/m3), or at least 0.5 lb/ft3 (8 kg/m3), or at
least 1.0 lb/ft3 (16 kg/m3), or at least 2.0 lb/ft3
(32 kg/m3), or at least 4.0 lb/ft3 (64 kg/m3).
Alternatively, the solids loading can be 5 lb/ft3 (80
kg/m3) or less, or 4.0 lb/ft3 (64 kg/m3) or less, or
2.0 lb/ft3 (32 kg/m3) or less. [0065] In one practical
embodiment, the process is conducted as a fiuidized
bed process or high velocity fiuidized bed process
utilizing a riser reactor system, a regeneration
system and a recovery system. In such a process the
reactor system conveniently includes a fluid bed
reactor system having a first reaction region
comprising (preferably consisting of) a plurality of
fast fluid or dense fluid beds in series or parallel
and a second reaction region within at least one
disengaging vessel, comprising two or more cyclones.
In one embodiment, the fast fluid or dense fluid beds
and disengaging vessel are contained within a single
reactorvessel. Fresh feedstock, preferably containing
one or more oxygenates, optionally with one or more
diluent(s), is fed to the one or more fast fluid or
dense fluid beds reactor(s) into which a molecular
sieve catalyst composition (fresh, coked, or partially
coked) is introduced. In another embodiment, prior to
being introduced to the riser reactor(s), the
molecular sieve catalyst composition is contacted with
a liquid and/or vapor, preferably water and methanol,
and a gas, for example, an inert gas such as nitrogen.
[0066] In an embodiment, the amount of fresh feedstock
fed as a liquid and/or a vapor to the reactor system
is in the range of from 0.1 weight percent to 99.9
weight percent, such as from 1 weight percent to 99
weight percent, more typically from 5 weight percent
to 95 weight percent based on the total weight of the
feedstock including any diluent contained therein. The
liquid and vapor feedstocks may be the same
composition, or may contain varying proportions of the
same or different feedstocks with the same or
different diluents. [0067] The process can be
conducted over a wide range of temperatures, such as
in the range of from 2000C to 10000C, for example,
from 2500C to 8000C, including from 250 0C to 7500C,
conveniently from 3000C to 6500C, typically from 3500C
to 6000C and particularly from 3500C to 5500C. [0068]
Similarly, the process can be conducted over a wide
range of pressures including autogenous pressure.
Typically the partial pressure of the feedstock
exclusive of any diluent therein employed in the
process is in the range of from 0.1 kPa to 5 MPa, such
as from 5 kPa to 1 MPa, and conveniently from 20 kPa
to 500 kPa. [0069] In embodiments involving a riser
reactor, the solids particles and gas are conducted
through the gas-solids reactor at a solids to gas mass
ratio of 0.5: 1 to 75:1. Preferably, the solids
particles and gas are conducted through the gassolids
reactor at a solids to gas mass ratio of 8:1 to 50:1,
more preferably from 10:1 to 40:1. [0070] During the
conversion of a hydrocarbon feedstock, preferably a
feedstock containing one or more oxygenates, the
amount of olefin(s) produced based on the total weight
of hydrocarbon produced is greater than 50 weight
percent, typically greater than 60 weight percent,
such as greater than 70 weightpercent, and preferably
greater than 75 weight percent. In one embodiment, the
amount of ethylene and/or propylene produced based on
the total weight of hydrocarbon product produced is
greater than 65 weight percent, such as greater than
70 weight percent, for example, greater than 75 weight
percent, and preferably greater than 78 weight
percent. Typically, the amount ethylene produced in
weight percent based on the total weight of
hydrocarbon product produced, is greater than 30
weight percent, such as greater than 35 weight
percent, for example, greater than 40 weight percent.
In addition, the amount of propylene produced in
weight percent based on the total weight of
hydrocarbon product produced is greater than 20 weight
percent, such as greater than 25 weight percent, for
example, greater than 30 weight percent, and
preferably greater than 35 weight percent. [0071] The
feedstock entering the reactor system is preferably
converted, partially or fully, in a reaction region
into a gaseous effluent. In an embodiment, the
reaction region is closely coupled to a plurality of
separation devices, such as cyclone separators. In
another embodiment, the gaseous effluent enters a
disengaging vessel along with the coked catalyst
composition. In such an embodiment, the disengaging
vessel includes cyclone separators configured 



and/or operated according to the invention. In still
another embodiment, the disengaging vessel also
includes a stripping zone (which serves as the
transition zone), typically in a lower portion of the
disengaging vessel. In the stripping zone the coked
catalyst composition is contacted with a stripping gas
(which serves as the displacing gas), preferably one
or a combination of steam, methane, carbon dioxide,
carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed
hydrocarbons from the coked catalyst composition.
After exiting the separation devices and/or
disengaging vessels, some or all of the catalyst can
then be introduced to a regeneration system. 10072] In
an embodiment, at least a portion of the coked
catalyst composition is withdrawn from one or more of
the disengaging vessels and introduced to the
regeneration system. The regeneration system comprises
a regenerator where the coked catalyst composition is
contacted with a regeneration medium, preferably a gas
containing oxygen, under conventional regeneration
conditions oftemperature, pressure and residence time.
In an embodiment, a gas-solids flow exiting a
regenerator may be passed through cyclones configured
according to the invention. Alternatively, at least a
portion of the catalyst can be conducted to bypass the
regeneration system. The catalyst bypassing the
regenerator can be conducted to another desired
portion of the reaction system, such as flowing the
catalyst directly into a catalyst cooler or allowing
the catalyst to rejoin a fluidized bed in the reactor.
Preferably, the catalyst bypassing the regenerator is
approximately evenly distributed into each of a
plurality of standpipe entry locations. [0073]
Non-limiting examples of suitable regeneration media
include one or more of oxygen, O3, SO 5N O, NO,
NO2,N2Os, air, air diluted with nitrogen or carbon
dioxide, oxygen and water (U.S. Patent No. 6,245,703),
carbon monoxide and/or hydrogen. Suitable regeneration
conditions are those capable of burning coke from the
coked catalyst composition, preferably to a level less
than 0.5 weight percent based on the total weight of
the coked molecular sieve catalyst composition
entering the regeneration system. For example, the
regeneration temperature may be in the range of from
2000C to 15000C, such as from 3000C to 10000C, for
example, from 4500C to 7500C, and conveniently from
5500C to 7000C. The regeneration pressure may be in
the range of from 15 psia (103 kPa) to 500 psia (3448
kPa), such as from 20 psia (138 kPa) to 250 psia (1724
kPa), including from 25 psia (172kPa) to 150 psia
(1034 kPa), and conveniently from 30 psia (207 kPa) to
60 psia (414 kPa). [0074] The residence time of the
catalyst composition in the regenerator may be in the
range of from one minute to several hours, such as
from one minute to 100 minutes. The amount of oxygen
in the regeneration flue gas (i.e., gas which leaves
the regenerator) may be in the range of from 0.01 mole
percent to 5 mole percent based on the total volume of
the gas. The amount of oxygen in the gas used to
regenerate the coked catalyst (i.e., fresh or feed
gas) is typically at least 15 mole percent, preferably
at least 20 mole percent, and more preferably from 20
mole percent to 30 mole percent, based on total amount
of regeneration gas fed to the regenerator.[0075J The
burning of coke in the regeneration step is an
exothermic reaction, and in an embodiment, the
temperature within the regeneration system is
controlled by various techniques in the art including
feeding a cooled gas to the regenerator vessel,
operated either in a batch, continuous, or
semi-continuous mode, or a combination thereof. A
preferred technique involves withdrawing the
regenerated catalyst composition from the regeneration
system and passing it through a catalyst cooler to
form a cooled regenerated catalyst composition. The
catalyst cooler can be e.g., a heat exchanger that is
located either internal or external to the
regeneration system. Other methods for operating a
regeneration system are in disclosed U.S. Patent No.
6,290,916 (controlling moisture). [0076] The
regenerated catalyst composition withdrawn from the
regeneration system, preferably from the catalyst
cooler, is combined with a fresh molecular sieve
catalyst composition and/or re-circulated molecular
sieve catalyst composition and/or feedstock and/or
fresh gas or liquids, and returned to the reactor(s).
In a preferred embodiment, the regenerated catalyst is
returned to the transition zone in the separation
vessel. This allows the regenerated catalyst to be
combined with the non-regenerated catalyst for even
distribution between each of the multiple standpipe
entry locations. In another embodiment, the
regenerated catalyst composition withdrawn from the
regeneration system is returned to the reactor(s)
directly, preferably after passing through a catalyst
cooler. A carrier, such as an inert gas, feedstock
vapor, steam or the like, may be used,
semicontinuously or continuously, to facilitate the
introduction of the regenerated catalyst composition
to the reactor system, preferably to the one or more
reactor(s). [0077] By controlling the flow of the
regenerated catalyst composition or cooled regenerated
catalyst composition from the regeneration system to
the reactor system, the optimum level of coke on the
molecular sieve catalyst composition entering the
reactor is maintained. There are many techniques for
controlling the flow of a catalyst composition
described in Michael Louge, Experimental Techniques,
Circulating Fluidized Beds, Grace, Avidan and
Knowlton, eds., Blackie, pp. 336-337, 1997.[0078] Coke
levels on the catalyst composition can be measured by
withdrawing the catalyst composition from the
conversion process and determining its carbon content.
Typical levels of coke on the molecular sieve catalyst
composition, after regeneration, are in the range of
from 0.01 weight percent to 15 weight percent, such as
from 0.1 weight percent to 10 weight percent, for
example, from 0.2 weight percent to 5 weight percent,
and conveniently from 0.3 weight percent to 2 weight
percent based on the weight of the molecular sieve.
[0079] The gaseous reactor effluent is withdrawn from
the disengaging system and is passed through a
recovery system. Any recovery systems, techniques, and
sequences can be used that are capable of separating
olefin(s) and purifying olefin(s) from the gaseous
effluent. Recovery systems generally comprise one or
more or a combination of various separation,
fractionation and/or distillation towers, columns,
splitters, or trains, reaction systems such as
ethylbenzene manufacture and other derivative
processes such as aldehydes, ketones and ester
manufacture, and other associated equipment, for
example, various condensers, heat exchangers,
refrigeration systems or chill trains, compressors,
knock-out drums or pots, pumps, and the like. [0080]
Non-limiting examples of these towers, columns,
splitters or trains used alone or in combination
include one or more of a demethanizer, preferably a 



high temperature demethanizer, a deethanizer, a
depropanizer, a wash tower often referred to as a
caustic wash tower and/or quench tower, absorbers,
adsorbers, membranes, ethylene (C2) splitter,
propylene (C3) splitter and butene (C4) splitter.
[0081] Generally accompanying most recovery systems is
the production, generation or accumulation of
additional products, by-products and/or contaminants
along with the preferred prime products. The preferred
prime products, the light olefins, such as ethylene
and propylene, are typically purified for use in
derivative manufacturing processes such as
polymerization processes. Therefore, in the most
preferred embodiment of the recovery system, the
recovery system also includes a purification system.
For example, the light olefin(s) produced particularly
in a methanol to olefin ("MTO") process are passed
through a purification system that removes low levels
of by-products or contaminants. Inan embodiment, prime
olefin such as ethylene and propylene are separated
from the oxygenate-to-olefin reaction system and
polymerized to make polymers and copolymers of
ethylene and/or propylene such as polyethylene and/or
polypropylene. [0082] Typically, in converting one or
more oxygenates to olefin(s) having 2 or 3 carbon
atoms, a minor amount of hydrocarbons, particularly
olefin(s), having 4 or more carbon atoms is also
produced. The amount OfC + hydrocarbons is normally
less than 20 weight percent, such as less than 10
weight percent, for example, less than 5 weight
percent, and particularly less than 2 weight percent,
based on the total weight of the effluent gas
withdrawn from the process, excluding water.
Typically, therefore the recovery system may include
one or more reaction systems for converting the C +
impurities to useful products. Alternative Riser
Reactor Systems [0083] In an embodiment, the
oxygenate-to-olef n process is operated in a riser
reactor system as illustrated in Fig. 1, 2A, and 2B,
which uses multiple risers and standpipes. In another
embodiment, the process is operated in a reaction
system using a single riser reactor and a single
standpipe, as shown in Fig. 4. Process conditions in
the riser reactor, transition zone, standpipes,
regenerator, catalyst cooler, product separation and
upgrading stages, etc., can be similar to or the same
as those described in the previous embodiments. [0084]
As shown in Fig. 4, a riser reactor system for
converting oxygenates to olefins comprises
reactor-side components 300 and regenerator-side
components 400. Oxygenate feedstock, at least some of
which is in a vaporized form, is supplied through line
303 to a riser reactor 306, the reactor vessel
including a reaction zone 309 comprising an inlet zone
304, that contains fluidizable molecular sieve
catalyst particles provided from gas-displaced
catalyst standpipe 324 and conduit 327 through
circulation zone outlet 304 (element 304 serves as
both the reaction zone inlet and circulation zone
outlet). [0085] Remaining with FIG. 4, an oxygenate
conversion reaction takes place in and products
including prime olefins are formed in reaction zone
309, and the fluidizable catalyst particles, now
oxygenate-exposed, are carried into terminationvessel
3 12 through reaction zone outlet 348 (element 348 is
also the circulation zone inlet). Termination vessel
312 comprises a termination vessel volume 315, which
is one element of the circulation zone, and is the
first element of a disengaging zone that eventually
leads to products leaving the reactor apparatus
altogether through line 345 Termination vessel volume
315 is of substantially larger cross sectional area
than the reaction zone, thus significantly slowing the
gas superficial velocity ("GSV") in that termination
space and allowing a large portion of the catalyst to
settle downward with gravity and become largely
separated from the oxygenate conversion products, and
any diluent or unconverted oxygenate conversion
feedstock that may be present. Another portion of the
fiuidizable catalyst particles are carried into a
cyclone separator device 318, where catalyst is also
largely separated from the oxygenate conversion
products, and any diluent or unconverted oxygenate
conversion feedstock that may be present, and falls
into dipleg 321, where it is transferred into
termination vessel volume 315. The catalyst in
termination vessel volume 315 flows downward through
transition zone inlet 351, marked with a dashed line
at the demarcation of the cylindrical and conical
sections, into transition zone 333. [0086] Still with
FIG. 4, a displacing gas is provided through line and
sparger 336 to a location near the bottom of
transition zone 333, causing the displacing gas to
rise through transition zone 333, stripping the
catalyst as it falls through transition zone 333. Some
contacting devices, e.g., shed trays, are shown in
transition zone 333 to facilitate catalyst stripping
by the displacing gas. A majority of the gas-displaced
catalyst exits transition zone 333 below displacing
gas line and sparger 336 to enter and flow through
circulation standpipe 324, and subsequently moves
through line 327 where it joins regenerated catalyst
coming from the regenerator 400 through line 412, and
both types of catalyst are lifted against gravity
through line 327 (via lift gas provided in line 403)
to the reaction zone inlet 304 and to reaction zone
309. Optionally, a control valve 330 may be used on
gas-displaced catalyst circulation standpipe 324. The
remaining small portion of the gas-displaced catalyst
from transition zone 333 may flow through regenerator
entry standpipe 439 to catalyst regenerator vessel 401
. Optionally a control valve 442 may be used in
regenerator entry standpipe 439. Regeneratedcatalyst
may be returned to reaction zone 309 through the
reaction zone inlet zone 304, in this example after
having been cooled in catalyst cooler 406, passing
through a line 409 in fluid communication with another
line 412, and joining with the gas-displaced catalyst
from line 324 in line 327. Optionally, a control valve
415 may be used in line 412. The large majority of
oxygenate conversion products from the oxygenate
conversion reaction in reaction zone 309, gasdisplaced
products from the transition zone 333, and unconverted
oxygenate feedstock or diluents, if any, are removed
from the reactor apparatus in line 345. Some small
amount of such materials may be introduced into the
regenerator 400 due to the imperfect nature of
stripping in transition zone 333. [0087] In the
embodiment shown in FIG 4, the circulation zone
comprises elements 348 (as both the circulation zone
inlet and reaction zone outlet), 315, 318, 351, 333,
336, 330, 324, 327, and 304 (as both the circulation
zone outlet and reaction zone inlet). A determination
of the residence time of catalyst within transition
zone element 333 would be made, in order to develop
the appropriate ratio including the residence time of
catalyst in the reaction zone 309, which includes
inlet zone 304. In general, the volume of the
transition zone is that region in which the displacing
gas superficial velocity is at least 0.03 m/s. For the
embodiment illustrated in Fig. 4, the displacing gas
superficial velocity provided by displacing gas from
line and sparger 336 is 0.03 m/s in the cylindrical
transition zone 333 directly above, and thus the
volume of transition zone 333 is 



the volume encompassed between the sparger 336 and the
transition zone inlet 351 (much above transition zone
inlet 351, the increased area for flow in termination
vessel volume 315 would quickly decrease the
displacing gas superficial velocity). [0088] h another
embodiment, shown in Fig. 5, the riser reactor zone is
concentric with the separation and transition zones.
Turning to the figure, oxygenate feedstock is supplied
to oxygenate-to-olefin reaction system 500 through
nozzles 503 and into a riser reactor vessel 511. The
reactor vessel has a reaction zone 512 comprising a
lower larger diameter cylinder, a frusto-conical
section and a higher smaller diameter cylinder.
Reaction zone 512 contains fluidizable, molecular
sieve, gas-displaced catalyst particles provided from
lowercirculation zone 506 through circulation zone
outlet 509 (element 509 also serves as the reaction
zone inlet). Catalyst particles in lower circulation
zone 506 are fluidized and lifted through circulation
zone outlet 509 into reaction zone 512 by the
introduction of a fluidzation medium, such as steam,
through line 542. In this example, the reaction zone
inlet is determined to be the area just above where
oxygenate feedstock is introduced, as that is the
first place in the apparatus where contacting between
the oxygenate feedstock and the gas-displaced catalyst
can take place. [0089] Continuing with FIG. 5, an
oxygenate conversion reaction takes place in and
products including prime olefins are formed in
reaction zone 512, and the fluidizable particles, now
oxygenate exposed, are carried into close coupled,
primary cyclone separator 515 through reaction zone
outlet 548 (element 548 is also the circulation zone
inlet). In general, the reaction zone outlet is
determined as the entrance to an element that works to
separate catalyst from reaction product, which in this
example is reaction zone outlet 548 as the entrance to
primary cyclone separator 515. [0090] Remaining with
FIG 5, oxygenate conversion product including light
olefins, and any unconverted oxygenate feedstock and
diluent that may be present, and a minor amount of
catalyst exit the top of primary cyclone separator 515
into termination vessel volume 521 formed by
termination vessel 518. The upper portion of
termination vessel volume 521 is of substantially
larger cross sectional area than the reaction zone,
thus significantly slowing the GSV in that termination
volume and allowing a large portion of any catalyst
that may emanate from the top of primary cyclone 515
to settle downward with gravity and become largely
separated from the oxygenate conversion products, and
any diluent or unconverted oxygenate conversion
feedstock that may be present. Reaction products, and
any unconverted oxygenate feedstock and diluent that
may be present in termination volume 521, and an even
smaller amount of entrained catalyst enter secondary
cyclone separator 524. Reaction products, and any
unconverted oxygenate feedstock an diluent that may be
present, and a very small amount of residual catalyst
exit the top of secondary cyclone separator through
plenum 539 and exit the reactor apparatus through line
545 for further processing. Alternatively, thetop
outlet of primary cyclone 515 may be close coupled to
the inlet of secondary cyclone 524 so that very little
reaction product and other attendant materials flow
through termination vessel volume 521. [0091] Still
with FIG. 5, catalyst falls into the lower diplegs of
primary cyclone separator 515 and secondary cyclone
separator 524 into termination vessel volume 521, and
along with any catalyst settling from elsewhere in
termination vessel volume 521 flows downward through
transition zone inlet 526, marked by a solid line at
the demarcation of the cylindrical and conical
sections of termination vessel 518, into annular
transition zone 527, the annulus formed by the lower
portion of termination vessel 518 and the higher
smaller diameter portion of reactor vessel 511. [0092]
As shown in FIG. 5, a displacing gas is provided
through lines and spargers 530 to a location near the
bottom of transition zone 527, causing the displacing
gas to rise through transition zone 527, stripping the
catalyst as it falls through transition zone 527. Some
contacting devices, e.g., shed trays, that may be
present in transition zone 527 to facilitate stripping
by the displacing gas, are not shown. A large portion
of the gas-displaced catalyst from transition zone 527
falls into defluidization zone 532, and then enters
circulation standpipes 533 and is moved to lower
circulation zone 506 on its way back to the reaction
zone. Optionally, control valves 536 may be used on
gas-displaced catalyst circulation standpipes 533. In
a separate embodiment, a small portion of the
gas-displaced catalyst from transition zone 527 or
elsewhere from the reactor apparatus 500 may flow to a
regenerator, and regenerated catalyst from the
regenerator may be returned to a desired location in
reactor system 500. [0093] In the embodiment shown in
FIG. 5, the circulation zone comprises elements 548
(as the circulation zone inlet and reaction zone
outlet), 515, 521, 524, 527, 530, 532, 533, 536, 506,
542 and 509 (as both the circulation zone outlet and
reaction zone inlet). A determination of the residence
time of catalyst within annular transition zone
element 527 would be made, in order to develop the
appropriate ratio of the residence time of catalyst in
transition zone 527 to the residence time of catalyst
in reaction zone 512. In general, the volume of the
transition zone is that in which the gas superficial
velocity of the displacing gas isat least 0.03 m/s.
With reference to the embodiment of Fig. 5, it is
assumed that the gas superficial velocity of the
displacing gas from line and sparger 530 is 0.03 m/s
in the annular transition zone 527 directly above, and
thus the volume of transition zone 527 is the volume
encompassed in the annular space between the lines and
spargers 530 and the transition zone inlet 526 (much
above transition zone inlet 526, the increased area
for flow would quickly decrease the gas superficial
velocity). Process conditions in the riser reactor,
transition zone, standpipes, regenerator, catalyst
cooler, product separation and upgrading stages, etc.,
can be similar to or the same as those described in
the previous embodiments. [0094] The gas-solids
separation techniques as described in the non-limiting
embodiments above are particularly suited to large,
commercial scale reaction systems. For example, the
separation techniques of this invention are
particularly suited to reaction systems that require a
catalyst loading of at least 1,000 kg of catalyst,
based on total amount of catalyst located throughout
the reaction system. In particular, the separation
processes of this invention are particularly suited to
reaction systems that require a catalyst loading of at
least 10,000 kg of catalyst, more particularly a
catalyst loading of at least 100,000 kg of catalyst,
and most particularly a catalyst loading of at least
250,000 kg of catalyst, based on total amount of
catalyst located throughout the reaction system.
Catalysts for Oxygenate to Olefin Conversion [0095] As
used herein, the term "catalyst" refers to a
fluidizable material 



containing molecular sieve that is catalytically
active for the conversion of oxygenate into olefin.
The catalyst can be (i) a gas-displaced catalyst, (ii)
an oxygenate-exposed catalyst, (iii) fresh catalyst
(typically, catalyst that has neither been
gas-displaced nor oxygenate exposed, in particular
catalyst that has been recently manufactured) provided
to or otherwise within the reactor apparatus, (iv) a
regenerated catalyst provided to or otherwise within
the reactor apparatus, or any combination thereof. In
an embodiment, the catalyst contains a
silicoaluminophosphate molecular sieve ("SAPOs")
and/or mixtures of silicoaluminophosphate molecular
sieves. Desired silicoaluminophosphate molecular
sieves include "small" and "medium" pore molecular
sieves. "Smallpore" molecular sieves are defined as
molecular sieves with pores having a diameter of less
than 5.0 Angstroms. "Medium pore" molecular sieves are
defined as molecular sieves with pores having a
diameter from 5.0 to 10.0 Angstroms. [0096] SAPOs
comprise a three-dimensional microporous crystal
framework structure of [SiCk] [AIO2] and [PO2]
tetrahedral units. The way Si is incorporated into the
structure can be determined by 29Si MAS NMR. See
Blackwell and Patton, J. Phys. Chem., 92, 3965 (1988).
The desired SAPO molecular sieves will exhibit one or
more peaks in the 29Si MAS NMR, with a chemical shift
[(Si)] in the range of -88 to -96 ppm and with a
combined peak area in that range of at least 20% of
the total peak area of all peaks with a chemical shift
[(Si)] in the range of - 88 ppm to -115 ppm, where the
[(Si)] chemical shifts refer to external
tetramethylsilane (TMS). [0097] Silicoaluminophosphate
molecular sieves are generally classified as being
microporous materials having 8, 10, or 12 membered
ring structures. These ring structures can have an
average pore size ranging from 3.5-15 angstroms.
Preferred are the small pore SAPO molecular sieves
having an average pore size ranging from 3.5 to 5
angstroms, more preferably from 4.0 to 5.0 angstroms.
These pore sizes are typical of molecular sieves
having 8 membered rings. [0098] In general,
silicoaluminophosphate molecular sieves comprise a
molecular framework of corner-sharing [SiOa], [AIO2],
and [PO ] tetrahedral units. This type of framework is
effective in converting various oxygenates into olefin
products. [0099] The [POa] tetrahedral units within
the framework structure of the molecular sieve of this
invention can be provided by a variety of
compositions. Examples of these phosphorus-containing
compositions include phosphoric acid, organic
phosphates such as triethyl phosphate, and
aluminophosphates. The phosphorous-containing
compositions are mixed with reactive silicon and
aluminum-containing compositions under the appropriate
conditions to form the molecular sieve. [00100] The
[AlO ] tetrahedral units within the framework
structure can be provided by a variety of
compositions. Examples of these aluminum-containing
compositions include aluminum alkoxides such as
aluminum isopropoxide,aluminum phosphates, aluminum
hydroxide, sodium alumipate, and pseudoboehmite. The
ahuninum-containing compositions are mixed with
reactive silicon and phosphorus-containing
compositions under the appropriate conditions to form
the molecular sieve. [00101] The [SiO ] tetrahedral
units within the framework structure can be provided
by a variety of compositions. Examples of these
silicon-containing compositions include silica sols
and silicium alkoxides such as tetra ethyl
orthosilicate. The silicon-containing compositions are
mixed with reactive aluminum and phosphorus-containing
compositions under the appropriate conditions to form
the molecular sieve. [00102] Suitable
silicoaluminophosphate molecular sieves include
SAPO-5, SAPO-8, SAPO-Il, SAPO-16, SAPO-17, SAPO-18,
SAPO-20, SAPO-31, SAPO- 34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,
the metal containing forms thereof, and mixtures
thereof. Preferred are SAPO-18, SAPO-34, SAPO-35,
SAPO-44, and SAPO-47, particularly SAPO-18 and
SAPO-34, including the metal containing forms thereof,
and mixtures thereof. As used herein, the term mixture
is synonymous with combination and is considered a
composition of matter having two or more components in
varying proportions, regardless of their physical
state. [00103] In various embodiments, the SAPO
molecular sieve may include a Si/Ak ratio of at least
0.10 and no greater than 0.32, or at least 0.12 and no
greater than 0.30, or at least 0.14 and no greater
than 0.28, or at least 0.15 and no greater than 0.26.
In general, for a SAPO, higher Si/Al2 ratios provide
inherently higher activity to convert methanol.
However, as the invention is directed to providing and
maintaining high catalyst activity, a Si/Al2 ratio of
over 0.32 is likely to produce an excessive apparent
catalyst activity that will have a disadvantageous
yield of byproducts. Further, in general, for a SAPO,
lower SiAAl ratios provide certain good attributes,
such as low coke yield, but also can provide under
certain conditions a lower ratio of ethylene to
propylene. [00104] The catalyst may further contain,
in certain proportions, binders, fillers, or other
material to provide better catalytic performance,
attrition resistance, regenerability, and other
desired properties. The molecular sieves aremade or
formulated into catalysts by combining the synthesized
molecular sieves with a binder and/or a matrix
material to form a molecular sieve catalyst
composition or a formulated molecular sieve catalyst
composition. This formulated molecular sieve catalyst
composition is formed into useful shape and sized
particles by conventional techniques such as spray
drying, pelletizing, extrusion, and the like. These
binder and filler materials are generally
catalytically inert, and include but are not limited
to compositions such as kaolin and other clays,
various forms of rare earth metals, metal oxides,
other non-zeolite catalyst components, alumina or
alumina sol, titania, zirconia, magnesia, thoria,
beryllia, quartz, silica or silica or silica sol, and
mixtures thereof. Preferred proportions of SAPO in the
catalyst are formulations containing at least 35,
alternately at least 40. In concert with the objective
of the invention to practically maximize reactor
productivity with good light olefin yield,
particularly advantageous proportions of SAPO in the
catalyst are formulations containing least 45,
alternately at least 50, alternately at least 55,
alternately at least 60 and alternately at least 65
wt.% SAPO. [00105J In other embodiments, the catalyst
can include, in addition to a SAPO and/or binders and
fillers, one or more other useful zeolitic molecular
sieves (generally termed aluminosilicates, which
typically include silicon and aluminum but do not
include phosphorous in the framework) including, but
not limited to, mordenite, chabazite, erionite, ZSM-5,
ZSM-34, ZSM-48 and mixtures thereof. Methods of making
these zeolite molecular sieves are known in the art
and need 



not be discussed here. Structural types of small pore
aluminosilicate molecular sieves that are suitable for
use in this invention include AEI, AFT, APC, ATN,
ATT,ATV,AWW, BDC, CAS, CHA, CHI, DAC, DDR, EDI, ERI,
GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROQ THO,
and substituted forms thereof. Structural types of
medium pore aluminosilicate molecular sieves that are
suitable for use in this invention include MFI, MEL,
MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and
substituted forms thereof. These small and medium pore
zeolites are described in greater detail in the Atlas
of Zeolite Structural Types, W.M. Meier and D.H.
Olsen, Butterworth Heineman, 3rd ed., 1997, the
detailed description of which is explicitly
incorporated herein by reference.[00106] In an
embodiment, the oxygenate-to-olefin catalyst has the
following preferred size distribution: (i) 95 wt. % of
the catalyst particles have an average size less than
125 micrometers, (ii) 90 wt. % of the catalyst
particles have an average size less thanllO
micrometers, (iii) 80 wt. % of the catalyst particles
have an average size less than 96 micrometers, (iv) 70
wt. % of the catalyst particles have an average size
less than 88 micrometers, (v) 60 wt. % of the catalyst
particles have an average size less than 83
micrometers, (vi) 50 wt. % of the catalyst particles
have an average size less than 78 micrometers, (vii)
40 wt. %of the catalyst particles have an average size
less than 74 micrometers, (viii) 30 wt. % of the
catalyst particles have an average size less than 69
micrometers, (ix) 20 wt. % of the catalyst particles
have an average size less than 65 micrometers, (x) 10
wt. % of the catalyst particles have an average size
less than 59 micrometers, (xi) 5 wt. % of the catalyst
particles have an average size less than 54
micrometers, (xii) 1 wt. % of the catalyst particles
have an average size less than 46 micrometers, and
(xiii) no more than 0.5 wt. % of the catalyst
particles have an average size less than 44
micrometers; the percents being based on the total
weight of the catalyst particles. Exemplary Embodiment
s[00107] Aspects of the invention were implemented and
tested in a cold flow test apparatus at near
atmospheric pressure and ambient temperature using an
oxygenate-to-olef n conversion catalyst in fluidized
form. In the test apparatus, five 20 cm risers were
joined together in a system having a single separation
vessel with a roughly 1 meter diameter. Air was used
as the sparging and transport gas. Flows exiting the
risers entered the separation vessel via a cyclone
separator. The higher density flows exiting diplegs of
a cyclone separator passed down into a transition zone
containing 6 levels of baffles or sheds. The 6 levels
of baffles or sheds were organized into 3 pairs of
levels, with the sheds in each pair rotated by 90
degrees relative to the sheds in an adjacent pair of
levels. Within a pair, the sheds were positioned so
that an opening in one level of the pair corresponded
to a shed location in the other level of the pair.
[00108] To test the ability of the gas spargers and
baffles for removing gases adhered to (or entrained
in) the catalyst, helium was injected into the
gas-solids flow as the flow exited the diplegs of the
cyclone separators. The removal efficiency was
determined by measuring the amount of helium remaining
in the solids flow as the solids flow entered the
standpipe entry location, as compared to the amount of
helium in the solids flow at the top of the bed. FIG.
6 shows the impact of various types of baffles or
sheds on the removal efficiency of the helium from the
gas-solids flow. The types of baffles used are noted
in the figure. The grating baffles are similar to a
subway grating consisting of multiple narrow metal
slats or strips placed perpendicular to the flow and
spaced every inch with one inch openings between each
strip. The I l sheds represent inverted v-shaped
structures. The 13 sheds are similar to the Il sheds,
but additionally have a vertical surface at each of
the lower edges of the v-shaped structure and are
perforated with holes to allow gas to pass through the
shed. Multiple rows of baffles were used in all of the
cases shown in FIG. 6. The superficial velocity of air
injected by the gas spargers in all cases shown is 0.5
ft/sec (0.15 m/sec). [00109] In FIG. 6, the stripping
efficiency of the combination of baffles and stripping
gas from the gas spargers is shown relative to the
flux of catalyst passing through the transition zone.
Stripping efficiency is defined as the percentage of
the vapor component entering the top of the transition
zone that is displaced anddoes not enter the standpipe
at the bottom of the transition zone. While all of the
baffles show some effectiveness in separating helium
from the solids, the 13 sheds have the highest
percentage removal of the injected helium from the
solids flow. The removal efficiency declines as the
flux within the transition zone increases (which
corresponds to an increase in the flux in the
standpipes as well). However, the removal efficiency
does not decline to the extent that would be expected
if FCC molecular sieve catalyst (e.g. USY) were used.
In other words, it would be desirable to operate FCC
transition zones (typically the stripper zone) at
transition zone catalyst fluxes of 100 kg/m2*sec or
more, but this is not generally possible without
incurring a significant loss in stripping efficiency.
While not wishing to be bound by any theory or model,
it is believed that such high transition zone fluxes
(above 100 kg/m2*sec, or above 125 kg/m2*sec, or even
above 150 kg/m2*sec) are possible in an
oxygenate-to-olef n ("OTO") reaction system by virtue
of that process's catalyst, feed, and product
characteristics. Particularly when the preferred
catalyst size distribution is used, it is believed
that the size of the gas bubbles formed in the OTO
transition zone are significantly larger than the
average gas bubble size that forms in FCC strippers.
This effect results in a significant increase in the
amount of displacing gas moving upward (countercurrent
to catalyst flow) in the transition zone at a given
catalyst flux, which in turn leads to increased
catalyst stripping efficiency. [00110] It is also
believed that it is intrinsically easier to strip an
OTO molecular sieve catalyst used in and OTO reaction
system compared to an FCC catalyst used in gas oil or
heavy oil cracking because the OTO feed and reaction
product molecules are lighter and easier to displace
from the OTO catalyst than 



FCC feed and reaction products from an FCC catalyst.
[00111] FIG. 7 shows the effect of varying the
superficial velocity of the sparging gas on the
removal efficiency of the helium from the solids flow.
The superficial velocity of the sparging gas
corresponds to the total flow rate of the gas divided
by the cross sectional area of the separation vessel.
In these measurements, the 13 style sheds were used.
As shown in FIG. 7, the removal efficiency approaches
90% for all transition zone solid flux values when the
sparging gas superficial velocity is 0.5 ft/sec (0.15
m/sec) or larger.[00112] In various embodiments, the
stripping or displacing efficiency of the stripping
gas can be at least 50%, or at least 70%, or at least
90%. Alternatively, the stripping efficiency can be
99.9% or less, or 95% or less. [00113] FIG. 8 shows
the effect of incorporating an embodiment of the
invention into a pilot plant for performing a
methanol-to-olefin conversion reaction. In FIG. 8, gas
spargers were incorporated into the separation vessel
for the pilot plant, but no additional baffles were
used. FIG. 8 shows the impact on prime olefin
selectivity (POS) and coke selectivity from that in a
baseline pilot experiment. Selectivity is defined as
the weight of the product component divided by the
weight of the total product excluding water on a
percentage basis. In the baseline experiment, only a
minimal flow of sparging gas was conducted through the
gas inlets to prevent clogging of the gas inlets by
catalyst particles. Increasing the superficial
velocity of the sparging gas to 0.2 or 0.3 fit/sec
(0.06 or 0.09 m/sec) provided a noticeable increase in
the POS while also suppressing coke selectivity.
Superficial velocities above 0.3 ft/sec (0.09 m/sec),
however, did not appear to provide further improvement
in the POS and did not further suppress coke
selectivity. [00114] In various embodiments, flowing a
stripping gas through the transition zone can produce
an increase in POS of at least 0.1%, or at least 0.5%,
or at least 1.0%. Alternatively, flowing a stripping
gas through the transition zone can produce an
increase in POS of 5% or less, or 2% or less. In other
embodiments, flowing a stripping gas through the
transition zone can produce a decrease in coke
selectivity of at least 0.1%, or at least 0.5%, or at
least 1.0%. Alternatively, flowing a stripping gas
through the transition zone can produce a decrease in
coke selectivity of 5% or less, or 2% or less. [00115]
Persons of ordinary skill in the art will recognize
that many modifications may be made to the present
invention without departing from the spirit and scope
of the present invention. The embodiments described
herein are meant to be illustrative only and should
not be taken as limiting the invention, which is
defined by the following claims.CLAIMS 1. A method for
separating flowing solids comprising: separating from
a gas-solids flow a higher density flow comprising a
majority of the solids contained in the gas-solids
flow; conducting the solids from the higher density
flow through a transition Kg zone at a transition zone
solids flux of at least 100 -r - in the presence of a
M 2 sec displacing gas flowing counter-currently with
respect to average solids flow; and then conducting
the displaced solids away from the transition zone. 2.
The method of claim 1, wherein the transition zone
comprises (a) a solids inlet, (b) a solids outlet
having an area A, and (c) a displacing gas inlet,
located a vertical distance D from the solids outlet
wherein D and A are related by the function D=KA0
5with K ranging from 0.3 to 1.5. 3. A method for
making olefins, comprising contacting a feed
containing at least one oxygenate with a
SAPOcontaining catalyst in a riser reactor, separating
the catalyst particles from the olefins and conducting
at least a portion of the catalyst to a transition
zone having a catalyst flux of at least 100 g -r - in
the presence of a displacing gas flowing
counter-currently with respect M sec to average
catalyst flow; displacing at least some of the
oxygenate and/or olefin from the catalyst in the
transition zone, and then conducting at least a
portion of the displaced catalyst to the riser
reactor. 4. The method of claim 3, wherein the
transition zone comprises(a) a catalyst inlet, (b) a
catalyst outlet having an area A, and (c) a displacing
gas inlet, located a vertical distance D from the
catalyst outlet wherein D and A are related by the
function D=KA0 5 with K ranging from 0.3 to 1.5. 5.
The method of any of the preceding claims wherein the
transition zone comprises at least one baffle layer,
and wherein the displacing gas inlets are either (i)
proximate to the baffle layer closest to the solids
outlet or (ii) between the solids outlet and the
baffle layer closest to the solids outlet. 6. The
method of any of the preceding claims, wherein the
transition zone comprises at least one pair of baffle
layers, and wherein an orientation of one layer of the
pair of baffle layers is rotated by 90 degrees
relative to the second layer of the pair of baffle
layers. 7. The method of any of the preceding claims,
wherein the displacing gas within the transition zone
has a gas superficial velocity of at least 0.03 m/sec.
8. The method of any of the preceding claims, wherein
(i) the solids comprise catalyst particles containing
molecular sieve with hydrocarbon and/or oxygenated
hydrocarbon thereon or therein, (ii) wherein the
hydrocarbon and/or oxygenated hydrocarbon is displaced
from the catalyst particles in the transition zone at
a displacing efficiency of at least 50%. 9. The method
of any of the preceding claims, wherein the displacing
gas is steam, and the steam has a gas superficial
velocity in the transition zone of at least 0.09
meters per second. 10. The method of any of the
preceding claims, wherein (i) the catalyst particles
have an average flux through the transition zone
ranging from 125 - - to 488 K 2 8 M sec M sec(i) the
catalyst particles have an average catalyst residence
time in the 



transition zones ranging from 5 seconds to 10 minutes,
and (iii) the catalyst particles in the transition
zone have an average catalyst density gradient of 525
kg/m3-raor less, (iv) at least 95 wt. % of the
catalyst particles in the transition zone have an
average particles size of 125 micrometers or less
based on the total weight of catalyst particles in the
transition zone, and (v) D is at least 250 mm and A is
at least 2.7x104 square millimeters. 11. The method of
any of the preceding claims, wherein the catalyst is
conducted away from the transition zone through the
solids outlet and into a standpipe having a standpipe
cross-sectional area no greater than A. 12. The method
of any of the preceding claims where the transition
zone comprises a plurality of solids outlets, each of
the solids outlets having a cross sectional area A,
and wherein a portion of the catalyst is conducted
away from the transition zone through each of the
plurality solids outlets into a plurality of
standpipes, each of the standpipes being of even cross
sectional area with the solids outlets and being
directly connected to one of the solids outlets only.
13. The method of any of the preceding claims, wherein
at least a portion of the catalyst in the transition
zone is in a fiuidized bed, the fluidized bed having a
density gradient of 53 kg/m3-m or less, and wherein
there is a volume fraction of bubbles at the catalyst
outlet of at least 0.00005. 14. The method of any of
the preceding claims, wherein the catalyst particles
are characterized by a size distribution of 95 wt. %
of the catalyst particles have an average size less
than 125 micrometers, 90 wt. % of the catalyst
particles have an average size less than 110
micrometers,80 wt. % of the catalyst particles have an
average size less than 96 micrometers, 70 wt. %of the
catalyst particles have an average size less than 88
micrometers, 60 wt. % of the catalyst particles have
an average size less than 83 micrometers, 50 wt. % of
the catalyst particles have an average size less than
78 micrometers, 40 wt. % of the catalyst particles
have an average size less than 74 micrometers, 30 wt.
% of the catalyst particles have an average size less
than 69 micrometers, 20 wt. % of the catalyst
particles have an average size less than 65
micrometers, 10 wt. % of the catalyst particles have
an average size less than 59 micrometers, 5 wt. % of
the catalyst particles have an average size less than
54 micrometers; 1 wt. % of the catalyst particles have
an average size less than 46 micrometers, and no more
than 0.5 wt. % of the catalyst particles have an
average size less than 44 micrometers; the wt.
percents being based on the total weight of the
catalyst particles. 15. The method of any of the
preceding claims, wherein K ranges from 0.8 to 1.1,
and wherein the catalyst flux in the standpipes ranges
from 488Kg/m2sec to 1710 Kg/m2sec. 16. The method of
any of the preceding claims wherein the catalyst
comprises SAPO-5, SAPO-8, SAPO-1 1, SAPO-16, SAPO-17,
SAPO-18, SAPO-20, SAPO 31. SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47,
SAPO-56, the metal containing forms thereof, and
mixtures thereof. 


