
Title of the Invention: BCR-Complex-Specific
Antibodies And Methods Of Using Same Cross-Reference
to Related Applications: [0001] This application
claims priority to United States Patent Application
Serial No. 61/041,659, filed April 2, 2008 (pending),
which application is herein incorporated by reference
in its entirety. Reference to Sequence Listing: [0002]
This application includes one or more Sequence
Listings pursuant to 37 C.F.R. 1.821 et seq., which
are disclosed in both paper and computer-readable
media, and which paper and computer-readable
disclosures are herein incorporated by reference in
their entirety. Background Of The Invention: Field Of
The Invention: [0003] This invention relates to
chimeric and humanized antibodies that specifically
bind the BCR complex, and particularly chimeric and
humanized antibodies to the BCR complex. The invention
also relates to methods of using the antibodies and
compositions comprising them in the diagnosis,
prognosis and therapy of diseases such as cancer,
autoimmune diseases, inflammatory disorders, and
infectious disease. Description of the Related Art:
The B Cell Receptor (BCR) & The BCR Complex [0004] B
cells are immune system cells that are responsible for
producing antibodies. The B cell response to antigen
is an essential component of the normal immune system.
B cells possess specialized cell surface receptors (B
cell receptors; "BCR"). If a B cell encounters an
antigen capable of binding to that cell's BCR, the B
cell will be stimulated to proliferate and produce
antibodies specific for the bound antigen. To generate
an efficient response to antigens, BCRassociated
proteins and T cell assistance are also required. The
antigen/BCR complex is internalized, and the antigen
is proteolytically processed. A small part of the
antigen remains complexed with major
histocompatability complex-II ("MHCII") molecules on
the surface of theB cells where the complex can be
recognized by T cells. T cells activated by such
antigen presentation secrete a variety of lymphokines
that induce B cell maturation. [0005] Signaling
through the BCR plays an important role in the
generation of antibodies, in autoimmunity, and in the
establishment of immunological tolerance (Gauld et al.
(2002) Science 296(5573):1641-1642). Immature B cells
that bind self-antigens while still in the bone marrow
are eliminated by apoptosis. In contrast, antigen
binding on mature B cells results in activation,
proliferation, anergy and apoptosis. The particular
functional response observed depends upon whether the
B cell receives co-stimulatory signals through other
surface receptors and the specific signal transduction
pathways that are activated. [0006] The BCR is
composed of a membrane immunoglobulin which, together
with noncovalently associated a and b subunits of CD79
("CD79a" and "CD79b," respectively), forms the BCR
complex. CD79a and CD79b are signal transducing
subunits that contain a conserved immunoreceptor
tyrosine-based activation motif ("ITAM") required for
signal transduction (Dylke et al. (2007) Immunol.
Lett. 112(l):47-57; Cambier (1995) Immunol. Today
16:110). Aggregation of the BCR complex by multivalent
antigen initiates transphosphorylation of the CD79a
and CD79b ITAMs and activation of receptor-associated
kinases (DeFranco (1997) Curr. Opin. Immunol.
9:296-308; Kurosaki (1997) Curr. Opin. Immunol.
9:309-318; Kim et al. (1993) Immun. Rev. 132:125-146).
Phosphorylated ITAMs recruit additional effectors such
as PI3K, PLC-g and members of the Ras/MAPK pathway.
These signaling events are responsible for both the B
cell proliferation and increased expression of
activation markers (such as MHCII and CD86) that are
required to prime B cells for their subsequent
interactions with T-helper ("Th") cells. [0007] CD79
expression is restricted to B cells and is expressed
in Non-Hodgkin's Lymphoma cells (NHLs) (Olejniczak et
al. (2006) Immunol. Invest. 35:93-114; D'Arena et al.
(2000) Am. J . Hematol. 64:275-281; Cabezudo et al
(1999) Haematologica 84:413-18). CD79a and CD79b and
soluble immunoglobulins ("slg") are all required for
surface expression of the CD79. The average surface
expression of CD79b on NHLs is similar to that
observed on normal B-cells, but with a greater range
(Matsuuchi et al. (2001) Curr. Opin. Immunol.
13(3):270-277). CD79b expression in chronic
lymphocytic leukaemia cells correlates with mutations
in the immunoglobulin heavy chain gene, but does not
appear to serve as an independent predictor of
clinical severity (Cajiao et al. (2007) Am J .
Hematol. 82(8):712-720). Both CD79a and CD79b are
involved in antigenindependent (tonic) and
antigen-dependent signaling by the BCR (Fuentes-Panana
et al. (2006) J . Immunol. 177(1 1):79 13-7922).[0008]
Antibodies that bind to the BCR complex ("Anti-BCR
complex antibodies") have been shown to disrupt BCR
signaling, either by causing dissociation of the BCR,
or by suppressing (down-regulating) BCR function (see,
e.g., U.S. Patent No. 6,503,509; Poison et al. (2007)
Blood 110(2):616-623; Zhang et al. (1995) Ther.
Immunol. 2(4):191-202). Suppression is generally more
desirable, because it avoids potentially undesirable B
cell depletion and resultant side effects. Such
anti-BCR complex antibodies have therapeutic use in
the treatment of autoimmunity, cancer, inflammatory
disease, and transplantation. Nevertheless, since
human immune systems attack anti-BCR complex murine
antibodies, improved antibodies are desired whose use
would elicit a reduced human anti-mouse antibody
("HAMA") response. Likewise, anti-BCR complex
antibodies are desired that would exhibit improved
binding affinity, or altered effector function. Fc
Receptors [0009] The interaction of antibody-antigen
complexes with cells of the immune system results in a
wide array of responses, ranging from effector
functions such as antibody-dependent cytotoxicity,
mast cell degranulation, and phagocytosis to
immunomodulatory signals such as regulating lymphocyte
proliferation and antibody secretion. All these
interactions are initiated through the binding of the
Fc domain of antibodies or immune complexes to Fc
receptors, which are specialized cell surface
receptors on hematopoietic cells. The diversity of
cellular responses triggered by antibodies and immune
complexes results from the structural heterogeneity of
Fc receptors. Fc receptors share structurally related
ligand binding domains which presumably mediate
intracellular signaling. [0010] The Fc receptors,
members of the immunoglobulin gene superfamily of
proteins, are surface glycoproteins that can bind the
Fc portion of immunoglobulin molecules. Each member of
the family recognizes immunoglobulins of one or more
isotypes through a recognition domain on the a chain
of the Fc receptor. Fc receptors are defined by their
specificity for immunoglobulin subtypes. Fc receptors
for IgG are referred to as "FcgR," for IgE as "FeR,"
and for IgA as "FcaR." Different accessory cells bear
Fc receptors for antibodies of different isotype, and
the isotype of the antibody determines which accessory
cells will be engaged in a given response (Billadeau
et al. (2002) J . Clin. Investigat. 2(109):161-81;
Gerber et al. (2001) Microbes Infection 3:131-139;
Ravetch et al. (2001) Annu. Rev. Immunol. 19:275-90;
Ravetch et al. (2000) Science 290:84-89; Ravetch
(1994) Cell 78(4):553-560; Ravetch et al. (1991) Annu.
Rev. Immunol. 9:457-492; see also, Immunobiology: The
Immune System in Health and Disease (4th ed. 1999),
Elsevier Science Ltd/Garland Publishing, New York). An
overview of various receptors is presented in Table
1.[0011] Each Fcg receptor ("FcgR") is an integral
membrane glycoprotein, possessing extracellular
domains related to a C2-set of immunoglobulin-related
domains, a single membrane spanning domain and an
intracytoplasmic domain of variable length. There are
four known FcgRs, designated FcgRI (CD64), FcgRII
(CD32), FcgRIII (CD16), and FcgRIV. The receptors are
encoded by distinct genes; however, the extensive
homology between the family members suggest they arose
from a common progenitor perhaps by gene duplication.
[0012] Both activating and inhibitory signals are
transduced through the FcgRs following ligation. These
diametrically opposing functions result from
structural differences among the different receptor
isoforms. Two distinct domains within the cytoplasmic
signaling domains of the receptor called
immunoreceptor tyrosine based activation motifs
(ITAMs) or immunoreceptor tyrosine based inhibitory
motifs (ITIMS) account for the different responses.
The recruitment of different cytoplasmic enzymes to
these structures dictates the outcome of the
FcgR-mediatedcellular responses. ITAM-containing FcgR
complexes include FcgRI, FcgRIIA, FcgRIIIA, and
FcgRTV,whereas ITIM-containing complexes only include
FcgRIIB. [0013] FcgRI displays high affinity for the
antibody constant region and restricted isotype
specificity (Hulett and Hogarth (1994) Adv Immunol
57:1-127). FcgRII proteins are 40 KDa integral
membrane glycoproteins which bind only the complexed
IgG due to a low affinity for monomeric Ig (106 M 1) .
This receptor is the most widely expressed FcgR,
present on all hematopoietic cells, including
monocytes, macrophages, B cells, NK cells,
neutrophils, mast cells, and platelets. FcgRII has
only two immunoglobulin-like regions in its
immunoglobulin binding chain and hence a much lower
affinity for IgG than FcgRI. There are three known
human FcgRII genes (FcgRII-A, FcgRII-B, FcgRII-C), all
of which bind IgG in aggregates or immune complexes.
Human neutrophils express the FcgRIIA gene. The
FcgRIIB gene is expressed on B lymphocytes; its
extracellular domain is 96% identical to FcgRIIA and
binds IgG complexes in an indistinguishable manner.
[0014] Distinct differences within the cytoplasmic
domains of FcgRII-A and FcgRII-B create two
functionally heterogenous responses to receptor
ligation. The FcgRII-A isoform initiates intracellular
signaling leading to cell activation such as
phagocytosis and respiratory burst, whereas the
FcgRII-B isoform initiates inhibitory signals, e.g.,
inhibiting B-cell activation. FcgRIIA clustering via
immune complexes or specific antibody cross-linking
serves to aggregate ITAMs along with
receptor-associated kinases which facilitate ITAM
phosphorylation. ITAM phosphorylation serves as a
docking site for Syk kinase, activation of which
results in activation of downstream substrates (e.g.,
PI3K). Cellular activation leads to release of
proinflammatory mediators. When co-ligated or
co-aggregated along with an activating FcgR having an
ITAM, such as FcgRIIA or FceRI, the ITIM in FcgRIIB
becomes phosphorylated and recruits the SH2 domain of
the src homology 2-containing inositol phosphatase
(SHIP), which in turn is phosphorylated and associates
with She (Ott (2002) J . Immunol. 162(9):4430-4439;
Yamanshi et al. (1997) Cell 88:205; Carpino et al.
(1997) Cell 88:197). SHIP hydrolyzes phosphoinositol
messengers released as a consequence of
ITAM-containing FcgR-mediated tyrosine kinase
activation, consequently preventing the influx of
intracellular Ca++, and dampening cellular
responsiveness to FcgR ligation. Thus, B cell
activation, B cell proliferation and antibody
secretion is aborted, and FcgR-mediated phagocytosis
is down-regulated (Tridandapani et al. (2002) J .
Biol. Chem. 277(7):5082-89). [0015] Specifically,
coaggregation of FcgRIIA with FcgRIIB results in
down-regulation of phosphorylation of Akt, which is a
serine-threonine kinase that is involved in cellular
regulation and serves to suppress apoptosis, and
coaggregation of FcgRIIB with the high affinity IgE
receptorFceRI in mast cells leads to inhibition of
antigen-induced degranulation, calcium mobilization,
and cytokine production (Long (1999) Annu Rev. Immunol
17:875; Metcalfe et al. (1997) Physiol. Rev. 77:1033).
Coaggregation of FcgRIIB and the B-cell receptor (BCR)
leads to inhibition of BCR-mediated signaling, and
inhibition of cell cycle progression and cellular
survival. Although numerous effector functions of
FcgRIIB-mediated inhibition of BCR signaling are
mediated through SHIP, recently it has been
demonstrated that lipopolysaccharide (LPS)-activated B
cells from SHIP deficient mice exhibit significant
FcgRIIB-mediated inhibition of calcium mobilization,
Ins(l,4,5)P 3 production, and Erk and Akt
phosphorylation (Brauweiler et al. (2001) Journal of
Immunology 167(1): 204-211). [0016] The size of
FcgRIII ranges between 40 and 80 kDa in mouse and man,
due to heterogeneity within this class. Two human
genes encode two transcripts, FcgRIIIA, an integral
membrane glycoprotein, and FcgRIIIB, a
glycosylphosphatidyl-inositol (GPI)-linked version.
One murine gene encodes an FcgRIII homologous to the
membrane spanning human FcgRIIIA. The FcgRIII shares
structural characteristics with each of the other two
FcgRs. Like FcgRII, FcgRIII binds IgG with low
affinity and contains the corresponding two
extracellular Ig-like domains. FcgRIIIA is expressed
in macrophages, mast cells, and is the lone FcgR in NK
cells. The GPIlinked FcgRIIIB is currently known to be
expressed only in human neutrophils. [0017] FcgRIV
(also known as mFcRIV) requires association of the FcR
gamma-chain for optimal expression and function on
myeloid cells; its signaling potential is also
enhanced by a cytoplasmic "YEEP" motif that recruits
the adaptor molecule Crk-L and phosphatidylinositol-3-
OH kinase. FcgRIV preferentially binds immunoglobulin
E antibodies of the b allotype (IgEb) as well as IgG2a
and IgG2b antibodies. Ligation of FcgRIV by
antigen-IgEb immune complexes promotes macrophage
-mediated phagocytosis, presentation of antigen to T
cells, production of proinflammatory cytokines and the
late phase of cutaneous allergic reactions (Hirano et
al. (2007) Nature Immunology 8:762-771). FcgRIV is a
recently identified receptor, conserved in all
mammalian species with intermediate affinity and
restricted subclass specificity (Nimmerjahn et al.
(2005) Immunity 23:41-51; Mechetina et al. (2002)
Immunogenetics 54:463-468; Davis et al. (2002) Immunol
Rev 190:23-36). FcgRIII and FcgRIV are physiologically
important activation FcgRs for mediating inflammatory
disease triggered by cytotoxic antibodies or
pathogenic immune complexes. FcgRIV is found on
dendritic cells, macrophages, monocytes and
neutrophils. [0018] Despite all such advances, a need
remains for anti-BCR complex antibodies that possess
therapeutic use in the treatment of autoimmunity,
cancer, inflammatory disease, and/or transplantation,
and exhibit improved ability to mediate effector
function from the Fc receptors. The present invention
is directed to this and other needs.Summary of the
Invention: [0019] Embodiments of the invention provide
polypeptides having a light chain variable domain (VL)
comprising a humanized or chimeric BCC VL having a
leucine at Kabat residue 37, or a lysine or asparagine
at Kabat residue 45; an amino acid sequence selected
from the group consisting of SEQ ID NO: 10, SEQ ID NO:
12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, and
SEQ ID NO: 20; or an amino acid sequence of SEQ ID NO:
37. Other embodiments of the invention provide
polypeptides having a heavy chain variable domain (VH)
comprising a humanized or chimeric BCC VH having one
or more of the following modifications: M48I, M62K,
K66R, A67V, L69M, V71T, and K73T; an amino acid
sequence selected from the group consisting of SEQ ID
NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, and SEQ
ID NO: 36; or an amino acid sequence of SEQ ID NO: 38.
Other embodiments provide combinations of the
polypeptides having light chain variable domains and
heavy chain variable domains. [0020] The polypeptides
may be antibodies, and may specifically bind human BCR
complex. The polypeptides comprise a variant Fc
domain, which comprises one or more modifications,
which modifications confer a phenotype alteration on
the polypeptide, including altered effector function,
increased or decreased binding to an FcgR, etc. The
embodiments of the invention also provide
polynucleotides encoding the polypeptides and
antibodies, vectors comprising the polynucleotides,
and host cells comprising the vectors. Methods of
producing the polypeptides and antibodies, as well as
methods of treating various diseases and disorders,
are also provided. [0021] In detail, the invention
provides a polypeptide that binds human BCR complex,
wherein the polypeptide comprises the amino acid
sequence of an immunoglobulin light chain variable
region (VL) that is a humanized variant of BCC VL that
comprises: (A) a modification at Kabat residue 37; (B)
a modification at Kabat residue 45; or (C) both (A)
and (B). [0022] The invention further provides the
embodiments of such polypeptides wherein the humanized
variant of BCC VL has: (A) a leucine substitution at
Kabat residue 37; (B) a lysine or an asparagine
substitution at Kabat residue 45; or (C) both (A) and
(B). [0023] The invention further provides the
embodiments of such polypeptides wherein the humanized
variant of BCC VL has a leucine at Kabat residue 37
and a lysine at Kabat residue 45.[0024] The invention
further provides the embodiments of such polypeptides
wherein the humanized variant BCC VL has a leucine at
Kabat residue 37 and an asparagine at Kabat residue
45. [0025] The invention further provides the
embodiments of such polypeptides wherein the
polypeptide comprises an amino acid sequence selected
from the group consisting of: SEQ ID NO: 10, SEQ ID
NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18,
and SEQ ID NO: 20. [0026] The invention additionally
provides a polypeptide that binds human BCR complex,
wherein the polypeptide comprises the amino acid
sequence of an immunoglobulin heavy chain variable
region (VH) that is a humanized variant of BCC VH that
comprises a modification of one or more of Kabat
residues 48, 62, 66, 67, 68, 69, 70, 7 1 and 73.
[0027] The invention further provides the embodiments
of such polypeptides wherein the humanized variant of
BCC VH comprises one or more modifications selected
from the group consisting of: (A) an isoleucine
substitution at Kabat residue 48; (B) a lysine
substitution at Kabat residue 62; (C) a lysine
substitution at Kabat residue 66; (D) an alanine
substitution ar Kabat residue 67; (E) a leucine
substitution at Kabat residue 69; (F) a valine
substitution at Kabat residue 7 1; and (G) a lysine
substitution at Kabat residue 73. [0028] The invention
further provides the embodiments of such polypeptides
wherein the polypeptide comprises an amino acid
sequence selected from the group consisting of SEQ ID
NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, and SEQ
ID NO: 36. [0029] The invention further provides the
embodiments of all such polypeptides wherein the
polypeptide is a single chain andibody or a diabody.
[0030] The invention also provides a polypeptide
comprising at least two antibody variable domains: (I)
wherein the first of the andibody variable domains is
a light chain variable domain (VL) that is a humanized
variant of BCC VL that comprises: (A) a modification
at Kabat residue 37;(B) a modification at Kabat
residue 45; or (C) both (A) and (B); and (II) wherein
the second of the antibody variant domains is a heavy
chain variable domain (VH) that is a humanized variant
of BCC VH that comprises a modification of one or more
of Kabat residues 48, 62, 66, 67, 68, 69, 70, 7 1 and
73. [0031] The invention also provides the embodiments
of such polypeptides wherein: (I) the first antibody
variable domain comprises: (A) a leucine substitution
at Kabat residue 37; (B) a lysine or an asparagine
substitution at Kabat residue 45; or (C) both (A) and
(B); and. (II) the second antibody variable domain
comprises one or more modifications selected from the
group consisting of: (A) an isoleucine substitution at
Kabat residue 48; (B) a lysine substitution at Kabat
residue 62; (C) a lysine substitution at Kabat residue
66; (D) an alanine substitution ar Kabat residue 67;
(E) a leucine substitution at Kabat residue 69; (F) a
valine substitution at Kabat residue 7 1; and (G) a
lysine substitution at Kabat residue 73 . [0032] The
invention also provides the embodiments of such
polypeptides wherein: (I) the first antibody variable
domain comprises an amino acid sequence selected from
the group consisting of: SEQ ID NO: 10, SEQ ID NO: 12,
SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, and SEQ
ID NO: 20; (II) the second antibody variable domain
comprises an amino acid sequence selected from the
group consisting of SEQ ID NO: 22, SEQ ID NO: 24, SEQ
ID NO: 26, 



SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID
NO: 34, and SEQ ID NO: 36. [0033] The invention also
provides the embodiments of such polypeptides wherein
the first antibody variable domain comprises the amino
acid sequence of SEQ ID NO: 16 and the second antibody
variable domain comprises the amino acid sequence of
SEQ ID NO: 34. [0034] The invention also provides the
embodiments of such polypeptides wherein the
polypeptide is an antibody, and particularly wherein
such antibody comprises a variant Fc domain that
comprises at least one modification in the Fc domain
relative to a wild-type Fc domain.[0035] The invention
also provides the embodiments of such polypeptides
wherein the modification comprises: (A) at least one
substitution selected from the group consisting of
F243L, D270E, R292P, S298N, Y300L, V305I, A330V, and
P396L; (B) at least two substitutions selected from
the group consisting of F243L and P396L; F243L and
R292P; and R292P and V305I; (C) at least three
substitutions selected from the group consisting of
F243L, R292P and Y300L; F243L, R292P and V305I; F243L,
R292P and P396L; and R292P, V305I and P396L; (D) at
least four substitutions selected from the group
consisting of F243L, R292P, Y300L and P396L; and
F243L, R292P, V305I and P396L; or (E) at least F243L,
R292P, Y300L, V305I and P396 substitutions. [0036] The
invention also provides the embodiments of such
polypeptides wherein the variant Fc domain exhibits an
altered effector function as compared to a wild-type
Fc domain, wherein the altered effector function is
selected from the group consisting of: (A) enhanced
antibody-dependent cell-mediated cytotoxicity (ADCC)
function; (B) enhanced complement-dependent
cytotoxicity (CDC) function; (C) increased binding to
an activating FcgR as compared to a wild-type Fc
domain; (D) decreased binding to FcgRIIB as compared
to a wild-type Fc domain; or (E) increased binding to
FcgRIIB as compared to a wild-type Fc domain. [0037]
The invention also provides the embodiments of such
antibodies wherein the antibody is a F(ab')2 fragment,
a monoclonal antibody, a F(ab) fragment, a single
chain antibody or a diabody, and/or wherein the
antibody is operably linked to a heterologous
polypeptide. [0038] The invention also provides
polynucleotides encoding any of the above
polypeptides. [0039] The invention also includes the
use of any of the above-described polypeptides in the
preparation of a medicament for the treatment of
cancer (especially a hematopoeitic cancer such as as
lymphoma (e.g., Non-Hodgkin's lymphoma), a leukemia or
a myeloma) or in the treatment of an autoimmune or
immune-mediated inflammatory disease (especially,
Crohn's disease, multiple sclerosis, psoriasis,
rheumatoid arthritis, systemic lupus erythematosus,
type 1 diabetes, vasculitis, asthma, eczema and atopic
dermatitis, fibrosis, graft rejection,
graft-versus-host-disease, and inflammatory bowel
disease).[0040] The invention also includes the
embodiment of such use wherein the medicament is for
the treatment of cancer, and the treatment comprises
the step of administering a second therapeutic agent
simultaneously or sequentially with the antibody.
[0041] The invention is further directed to a method
of treating cancer (especially a hematopoeitic cancer
such as lymphoma (e.g., Non-Hodgkin's lymphoma), a
leukemia or a myeloma) in a patient, comprising
administering to the patient a therapeutically
effective amount of any of the above-described
antibodies. The invention additionally concerns the
embodiment of such method wherein wherein the
treatment comprises the step of administering a second
therapeutic agent simultaneously or sequentially with
the antibody, and particularly wherein the second
therapeutic agent is selected from an anti-angiogenic
agent, an anti-neoplastic agent, a chemotherapeutic
agent, and a cytotoxic agent. [0042] The invention is
further directed to a method of treating an autoimmune
or immunemediated inflammatory disease (especially,
Crohn's disease, multiple sclerosis, psoriasis,
rheumatoid arthritis, systemic lupus erythematosus,
type 1 diabetes, vasculitis, asthma, eczema and atopic
dermatitis, fibrosis, graft rejection,
graft-versus-host-disease, and inflammatory bowel
disease) in a patient, comprising administering to the
patient a therapeutically effective amount of any of
the above-described antibodies. [0043] Additional
advantages and features of the present invention will
be apparent from the following detailed description,
drawings and examples, which illustrate preferred
embodiments of the invention. Brief Description Of The
Drawings: [0044] Figure 1 depicts an alignment
comparing the light chain variable regions of a
chimeric BCCl antibody (SEQ ID NO: 37) and a humanized
BCC2 antibody (SEQ ID NO: 10) of the invention to the
native BCC2 antibody (SEQ ID NO: 6). Gray highlighted
residues indicate residues that differ from Consensus;
Kabat 37 and 45 are shown in boldface and underlined
(numbering below the sequence). [0045] Figure 2 is a
chart depicting various modified residues in the light
and heavy chains of a humanized BCC2 antibody of the
invention. [0046] Figure 3 depicts an alignment
comparing the heavy chain variable regions of a
chimeric BCCl antibody (SEQ ID NO: 38) and a humanized
BCC2 antibody (SEQ ID NO: 22) of the invention to the
native BCC2 antibody (SEQ ID NO: 8). Gray highlighted
residues indicateresidues that differ from Consensus;
Kabat residues at 48, 62, 66, 67, 69, 7 1 and 73 are
shown in boldface and underlined (numbering below
sequence). [0047] Figure 4 depicts the results of a
binding ELISA conducted to assay the binding of
antibodies having various light chains, including
chBCC2, hBCC, hLc-2/chHc, hLc-3/chHc, hLc- 4/chHc,
andhLc-1/chHc antibodies. [0048] Figure 5 depicts the
results of a binding ELISA conducted to assay the
binding of antibodies having various heavy chains,
including chLc/hHc-1, chLc/hHc-2, chLc/hHc-3,
chLc/hHc-4, chLc/hHc-5, chLc/hHc-6, chBCC2, and hBCC
antibodies. [0049] Figure 6 depicts the result of a
binding ELISA conducted to assay the binding of
antibodies having varied light and heavy chains,
including hLc-4/hHc-2, hLc-4/hHc-7, hLc-4/hHc- 8,
hLc6/hHc-2, hLc-6/hHc-7, hLc-6/hHc-8, chBCCl and
chBCC2. Detailed Description of the Invention: [0050]
The present invention provides chimeric and humanized
antibodies against the BCR complex. The invention also
provides methods of using the antibodies and
compositions comprising them in the diagnosis,
prognosis and therapy of diseases such as cancer,
autoimmune diseases, inflammatory disorders, and
infectious disease. [0051] Reference will now be made
in detail to the presently preferred embodiments of
the invention, which, together with the drawings and
the following examples, serve to explain the
principles of the invention. These embodiments are
described in sufficient detail to enable those skilled
in the art to practice the invention, and it is to be
understood that other embodiments may be utilized, and
that structural, biological, and chemical changes may
be made without departing from the spirit and scope of
the present invention. Unless otherwise defined, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. One
skilled in the art may refer to general reference
texts for such definitions or for detailed
descriptions of techniques discussed herein. These
texts include Current Protocols in Molecular Biology
(Ausubel et al., eds., John Wiley & Sons, and
supplements through March 2008), Molecular Cloning: A
Laboratory Manual (Sambrook and Russell, 3rd ed.,
2001); Single-Molecule Techniques: A Laboratory Manual
(Selvin & Ha, eds., Cold Spring Harbor Press, 2008);
Current Protocols in Nucleic Acid Chemistry (Beaucage
et al., eds., John Wiley & Sons, Inc., 2000); Current
Protocols in Immunology (Coligan et al., eds., John
Wiley & Sons, N.Y., and supplements through March
2008), Making and Using Antibodies: A Practical
Handbook (Howard & Kaser, eds., CRC, 2006); Using
Antibodies: ALaboratory Manual (Harlow & Lane, Cold
Spring Harbor Press, 1999); Binding and Kinetics for
Molecular Biologists (Goodrich & Kugel, Cold Spring
Harbor Press, 2007); Current Protocols in Pharmacology
(Enna et al., eds., John Wiley & Sons, N.Y., and
supplements through March 2008), The Pharmacological
Basis of Therapeutics (Goodman & Gilman, 1 1th ed.,
2006), and Remington: The Science and Practice of
Pharmacy (Lippincott Williams & Wilkins, 21st edition
(2005), for example. A. Definitions [0052] As used
herein, the term "ADCC" refers to Antibody Dependent
Cellular Cytotoxicity, an in vitro cell-mediated
reaction in which nonspecific cytotoxic cells that
express FcgRs (e.g., monocytic cells such as Natural
Killer (NK) cells and macrophages) recognize bound
antibody on a target cell and subsequently cause lysis
of the target cell. [0053] As used herein, the term
"antibody" refers to monoclonal antibodies,
multispecific antibodies, human antibodies, humanized
antibodies, synthetic antibodies, chimeric antibodies,
polyclonal antibodies, camelized antibodies,
single-chain Fvs (scFv), single chain antibodies,
immunologically active antibody fragments (e.g.,
antibody fragments capable of binding to an epitope,
e.g., Fab fragments, Fab' fragments, F(ab') 2
fragments, Fv fragments, fragments containing either a
VL or VH domain or a complementary determining region
(CDR) that immunospecifically binds an antigen, etc.),
bi-functional or multi-functional antibodies,
disulfidelinked bispecific Fvs (sdFv), intrabodies,
and diabodies, and epitope-binding fragments of any of
the above. In particular, the term antibodies is
intended to encompass immunoglobulin molecules and
immunologically active fragments of immunoglobulin
molecules, i.e., molecules that contain an antigen
binding site. Immunoglobulin molecules can be of any
type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class
(e.g., IgG IgG2, IgG3, IgG4, IgAi and IgA2) or
subclass (see, e.g., United States Patent Publication
Nos.: 20040185045; 20050037000; 20050064514;
20050215767; 20070004909; 20070036799; 20070077246;
and 20070244303). [0054] Reference to a "B cell
antigen receptor" or "BCR" is intended to reference
the B cell antigen receptor, which includes a membrane
immunoglobulin (mlg) antigen binding component, or a
biologically active portion thereof (i.e, a portion
capable of binding a ligand and/or capable of
associating with a transducer component). The term
"BCR complex" is intended to reference the complex of
BCR with transducer CD79a and CD79b components, or
biologically active portions thereof (i.e., a portion
capable of transducing an intracellular signal and/or
capable of associating with an extracellular ligand
binding portion).[0055] As used herein, the term
"cancer" refers to a neoplasm or tumor resulting from
abnormal uncontrolled growth of cells. As used herein,
cancer explicitly includes, leukemias and lymphomas.
In some embodiments, cancer refers to a benign tumor,
which has remained localized. In other embodiments,
cancer refers to a malignant tumor, which has invaded
and destroyed neighboring body structures and spread
to distant sites. In some embodiments, the cancer is
associated with a specific cancer antigen. [0056] The
terms "cell proliferative disorder" and "proliferative
disorder" refer to disorders that are associated with
some degree of abnormal cell proliferation. In one
embodiment, the cell proliferative disorder is cancer.
[0057] The term "chimeric," when referring to
antibodies, refers to an antibody in which a portion
of a heavy and/or light chain is identical to or
homologous with an antibody from one species (e.g.,
mouse) or antibody class or subclass, while the
remaining portion is identical to or homologous with
an antibody of another species (e.g., human) or
antibody class or subclass, so long as they exhibit
the desired biological activity. Chimeric antibodies
of interest herein include "primatized" antibodies
comprising variable domain antigen-binding sequences
derived from a non-human primate (e.g., Old World
Monkey, Ape, etc.) and human constant region
sequences. [0058] As used herein, the term
"Complementarity Determining Region" or "CDR" refers
to the amino acid residues of an antibody variable
domain that are necessary for antigen binding. Each
variable domain typically has three CDR regions
identified as CDR1, CDR2 and CDR3. [0059] As used
herein, the term "diabody molecule" refers to a
complex of two or more polypeptide chains or proteins,
each comprising at least one VL and one VH domain or
fragment thereof, wherein both domains are comprised
within a single polypeptide chain. In certain
embodiments a "diabody molecule" includes molecules
comprising an Fc or a hinge-Fc domain. Said
polypeptide chains in the complex may be the same or
different, i.e., the diabody molecule may be a
homo-multimer or a hetero-multimer. In specific
aspects, a "diabody molecule" includes dimers or
tetramers or said polypeptide chains containing both a
VL and VH domain. The individual polypeptide chains
comprising the multimeric proteins may be covalently
joined to at least one other peptide of the multimer
by interchain disulfide bonds. [0060] As used herein,
the terms "disorder" and "disease" are used
interchangeably to refer to a condition in a subject.
In particular, the term "autoimmune disease" is used
interchangeably with the term "autoimmune disorder" to
refer to a condition in a subject characterized by
cellular, tissue and/or organ injury caused by an
immunologic reaction of the subject to its own cells,
tissues and/or organs. The term "inflammatory disease"
is used interchangeably with the term"inflammatory
disorder" to refer to a condition in a subject
characterized by inflammation, preferably chronic
inflammation. Autoimmune disorders may or may not be
associated with inflammation. Moreover, inflammation
may or may not be caused by an autoimmune disorder.
Thus, certain disorders may be characterized as both
autoimmune and inflammatory disorders. [0061] The term
"effector cell" as used herein refers to a cell of the
immune system that expresses one or more Fc receptors
and mediates one or more effector functions. Effector
cells include but are not limited to monocytes,
macrophages, neutrophils, dendritic cells,
eosinophils, mast cells, platelets, B cells, large
granular lymphocytes, Langerhans' cells, natural
killer (NK) cells, and may be from any organism
including but not limited to humans, mice, rats,
rabbits, and monkeys. [0062] The term "effector cell"
refers to biological activities attributable to the
interaction of an antibody Fc region with an Fc
receptor or ligand. An antibody may have one or more
effector functions. Non-limiting examples of antibody
effector functions include antibody-dependent
cellmediated cytotoxicity (ADCC), CIq binding,
complement dependent cytotoxicity (CDC), down
regulation of cell surface receptors (e.g., B-cell
receptor; BCR), opsonization, opsonophagocytosis, cell
binding, and rosetting. Effector functions include
both those that operate after the binding of an
antigen and those that operate independent of antigen
binding. [0063] As used herein, the term "epitope"
refers to that portion of a polypeptide or protein or
a non-protein molecule that is immunospecifically
bound by an antibody.. An epitope may have immunogenic
activity, such that it elicits an antibody production
response in an animal. The ability of an epitope to
immunospecifically bind an antibody may be determined
by for example, an immunoassay. Epitopes need not
necessarily be immunogenic. [0064] The terms "Fc
receptor" or "FcR" are used herein to describe a
receptor that binds to the Fc region of an antibody.
An exemplary FcR is a native sequence human FcR. An
FcR may be one which binds an IgG antibody (a gamma
receptor) and includes receptors of the FcgRI, FcgRII,
FcgRIII, and FcgRIV subclasses, including allelic
variants and alternatively spliced forms of these
receptors, e.g., there are at least two known FcgRII
receptors, FcgRIIA and FcgRIIB. The term FcR also
includes the neonatal receptor, FcRn, which is
responsible for the transfer of maternal IgGs to the
fetus. [0065] As used herein, the term "Fc region" is
used to define a C-terminal region of an IgG heavy
chain. Although the boundaries may vary slightly, the
human IgG heavy chain Fc region is defined to stretch
from Cys226 to the carboxy terminus. The Fc region of
an IgG comprises two constant domains, CH2 and CH3 The
CH2 domain of a human IgG Fc region (also referred to
as"Cg2" domain) usually extends from amino acid 231 to
amino acid 338, and the CH3 domain of a human IgG Fc
region usually extends from amino acids 342 to 447.
[0066] The term "glycosylation site" refers to an
amino acid residue or residues that is recognized by a
mammalian cell as a location for the attachment of
sugar residues. Amino acid residues to which
carbohydrates, such as oligosaccharides, are attached
are usually asparagine (Nlinkage), serine (O-linkage),
and threonine (O-linkage) residues. The specific sites
of attachment usually have a characteristic sequence
of amino acids, referred to as a "glycosylation site
sequence." The glycosylation site sequence for
N-linked glycosylation is: Asn-X-Ser/Thr, where X can
be any of the conventional amino acids other than
proline. The Fc region of human IgG has two N-linked
glycosylation sites, one in each of the CH2 domains,
at the asparagine at position 297 (Asn 297). [0067] As
used herein, the term "HAMA response" refers to the
Human Anti-Mouse Antibody response, which is a
deleterious immunogenic response that occurs when a
human immune system recognizes a murine antibody as
foreign and attacks it. A HAMA response can cause
toxic shock or death. Chimeric and humanized
antibodies reduce the likelihood of a HAMA response by
decreasing the non-human portions of administered
antibodies, but there is still potential for a Human
Anti-Human Antibody response ("HAHA response") immune
response to such antibodies. [0068] The terms "heavy
chain," "light chain" ("C1"), "light chain variable
region" ("VL"), "heavy chain variable region" ("VH"),
"framework region" ("FR"), "heavy chain constant
domain ("CH"), "light chain constant domain ("C L")
refer to domains in naturally occurring
immunoglobulins and the corresponding domains of
synthetic (e.g., recombinant) binding proteins (e.g.,
humanized antibodies). The basic structural unit of
naturally occurring immunoglobulins (e.g., IgG) is a
tetramer having two light chains and two heavy chains.
Usually naturally occurring immunoglobulin is
expressed as a glycoprotein of about 150 KDa, although
IgG can also be produced in a non-glycosylated form.
The amino-terminal ("N") portion of each chain
includes a variable region of about 100 to 110 or more
amino acids primarily responsible for antigen
recognition. The carboxy-terminal ("C") portion of
each chain defines a constant region, with light
chains having a single constant domain and heavy
chains usually having three constant domains and a
hinge region. Thus, the structure of the light chains
of a naturally occurring IgG molecule is N-VL-CL-C and
the structure of IgG heavy chains is N-V H-CHI-H-C
H2-CH3-C (where H is the hinge region). The variable
regions of an IgG molecule consists of the
complementarity determining regions (CDRs), which
contain the residues in contact with antigen and
non-CDR segments, referred to as framework segments,
which maintain the structure and determine the
positioning ofthe CDR loops. Thus, the VL and V
domains have the structure N-FR 1-CDR 1-FR 2-CDR 2-FR
3- CDR3-FR4-C. [0069] As used herein, the term
"heterologous" nucleic acid denotes DNA, RNA, etc.that
is introduced into a host cell. The nucleic acid may
be derived from any of a variety of sources including
genomic DNA, mRNA, cDNA, synthetic DNA and fusions or
combinations of these. The nucleic acid may include a
polynucelotide from the same cell or cell type as the
host or recipient cell or a polynucleotide from a
different cell type, for example, from a mammal or
plant, and may, optionally, include marker or
selection genes, for example, antibiotic resistance
genes, temperature resistance genes, etc. [0070] The
term "hinge region" is generally defined as stretching
from Glu216 to Pro230 of human IgGl. Hinge regions of
other IgG isotypes may be aligned with the IgGl
sequence by placing the first and last cysteine
residues forming inter-heavy chain S-S bonds in the
same positions. [0071] As used herein, the term
"humanized" has its usual meaning in the art. In
general terms, humanization of a non-human antibody
involves substituting the CDR sequences from non-human
immunoglobulin VL and VH regions into human framework
regions. Further, as used herein, "humanized"
antibodies may comprise additional substitutions and
mutations in the CDR and/or framework regions
introduced to increase affinity or for other purposes.
For example, substitution of nonhuman framework
residues in the human sequence can increase affinity.
The resulting variable domains have non-human CDR
sequences and framework sequences derived from human
antibody framework sequence(s) or a human consensus
sequence. A variety of different human framework
regions may be used singly or in combination as a
basis for a humanized antibody. [0072] As used herein,
the term "immunomodulatory agent" and variations
thereof refer to an agent that modulates a host's
immune system. In certain embodiments, an
immunomodulatory agent is an immunosuppressant agent.
In certain other embodiments, an immunomodulatory
agent is an immunostimulatory agent. Immunomodatory
agents include, but are not limited to, small
molecules, peptides, polypeptides, fusion proteins,
antibodies, inorganic molecules, mimetic agents, and
organic molecules. [0073] As used herein, the term
"immunospecif cally binds," refers to the specific
binding 



exhibited between an antibody and the epitope that it
recognizes. Such binding will typically exhibit a KD
of at least about 0.1 mM, more usually at least about
1 mM, preferably at least about 0.1 mM or less, and
most preferably, 0.01 mM or less. Preferably, the
antibodies of the invention immunospecifically bind to
proteins with high affinity (e.g., low KD) .[0074] An
antibody that immunospecifically binds to an antigen
may bind to other peptides or polypeptides with lower
affinity as determined by, e.g., immunoassays,
BIAcore, or other assays known in the art. Preferably,
molecules that specifically bind an antigen do not
cross react with other proteins. Molecules that
specifically bind an antigen can be identified, for
example, by immunoassays, BIAcore, or other techniques
known to those of skill in the art. [0075] The term
"Antibody Engineering Technology Art" as used herein
refers to technology disclosed in U.S. Provisional
Patent Application Nos. 60/781,564; 60/945,523;
61/015,106; filed Dec. 19, 2007, and 61/019,051 filed
Jan. 4, 2008; US 20040185045; US 20040197347; US
20040197866; US 20050037000; US 20050064514; US
20050215767; US 20060134709; US 20060177439; US
20070004909; US 20070036799; US 20070037216; US
20070077246; US 20070244303; US 20080044429; US
20080050371; 11/869,410; 11/952,568; U.S. Patent No.
7,112,439; WO 04/063351; WO 06/088494; WO 07/024249;
WO 06/113665; WO 07/021841; WO 07/106707; or
PCT/US07/86793 [0076] The term "monoclonal antibody"
as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the
population are identical except for possible naturally
occurring mutations that may be present in minor
amounts, and the term "polyclonal antibody" as used
herein refers to an antibody obtained from a
population of heterogenous antibodies. Monoclonal
antibodies are highly specific, being directed against
a single epitope. In addition to their specificity,
monoclonal antibodies are advantageous in that they
may be synthesized without contamination by other
antibodies. The term "monoclonal" indicates the
character of the antibody as being obtained from a
substantially homogeneous population of antibodies,
and is not to be construed as requiring production of
the antibody by any particular method. [0077] As used
herein, the terms "nucleic acids" and "nucleotide
sequences" include DNA molecules (e.g., cDNA or
genomic DNA), RNA molecules (e.g., mRNA), combinations
of DNA and RNA molecules or hybrid DNA/RNA molecules,
and analogs of DNA or RNA molecules. Such analogs can
be generated using, for example, nucleotide analogs,
which include, but are not limited to, inosine or
tritylated bases. Such analogs can also comprise DNA
or RNA molecules comprising modified backbones that
lend beneficial attributes to the molecules such as,
for example, nuclease resistance or an increased
ability to cross cellular membranes. The nucleic acids
or nucleotide sequences can be single-stranded,
double-stranded, may contain both singlestranded and
double-stranded portions, and may contain
triple-stranded portions, but preferably is
double-stranded DNA.[0078] "Substantial sequence
identity," as used herein, refers to two or more
sequences or subsequences (e.g., domains) that have at
least about 80% amino acid residue identity,
preferably at least about 90%, or at least about 95%
identity when compared and aligned for maximum
correspondence. Sequence identity between two similar
sequences (e.g., antibody variable regions) can be
measured by algorithms such as that of Smith &
Waterman, 1981, Adv. Appl. Math. 2:482 [local homology
algorithm], Needleman & Wunsch, 1970, J . MoI. Biol.
48:443 [homology alignment algorithm], Pearson &
Lipman, 1988, Proc. Natl. Acad. Sci. (U.S.A.) 85:2444
[search for similarity method], or Altschul et al,
1990, J . MoI. Biol. 215:403-10 [BLAST algorithm].
When using any of the aforementioned algorithms, the
default parameters (for Window length, gap penalty,
etc.) are used. An amino acid sequence is said to be
"substantially similar to" a second sequence when the
degree of sequence identity is at least about 70%
identical, preferably at least about 80%, or at least
about 90%, or even at least about 95%, identical. A
nucleic acid sequence is said to be "substantially
similar to" a second sequence when either: (1) the
degree of sequence identity is at least about 70%
identical, preferably at least about 80%, or at least
about 90%, or even at least about 95%, identical, or
the nucleic acid sequence encodes a polypeptide that
is at least about 70% identical, preferably at least
about 80%, or at least about 90%, or even at least
about 95%, identical to the polypeptide encoded by the
second sequence. Sequences that are substantially
identical are also substantially similar. [0079] When
referring to antibodies, the assignment of amino acids
to each domain is in accordance with Kabat, Sequences
Of Proteins Of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987 and 1991),
which is expressly incorporated herein by reference.
Throughout the present specification, the numbering of
the residues in an IgG heavy chain is that of the EU
index as in Kabat, and refers to the numbering of the
human IgGl EU antibody. B. Antibodies [0080] The
present invention particularly encompasses chimeric
("Ch") and humanized ("h") antibodies and polypeptides
that specifically bind to the BCR complex, and more
preferably to the human BCR complex. Preferably the
antibodies have enhanced binding affinity for the BCR
complex, and more preferably the antibodies have
enhanced effector function, both as compared to a
native BCR complex ("BCC") antibody. In preferred
embodiments, such chimeric or humanized antibodies are
chimeric and humanized versions of murine anti-BCR
complex antibodies BCCl and BCC2, designated "ChBCC"
or "hBCC" respectively. The chimeric and humanized
antibodies and polypeptides have enhanced binding
affinity for the BCR complex, as compared to native
BCCl and BCC2 antibodies, and may comprise Fc variants
or other modifications.[0081] Disclosed herein are the
nucleic acid molecules that encode the amino acid
sequences of the variable regions of the BCCl and BCC2
antibodies (referred to collectively herein as "BCC").
These nucleic and amino acid sequences are presented
below: [0082] BCCl VH nucleic acid sequence (SEQ ID
NO: 1): caggtccaac tgcagcagcc tggggctgag ctggtgaggc
ctggggcttc agtgaagctg 60 tcctgcaagg cttctggcta
caccttcacc agctactgga tgaactgggt gaagcagagg 120
cctggacaag gccttgaatg gattggtatg gttgatcctt cagacagtga
aactcactac 180 aatcaaatgt tcaaggacaa ggccacattg
actgttgaca aatcctccag cacagcctac 240 atgcagctca
gcagcctgac atctgaggac tctgcggtct attactgtgc aagagctatg
300 ggctactggg gtcaaggaac ctcagtcacc gtctcctca 339
[0083] BCCl VH amino acid sequence (SEQ ID NO: 2):
QVQLQQPGAE LVRPGASVKL SCKASGYTFT SYWMNWVKQR PGQGLEWIGM
VDPSDSETHY 60 NQMFKDKATL TVDKSSSTAY MQLSSLTSED
SAVYYCARAM GYWGQGTSVT VSS 113 [0084] BCCl V L nucleic
acid sequence (SEQ ID NO: 3): gatgttgtga tgacccagac
tccactcact ttgtcggtta acattggaca accagcctcc 60
atctcttgta agtcaagtca gagcctctta gatactgatg gaaagacata
tttgaattgg 120 ttgttacaga ggccaggcca gtctccaaac
cgcctaatct atctggtgtc taaactggac 180 tctggagtcc
ctgacaggtt cactggcagt ggatcaggga cagatttcac actgaaaatc
240 agcagagtgg aggctgagga tttgggaatt tattattgct
ggcaaggtac acattttccg 300 ctcacgttcg gtgctgggac
caagctggag ctgaaa 336 [0085] BCCl V L amino acid
sequence (SEQ ID NO: 4): DVVMTQTPLT LSVNIGQPAS
ISCKSSQSLL DTDGKTYLNW LLQRPGQSPN RLIYLVSKLD 60
SGVPDRFTGS GSGTDFTLKI SRVEAEDLGI YYCWQGTHFP LTFGAGTKLE
LK 112 [0086] BCC2 VL nucleic acid sequence (SEQ ID
NO: 5): gatgttgtgt tgacccagac tccactcact ttgtcggtta
ccattggaca accagcctcc 60 atctcttgta agtcaagtca
gagcctctta gatagtgatg gaaagacata tttgaattgg 120
ttgttacaga ggccaggtca gtctccaaag cgcctaatct atctggtgtc
taaactggac 180 tctggagtcc ctgacaggtt cactggcagt
ggatcaggga cagatttcac actgaaaatc 240 agcagagtgg
aggctgagga tttgggagtt tattattgct ggcaaggtac acattttccg
300 ctcacgttcg gtgctgggac caagctggag ctgaaa 336 [0087]
BCC2 VL amino acid sequence (SEQ ID NO: 6): DVVLTQTPLT
LSVTIGQPAS ISCKSSQSLL DSDGKTYLNW LLQRPGQSPK RLIYLVSKLD
60 SGVPDRFTGS GSGTDFTLKI SRVEAEDLGV YYCWQGTHFP
LTFGAGTKLE LK 112 [0088] BCC2 VH nucleic acid sequence
(SEQ ID NO: 7): caggtccaac tgcagcagcc tggggctgag
ctggtgaggc ctggggcttc agtgaagctg 60 tcctgcaagg
cttctggcta caccttcacc agctactgga tgaactgggt gaagcagagg
120 cctggacaag gccttgaatg gattggtatg attgatcctt
cagacagtga aactcactac 180 aatcaaatgt tcaaggacaa
ggccacattg actgtagaca aatcctccag cacagcctac 240
atgcagctca gcagcctgac atctgaggac tctgcggtct attactgtgc
aagagctatg 300 ggctactggg gtcaaggaac ctcagtcacc
gtctcctca 339 [0089] BCC2 VH amino acid sequence (SEQ
ID NO: 8): QVQLQQPGAE LVRPGASVKL SCKASGYTFT SYWMNWVKQR
PGQGLEWIGM IDPSDSETHY 60 NQMFKDKATL TVDKSSSTAY
MQLSSLTSED SAVYYCARAM GYWGQGTSVT VSS 113[0090] In a
preferred embodiment of the invention, seven different
BCC light chain variable regions were constructed and
studied. The nucleic and amino acid sequences of these
light chain variable regions are presented below:
[0091] hBCC VL-I nucleic acid sequence (SEQ ID NO: 9):
gatgttgtga tgactcagtc tccactctcc ctgcccgtca cccttggaca
gccggcctcc 60 atctcctgca agtcaagtca gagcctctta
gatagtgatg gaaagacata tttgaattgg 120 tttcagcaga
ggccaggcca atctccaagg cgcctaattt atctggtgtc taaactggac
180 tctggggtcc cagacagatt cagcggcagt gggtcaggca
ctgatttcac actgaaaatc 240 agcagggtgg aggctgagga
tgttggggtt tattactgct ggcaaggtac acattttccg 300
ctcacgttcg gcggagggac caagcttgag atcaaa 336 [0092]
hBCC VL-I amino acid sequence (SEQ ID NO: 10):
DVVMTQSPLS LPVTLGQPAS ISCKSSQSLL DSDGKTYLNW FQQRPGQSPR
RLIYLVSKLD 60 SGVPDRFSGS GSGTDFTLKI SRVEAEDVGV
YYCWQGTHFP LTFGGGTKLE IK 112 [0093] hBCC VL-2 nucleic
acid sequence (SEQ ID NO: 11): gatgttgtga tgactcagtc
tccactctcc ctgcccgtca cccttggaca gccggcctcc 60
atctcctgca agtcaagtca gagcctctta gatagtgatg gaaagacata
tttgaattgg 120 tttctgcaga ggccaggcca atctccaagg
cgcctaattt atctggtgtc taaactggac 180 tctggggtcc
cagacagatt cagcggcagt gggtcaggca ctgatttcac actgaaaatc
240 agcagggtgg aggctgagga tgttggggtt tattactgct
ggcaaggtac acattttccg 300 ctcacgttcg gcggagggac
caagcttgag atcaaa 336 [0094] hBCC VL-2 amino acid
sequence (SEQ ID NO: 12): DVVMTQSPLS LPVTLGQPAS
ISCKSSQSLL DSDGKTYLNW FLQRPGQSPR RLIYLVSKLD 60
SGVPDRFSGS GSGTDFTLKI SRVEAEDVGV YYCWQGTHFP LTFGGGTKLE
IK 112 [0095] hBCC VL-3 nucleic acid sequence (SEQ ID
NO: 13): gatgttgtga tgactcagtc tccactctcc ctgcccgtca
cccttggaca gccggcctcc 60 atctcctgca agtcaagtca
gagcctctta gatagtgatg gaaagacata tttgaattgg 120
tttcagcaga ggccaggcca atctccaaag cgcctaattt atctggtgtc
taaactggac 180 tctggggtcc cagacagatt cagcggcagt
gggtcaggca ctgatttcac actgaaaatc 240 agcagggtgg
aggctgagga tgttggggtt tattactgct ggcaaggtac acattttccg
300 ctcacgttcg gcggagggac caagcttgag atcaaa 336 [0096]
hBCC VL-3 amino acid sequence (SEQ ID NO: 14):
DVVMTQSPLS LPVTLGQPAS ISCKSSQSLL DSDGKTYLNW FQQRPGQSPK
RLIYLVSKLD 60 SGVPDRFSGS GSGTDFTLKI SRVEAEDVGV
YYCWQGTHFP LTFGGGTKLE IK 112 [0097] hBCC VL-4 nucleic
acid sequence (SEQ ID NO: 15): gatgttgtga tgactcagtc
tccactctcc ctgcccgtca cccttggaca gccggcctcc 60
atctcctgca agtcaagtca gagcctctta gatagtgatg gaaagacata
tttgaattgg 120 tttcagcaga ggccaggcca atctccaaac
cgcctaattt atctggtgtc taaactggac 180 tctggggtcc
cagacagatt cagcggcagt gggtcaggca ctgatttcac actgaaaatc
240 agcagggtgg aggctgagga tgttggggtt tattactgct
ggcaaggtac acattttccg 300 ctcacgttcg gcggagggac
caagcttgag atcaaa 336 [0098] hBCC VL-4 amino acid
sequence (SEQ ID NO: 16): DVVMTQSPLS LPVTLGQPAS
ISCKSSQSLL DSDGKTYLNW FQQRPGQSPN RLIYLVSKLD 60
SGVPDRFSGS GSGTDFTLKI SRVEAEDVGV YYCWQGTHFP LTFGGGTKLE
IK 112[0099] hBCC VL-5 nucleic acid sequence (SEQ ID
NO: 17): gatgttgtga tgactcagtc tccactctcc ctgcccgtca
cccttggaca gccggcctcc 60 atctcctgca agtcaagtca
gagcctctta gatagtgatg gaaagacata tttgaattgg 120
tttctgcaga ggccaggcca atctccaaag cgcctaattt atctggtgtc
taaactggac 180 tctggggtcc cagacagatt cagcggcagt
gggtcaggca ctgatttcac actgaaaatc 240 agcagggtgg
aggctgagga tgttggggtt tattactgct ggcaaggtac acattttccg
300 ctcacgttcg gcggagggac caagcttgag atcaaa 336
[00100] hBCC VL-5 amino acid sequence (SEQ ID NO: 18):
DVVMTQSPLS LPVTLGQPAS ISCKSSQSLL DSDGKTYLNW FLQRPGQSPK
RLIYLVSKLD 60 SGVPDRFSGS GSGTDFTLKI SRVEAEDVGV
YYCWQGTHFP LTFGGGTKLE IK 112 [00101] hBCC VL-6 nucleic
acid sequence (SEQ ID NO: 19): gatgttgtga tgactcagtc
tccactctcc ctgcccgtca cccttggaca gccggcctcc 60
atctcctgca agtcaagtca gagcctctta gatagtgatg gaaagacata
tttgaattgg 120 tttctgcaga ggccaggcca atctccaaac
cgcctaattt atctggtgtc taaactggac 180 tctggggtcc
cagacagatt cagcggcagt gggtcaggca ctgatttcac actgaaaatc
240 agcagggtgg aggctgagga tgttggggtt tattactgct
ggcaaggtac acattttccg 300 ctcacgttcg gcggagggac
caagcttgag atcaaa 336 [00102] hBCC VL-6 amino acid
sequence (SEQ ID NO: 20): DVVMTQSPLS LPVTLGQPAS
ISCKSSQSLL DSDGKTYLNW FLQRPGQSPN RLIYLVSKLD 60
SGVPDRFSGS GSGTDFTLKI SRVEAEDVGV YYCWQGTHFP LTFGGGTKLE
IK 112 [00103] chBCCl VL amino acid sequence (SEQ ID
NO: 37): DVVMTQTPLT LSVNIGQPAS ISCKSSQSLL DTDGKTYLNW
LLQRPQGSPN RLIYLVSKLD 60 SGVPDRFTGS GSGTDFTLKI
SRVEAEDLGI YYCWQGTHFP LTFGAGTKLE LK 112 [00104] A
comparison between the light chain variable regions
(VL) of a native BCC2 antibody (SEQ ID NO: 6) and a
chimeric BCCl antibody (SEQ ID NO: 37) and a humanized
BCC2 antibody (SEQ ID NO: 10) of the present invention
is depicted in Figure 1. Although it can be seen that
a number of residues have been changed in these
particular chimeric and humanized sequences, it is not
necessary to modify all or most of these residues when
engineering chimeric and humanized antibodies and
polypeptides of the invention. For the light chain
variable region, it is preferable to modify one or
more residues at positions 37 and 45, which are noted
in Figure 1 by boldface and underlining the residues
(Kabat numbers are shown underneath the sequence for
these residues). In a preferred embodiment, a
humanized BCC VL comprises: (1) a Q37L substitution,
or (2) an R45K or R45N substitution, or both (1) and
(2), although a number of other modifications (i.e.,
modifications other than substitutions) may be made.
Figure 2 is a chart depicting various modified
residues in the light and heavy chains of humanized
BCC antibodies of the invention, any of which
modifications may be made in the antibodies and
polypeptides of the invention. [00105] In various
embodiments, the antibodies comprise an immunoglobulin
light chain variable region (VL) that is a humanized
BCC VL, which preferably has a Q37L substitution, or
an R45K orR45N substitution, or both. In a preferred
embodiment, the antibodies comprise an immunoglobulin
VL that is a humanized BCC VL, which preferably
comprises the sequence of SEQ ID NO: 10, SEQ ID NO:
12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, or
SEQ ID NO: 20, or is encoded by a nucleic acid
sequence of SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO:
13, SEQ ID NO: 15, SEQ ID NO: 17, or SEQ ID NO: 19. In
other embodiments, the antibodies comprise an
immunoglobulin light chain comprising a humanized BCC
VL, which light chain preferably comprises a sequence
selected from the group consisting of SEQ ID NO: 10,
SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID
NO: 18, and SEQ ID NO: 20, or is encoded by a nucleic
acid sequence selected from the group consisting of
SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO:
15, SEQ ID NO: 17, and SEQ ID NO: 19. [00106] In
various embodiments, the antibodies comprise an
immunoglobulin light chain variable region (VL) that
is a chimeric BCC VL, which preferably has a Q37L
substitution, or an R45K or R45N substitution, or
both. In a preferred embodiment, the antibodies
comprise an immunoglobulin VL that is a chimeric BCC
VL, which preferably comprises the sequence of SEQ ID
NO: 37. [00107] In a preferred embodiment of the
invention, nine different BCC heavy chain variable
regions were constructed and studied. The nucleic and
amino acid sequences of these heavy chain variable
regions are presented below: [00108] hBCC VH-I nucleic
acid sequence (SEQ ID NO: 21): caggttcagc tggtgcagtc
tggagctgag gtgaagaagc ctggcgcctc agtgaaggtc 60
tcctgcaagg cttctggtta cacctttacc agctactgga tgaactgggt
gcgacaggcc 120 cctggacaag ggcttgagtg gatgggaatg
attgatcctt cagacagtga aactcactac 180 aatcaaatgt
tcaaggacag agtcaccatg accacagaca catccacgag cacagcctac
240 atggagctga ggagcctgag atctgacgac acggccgtgt
attactgtgc gagagctatg 300 ggctactggg ggcaagggac
cacggtcacc gtctcctca 339 [00109] hBCC VH-I amino acid
sequence (SEQ ID NO: 22): QVQLVQSGAE VKKPGASVKV
SCKASGYTFT SYWMNWVRQA PGQGLEWMGM IDPSDSETHY 60
NQMFKDRVTM TTDTSTSTAY MELRSLRSDD TAVYYCARAM GYWGQGTTVT
VSS 113 [00110] hBCC VH-2 nucleic acid sequence (SEQ
ID NO: 23): caggttcagc tggtgcagtc tggagctgag
gtgaagaagc ctggcgcctc agtgaaggtc 60 tcctgcaagg
cttctggtta cacctttacc agctactgga tgaactgggt gcgacaggcc
120 cctggacaag ggcttgagtg gatcggaatg attgatcctt
cagacagtga aactcactac 180 aatcaaatgt tcaaggacag
agtcaccatg accacagaca catccacgag cacagcctac 240
atggagctga ggagcctgag atctgacgac acggccgtgt attactgtgc
gagagctatg 300 ggctactggg ggcaagggac cacggtcacc
gtctcctca 339 [00111] hBCC VH-2 amino acid sequence
(SEQ ID NO: 24): QVQLVQSGAE VKKPGASVKV SCKASGYTFT
SYWMNWVRQA PGQGLEWIGM IDPSDSETHY 60 NQMFKDRVTM
TTDTSTSTAY MELRSLRSDD TAVYYCARAM GYWGQGTTVT VSS
113[00112] hBCC VH-3 nucleic acid sequence (SEQ ID NO:
25): caggttcagc tggtgcagtc tggagctgag gtgaagaagc
ctggcgcctc agtgaaggtc 60 tcctgcaagg cttctggtta
cacctttacc agctactgga tgaactgggt gcgacaggcc 120
cctggacaag ggcttgagtg gatgggaatg attgatcctt cagacagtga
aactcactac 180 aatcaaatgt tcaaggacaa agccaccctg
accgtagaca catccacgag cacagcctac 240 atggagctga
ggagcctgag atctgacgac acggccgtgt attactgtgc gagagctatg
300 ggctactggg ggcaagggac cacggtcacc gtctcctca 339
[00113] hBCC VH-3 amino acid sequence (SEQ ID NO: 26):
QVQLVQSGAE VKKPGASVKV SCKASGYTFT SYWMNWVRQA PGQGLEWMGM
IDPSDSETHY 60 NQMFKDKATL TVDTSTSTAY MELRSLRSDD
TAVYYCARAM GYWGQGTTVT VSS 113 [00114] hBCC VH-4
nucleic acid sequence (SEQ ID NO: 27): caggttcagc
tggtgcagtc tggagctgag gtgaagaagc ctggcgcctc agtgaaggtc
60 tcctgcaagg cttctggtta cacctttacc agctactgga
tgaactgggt gcgacaggcc 120 cctggacaag ggcttgagtg
gatgggaatg attgatcctt cagacagtga aactcactac 180
aatcaaatgt tcaaggacag agtcaccatg accgtagaca catccacgag
cacagcctac 240 atggagctga ggagcctgag atctgacgac
acggccgtgt attactgtgc gagagctatg 300 ggctactggg
ggcaagggac cacggtcacc gtctcctca 339 [00115] hBCC VH-4
amino acid sequence (SEQ ID NO: 28): QVQLVQSGAE
VKKPGASVKV SCKASGYTFT SYWMNWVRQA PGQGLEWMGM IDPSDSETHY
60 NQMFKDRVTM TVDTSTSTAY MELRSLRSDD TAVYYCARAM
GYWGQGTTVT VSS 113 [00116] hBCC VH-5 nucleic acid
sequence (SEQ ID NO: 29): caggttcagc tggtgcagtc
tggagctgag gtgaagaagc ctggcgcctc agtgaaggtc 60
tcctgcaagg cttctggtta cacctttacc agctactgga tgaactgggt
gcgacaggcc 120 cctggacaag ggcttgagtg gatgggaatg
attgatcctt cagacagtga aactcactac 180 aatcaaatgt
tcaaggacag agtcaccatg accgtagaca aatccacgag cacagcctac
240 atggagctga ggagcctgag atctgacgac acggccgtgt
attactgtgc gagagctatg 300 ggctactggg ggcaagggac
cacggtcacc gtctcctca 339 [00117] hBCC VH-5 amino acid
sequence (SEQ ID NO: 30): 



QVQLVQSGAE VKKPGASVKV SCKASGYTFT SYWMNWVRQA PGQGLEWMGM
IDPSDSETHY 60 NQMFKDRVTM TVDKSTSTAY MELRSLRSDD
TAVYYCARAM GYWGQGTTVT VSS 113 [00118] hBCC VH-6
nucleic acid sequence (SEQ ID NO: 31): caggttcagc
tggtgcagtc tggagctgag gtgaagaagc ctggcgcctc agtgaaggtc
60 tcctgcaagg cttctggtta cacctttacc agctactgga
tgaactgggt gcgacaggcc 120 cctggacaag ggcttgagtg
gatgggaatg attgatcctt cagacagtga aactcactac 180
aatcaaaagt tcaaggacag agtcaccatg accacagaca catccacgag
cacagcctac 240 atggagctga ggagcctgag atctgacgac
acggccgtgt attactgtgc gagagctatg 300 ggctactggg
ggcaagggac cacggtcacc gtctcctca 339 [00119] hBCC VH-6
amino acid sequence (SEQ ID NO: 32): QVQLVQSGAE
VKKPGASVKV SCKASGYTFT SYWMNWVRQA PGQGLEWMGM IDPSDSETHY
60 NQKFKDRVTM TTDTSTSTAY MELRSLRSDD TAVYYCARAM
GYWGQGTTVT VSS 113 [00120] hBCC VH-7 nucleic acid
sequence (SEQ ID NO: 33): caggttcagc tggtgcagtc
tggagctgag gtgaagaagc ctggcgcctc agtgaaggtc 60
tcctgcaagg cttctggtta cacctttacc agctactgga tgaactgggt
gcgacaggcc 120 cctggacaag ggcttgagtg gatcggaatg
attgatcctt cagacagtga aactcactac 180 aatcaaaagt
tcaaggacag agtcaccatg accacagaca catccacgag cacagcctac
240atggagctga ggagcctgag atctgacgac acggccgtgt
attactgtgc gagagctatg 300 ggctactggg ggcaagggac
cacggtcacc gtctcctca 339 [00121] hBCC VH-7 amino acid
sequence (SEQ ID NO: 34): QVQLVQSGAE VKKPGASVKV
SCKASGYTFT SYWMNWVRQA PGQGLEWIGM IDPSDSETHY 60
NQKFKDRVTM TTDTSTSTAY MELRSLRSDD TAVYYCARAM GYWGQGTTVT
VSS 113 [00122] hBCC VH-8 nucleic acid sequence (SEQ
ID NO: 35): caggttcagc tggtgcagtc tggagctgag
gtgaagaagc ctggcgcctc agtgaaggtc 60 tcctgcaagg
cttctggtta cacctttacc agctactgga tgaactgggt gcgacaggcc
120 cctggacaag ggcttgagtg gatcggaatg attgatcctt
cagacagtga aactcactac 180 aatcaaatgt tcaaggacag
agtcaccatg accgtagaca catccacgag cacagcctac 240
atggagctga ggagcctgag atctgacgac acggccgtgt attactgtgc
gagagctatg 300 ggctactggg ggcaagggac cacggtcacc
gtctcctca 339 [00123] hBCC VH-8 amino acid sequence
(SEQ ID NO: 36): QVQLVQSGAE VKKPGASVKV SCKASGYTFT
SYWMNWVRQA PGQGLEWIGM IDPSDSETHY 60 NQMFKDRVTM
TVDTSTSTAY MELRSLRSDD TAVYYCARAM GYWGQGTTVT VSS 113
[00124] chBCCl VH amino acid sequence (SEQ ID NO: 38):
QVQLQQPGAE LVRPGASVKL SCKASGYTFT SYWMNWVKQR PGQGLEWIGM
VDPSDSETHY 60 NQMFKDKATL TVDKSSSTAY MQLSSLTSED
SAVYYCARAM GYWGQGTSVT VSS 113 [00125] A comparison
between the heavy chain variable regions (VH) of a
native BCC2 antibody (SEQ ID NO: 8) and a chimeric
BCCl antibody (SEQ ID NO: 38) and a humanized BCC2
antibody (SEQ ID NO: 22) of the present invention is
depicted in Figure 3. Although it can be seen that a
number of residues have been changed in these
particular chimeric and humanized sequences, it is not
necessary to modify all or most of these residues when
engineering chimeric and humanized antibodies and
polypeptides of the invention. For the heavy chain
variable region, it is preferable to modify one or
more residues at positions 48, 62, 66, 67, 68, 69, 70,
71, and 73, which are noted in Figure 3 by boldface
and underlining the residues (Kabat numbers are shown
underneath the sequence for these residues). In a
preferred embodiment, a humanized or chimeric BCC VH
comprises one or more of the following modifications:
M48I, M62K, R66K, V67A, M69L, T71V, or T71V and T73K,
any of the modifications shown in Figure 2, or any
other modification (i.e., a modification other than
substitution). [00126] In various embodiments, the
antibodies comprise an immunoglobulin heavy chain
variable region (VH) that is a humanized BCC VH, which
preferably one or more M48I, M62K, R66K, V67A, M69L,
T71V, or T71V and T73K modifications. In a preferred
embodiment, the antibodies comprise an immunoglobulin
VH that is a humanized BCC VH, which preferably
comprises the sequence of SEQ ID NO: 22, SEQ ID NO:
24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ
ID NO: 32, SEQ ID NO: 34, or SEQ ID NO: 36, or is
encoded by a nucleic acid sequence of SEQ ID NO: 21,
SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID
NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, or SEQ ID NO:
35. In other embodiments,the antibodies comprise an
immunoglobulin heavy chain comprising a humanized BCC
VH, which heavy chain preferably comprises a sequence
selected from the group consisting of SEQ ID NO: 22,
SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID
NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, and SEQ ID NO:
36, or is encoded by a nucleic acid sequence selected
from the group consisting of SEQ ID NO: 21, SEQ ID NO:
23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ
ID NO: 31, SEQ ID NO: 33, or SEQ ID NO: 35. [00127] In
various embodiments, the antibodies comprise an
immunoglobulin heavy chain variable region (VH) that
is a chimeric BCC VH, which preferably comprises one
or more M48I, M62K, R66K, V67A, M69L, T71V, or T71V
and T73K modifications. In a preferred embodiment, the
antibodies comprise an immunoglobulin VH that is a
chimeric BCC VH, which preferably comprises the
sequence of SEQ ID NO: 38. [00128] In still other
embodiments, the antibodies comprise an immunoglobulin
light chain variable region (VL) that is a humanized
or chimeric BCC VL, and also comprise an
immunoglobulin heavy chain variable region (VH) that
is a humanized or chimeric BCC VH. The antibodies may
comprise any combination of the VL and VH regions
described herein, for example a native VL with a
humanized VH, a native VL with a chimeric VH, a
humanized VL with a humanized VH, a humanized VL with
a chimeric VH, a humanized VL with a native VH, a
chimeric VL with a humanized VH, a chimeric VL with a
chimeric VH, or a chimeric VL with a native VH. Each
of these combinations may be further varied by the
understanding that in certain embodiments, the VL
region may be a version (chimeric, humanized or
native) of a BCCl antibody, and the VH region may be a
version (chimeric, humanized or native) of a BCC2
antibody, or vice-versa. [00129] In various
embodiments, the antibodies comprise one of the
following combinations: hBCC VL-I / chBCC VH, hBCC
VL-2 / chBCC VH, hBCC VL-3 / chBCC VH, hBCC VL-4 /
chBCC VH, chBCC VL / hBCC VH-I, chBCC VL / hBCC VH-2,
chBCC VL / hBCC VH-3, chBCC VL / hBCC VH-4, chBCC VL /
hBCC VH-5, chBCC VL / hBCC VH-6, hBCC VL-4 / hBCC
VH-2, hBCC VL-4 / hBCC VH-7 hBCC VL-4 / hBCC VH-8,
hBCC VL-6 / hBCC VH-2, hBCC VL-6 / hBCC VH-7, or hBCC
VL-6 / hBCC VH-8. In a preferred embodiment, the
antibodies comprise one of the combinations of VL and
VH regions set forth in Table 2.[00130] The
polypeptides (especially antibodies) contemplated by
the present invention may be in a complex with one
another or with other non-immunoglobulin polypeptides
(e.g., enzymes, hormones, structural proteins, etc.).
For example, an embodiment may provide a polypeptide
complex comprising two polypeptides, wherein one of
said polypeptides comprises a heavy chain, and the
other polypeptide comprises a variant light chain, or
wherein both polypeptides comprise the same sequences.
Complexing can be mediated by any suitable technique,
including by dimerization/multimerization at a
dimerization/multimerization domain such as those
describedherein or covalent interactions (such as
through a disulfide linkage) (which in some contexts
is part of a dimerization domain, for example a
dimerization domain may contain a leucine zipper
sequence and a cysteine). In another embodiment, a
composition may comprise polypeptides and/or
polynucleotides of the invention, for example a
composition may comprise a plurality of any of the
polypeptides described herein. A composition
comprising a polynucleotide or polypeptide may be in
the form of a kit or an article of manufacture
(optionally packaged with instructions, buffers,
etc.). [00131] It is also contemplated that
polypeptide variants (and in particular antibody
variants) can be prepared. The polypeptide variants
may possess sequence modifications (e.g.,
substitutions, deletions and/or additions) at desired
positions within their amino acid sequences relative
to the native amino acid sequence. Those skilled in
the art will appreciate that amino acid changes may
alter post-translational processes of the antibody or
polypeptide, such as changing the number or position
of glycosylation sites or altering the membrane
anchoring characteristics. In a preferred embodiment,
the antibody and polypeptide variants are Fc region
variants. [00132] Variants may have the same or
altered activity as compared to a native antibody or
polypeptide. For example, it may be desirable that the
variant have the same activity, but be modified in a
manner so that it is more stable or has a longer
half-life in vivo, for example by conjugating the
antibody with albumin or a salvage receptor binding
epitope, as described, e.g., in U.S. Patent No.
5,739,277. Or, for example, it may be desirable that
an antibody have an increased binding affinity to
antigen, but the same effector function as a native
antibody, or it may be desirable that an antibody have
the same binding affinity to antigen, but a decreased
effector function. Activity may be tested by, e.g.,
using in vitro assays such as ELISA assays, surface
plasmon resonance assays, radiolabeled protein binding
assays (RIA), or immunoprecipitation assays. [00133]
Substantial modifications in function or immunological
identity may be accomplished by selecting
modifications that differ significantly in their
effect on maintaining (a) the structure of the
polypeptide backbone in the area of the modification,
for example, as a sheet or helical conformation, (b)
the charge or hydrophobicity of the molecule at the
target site, or (c) the bulk of the side chain.
Scanning amino acid analysis can also be employed to
identify one or more amino acids along a contiguous
sequence, for example as described by Cunningham and
Wells (1989) Science 244:1081-1085. Among the
preferred scanning amino acids are relatively small,
neutral amino acids, such as alanine, glycine, serine,
and cysteine. Alanine is typically a preferred
scanning amino acid among this group because it is the
most common amino acid, is frequently found in both
buried and exposed positions, and because it
eliminates the side-chain beyond thebeta-carbon and is
less likely to alter the main-chain conformation of
the variant. If alanine substitution does not yield
adequate amounts of variant, an isoteric amino acid
can be used. Further, any cysteine residue not
involved in maintaining the proper conformation of the
antibody or polypeptide may be substituted, generally
with serine, to improve the oxidative stability of the
molecule and prevent aberrant crosslinking. However,
in certain circumstances, particularly where the
antibody is an antibody fragment such as an Fv
fragment, cysteine bond(s) may be added to the
antibody or polypeptide to improve its stability. Bl.
Fc Domain Variants [00134] The polypeptides of the
present invention may have variant Fc domains.
Modification of the Fc domain normally leads to an
altered phenotype, for example altered serum
half-life, altered stability, altered susceptibility
to cellular enzymes or altered effector function. It
may be desirable to modify the antibody of the
invention with respect to effector function, so as to
enhance the effectiveness of the antibody in treating
cancer, for example. Reduction or elimination of
effector function is desirable in certain cases, for
example in the case of antibodies whose mechanism of
action involves blocking or antagonism, but not
killing of the cells bearing a target antigen.
Increased effector function is generally desirable
when directed to undesirable cells, such as tumor and
foreign cells, where the FcgRs are expressed at low
levels, for example, tumor specific B cells with low
levels of FcgRIIB (e.g., non-Hodgkins lymphoma, CLL,
and Burkitt's lymphoma). In said embodiments,
molecules of the invention with conferred or altered
effector function activity are useful for the
treatment and/or prevention of a disease, disorder or
infection where an enhanced efficacy of effector
function activity is desired. [00135] In certain
embodiments, the molecules of the invention comprise
one or more modifications to the amino acids of the Fc
domain, which reduce the affinity and avidity of the
Fc region and, thus, the molecule of the invention,
for one or more FcgR receptors. In other embodiments,
the molecules of the invention comprise one or more
modifications to the amino acids of the Fc region,
which increase the affinity and avidity of the Fc
region and, thus, the molecule of the invention, for
one or more FcgR receptors. In other embodiments, the
molecules comprise a variant Fc domain wherein said
variant confers or mediates increased ADCC activity
and/or an increased binding to FcgRIIA, relative to a
molecule comprising no Fc domain or comprising a
wild-type Fc domain. In alternate embodiments, the
molecules comprise a variant Fc domain wherein said
variant confers or mediates decreased ADCC activity
(or other effector function) and/or an increased
binding to FcgRIIB, relative to a molecule comprising
no Fc domain or comprising a wild-type Fc
domain.[00136] In some embodiments, the invention
encompasses molecules comprising a variant Fc region,
which variant Fc region does not show a detectable
binding to any FcgR, relative to a comparable molecule
comprising the wild-type Fc region. In other
embodiments, the invention encompasses molecules
comprising a variant Fc region, which variant Fc
region only binds a single FcgR, preferably one of
FcgRIIA, FcgRIIB, or FcgRIIIA. [00137] The
polypeptides of the present invention may comprise
altered affinities for an activating and/or inhibitory
Fcg receptor. In one embodiment, the antibody or
polypeptide comprises a variant Fc region that has
increased affinity for FcgRIIB and decreased affinity
for FcgRIIIA and/or FcgRIIA, relative to a comparable
molecule with a wild-type Fc region. In another
embodiment, the polypeptides of the present invention
compris a variant Fc region, which has decreased
affinity for FcgRIIB and increased affinity for
FcgRIIIA and/or FcgRIIA, relative to a comparable
molecule with a wild-type Fc region. In yet another
embodiment, the polypeptides of the present invention
comprise a variant Fc region that has decreased
affinity for FcgRIIB and decreased affinity for
FcgRIIIA and/or FcgRIIA, relative to a comparable
molecule with a wildtype Fc region. In still another
embodiment, the polypeptides of the present invention
comprise a variant Fc region, which has unchanged
affinity for FcgRIIB and decreased (or increased)
affinity for FcgRIIIA and/or FcgRIIA, relative to a
comparable molecule with a wild-type Fc region.
[00138] In certain embodiments, the invention
encompasses immunoglobulins comprising a variant Fc
region with an altered affinity for FcgRIIIA and/or
FcgRIIA such that the immunoglobulin has an enhanced
effector function, e.g., antibody dependent cell
mediated cytotoxicity. Non-limiting examples of
effector cell functions include antibody-dependent
cell mediated cytotoxicity (ADCC), antibody-dependent
phagocytosis, phagocytosis, opsonization,
opsonophagocytosis, cell binding, rosetting, CIq
binding, and complement dependent cell mediated
cytotoxicity. [00139] In a preferred embodiment, the
alteration in affinity or effector function is at
least 2-fold, preferably at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least
8-fold, at least 9- fold, at least 10-fold, at least
50-fold, or at least 100-fold, relative to a
comparable molecule comprising a wild-type Fc region.
In other embodiments of the invention, the variant Fc
region immunospecifically binds one or more FcRs with
at least 65%, preferably at least 70%, 75%, 80%, 85%,
90%, 95%, 100%, 125%, 150%, 175%, 200%, 225%, or 250%
greater affinity relative to a molecule comprising a
wild-type Fc region. Such measurements can be in vivo
or in vitro assays, and in a preferred embodiment are
in vitro assays such as ELISA or surface plasmon
resonance assays.[00140] In different embodiments, the
molecules comprise a variant Fc domain wherein said
variant agonizes at least one activity of an FcgR
receptor, or antagonizes at least one activity of an
FcgR receptor. In a preferred embodiment, the
molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FcgRIIB, for
example, B cell receptor-mediated signaling,
activation of B cells, B cell proliferation, antibody
production, intracellular calcium influx of B cells,
cell cycle progression, FcgRIIB-mediated inhibition of
FceRI signaling, phosphorylation of FcgRIIB, SHIP
recruitment, SHIP phosphorylation and association with
She, or activity of one or more downstream molecules
(e.g., MAP kinase, JNK, p38, or Akt) in the FcgRIIB
signal transduction pathway. In another embodiment,
the molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FceRI, for
example, mast cell activation, calcium mobilization,
degranulation, cytokine production, or serotonin
release. [00141] In certain embodiments, the molecules
comprise an Fc domain comprising domains or regions
from two or more IgG isotypes (e.g., IgGl, IgG2, IgG3
and IgG4). The various IgG isotypes exhibit differing
physical and functional properties including serum
half-life, complement fixation, FcgR binding
affinities and effector function activities (e.g.,
ADCC, CDC, etc.) due to differences in the amino acid
sequences of their hinge and/or Fc domains, for
example as described in Flesch and Neppert (1999) J .
Clin. Lab. Anal. 14:141-156; Chappel et al. (1993) J .
Biol. Chem. 33:25124-25131; Chappel et al. (1991)
Proc. Natl. Acad. Sci. (U.S.A.) 88:9036-9040; or
Brggemann et al. (1987) J . Exp. Med 166:1351-1361.
This type of variant Fc domain may be used alone, or
in combination with an amino acid modification, to
affect Fc-mediated effector function and/or binding
activity. In combination, the amino acid modification
and IgG hinge/Fc region may display similar
functionality (e.g., increased affinity for FcgRIIA)
and may act additively or, more preferably,
synergistically to modify the effector functionality
in the molecule of the invention, relative to a
molecule of the invention comprising a wild-type Fc
region. In other embodiments, the amino acid
modification and IgG Fc region may display opposite
functionality (e.g., increased and decreased affinity
for FcgRIIA, respectively) and may act to selectively
temper or reduce a specific functionality in the
molecule of the invention, relative to a molecule of
the invention not comprising an Fc region or
comprising a wild-type Fc region of the same isotype.
[00142] In a preferred specific embodiment, the
molecules comprise a variant Fc region, wherein said
variant Fc region comprises at least one amino acid
modification relative to a wild-type Fc region, such
that said molecule has an altered affinity for an FcR,
provided that said variant Fc region does not have a
substitution at positions that make a direct contact
with FcgR based on crystallographic and structural
analysis of Fc-FcR interactions such as those
disclosed by Sondermann et al. (2000) Nature
406:267-73. Examples of positions within the Fc region
that make a direct contact with FcgR are amino acid
residues 234-239 (hinge region), amino acidresidues
265-269 (B/C loop), amino acid residues 297-299 (CVE
loop), and amino acid residues 327-332 (F/G loop). In
some embodiments, the molecules of the invention
comprise variant Fc regions comprise modification of
at least one residue that does not make a direct
contact with an FcgR based on structural and
crystallographic analysis, e.g., is not within the
Fc-Fc gR binding site. [00143] Variant Fc domains are
well known in the art, and any known Fc variant may b
e used in the present invention to confer or modify
the effector function exhibited by a molecule of the
invention comprising an Fc domain (or portion thereof)
as functionally assayed, e.g., in an NK dependent or
macrophage dependent assay. For example, Fc domain
variants identified as altering effector function are
disclosed in the Antibody Engineering Technology Art,
and any suitable variant disclosed therein may b e
used in the present molecules. [00144] In certain
embodiments, the molecules comprise a variant Fc
region, having one or more amino acid modifications in
one or more regions, which modification(s) alter
(relative to a wildtype Fc region) the Ratio of
Affinities of the variant Fc region to an activating
FcgR (such as FcgRIIA or FcgRIIIA) relative to an
inhibiting FcgR (such as FcgRIIB): T-, , r rvr
Wild-Type to Variant Chang O e in Affinity J to Fc I R
A . ct vat ng Ratio of Affinities = Wild-Type to
Variant Change in Affinity to cgR Inhibiting [00145]
Where an Fc variant has a Ratio of Affinities greater
than 1, the methods of the invention have particular
use in providing a therapeutic or prophylactic
treatment of a disease, disorder, or infection, or the
amelioration of a symptom thereof, where an enhanced
efficacy of effector cell function (e.g., ADCC)
mediated by FcgR i s desired, e.g., cancer or
infectious disease. Where an Fc variant has a Ratio of
Affinities less than 1, the methods of the invention
have particular use in providing a therapeutic or
prophylactic treatment of a disease or disorder, or
the amelioration of a symptom thereof, where a
decreased efficacy of effector cell function mediated
by FcgR is desired, e.g., autoimmune or inflammatory
disorders. Table 3 lists exemplary single, double,
triple, quadruple and quintuple mutations by whether
their Ratio of Affinities is greater than or less than



1. Specific binding data for various mutations is
listed in Table 4, and more information concerning
these mutations may b e found in the Antibody
Engineering Technology Art.HER2/neu-Specific
Antibodies And Methods Of Using Same Cross-Reference
to Related Applications: [0001] This application
claims priority to United States Patent Application
Serial No. 61/041,649, filed April 2, 2008 (pending),
which application is herein incorporated by reference
in its entirety. Reference to Sequence Listing: [0002]
This application includes one or more Sequence
Listings pursuant to 37 C.F.R. 1.821 et seq., which
are disclosed in both paper and computer-readable
media, and which paper and computer-readable
disclosures are herein incorporated by reference in
their entirety. Background Of The Invention: Field Of
The Invention: [0003] This invention relates to novel
4D5 antibodies that specifically bind HER2/neu, and
particularly novel chimeric 4D5 antibodies to
HER2/neu, which have reduced glycosylation and altered
effector functions as compared to known 4D5
antibodies. The invention also relates to methods of
using the antibodies and compositions comprising them
in the diagnosis, prognosis and therapy of diseases
such as cancer, autoimmune diseases, inflammatory
disorders, and infectious disease. Description of the
Related Art: HER2/neu and HER2/neu Receptors [0004]
Cellular growth and differentiation processes involve
growth factors that exert their actions through
specific receptors such as the tyrosine kinases. The
binding of ligand to a tyrosine kinase receptor
triggers a cascade of events that eventually lead to
cellular proliferation and differentiation. (Carpenter
et al. (1979) Biochem. 48:193-216; Sachs et al (1987)
Cancer Res. 47:1981-8196). Tyrosine kinase receptors
can be classified into several groups on the basis
ofsequence similarity and distinct features. One such
family is the ErbB or epidermal growth factor receptor
family, which includes multiple receptors known as
HER-I (also known as erbB-1 or EGFR), HER-2 or
HER2/neu (also known as erbB-2, c-neu, or p i 85),
HER-3 (also known as erbB-3), and HER-4 (also known as
erbB-4). (See, e.g., Carpenter et al, supra; Semba et
al (1985) Proc. Natl. Acad. Sci. (U.S.A.) 82:
6497-6501; Coussens et al. (1985) Science, 230:1130-
1139, Bargmann et al. (1986) Cell 45:649-657; Kraus et
al. (1989) PNAS 86: 9193-9197; Carraway et al (1994) J
. Biol. Chem. 269:14303-14306; and Plowman et al.
(1993) Nature 366: 473-475; Tzahar et al. (1994) Biol.
Chem. 269: 25226-25233). [0005] The ErbB receptors
play important roles in propagating signals regulating
cell proliferation, differentiation, motility, and
apoptosis, both in normal developmental processes and
in human tumorigenesis. (Slamon et al. (1989) Science
244:707-712). For example, the activation of erbB
receptors is coupled to and stimulates downstream
MAPK-Erkl/2 and phosphoinositide-3- kinase (PI3K)/AKT
growth and survival pathways. The deregulation of
these pathways in cancer has been linked to disease
progression and refractoriness to therapy. (Fukazawa
et al. (1996) J . Biol. Chem. 271:14554-14559; Tzahar
et al. (1996) MoI. Cell. Biol. 16:5276-5287; Lange et
al. (1998) J . Biol. Chem. 273:31308-31316; Olayioye
et al. (1998) MoI. Cell. Biol. 18:5042-5051; Hackel et
al. (1999) Curr. Opin. Cell Biol. 11:184-189).
Activation of PI3K/AKT promotes cell survival and
enhanced tumor aggressiveness, and AKT2 was reported
to be activated and overexpressed in
HER2/neu-overexpressing breast cancers. (Shak (1999)
Semin. Oncol. Suppl 12:71-77; Huang et al. (2000)
Clinical Cancer Res. 7:2166-2174; Bacus et al. (2002)
Oncogene 21:3532-3540). [0006] Signaling by the ErbB
family of receptors is initiated by ligand binding
which triggers homo- or hetero-receptor dimerization,
reciprocal tyrosine phosphorylation of the cytoplasmic
tails, and activation of intracellular signal
transduction pathways. (Cirri et al. (2003) Exp. Cell
Res. 284:54). The availability of ligands that bind to
and activate the ErbB receptors is mediated by various
metalloproteases, such as the ADAM (A Disintegrin And
Metalloprotease) family of zinc-dependent
metalloproteases, which catalyze cell surface
ectodomain shedding of specific proteins. (See Chang
and Werb (2001) Trends in Cell Biology 11:537-543;
Moss and Lambert (2002) Essays in Biochemistry
38:141-153; Seals and Courtneidge (2003) Genes and
Development 17:7-30). Specifically, the ADAM family
has been shown to cleave ligands responsible for
activating the ErbB receptors, such as APP and Notch.
(Blobel (2005) Nat. Rev. MoI. Cell. Biol.
6:32-43).[0007] An important member of the ErbB
family, HER2/neu, is a 185 kDa receptor protein that
was originally identified as the product of the
transforming gene from neuroblastomas of chemically
treated rats. HER2/neu has been extensively
investigated because of its role in several human
carcinomas and in mammalian development. (Hynes and
Stern (1994) Biochim. et Biophys. Acta 1198:165-184;
and Dougall et al (1994) Oncogene 9:2109-2123; Lee et
al (1995) Nature 378:394-398). The human HER2/neu gene
and HER2/neu protein are described in Semba et al
(1985) Proc. Natl. Acad. Sci. (U.S.A.) 82:6497-6501
and Yamamoto et al (1986) Nature 319:230-234, and the
sequence is available in GenBank as accession number
X03363. HER2/neu comprises four domains: an
extracellular domain to which ligand binds; a
lipophilic transmembrane domain; a conserved
intracellular tyrosine kinase domain; and a
carboxyl-terminal signaling domain harboring several
tyrosine residues that can be phosphorylated. (Plowman
et al (1993) Proc. Natl. Acad. Sci. (U.S.A.)
90:1746-1750). The sequence of the HER2/neu
extracellular (ECD) domain was described by Franklin
et al (2004) Cancer Cell. 5(4):3 17-328, and is
available in Protein DataBank Record 1S78 (2004).
[0008] HER2/neu functions as a growth factor receptor
and is often expressed by tumors such as breast
cancer, ovarian cancer and lung cancer. HER2/neu is
overexpressed in 25-30% of human breast and ovarian
cancers, and is associated with aggressive clinical
progression and poor prognosis in these patients.
(Slamon et al. (1987) Science 235:177-182; Slamon et
al (1989) Science 244:707-712). Overexpression of
HER2/neu has also been observed in other carcinomas
including carcinomas of the stomach, endometrium,
salivary gland, lung, kidney, colon, thyroid, pancreas
and bladder. (See, e.g., King et al (1985) Science
229:974; McCann et al (1990) Cancer 65:88-92; Yonemura
et al (1991) Cancer Research 51:1034). [0009]
Activation of HER2/neu has been correlated with
reduced clinical responsiveness to hormone therapy in
breast cancer patients. (Wright et. al. (1989) Cancer
Res. 49:2087-2090; Kurokawa & Arteaga (2001) Clin.
Cancer Res. 7:4436s-42s, 4411s-4412s). Indeed,
HER2/neu expression is sufficient to convey
anti-estrogen resistance. (Benz et. al. (1993) Breast
Cancer Res. Treat. 24:85-95). HER2/neu, as well as
HER-3, also appears to be involved in the onset of
hormone resistance in prostate cancer patients.
Approximately one-third of prostate cancer patients
receive hormone therapy treatment aimed at disrupting
the action of testicular and adrenal androgens. As
with breast cancer, resistance is inevitable. Recent
data suggests that signals emanating from HER2/neu and
HER-3 induce a "hormone -refractory" state.
(Mellinghoff et. al. (2004) Cancer Cell
6:517-527).[0010] Several truncated and spliced
versions of HER2/neu are known. For example, a
truncated ECD located in the perinuclear cytoplasm of
some gastric carcinoma cells is produced by an
alternative transcript generated by use of a
polyadenylation signal within an intron. (Yamamoto et
al (1986) Nature 319:230-234; and Scott et al (1993)
MoI. Cell. Biol. 13:2247-2257). No particular
therapeutic, diagnostic or research utility has been
ascribed to this truncated ECD polypeptide. The ECD of
HER2/neu can also be proteolytically shed from breast
carcinoma cells in culture, and is found in the serum
of some cancer patients where it is may be a serum
marker of metastatic breast cancer and overall poor
prognosis. (Petch et al (1990) MoI. Cell. Biol.
10:2973- 2982; Leitzel et al (1992) J . Clin. Oncol.
10:1436-1443; Scott et al (1993) MoI. Cell. Biol.
13:2247-2257; and Lee and Maihle (1998) Oncogene
16:3243-3252). In some HER2/neu overexpressing tumor
cells, 4-aminophenylmercuric acetate (APMA), a
well-known metalloprotease activator, activates
metalloproteases such as ADAMlO and ADAM 15 to cleave
the HER2/neu receptor into two parts: a truncated
membrane-associated receptor known as p95, and a
soluble ECD known as plO5 or ECD105. (See, e.g.,
Molina et al. (2001) Cancer Res. 61:4744-4749; U.S.
Patent Publication No. 2004/0247602). Loss of the ECD
renders the p95 receptor a constitutively active
tyrosine kinase, which can deliver growth and survival
signals to cancer cells. (See, e.g., U.S. Patent No.
6,541,214). [0011] Studies have shown that in HER2/neu
overexpressing breast cancer cells, treatment with
antibodies specific to HER2/neu in combination with
chemotherapeutic agents (e.g., cisplatin, doxoubicin,
taxol) elicits a higher cytotoxic response than
treatment with chemotherapy alone. (Hancock et al
(1991) Cancer Res. 51:4575-4580; Arteaga et al (1994)
Cancer 54:3758-3765; Pietras et al (1994) Oncogene
9:1829-1838). One possible mechanism by which HER2/neu
antibodies might enhance response to chemotherapeutic
agents is through the modulation of HER2/neu protein
expression or by interfering with DNA repair.
(Stancovski et al (1991) Proc. Natl. Acad. Sci.
(U.S.A.) 88:8691-8695; Bacus et al (1992) Cell Growth
& Diff. 3:401-411; Bacus et al (1993) Cancer Res.
53:5251-5261; Klapper et al (1997) Oncogene
14:2099-2109; Klapper et al (2000) Cancer Res.
60:3384-3388; Arteaga et al (2001) J Clinical Oncology
19(18s):32s-40s). [0012] A number of monoclonal
antibodies and small molecule tyrosine kinase
inhibitors targeting HER-I or HER2/neu have been
developed. For example, a murine monoclonal antibody
known as 4D5 recognizes an extracellular epitope
(amino acids 529 to 627) in the cysteine-rich II
domain of HER2/neu that resides very close to the
transmembrane region. Treatment of breast cancer cells
with 4D5 partially blocks NDF/heregulin activation of
HER2/neu-HER-3 complexes, as measured by receptor
phosphorylation assays. (Carter et al (1992) Proc.
Natl. Acad. Sci.(U.S.A.) 89:4285-4289; Sliwkowski et
al. (1999) Sem. in Oncol. 26:60-70; Ye et al. (1999)
Oncogene 18:731-738; Vogel et al. (2001) Oncology
61(suppl 2):37-42; Vogel et al. (2002) Journal of
Clinical Oncology 20(3):719-726; Fujimoto-Ouchi et al.
(2002) Cancer Chemother. Pharmacol. 49:211-216).
Administration of 4D5 to humans, however, was a
clinical failure because patients quickly developed
HAMA responses, so humanized forms were developed. The
sequence and crystal structure of humanized antibody
4D5 have been described in U.S. Pat. No. 6,054,297,
Carter et al, supra, and Eigenbrot et al. (1993) J .
MoI. Biol. 229:969-95. [0013] A humanized form of 4D5
known as trastuzumab (sold as Herceptin(r) by
Genentech, Inc.) was developed and approved for
treating cancers involving the overexpression or gene
amplification of HER2/neu, including breast cancer.
(Cobleigh et al. (1999) J . Clin. Oncol.
17:2639-2648). Trastuzumab inhibits the APMA-mediated
cleavage of HER2/neu into the ECD and p95 portions in
vitro, and is believed to work in vitro through
different mechanisms, including the possible
inhibition of HER2/neu shedding. (Pegram et al. (1998)
Journal of Clinical Oncology 16(8):2659-2671; Baselga
/. (2001) Seminars in Oncology 28(5)(suppl. 16):4-11;
Baselga /. (2001) Annals of Oncology 12 (suppl.
1):S35-S41). Trastuzumab therapy has various
drawbacks, however, such as cardiotoxicity and
development of HAHA responses in some patients. [0014]
Thus, there is still a need for new or improved forms
of HER2/neu antibodies for use in cancer therapies,
for example 4D5 antibodies having increasing affinity
or specificity, reduced potential for HAMA or HAHA
responses, altered effector functions, and the like.
Fc Receptors [0015] The interaction of
antibody-antigen complexes with cells of the immune
system results in a wide array of responses, ranging
from effector functions such as antibody-dependent
cytotoxicity, mast cell degranulation, and
phagocytosis to immunomodulatory signals such as
regulating lymphocyte proliferation and antibody
secretion. All these interactions are initiated
through the binding of the Fc domain of antibodies or
immune complexes to Fc receptors, which are
specialized cell surface receptors on hematopoietic
cells. The diversity of cellular responses triggered
by antibodies and immune complexes results from the
structural heterogeneity of Fc receptors. Fc receptors
share structurally related ligand binding domains
which presumably mediate intracellular signaling.
[0016] The Fc receptors, members of the immunoglobulin
gene superfamily of proteins, are surface
glycoproteins that can bind the Fc portion of
immunoglobulin molecules. Each member of the family
recognizes immunoglobulins of one or more isotypes
through a recognition domain onthe a chain of the Fc
receptor. Fc receptors are defined by their
specificity for immunoglobulin subtypes. Fc receptors
for IgG are referred to as "FcgR," for IgE as "FeR,"
and for IgA as "FcaR." Different accessory cells bear
Fc receptors for antibodies of different isotype, and
the isotype of the antibody determines which accessory
cells will be engaged in a given response (Billadeau
et al (2002) J . Clin. Investigat. 2(109):161-81;
Gerber et al (2001) Microbes Infection 3:131-139;
Ravetch et al. (2001) Annu. Rev. Immunol. 19:275-90;
Ravetch et al. (2000) Science 290:84-89; Ravetch
(1994) Cell 78(4):553-560; Ravetch et al (1991) Annu.
Rev. Immunol. 9:457-492; see also, Immunobiology: The
Immune System in Health and Disease (4th ed. 1999),
Elsevier Science Ltd/Garland Publishing, New York). An
overview of various receptors is presented in Table 1.
[0017] Each Fcg receptor ("FcgR") is an integral
membrane glycoprotein, possessing extracellular
domains related to a C2-set of immunoglobulin-related
domains, a single membranespanning domain and an
intracytoplasmic domain of variable length. There are
four known FcgRs, designated FcgRI (CD64), FcgRII
(CD32), FcgRIII (CD16), and FcgRIV. The receptors are
encoded by distinct genes; however, the extensive
homology between the family members suggest they arose
from a common progenitor perhaps by gene duplication.
[0018] Both activating and inhibitory signals are
transduced through the FcgRs following ligation. These
diametrically opposing functions result from
structural differences among the different receptor
isoforms. Two distinct domains within the cytoplasmic
signaling domains of the receptor called
immunoreceptor tyrosine based activation motifs
(ITAMs) or immunoreceptor tyrosine based inhibitory
motifs (ITIMS) account for the different responses.
The recruitment of different cytoplasmic enzymes to
these structures dictates the outcome of the
FcgR-mediated cellular responses. ITAM-containing FcgR
complexes include FcgRI, FcgRIIA, FcgRIIIA, and
FcgRIV, whereas ITIM-containing complexes only include
FcgRIIB. [0019] FcgRI displays high affinity for the
antibody constant region and restricted isotype
specificity (Hulett and Hogarth (1994) Adv Immunol
57:1-127). FcgRII proteins are 40 KDa integral
membrane glycoproteins which bind only the complexed
IgG due to a low affinity for monomeric Ig (106 M-I).
This receptor is the most widely expressed FcgR,
present on all hematopoietic cells, including
monocytes, macrophages, B cells, NK cells,
neutrophils, mast cells, and platelets. FcgRII has
only two immunoglobulin-like regions in its
immunoglobulin binding chain and hence a much lower
affinity for IgG than FcgRI. There are three known
human FcgRII genes (FcgRII-A, FcgRII-B, FcgRII-C), all
of which bind IgG in aggregates or immune complexes.
Human neutrophils express the FcgRIIA gene. The
FcgRIIB gene is expressed on B lymphocytes; its
extracellular domain is 96% identical to FcgRIIA and
binds IgG complexes in an indistinguishable manner.
[0020] Distinct differences within the cytoplasmic
domains of FcgRII-A and FcgRII-B create two
functionally heterogenous responses to receptor
ligation. The FcgRII-A isoform initiates intracellular
signaling leading to cell activation such as
phagocytosis and respiratory burst, whereas the
FcgRII-B isoform initiates inhibitory signals, e.g.,
inhibiting B-cell activation. FcgRIIA clustering via
immune complexes or specific antibody cross-linking
serves to aggregate ITAMs along with
receptor-associated kinases which facilitate ITAM
phosphorylation. ITAM phosphorylation serves as a
docking site for Syk kinase, activation of which
results in activation of downstream substrates (e.g.,
PI3K). Cellular activation leads to release of
proinflammatory mediators. When co-ligated or
co-aggregated along with an activating FcgR having an
ITAM, such as FcgRIIA or FceRI, the ITIM in FcgRIIB
becomes phosphorylated and recruits the SH2domain of
the src homology 2-containing inositol phosphatase
(SHIP), which in turn is phosphorylated and associates
with She (Ott (2002) J . Immunol. 162(9):4430-4439;
Yamanshi et al (1997) Cell 88:205; Carpino et al
(1997) Cell 88:197). SHIP hydrolyzes phosphoinositol
messengers released as a consequence of
ITAM-containing FcgR-mediated tyrosine kinase
activation, consequently preventing the influx of
intracellular Ca++, and dampening cellular
responsiveness to FcgR ligation. Thus, B cell
activation, B cell proliferation and antibody
secretion is aborted, and FcgR-mediated phagocytosis
is down-regulated (Tridandapani et al (2002) J . Biol.
Chem. 277(7):5082-89). [0021] Specifically,
coaggregation of FcgRIIA with FcgRIIB results in
down-regulation of phosphorylation of Akt, which is a
serine-threonine kinase that is involved in cellular
regulation and serves to suppress apoptosis, and
coaggregation of FcgRIIB with the high affinity IgE
receptor FceRI in mast cells leads to inhibition of
antigen-induced degranulation, calcium mobilization,
and cytokine production (Long (1999) Annu Rev. Immunol
17:875; Metcalfe et al. (1997) Physiol. Rev. 77:1033).
Coaggregation of FcgRIIB and the B-cell receptor (BCR)
leads to inhibition of BCR-mediated signaling, and
inhibition of cell cycle progression and cellular
survival. Although numerous effector functions of
FcgRIIB-mediated inhibition of BCR signaling are
mediated through SHIP, recently it has been
demonstrated that lipopolysaccharide (LPS)-activated B
cells from SHIP deficient mice exhibit significant
FcgRIIB-mediated inhibition of calcium mobilization,
Ins(l,4,5)P3 production, and Erk and Akt
phosphorylation (Brauweiler et al. (2001) Journal of
Immunology 167(1): 204-211). [0022] The size of
FcgRIII ranges between 40 and 80 kDa in mouse and man,
due to heterogeneity within this class. Two human
genes encode two transcripts, FcgRIIIA, an integral
membrane glycoprotein, and FcgRIIIB, a
glycosylphosphatidyl-inositol (GPI)-linked version.
One murine gene encodes an FcgRIII homologous to the
membrane spanning human FcgRIIIA. The FcgRIII shares
structural characteristics with each of the other two
FcgRs. Like FcgRII, FcgRIII binds IgG with low
affinity and contains the corresponding two
extracellular Ig-like domains. FcgRIIIA is expressed
in macrophages, mast cells, and is the lone FcgR in NK
cells. The GPIlinked FcgRIIIB is currently known to be
expressed only in human neutrophils. [0023] FcgRIV
(also known as mFcRIV) requires association of the FcR
gamma-chain for optimal expression and function on
myeloid cells; its signaling potential is also
enhanced by a cytoplasmic "YEEP" motif that recruits
the adaptor molecule Crk-L and phosphatidylinositol-3-
OH kinase. FcgRIV preferentially binds immunoglobulin
E antibodies of the b allotype (IgEb) as well as IgG2a
and IgG2b antibodies. Ligation of FcgRIV by
antigen-IgEb immune complexespromotes
macrophage-mediated phagocytosis, presentation of
antigen to T cells, production of proinflammatory
cytokines and the late phase of cutaneous allergic
reactions (Hirano et al. (2007) Nature Immunology
8:762-771). FcgRIV is a recently identified receptor,
conserved in all mammalian species with intermediate
affinity and restricted subclass specificity
(Nimmerjahn et al. (2005) Immunity 23:41-51; Mechetina
et al. (2002) Immunogenetics 54:463-468; Davis et al
(2002) Immunol Rev 190:23-36). FcRIII and FcRIV are
physiologically important activation FcRs for
mediating inflammatory disease triggered by cytotoxic
antibodies or pathogenic immune complexes. FcRIV is
found on dendritic cells, macrophages, monocytes and
neutrophils. [0024] Despite all such advances, a need
remains for anti-HER2/neu antibodies that possess
therapeutic use in the treatment of autoimmunity,
cancer, inflammatory disease, and/or transplantation,
and exhibit improved ability to mediate effector
function from the Fc receptors. The present invention
is directed to this and other needs. Summary of the
Invention: [0025] Embodiments of the invention provide
various polypeptides, for example a polypeptide
comprising an immunoglobulin light chain variable
domain having the amino acid sequence of SEQ ID NO: 4,
a polypeptide comprising an immunoglobulin light chain
having the amino acid sequence of SEQ ID NO: 2, and a
polypeptide comprising a chimeric 4D5 immunoglobulin
light chain comprising an N65S substitution. Other
embodiments provide a polypeptide comprising an
immunoglobulin heavy chain having the amino acid
sequence of SEQ ID NO: 7, a polypeptide comprising an
immunoglobulin heavy chain having an amino acid
sequence selected from the group consisting of SEQ ID
NO: 9, SEQ ID NO: 11, and SEQ ID NO: 13, and a
polypeptide comprising a 4D5 immunoglobulin heavy
chain comprising various substitutions. [0026] The
polypeptides may be antibodies, and may specifically
bind human HER2/neu. The polypeptides and antibodies
may comprise a variant Fc domain, which comprises one
or more modifications, which may confer a phenotype
alteration on the polypeptide or antibody, including
altered effector function, increased or decreased
binding to an FcgR, etc. The embodiments of the
invention also provide polynucleotides encoding the
polypeptides and antibodies, vectors comprising the
polynucleotides, and host cells comprising the
vectors. Methods of producing the polypeptides and
antibodies, as well as methods of treating various
diseases and disorders, are also 



provided. [0027] In detail, the invention provides a
polypeptide comprising a chimeric 4D5 immunoglobulin
light chain comprising an N65S substitution, and
particularly the embodiments ofsuch polypeptide
wherein the polypeptide comprises a light chain
variable domain having the amino acid sequence of SEQ
ID NO: 4 or of SEQ ID NO: 2. [0028] The invention
particularly concerns the embodiments of such
polypeptides wherein the polypeptide is an antibody,
and more particularly, an antibody that comprises a
variant Fc domain having at least one modification in
the Fc domain. The invention particularly concerns
embodiments wherein the modification comprises at
least one substitution selected from the group
consisting of L235V, F243L, R292P, Y300L, V305I, and
P396L. [0029] The invention further concerns the
embodiments of such antibodies wherein the
modification in the Fc domain comprises: (A) at least
one substitution selected from the group consisting of
F243L, D270E, R292P, S298N, Y300L, V305I, A330V, and
P396L; (B) at least two substitutions selected from
the group consisting of F243L and P396L; F243L and
R292P; and R292P and V305I; (C) at least three
substitutions selected from the group consisting of
F243L, R292P and Y300L; F243L, R292P and V305I; F243L,
R292P and P396L; and R292P, V305I and P396L; or (D) at
least four substitutions selected from the group
consisting of F243L, R292P, Y300L and P396L; and
F243L, R292P, V305I and P396L; and more particularly
concerns antibodies wherein the modification in the Fc
domain comprises: (1) F243L, R292P, and Y300L; (2)
L235V, F243L, R292P, Y300L, and P396L; or (3) F243L,
R292P, Y300L, V305I, and P396L. [0030] The invention
further concerns the embodiments of such antibodies
wherein the variant Fc domain exhibits, as compared to
a wild-type Fc domain: (A) enhanced antibody dependent
cell mediated cytotoxicity (ADCC); (B) increased
binding to FcgRIIA or to FcgRIIIA; (C) decreased
binding to FcgRIIB; or (D) increased binding to
FcgRIIB. [0031] The invention further concerns a
polypeptide comprising an immunoglobulin heavy chain
comprising a variable domain having an amino acid
sequence selected from the group consisting of SEQ ID
NO: 9, SEQ ID NO: 11, and SEQ ID NO: 13.[0032] The
invention further concerns a polypeptide comprising a
4D5 immunoglobulin heavy chain comprising: (A) at
least one substitution selected from the group
consisting of: F243L, D270E, R292P, S298N, Y300L,
V305I, A330V and P396L; (B) at least two substitutions
selected from the group consisting of: (1) F243L and
P396L; (2) F243L and R292P; and (3) R292P andV305I;
(C) at least three substitutions selected from the
group consisting of: (1) F243L, R292P and Y300L; (2)
F243L, R292P and V305I; (3) F243L, R292P and P396L;
and (4) R292P, V305I and P396L; (D) at least four
substitutions selected from the group consisting of:
(1) F243L, R292P, Y300L and P396L; and (2) F243L,
R292P, V305I and P396L; or (E) at least F243L, R292P,
Y300L, V305I and P396 substitutions. [0033] The
invention further concerns the embodiment of such a
polypeptide wherein the polypeptide is an antibody.
[0034] The invention further concerns the embodiment
of the above-described antibodies, wherein the
antibody further comprises an immunoglobulin heavy
chain comprising a variable domain having the amino
acid sequence of SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID
NO: 11, or SEQ ID NO: 13. [0035] The invention further
concerns the embodiment of the above-described
antibodies, wherein the antibody comprises: (A) at
least one substitution selected from the group
consisting of: F243L, D270E, R292P, S298N, Y300L,
V305I, A330V and P396L; (B) at least two substitutions
selected from the group consisting of: (1) F243L and
P396L; (2) F243L and R292P; and (3) R292P andV305I;
(C) at least three substitutions selected from the
group consisting of:(1) F243L, R292P and Y300L; (2)
F243L, R292P and V305I; (3) F243L, R292P and P396L;
and (4) R292P, V305I and P396L; (D) at least four
substitutions selected from the group consisting of:
(1) F243L, R292P, Y300L and P396L; and (2) F243L,
R292P, V305I and P396L; or (E) at least F243L, R292P,
Y300L, V305I and P396 substitutions. [0036] The
invention further concerns the embodiments of the
above-described antibodies wherein the immunoglobulin
light chain comprises a variable domain having the
amino acid sequence of SEQ ID NO: 4 and the
immunoglobulin heavy chain comprises an amino acid
sequence of SEQ ID NO: 9, SEQ ID NO: 11 or SEQ ID
NO:13. [0037] The invention further concerns the
embodiments of the above-described antibodies wherein
the antibody is a F(ab')2 fragment, a F(ab) fragment,
a single chain antibody, a monoclonal antibody or a
diabody. [0038] The invention further concerns the use
of the above-described antibodies in the manufacture
of a medicament for the treatment of cancer in a
patient, and particularly, wherein the cancer is a
HER2/neu-expressing cancer and wherein the antibody
binds human HER2/neu. [0039] The invention further
concerns a method of treating cancer which comprises
providing to a patient in need thereof an effective
amount of the above-described antibodies, and
particularly, wherein the cancer is a
HER2/neu-expressing cancer and wherein the antibody
binds human HER2/neu. [0040] The invention further
concerns the use of such antibodies wherein the
treatment further comprises the step of administering
a second therapeutic agent simultaneously or
sequentially with the antibody, wherein the second
therapeutic agent is selected from the group
consisting of an antiangiogenic agent, an
anti-neoplastic agent, a chemotherapeutic agent, and a
cytotoxic agent. [0041] Additional advantages and
features of the present invention will be apparent
from the following detailed description, drawings and
examples, which illustrate preferred embodiments of
the invention.Brief Description Of The Drawings:
[0042] Figure 1 depicts a sequence alignment comparing
the sequences of the light chain variable region of a
chimeric 4D5 antibody of a preferred embodiment (SEQ
ID NO: 4) with murine (SEQ ID NO: 3) and humanized
(SEQ ID NO: 5) 4D5 antibodies. [0043] Figure 2 depicts
a comparison between the sequences of the heavy chains
of ch4D5- wild-type Fc ("WT") (SEQ ID NO: 7),
ch4D5-FcMTl ("MTl") (SEQ ID NO: 9), ch4D5-FcMT2
("MT2") (SEQ ID NO: 11), and ch4D5-FcMT3 ("MT3") (SEQ
ID NO: 13). The CDRs are indicated with black bars
shown underneath the pertinent residues. [0044] Figure
3 depicts a BIACore analysis of ch4D5-wild-type Fc
(panel A), ch4D5 (panel B) and trastuzumab (panel C)
binding. [0045] Figure 4 depicts the effect of ch4D5
on the proliferation of SKBR3 cells in vitro. [0046]
Figure 5 depicts the enhanced anti-tumor activity of
various antibodies of the present embodiments in
non-transgenic mice. [0047] Figure 6 depicts the
enhanced anti-tumor activity of various antibodies of
the present embodiments in hCD16A transgenic mice.
[0048] Figure 7 depicts the role of mFcRIV and hCD16A
in tumor growth inhibition by various antibodies of
the present embodiments in non-transgenic and
transgenic mice. [0049] Figure 8 depicts the enhanced
anti-tumor activity of various antibodies of the
present embodiments in hCD16A transgenic mice. [0050]
Figure 9 illustrates representative
immunohistochemical staining of cells from various
cancer cell lines for HER2/neu. The various panels
represent the different cell lines, i.e., Panel A:
MDA-MB-435; Panel B: MDA-MB-231; Panel C: A549; Panel
D: OVCAR-8; Panel E: MCF-7; Panel F: BT-20; Panel G:
HT-29; Panel H: ZR75-1; Panel I : JIMT-I; Panel J :
MDA-MB-453; Panel K: BT-474; Panel L: SKBR-3; and
Panel M: mSKOV-3. [0051] Figure 10 depicts the results
of ADCC assays performed to test the ability of
various ch4D5 antibodies of the present embodiments to
mediate ADCC in cancer cell lines (MDA-MB- 435 in
Panel A; MDA-MB-231 in Panel B) having very low or no
HER2/neu expression levels (DAKO score of 0).[0052]
Figure 11 depicts the results of ADCC assays performed
to test the ability of various ch4D5 antibodies of the
present embodiments to mediate ADCC in cancer cell
lines (A549 in Panel A; OVCAR-8 in Panel B; MCF-7 in
Panel C; BT-20 in Panel D; HT-29 in Panel E) having
low HER2/neu expression levels (DAKO score of 1+).
[0053] Figure 12 depicts the results of ADCC assays
performed to test the ability of various ch4D5
antibodies of the present embodiments to mediate ADCC
in cancer cell lines (ZR75-1 in Panel A; JIMT-I in
Panel B) having moderate HER2/neu expression levels
(DAKO score of 2+). [0054] Figure 13 depicts the
results of ADCC assays performed to test the ability
of various ch4D5 antibodies of the present embodiments
to mediate ADCC in cancer cell lines (MDA-MB- 453 in
Panel A; BT-474 in Panel B; SKBR-3 in Panel C; mSKOV-3
in Panel D) having high HER2/neu expression levels
(DAKO score of 3+). Detailed Description of the
Invention: [0055] The present invention provides novel
antibodies and methods for treatment, diagnosis and
prognosis for certain cancers using antibodies against
HER2/neu. In particular, the present invention
provides anti-HER2/neu antibodies that are
particularly useful as selective cytotoxic agents for
HER2/neu overexpressing cells, for example chimeric
4D5 antibodies to HER2/neu, which have reduced
glycosylation and altered effector functions as
compared to known 4D5 antibodies. The invention also
provides methods of using the antibodies and
compositions comprising them in the diagnosis,
prognosis and therapy of diseases such as cancer,
autoimmune diseases, inflammatory disorders, and
infectious disease. [0056] Reference will now be made
in detail to the presently preferred embodiments of
the invention, which, together with the drawings and
the following examples, serve to explain the
principles of the invention. These embodiments are
described in sufficient detail to enable those skilled
in the art to practice the invention, and it is to be
understood that other embodiments may be utilized, and
that structural, biological, and chemical changes may
be made without departing from the spirit and scope of
the present invention. Unless otherwise defined, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. One
skilled in the art may refer to general reference
texts for such definitions or for detailed
descriptions of techniques discussed herein. These
texts include Current Protocols in Molecular Biology
(Ausubel et al, eds., John Wiley & Sons, and
supplements through March 2008), Molecular Cloning: A
Laboratory Manual (Sambrook and Russell, 3rd ed.,
2001); Single-Molecule Techniques: A Laboratory
Manual(Selvin & Ha, eds., Cold Spring Harbor Press,
2008); Current Protocols in Nucleic Acid Chemistry
(Beaucage et al, eds., John Wiley & Sons, Inc., 2000);
Current Protocols in Immunology (Coligan et al, eds.,
John Wiley & Sons, N.Y., and supplements through March
2008), Making and Using Antibodies: A Practical
Handbook (Howard & Kaser, eds., CRC, 2006); Using
Antibodies: A Laboratory Manual (Harlow & Lane, Cold
Spring Harbor Press, 1999); Binding and Kinetics for
Molecular Biologists (Goodrich & Kugel, Cold Spring
Harbor Press, 2007); Current Protocols in Pharmacology
(Enna et al., eds., John Wiley & Sons, N.Y., and
supplements through March 2008), The Pharmacological
Basis of Therapeutics (Goodman & Gilman, 11th ed.,
2006), and Remington: The Science and Practice of
Pharmacy (Lippincott Williams & Wilkins, 21st edition
(2005), for example. A. Definitions [0057] As used
herein, the term "ADCC" refers to Antibody Dependent
Cellular Cytotoxicity, an in vitro cell-mediated
reaction in which nonspecific cytotoxic cells that
express FcgRs (e.g., monocytic cells such as Natural
Killer (NK) cells and macrophages) recognize bound
antibody on a target cell and subsequently cause lysis
of the target cell. [0058] As used herein, the term
"antibody" refers to monoclonal antibodies,
multispecific antibodies, human antibodies, humanized
antibodies, synthetic antibodies, chimeric antibodies,
polyclonal antibodies, camelized antibodies,
single-chain Fvs (scFv), single chain antibodies,
immunologically active antibody fragments (e.g.,
antibody fragments capable of binding to an epitope,
e.g., Fab fragments, Fab' fragments, F(ab') 2
fragments, Fv fragments, fragments containing either a
VL or VH domain or a complementary determining region
(CDR) that immunospecif cally binds an antigen, etc.),
bi-functional or multi-functional antibodies,
disulfidelinked bispecific Fvs (sdFv), intrabodies,
and diabodies, and epitope-binding fragments of any of
the above. In particular, the term antibodies is
intended to encompass immunoglobulin molecules and
immunologically active fragments of immunoglobulin
molecules, i.e., molecules that contain an antigen
binding site. Immunoglobulin molecules can be of any
type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class
(e.g., IgG IgG2, IgG3, IgG4, IgAi and IgA2) or
subclass (see, e.g., United States Patent Publication
Nos.: 20040185045; 20050037000; 20050064514;
20050215767; 20070004909; 20070036799; 20070077246;
and 20070244303). [0059] Reference to a "B cell
antigen receptor" or "BCR" is intended to reference
the B cell antigen receptor, which includes a membrane
immunoglobulin (mlg) antigen binding component, or a
biologically active portion thereof (i.e, a portion
capable of binding a ligand and/or capable of
associating with a transducer component), and
transducer CD79a and CD79b components, orbiologically
active portions thereof (i.e., a portion capable of
transducing an intracellular signal and/or capable of
associating with an extracellular ligand binding
portion). [0060] As used herein, the term "cancer"
refers to a neoplasm or tumor resulting from abnormal
uncontrolled growth of cells. As used herein, cancer
explicitly includes, leukemias and lymphomas. In some
embodiments, cancer refers to a benign tumor, which
has remained localized. In other embodiments, cancer
refers to a malignant tumor, which has invaded and
destroyed neighboring body structures and spread to
distant sites. In some embodiments, the cancer is
associated with a specific cancer antigen. [0061] The
terms "cell proliferative disorder" and "proliferative
disorder" refer to disorders that are associated with
some degree of abnormal cell proliferation. In one
embodiment, the cell proliferative disorder is cancer.
[0062] The term "chimeric," when referring to
antibodies, refers to an antibody in which a portion
of a heavy and/or light chain is identical to or
homologous with an antibody from one species (e.g.,
mouse) or antibody class or subclass, while the
remaining portion is identical to or homologous with
an antibody of another species (e.g., human) or
antibody class or subclass, so long as they exhibit
the desired biological activity. Chimeric antibodies
of interest herein include "primatized" antibodies
comprising variable domain antigen-binding sequences
derived from a non-human primate (e.g., Old World
Monkey, Ape, etc.) and human constant region
sequences. [0063] As used herein, the term
"Complementarity Determining Region" or "CDR" refers
to the amino acid residues of an antibody variable
domain that are necessary for antigen binding. Each
variable domain typically has three CDR regions
identified as CDR1, CDR2 and CDR3. [0064] As used
herein, the term "diabody molecule" refers to a
complex of two or more polypeptide chains or proteins,
each comprising at least one VL and one VH domain or
fragment thereof, wherein both domains are comprised
within a single polypeptide chain. In certain
embodiments a "diabody molecule" includes molecules
comprising an Fc or a hinge-Fc domain. Said
polypeptide chains in the complex may be the same or
different, i.e., the diabody molecule may be a
homo-multimer or a hetero-multimer. In specific
aspects, a "diabody molecule" includes dimers or
tetramers or said polypeptide chains containing both a
VL and VH domain. The individual polypeptide chains
comprising the multimeric proteins may be covalently
joined to at least one other peptide of the multimer
by interchain disulfide bonds. [0065] As used herein,
the terms "disorder" and "disease" are used
interchangeably to refer to a condition in a subject.
In particular, the term "autoimmune disease" is used
interchangeably withthe term "autoimmune disorder" to
refer to a condition in a subject characterized by
cellular, tissue and/or organ injury caused by an
immunologic reaction of the subject to its own cells,
tissues and/or organs. The term "inflammatory disease"
is used interchangeably with the term "inflammatory
disorder" to refer to a condition in a subject
characterized by inflammation, preferably chronic
inflammation. Autoimmune disorders may or may not be
associated with inflammation. Moreover, inflammation
may or may not be caused by an autoimmune disorder.
Thus, certain disorders may be characterized as both
autoimmune and inflammatory disorders. [0066] The term
"effector cell" as used herein refers to a cell of the
immune system that expresses one or more Fc receptors
and mediates one or more effector functions. Effector
cells include but are not limited to monocytes,
macrophages, neutrophils, dendritic cells,
eosinophils, mast cells, platelets, B cells, large
granular lymphocytes, Langerhans' cells, natural
killer (NK) cells, and may be from any organism
including but not limited to humans, mice, rats,
rabbits, and monkeys. [0067] The term "effector cell"
refers to biological activities attributable to the
interaction of an antibody Fc region with an Fc
receptor or ligand. An antibody may have one or more
effector functions. Non-limiting examples of antibody
effector functions include antibody-dependent
cellmediated cytotoxicity (ADCC), CIq binding,
complement dependent cytotoxicity (CDC), down
regulation of cell surface receptors (e.g., B-cell
receptor; BCR), opsonization, opsonophagocytosis, cell
binding, and rosetting. Effector functions include
both those that operate after the binding of an
antigen and those that operate independent of antigen
binding. [0068] As used herein, the term "epitope"
refers to that portion of a polypeptide or protein or
a non-protein molecule that is immunospecifically
bound by an antibody.. An epitope may have immunogenic
activity, such that it elicits an antibody production
response in an animal. The ability of an epitope to
immunospecifically bind an antibody may be determined
by for example, an immunoassay. Epitopes need not
necessarily be immunogenic. [0069] The terms "Fc
receptor" or "FcR" are used herein to describe a
receptor that binds to the Fc region of an antibody.
An exemplary FcR is a native sequence human FcR. An
FcR may be one which binds an IgG antibody (a gamma
receptor) and includes receptors of the FcgRI, FcgRII,
FcgRIII, and FcgRIV subclasses, including allelic
variants and alternatively spliced forms of these
receptors, e.g., there are at least two known FcgRII
receptors, FcgRIIA and FcgRIIB. The term FcR also
includes the neonatal receptor, FcRn, which is
responsible for the transfer of maternal IgGs to the
fetus.[0070] As used herein, the term "Fc region" is
used to define a C-terminal region of an IgG heavy
chain. Although the boundaries may vary slightly, the
human IgG heavy chain Fc region is defined to stretch
from Cys226 to the carboxy terminus. The Fc region of
an IgG comprises two constant domains, CH2 and CH3 The
CH2 domain of a human IgG Fc region (also referred to
as "Cg2" domain) usually extends from amino acid 231
to amino acid 338, and the CH3 domain of a human IgG
Fc region usually extends from amino acids 342 to 447.
[0071] The term "glycosylation site" refers to an
amino acid residue or residues that is recognized by a
mammalian cell as a location for the attachment of
sugar residues. Amino acid residues to which
carbohydrates, such as oligosaccharides, are attached
are usually asparagine (Nlinkage), 



serine (O-linkage), and threonine (O-linkage)
residues. The specific sites of attachment usually
have a characteristic sequence of amino acids,
referred to as a "glycosylation site sequence." The
glycosylation site sequence for N-linked glycosylation
is: Asn-X-Ser/Thr, where X can be any of the
conventional amino acids other than proline. The Fc
region of human IgG has two N-linked glycosylation
sites, one in each of the CH2 domains, at the
asparagine at position 297 (Asn 297). [0072] As used
herein, the term "HAMA response" refers to the Human
Anti-Mouse Antibody response, which is a deleterious
immunogenic response that occurs when a human immune
system recognizes a murine antibody as foreign and
attacks it. A HAMA response can cause toxic shock or
death. Chimeric and humanized antibodies reduce the
likelihood of a HAMA response by decreasing the
non-human portions of administered antibodies, but
there is still potential for a Human Anti-Human
Antibody response ("HAHA response") immune response to
such antibodies. [0073] The terms "heavy chain,"
"light chain" ("CL"), "light chain variable region"
("VL"), "heavy chain variable region" ("VH"),
"framework region" ("FR"), "heavy chain constant
domain ("CH"), "light chain constant domain ("CL")
refer to domains in naturally occurring
immunoglobulins and the corresponding domains of
synthetic (e.g., recombinant) binding proteins (e.g.,
humanized antibodies). The basic structural unit of
naturally occurring immunoglobulins (e.g., IgG) is a
tetramer having two light chains and two heavy chains.
Usually naturally occurring immunoglobulin is
expressed as a glycoprotein of about 150 KDa, although
IgG can also be produced in a non-glycosylated form.
The amino-terminal ("N") portion of each chain
includes a variable region of about 100 to 110 or more
amino acids primarily responsible for antigen
recognition. The carboxy-terminal ("C") portion of
each chain defines a constant region, with light
chains having a single constant domain and heavy
chains usually having three constant domains and a
hinge region. Thus, the structure of the light chains
of a naturally occurring IgG molecule isN-VL-CL-C and
the structure of IgG heavy chains is N-VH-CHl
-H-CH2-CH3-C (where H is the hinge region). The
variable regions of an IgG molecule consists of the
complementarity determining regions (CDRs), which
contain the residues in contact with antigen and
non-CDR segments, referred to as framework segments,
which maintain the structure and determine the
positioning of the CDR loops. Thus, the VL and VH
domains have the structure N-FRl-CDRl-
FR2-CDR2-FR3-CDR3-FR4-C. [0074] As used herein, the
term "heterologous" nucleic acid denotes DNA, RNA,
etc.that is introduced into a host cell. The nucleic
acid may be derived from any of a variety of sources
including genomic DNA, mRNA, cDNA, synthetic DNA and
fusions or combinations of these. The nucleic acid may
include a polynucelotide from the same cell or cell
type as the host or recipient cell or a polynucleotide
from a different cell type, for example, from a mammal
or plant, and may, optionally, include marker or
selection genes, for example, antibiotic resistance
genes, temperature resistance genes, etc. [0075] The
term "hinge region" is generally defined as stretching
from Glu216 to Pro230 of human IgGl. Hinge regions of
other IgG isotypes may be aligned with the IgGl
sequence by placing the first and last cysteine
residues forming inter-heavy chain S-S bonds in the
same positions. [0076] As used herein, the term
"humanized" has its usual meaning in the art. In
general terms, humanization of a non-human antibody
involves substituting the CDR sequences from nonhuman
immunoglobulin VL and VH regions into human framework
regions. Further, as used herein, "humanized"
antibodies may comprise additional substitutions and
mutations in the CDR and/or framework regions
introduced to increase affinity or for other purposes.
For example, substitution of nonhuman framework
residues in the human sequence can increase affinity.
The resulting variable domains have non-human CDR
sequences and framework sequences derived from human
antibody framework sequence(s) or a human consensus
sequence. A variety of different human framework
regions may be used singly or in combination as a
basis for a humanized antibody. [0077] As used herein,
the term "immunomodulatory agent" and variations
thereof refer to an agent that modulates a host's
immune system. In certain embodiments, an
immunomodulatory agent is an immunosuppressant agent.
In certain other embodiments, an immunomodulatory
agent is an immunostimulatory agent. Immunomodatory
agents include, but are not limited to, small
molecules, peptides, polypeptides, fusion proteins,
antibodies, inorganic molecules, mimetic agents, and
organic molecules.[0078] As used herein, the term
"immunospecifically binds," refers to the specific
binding exhibited between an antibody and the epitope
that it recognizes. Such binding will typically
exhibit a KD of at least about 0.1 mM, more usually at
least about 1 mM, preferably at least about 0.1 mM or
less, and most preferably, 0.01 mM or less.
Preferably, the antibodies of the invention
immunospecifically bind to proteins with high affinity
(e.g., low KD) . [0079] An antibody that
immunospecifically binds to an antigen may bind to
other peptides or polypeptides with lower affinity as
determined by, e.g., immunoassays, BIAcore, or other
assays known in the art. Preferably, molecules that
specifically bind an antigen do not cross react with
other proteins. Molecules that specifically bind an
antigen can be identified, for example, by
immunoassays, BIAcore, or other techniques known to
those of skill in the art. [0080] The term "Antibody
Engineering Technology Art" as used herein refers to
technology disclosed in U.S. Provisional Patent
Application Nos. 60/781,564; 60/945,523; 61/015,106;
filed Dec. 19, 2007, and 61/019,051 filed Jan. 4,
2008; US 20040185045; US 20040197347; US 20040197866;
US 20050037000; US 20050064514; US 20050215767; US
20060134709; US 20060177439; US 20070004909; US
20070036799; US 20070037216; US 20070077246; US
20070244303; US 20080044429; US 20080050371;
11/869,410; 11/952,568; U.S. Patent No. 7,112,439; WO
04/063351; WO 06/088494; WO 07/024249; WO 06/113665;
WO 07/021841; WO 07/106707; or PCT/US07/86793 [0081]
The term "monoclonal antibody" as used herein refers
to an antibody obtained from a population of
substantially homogeneous antibodies, i.e., the
individual antibodies comprising the population are
identical except for possible naturally occurring
mutations that may be present in minor amounts, and
the term "polyclonal antibody" as used herein refers
to an antibody obtained from a population of
heterogenous antibodies. Monoclonal antibodies are
highly specific, being directed against a single
epitope. In addition to their specificity, monoclonal
antibodies are advantageous in that they may be
synthesized without contamination by other antibodies.
The term "monoclonal" indicates the character of the
antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by
any particular method. [0082] As used herein, the
terms "nucleic acids" and "nucleotide sequences"
include DNA molecules (e.g., cDNA or genomic DNA), RNA
molecules (e.g., mRNA), combinations of DNA and RNA
molecules or hybrid DNA/RNA molecules, and analogs of
DNA or RNA molecules. Such analogs can be generated
using, for example, nucleotide analogs, which include,
but are not limited to, inosine or tritylated bases.
Such analogs can also comprise DNA or RNA
moleculescomprising modified backbones that lend
beneficial attributes to the molecules such as, for
example, nuclease resistance or an increased ability
to cross cellular membranes. The nucleic acids or
nucleotide sequences can be single-stranded,
double-stranded, may contain both singlestranded and
double-stranded portions, and may contain
triple-stranded portions, but preferably is
double-stranded DNA. [0083] "Substantial sequence
identity," as used herein, refers to two or more
sequences or subsequences (e.g., domains) that have at
least about 80% amino acid residue identity,
preferably at least about 90%, or at least about 95%
identity when compared and aligned for maximum
correspondence. Sequence identity between two similar
sequences (e.g., antibody variable regions) can be
measured by algorithms such as that of Smith &
Waterman, 1981, Adv. Appl. Math. 2:482 [local homology
algorithm], Needleman & Wunsch, 1970, J . MoI. Biol.
48:443 [homology alignment algorithm], Pearson &
Lipman, 1988, Proc. Natl. Acad. Sci. (U.S.A.) 85:2444
[search for similarity method], or Altschul et al.,
1990, J . MoI. Biol. 215:403-10 [BLAST algorithm].
When using any of the aforementioned algorithms, the
default parameters (for Window length, gap penalty,
etc.) are used. An amino acid sequence is said to be
"substantially similar to" a second sequence when the
degree of sequence identity is at least about 70%
identical, preferably at least about 80%, or at least
about 90%, or even at least about 95%, identical. A
nucleic acid sequence is said to be "substantially
similar to" a second sequence when either: (1) the
degree of sequence identity is at least about 70%
identical, preferably at least about 80%, or at least
about 90%, or even at least about 95%, identical, or
the nucleic acid sequence encodes a polypeptide that
is at least about 70% identical, preferably at least
about 80%, or at least about 90%, or even at least
about 95%, identical to the polypeptide encoded by the
second sequence. Sequences that are substantially
identical are also substantially similar. [0084] When
referring to antibodies, the assignment of amino acids
to each domain is in accordance with Kabat, Sequences
Of Proteins Of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987 and 1991),
which is expressly incorporated herein by reference.
Throughout the present specification, the numbering of
the residues in an IgG heavy chain is that of the EU
index as in Kabat, and refers to the numbering of the
human IgGl EU antibody. B. Antibodies [0085] The
present invention particularly encompasses chimeric
antibodies and polypeptides that specifically bind to
HER2/neu, preferably human HER2/neu. The antibodies
have reduced glycosylation as compared to known 4D5
antibodies such as murine 4D5 and trastuzumab, due to
the removal of a glycosylation site in the variable
region of the light chain. In particular,
theantibodies lack a glycosylation site in the
variable region of the light chain, which in the
native murine 4D5 comprises an N-R-S sequence at
positions 65, 66 and 67. Preferably the antibodies
have enhanced binding affinity for HER2/neu, and more
preferably the antibodies have enhanced effector
function, both as compared to a native 4D5 antibody.
[0086] The antibodies comprise a chimeric 4D5
immunoglobulin light chain lacking an Nlinked
glycosylation site at positions 65, 66 and 67 of the
light chain variable region. In a particular
embodiment, the antibodies comprise a modification,
preferably a substitution, at position 65 of the
variable region of the light chain (VL) . In a
preferred embodiment, the antibodies comprise a light
chain encoded by the nucleic acid sequence of SEQ ID
NO: 1, or comprise the amino acid sequence of SEQ ID
NO: 2. The nucleic acid and amino acid sequences of a
preferred light chain of the present invention are
presented below: [0087] Chimeric light chain nucleic
acid sequence (SEQ ID NO: 1): gacatcgtga tgacccagtc
ccacaagttc atgtccacct ctgtgggcga tagggtcagc 60
atcacctgca aggccagcca ggatgtgaat actgctgtag cctggtatca
gcagaaacca 120 ggacattctc ccaaactgct gatttactcc
gcatccttcc ggtacactgg agtccctgat 180 cgcttcactg
gcagcagatc tgggacagat ttcactttca ccatcagcag tgtgcaggct
240 gaagacctgg cagtttatta ctgtcagcaa cattatacta
cacctcccac cttcggaggg 300 ggtaccaagg tggagatcaa
acgtacggtg gctgcaccat ctgtcttcat cttcccgcca 360
tctgatgagc agttgaaatc tggaactgcc tctgttgtgt gcctgctgaa
taacttctat 420 cccagagagg ccaaagtaca gtggaaggtg
gataacgccc tccaatcggg taactcccag 480 gagagtgtca
cagagcagga cagcaaggac agcacctaca gcctcagcag caccctgacg
540 ctgagcaaag cagactacga gaaacacaaa gtctacgcct
gcgaagtcac ccatcagggc 600 ctgagctcgc ccgtcacaaa
gagcttcaac aggggagagt gttag 645 [0088] Chimeric light
chain amino acid sequence (SEQ ID NO: 2): DIVMTQSHKF
MSTSVGDRVS ITCKASQDVN TAVAWYQQKP GHSPKLLIYS ASFRYTGVPD
60 RFTGSRSGTD FTFTISSVQA EDLAVYYCQQ HYTTPPTFGG
GTKVEIKRTV AAPSVFIFPP 120 SDEQLKSGTA SVVCLLNNFY
PREAKVQWKV DNALQSGNSQ ESVTEQDSKD STYSLSSTLT 180
LSKADYEKHK VYACEVTHQG LSSPVTKSFN RGEC 214 [0089] These
antibodies having a modification at positions 65 of
the VL region lack an Nlinked glycosylation site found
in the native murine 4D5 antibody, as can be seen in
Figure 1, which depicts an exemplary comparison
between the VL region amino acid sequences of a
chimeric 4D5 antibody having an N65S modification (SEQ
ID NO: 4), and the native murine (SEQ ID NO: 3) and
humanized (SEQ ID NO: 5) 4D5 antibodies. In another
preferred embodiment, the antibodies comprise a N65S
modification in the VL region, and preferably have a
VL region amino acid sequence of SEQ ID NO: 4. These
sequences are presented below: [0090] Native murine VL
region amino acid sequence (SEQ ID NO: 3): DIVMTQSHKF
MSTSVGDRVS ITCKASQDVN TAVAWYQQKP GHSPKLLIYS ASFRYTGVPD
60 RFTGNRSGTD FTFTISSVQA EDLAVYYCQQ HYTTPPTFGG
GTKLEIKRA 109[0091] Chimeric VL region amino acid
sequence (SEQ ID NO: 4): DIVMTQSHKF MSTSVGDRVS
ITCKASQDVN TAVAWYQQKP GHSPKLLIYS ASFRYTGVPD 60
RFTGSRSGTD FTFTISSVQA EDLAVYYCQQ HYTTPPTFGG GTKVEIKRT
109 [0092] Humanized VL region amino acid sequence
(SEQ ID NO: 5): DIQMTQSPSS LSASVGDRVT ITCRASQDVN
TAVAWYQQKP GKAPKLLIYS ASFLESGVPS 60 RFSGSRSGTD
FTLTISSLQP EDFATYYCQQ HYTTPPTFGQ GTKVEIKRT 109 [0093]
In one embodiment, the heavy chain has a murine 4D5
wild-type Fc region, preferably encoded by the nucleic
acid sequence of SEQ ID NO: 6, or having the amino
acid sequence of SEQ ID NO: 7. These sequences are
presented below: [0094] Heavy chain having wild-type
Fc region nucleic acid sequence (SEQ ID NO: 6):
caggttcagc tgcagcagtc tggccctgag ctggtgaagc caggggcctc
actcaagttg 60 tcctgtacag cttctggctt caacatcaaa
gacacctata tccactgggt gaaacagagg 120 cctgaacagg
gcctggaatg gattggaagg atttatccta ccaatggcta tactagatat
180 gacccaaagt tccaggacaa ggccactatc acagcagaca
catcctccaa cacagcctac 240 ctgcaagtca gccgcctgac
atctgaggac actgccgtct attactgctc ccggtgggga 300
ggggacggct tctatgctat ggactactgg ggtcagggag cctccgtgac
cgtgagctcc 360 gcctccacca agggcccatc ggtcttcccc
ctggcaccct cctccaagag cacctctggg 420 ggcacagcgg
ccctgggctg cctggtcaag gactacttcc ccgaaccggt gacggtgtcg
480 tggaactcag gcgccctgac cagcggcgtg cacaccttcc
cggctgtcct acagtcctca 540 ggactctact ccctcagcag
cgtggtgacc gtgccctcca gcagcttggg cacccagacc 600
tacatctgca acgtgaatca caagcccagc aacaccaagg tggacaagag
agttgagccc 660 aaatcttgtg acaaaactca cacatgccca
ccgtgcccag cacctgaact cctgggggga 720 ccgtcagtct
tcctcttccc cccaaaaccc aaggacaccc tcatgatctc ccggacccct
780 gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc
ctgaggtcaa gttcaactgg 840 tacgtggacg gcgtggaggt
gcataatgcc aagacaaagc cgcgggagga gcagtacaac 900
agcacgtacc gtgtggtcag cgtcctcacc gtcctgcacc aggactggct
gaatggcaag 960 gagtacaagt gcaaggtctc caacaaagcc
ctcccagccc ccatcgagaa aaccatctcc 1020 aaagccaaag
ggcagccccg agaaccacag gtgtacaccc tgcccccatc ccgggatgag
1080 ctgaccaaga accaggtcag cctgacctgc ctggtcaaag
gcttctatcc cagcgacatc 1140 gccgtggagt gggagagcaa
tgggcagccg gagaacaact acaagaccac gcctcccgtg 1200
ctggactccg acggctcctt cttcctctac agcaagctca ccgtggacaa
gagcaggtgg 1260 cagcagggga acgtcttctc atgctccgtg
atgcatgagg ctctgcacaa ccactacacg 1320 cagaagagcc
tctccctgtc tccgggtaaa tga 1353 [0095] Heavy chain
having wild-type Fc region amino acid sequence (SEQ ID
NO: 7): QVQLQQSGPE LVKPGASLKL SCTASGFNIK DTYIHWVKQR
PEQGLEWIGR IYPTNGYTRY 60 DPKFQDKATI TADTSSNTAY
LQVSRLTSED TAVYYCSRWG GDGFYAMDYW GQGASVTVSS 120
ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV
HTFPAVLQSS 180 GLYSLSSVVT VPSSSLGTQT YICNVNHKPS
NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 240 PSVFLFPPKP
KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN
300 STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS
KAKGQPREPQ VYTLPPSRDE 360 LTKNQVSLTC LVKGFYPSDI
AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 420
QQGNVFSCSV MHEALHNHYT QKSLSLSPGK 450 [0096] In other
embodiments, the heavy chain is a variant of a murine
4D5 antibody heavy chain, preferably comprising a
variant Fc region, and more preferably comprising a
variant Fc region such as FcMTl, FcMT2, or FcMT3.
These sequences are presented below:[0097] Heavy chain
having FcMTl variant Fc region nucleic acid sequence
(SEQ ID NO: 8): caggttcagc tgcagcagtc tggccctgag
ctggtgaagc caggggcctc actcaagttg 60 tcctgtacag
cttctggctt caacatcaaa gacacctata tccactgggt gaaacagagg
120 cctgaacagg gcctggaatg gattggaagg atttatccta
ccaatggcta tactagatat 180 gacccaaagt tccaggacaa
ggccactatc acagcagaca catcctccaa cacagcctac 240
ctgcaagtca gccgcctgac atctgaggac actgccgtct attactgctc
ccggtgggga 300 ggggacggct tctatgctat ggactactgg
ggtcagggag cctccgtgac cgtgagctcc 360 gcctccacca
agggcccatc ggtcttcccc ctggcaccct cctccaagag cacctctggg
420 ggcacagcgg ccctgggctg cctggtcaag gactacttcc
ccgaaccggt gacggtgtcg 480 tggaactcag gcgccctgac
cagcggcgtg cacaccttcc cggctgtcct acagtcctca 540
ggactctact ccctcagcag cgtggtgacc gtgccctcca gcagcttggg
cacccagacc 600 tacatctgca acgtgaatca caagcccagc
aacaccaagg tggacaagag agttgagccc 660 aaatcttgtg
acaaaactca cacatgccca ccgtgcccag cacctgaact cctgggggga
720 ccgtcagtct tcctcttacc cccaaaaccc aaggacaccc
tcatgatctc ccggacccct 780 gaggtcacat gcgtggtggt
ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg 840
tacgtggacg gcgtggaggt gcataatgcc aagacaaagc cgccggagga
gcagtacaac 900 agcacgctcc gtgtggtcag catcctcacc
gtcctgcacc aggactggct gaatggcaag 960 gagtacaagt
gcaaggtctc caacaaagcc ctcccagccc ccatcgagaa aaccatctcc
1020 aaagccaaag ggcagccccg agaaccacag gtgtacaccc
tgcccccatc ccgggatgag 1080 ctgaccaaga accaggtcag
cctgacctgc ctggtcaaag gcttctatcc cagcgacatc 1140
gccgtggagt gggagagcaa tgggcagccg gagaacaact acaagaccac
gcctctcgtg 1200 ctggactccg acggctcctt cttcctctac
agcaagctca ccgtggacaa gagcaggtgg 1260 cagcagggga
acgtcttctc atgctccgtg atgcatgagg ctctgcacaa ccactacacg
1320 cagaagagcc tctccctgtc tccgggtaaa tga 1353 [0098]
Heavy chain having FcMTl variant Fc region amino acid
sequence (SEQ ID NO: 9): QVQLQQSGPE LVKPGASLKL
SCTASGFNIK DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY 60
DPKFQDKATI TADTSSNTAY LQVSRLTSED TAVYYCSRWG GDGFYAMDYW
GQGASVTVSS 120 ASTKGPSVFP LAPSSKSTSG GTAALGCLVK
DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180 GLYSLSSVVT
VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG
240 PSVFLLPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW
YVDGVEVHNA KTKPPEEQYN 300 STLRVVSILT VLHQDWLNGK
EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE 360
LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPLV LDSDGSFFLY
SKLTVDKSRW 420 QQGNVFSCSV MHEALHNHYT QKSLSLSPGK 450
[0099] Heavy chain having FcMT2 variant Fc region
nucleic acid sequence (SEQ ID NO: 10): caggttcagc
tgcagcagtc tggccctgag ctggtgaagc caggggcctc actcaagttg
60 tcctgtacag cttctggctt caacatcaaa gacacctata
tccactgggt gaaacagagg 120 cctgaacagg gcctggaatg
gattggaagg atttatccta ccaatggcta tactagatat 180
gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa
cacagcctac 240 ctgcaagtca gccgcctgac atctgaggac
actgccgtct attactgctc ccggtgggga 300 ggggacggct
tctatgctat ggactactgg ggtcagggag cctccgtgac cgtgagctcc
360 gcctccacca agggcccatc ggtcttcccc ctggcaccct
cctccaagag cacctctggg 420 ggcacagcgg ccctgggctg
cctggtcaag gactacttcc ccgaaccggt gacggtgtcg 480
tggaactcag gcgccctgac cagcggcgtg cacaccttcc cggctgtcct
acagtcctca 540 ggactctact ccctcagcag cgtggtgacc
gtgccctcca gcagcttggg cacccagacc 600 tacatctgca
acgtgaatca caagcccagc aacaccaagg tggacaagag agttgagccc
660 aaatcttgtg acaaaactca cacatgccca ccgtgcccag
cacctgaact cgtgggggga 720 ccgtcagtct tcctcttacc
cccaaaaccc aaggacaccc tcatgatctc ccggacccct 780
gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa
gttcaactgg 840 tacgtggacg gcgtggaggt gcataatgcc
aagacaaagc cgccggagga gcagtacaac 900 agcacgctcc
gtgtggtcag cgtcctcacc gtcctgcacc aggactggct gaatggcaag
960 gagtacaagt gcaaggtctc caacaaagcc ctcccagccc
ccatcgagaa aaccatctcc 1020 aaagccaaag ggcagccccg
agaaccacag gtgtacaccc tgcccccatc ccgggatgag 1080
ctgaccaaga accaggtcag cctgacctgc ctggtcaaag gcttctatcc
cagcgacatc 1140gccgtggagt gggagagcaa tgggcagccg
gagaacaact acaagaccac gcctctcgtg 1200 



ctggactccg acggctcctt cttcctctac agcaagctca ccgtggacaa
gagcaggtgg 1260 cagcagggga acgtcttctc atgctccgtg
atgcatgagg ctctgcacaa ccactacacg 1320 cagaagagcc
tctccctgtc tccgggtaaa tga 1353 [00100] Heavy chain
having FcMT2 variant Fc region amino acid sequence
(SEQ ID NO: 11): QVQLQQSGPE LVKPGASLKL SCTASGFNIK
DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY 60 DPKFQDKATI
TADTSSNTAY LQVSRLTSED TAVYYCSRWG GDGFYAMDYW GQGASVTVSS
120 ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS
WNSGALTSGV HTFPAVLQSS 180 GLYSLSSVVT VPSSSLGTQT
YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELVGG 240
PSVFLLPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA
KTKPPEEQYN 300 STLRVVSVLT VLHQDWLNGK EYKCKVSNKA
LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE 360 LTKNQVSLTC
LVKGFYPSDI AVEWESNGQP ENNYKTTPLV LDSDGSFFLY SKLTVDKSRW
420 QQGNVFSCSV MHEALHNHYT QKSLSLSPGK 450 [00101] Heavy
chain having FcMT3 variant Fc region nucleic acid
sequence (SEQ ID NO: 12): caggttcagc tgcagcagtc
tggccctgag ctggtgaagc caggggcctc actcaagttg 60
tcctgtacag cttctggctt caacatcaaa gacacctata tccactgggt
gaaacagagg 120 cctgaacagg gcctggaatg gattggaagg
atttatccta ccaatggcta tactagatat 180 gacccaaagt
tccaggacaa ggccactatc acagcagaca catcctccaa cacagcctac
240 ctgcaagtca gccgcctgac atctgaggac actgccgtct
attactgctc ccggtgggga 300 ggggacggct tctatgctat
ggactactgg ggtcagggag cctccgtgac cgtgagctcc 360
gcctccacca agggcccatc ggtcttcccc ctggcaccct cctccaagag
cacctctggg 420 ggcacagcgg ccctgggctg cctggtcaag
gactacttcc ccgaaccggt gacggtgtcg 480 tggaactcag
gcgccctgac cagcggcgtg cacaccttcc cggctgtcct acagtcctca
540 ggactctact ccctcagcag cgtggtgacc gtgccctcca
gcagcttggg cacccagacc 600 tacatctgca acgtgaatca
caagcccagc aacaccaagg tggacaagag agttgagccc 660
aaatcttgtg acaaaactca cacatgccca ccgtgcccag cacctgaact
cctgggggga 720 ccgtcagtct tcctcttacc cccaaaaccc
aaggacaccc tcatgatctc ccggacccct 780 gaggtcacat
gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg
840 tacgtggacg gcgtggaggt gcataatgcc aagacaaagc
cgccggagga gcagtacaac 900 agcacgctcc gtgtggtcag
cgtcctcacc gtcctgcacc aggactggct gaatggcaag 960
gagtacaagt gcaaggtctc caacaaagcc ctcccagccc ccatcgagaa
aaccatctcc 1020 aaagccaaag ggcagccccg agaaccacag
gtgtacaccc tgcccccatc ccgggatgag 1080 ctgaccaaga
accaggtcag cctgacctgc ctggtcaaag gcttctatcc cagcgacatc
1140 gccgtggagt gggagagcaa tgggcagccg gagaacaact
acaagaccac gcctcccgtg 1200 ctggactccg acggctcctt
cttcctctac agcaagctca ccgtggacaa gagcaggtgg 1260
cagcagggga acgtcttctc atgctccgtg atgcatgagg ctctgcacaa
ccactacacg 1320 cagaagagcc tctccctgtc tccgggtaaa tga
1353 [00102] Heavy chain having FcMT3 variant Fc
region amino acid sequence (SEQ ID NO: 13): QVQLQQSGPE
LVKPGASLKL SCTASGFNIK DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY
60 DPKFQDKATI TADTSSNTAY LQVSRLTSED TAVYYCSRWG
GDGFYAMDYW GQGASVTVSS 120 ASTKGPSVFP LAPSSKSTSG
GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP
PCPAPELLGG 240 PSVFLLPPKP KDTLMISRTP EVTCVVVDVS
HEDPEVKFNW YVDGVEVHNA KTKPPEEQYN 300 STLRVVSVLT
VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE
360 LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV
LDSDGSFFLY SKLTVDKSRW 420 QQGNVFSCSV MHEALHNHYT
QKSLSLSPGK 450 [00103] In one embodiment, a variant
4D5 heavy chain has a modification in the Fc region,
and is encoded by the nucleic acid sequence of SEQ ID
NO: 8 or comprises the amino acid sequence of SEQ ID
NO: 9, or is encoded by the nucleic acid sequence of
SEQ ID NO: 10 or comprises theamino acid sequence of
SEQ ID NO: 11, or is encoded by the nucleic acid
sequence of SEQ ID NO: 12 or comprises the amino acid
sequence of SEQ ID NO: 13. Preferably, the antibodies
comprise a heavy chain encoded by a nucleic acid
sequence selected from the group consisting of SEQ ID
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, and SEQ ID NO: 12,
or comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID
NO: 11, and SEQ ID NO: 13. [00104] In one embodiment,
an anti-HER2/neu antibody comprises an immunoglobulin
light chain having a N65S modification in the VL
region, and an immunoglobulin heavy chain having a
modified Fc region. Preferably, an anti-HER2/neu
antibody comprises a light chain having the amino acid
sequence of SEQ ID NO: 2, and a heavy chain having an
amino acid sequence selected from the group consisting
of SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, and SEQ
ID NO: 13. In some embodiments, a polypeptide of the
invention further comprises a light chain constant
domain fused to a light chain variable domain, which
in some embodiments comprises at least SEQ ID NO: 4.
In other embodiments, the antibody is modified, a
fragment, or a modified fragment. [00105] Chimeric 4D5
antibodies were constructed in accordance with the
various embodiments of the invention, to enhance
binding to activating low-affinity Fc receptors, and
to not alter, or only minimally increase, binding to
the low-affinity inhibitor receptor CD32B (FcgRII-B).
The antibodies include the following wild-type and
Fc-optimized antibodies:  ch4D5-wild-type Fc, which
has a light chain having an amino acid sequence of SEQ
ID NO: 2, and a heavy chain having an amino acid
sequence of SEQ ID NO: 7. ch4D5-wildtype Fc has an
N65S substitution on the light chain, which results in
a de-glycosylated light chain.  ch4D5-FcMTl, which has
a light chain having an amino acid sequence of SEQ ID
NO: 2, and a heavy chain having an amino acid sequence
of SEQ ID NO: 9. ch4D5-FcMTl has an N65S substitution
on the light chain, which results in a de-glycosylated
light chain, and F243L, R292P, Y300L, V305I, and P396L
substitutions on the heavy chain (all numbered
according to Kabat). ch4D5-FcMTl exhibits a 10-fold
increase in binding to human CD16A (FcgRIII-A), and
binding to CD16-158phe is enhanced in a proportionally
greater fashion than binding to CD16-158Val.
ch4D5-FcMT2, which has a light chain having an amino
acid sequence of SEQ ID NO: 2, and a heavy chain
having an amino acid sequence of SEQ ID NO: 11.
ch4D5-FcMT2 hasan N65S substitution on the light
chain, which results in a de-glycosylated light chain,
and L235V, F243L, R292P, Y300L, and P396L
substitutions on the heavy chain (all numbered
according to Kabat). This antibody is a further
refinement of the ch4D5-FcMTl antibody, and has
similar CD16A binding properties, but also has a more
favorable reduction in binding to CD32B (FcgRII-B).
ch4D5-FcMT3, which has a light chain having an amino
acid sequence of SEQ ID NO: 2, and a heavy chain
having an amino acid sequence of SEQ ID NO: 13.
ch4D5-FcMT3 has an N65S substitution on the light
chain, which results in a de-glycosylated light chain,
and F243L, R292P, and Y300L substitutions on the heavy
chain (all numbered according to Kabat). This antibody
is a further refinement of the ch4D5-FcMTl antibody,
and has similar CD16A binding properties, but also has
a more favorable reduction in binding to CD32B
(FcgRII-B).  ch4D5-Ag  ch4D5-N297Q, which has a light
chain having an amino acid sequence of SEQ ID NO: 2,
and a heavy chain having an N297Q substitution
(numbered according to Kabat). [00106] A comparison of
the heavy chain sequences of the ch4D5-wild-type Fc
and the Fcoptimized variants ch4D5-FcMTl, ch4D5-FcMT2,
and ch4D5-FcMT3 is shown in Figure 2. The CDRs are
indicated with black bars shown underneath the
pertinent residues. [00107] Polypeptides (especially
antibodies) contemplated by the present invention may
comprise all or part of any amino acid sequence of the
present invention. For example, in one embodiment a
polypeptide comprises a murine 4D5 immunoglobulin
light chain having an N65S substitution, and in
another embodiment a polypeptide comprises a murine
4D5 immunoglobulin heavy chain variant. In another
embodiment, a polypeptide comprises an immunoglobulin
light chain variable domain having the amino acid
sequence of SEQ ID NO: 4, or an immunoglobulin light
chain having the amino acid sequence of SEQ ID NO: 2.
In another embodiment, the polypeptide comprises a
variant Fc domain, or an immunoglobulin heavy chain
having the amino acid sequence of SEQ ID NO: 7, SEQ ID
NO: 9, SEQ ID NO: 11, or SEQ ID NO: 13, or a 4D5
immunoglobulin heavy chain comprising F243L, R292P,
and Y300L substitutions. [00108] Polypeptides
(especially antibodies) contemplated by the present
invention may be in a complex with one another or with
other non-immunoglobulin polypeptides (e.g., enzymes,
hormones, structural proteins, etc.). For example, an
embodiment may provide a polypeptidecomplex comprising
two polypeptides, wherein one of said polypeptides
comprises a heavy chain, and the other polypeptide
comprises a variant light chain, or wherein both
polypeptides comprise the same sequences. Complexing
can be mediated by any suitable technique, including
by dimerization/multimerization at a
dimerization/multimerization domain such as those
described herein or covalent interactions (such as
through a disulfide linkage) (which in some contexts
is part of a dimerization domain, for example a
dimerization domain may contain a leucine zipper
sequence and a cysteine). In another embodiment, a
composition may comprise polypeptides and/or
polynucleotides of the invention, for example a
composition may comprise a plurality of any of the
polypeptides described herein. A composition
comprising a polynucleotide or polypeptide may be in
the form of a kit or an article of manufacture
(optionally packaged with instructions, buffers,
etc.). [00109] It is also contemplated that
polypeptide variants (and in particular antibody
variants) can be prepared. The polypeptide variants
may possess sequence modifications (e.g.,
substitutions, deletions and/or additions) at desired
positions within their amino acid sequences relative
to the native amino acid sequence. Those skilled in
the art will appreciate that amino acid changes may
alter post-translational processes of the antibody or
polypeptide, such as changing the number or position
of glycosylation sites or altering the membrane
anchoring characteristics. In a preferred embodiment,
the antibody and polypeptide variants are Fc region
variants. [00110] Variants may have the same or
altered activity as compared to a native antibody or
polypeptide. For example, it may be desirable that the
variant have the same activity, but be modified in a
manner so that it is more stable or has a longer
half-life in vivo, for example by conjugating the
antibody with albumin or a salvage receptor binding
epitope, as described, e.g., in U.S. Patent No.
5,739,277'. Or, for example, it may be desirable that
an antibody have an increased binding affinity to
antigen, but the same effector function as a native
antibody, or it may be desirable that an antibody have
the same binding affinity to antigen, but a decreased
effector function. Activity may be tested by, e.g.,
using in vitro assays such as ELISA assays, surface
plasmon resonance assays, radiolabeled protein binding
assays (RIA), or immunoprecipitation assays. [00111]
Substantial modifications in function or immunological
identity may be accomplished by selecting
modifications that differ significantly in their
effect on maintaining (a) the structure of the
polypeptide backbone in the area of the modification,
for example, as a sheet or helical conformation, (b)
the charge or hydrophobicity of the molecule at the
target site, or (c) the bulk of the side chain.
Scanning amino acid analysis can also be employed to
identify one or more aminoacids along a contiguous
sequence, for example as described by Cunningham and
Wells (1989) Science 244:1081-1085. Among the
preferred scanning amino acids are relatively small,
neutral amino acids, such as alanine, glycine, serine,
and cysteine. Alanine is typically a preferred
scanning amino acid among this group because it is the
most common amino acid, is frequently found in both
buried and exposed positions, and because it
eliminates the side-chain beyond the beta-carbon and
is less likely to alter the main-chain conformation of
the variant. If alanine substitution does not yield
adequate amounts of variant, an isoteric amino acid
can be used. Further, any cysteine residue not
involved in maintaining the proper conformation of the
antibody or polypeptide may be substituted, generally
with serine, to improve the oxidative stability of the
molecule and prevent aberrant crosslinking. However,
in certain circumstances, particularly where the
antibody is an antibody fragment such as an Fv
fragment, cysteine bond(s) may be added to the
antibody or polypeptide to improve its stability. Bl.
Fc Domain Variants [00112] The polypeptides of the
present invention may have variant Fc domains.
Modification of the Fc domain normally leads to an
altered phenotype, for example altered serum
half-life, altered stability, altered susceptibility
to cellular enzymes or altered effector function. It
may be desirable to modify the antibody of the
invention with respect to effector function, so as to
enhance the effectiveness of the antibody in treating
cancer, for example. Reduction or elimination of
effector function is desirable in certain cases, for
example in the case of antibodies whose mechanism of
action involves blocking or antagonism, but not
killing of the cells bearing a target antigen.
Increased effector function is generally desirable
when directed to undesirable cells, such as tumor and
foreign cells, where the FcgRs are expressed at low
levels, for example, tumor specific B cells with low
levels of FcgRIIB (e.g., non-Hodgkins lymphoma, CLL,
and Burkitt's lymphoma). In said embodiments,
molecules of the invention with conferred or altered
effector function activity are useful for the
treatment and/or prevention of a disease, disorder or
infection where an enhanced efficacy of effector
function activity is desired. [00113] In certain
embodiments, the molecules of the invention comprise
one or more modifications to the amino acids of the Fc
domain, which reduce the affinity and avidity of the
Fc region and, thus, the molecule of the invention,
for one or more FcgR receptors. In other embodiments,
the molecules of the invention comprise one or more
modifications to the amino acids of the Fc region,
which increase the affinity and avidity of the Fc
region and, thus, the molecule of the invention, for
one or more FcgR receptors. In other embodiments, the
molecules comprise a variant Fc domain wherein said
variant confers or mediates increased ADCC
activityand/or an increased binding to FcgRIIA,
relative to a molecule comprising no Fc domain or
comprising a wild-type Fc domain. In alternate
embodiments, the molecules comprise a variant Fc
domain wherein said variant confers or mediates
decreased ADCC activity (or other effector function)
and/or an increased binding to FcgRIIB, relative to a
molecule comprising no Fc domain or comprising a
wild-type Fc domain. [00114] In some embodiments, the
invention encompasses molecules comprising a variant
Fc region, which variant Fc region does not show a
detectable binding to any FcgR, relative to a
comparable molecule comprising the wild-type Fc
region. In other embodiments, the invention
encompasses molecules comprising a variant Fc region,
which variant Fc region only binds a single FcgR,
preferably one of FcgRIIA, FcgRIIB, or FcgRIIIA.
[00115] The polypeptides of the present invention may
comprise altered affinities for an activating and/or
inhibitory Fcg receptor. In one embodiment, the
antibody or polypeptide comprises a variant Fc region
that has increased affinity for FcgRIIB and decreased
affinity for FcgRIIIA and/or FcgRIIA, relative to a
comparable molecule with a wild-type Fc region. In
another embodiment, the polypeptides of the present
invention comprise a variant Fc region, which has
decreased affinity for FcgRIIB and increased affinity
for FcgRIIIA and/or FcgRIIA, relative to a comparable
molecule with a wild-type Fc region. In yet another
embodiment, the polypeptides of the present invention
comprise a variant Fc region that has decreased
affinity for FcgRIIB and decreased affinity for
FcgRIIIA and/or FcgRIIA, relative to a comparable
molecule with a wildtype Fc region. In still another
embodiment, the polypeptides of the present invention
comprise a variant Fc region, which has unchanged
affinity for FcgRIIB and decreased (or increased)
affinity for FcgRIIIA and/or FcgRIIA, relative to a
comparable molecule with a wild-type Fc region.
[00116] In certain embodiments, the invention
encompasses immunoglobulins comprising a variant Fc
region with an altered affinity for FcgRIIIA and/or
FcgRIIA such that the immunoglobulin has an enhanced
effector function, e.g., antibody dependent cell
mediated cytotoxicity. Non-limiting examples of
effector cell functions include antibody-dependent
cell mediated cytotoxicity (ADCC), antibody-dependent
phagocytosis, phagocytosis, opsonization,
opsonophagocytosis, cell binding, rosetting, CIq
binding, and complement dependent cell mediated
cytotoxicity. [00117] In a preferred embodiment, the
alteration in affinity or effector function is at
least 2- fold, preferably at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least
8-fold, at least 9-fold, at least 10-fold, at least
50-fold, or at least 100-fold, relative to a
comparable molecule comprising a wild-type Fc region.
In other embodiments of the invention, the variant Fc
regionimmunospecif  cally binds one or more FcRs with
at least 65%, preferably at least 70%, 75%, 80%, 85%,
90%, 95%, 100%, 125%, 150%, 175%, 200%, 225%, or 250%
greater affinity relative to a molecule comprising a
wild-type Fc region. Such measurements can be in vivo
or in vitro assays, and in a preferred embodiment are
in vitro assays such as ELISA or surface plasmon
resonance assays. [00118] In different embodiments,
the molecules comprise a variant Fc domain wherein
said variant agonizes at least one activity of an FcgR
receptor, or antagonizes at least one activity of an
FcgR receptor. In a preferred embodiment, the
molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FcgRIIB, for
example, B cell receptor-mediated signaling,
activation of B cells, B cell proliferation, antibody
production, intracellular calcium influx of B cells,
cell cycle progression, FcgRIIB-mediated inhibition of
FceRI signaling, phosphorylation of FcgRIIB, SHIP
recruitment, SHIP phosphorylation and association with
She, or activity of one or more downstream molecules
(e.g., MAP kinase, JNK, p38, or Akt) in the FcgRIIB
signal transduction pathway. In another embodiment,
the molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FceRI, for
example, mast cell activation, calcium mobilization,
degranulation, cytokine production, or serotonin
release. [00119] In certain embodiments, the molecules
comprise an Fc domain comprising domains or regions
from two or more IgG isotypes (e.g., IgGl, IgG2, IgG3
and IgG4). The various IgG isotypes exhibit differing
physical and functional properties including serum
half-life, complement fixation, FcgR binding
affinities and effector function activities (e.g.
ADCC, CDC, etc.) due to differences in the amino acid
sequences of their hinge and/or Fc domains, for
example as described in Flesch and Neppert (1999) J .
Clin. Lab. Anal. 14:141-156; Chappel et al (1993) J .
Biol. Chem. 33:25124-25131; Chappel et al. (1991)
Proc. Natl. Acad. Sci. (U.S.A.) 88:9036-9040;
Brggemann et al. (1987) J . Exp. Med 166:1351-1361.
This type of variant Fc domain may be used alone, or
in combination with an amino acid modification, to
affect Fc-mediated effector function and/or binding
activity. In combination, the amino acid modification
and IgG hinge/Fc region may display similar
functionality (e.g., increased affinity for FcgRIIA)
and may act additively or, more preferably,
synergistically to modify the effector functionality
in the molecule of the invention, relative to a
molecule of the invention comprising a wild-type Fc
region. In other embodiments, the amino acid
modification and IgG Fc region may display opposite
functionality (e.g., increased and decreased affinity
for FcgRIIA, respectively) and may act to selectively
temper or reduce a specific functionality in the
molecule of the invention, relative to a molecule of
the invention not comprising an Fc region or
comprising a wild-type Fc region of the same
isotype.[00120] In a preferred specific embodiment,
the molecules comprise a variant Fc region, wherein
said variant Fc region comprises at least one amino
acid modification relative to a wildtype Fc region,
such that said molecule has an altered affinity for an
FcR, provided that said variant Fc region does not
have a substitution at positions that make a direct
contact with FcgR based on crystallographic and
structural analysis of Fc-FcR interactions such as
those disclosed by Sondermann et al. (2000) Nature
406:267-273. Examples of positions within the Fc
region that make a direct contact with FcgR are amino
acid residues 234-239 (hinge region), amino acid
residues 265-269 (B/C loop), amino acid residues
297-299 (CVE loop), and amino acid residues 327-332
(F/G loop). In some embodiments, the molecules of the
invention comprise variant Fc regions comprise
modification of at least one residue that does not
make a direct contact with an FcgR based on structural
and crystallographic analysis, e.g., is not within the
Fc-Fc gR binding site. [00121] Variant Fc domains are
well known in the art, and any known Fc variant may b
e used in the present invention to confer or modify
the effector function exhibited by a molecule of the
invention comprising an Fc domain (or portion thereof)
as functionally assayed, e.g., in an NK dependent or
macrophage dependent assay. For example, Fc domain
variants identified as altering effector function are
disclosed in the Antibody Engineering Technology Art,
and any suitable variant disclosed therein may b e
used in the present molecules. 



[00122] In certain embodiments, the molecules comprise
a variant Fc region, having one or more amino acid
modifications in one or more regions, which
modification(s) alter (relative to a wild-type Fc
region) the Ratio of Affinities of the variant Fc
region to an activating FcgR (such as FcgRIIA or
FcgRIIIA) relative to an inhibiting FcgR (such as
FcgRIIB): Wild-TyJ p e to Variant Chang e in AffinityJ
to Fcl R A . ct vat ng Ratio of Affinities = Wild-Type
to Variant Change in Affinity to FCfR 1n J1 1 1n
[00123] Where an Fc variant has a Ratio of Affinities
greater than 1, the methods of the invention have
particular use in providing a therapeutic or
prophylactic treatment of a disease, disorder, or
infection, or the amelioration of a symptom thereof,
where an enhanced efficacy of effector cell function
(e.g., ADCC) mediated by FcgR is desired, e.g., cancer
or infectious disease. Where an Fc variant has a Ratio
of Affinities less than 1, the methods of the
invention have particular use in providing a
therapeutic or prophylactic treatment of a disease or
disorder, or the amelioration of a symptom thereof,
where a decreased efficacy of effector cell function
mediated by FcgR is desired, e.g., autoimmune or
inflammatory disorders. Table 2 lists exemplary
single, double, triple, quadruple and quintuple
mutations by whether their Ratio of Affinities is
greaterthan or less than 1. Specific binding data for
various mutations is listed in Table 3, and more
information concerning these mutations may be found in
the Antibody Engineering Technology Art.A TUBING
PRESSURE INSENSITIVE ACTUATOR SYSTEM AND METHOD
BACKGROUND [0001] Surface Controlled Subsurface Safety
Valves (SCSSV) are a common part of most wellbores in
the hydrocarbon industry. Subsurface safety valves are
generally located below the surface and allow
production from a well while being closable at a
moments notice should an imbalance in the operation of
the well be detected either at the surface or at
another location. In most constructions, SCSSVs are
actively openable and passively closable ensuring that
failures of the actuating system allow the valve to
"fail safe" or in other words, fail in a closed
position. Traditional subsurface safety valves have
been hydraulically actuated. As operators move into
deeper water, the use of hydraulics as the means of
actuating subsurface safety valves becomes technically
challenging as well as expensive. The technical
limitations of hydraulics, the costs and reliability
restrictions associated with hydraulics, and
environmental issues are all work synergistically to
increase costs of production, which necessarily
results in lower profitability or increased pricing of
the produced fluids. In view of these drawbacks, the
art will well receive alternate SCSSV actuation
systems that alleviate the same. SUMMARY [0002] A
tubing pressure insensitive actuator system includes a
housing having a bore therein; a force transmitter
sealingly moveable within the bore the force
transmitter defining with the bore two fluid chambers,
one at each longitudinal end of the force transmitter;
and at least two seals sealingly positioned between
the housing and the force transmitter, one of the
seals isolating one end of the force transmitter from
tubing pressure and another of the seals isolating
another end of the force transmitter from tubing
pressure. [0003] A tubing pressure insensitive
actuator system for an electric surface controlled
subsurface safety valve includes a subsurface safety
valve housing supporting a flow tube, a flapper and a
power spring, the housing having a force transmitter
bore therein; a force transmitter sealingly moveable
within the force transmitter bore, the
forcetransmitter defining with the bore two fluid
chambers, one at each longitudinal end of the force
transmitter, at least one of the chambers containing
an electric activator in operable communication with
the force transmitter; an interengagement at the force
transmitter force transmissively engaged with the flow
tube, the interengagement exposed to tubing pressure
during use; and at least two seals sealingly
positioned between the housing and the force
transmitter, one of the seals isolating one end of the
force transmitter from tubing pressure and another of
the seals isolating another end of the force
transmitter from tubing pressure. [0004] A method for
reducing force requirements of an actuator in a
downhole environment includes sealing a force
transmitter within a housing to isolate ends of the
force transmitter from tubing pressure during use; and
initiating an activator to urge the force transmitter
in a direction commensurate with activating a downhole
tool, the actuator generating enough force to activate
the downhole tool other than to overcome tubing
pressure. BRIEF DESCRIPTION OF THE DRAWINGS [0005]
Referring now to the drawings wherein like elements
are numbered alike in the several Figures: [0006]
Figure 1 is a schematic view of a tubing pressure
insensitive electrically actuated SCSSV and actuation
configuration; [0007] Figure 2 is a schematic view of
an alternate tubing pressure insensitive electrically
actuated SCSSV and actuation configuration; and [0008]
Figure 3 is a schematic view of another alternate
tubing pressure insensitive electrically actuated
SCSSV and actuation configuration. DETAILED
DESCRIPTION [0009] Among the challenges in developing
an actuator system for, for example, an electric
safety valve, or other tool intended to operate in an
unfriendly environment such as a downhole environment,
are isolation of an activator of the actuator from
wellborefluids during use and issues relating to force
generation density. In order to avoid confusion in
reading the instant disclosure, the term "actuator" is
used to refer to the system level while the
"activator" is used to refer to a prime mover level.
With regard to the former, isolation of the activator
mechanism from the environmental factors that are
problematic for the activator, is desirable. Many
wellbore fluids are contraindicated for contact with
electrical activators due to their deleterious effects
thereon. Moreover, with regard to the latter, force
generation in an electric activator that rivals the
force generating capacity of hydraulic activators,
requires a significant increase in size of the
activator relative to the hydraulic activators.
Wellbore space is always at a premium so that it is
desirable to maintain activator size as small as
possible. To realize this goal, it is important to
minimize the effect of tubing pressure on the tool
being electrically actuated. This will minimize the
forces that the electric actuator must overcome when
actuating the tool. While clearly this will facilitate
the use of actuators having less force generating
capacity, rendering a force transmitter in a valve
insensitive to tubing pressure is useful for any type
of actuator including hydraulic actuators. [0010]
Referring to Figure 1 a first embodiment of a tubing
pressure insensitive actuator system configured as an
Electrically Actuated SCSSV ("ESCSSV") 10 is
illustrated. The ESCSSV 10 includes a housing 12
having a bore 14 therein. A force transmitter 16,
which may be a piston, ball nut, rod, etc. is
slidingly and sealingly disposed within the bore 14.
The housing 12 includes two sets of seals 18 and 20
that interact with the force transmitter 16 to provide
a fluid tight seal therewith. The seals allow movement
of the force transmitter in either longitudinal
direction based upon applied differential fluid
pressure across the force transmitter 16 and also
prevent tubing pressure from acting on the force
transmitter in a way that would create any
differential pressure thereon. More specifically,
because tubing pressure does not act on either end of
the force transmitter, the force transmitter is
insensitive to tubing pressure even though the force
transmitter is exposed to tubing pressure along its
length. This is desirable because the force required
to actuate the valve through movement of the force
transmitter is reduced due to not having to overcome
tubing pressure. The force transmitter creates two
relatively large fluid chambers 22 and 24 within the
housing 12. One fluid chamber 22 contains hydraulic
fluid that is pressurizable by a pressure source 26,
while the other chamber 24is filled with a
compressible fluid such as air that may be at
atmospheric pressure. In the Figure 1 illustration,
the pressure source 26 is a pump and hydraulic fluid
reservoir to supply the pump. In one embodiment, the
pump is an electric pump and thus will include a power
cable 28 that may extend to a remote location such as
a surface location or may extend only to an on-board
power source (not shown). Pressure supplied by the
source 26 to the chamber 22 will cause the force
transmitter 16 to be displaced within the housing 12
toward the chamber 24. A force transmitter ring seal
30 ensures that hydraulic fluid from the source 26
does not escape around the force transmitter 16. [001
1] The force transmitter 16 itself defines a fluid
conduit 32 therein that extends from one end 34 of the
force transmitter 16 substantially axially to a dog
leg 36 where the conduit 32 is directed to an annular
space 38 defined between the force transmitter 16, the
bore 14, the seal 20 and the force transmitter ring
seal 30. This annular space 38 is sealed and thus will
deadhead any fluid in the conduit 32. It is thereby
invisible functionally with respect to an opening
operation of the ESCSSV. The purpose of the conduit
32, dogleg 34 and annular space 38 is to ensure that
the force transmitter is biased to a valve closed
condition if one or more of the seal 20 fails.
Alternately stated, the annular space 38 only becomes
a functional part of the ESCSSV if and when the seal
20 is breached by tubing pressure applied thereto.
This function will be further described hereunder.
[0012] The force transmitter 16 is further in operable
communication with a flow tube 40 of the ESCSSV 10
such that the flow tube 40 is urged toward a flapper
valve 42 to open the same upon activation of the
ESCSSV 10. Any means for causing the flow tube 40 to
move with the force transmitter is acceptable. In one
embodiment, an interengagement 44 could simply be a
tab on the force transmitter 16 as shown that is
sufficiently strong to maintain structural integrity
against a power spring 46 and any pressure
differential across a flapper 48. [0013] In this
embodiment, chamber 24 is filled with a compressible
fluid at a pressure easily overcomable by increased
hydraulic pressure in chamber 22 or by an electric
activator directly acting upon the force transmitter.
In one embodiment, the pressure in chamber 24 is
atmospheric pressure. The fluid may be air, for
example, but in any eventwill be selected to have
chemical properties not contraindicated for the type
of activator utilized and in contact therewith. [0014]
Upon pressurization of chamber 22 by source 26, the
force transmitter 16 moves farther into chamber 24
than is depicted in Figure 1 and consequently urges
the flow tube 40 against the flapper valve 42 causing
the same to open. The ESCSSV will remain in this open
condition while pressure on the chamber 22 is
maintained. Upon loss of such pressure, the valve will
close due to the action of a power spring 44 in a way
familiar to the art. [0015] In the event that seal 20
fails while the valve 10 is in the downhole
environment, tubing pressure will enter annulus 38.
The pressure in annulus 38 is transmitted through
dogleg 36 and conduit 32 to chamber 24. Pressure in
this chamber will cause the valve 10 to fail closed.
Alternately, if seal 18 fails, pressure is directly
transmitted to chamber 24 with the same result of
biasing the valve 10 to a closed position. A failure
of both seals 18 and 20 will also result in a biasing
of the valve to a closed position. [0016] In another
embodiment, referring to Figure 2, pressure source 26
of Figure 1 is eliminated in favor of an activator 50
that is housed within chamber 22 or chamber 24. The
fluid in both chambers 22 and 24 must be of a nature
that its volume is changeable without a significant
change in pressure thereof. Compressible fluids such
as air may be used as well as other fluids having the
identified properties. The activator 50 may be an
electromechanical device such as a lead screw,
solenoid, etc. and will be configured as a push or a
pull activator depending upon which chamber houses the
activator 50. In the event that the activator 50 is
housed in chamber 22 in the illustrated embodiment, it
will be configured as a push activator and if the
activator 50 is to be housed in the chamber 24, it
will be configured as a pull activator. It is further
to be appreciated that dual activators may also be
used in this embodiment where one is a pull activator
and one is a push activator. In other respects, Figure
2 is similar to Figure 1 herein. [0017] Referring to
Figure 3, another embodiment is illustrated. In this
embodiment, seals 18 and 20 remain but force
transmitter ring seal 30 has been eliminated. This is
beneficial in that fewer seals equate to lower drag on
the force transmitter 16 duringmovement thereof. Also,
distinct in this embodiment is a channel 52 extending
axially through the force transmitter 16 directly
fluidly connecting the chamber 22 to the chamber 24.
Due to the channel 52, pressure in chambers 22 and 24
is always equal. Tubing pressure is isolated by seals
18 and 20 as in previously addressed embodiments. In
this embodiment, if either of the seals fails, tubing
pressure is immediately transmitted to both ends of
force transmitter 16 such that it still maintains a
balance of pressure and is unaffected thereby. This
embodiment will include one or more activators in
either or both of the chambers 22 and 24 which may
push or pull as required to bias the force transmitter
against the power spring 46 and any differential
pressure across the flapper 48. Additionally, it is to
be noted that in the embodiment of Figure 3, the fluid
in chambers 22 and 24 need not be of a type that is
volurnetrically changeable without a significant
change in pressure as is required in at least one of
the chambers for each of Figures 1 and 2 but the
embodiment of Figure 3 also allows the use of
incompressible fluids due to the ability of the system
to move fluid from chamber to chamber. As in the
previous embodiments, the activator is housed within
the fluid and is thereby protected from potentially
deleterious wellbore fluids. Further, it is noted that
in the event that a hold open device is to be used in
the valve 10, it can also be disposed within on or
both of chambers 22 and 24 to protect the same from
wellbore fluids. [0018] With the embodiment of Figure
3, it is also to be appreciated that a plurality of
the illustrated systems could be used in conjunction
with a single flow tube to have backup actuation
capability. This is because, due to balancing, the
actuator system that is not working does not create
any significant load on the valve 10 but rather will
act only as a shock absorber to some extent. Such
plural systems may also be used together if required
or desired for a particular application. [0019] While
preferred embodiments have been shown and described,
modifications and substitutions may be made thereto
without departing from the spirit and scope of the
invention. Accordingly, it is to be understood that
the present invention has been described by way of
illustrations and not limitation.CLAIMS 1. A tubing
pressure insensitive actuator system comprising: a
housing having a bore therein; a force transmitter
sealingly moveable within the bore the force
transmitter defining with the bore two fluid chambers,
one at each longitudinal end of the force transmitter;
and at least two seals sealingly positioned between
the housing and the force transmitter, one of the
seals isolating one end of the force transmitter from
tubing pressure and another of the seals isolating
another end of the force transmitter from tubing
pressure. 2. The system as claimed in claim 1 wherein
the housing is a housing of a subsurface safety valve.
3. The system as claimed in claim 1 wherein the
housing further defines a plurality of chambers
fiuidly connected to the bore. 4. The system as
claimed in claim 1 wherein the actuator system
includes an activator. 5. The system as claimed in
claim 1 wherein the force transmitter further includes
a force transmitter ring seal. 6. The system as
claimed in claim 5 wherein the one of the at least two
seals and the force transmitter ring seal define,
along with the force transmitter and the bore, an
annulus, the annulus being fiuidly communicated to an
end of the force transmitter opposite an end of the
force transmitter nearest the annulus. 7. The system
as claimed in claim 1 wherein the force transmitter
includes an interengagement for a flow tube.8. The
system as claimed in claim 1 wherein the force
transmitter includes a channel axially extending from
one force transmitter end to an opposite force
transmitter end thereby allowing fluid communication
from a fluid chamber at one end of the force
transmitter to a fluid chamber at the other end of the
force transmitter. 9. The system as claimed in claim 1
wherein the housing further contains an activator
disposed within a fluid isolated from wellbore fluid.
10. The system as claimed in claim 9 wherein the fluid
is dielectric fluid. 11. The system as claimed in
claim 10 wherein the dielectric fluid is air. 12. The
system as claimed in claim 4 wherein the activator is
in fluid communication with the force transmitter. 13.
The system as claimed in claim 4 wherein the activator
is in closed proximity to the housing. 14. The system
as claimed in claim 4 wherein the activator is
attached to the housing. 15. The system as claimed in
claim 4 wherein the activator is electric. 16. The
system as claimed in claim 4 wherein the activator is
electric-hydraulic. 17. The system as claimed in claim
4 wherein the activator is a motor and a lead screw.
18. The system as claimed in claim 4 wherein the
activator is a solenoid. 19. The system as claimed in
claim 4 wherein the activator is a pump and a fluid
reservoir, fluid pressure engaged with one end of the
force transmitter.20. A tubing pressure insensitive
actuator system for an electric surface controlled
subsurface safety valve comprising: a subsurface
safety valve housing supporting a flow tube, a flapper
and a power spring, the housing having a force
transmitter bore therein; a force transmitter
sealingly moveable within the force transmitter bore,
the force transmitter defining with the bore two fluid
chambers, one at each longitudinal end of the force
transmitter, at least one of the chambers containing
an electric activator in operable communication with
the force transmitter; an interengagement at the force
transmitter force transmissively engaged with the flow
tube, the interengagement exposed to tubing pressure
during use; and at least two seals sealingly
positioned between the housing and the force
transmitter, one of the seals isolating one end of the
force transmitter from tubing pressure and another of
the seals isolating another end of the force
transmitter from tubing pressure. 21. A method for
reducing force requirements of an actuator in a
downhole environment comprising: sealing a force
transmitter within a housing to isolate ends of the
force transmitter from tubing pressure during use; and
initiating an activator to urge the force transmitter
in a direction commensurate with activating a downhole
tool, the actuator generating enough force to activate
the downhole tool other than to overcome tubing
pressure. 


