
POLYPEPTIDES THAT BIND BR3 AND USES THEREOF FIELD OF
THE INVENTION The invention relates to antibodies and
polypeptides that bind BR3 and uses thereof.
BACKGROUND OF THE INVENTION BAFF (also known as BLyS,
TALL-I, THANK, TNFSF13B, or zTNF4) is a member of the
TNF ligand superfamily that is essential for B cell
survival and maturation (reviewed in Mackay & Browning
(2002) Nature Rev. Immunol. 2, 465-475). BAFF
overexpression in transgenic mice leads to B cell
hyperplasia and development of severe autoimmune
disease (Mackay, et al. (1999) J. Exp. Med. 190,
1697-1710; Gross, et al. (2000) Nature 404, 995-999;
Khare, et al. (2000) Proc. Natl. Acad. ScL U.S.A. 97,
3370-33752-4). BAFF levels are elevated in human
patients with a variety of autoimmune disorders, such
as systemic lupus erythematosus, rheumatoid arthritis,
Wegener's granulomatosis and Sjogren's syndrome
(Cheema, G. S, et al., (2001) Arthritis Rheum. 44,
1313-1319; Groom, J., et al, (2002) J. Clin. Invest.
109, 59-68; Zhang, J., et al., (2001) J. Immunol. 166,
6-10; Krumbholz et al., ANCA Workshop, Prague, Czech
Republic, 2003). Furthermore, BAFF levels correlate
with disease severity, suggesting that BAFF may play a
direct role in the pathogenesis of these illnesses.
BAFF blockade in animal models of collagen-induced
arthritis (CIA), lupus (e.g., BWFl mice), multiple
sclerosis (e.g., experimental autoimmune
encephalomyelitis (EAE)) resulted in an alleviation of
the disease. BR3:Fc treatment in a chronic
graft-versus-host disease (cGVHD) model significantly
inhibited splenomegaly associated with cGVHD, not by
preventing B cell activation, but by inhibiting B cell
survival (Kalled, SL et al. (2005) Curr Dir
Autoimmun.8:206-42). Thus, it is likely that BAFF
blockade will provide efficacy in other animal models
of autoimmunity with a strong B cell component. In
addition, there have been reports that both CD4+ and
CD8+ T cells can be costimulated by recombinant BAFF
to produce Type I and Type II cytokines and increase
CD25 expression (Ng, LG, et al. 2004. J Immunol
173:807). Further, BAFF-R:Fc reportedly blocked
BAFF-mediated human T cell proliferation (Huard, B, et
al., (2000) J Immunol 167:6225). Still further, some
patients with Blymphoid malignancies have elevated
levels of BAFF (Kern, C et al., (2004) Blood
103(2):679-88). According to one report, adding
soluble BAFF or APRIL protected B-CLL cells against
spontaneous and drug-induced apoptosis and stimulated
NF-kappaB activation. Conversely, adding soluble
BCMA-Fc or anti-BAFF and anti-APRIL antibodies
enhanced B-CLL apoptosis (Kern, C et al., supra). BAFF
may act as an essential autocrine survival factor for
malignant B cells (Mackay F, et al., (2004) Curr Opin
Pharmacol. 4(4):347-54). Thus, BAFF has been linked to
a variety of disease states. BAFF binds to three
members of the TNF receptor superfamily, TACI, BCMA,
and BR3 (also known as BAFF-R) (Gross, et al., supra;
8. Thompson, J . S., et al., (2001) Science 293,
2108-2111. Yan, M., et al.;. (2001) Curr. Biol.
11,1547-1552; Yan, M., et al.,. (2000) Nat. Immunol.
1, 37- 41. Schiemann, B., et al., (2001) Science 293,
2 111-2114). Of the three, only BR3 is specific for
BAFF; the other two also bind the related TNF family
member, APRIL. Comparison of the phenotypes of BAFF
and receptor knockout or mutant mice indicates that
signaling through BR3 mediates the B cell survival
functions of BAFF (Thompson, et al., supra; Yan,
(2002), supra; Schiemann, supra). In contrast, TACI
appears to act as an inhibitory receptor (Yan, M.,
(2001) Nat. Immunol. 2, 638-643), while the role of
BCMA is less clear (Schiemann, supra). BR3 is a
184-residue type III transmembrane protein expressed
on the surface of B cells (Thompson, et al., supra;
Yan, (2002), supra). The intracellular region bears no
sequence similarity to known structural domains or
protein-protein interaction motifs. Several lines of
investigation have provided strong evidence that BR3
is the primary receptor through which B cells receive
a BAFFmediated survival signal (reviewed in Kalled,
S., et al., Curr Dir Autoimmun. 2005;8:206-42). This
has been confirmed by the recent generation of BAFF-R
knockout mice wherein these BAFF-R mice
(Shulga-Morkskaya, S. et al., (2004) J Immunol. 15;
173(4):2331-41). BR3 is expressed in a variety of
disease tissue including multiple myeloma and
non-Hodgkin' s Lymphoma (Novak, AJ (2004) Blood
104:2247-2253; Novak, AJ (2004) Blood 103:689-694).
SUMMARY OF THE INVENTION The present invention
provides novel BR3-binding polypeptides, including BR3
binding immunoadhesins, antibodies and peptides
lacking an Fc region, and their unexpected and
beneficial properties in the methods of this
invention, including for example, their use as potent
agents for depleting B cells, for stimulating B cell
proliferation and survival, for therapeutic use or for
diagnostic or research use. The present invention
provides BR3 binding polypeptides that comprise any
one, any combination or all of the following
properties: (1) binds to a human BR3 extracellular
domain sequence with an apparent Kd value of 50OnM or
less, 10OnM or less, 50 nM or less, 1OnM or less, 5nM
or less or InM or less; (2) binds to a human BR3
extracellular domain sequence and binds to a mouse BR3
extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (3) has a
functional epitope on human BR3 comprising a specific
residue(s); (4) inhibits the binding of human BR3 to
human BAFF; (5) has antibody dependent cellular
cytotoxicity (ADCC) in the presence of human effector
cells or has increased ADCC in the presence of human
effector cells compared to wild-type IgG or has
decreased ADCC in the presence of human effector cells
compared to wild-type IgG or native sequence IgG Fc;
(6) is derived from any one of antibodies disclosed
herein and (7) binds the human Fc neonatal receptor
(FcRn) with a higher affinity than a polypeptide or
parent polypeptide having wild type or native sequence
IgG Fc; and (8) kills or depletes B cells in vitro or
in vivo, preferably by at least 20%when compared to
the baseline level or appropriate negative control
which is not treated with such antibody. BR3 binding
polypeptides include peptides that bind BR3 (e.g.,
derived from phage display) that are fused to Fc
domains (e.g., peptibodies). In one embodiment,
compared to treatment with a control antibody that
does not bind a B cell surface antigen or as compared
to the baseline level before treatment, an antibody of
this invention can deplete at least 20% of the B cells
in any one, any combination or all of following
population of cells in mice: (1) B cells in blood, (2)
B cells in the lymph nodes, (3) follicular B cells in
the spleen and (4) marginal zone B cells in the
spleen. In other embodiments, B cell depletion is 25%,
30%, 40%, 50%, 60%, 70%, 80% or greater. The present
invention also provides agonistic BR3 binding
polyptides that comprise any one, any combination or
all of the following properties: (1) binds to a human
BR3 extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (2) has a
functional epitope on human BR3 specific residues; (3)
stimulates B cell proliferation in vitro; (4) inhibits
the binding of human BR3 to human BAFF; (5) is derived
from any one of antibodies disclosed herein; (6) binds
the human Fc neonatal receptor (FcRn) with a higher
affinity than a polypeptide or parent polypeptide
having wild type or native sequence IgG Fc and (7)
stimulates B cell proliferation or B cell survival in
vivo. According to one embodiment, the agonistic
antibody has less or no ADCC function compared to a
wild-type IgGl or native IgGl Fc sequence or the 9.1RF
antibody. According to one embodiment, the agonistic
antibody of this invention has at least the following
substitutions D265A/N297A (EU numbering system) in the
Fc region. According to one embodiment, the agonistic
antibody has an IgG Fc sequence of human IgG4.
According to one embodiment, the BR3 binding
polypeptides of this invention have a functional
epitope on human BR3 comprising residues F25, V33 and
A34, wherein the monoclonal antibody is not the 9.1
antibody or the 2.1 antibody. According to a further
embodiment, the functional epitope further comprises
residue R30. According to one embodiment, the BR3
binding polypeptides of this invention have a
functional epitope on human BR3 comprising residues
P21 and A22. According to one embodiment, the BR3
binding polypeptides of this invention have a
functional epitope on human BR3 comprising residues
L38 and R39, wherein the antibody is not the 9.1
antibody. According to one embodiment, the BR3 binding
polypeptides have a functional epitope on human BR3
comprising residue G36, wherein the antibody is not
the 2.1 antibody. According to one embodiment, the BR3
binding polypeptides of this invention have a
functional epitope on human BR3 comprising residues
V29 and L28. According to yet another embodiment, the
functional epitiope further comprises L28 and V29.
According to one embodiment, the anti-BR3 antibody
that has a functional epitope on human BR3 that
comprises any one, any combination or all of L38, R39,
P21 and A22 is an antagonistic BR3 binding antibody.
According to another embodiment, the antiBR3 antibody
that has a functional epitope on human BR3 that
comprises G36 is an agonistic BR3 binding antibody.
The present invention provides the antibodies of Table
2, BR3 binding antibodies derived from those
antibodies and antibodies that bind BR3 and have an
Hl, H2, H3, Ll, L2 or L3 regions with at least 70%
homology to any one of the underlined portions of the
antibodies sequences described in the Figures or to
the CDRs or hypervariable regions described in the
Sequence Listing. According to one embodiment, an
antibody of this invention binds BR3 and has Hl, H2
and H3 regions with at least 70% homology to the Hl,
H2 and H3 region, respectively, of any one of the
antibodies of Table 2. According to one embodiment, an
antibody of this invention binds BR3 and has Ll, L2
and L3 regions with at least 70% homology to the Ll,
L2 and L3 region, respectively, of any one of the
antibodies of Table 2. According to one embodiment,
the antibodies bind BR3 and have a VH domain with at
least 70% homology to a VH domain of any one of the
antibodies of Table 2. The present invention provides
humanized anti-BR3 antibodies comprising an H3
hypervariable region (HVR3) comprising the residues
QVRRALDY (SEQ ID NO:212). According to another
embodiment, a BR3 binding antibody comprises: (1) an
H3 hypervariable region (HVR3) comprising the residues
QVRRALDY (SEQ ID NO:212); and (2) a heavy chain
framework 3 region (HC-FR3) comprising the residues
RDTSKNTF (SEQ ID NO:210). In one embodiment, the BR3
binding antibody further comprises an HVRl comprising
residues numbered 26-35 and an HVR2 comprising
residues 49-65 (Kabat numbering) of an antibody
sequence of any one of SEQ ID NOs: 35-36. In another
embodiment, the anti-BR3 antibody further comprises
residues GFTVTAYYMS (SEQ ID NO:214) in the Hl
hypervariable region (HVRl) and residues
GFIRDKANGYTTEYNPSVKG (SEQ ID NO: 213) in the H2
hypervariable region (HVR2). According to one
embodiment, the antibody further comprises residues
KSSQSLLYSSNQNNYLA (SEQ ID NO:232) in the LVRl,
residues WASTRES (SEQ ID NO:233) in the LVR2 and
residues QQSQISPPT (SEQ ID NO:231) in the LVR3.
According to another embodiment, an anti-BR3 binding
antibody comprises: (1) an H3 hypervariable region
(HVR3) comprising QVRRALDY (SEQ ID NO:212); and (2) a
heavy chain framework 3 region (HC-FR3) comprising
RDTSKNTL (SEQ ID NO:21 1). In one embodiment, the BR3
binding antibody comprises residues numbered 26-35 and
49-65 (Kabat numbering) of any one of the antibody
sequences of SEQ ID NOs:37-73. According to one
embodiment, the antibody further comprises residues
KSSQSLLYSSNQNNYLA (SEQ ID NO:232) in the LVRl,
residues WASTRES (SEQ ID NO:233) in the LVR2 and
residues QQSQISPPT (SEQ ID NO:231) in the LVR3.
According to another embodiment, an anti-BR3 binding
antibody comprises a L2 hypervariable region (LVR2)
comprising Formula I : W-A-X3-X4-X5-X6-S (SEQ ID
NO:215) (Formula T),wherein X3 is Q or S; X4 is H, I
or T; X5 is L or R and X6 is D or E and wherein
Formula I is not WASTRES (SEQ ID NO:233). According to
one embodiment, the anti-BR3 antibody further
comprises an H3 hypervariable region (HVR3) comprising
QVRRALDY (SEQ ID NO:212). According to one embodiment,
the LVR2 comprises residues numbered 50-56 (Kabat
numbering) of 5 the antibody sequence selected from
the group consisting of SEQ ID NOs:23 and 25.
According to one embodiment, the antibody further
comprises residues GFTVTAYYMS (SEQ ID NO:214) in the
HVRl and residues GFIRDKANGYTTEYNPSVKG (SEQ ID NO:213)
in the HVR2. According to one embodiment, the antibody
further comprises residues KSSQSLLYSSNQNNYLA (SEQ ID
NO:232) in the LVRl and residues QQSQISPPT (SEQ ID
NO:231) in the LVR3. 10 According to another
embodiment, an anti-BR3 binding antibody comprises: a
Hl hypervariable region (HVRl) comprising Formula II:
X1-X2-X3-X4-X5-X6-X7-Y-X9-X10 (SEQ ID NO:216) (Formula
II), wherein Xl is G or D, S, A, V, E or T; X2 is L,
S, W, P, F, A, V, I, R, Y or D; X3 is P, T, A, N, S,
I, K, L or Q; X4 is M, R, V, Y, G, E, A, T, L,Wor D;
X5 is A, S, T, G, I, R, P, N, D, Y or H; 15 X6 is G,
A, S, P or T; X7 is F, H, Y, R, S, V or N; X9 is T, I,
M, F,W or V; XlO is T, G, S or A and wherein Formula
II is not GFTVTAYYMS (SEQ ID NO:214). According to one
embodiment, the antibody further comprises an H3
hypervariable region (HVR3) comprising QVRRALDY (SEQ
ID NO:212). According to one embodiment, the HVRl
comprises residues numbered 26-35 (Kabat numbering) of
the antibody sequence selected from the group
consisting of SEQ ID NOs:24, 26-34, 20 36 and 38-73.
According to one embodiment, the antibody further
comprises residues WASTRES (SEQ ID NO:233) in the
LVR2. According to one embodiment, the antibody
further comprises residues KSSQSLLYSSNQNNYLA (SEQ ID
NO:232) in the LVRl, residues WASTRES (SEQ ID NO:233)
in the LVR2 and residues QQSQISPPT (SEQ ID NO:231) in
the LVR3. According to one embodiment, the antibody
further comprises residues GFIRDKANGYTTEYNPSVKG (SEQ
ID 25 NO:213) in the HVR2. According to another
embodiment, a BR3 binding antibody of this invention
is an antibody that comprises: (1) an H3 hypervariable
region (HVR3) comprising QVRRALDY (SEQ ID NO:212) and
(2) residues numbered 50-56 of the LVR2 and residues
numbered 26-35 of the HVRl of an antibody selected
from the group consisting of Hu9.1-73, Hu9.1-70,
Hu9.1-56, Hu9.1-51, Hu9.1-59, 30 Hu9.1-61, Hu9.1-A,
Hu9.1-B and Hu9.1-C. According to one embodiment, the
antibody further comprises residues
GFIRDKANGYTTEYNPSVKG (SEQ ID NO:213) in the HVR2.
According to one embodiment, the antibody further
comprises residues KSSQSLLYSSNQNNYLA (SEQ ID NO:232)
in the LVRl and residues QQSQISPPT (SEQ ID NO:231) in
the LVR3. The present invention also provides anti-BR3
antibodies comprising an HVR3 comprising 35 residues
numbered 94-102 (Kabat numbering) of the antibody
sequence selected from the group consisting of SEQ ID
NOS:7-13 and 16-18. According to one embodiment, the
antibody further comprises an HVRl and HVR2 comprising
residues 26-35 and residues 49-65 (Kabat
numbering),respectively, of the antibody sequence of
any one of SEQ ID NOS:7-13 and 16-18. According to one
embodiment, the LVRl, LVR2 and LVR3 of the antibody
comprises residues 24-34, residues 50-56 and residues
89-97 (Kabat numbering), respectively, of the antibody
sequence of SEQ ID NO:3. According to one embodiment,
the anti-BR3 comprises a variable heavy chain domain
comprising the variable heavy chain sequence of any
one of SEQ ID NOs: 22, 24 and 26-73. According to one
embodiment, the anti-BR3 comprises a variable light
chain domain comprising the variable light chain
sequence of any one of SEQ ID NOs:21, 23 and 25.
According to another embodiment, the antibody
comprises the sequence of SEQ ID NO:74. According to
another embodiment, the antibody comprises the
sequence of SEQ ID NO:76, wherein X is A,W, H, Y, S or
F. According to one specific embodiment, the antibody
comprises the sequence of SEQ ID NO:75. The present
invention provides an anti-BR3 antibody comprising an
HVR3 comprising Formula HI: X1-X2-X3-X4-X5-G-X7-MDY
(SEQ ID NO:218) (Formula HI), wherein Xl is N, T or R;
X2 is A, S, T, L, N or P; X3 is N, H or L; X4 is P, Y,
F, N, T or L; X5 is Y, T or D; and X7 is A or E.
According to one embodiment, Formula III is not
TPHTYGAMDY (SEQ ID NO:235). According to one
embodiment, Formula in is NSNFYGAMDY (SEQ ID NO:219).
According to one embodiment, the antibody further
comprises an HC-FR3 comprising residues RDTSKNTF (SEQ
ID NO:210) or RDTSKNTL (SEQ ID NO:21 1). According to
one embodiment, the LVRl, LVR2 and LVR3 of the
antibody comprise residues 24-34, residues 50-56 and
residues 89-97 (Kabat numbering), respectively, of the
antibody sequence of SEQ ID NO:3. According to one
embodiment, the HVRl and HVR2 of the antibody comprise
residues 26-35 and residues 49-65 (Kabat numbering),
respectively, of the antibody sequence of SEQ ID NO:4.
Alternatively, the present invention provides an
anti-BR3 antibody comprising an HVR3 comprising
Formula III: X1-X2-X3-X4-X5-G-X7-MDY (SEQ ID NO:218)
(Formula III), wherein Xl is N, T or R; X2 is A, S, T,
L, N or P; X3 is N, H or L; X4 is P, Y, F, N, T or L;
X5 is Y, T or D; and X7 is A or E and wherein the
antibody further comprises an HC-FR3 comprising
residues RDTSKNTF (SEQ ID NO:210) or RDTSKNTL (SEQ ID
NO:21 1). According to one embodiment, when the HC-FR3
comprises RDTSKNTF (SEQ ID NO:210), then HVR3 of the
antibody comprises residues 94-102 (Kabat numbering )
of the antibody sequence of any one of SEQ ID NOs:6-9
and 16-17. According to one embodiment, when the
HC-FR3 comprises RDTSKNTL (SEQ ID NO:21 1), then the
HVR3 of the antibody comprises residues 94-102 (Kabat
numbering ) of the antibody sequence of any one of SEQ
IDNOs: 5 and 10-13. According to one embodiment, the
LVRl, LVR2 and LVR3 of the antibody comprise residues
24-34, residues 50-56 and residues 89-97 (Kabat
numbering), respectively, of the antibody sequence of
SEQ ID NO:3. According to one embodiment, the HVRl and
HVR2 of the antibody comprise residues 26-35 and
residues 49-65 (Kabat numbering) of the antibody
sequence of SEQ ID NO:4, respectively.In one
embodiment, the sequence of Formula III is Formula IV:



X1-X2-X3-X4-X5-GAMDY (SEQ ID NO:218) (Formula IV),
wherein Xl is N, T or R; X2 is S, T, L, N or P; X3 is
N or L; X4 is P, Y, F, N or L; X5 is Y or D. According
to one embodiment, the anti-BR3 antibody comprises an
HVR3 comprising the sequence of Formula IV and a
HC-FR3 comprising the sequence of SEQ ID NO:210. In a
further embodiment, the antibody comprises the light
chain sequence of SEQ ID NO: 14. An a further
embodiment, the antibody comprises an Fc region having
D265A/N297A (EU numbering) mutations. According to one
embodiment, the anti-BR3 comprises a variable heavy
chain domain comprising the variable heavy chain
sequence of any one of SEQ ED NOs:4-13 and 16-18.
According to one embodiment, the anti-BR3 comprises a
variable light chain domain comprising the variable
light chain sequence of SEQ ID NO:3. According to
another embodiment, the antibody comprises the
sequence of SEQ ID NO: 14. According to another
embodiment, the antibody comprises the sequence ofSEQ
ID NO:15. The present invention provides an anti-BR3
antibody comprising the variable light chain sequence
SEQ ID NO:77 and the variable heavy chain sequence SEQ
ID NO:78, and variants thereof. According to one
embodiment, an anti-BR3 antibody comprises the
variable light chain sequence of SEQ ID NO:79.
According to another embodiment, an anti-BR3 antibody
comprises the variable heavy chain sequence of any one
of SEQ ID NOs:80-85. According to one embodiment, an
anti-BR3 antibody comprises an HVRl comprising
residues numbered 26-35 (Kabat numbering) of the
antibody sequence of any one of SEQ ID NOs:80 or 82.
According to one embodiment, an anti-BR3 antibody
comprises an HVR2 comprising residues numbered 49-65
(Kabat numbering) of the antibody sequence of any one
of SEQ ED NOs:80, 84 or 85. According to one
embodiment, an anti- BR3 antibody comprises an HVR3
comprising residues numbered 94-102 (Kabat numbering)
of the antibody sequence of any one of SEQ ED NOs:80,
82 or 83. In another embodiment, the anti-BR3 antibody
comprises (1) an HVR3 comprising residues 94-102
(Kabat numbering) of the antibody sequence of any one
of SEQ ED NOs: 81-85 and (2) a heavy chain framework 3
region (HC-FR3) comprising RDTSKNTF (SEQ ED NO:210).
According to one embodiment, an anti-BR3 antibody
comprises residues numbered 26-35, 49-65 and 94-102 of
the antibody sequence of any one of SEQ ED NOs:80-85.
According to one embodiment, the anti-BR3 antibody
comprises an LVRl comprising residues numbered 24-34
(Kabat numbering) of the antibody sequence SEQ ED
NO:79. According to one embodiment, the anti-BR3
antibody comprises an LVR2 comprising residues
numbered 50-56 (Kabat numbering) of the antibody
sequence SEQ ED NO:79. According to one embodiment,
the anti-BR3 antibody comprises an LVR3 comprising
residues numbered 89-97 (Kabat numbering) of the
antibody sequence SEQ ED NO:79. According to another
embodiment, the LVRl, LVR2 and LVR3 of an anti-BR3
antibody comprises residues numbered 24-34, 50-56 and
89-97 (Kabat numbering), respectively, of SEQ ED
NO:79.According to one embodiment, the anti-BR3
comprises a variable heavy chain domain comprising the
variable heavy chain sequence of any one of SEQ ID
NOs78 and 80-85. According to one embodiment, the
anti-BR3 comprises a variable light chain domain
comprising the variable light chain sequence of SEQ ID
NO:77 and 79. The present invention provides is an
anti-BR3 antibody comprising an HVR3 comprising
residues numbered 95-102 of the antibody sequence of
any one of SEQ ID NOs:87-94. The present invention
provides an anti-BR3 antibody comprising an HVR2
comprising residues numbered 49-58 of the antibody
sequence of any one of SEQ ID NOs87-94, 98, 100, 102,
104, 106, 107, 109-1 10, 112, 114, 116, 118, 120, 122,
124-127, 129 and 193. The present invention provides
an anti-BR3 antibody comprising an HVRl comprising
residues numbered 24-34 of the antibody sequence of
any one of SEQ ID NOs:87-94, 98, 100, 102, 104, 106,
107, 109-110, 112, 114, 116, 118, 120, 122, 124-127,
129 and 193. The present invention provides an
anti-BR3 antibody comprising an LVRl comprising
residues numbered 24-34 of the antibody sequence of
any one of SEQ ED NOs:86, 97, 99, 101, 103, 105, 108,
111, 113, 115, 117, 119, 121, 123, 128 and 194-207.
The present invention provides an anti-BR3 antibody
comprising an LVR2 comprising residues numbered 50-56
of the antibody sequence of any one of SEQ ED NOs:86,
97, 99, 101, 103, 105, 108, 111, 113, 115, 117, 119,
121, 123, 128 and 194-207. The present invention
provides an anti-BR3 antibody comprising an LVR3
comprising residues numbered 89-97 of the antibody
sequence of any one of SEQ ID NOs:86, 97, 99, 101,
103, 105, 108, 111, 113, 115, 117, 119, 121, 123, 128
and 194-207. According to one embodiment, the LVRl,
LVR2 and LVR3 comprises residues numbered 24-34, 50-56
and 89-97 of the antibody sequence of any one of SEQ
ED NOs:86, 97, 99, 101, 103, 105, 108, 111, 113, 115,
117, 119, 121, 123, 128 and 194-207. According to one
embodiment, the HVRl, HVR2 and HVR3 comprises residues
numbered 24-34, 49-58 and 95-102 of of the antibody
sequence of any one of SEQ ED NOs87-94, 98, 100, 102,
104, 106, 107, 109-110, 112, 114, 116, 118, 120, 122,
124-127, 129 and 193. In one embodiment, the anti-BR3
antibody comprises a variable heavy chain domain
comprising the VH sequence of any one of SEQ ED
NOs87-94, 98, 100, 102, 104, 106, 107, 109-110, 112,
114, 116, 118, 120, 122, 124-127, 129 and 193. In one
embodiment, the anti-BR3 antibody comprises a variable
light chain domain comprising the VL sequence of any
one of SEQ ED NOs: 86, 97, 99, 101, 103, 105, 108,
111, 113, 115, 117, 119, 121, 123, 128 and 194-207.
The present invention provides an anti-BR3 antibody
comprising HVR3 comprising RVCYN-X6-LGVCAGGMDY (SEQ ED
NO:220) (Formula V), wherein X6 is R or H. The present
invention provides an anti-BR3 antibody comprising an
LVRl comprising the Formula VI:
RAS-X4-X5-X6-X7-X8-X9-VA (Formula VI), wherein X4 is Q
or E; X5 is D or E; X6 is I or E; X7 is S or A, X8 is
S or T and X9 is A or S. The present invention
provides an anti-BR3 antibody comprising an LVR2
comprising the Formula VII:X1-X2-A-S-X5-L-X7-S
(Formula VII), Wherein Xl is Y or F; X2 is S, A or G;
X5 is N, F or Y; and X7 is F or Y. The present
invention provides an anti-BR3 antibody comprising an
LVR3 comprising the Formula VIU: Q-X2-S-X4-X5-X6-PPT
(Formula VIII), wherein X2 is Q or H; X4 is G, L, R,
H, Y, Q or E; X5 is N, T,M, S, A, T, I or V; and X6 is
T or S. According to one embodiment, the anti-BR3
antbody comprises a light chain comprising the
sequences of Formula I, II and III. According to
another embodiment, the anti-BR3 antbody comprises a
light chain comprising the sequences of Formula I, II
and III and comprises a HVR3 comprising the sequence
of Formula V or SEQ ID NO: 220. The present invention
provides anti-BR3 binding antibody comprises an H3
comprising RVCYNRLGVCAGGMDY (SEQ ID NO:221); an Hl
comprising residues SGFTISSNSIH (SEQ ID NO:222) and an
H2 comprising AWITPSDGNTD (SEQ ID NO: 223). In another
embodiment, the anti-BR3 binding antibody comprises an
H3 comprising RVCYNRLGVCAGGMDY (SEQ ID NO:221); an Hl
comprising residues SGFTISSSSIH (SEQ ID NO:224) and an
H2 comprising AWVLPSVGFTD (SEQ ID NO: 225). According
to one embodiment, the anti-BR3 comprises a variable
heavy chain comprising the variable heavy chain
sequence of any one of SEQ ID NOs87-96, 98, 100, 102,
104, 106, 107, 109-110, 112, 114, 116, 118, 120, 122,
124-127, 129 and 193. According to one embodiment, the
anti-BR3 comprises a variable light chain comprising
the variable light chain sequence of any one of SEQ ID
NOs:86, 97, 99, 101, 103, 105, 108, 111, 113, 115,
117, 119, 121, 123, 128 and 194-207. In one
embodiment, the BR3 binding antibody can competitively
inhibit the binding of an antibody produced by the
hybridoma deposited as 3.1 (ATCC Deposit PTA-6622) or
12B12.1 (ATCC Deposit PTA-6624) to the human BR3
extracellular domain. In a further embodiment, the
antibody comprises the variable region sequence of the
antibody produced by the hybridoma deposited as 3.1
(ATCC Deposit PTA-6622) or 12B12.1 (ATCC Deposit
PTA-6624) to the human BR3 extracellular domain. In
another embodiment, the antibody comprises the
hypervariable region sequence of the antibody produced
by the hybridoma deposited as 3.1 (ATCC Deposit
PTA-6622) or 12B12.1 (ATCC Deposit PTA-6624). In
another embodiment, antibody is a humanized form of
the antibody produced by the hybridoma deposited as
3.1 (ATCC Deposit PTA-6622) or 12B12.1 (ATCC Deposit
PTA- 6624). In one embodiment, the BR3 binding
antibody can competitively inhibit the binding of an
antibody produced by the hybridoma deposited as 3.1
(ATCC Deposit PTA-6622) or 12B12.1 (ATCC Deposit
PTA-6624) to human BR3. In a further embodiment, the
antibody comprises the variable region sequence of the
antibody produced by the hybridoma deposited as 3.1
(ATCC Deposit PTA- 6622) or 12B12.1 (ATCC Deposit
PTA-6624) to human BR3. In another embodiment, the
antibody comprises the hypervariable region sequence
of the antibody produced by the hybridoma deposited
as3.1 (ATCC Deposit PTA-6622) or 12Bl2.1 (ATCC Deposit
PTA-6624). In another embodiment, antibody is a
humanized form of the antibody produced by the
hybridoma deposited as 3.1 (ATCC Deposit PTA-6622) or
12B12.1 (ATCC Deposit PTA-6624). In one embodiment,
the antibody of this invention binds to the same
epitope as any one of 5 the antibodies specifically
described herein. In another embodiment, the antibody
of this invention comprises the sequence of the
deposited antibodies. The present invention provides
BR3 binding antibodies and immunoadhesins with altered
Fc effector function, such as ADCC, CDC and FcRn
binding. In one embodiment, antibodies and
immunoadhesins with increased ADCC activity compared
to a wild-type human IgGl is contemplated. 10
According to another embodiment, antibodies and
immunoadhesins with decreased ADCC activity compared
to a wild-type human IgGl is contemplated. According
to yet another embodiment, antibodies and
immunoadhesins with increased FcRn binding affinity
compared to a wild-type human IgGl is contemplated.
According to one embodiment, the antibody or
immunoadhesin has at least one substitution in the Fc
region selected from the group consisting of: 238,
239, 246, 248, 249, 252, 15 254, 255, 256, 258, 265,
267, 268, 269, 270, 272, 276, 278, 280, 283, 285, 286,
289, 290, 292, 293, 294, 295, 296, 298, 301, 303, 305,
307, 309, 312, 315, 320, 322, 324, 326, 327, 329, 330,
331, 332, 333, 334, 335, 337, 338, 340, 360, 373, 376,
378, 382, 388, 389, 398, 414, 416, 419, 430, 434, 435,
437, 438 and 439 of the Fc region, wherein the
numbering of the residues in the Fc region is
according to the EU numbering system. According to one
embodiment, residue 434 is a residue 0 selected from
the group consisting of A,W, Y, F and H. According to
another embodiment, the antibody or immunadhesin has
the following substitutions S298A/E333A/K334A.
According to another embodiment, the antibody or
immunadhesin has the following substitution K322A.
According to another embodiment, the antibody or
immunadhesin comprises the sequence of SEQ ID NO: 134,
wherein X is any amino acid selected from the group
consisting of A, W, H, Y and F. 5 According to another
embodiment, the antibody or immunadhesin has any one
or any combination of the following substitutions
K246H, H268D, E283L, S324G, S239D and I332E. According
to yet another embodiment, an antibody or immunadhesin
of this invention has at least the following
substitutions D265A/N297A. According to one embodiment
of the invention, the BR3 binding polypeptide is
conjugated to 0 a cytotoxic agent or a
chemotherapeutic agent. According to another
embodiment, the antibody is a monoclonal antibody.
According to another embodiment, the antibody is a
humanized antibody. According to another embodiment,
the antibody is a human antibody. According to another
embodiment, the antibody is a chimeric antibody.
According to another embodiment, the antibody is
selected from the group consisting of a Fab, Fab', a 5
F(ab)' 2, single-chain Fv (scFv), an Fv fragment; a
diabody and a linear antibody. According to another
embodiment, the antibody is a multi-specific antibody
such as a bispecific antibody.Also provided is a
composition comprising an antibody or polypeptide of
any one of the preceding embodiments, and a carrier.
In one embodiment, the carrier is a pharmaceutically
acceptable carrier. These compositions can be provided
in an article of manufacture or a kit. The invention
also provided a liquid formulation comprising an
anti-BR3 antibody in a histidine buffer. According to
one embodiment, the buffer is a histidine sulfate
buffer. According to another embodiment, a formulation
or composition of this invention is packaged as a
pre-filled syringe. The invention also provides an
isolated nucleic acid that encodes any of the antibody
sequences disclosed herein, including an expression
vector for expressing the antibody. Another aspect of
the invention are host cells comprising the preceding
nucleic acids, and host cells that produce the
antibody. In one preferred embodiment of the latter,
the host cell is a CHO cell. A method of producing
these antibodies is provided, the method comprising
culturing the host cell that produces the antibody and
recovering the antibody from the cell culture. Yet
another aspect of the invention is an article of
manufacture comprising a container and a composition
contained therein and a package insert, wherein the
composition comprises an antibody of any of the
preceding embodiments. According to one embodiment,
the article of manufacture is a diagnostic kit
comprising a BR3-binding antibody of this invention.
The invention also provides methods of treating the
diseases disclosed herein by administration of a BR3
binding antibody, polypeptide or functional fragment
thereof, to a mammal such as a human patient having a
bone marrow transplant and a human patient suffering
from the disease such as an autoimmune disease, a
cancer, a B cell neoplasm, a BR3 positive cancer or an
immunodeficiency disease. According to one preferred
embodiment for treating an autoimmune disease, B cell
neoplasm or a BR3 positive cancer, the BR3 binding
polypeptide or antibody to be administered is
preferably an antagonist BR3-binding antibody or
polypeptide or is not an agonist BR3 binding antibody
or polypeptide. According to one preferred embodiment
for treating an immunodeficiency disease, the BR3
binding antibody or polypeptide to be used is an
agonist BR3- binding antibody or polypeptide of this
invention. According to one embodiment, the cancers to
be treated according to this invention is selected
from the group consisting of non-Hodgkin's lymphoma,
chronic lymphocytic leukemia, multiple myeloma,
(including follicular lymphoma, diffuse large B cell
lymphoma, marginal zone lymphoma and mantle cell
lymphoma). In one embodiment of the methods for
treating an autoimmune disease, cancer, B cell
neoplasm or a BR3 positive cancer, the antibody is a
BR3-binding antibody that has increased ability to
bind FcRn at pH 6.0 compared to a 9.IRF antibody of
this invention. In one embodiment of the methods for
treating an autoimmune disease, B cell neoplasm or a
BR3 positive cancer, the BR3 binding antibody is a
BR3-binding antibody that has increased ADCC effector
function in the presence of human effector cells
compared to a 9.1RF antibody.In one embodiment, the
BR3 positive cancer is a B cell lymphoma or leukemia
including non-Hodgkin's lymphoma (NHL) or lymphocyte
predominant Hodgkin's disease (LPHD), chronic
lymphocytic leukemia (CLL), acute lymphocytic leukemia
(ALL) or small lymphocytic lymphoma (SLL). According
to another embodiment, the BR3 positive cancer is
multiple myeloma. In additional embodiments, the
treatment method further comprises administering to
the patient at least one chemotherapeutic agent,
wherein for non-Hodgkin's lymphoma (NHL), the
chemotherapeutic agent is selected from the group
consisting of doxorubicin, cyclophosphamide,
vincristine and prednisolone. Also provided is a
method of treating an autoimmune disease, comprising
administering to a patient suffering from the
autoimmune disease, a therapeutically effective amount
of a BR3 binding antibody or polypeptide of this
invention. According to one embodiment, the autoimmune
disease is selected from the group consisting of
rheumatoid arthritis, juvenile rheumatoid arthritis,
lupus including systemic lupus erythematosus (SLE),
Wegener's disease, inflammatory bowel disease
including Crohn's Disease and ulcerative colitis,
idiopathic thrombocytopenic purpura (ITP), thrombotic
thrombocytopenic purpura (TTP), autoimmune
thrombocytopenia, multiple sclerosis, psoriasis, Ig
neuropathies including IgA nephropathy, IgM
polyneuropathies, and IgG neuropathy, myasthenia
gravis, vasculitis including ANCA-associated
vasculitis, diabetes mellitus, Reynaud's syndrome,
Sjorgen's syndrome, neuromyelitis optica (NMO),
pemphigus including paraneoplastic pemphigus,
pemphigus vulgaris and pemphigus foliaceus,
polymyositis/dermatomyositis and glomerulonephritis.
Where the autoimmune disease is rheumatoid arthritis,
the antibody can be administered in conjunction with a
second therapeutic agent. According to one embodiment,
the second therapeutic agent is methotrexate. In these
treatment methods for autoimmune diseases, B cell
neoplasms, BR3 positive cancers, the BR3 binding
antibodies can be administered alone or in conjunction
with a second therapeutic agent such as a second
antibody, another B cell depleting agent, a
chemotherapeutic agent, an immunosuppressive agent or
another biologic that modulates human immune responses
(e.g., a biologic response modifier). The second
antibody can be one that binds CD20 or a different B
cell antigen, or a NK or T cell antigen. In one
embodiment, the anti-CD20 antibody is selected from
the group consisting of rituximab (RITUXAN(r)), m2H7
(murine 2H7), hu2H7 (humanized 2H7) and all its
functional variants, hu2H7.vl6 (v stands for version),
v31, v96, vl 14 and vl 15, (e.g., see, WO
2004/056312). In one embodiment, the second antibody
is a radiolabeled anti-CD20 antibody. In other
embodiments, the CD20 binding antibody is conjugated
to a cytotoxic agent including a toxin or a
radioactive isotope. In another embodiment, the second
therapeutic agent is selected from the group
consisting of an interleukin (e.g., IL-2, IL-12), an
interferon, fludarabine, cyclophosphamide, an 



antibody that targets TNF-alpha (e.g., Enbrel(r),
Remicade(r), and Humira(r)), a colony-stimulating
factors (e.g., CSF, GM-CSF, G-CSF), . In another
embodiment, the second antibody or biologic can be
another BAFF antagonist (e.g., a BR3 antibody,
anti-BAFF antibody, TACI-Fc, BCMA-Fc andBR3-Fc).
According to one embodiment, the BAFF antagonist that
is being administered as a second therapeutic for
autoimmune diseases or cancer does not have ADCC
activity. In another embodiment, the second
therapeutic is selected from the group consisting of
an anti-VEGF antibody (e.x., the Avastin(tm)
antibody), anti-CD64 antibody, an anti-C32a antibody,
an anti-CD 16 antibody, anti- INFalpha antibody,
anti-CD79a antibody, an anti-CD70b antibody, an
anti-CD52 antibody, anti- CD antibody, CTLA4-Ig,
anti-CD22 antibody, anti-CD23 antibody, anti-CD80
antibody, anti- HLA-DR antibody, anti-MHCII (IA)
antibody, anti-IL-7 antibody, anti-IL-2 antibody,
anti-IL-4 antibody, an anti-IL-21 antibody and
anti-IL-10 antibody. Specific examples of B cell
depletion agents include, but are not limited to, the
aforementioned anti-CD20 antibodies, Alemtuzumab
(anti- CD52 antibody), and Epratuzumab or CMC-544
(Wyeth) (anti-CD22 antibodies). In another embodiment,
the second therapeutic is a small molecule that
depletes B cells or an IAP inhibitor. In another
aspect, the invention provides a method of treating an
autoimmune disease selected from the group consisting
of Dermatomyositis, Wegner's granulomatosis,
ANCA-associated vasculitis (AAV), Aplastic anemia,
Autoimmune hemolytic anemia (AIHA), factor VITI
deficiency, hemophilia A, Autoimmune neutropenia,
Castleman's syndrome, Goodpasture's syndrome, solid
organ transplant rejection, graft versus host disease
(GVHD), IgM mediated, thrombotic thrombocytopenic
purpura (TTP), Hashimoto's Thyroiditis, autoimmune
hepatitis, lymphoid interstitial pneumonitis (LIP),
bronchiolitis obliterans (non-transplant) vs. NSIP,
Guillain-Barre Syndrome, large vessel vasculitis,
giant cell (Takayasu's) arteritis, medium vessel
vasculitis, Kawasaki's Disease, polyarteritis nodosa,
comprising administering to a patient suffering from
the disease, a therapeutically effective amount of a
BR3 binding antibody. The present invention also
provides a method for treating an immunodeficiency
disease in a mammal comprising the step of
administering a therapeutically effective amount of an
agonist BR3 binding antibody or polypeptide of this
invention. The present invention provides a method for
isolating BR3 using the antibodies of the invention.
The present invention also provides a method for
screening inhibitors of B cell proliferation
comprising the steps of: (a) stimulating the B cell
with a BR3 agonist antibody; (b) administering a
candidate compound; and (c) detecting BR3 activity
such as B cell proliferation. The present invention
also provides a method for identifying and monitoring
downstream markers of BR3 pathway comprising the steps
of: (a) stimulating the B cell with a BR3 agonist
antibody and (b) detecting alterations in gene
expression and/or protein activity of the cell. The
present invention also provides a method for
diagnosing an autoimmune disease or a cancer to be
treated with a BR3 binding therapy antagonist which
comprises: (a) contacting a biological sample from a
test subject with a BR3 binding antibody or
polypeptide of this invention; (b) assaying the level
of BR3 polypeptide in the biological sample; and (c)
comparing the level of BR3 polypeptide in the
biological sample in the biological sample with a
standard level of BR3 protein; whereby the presence or
an increase in the level of BR3 protein compared to
the standardlevel of BR3 protein is indicative of an
autoimmune disease or cancer to be treated with a BR3
binding therapy. The present invention also provides a
method of detecting BR3 polypeptide comprising the
steps of binding the anti-BR3 antibody or
immunoadhesin of this invention in a test sample or a
subject and comparing the antibody or immunoadhesin
bound compared to a control antibody or immunoadhesin.
In one embodiment, the antibody or immunoadhesin is
used in an assay selected from the group consisting of
a FACS analysis, an immunohistochemistry assay (IHC)
and an ELISA assay. Non-BAFF blocking anti-BR3
antibodies have the advantage of detecting BR3 whether
it is bound to ligand or not and can be useful in
measuring free and bound BR3. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 shows variable domain sequences of
2.1 grafted anti-BR3 antibody numbered according to
the Kabat numbering system. Bolded letters indicate
R71A, N73T, and L78A changes compared to human
consensus HI sequence. The underlined portions refer
to regions comprising CDR sequence (Hl, H2, H3, Ll, L2
and L3). Figure 2 shows variable domain sequences of
9.1 grafted anti-BR3 antibody numbered according to
the Kabat numbering system. Bolded letters indicate
R71A, N73T, and L78A changes compared to human
consensus III sequence. The underlined portions refer
to to regions comprising CDR sequence (Hl, H2, H3, Ll,
L2 and L3). Figure 3 shows variable domain sequences
of 11G9 grafted anti-BR3 antibody numbered according
to the Kabat numbering system. The underlined portions
refer to regions comprising CDR sequence (Hl, H2, H3,
Ll, L2 and L3). Bolded letters indicate R71A, N73T,
and L78A changes compared to human consensus HI
sequence. Figure 4 shows the results of soft
randomizing the CDR regions of 9.1 grafted anti-BR3
antibody and selection. The variable domains of the
listed antibodies are the same as the 9.1 grafted
variable domain sequence except for the residues
changes in the L2 and Hl regions shown. Figure 5 shows
a comparison of the mouse VH framework region and the
human "RF" and "RL" framework sequences. Figure 6
shows antigen binding by grafted Fabs with modified
frameworks.Figure 7 shows selected sequences from the
2.1-RL and 2.1-RF CDR Repair libraries at round 5. The
variable domains of the listed antibodies are the same
as the 2.1-RF or 2.1-RL variable domain sequences
except for the residues changes in the H3 regions
shown. Figure 8 shows selected sequences from the
9.1-RL and 9.1-RF CDR Repair libraries at round 5. The
variable domains of the listed antibodies are the same
as the 9.1-RF or 9.1-RL variable domain sequences
except for the residues changes in the Hl regions
shown. Figure 9 shows selected sequences from the
11G9-RF CDR Repair library at round 5. The variable
domains of the listed antibodies are the same as the
11G9-RF variable domain sequence except for the
residues changes in the Hl, H2 and H3 regions shown.
Figure 10 shows a BIAcore analysis of selected
anti-BR3 humanized MAbs. Figure 11 shows the results
of a solution binding competition ELISA for selected
F(ab)'2 phage clones bound in solution with increasing
amounts of (A) a polypeptide having the mouse BR3 ECD
or (B) human BR3 ECD. Figure 12 shows amino acid
sequences from phage-derived anti-BR3 antibodies
numbered according to the Kabat numbering system. "LN"
refers to the number of residues between and including
residues numbered 95-102. "#" refers the number of
times the clone was selected during screening. "Clone"
refers to the assigned phage clone number. Residues
151, P52a, G55, T57 of CDR-H2 not shown. The remaining
residues comprising each antibody (1-23, 35-49, 57-88
and 98-107) are as described for V3 in Figure 15. "X"
indicates that the sequence is unknown. Figure 13
shows the IC50 values of selected F(ab) 2 phage using
solution binding competition ELISA and percentage of
F(ab)'2 phage bound to the extracellular domain of
mBR3 or hBR3 in the presence ofBAFF. Figure 14 shows
an ELISA assay that shows the inhibition of F(ab)'2
phage binding to mBR3-Fc coated wells in the presence
of increased BAFF concentrations. Figure 15 shows
variable domain sequences of phage-derived V3 anti-BR3
antibody numbered according to the Kabat numbering
system.Figure 16 shows (A) sequences from V3-derived
clones and (B) the IC50 values of the F(ab)' 2 phage
and blocked binding to BR3 with hybrid mBAFF. Residues
51(A), 52(S) and 54(L) of the LC-CDR2 not shown.
Figure 17 shows residues from the V3-1 derived clones
and their IC50 values. Figure 18 shows affinity
improved V3-46s phage clones and their phage IC50
values for binding to mouse and human BR3. Amino acids
shown are residues numbered 27-32 ("Ll"), 49-55 ("L2")
and 88-94 ("L3") of SEQ ID NOS: 194-207 according to
the Kabat numbering system. Figure 19 shows
competitive and direct binding of anti-BR3 mAbs to
BJAB Cells. (A) BAFF Competitive Binding Assay. (B)
Direct Binding Assay. Isotype controls showed no
binding, and the detection antibody bound equivalently
to mouse IgGl, IgG2a, and IgG2b. Figure 20 shows the
results of competitive and direct binding assays with
V3-lm and B9C1 1 binding to BJAB Cells (Human BR3)
(panels A and B, respectively) and BHK Cells (Murine
BR3) (panels C and D, respectively). Figure 2 1 shows
competition ELISAs for anti-human BR3 mAb
characterization. The mAbs were incubated at the
indicated concentrations with a constant amount of
biotinylated mAb 9.1 (panel A), 2.1 (panel B), 11G9
(panel C), or 1E9 (panel D). Figure 22 shows the
competitive binding of V3-lm, B9Cl 1, and P1B8 to
Murine BR3. Competition ELISAs were performed using
biotinylated V3-lm (panel A) and biotinylated B9C1 1
(panel B). Figure 23 shows antibodies 2.1, 11G9 and
9.1 inhibit the proliferation of B cells from two
different donors (panels A and B, respectively).
Figure 24 shows antibody V3-lm inhibits the
proliferation of B cells stimulated by: (A) anti-IgM
(5ug/ml) plus BAFF (2ng/ml) or (B) anti-IgM (5ug/ml)
plus BAFF (10ng/ml). Figure 25 shows that 9.1-RF
blocks BAFF-dependent human B cell proliferation and
does not agonize. (A) Human primary B cells treated
with anti-IgM + BAFF + 9.1-RF. (B) Human primary B
cells treated with anti-IgM + 9.1-RF. Figure 26 shows
that 2.1-46 stimulates B cell proliferation. (A) Cells
treated with anti-IgM + BAFF + 2.1-46. (B) Cells
treated with anti-IgM + 2.1-46.Figure 27 shows a
schematic of various points of interaction between BR3
and antibodies 11G9, 2.1, 9.1 and V3-1 based on
shotgun ala-scanning results. The circled residues
indicate potential sites of O-linked glycosylation.
Figure 28 shows B cell populations in the peripheral
blood of a chronic lymphocytic leukemia (CLL) patient
using antibodies against B cell markers. Panels A, C
and D show FACS analyses using anti- CD19 and either
anti-CD27 antibodies, anti-CD20 antibodies or anti-CD5
antibodies. Panel B is a histogram showing BR3
expression in malignant populations. The boxes
indicate the malignant populations. Figure 29 shows
the results of an ADCC activity assay with humanized
anti-BR3 antibodies and (A) BJAB cells, (B) Ramos
cells or (C) WIL2s cells. Figure 30 shows a
flowcytometry analysis of mouse B cells in the blood
(panels A-C), lymph nodes (panels D-F) and spleen
(panels G-I) after 7 days of treatment with V3-1,
BR3-Fc or a control antibody. Figure 31 shows (A) the
absolute number of mouse B cells contained in 1ml of
blood; (B) the % of B cells in lymph nodes; (C) the
absolute numbers of follicular B cells (FO -
CD21+CD23+) or (D) marginal zone B cells (MZ -
CD21high CD231ow) in the spleen at days 1, 3, 7 and 15
post-treatment with V3-1, BR3-Fc or a control
antibody. Figure 32 shows B cell populations in mice
at day 15 after treatment with a control antibody,
BR3-Fc or V3-1. (A-I to A-6) FACS analysis of B cell
populations in the spleen or Peyer's Patches of mice
after treatment; (B) histogram of plasmablasts in the
spleen after treatment; and (C) histogram of germinal
center cells in Peyer's Patches after treatment.
Figure 33 shows the reduction of B cells in the blood
(panel A) and the spleen (panel B) in BALB/c mice at
day 6 post-treatment using anti-BR3 antibody having
ADCC activity and BAFF blocking ability, a
non-blocking anti-BR3 antibody, an Fc-defective mutant
anti-BR3 antibody or BR3-Fc. Figure 34 shows the
results of treating NZBxW Fl mice (lupus nephritis
model) with anti-BR3 antibody, mV3-l, mBR3-Fc and
control antibody. (A) shows the reduction in time to
progression of anti-BR3 antibody treated mice and
BR3-Fc treated mice compared to control mice. (B)
shows numbers of B cells per ml of blood in mice
treated with BR3-Fc (p<0.01), control (p<0.03) and
mV3-1 (p<0.001). (C) shows the number of total B cells
per spleen of mice treated with BR3-Fc, control and
mCBl (p<0.00001). The horizontal lines in (B) and (C)
indicate the mean level of the group. Data is
expressed as individual mouse data points (n=25).
Figure 35 shows B cell depletion in SCID model mice
treated with human PBMC and antiBR3 antibodies or
mBR3-Fc as indicated (day 4). (A) percentage of
activated/GC B cells (CD19hi/CD38int), (B) number of
activated/GC B cells, (C) percentage of plasmablasts
(CD191o/CD38hi/CD139neg), (D) number of plasmablasts
and (E) percentage of activated/GC cells
(CD19hi/CD38+). Figure 36 shows the binding of 9.1RF
(panel A), 9.1RF N434A (panel B) and 9.1RF N434W
(panel C) antibodies to human or cyno FcRn at
equilibrium (pH 6.0 and pH 7.4). Req is the number of
response units from the chip at equilibrium. Figure 37
shows ELISA assays with Fc gamma receptor binding to
anti-BR3 antibodies or the Herceptin(r) antibody
(positive control). Panel A: FcgRI. Panel B: FcgRDA.
Panel C:FcgRHB. Panel D: FcgRip (F158). Panel E: FcgRm
(V158). Figure 38 shows an analysis of B cell levels
post treatment with anti-BR3 antibodies (V3-1) versus
anti-CD20 antibodies (2H7) in the blood (panel A) and
lymph nodes (panel B) at 1 hour, 1 Day, 8 days or 15
days. Figure 39 shows an analysis of B cell levels
post treatment with anti-BR3 antibodies versus anti-
CD20 antibodies in the follicular B cells (panel A)
and marginal zone B cells (panel B) at 1 day, 8 days
and 15 days. Figure 40 shows B cell depletion in blood
(panel A) and tissue (panel B) from cyno monkeys
treated with 9.1RF. Data is from ATA- monkeys (5 cynos
treated with 20mg/kg; 3 cynos treated with 2mg/kg).
Figure 41 shows the levels of B cell populations in
the blood of cyno monkeys treated with 9.1RF or 9.1RF
N434W over time: (A) CD20+/CD21+ cells, (B)
CD21+/CD27+ cells and (C) CD21+/CD27- cells. DETAILED
DESCRIPTION OF THE INVENTION The terms "BAFF," "BAFF
polypeptide," "TALL-I" or "TALL-I polypeptide," "BLyS"
when used herein encompass "native sequence BAFF
polypeptides" and "BAFF variants". "BAFF "is a
designation given to those polypeptides which are
encoded by any one of the amino acid sequences of SEQ
ID NO: 143 or SEQ ID NO: 144 and homologs and
fragments and variants thereof, which have the
biological activity of the native sequence BAFF. A
biological activity of BAFF can be selected from the
group consisting of promoting B cell survival,
promoting B cell maturation and binding to BR3, BCMA
or TACI. Variants of BAFF will preferably have at
least 80% or any successive integer up to 100%
including, more preferably, at least 90%, and even
more preferably, at least 95% amino acid sequence
identity with a native sequence of a BAFF polypeptide.
A "native sequence" BAFF polypeptide comprises a
polypeptide having the same amino acid sequence as the
corresponding BAFF polypeptide derived from nature.
For example, BAFF, exists in a soluble form following
cleavage from the cell surface by furin-type
proteases. Such native sequence BAFF polypeptides can
be isolated from nature or can be produced by
recombinant and/or synthetic means. The term "native
sequence BAFF polypeptide" specifically encompasses
naturally-occurring truncated or secreted forms (e.g.,
an extracellular domain sequence), naturally-occurring
variant forms (e.g., alternatively spliced forms) and
naturally-occurring allelic variants of the
polypeptide. The term "BAFF" includes those
polypeptides described in Shu et al., J . Leukocyte
Biol., 65:680 (1999); GenBank Accession No. AF136293;
WO98/18921 published May 7, 1998; EP 869,180 published
October 7, 1998; WO98/27114 published June 25, 1998;
WO99/12964 published March 18, 1999; WO99/33980
published July 8, 1999; Moore et al., Science,
285:260-263 (1999); Schneider et al., J. Exp. Med.,
189:1747-1756 (1999); Mukhopadhyay et al., J. Biol.
Chem., 274:15978-15981 (1999). The term "BAFF
antagonist" as used herein is used in the broadest
sense, and includes any molecule that (1) binds a
native sequence BAFF polypeptide or binds a native
sequence BR3 polypeptide to partially or fully block
BR3 interaction with BAFF polypeptide, and (2)
partially or fully blocks, inhibits, or neutralizes
native sequence BAFF signaling. Native sequence BAFF
polypeptide signaling promotes, among other things, B
cell survival and B cell maturation. The inhibition,
blockage or neutralization of BAFF signaling results
in, among other things, a reduction in the number of B
cells. A BAFF antagonist according to this invention
will partially or fully block, inhibit, or neutralize
one or more biological activities of a BAFF
polypeptide, in vitro or in vivo. In one embodiment, a
biologically active BAFF potentiates any one or any
combination of the following events in vitro or in
vivo: an increased survival of B cells, an increased
level of IgG and/or IgM production, or stimulated B
cell proliferation. The term "TACI antagonist" as used
herein is used in the broadest sense, and includes any
molecule that (1) binds a native sequence BAFF
polypeptide or binds a native sequence TACI
polypeptide to partially or fully block TACI
interaction with BAFF polypeptide, and (2) partially
or fully blocks, inhibits, or neutralizes native
sequence BAFF signaling. The term "BCMA antagonist" as
used herein is used in the broadest sense, and
includes any molecule that (1) binds a native sequence
BAFF polypeptide or binds a native sequence
BCMApolypeptide to partially or fully block BCMA
interaction with BAFF polypeptide, and (2) partially
or fully blocks, inhibits, or neutralizes native
sequence BAFF signaling. As mentioned above, a BAFF
antagonist can function in a direct or indirect manner
to partially or fully block, inhibit or neutralize
BAFF signaling, in vitro or in vivo. For instance, the
BAFF antagonist can directly bind BAFF. For example,
anti-BAFF antibodies that bind within a 



region of human BAFF comprising residues 162-275
and/or a neighboring residue of a residue selected
from the group consisting of 162, 163, 206, 211, 231,
233, 264 and 265 of human BAFF such that the antibody
sterically hinders BAFF binding to BR3 is
contemplated. In another example, a direct binder is a
polypeptide comprising the extracellular domain of a
BAFF receptor such as TACI, BR3 and BCMA, or
comprising the boxed minimal region of the ECDs
(corresponding to residues 19-35 of human BR3).
Alternatively, the BAFF antagonist can bind an
extracellular domain of a native sequence BR3 at its
BAFF binding region to partially or fully block,
inhibit or neutralize BAFF binding to BR3 in vitro, in
situ, or in vivo. For example, such indirect
antagonist is an anti-BR3 antibody that binds in a
region of BR3 comprising residues 23-38 of human BR3
or a neighboring region of those residues such that
binding of human BR3 to BAFF is sterically hindered.
Other examples of BAFF binding Fc proteins that can be
BAFF antagonists can be found in WO 02/66516, WO
00/40716, WO 01/87979, WO 03/024991, WO 02/16412, WO
02/38766, WO 02/092620 and WO 01/12812. BAFF
antagonists include BAFF-binding sequences listed in
Fig. 20 of WO 02/24909 and those described in WO
2003/024991, WO 02/092620, fragments of those
sequences that bind BAFF, and fusion proteins
comprising those sequences (e.g., Fc fusion proteins).
The terms "BR3", "BR3 polypeptide" or "BR3 receptor"
when used herein encompass "native sequence BR3
polypeptides" and "BR3 variants" (which are further
defined herein). "BR3" is a designation given to those
polypeptides comprising any one of SEQ ID NOs: 145-149
and variants or fragments thereof. The BR3
polypeptides of the invention can be isolated from a
variety of sources, such as from human tissue types or
from another source, or prepared by recombinant and/or
synthetic methods. The term BR3, includes the BR3
polypeptides described inWO 02/24909 and WO 03/14294.
A "native sequence" BR3 polypeptide comprises a
polypeptide having the same amino acid sequence as the
corresponding BR3 polypeptide derived from nature.
Such native sequence BR3 polypeptides can be isolated
from nature or can be produced by recombinant and/or
synthetic means. The term "native sequence BR3
polypeptide" specifically encompasses
naturally-occurring truncated, soluble or secreted
forms (e.g., an extracellular domain sequence),
naturally-occurring variant forms (e.g., alternatively
spliced forms) and naturally-occurring allelic
variants of the polypeptide. The BR3 polypeptides of
the invention include the BR3 polypeptide comprising
or consisting of the contiguous sequence of amino acid
residues 1 to 184 of a human BR3.A BR3 "extracellular
domain" or "ECD" refers to a form of the BR3
polypeptide which is essentially free of the
transmembrane and cytoplasmic domains. ECD forms of
BR3 include those comprising any one of amino acids
1to 77, 2 to 62, 2-71, 1-61, 8-71, 17-42, 19-35 or
2-63 of BR3. "BR3 variant" means a BR3 polypeptide
having at least about 60% amino acid sequence identity
with the residues 19-35 of BR3 ECD and binds a native
sequence BAFF polypeptide. See Gordon, N.C., et al.,
(2003) Biochemistry 42:5977-5983) Optionally, the BR3
variant includes a single cysteine rich domain. Such
BR3 variant polypeptides include, for instance, BR3
polypeptides wherein one or more amino acid residues
are added, or deleted, at the N- and/or C-terminus, as
well as within one or more internal domains, of the
full-length amino acid sequence. Fragments of the BR3
ECD that bind a native sequence BAFF polypeptide are
also contemplated. According to an embodiment, a BR3
variant polypeptide will have at least about 65% amino
acid sequence identity, at least about 70% amino acid
sequence identity, at least about 75% amino acid
sequence identity, at least about 80% amino acid
sequence identity, at least about 80% amino acid
sequence identity, at least about 85% amino acid
sequence identity, at least about 90% amino acid
sequence identity, at least about 95% amino acid
sequence identity, at least about 98% amino acid
sequence identity or at least about 99% amino acid
sequence identity in that portion corresponding to
residues 19-35 of human BR3. Of residues human BR3
polypeptide or a specified fragment thereof, BR3
variant polypeptides do not encompass the native BR3
polypeptide sequence. Ordinarily, BR3 variant
polypeptides are at least about 17 amino acids in
length, or more. The term "antibody" is used in the
broadest sense and specifically covers, for example,
monoclonal antibodies, polyclonal antibodies,
antibodies with polyepitopic specificity, single chain
antibodies, multi-specific antibodies and fragments of
antibodies. According to some embodiments, a
polypeptide of this invention is fused into an
antibody framework, for example, in the variable
domain or in a CDR such that the antibody can bind to
and inhibit BAFF binding to BR3 or BAFF signaling. The
antibodies comprising a polypeptide of this invention
can be chimeric, humanized, or human. The antibodies
comprising a polypeptide of this invention can be an
antibody fragment. Such antibodies and methods of
generating them are described in more detail below.
Alternatively, an antibody of this invention can be
produced by immunizing an animal with a polypeptide of
this invention. Thus, an antibody directed against a
polypeptide of this invention is contemplated. As used
herein, the terms "anti-BR3" and "BR3 binding" are
used interchangeably and indicate that the antibody or
polypeptide binds a BR3 polypeptide. Preferrably, the
anti-BR3 antibody binds to an epitope on a BR3
polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO: 145-149 and
does not bind to human TACI or human BCMA. Preferably,
the anti-BR3 antibody binds a human BR3 extracellular
domain sequence with an apparent Kd value of 50OnM or
less, 10OnM or less, 50 nM or less, 1OnM or less, 5nM
or less or InMor less as a Fab in a BIAcore Assay at
25C. According to one embodiment, the antibody or
polypeptide binds to BR3 with an apparent Kd between
0.00IpM and 50OnM. "Antagonistic anti-BR3 antibodies"
according to this invention refer to antibodies that
bind a BR3 polypeptide and inhibit BR3 signalling
(e.g, inhibit BR3 related B cell proliferation, B cell
survival or both B cell proliferation and survival).
"Agonistic anti-BR3 antibodies" according to this
invention refer to antibodies that bind a BR3
polypeptide and stimulate BR3 signalling (e.g.,
BR3-related B cell proliferation, B cell survival or
both B cell proliferation and survival). The "CD20"
antigen is a non-glycosylated, transmembrane
phosphoprotein with a molecular weight of
approximately 35 kD that is found on the surface of
greater than 90% of B cells from peripheral blood or
lymphoid organs. CD20 is expressed during early pre-B
cell development and remains until plasma cell
differentiation; it is not found on human stem cells,
lymphoid progenitor cells or normal plasma cells. CD20
is present on both normal B cells as well as malignant
B cells. Other names for CD20 in the literature
include "B-lymphocyte-restricted differentiation
antigen" and "Bp35". The CD20 antigen is described in,
for example, Clark and Ledbetter, Adv. Can. Res.
52:81- 149 (1989) and Valentine etal. J. Biol. Chem.
264(19): 11282-1 1287 (1989). CD20 binding antibody
and anti-CD20 antibody are used interchangeably herein
and encompass all antibodies that bind CD20 with
sufficient affinity such that the antibody is useful
as a therapeutic agent in targeting a cell expressing
the antigen, and do not significantly cross-react with
other proteins such as a negative control protein in
the assays described below. Bispecific antibodies
wherein one arm of the antibody binds CD20 are also
contemplated. Also encompassed by this definition of
CD20 binding antibody are functional fragments of the
preceding antibodies. The CD20 binding antibody will
bind CD20 with a Kd of < 1OnM. In preferred
embodiments, the binding is at a Kd of < 7.5nM, more
preferably < 5nM, even more preferably at between
l-5nM, most preferably, <lnM. Examples of antibodies
which bind the CD20 antigen include: "C2B8" which is
now called "Rituximab" ("RITUXAN(r)") (US Patent No.
5,736,137, expressly incorporated herein by
reference); the yttrium-[90]-labeled 2B8 murine
antibody designated "Y2B8" or "Ibritumomab Tiuxetan"
ZEVALIN(r) (US Patent No. 5,736,137, expressly
incorporated herein by reference); murine IgG2a "Bl,"
also called "Tositumomab," (Beckman Coulter)
optionally labeled with 131I to generate the "131I-B1"
antibody (iodine 1131 tositumomab, BEXXAR(tm)) (US
Patent No. 5,595,721, expressly incorporated herein by
reference); murine monoclonal antibody "1F5" (Press et
al. Blood 69(2):584- 591 (1987) and variants thereof
including "framework patched" or humanized 1F5
(WO03/002607, Leung, S.); ATCC deposit HB-96450);
murine 2H7 and chimeric 2H7 antibody (US Patent No.
5,677,180, expressly incorporated herein by
reference); humanized 2H7; huMax-CD20 (Genmab,
Denmark); AME-133 (Applied Molecular Evolution); A20
antibody or variants thereof such as chimeric or
humanized A20 antibody (cA20, hA20, respectively) (US
2003/0219433,Immunomedics); and monoclonal antibodies
L27, G28-2, 93-1B3, B-Cl or NU-B2 available from the
International Leukocyte Typing Workshop (Valentine et
al., In: Leukocyte Typing DI (McMichael, Ed., p. 440,
Oxford University Press (1987)). The terms "rituximab"
or "RITUXAN(r)" herein refer to the genetically
engineered chimeric murine/human monoclonal antibody
directed against the CD20 antigen and designated
"C2B8" in US Patent No. 5,736,137 expressly
incorporated herein by reference, including fragments
thereof which retain the ability to bind CD20. In a
specific embodiment, the anti-CD20 antibodies bind
human and primate CD20. In specific embodiments, the
antibodies that bind CD20 are humanized or chimeric.
CD20 binding antibodies include rituximab
(RITUXAN(r)), m2H7 (murine 2H7), hu2H7 (humanized 2H7)
and all its functional variants, including without
limitation, hu2H7.vl6 (v stands for version), v31,
v73, v75, as well as fucose deficient variants, and
other 2H7 variants described in WO2004/056312. Unless
indicated, the sequences disclosed herein of the
humanized 2H7v.l6 and variants thereof are of the
mature polypeptide, i.e., without the leader sequence.
Patents and patent publications concerning CD20
antibodies include US Patent Nos. 5,776,456,
5,736,137, 5,843,439, 6,399,061, and 6,682,734, as
well as US patent appln nos. US 2002/0197255A1, US
2003/0021781A1, US 2003/0082172 Al, US 2003/0095963
Al, US 2003/0147885 Al (Anderson et al); US Patent No.
6,455,043Bl and WO00/09160 (Grillo-Lopez, A.);
WO00/27428 (Grillo-Lopez and White); WO00/27433
(Grillo-Lopez and Leonard); WO00/44788 (Braslawsky et
al); WO01/10462 (Rastetter, W.); WO01/10461 (Rastetter
and White); WO01/10460 (White and Grillo-Lopez);
US2001/0018041A1, US2003/0180292A1, WO01/34194 (Hanna
and Hariharan); US appln no. US2002/0006404 and
WO02/04021 (Hanna and Hariharan); US appln no.
US2002/0012665 Al and WO01/74388 (Hanna, N.); US appln
no. US 2002/0058029 Al (Hanna, N.); US appln no. US
2003/0103971 Al (Hariharan and Hanna); US appln no.
US2002/0009444A1, and WO01/80884 (Grillo-Lopez, A.);
WOO1/97858 (White, C); US appln no. US2002/0128488A1
and WO02/34790 (Reff, M.);WO02/060955 (Braslawsky et
/.);WO2/096948 (Braslawsky et al.);WO02/079255 (Reff
and Davies); US Patent No. 6,171,586Bl, and WO98/56418
(Lam et al); WO98/58964 (Raju, S.); WO99/22764 (Raju,
S.);WO99/51642, US Patent No. 6,194,551Bl, US Patent
No. 6,242,195Bl, US Patent No. 6,528,624Bl and US
Patent No. 6,538,124 (Idusogie et al); WO00/42072
(Presta, L.); WO00/67796 (Curd et al.); WOO1/03734
(Grillo-Lopez et al.); US appln no. US 2002/0004587Al
and WO01/77342 (Miller and Presta); US appln no.
US2002/0197256 (Grewal, I.); US Appln no. US
2003/0157108 Al (Presta, L.); US Patent Nos.
6,565,827Bl, 6,090,365Bl, 6,287,537Bl, 6,015,542,
5,843,398, and 5,595,721, (Kaminski et al); US Patent
Nos. 5,500,362, 5,677,180, 5,721,108, 6,120,767,
6,652,852Bl (Robinson et al); US Pat No. 6,410,391Bl
(Raubitschek et al); US Patent No. 6,224,866Bl and
WO00/20864 (Barbera-Guillem, E.); WO01/13945
(Barbera-Guillem, E.); WOOO/67795 (Goldenberg); US
Appl No. US 2003/0133930 Al and WO00/74718 (Goldenberg
and Hansen); WO00/76542 (Golay et/.);WO01/72333 (Wolin
and Rosenblatt); US Patent No. 6,368,596Bl (Ghetie
etai); US Patent No. 6,306,393 and US Appln no.
US2002/0041847 Al, (Goldenberg, D.); US Appln no.
US2003/0026801A1 (Weiner and Hartmann); WO02/102312
(Engleman, E.); US Patent Application No. 2003/0068664
(Albitar et al.); WO03/002607 (Leung, S.); WO
03/049694, US2002/0009427A1, and US 2003/0185796 Al
(Wolin et al.) ; WO03/061694 (Sing and Siegall); US
2003/02198 18 Al (Bohen et al); US 2003/0219433 Al and
WO 03/068821 (Hansen et al); US2003/0219818A1 (Bohen
et al); US2002/0136719A1 (Shenoy et al); WO2004/032828
(Wahl et al), each of which is expressly incorporated
herein by reference. See, also, US Patent No.
5,849,898 and EP appln no. 330,191 (Seed etal); US
Patent No. 4,861,579 and EP332,865A2 (Meyer and
Weiss); USP 4,861,579 (Meyer et al); WO95/03770 (Bhat
et al); US 2003/0219433 Al (Hansen et al). The CD20
antibodies can be naked antibody or conjugated to a
cytotoxic compound such as a radioisotope, or a toxin.
Such antibodies include the antibody Zevalin(tm) which
is linked to the radioisotope, Yttrium-90 (IDEC
Pharmaceuticals, San Diego, CA), and Bexxar(tm) which
is conjugated to 1-131 (Corixa, WA). The humanized 2H7
variants include those that have amino acid
substitutions in the FR and affinity maturation
variants with changes in the grafted CDRs. The
substituted amino acids in the CDR or FR are not
limited to those present in the donor or acceptor
antibody. In other embodiments, the anti-CD20
antibodies of the invention further comprise changes
in amino acid residues in the Fc region that lead to
improved effector function including enhanced CDC
and/or ADCC function and B-cell killing ( also
referred to herein as B-cell depletion). In
particular, three mutations have been identified for
improving CDC and ADCC activity: S298A/E333A/K334A
(also referred to herein as a triple Ala mutant or
variant; numbering in the Fc region is according to
the EU numbering system; Kabat et al., supra) as
described (Idusogie et al., supra (2001); Shields et
al., supra). Other anti-CD20 antibodies of the
invention include those having specific changes that
improve stability. In one embodiment, the chimeric
anti-CD20 antibody has murine V regions and human C
region. One such specific chimeric anti-CD20 antibody
is Rituxan(r) (Rituximab(r); Genentech, Inc.).
Rituximab and hu2H7 can mediate lysis of B-cells
through both complementdependent cytotoxicity (CDC)
and antibody-dependent cellular cytotoxicity (ADCC).
Antibody variants with altered Fc region amino acid
sequences and increased or decreased CIq binding
capability are described in US patent No. 6,194,551Bl
and WO99/51642. The contents of those patent
publications are specifically incorporated herein by
reference. See, also, Idusogie et al J. Immunol 164:
4178-4184 (2000). Inhibitors of Apoptosis (IAP) refers
to a family of proteins that inhibit apoptosis
(Deveraux, et al., (1999) Genes Dev 13(3):239-252).
Examples of IAPs includes melanoma IAP (ML-IAP) and
human X-chromosome linked IAP (XIAP) cellular IAP 1
(cIAP-1), and cellular IAP 2 (cIAP-2), which inhibit
caspase 3, caspase 7 and caspase 9 activity (Deveraux
et al., J Clin Immunol (1999),19:388-398; Deveraux et
al, (1998) EMBO J. 17, 2215-2223; Vucic et al., (2000)
Current Bio 10:1359-1366). Examples of inhibitors of
LAP (LAP inhibitors) includes antisense
oligonucleotides directed against XIAP, cIAP-1, cLAP-2
or ML-LAP, Smac/DIABLO-derived peptides or other
molecules that block the interaction between LAPs and
their caspases, and molecules that inhibit
LAP-mediated suppression of caspase activity (Sasaki
et al, Cancer Res., 2000, 60(20):5659; Lin et al,
Biochem J., 2001, 353:299; Hu et al, Clin. Cancer
Res., 2003, 9(7):2826; Arnt et al, J . Biol. Chera,
2002, 277(46):44236; Fulda et al, Nature Med., 2002,
8(8):808; Guo et al, Blood,2002, 99(9):3419; Vucic et
al, J. Biol. Chem.,2002, 277(14): 12275; Yang et al,
Cancer Res., 2003, 63(4):831); WO 2005/097791, WO
2005/094818, US 2005/0197403 and US 6,673,917). A "B
cell surface marker" or "B cell surface antigen"
herein is an antigen expressed on the surface of a B
cell which can be targeted with an antagonist which
binds thereto. Exemplary B cell surface markers
include, but are not limited to, CDlO, CD19, CD20,
CD21, CD22, CD23, CD24, CD37, CD40, CD52, D53, CD72,
CD73, CD74, CDw75, CDw76, CD77, CDw78, CD79a, CD79b,
CD80, CD81, CD82, CD83, CDw84, CD85, CD86, CD180
(RP105), FcRH2 (LRTA4), CD79A, C79B, CR2, CCR6, CD72,
P2X5, HLA-DOB, CXCR5 (BLRl), FCER2, BR3 (aka BAFF-R),
TACI, BTLA, NAG14 (aka LRRC4), SLGC16270 (ala
LOC283663), FcRHl (LRTA5), FcRH5 (LRTA2), ATWD578 (aka
MGC15619), FcRH3 (LRTA3), FcRH4 (LRTAl), FcRH6 (aka
LOC343413) and BCMA (aka TNFRSF17), HLA-DO, HLA-DrIO
and MHC ClassII. According to a preferred embodiment,
the antibodies of this invention do not include the
9.1 antibody and the 2.1 antibody deposited and
described in WO 02/24909. According to one preferred
embodiment, the "apparent Kd" or "apparent Kd value"
as used herein is in one preferred embodiment is
measured by surface plasmon resonance such as by
performing a BIAcore(r) assay. In one preferred
embodiment, an apparent Kd value for a BR3- binding
antibody of this invention is measured by performing
surface plasmon resonance wherein either a BR3 ECD is
immobilized on a sensor chip and an anti-BR3 antibody
in Fab form is flowed over the BR3 ECD-immobilized
chip or an anti-BR3 antibody in IgG form is
immobilized on a sensor chip and a BR3 ECD is flowed
over the IgG-immobilized sensor chip, e.g., as
described in Example 8 herein. According to one
preferred embodiment, the sensor chips are immobilized
with protein such that there is approximately 10
response units (RU) of coupled protein on a chip. Ln
another preferred embodiment, an apparent Kd value for
an FcRn-binding antibody of this invention is measured
by performing surface plasmon resonance wherein a FcRn
polypeptide is immobilized to a sensor chip and an
antibody is flowed over the chip, e.g., as described
in Example 16. A "functional epitope" according to
this invention refers to amino acid residues of an
antigen that contribute energetically to the binding
of an antibody. Mutation of any one of the
energetically contributing residues of the antigen
(for example, mutation of wild-type BR3 by alanine or
homolog mutation) will disrupt the binding of the
antibody to the antigen. In one preferred embodiment
of thisinvention, a residue that is comprised within
the functional epitope on an anti-BR3 antibody can be
determined by shot-gun alanine scanning using phage
displaying ala mutants of BR3 or a portion thereof
(e.g, the extracellular domain or residues 17-42 if
desired region of study). According to one preferred
embodiment, the functional epitope is determined
according to the procedure described in 



Example 9. The term "variable" refers to the fact that
certain segments of the variable domains differ
extensively in sequence among antibodies. The V
regions mediate antigen binding and define specificity
of a particular antibody for its particular antigen.
However, the variability is not evenly distributed
across the 110-amino acid span of the variable
domains. Instead, the V domains consist of relatively
invariant stretches called framework regions (FRs) of
15-30 amino acids separated by shorter regions of
extreme variability called "hypervariable regions"
that are each 9-12 amino acids long. The variable
domains of native heavy and light chains each comprise
four FRs, largely adopting a beta-sheet configuration,
connected by three hypervariable regions, which form
loops connecting, and in some cases forming part of,
the beta-sheet structure. The hypervariable regions in
each chain are held together in close proximity by the
FRs and, with the hypervariable regions from the other
chain, contribute to the formation of the
antigen-binding site of antibodies (see Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains
are not involved directly in binding an antibody to an
antigen, but exhibit various effector functions, such
as participation of the antibody in antibody dependent
cellular cytotoxicity (ADCC). The term "hypervariable
region" when used herein refers to the amino acid
residues of an antibody which are responsible for
antigen-binding. The hypervariable region generally
comprises amino acid residues from a "complementarity
determining region" or "CDR" (e.g. around about
residues 24-34 (Ll), 50-56 (L2) and 89-97 (L3) in the
VL , and around about 31-35B (Hl), 50-65 (H2) and
95-102 (H3) in the VJJ (Kabat et al., Sequences of
Proteins of Immunological Interest 5th Ed. Public
Health Service, National Institutes of Health,
Bethesda, MD. (1991)) and/or those residues from a
"hypervariable loop" (e.g. residues 26-32 (Ll), 50-52
(L2) and 91-96 (L3) in the VL , and 26- 32 (Hl),
52A-55 (H2) and 96-101 (H3) in the V (Chothia and Lesk
J. MoI. Biol. 196:901-917 (1987)). Hypervariable
regions may comprise "extended hypervariable regions"
as follows: 24-36 or 24-34 (Ll), 46-56 or 50-56 (L2)
and 89-97 (L3) in the VL and 26-35 (Hl), 50-65 or
49-65 (H2) and 93-102, 94-102 or 95-102 (H3) in the
VH. The variable domain residues are numbered
according to Kabat et ah, supra for each of these
definitions. "Framework" or "FR" residues are those
variable domain residues other than the hypervariable
region residues as herein defined. For example, light
chain framework 1 (LC-FRl), framework 2 (LC-FR2),
framework 3 (LC-FR3) and framework 4 (LC-FR4) region
comprise residuesnumbered 1-23, 35-49, 57-88 and
98-107 of an antibody (Kabat numbering system),
respectively. In another example, heavy chain
framework 1 (HC-FRl), heavy chain framework 2
(HC-FR2), heavy chain framework 3 (HC-FR3) and heavy
chain framework 4 (HC-FR4) comprise residues 1-25,
36-48, 66-92 and 103-1 13, respectively, of an
antibody (Kabat numbering system). According to one
embodiment, the residues corresponding to the majority
of the residues in the the CDR regions of the light
chain of antibodies derived from the 9.1, 2.1, and
11G9 antibodies are underlined in Figures 1-3.
According to another embodiment, the residues
corresponding to the majority of the residues of the
CDR regions of the heavy and the light chain of
antibodies derived from the V3 antibodies are
underlined in Figure 15. As referred to herein, the
"consensus sequence" or consensus V domain sequence is
an artificial sequence derived from a comparison of
the amino acid sequences of known human immunoglobulin
variable region sequences. Based on these comparisons,
recombinant nucleic acid sequences encoding the V
domain amino acids that are a consensus of the
sequences derived from the human and the human H chain
subgroup III V domains were prepared. The consensus V
sequence does not have any known antibody binding
specificity or affinity. The term "monoclonal
antibody" as used herein refers to an antibody from a
population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the
population are identical and/or bind the same
epitope(s), except for possible variants that may
arise during production of the monoclonal antibody,
such variants generally being present in minor
amounts. Such monoclonal antibody typically includes
an antibody comprising a polypeptide sequence that
binds a target, wherein the target-binding polypeptide
sequence was obtained by a process that includes the
selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences.
For example, the selection process can be the
selection of a unique clone from a plurality of
clones, such as a pool of hybridoma clones, phage
clones or recombinant DNA clones. It should be
understood that the selected target binding sequence
can be further altered, for example, to improve
affinity for the target, to humanize the target
binding sequence, to improve its production in cell
culture, to reduce its immunogenicity in vivo, to
create a multispecif c antibody, etc., and that an
antibody comprising the altered target binding
sequence is also a monoclonal antibody of this
invention. In contrast to polyclonal antibody
preparations which typically include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal
antibody preparationis directed against a single
determinant on an antigen. In addition to their
specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated
by other immunoglobulins. The modifier "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.
For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a
variety of techniques, including the hybridoma method
{e.g., Kohler et ah, Nature, 256:495 (1975); Harlow
etal, Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988); Hammerling
etal, in: Monoclonal Antibodies and T-CeIl Hybridomas
563-681, (Elsevier, N.Y., 1981), recombinant DNA
methods (see, e.g., U.S. Patent No. 4,816,567), phage
display technologies (see, e.g., Clackson etal,
Nature, 352:624-628 (1991); Marks etal, J. MoI. Biol,
222:581-597 (1991); Sidhu et al, J. MoI Biol
338(2):299-310 (2004); Lee et al, J.Mol.Biol. 340(5):
1073-1093 (2004); Fellouse, Proc. Nat. Acad. ScL USA
101(34): 12467-12472 (2004); and Lee etal. J. Immunol.
Methods 284(1-2): 119-132 (2004) and technologies for
producing human or human-like antibodies from animals
that have parts or all of the human immunoglobulin
loci or genes encoding human immunoglobulin sequences
(see, e.g., WO98/24893, WO/9634096, WO/9633735, and
WO/91 10741, Jakobovits et al., Proc. Natl. Acad. Sci.
USA, 90:2551 (1993); Jakobovits et al., Nature,
362:255-258 (1993); Bruggemann et al., Year in
Immuno., 7:33 (1993); U.S. Patent Nos. 5,545,806,
5,569,825, 5,591,669 (all of GenPharm); 5,545,807; WO
97/17852, U.S. Patent Nos. 5,545,807; 5,545,806;
5,569,825; 5,625,126; 5,633,425; and 5,661,016, and
Marks et al., Bio/Technology , JO: 779-783 (1992);
Lonberg etal, Nature 368: 856-859 (1994); Morrison,
Nature. 368: 812-813 (1994); Fishwild et al, Nature
Biotechnology , 14 : 845-85 1 (1996); Neuberger,
Nature Biotechnology , 14: 826 (1996); and Lonberg and
Huszar, Intern. Rev. Immunol . 13: 65-93 (1995). The
monoclonal antibodies herein specifically include
"chimeric" antibodies (immunoglobulins) in which a
portion of the heavy and/or light chain is identical
with or homologous to corresponding sequences in
antibodies derived from a particular species or
belonging to a particular antibody class or subclass,
while portions of the remainder of the chain(s) is
identical with or homologous to corresponding
sequences in antibodies derived from another species
or belonging to another antibody class or subclass, as
well as fragments of such antibodies, so long as they
exhibit the desired biological activity (U.S. Patent
No. 4,816,567; Morrison et al., Proc. Natl. Acad. Sci.
USA, 81:6851-6855 (1984)). Methods of making chimeric
antibodies are known in the art. "Humanized" forms of
non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments
thereof (such as Fv, Fab, Fab', F(ab')2 or other
antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human
immunoglobulin. In some embodiments, humanized
antibodies are human immunoglobulins (recipient
antibody) in which residues from a
complementarity-determining region (CDR) of the
recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat
or rabbit having the desired specificity, affinity,
and capacity. In some instances, Fv framework region
(FR) residues of the human immunoglobulin are replaced
by corresponding nonhuman residues. Furthermore,
humanized antibodies may comprise residues which are
found neither in the recipient antibody nor in the
imported CDR or framework sequences. These
modifications are generally made to further refine and
maximize antibody performance. Typically, the
humanized antibody will comprise substantially all of
at least one variable domain, in which all or
substantially all of the hypervariable loops derived
from a non-human immunoglobulin and all or
substantially allof the FR regions are derived from a
human immunoglobulin sequence although the FR regions
may include one or more amino acid substitutions to,
e.g., improve binding affinity. In some embodiments,
the number of these amino acid substitutions in the FR
are typically no more than 6 in the H chain, and in
the L chain, no more than 3. In one preferred
embodiment, the humanized antibody will also comprise
at least a portion of an immunoglobulin constant
region (Fc), typically that of a human immunoglobulin
or a human consensus constant sequence. For further
details, see Jones et al., Nature, 321:522-525 (1986);
Reichmann et al., Nature, 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol, 2:593-596 (1992). The
humanized antibody includes a PRMATIZED(r) antibody
wherein the antigen-binding region of the antibody is
derived from an antibody produced by, e.g., immunizing
macaque monkeys with the antigen of interest. Methods
of making humanized antibodies are known in the art.
Human antibodies can also be produced using various
techniques known in the art, including phage-display
libraries. Hoogenboom and Winter, J. MoI. Biol,
227:381 (1991); Marks et al., J. MoI Biol, 222:581
(1991). The techniques of Cole et al. and Boerner et
al. are also available for the preparation of human
monoclonal antibodies. Cole et al., Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, p. 77
(1985); Boerner et al., J. Immunol, 147(l):86-95
(1991). See also, Lonberg and Huszar, Int. Rev.
Immunol. 13:65-93 (1995). PCT publications WO
98/24893; WO 92/01047; WO 96/34096; WO 96/33735;
European Patent No. 0 598 877; U.S. Pat. Nos.
5,413,923; 5,625,126; 5,633,425; 5,569,825; 5,661,016;
5,545,806; 5,814,318; 5,885,793; 5,916,771; and
5,939,598. "Antibody fragments" comprise a portion of
a full length antibody, generally the antigen binding
or variable region thereof. Examples of antibody
fragments include Fab, Fab', F(ab')2, and Fv
fragments; diabodies; linear antibodies; single-chain
antibody molecules; and multispecif  c antibodies
formed from antibody fragments. "Fv" is the minimum
antibody fragment which contains a complete
antigen-recognition and - binding site. This fragment
consists of a dimer of one heavy- and one light-chain
variable region domain in tight, non-covalent
association. From the folding of these two domains
emanate six hypervariable loops (3 loops each from the
H and L chain) that contribute the amino acid residues
for antigen binding and confer antigen binding
specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only
three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower
affinity than the entire binding site. "Functional
fragments" of the BR3 binding antibodies of the
invention are those fragments that retain binding to
BR3 with substantially the same affinity as the intact
full chain molecule from which they are derived and
are active in at least one assay selected from the
group consisting of depletion of B cells, inhibition
of B cell proliferation or inhibition of BAFF binding
to BR3 as measured by in vitro or in vivo assays such
as those described herein.Antibody "effector
functions" refer to those biological activities
attributable to the Fc region (a native sequence Fc
region or amino acid sequence variant Fc region) of an
antibody, and vary with the antibody isotype. Examples
of antibody effector functions include: CIq binding
and complement dependent cytotoxicity; Fc receptor
binding; antibody-dependent cell-mediated cytotoxicity
(ADCC); phagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor); and B cell
activation. A "native sequence Fc region" comprises an
amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. Examples of
Fc sequences are described in SEQ ID NOs:. 133, 135-
141. and include a native sequence human IgGl Fc
region (non-A and A allotypes, SEQ ID NO: 133 and 135,
respectively); native sequence human IgG2 Fc region
(SEQ ID NO: 136); native sequence human IgG3 Fc region
(SEQ ID NO: 137); and native sequence human IgG4 Fc
region (SEQ ID NO: 138) as well as naturally occurring
variants thereof. Examples of native sequence murine
Fc regions are described in SEQ ID NOs:139-142 (IgGl,
IgG2a, IgG2b, IgG3, respectively). A "variant Fc
region" comprises an amino acid sequence which differs
from that of a native sequence Fc region by virtue of
at least one "amino acid modification" as herein
defined. Preferably, the variant Fc region has at
least one amino acid substitution compared to a native
sequence Fc region or to the Fc region of a parent
polypeptide, e.g. from about one to about ten amino
acid substitutions, and preferably from about one to
about five amino acid substitutions in a native
sequence Fc region or in the Fc region of the parent
polypeptide. In one embodiment, the variant Fc region
herein will possess at least about 80% homology, at
least about 85% homology, at least about 90% homology,
at least about 95% homology or at least about 99%
homology with a native sequence Fc region (e.g., SEQ
ID NO: 133). According to another embodiment, the
variant Fc region herein will possess at least about
80% homology, at least about 85% homology, at least
about 90% homology, at least about 95% homology or at
least about 99% homology with an Fc region of a parent
polypeptide. "Percent (%) amino acid sequence
identity" or "homology" with respect to the
polypeptide and antibody sequences identified herein
is defined as the percentage of amino acid residues in
a candidate sequence that are identical with the amino
acid residues in the polypeptide being compared, after
aligning the sequences considering any conservative
substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino
acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance,
using publicly available computer software such as
BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate
parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over
the full length of the sequences being compared. For
purposes herein, however, % amino acid sequence
identity values are generated using the sequence
comparison computer program ALIGN-2. The ALIGN-2
sequence comparison computer program was authored by
Genentech, Inc. and the source code has been filed
with user documentation in the U.S. Copyright Office,
Washington D.C., 20559, where it is registered under
U.S. Copyright Registration No. TXU510087. The ALIGN-2
program is publicly available throughGenentech, Inc.,
South San Francisco, California. The ALIGN-2 program
should be compiled for use on a UNIX operating system,
preferably digital UNIX V4.0D. All sequence comparison
parameters are set by the ALIGN-2 program and do not
vary. The term "Fc region-comprising polypeptide"
refers to a polypeptide, such as an antibody or
immunoadhesin (see definitions below), which comprises
an Fc region. The C-terminal lysine (residue 447
according to the EU numbering system) of the Fc region
may be removed, for example, during purification of
the polypeptide or by recombinantly engineering the
nucleic acid encoding the polypeptide. Accordingly, a
composition comprising polypeptides, including
antibodies, having an Fc region according to this
invention can comprise polypeptides populations with
all K447 residues removed, polypeptide populations
with no K447 residues removed or polypeptide
populations having a mixture of polypeptides with and
without the K447 residue. Throughout the present
specification and claims, the Kabat numbering system
is generally used when referring to a residue in the
variable domain (approximately, residues 1-107 of the
light chain and residues 1-1 13 of the heavy chain)
(e.g, Kabat et al., Sequences of Immunological
Interest. 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md. (1991)). The "EU
numbering system" or "EU index" is generally used when
referring to a residue in an immunoglobulin heavy
chain constant region (e.g., the EU index reported in
Kabat et al., Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD (1991) expressly
incorporated herein by reference). Unless stated
otherwise herein, references to residues numbers in
the variable domain of antibodies means residue
numbering by the Kabat numbering system. Unless stated
otherwise herein, references to residue numbers in the
constant domain of antibodies means residue numbering
by the EU numbering system (e.g., see United States
Provisional Application No. 60/640,323, Figures for EU
numbering). The terms "Fc receptor" or "FcR" are used
to describe a receptor that binds to the Fc region of
an antibody. In one embodiment, an FcR of this
invention is one that binds an IgG antibody (a gamma
receptor) and includes includes receptors of the
FcgRI, FcgRII, and FcgRIH subclasses, including
allelic variants and alternatively spliced forms of
these receptors. FcgRII receptors include FcgRIIA (an
"activating receptor") and FcgRIIB (an "inhibiting
receptor"), which have similar amino acid sequences
that differ primarily in the cytoplasmic domains
thereof. Activating receptor FcgRIIA contains an
immunoreceptor tyrosine-based activation motif (ITAM)
in its cytoplasmic domain. Inhibiting receptor FcgRIIB
contains an immunoreceptor tyrosine-based inhibition
motif (ITIM) in its cytoplasmic domain (see review M.
in Daeron, Annu. Rev. Immunol. 15:203-234 (1997)). The
term includes allotypes, such as FcgR lA allotypes:
FcgRIIIA-Phel58, FcgRIHA-Vall58, FcgRIIA-R131 and/or
FcgRIIA-H131. FcRs are reviewed in Ravetch and Kinet,
Annu. Rev. Immunol 9:457-92 (1991); Capel et al,
Immunomethods 4:25-34 (1994); and de Haas et al, J.
Lab. Clin. Med. 126:330- 4 1 (1995). Other FcRs,
including those to be identified in the future, are
encompassed by the term "FcR" herein. The term also
includes the neonatal receptor, FcRn, which is
responsible for thetransfer of maternal IgGs to the
fetus (Guyer et al., J. Immunol. 117:587 (1976) and
Kim et ah, J. 



Immunol . 24:249 (1994)). The term "FcRn" refers to
the neonatal Fc receptor (FcRn). FcRn is structurally
similar to major histocompatibility complex (MHC) and
consists of an a-chain noncovalently bound to b2-
microglobulin. The multiple functions of the neonatal
Fc receptor FcRn are reviewed in Ghetie and Ward
(2000) Anna. Rev. Immunol. 18, 739-766. FcRn plays a
role in the passive delivery of immunoglobulin IgGs
from mother to young and the regulation of serum IgG
levels. FcRn can act as a salvage receptor, binding
and transporting pinocytosed IgGs in intact form both
within and across cells, and rescuing them from a
default degradative pathway. WO00/42072 (Presta) and
Shields et al. J. Biol. Chem. 9(2): 6591-6604 (2001)
describe antibody variants with improved or diminished
binding to FcRs. The contents of those publications
are specifically incorporated herein by reference. The
"CHl domain" of a human IgG Fc region (also referred
to as "Cl" of "Hl" domain) usually extends from about
amino acid 118 to about amino acid 215 (EU numbering
system). "Hinge region" is generally defined as
stretching from Glu216 to Pro230 of human IgGl
(Burton, Molec. Immunol.22:l6l-206 (1985)). 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. The "lower hinge region" of an Fc
region is normally defined as the stretch of residues
immediately C-terminal to the hinge region, i.e.
residues 233 to 239 of the Fc region. In previous
reports, FcR binding was generally attributed to amino
acid residues in the lower hinge region of an IgG Fc
region. The "CH2 domain" of a human IgG Fc region
(also referred to as "C2" of "H2" domain) usually
extends from about amino acid 231 to about amino acid
340. The CH2 domain is unique in that it is not
closely paired with another domain. Rather, two
N-linked branched carbohydrate chains are interposed
between the two CH2 domains of an intact native IgG
molecule. It has been speculated that the carbohydrate
may provide a substitute for the domain-domain pairing
and help stabilize the CH2 domain. Burton, Molec.
Immunol.22:l6l-206 (1985). The "CH3 domain" (also
referred to as "C2" or "H3" domain) comprises the
stretch of residues C-terminal to a CH2 domain in an
Fc region (i.e. from about amino acid residue 341 to
the C-terminal end of an antibody sequence, typically
at amino acid residue 446 or 447 of an IgG) A
"functional Fc region" possesses an "effector
function" of a native sequence Fc region. Exemplary
"effector functions" include CIq binding; complement
dependent cytotoxicity; Fc receptor binding;
antibody-dependent cell-mediated cytotoxicity (ADCC);
phagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor; BCR), etc. Such
effector functions generally require the Fc region to
be combined with a binding domain (e.g. an antibody
variable domain) and can be assessed using various
assays as herein disclosed, for example."CIq" is a
polypeptide that includes a binding site for the Fc
region of an immunoglobulin. CIq together with two
serine proteases, CIr and CIs, forms the complex Cl,
the first component of the complement dependent
cytotoxicity (CDC) pathway. Human CIq can be purchased
commercially from, e.g. Quidel, San Diego, CA. The
term "binding domain" refers to the region of a
polypeptide that binds to another molecule. In the
case of an FcR, the binding domain can comprise a
portion of a polypeptide chain thereof (e.g. the alpha
chain thereof) which is responsible for binding an Fc
region. One useful binding domain is the extracellular
domain of an FcR alpha chain. A polypeptide with a
variant IgG Fc with "altered" FcR binding affinity or
ADCC activity is one which has either enhanced or
diminished FcR binding activity (e.g, FcgR or FcRn)
and/or ADCC activity compared to a parent polypeptide
or to a polypeptide comprising a native sequence Fc
region. The variant Fc which "exhibits increased
binding" to an FcR binds at least one FcR with higher
affinity (e.g., lower apparent Kd or IC50 value) than
the parent polypeptide or a native sequence IgG Fc.
According to some embodiments, the improvement in
binding compared to a parent polypeptide is about 3
fold, preferably about 5, 10, 25, 50, 60, 100, 150,
200, up to 500 fold, or about 25% to 1000% improvement
in binding. The polypeptide variant which "exhibits
decreased binding" to an FcR, binds at least one FcR
with lower affinity (e.g, higher apparent Kd or higher
IC50 value) than a parent polypeptide. The decrease in
binding compared to a parent polypeptide may be about
40% or more decrease in binding. In one embodiment, Fc
variants which display decreased binding to an FcR
possess little or no appreciable binding to an FcR,
e.g., 0-20% binding to the FcR compared to a native
sequence IgG Fc region, e.g. as determined in the
Examples herein. "Antibody-dependent cell-mediated
cytotoxicity" or "ADCC" refers to a form of
cytotoxicity in which secreted Ig bound to Fc
receptors (FcRs) present on certain cytotoxic cells
(e.g. Natural Killer (NK) cells, neutrophils, and
macrophages) enable these cytotoxic effector cells to
bind specifically to an antigen-bearing target cell
and subsequently kill the target cell with cytotoxins.
The antibodies "arm" the cytotoxic cells and are
absolutely required for such killing. The primary
cells for mediating ADCC, NK cells, express FcgRI
only, whereas monocytes express FcgRI, FcgRII and
FcgRIII. FcR expression on hematopoietic cells is
summarized in Table 3 on page 464 of Ravetch and
Kinet, Annu. Rev. Immunol 9:457-92 (1991). To assess
ADCC activity of a molecule of interest, an in vitro
ADCC assay, such as that described in US Patent No.
5,500,362 or 5,821,337 or in the Examples below may be
performed. Useful effector cells for such assays
include peripheral blood mononuclear cells (PBMC) and
Natural Killer (NK) cells. Alternatively, or
additionally, ADCC activity of the molecule of
interest may be assessed in vivo, e.g., in a animal
model such as that disclosed in Clynes et al. PNAS
(USA) 95:652-656 (1998). The polypeptide comprising a
variant Fc region which "exhibits increased ADCC" or
mediates antibody-dependent cell-mediated cytotoxicity
(ADCC) in the presence of human effector cells more
effectively than a polypeptide having wild type IgG Fc
or a parent polypeptide is onewhich in vitro or in
vivo is substantially more effective at mediating
ADCC, when the amounts of polypeptide with variant Fc
region and the polypeptide with wild type Fc region
(or the parent polypeptide) in the assay are
essentially the same. Generally, such variants will be
identified using the in vitro ADCC assay as herein
disclosed, but other assays or methods for determining
ADCC activity, e.g. in an animal model etc, are
contemplated. In one embodiment, the preferred variant
is from about 5 fold to about 100 fold, e.g. from
about 25 to about 50 fold, more effective at mediating
ADCC than the wild type Fc (or parent polypeptide) .
"Complement dependent cytotoxicity" or "CDC" refers to
the lysis of a target cell in the presence of
complement. Activation of the classical complement
pathway is initiated by the binding of the first
component of the complement system (CIq) to antibodies
(of the appropriate subclass) which are bound to their
cognate antigen. To assess complement activation, a
CDC assay, e.g. as described in Gazzano-Santoro et
al., J. Immunol. Methods 202:163 (1996), may be
performed. Polypeptide variants with altered Fc region
amino acid sequences and increased or decreased CIq
binding capability are described in US patent No.
6,194,551Bl and WO99/51642. The contents of those
patent publications are specifically incorporated
herein by reference. See, also, Idusogie et al. J.
Immunol. 164: 4178-4184 (2000). "Human effector cells"
are leukocytes which express one or more FcRs and
perform effector functions. According to one
embodiment, the cells express at least FcgRm and
perform ADCC effector function. Examples of human
leukocytes which mediate ADCC include peripheral blood
mononuclear cells (PBMC), natural killer (NK) cells,
monocytes, cytotoxic T cells and neutrophils; with
PBMCs and NK cells being preferred. The effector cells
may be isolated from a native source thereof, e.g.
from blood or PBMCs as described herein. Methods of
measuring binding to FcRn are known (see, e.g., Ghetie
1997, Hinton 2004) as well as described in the
Examples below. Binding to human FcRn in vivo and
serum half life of human FcRn high affinity binding
polypeptides can be assayed, e.g, in transgenic mice
or transfected human cell lines expressing human FcRn,
or in primates administered with the Fc variant
polypeptides. In one embodiment, the polypeptide and
specifically the antibodies of the invention having a
variant IgG Fc exhibits increased binding affinity for
human FcRn over a polypeptide having wild-type IgG Fc,
by at least 2 fold, at least 5 fold, at least 10 fold,
at least 50 fold, at least 60 fold, at least 70 fold,
at least 80 fold, at least 100 fold, at least 125
fold, at least 150 fold. In a specific embodiment, the
binding affinity for human FcRn is increased about 170
fold. For binding affinity to FcRn, in one embodiment,
the EC50 or apparent Kd (at pH 6.0) of the polypeptide
is less than IuM, more preferably less than or equal
to 100 nM, more preferably less than or equal to 10
nM. In one embodiment, for increased binding affinity
to FcgRip (F158; i.e. lowaffinity isotype) the EC50 or
apparent Kd less is than or equal to 10 nM, and for
FcgRIII (V158; highaffinity isotype) the EC50 or
apparent Kd is less than or equal to 3 nM. According
to another embodiment, a reduction in binding of an
antibody to a Fc receptor relative to a control
antibody (e.g.,the Herceptin(r) antibody) may be
considered significant relative to the control
antibody if the ratio of the values of the absorbances
at the midpoints of the test antibody and control
antibody binding curves (e.g, less than or equal to
40%. According to another embodiment, an increase in
binding of an antibody to a Fc receptor relative to a
control antibody (e.g., the Herceptin(r) antibody) may
be considered significant relative to the control
antibody if the ratio of the values of the absorbances
at the midpoints of the test antibody and control
antibody binding curves (e.g, A450 nm(anubody/A450
nm(controi Ab) ) is greater than or equal to 125%.
See, e.g., Example 16. A "parent polypeptide" or
"parent antibody" is a polypeptide or antibody
comprising an amino acid sequence from which the
variant polypeptide or antibody arose and against
which the variant polypeptide or antibody is being
compared. Typically the parent polypeptide or parent
antibody lacks one or more of the Fc region
modifications disclosed herein and differs in effector
function compared to a polypeptide variant as herein
disclosed. The parent polypeptide may comprise a
native sequence Fc region or an Fc region with
pre-existing amino acid sequence modifications (such
as additions, deletions and/or substitutions). A
"fusion protein" and a "fusion polypeptide" refer to a
polypeptide having two portions of a polypeptide
sequence covalently linked together. In most
embodiments, each of the portions are polypeptide
sequences not typically associated with each other in
nature and/or have different properties. The property
may be a biological property, such as activity in
vitro or in vivo. The property may also b e a simple
chemical or physical property, such as binding to a
target molecule, catalysis of a reaction, etc. The two
portions may b e linked directly by a single peptide
bond or through a peptide linker containing one or
more amino acid residues. Generally, the two portions
will b e linked in reading frame with each other. An
"isolated" antibody or polypeptide is one which has
been identified and separated and/or recovered from a
component of the environment from which it was
produced. Contaminant components can be, e.g.,
materials which would interfere with diagnostic or
therapeutic uses for the antibody, and may include
enzymes, hormones, and other proteinaceous or
nonproteinaceous solutes. In one preferred embodiment,
the antibody or polypeptide will b e purified (1) to
greater than 95% by weight of antibody as determined
by the Lowry method, and most preferably more than 99%
by weight, (2) to a degree sufficient to obtain at
least 15 residues of N-terminal or internal amino acid
sequence by use of a spinning cup sequenator, or (3)
to homogeneity by SDS-PAGE under reducing or
nonreducing conditions using Coomassie blue or,
preferably, silver stain. Isolated antibody or
polypeptide includes the antibody or polypeptide in
situ within recombinant cells since at least one
component of the antibody's natural environment will
not b e present. Ordinarily, however, isolated
antibody or polypeptide will b e prepared by at least
one purification step. An "isolated"
polypeptide-encoding nucleic acid or other
polypeptide-encoding nucleic acid i s a nucleic acid
molecule that is identified and separated from at
least one contaminant nucleic acid molecule with which
it i s ordinarily associated in the natural source of
the polypeptide-encodingnucleic acid. An isolated
polypeptide-encoding nucleic acid molecule is other
than in the form or setting in which it is found in
nature. Isolated polypeptide-encoding nucleic acid
molecules therefore are distinguished from the
specific polypeptide-encoding nucleic acid molecule as
it exists in natural cells. However, an isolated
polypeptide-encoding nucleic acid molecule includes
polypeptideencoding nucleic acid molecules contained
in cells that ordinarily express the polypeptide
where, for example, the nucleic acid molecule is in a
chromosomal location different from that of natural
cells. The term "control sequences" refers to DNA
sequences necessary for the expression of an operably
linked coding sequence in a particular host organism.
The control sequences that are suitable for
prokaryotes, for example, include a promoter,
optionally an operator sequence, and a ribosome
binding site. Eukaryotic cells are known to utilize
promoters, polyadenylation signals, and enhancers.
Nucleic acid is "operably linked" when it is placed
into a functional relationship with another nucleic
acid sequence. For example, DNA for a presequence or
secretory leader is operably linked to DNA for a
polypeptide if it is expressed as a preprotein that
participates in the secretion of the polypeptide; a
promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably
linked to a coding sequence if it is positioned so as
to facilitate translation. Generally, "operably
linked" means that the DNA sequences being linked are
contiguous, and, in the case of a secretory leader,
contiguous and in reading phase. However, enhancers do
not have to be contiguous. Linking is accomplished by
ligation at convenient restriction sites. If such
sites do not exist, the synthetic oligonucleotide
adaptors or linkers are used in accordance with
conventional practice. "Vector" includes shuttle and
expression vectors. Typically, the plasmid construct
will also include an origin of replication (e.g., the
CoIEl origin of replication) and a selectable marker
(e.g., ampicillin or tetracycline resistance), for
replication and selection, respectively, of the
plasmids in bacteria. An "expression vector" refers to
a vector that contains the necessary control sequences
or regulatory elements for expression of the
antibodies including antibody fragment of the
invention, in bacterial or eukaryotic cells. Suitable
vectors are disclosed below. The cell that produces a
BR3 binding antibody of the invention will include the
bacterial and eukaryotic host cells into which nucleic
acid encoding the antibodies have been introduced.
Suitable host cells are disclosed below. "Stringency"
of hybridization reactions is readily determinable by
one of ordinary skill in the art, and generally is an
empirical calculation dependent upon probe length,
washing temperature, and salt concentration. In
general, longer probes require higher temperatures for
proper annealing, while shorter probes need lower
temperatures. Hybridization generally depends on the
ability of denatured DNA to reanneal when
complementary strands are present in an environment
below their melting temperature. The higher the degree
of desired homology between the probe and hybridizable
sequence, the higher the relative temperature which
can be used. As a result, it follows that
higherrelative temperatures would tend to make the
reaction conditions more stringent, while lower
temperatures less so. For additional details and
explanation of stringency of hybridization reactions,
see Ausubel et al., Current Protocols in Molecular
Biology Wiley Interscience Publishers, (1995).
"Stringent conditions" or "high stringency
conditions", as defined herein, can be identified by
those that: (1) employ low ionic strength and high
temperature for washing, for example 0.015 M sodium
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl
sulfate at 50C; (2) employ during hybridization a
denaturing agent, such as formamide, for example, 50%
(v/v) formamide with 0.1% bovine serum albumin/0. 1%
Ficoll/0.1% polyvinylpyrrolidone/50mM sodium phosphate
buffer at pH 6.5 with 750 mM sodium chloride, 75 mM
sodium citrate at 42C; or (3) overnight hybridization
in a solution that employs 50% formamide, 5 x SSC
(0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x
Denhardt's solution, sonicated salmon sperm DNA (50
mg/ml), 0.1% SDS, and 10% dextran sulfate at 42C, with
a 10 minute wash at 42C in 0.2 x SSC (sodium
chloride/sodium citrate) followed by a 10 minute
high-stringency wash consisting of 0.1 x SSC
containing EDTA at 55C. "Moderately stringent
conditions" can be identified as described by Sambrook
et al., Molecular Cloning: A Laboratory Manual . New
York: Cold Spring Harbor Press, 1989, and include the
use of washing solution and hybridization conditions
(e.g., temperature, ionic strength and %SDS) less
stringent that those described above. An example of
moderately stringent conditions is overnight
incubation at 37C in a solution comprising: 20%
formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5 x
Denhardt's solution, 10% dextran sulfate, and 20 mg/ml
denatured sheared salmon sperm DNA, followed by
washing the filters in 1 x SSC at about 37-50C. The
skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.
The term "epitope tagged" when used herein refers to a
chimeric polypeptide comprising a polypeptide fused to
a "tag polypeptide". The tag polypeptide has enough
residues to provide an epitope against which an
antibody can be made, yet is short enough such that it
does not interfere with activity of the polypeptide to
which it is fused. The tag polypeptide preferably also
is fairly unique so that the antibody does not
substantially cross-react with other epitopes.
Suitable tag polypeptides generally have at least six
amino acid residues and usually between about 8 and 50
amino acid residues (preferably, between about 10 and
20 amino acid residues). Polypeptides and antibodies
of this invention that are epitope-tagged are
contemplated. "Biologically active" and "biological
activity" and "biological characteristics" with
respect to 



an anti-BR3 polypeptide or antibody of this invention
means the antibody or polypeptide binds BR3. According
to one preferred embodiment, the antibody binds human
BR3 polypeptide. In a further embodiment, an anti-BR3
polypeptide or antibody of this invention also has any
one, any combination or all of the following
activities: (1) binds to a human BR3 extracellular
domain sequence with an apparent Kd value of 50OnM or
less, 10OnM or less, 50 nM or less, 1OnM or less,5nM
or less or InM or less; (2) binds to a human BR3
extracellular domain sequence and binds to a rodent
BR3 extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; and (3)
inhibits human BR3 binding to human BAFF. Depending on
the desired use for the antibody, the antibody can
further comprise the any one of the following
activities (1) has antibody dependent cellular
cytotoxicity (ADCC) in the presence of human effector
cells compared to wild-type or native sequence IgG Fc;
(2) has increased ADCC in the presence of human
effector cells compared to wild-type or native
sequence IgG Fc or (3) has decreased ADCC in the
presence of human effector cells compared to wild-type
or native sequence IgG Fc. According to another
embodiment, an antibody of this invention binds the
human Fc neonatal receptor (FcRn) with a higher
affinity than a polypeptide or parent polypeptide
having wild type or native sequence IgG Fc.
"Biologically active" and "biological activity" and
"biological characteristics" with respect to an
antagonist anti-BR3 polypeptide or antibody of this
invention means the antibody or polypeptide has any
one, any combination or all of the following
activities: (1) inhibits B cell proliferation; (2)
inhibits B cell survival; (3) kills or depletes B
cells in vivo. According to one embodiment, the
depletion of B cells when compared to the baseline
level or appropriate negative control which is not
treated with such anti-BR3 antibody or polypeptide is
at least 20%. According to another embodiment, the
antagonistic antibody has antibody dependent cellular
cytotoxicity (ADCC) in the presence of human effector
cells compared to wild-type or native sequence IgG Fc
or has increased ADCC in the presence of human
effector cells compared to wild-type or native
sequence IgG Fc. "Biologically active" and "biological
activity" and "biological characteristics" with
respect to an agonist anti-BR3 polypeptide or antibody
of this invention means the antibody or polypeptide
has one or both of the following activities: (1)
stimulates B cell proliferation and (2) stimulates B
cell survival. According to one embodiment, the
agonistic antibody has decreased ADCC in the presence
of human effector cells compared to wild-type or
native sequence IgG Fc. The amino acid sequences
specifically disclosed herein are contiguous amino
acid sequences unless otherwise specified. Variations
in polypeptides of this invention described herein,
can be made, for example, using any of the techniques
and guidelines for conservative and non-conservative
mutations. Variations can be a substitution, deletion
or insertion of one or more codons encoding the
polypeptide that results in a change in the amino acid
sequence of the polypeptide. Amino acid substitutions
can be the result of replacing one amino acid with
another amino acid having similar structural and/or
chemical properties, such as the replacement of a
leucine with a serine, i.e., conservative amino acid
replacements. Insertions or deletions can optionally
be in the range of about 1 to 5 amino acids. The
variation allowed can be determined by systematically
making insertions, deletions or substitutions of amino
acids in the sequence and testing the resulting
variants for activity exhibited by the full-length or
mature native sequence.The term "conservative" amino
acid substitution as used within this invention is
meant to refer to amino acid substitutions which
substitute functionally equivalent amino acids.
Conservative amino acid changes result in minimal
change in the amino acid structure or function of the
resulting peptide. For example, one or more amino
acids of a similar polarity act as functional
equivalents and result in a silent alteration within
the amino acid sequence of the peptide. In general,
substitutions within a group can be considered
conservative with respect to structure and function.
However, the skilled artisan will recognize that the
role of a particular residue is determined by its
context within the three-dimensional structure of the
molecule in which it occurs. For example, Cys residues
may occur in the oxidized (disulfide) form, which is
less polar than the reduced (thiol) form. The long
aliphatic portion of the Arg side chain can constitute
a critical feature of its structural or functional
role, and this may be best conserved by substitution
of a nonpolar, rather than another basic residue.
Also, it will be recognized that side chains
containing aromatic groups (Trp, Tyr, and Phe) can
participate in ionic-aromatic or "cation-pi"
interactions. In these cases, substitution of one of
these side chains with a member of the acidic or
uncharged polar group may be conservative with respect
to structure and function. Residues such as Pro, GIy,
and Cys (disulfide form) can have direct effects on
the main chain conformation, and often may not be
substituted without structural distortions.
Conservative substitutions include the following
specific substitutions based on the similarities in
side chains and exemplary substitutions and preferred
substitutions listed below. Amino acids may be grouped
according to similarities in the properties of their
side chains (in A. L. Lehninger, in Biochemistry,
second ed., pp. 73-75, Worth Publishers, New York
(1975)): (1) non-polar: Ala (A), VaI (V), Leu (L), He
(I), Pro (P), Phe (F), Trp (W), Met (M) (2) uncharged
polar: GIy (G), Ser (S), Thr (T), Cys (C), Tyr (Y),
Asn (N), GIn (Q) (3) acidic: Asp (D), GIu (E) (4)
basic: Lys (K), Arg (R), His(H) Alternatively,
naturally occurring residues may be divided into
groups based on common side-chain properties: (1)
hydrophobic: Norleucine, Met, Ala, VaI, Leu, He; (2)
neutral hydrophilic: Cys, Ser, Thr, Asn, GIn; (3)
acidic: Asp, GIu; (4) basic: His, Lys, Arg; (5)
residues that influence chain orientation: GIy, Pro;
(6) aromatic: Trp, Tyr, Phe. Table 1Non-conservative
substitutions will entail exchanging a member of one
of these classes for another class. Such substituted
residues also may be introduced into the conservative
substitution sites or, more preferably, into the
remaining (non-conserved) sites. The term "amino acid"
within the scope of the present invention is used in
its broadest sense and is meant to include the
naturally occurring L alpha-amino acids or residues.
The commonly used one and three letter abbreviations
for naturally occurring amino acids are used herein
(Lehninger, A.L., Biochemistry, 2d ed., pp. 71-92,
(1975), Worth Publishers, New York). The term includes
Damino acids as well as chemically modified amino
acids such as amino acid analogs, naturally occurring
amino acids that are not usually incorporated into
proteins such as norleucine, and chemically
synthesized compounds having properties known in the
art to be characteristic of an amino acid. For
example, analogs or mimetics of phenylalanine or
proline, which allow the same conformational
restriction of the peptide compounds as natural Phe or
Pro are included within the definition of amino acid.
Such analogs and mimetics are referred to herein as
"functional equivalents" of an amino acid. Other
examples of amino acids are listed by Roberts and
Vellaccio(The Peptides: Analysis, Synthesis, Biology,)
Eds. Gross and Meiehofer, Vol. 5 p 341, Academic
Press, Inc, N.Y. 1983, which is incorporated herein by
reference. Peptides synthesized by the standard solid
phase synthesis techniques described here, for
example, are not limited to amino acids encoded by
genes for substitutions involving the amino acids.
Commonly encountered amino acids which are not encoded
by the genetic code, include, for example, those
described in International Publication No. WO
90/01940, as well as, for example, 2-amino adipic acid
(Aad) for GIu and Asp; 2-aminopimelic acid (Apm) for
GIu and Asp; 2-aminobutyric (Abu) acid for Met, Leu,
and other aliphatic amino acids; 2-aminoheptanoic acid
(Ahe) for Met, Leu and other aliphatic amino acids;
2-aminoisobutyric acid (Aib) for GIy;
cyclohexylalanine (Cha) for VaI, and Leu and He;
homoarginine (Har) for Arg and Lys;
2,3-diaminopropionic acid (Dpr) for Lys, Arg and His;
N-ethylglycine (EtGIy) for GIy, Pro, and Ala;
N-ethylglycine (EtGIy) for GIy, Pro, and Ala;
N-ethylasparigine (EtAsn) for Asn, and GIn;
Hydroxyllysine (HyI) for Lys; allohydroxyllysine
(AHyI) for Lys; 3-(and 4)hydoxyproline (3Hyp, 4Hyp)
for Pro, Ser, and Thr; allo-isoleucine (AIIe) for He,
Leu, and VaI; -amidinophenylalanine for Ala;
N-methylglycine (MeGIy, sarcosine) for GIy, Pro, and
Ala; N-methylisoleucine (MeIIe) for He; Norvaline
(Nva) for Met and other aliphatic amino acids;
Norleucine (NIe) for Met and other aliphatic amino
acids; Ornithine (Orn or Or) for Lys, Arg and His;
Citrulline (Cit) and methionine sulfoxide (MSO) for
Thr, Asn and GIn; - methylphenylalanine (MePhe),
trimethylphenylalanine, halo (F, Cl, Br, and
I)phenylalanine, triflourylphenylalanine, for Phe. The
variations can be made using methods known in the art
such as oligonucleotide-mediated (site-directed)
mutagenesis, alanine scanning, and PCR mutagenesis.
Site-directed mutagenesis [Carter et al., Nucl. Acids
Res., 13:4331 (1986); Zoller et aL, Nucl. Acids Res.,
10:6487 (1987)], cassette mutagenesis [Wells et al.,
Gene, 34:315 (1985)], restriction selection
mutagenesis [Wells et al., Philos. Trans. R. Soc.
London SerA, 317:415 (1986)] or other known techniques
can be performed on the cloned DNA to produce the
variant DNA. Scanning amino acid analysis can also be
employed to identify one or more amino acids along a
contiguous sequence. Among the preferred scanning
amino acids are relatively small, neutral amino acids.
Such amino acids include alanine, glycine, serine, and
cysteine. Alanine is typically a preferred scanning
amino acid among this group because it eliminates the
side-chain beyond the betacarbon and is less likely to
alter the main-chain conformation of the variant
[Cunningham and Wells, Science, 244: 1081-1085
(1989)]. Alanine is also typically preferred because
it is the most common amino acid. Further, it is
frequently found in both buried and exposed positions
[Creighton, The Proteins, (W.H. Freeman &Co., N.Y.);
Chothia, J. MoI. Biol , 150:1 (1976)]. If alanine
substitution does not yield adequate amounts of
variant, an isoteric amino acid can be used. The term
"detecting" is intended to include determining the
presence or absence of a molecule or determining
qualitatively or quantitatively the amount of a
molecule. The term thus refers to the use of the
materials, compositions, and methods of the present
invention for qualitative andquantitative
determinations. In general, the particular technique
used for detection is not critical for practice of the
invention. For example, "detecting" according to the
invention may include detecting: the presence or
absence of a molecule, number of cells expressing the
polypeptide, a change in the levels of the molecule or
amount of the molecule bound to a target or target
bound to the molecule; a change in biological
function/activity of a molecule (e.g., ligand or
receptor binding activity, intracellular signaling
(such as NF-kB activation), tumor cell proliferation,
B cell proliferation, or survival, etc.), e.g., using
methods that are known in the art. In some
embodiments, "detecting" may include detecting wild
type levels of the molecule (e.g., mRNA or polypeptide
levels). Detecting may include quantifying a change
(increase or decrease) of any value between 10% and
90%, or of any value between 30% and 60%, or over
100%, when compared to a control. Detecting may
include quantifying a change of any value between
2-fold to 10-fold, inclusive, or more e.g., 100-fold.
Thus, for example, referral to a BR3 molecule can
refer to its mRNA or protein, etc. As used herein a
"BR3 molecule" as used herein refers to a molecule
substantially identical to: a BR3 polypeptide; a
nucleic acid molecule encoding a BR3 polypeptide; as
well as isoforms, fragments, analogs, or variants of
the polypeptide or the nucleic acid molecule. For
example, a BR3 molecule can include an isoform,
fragment, analog, or variant of a BR3 polypeptide
derived from a mammal, which BR3 molecule has the
ability to bind BAFF. As used herein a "BAFF molecule"
as used herein refers to a molecule substantially
identical to: a BAFF polypeptide; a nucleic acid
molecule encoding a BAFF polypeptide; as well as
isoforms, fragments, analogs, or variants of the
polypeptide or the nucleic acid molecule. For example,
a BAFF molecule can include an isoform, fragment,
analog, or variant of a BAFF polypeptide derived from
a mammal, which BAFF molecule that has the ability to
bind BR3. As used herein, a subject to be treated is a
mammal (e.g., human, non-human primate, rat, mouse,
cow, horse, pig, sheep, goat, dog, cat, etc.). The
subject may be a clinical patient, a clinical trial
volunteer, an experimental animal, etc. The subject
may be suspected of having or at risk for having a
cancer or immune disease, be diagnosed with a cancer
or immune disease, or be a control subject that is
confirmed to not have a cancer. Many diagnostic
methods for cancer and immune disease and the clinical
delineation of cancer or immune diagnoses are known in
the art. According to one preferred embodiment, the
subject to be treated according to this invention is a
human. "Treating" or "treatment" or "alleviation"
refers to measures, wherein the object is to prevent
or slow down (lessen) the targeted pathologic
condition or disorder or relieve some of the symptoms
of the disorder. Those in need of treatment include
can include those already with the disorder as well as
those prone to have the disorder or those in whom the
disorder is to be prevented. A subject or mammal is
successfully "treated" for a cancer if, after
receiving a therapeutic amount of a polypeptide or an
antibody of the present invention, the patient shows
observable and/or measurable reduction in or absence
of one or more of the following: reduction in the
number of cancer cells or absence of thecancer cells;
reduction in the tumor size; inhibition (i.e., slow to
some extent and preferably stop) of cancer cell
infiltration into peripheral organs including the
spread of cancer into soft tissue and bone; inhibition
(i.e., slow to some extent and preferably stop) of
tumor metastasis; inhibition, to some extent, of tumor
growth; and/or relief to some extent, one or more of
the symptoms associated with 5 the specific cancer;
reduced morbidity and mortality, and improvement in
quality of life issues. To the extent the polypeptides
of this invention can prevent growth and/or kill
existing cancer cells, it can be cytostatic and/or
cytotoxic. Reduction of these signs or symptoms may
also be felt by the patient. The term "therapeutically
effective amount" refers to an amount of a polypeptide
of this invention effective to "alleviate" or "treat"
a disease or disorder in a subject. In the case of
cancer, 10 the therapeutically effective amount of the
drug may reduce the number of cancer cells; reduce the
tumor size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent
and preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be 15
cytostatic and/or cytotoxic. "Chronic" administration
refers to administration of the agent(s) in a
continuous mode as opposed to an acute mode, so as to
maintain the initial therapeutic effect (activity) for
an extended period of time. "Intermittent"
administration is treatment that is not consecutively
done without interruption, but rather is cyclic in
nature. 20 "Carriers" as used herein include
pharmaceutically acceptable carriers, excipients, or
stabilizers which are nontoxic to the cell or mammal
being exposed thereto at the dosages and
concentrations employed. Often the physiologically
acceptable carrier is an aqueous pH buffered solution.
Examples of physiologically acceptable carriers
include buffers such as phosphate, citrate, and other
organic acids; antioxidants including ascorbic acid;
low molecular weight (less than about 25 10 residues)
polypeptide; proteins, such as serum albumin, gelatin,
or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, arginine or lysine;
monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins;
chelating agents such as EDTA; sugar alcohols such as
mannitol or sorbitol; salt-forming counterions such as
sodium; and/or nonionic surfactants such as TWEEN(tm),
polyethylene glycol 30 (PEG), andPLURONICS(tm). As
used herein, the term "immunoadhesin" designates
antibody-like molecules which combine the binding
specificity of a heterologous protein (an "adhesin")
with the effector functions of immunoglobulin constant
domains. Structurally, the immunoadhesins comprise a
fusion of an amino acid sequence with the desired
binding specificity which is other than the antigen
recognition and 35 binding site of an antibody (i.e.,
is "heterologous"), and an immunoglobulin constant
domain sequence. The adhesin part of an immunoadhesin
molecule typically is a contiguous amino acid sequence
comprising at least the binding site of a receptor or
a ligand. The immunoglobulin constantdomain sequence
in the immunoadhesin can be obtained from any
immunoglobulin, such as IgG-I, IgG-2, IgG-3, or IgG-4
subtypes, IgA (including IgA-I and IgA-2), IgE, IgD or
IgM. For example, useful immunoadhesins according to
this invention can be polypeptides that comprise the
BAFF binding portions of a polypeptide or BR3 binding
portions of a polypeptide (e.g., a portion of a BAFF
receptor excluding the transmembrane or cytoplasmic
sequences fused to an Fc region, TACI receptor
extracellular domain-Fc or BCMA extracelllular
domain-Fc or BR3 extracellular domain-Fc). In one
embodiment, a polypeptide sequence of this invention
is fused to a constant domain of an immunoglobulin
sequence. An "immunodeficiency disease" is a disorder
or condition where the immune response is reduced
(e.g., severe combined immunodeficiency (SCID)-X
linked, SCID-autosomal, adenosine deaminase deficiency
(ADA deficiency), X-linked agammaglobulinemia (XLA).
Bruton's disease, congenital agammaglobulinemia,
X-linked infantile agammaglobulinemia, acquired
agammaglobulinemia, adult onset agammaglobulinemia,
late-onset agammaglobulinemia, dysgammaglobulinemia,
hypogammaglobulinemia, transient hypogammaglobulinemia
of infancy, unspecified hypogammaglobulinemia,
agammaglobulinemia, common variable immunodeficiency
(CVID) (acquired), Wiskott-Aldrich Syndrome (WAS),
X-linked immunodeficiency with hyper IgM, non X-linked
immunodeficiency with hyper IgM, selective IgA
deficiency, IgG subclass deficiency (with or without
IgA deficiency), antibody deficiency with normal or
elevated Igs, immunodeficiency 



with thymoma, Ig heavy chain deletions, kappa chain
deficiency, B cell lymphoproliferative disorder
(BLPD), selective IgM immunodeficiency, recessive
agammaglobulinemia (Swiss type), reticular dysgenesis,
neonatal neutropenia, severe congenital leukopenia,
thymic alymphoplasia-aplasia or dysplasia with
immunodeficiency, ataxia-telangiectasia telangiectasia
(cerebellar ataxia, oculocutaneous telangiectasia and
immunodeficiency), short limbed dwarfism, X-linked
lymphoproliferative syndrome (XLP), Nezelof
syndrome-cumbined immunodeficiency with Igs, purine
nucleotide phosphorylase deficiency (PNP), MHC Class
II deficiency (Bare Lymphocyte Syndrome) and severe
combined immunodeficiency,) or conditions associated
with an immunodeficiency, Janus Associated Kinase 3
(JAK3) deficiency, DiGeorge's syndrome (isolated T
cell deficiency) and Associated syndromes e.g., Down
syndrome, chronic mucocutaneous candidiasis, hyper-IgE
syndrome, chronic granulomatous disease, partial
albinism and WHIM syndrome (warts,
hypogammaglobulinemia, infection, and myelokathexis
[retention of leukocytes in a hypercellular marrow]).
An "autoimmune disease" herein is a disease or
disorder arising from and directed against an
individual's own tissues or a co-segregate or
manifestation thereof or resulting condition
therefrom. Examples of autoimmune diseases or
disorders include, but are not limited to arthritis
(rheumatoid arthritis such as acute arthritis, chronic
rheumatoid arthritis, gouty arthritis, acute gouty
arthritis, chronic inflammatory arthritis,
degenerative arthritis, infectious arthritis, Lyme
arthritis, proliferativearthritis, psoriatic
arthritis, vertebral arthritis, and juvenile-onset
rheumatoid arthritis, osteoarthritis, arthritis
chronica progrediente, arthritis deformans,
polyarthritis chronica primaria, reactive arthritis,
and ankylosing spondylitis), inflammatory
hyperproliferative skin diseases, psoriasis such as
plaque psoriasis, gutatte psoriasis, pustular
psoriasis, and psoriasis of the nails, dermatitis
including contact dermatitis, chronic contact
dermatitis, allergic dermatitis, allergic contact
dermatitis, dermatitis herpetiformis, and atopic
dermatitis, x-linked hyper IgM syndrome, urticaria
such as chronic allergic urticaria and chronic
idiopathic urticaria, including chronic autoimmune
urticaria, polymyositis/dermatomyositis, juvenile
dermatomyositis, toxic epidermal necrolysis,
scleroderma (including systemic scleroderma),
sclerosis such as systemic sclerosis, multiple
sclerosis (MS) such as spino-optical MS, primary
progressive MS (PPMS), and relapsing remitting MS
(RRMS), progressive systemic sclerosis,
atherosclerosis, arteriosclerosis, sclerosis
disseminata, and ataxic sclerosis, inflammatory bowel
disease (IBD) (for example, Crohn's disease,
autoimmune-mediated gastrointestinal diseases, colitis
such as ulcerative colitis, colitis ulcerosa,
microscopic colitis, collagenous colitis, colitis
polyposa, necrotizing enterocolitis, and transmural
colitis, and autoimmune inflammatory bowel disease),
pyoderma gangrenosum, erythema nodosum, primary
sclerosing cholangitis, episcleritis), respiratory
distress syndrome, including adult or acute
respiratory distress syndrome (ARDS), meningitis,
inflammation of all or part of the uvea, iritis,
choroiditis, an autoimmune hematological disorder,
rheumatoid spondylitis, sudden hearing loss,
IgE-mediated diseases such as anaphylaxis and allergic
and atopic rhinitis, encephalitis such as Rasmussen's
encephalitis and limbic and/or brainstem encephalitis,
uveitis, such as anterior uveitis, acute anterior
uveitis, granulomatous uveitis, nongranulomatous
uveitis, phacoantigenic uveitis, posterior uveitis, or
autoimmune uveitis, glomerulonephritis (GN) with and
without nephrotic syndrome such as chronic or acute
glomerulonephritis such as primary GN, immune-mediated
GN, membranous GN (membranous nephropathy), idiopathic
membranous GN or idiopathic membranous nephropathy,
membrano- or membranous proliferative GN (MPGN),
including Type I and Type p , and rapidly progressive
GN, allergic conditions, allergic reaction, eczema
including allergic or atopic eczema, asthma such as
asthma bronchiale, bronchial asthma, and auto-immune
asthma, conditions involving infiltration of T cells
and chronic inflammatory responses, chronic pulmonary
inflammatory disease, autoimmune myocarditis,
leukocyte adhesion deficiency, systemic lupus
erythematosus (SLE) or systemic lupus erythematodes
such as cutaneous SLE, subacute cutaneous lupus
erythematosus, neonatal lupus syndrome (NLE), lupus
erythematosus disseminatus, lupus (including
nephritis, cerebritis, pediatric, non-renal,
extra-renal, discoid, alopecia), juvenile onset (Type
I) diabetes mellitus, including pediatric
insulin-dependent diabetes mellitus (IDDM), adult
onset diabetes mellitus (Type II diabetes), autoimmune
diabetes, idiopathic diabetes insipidus, immune
responses associated with acute and delayed
hypersensitivity mediated by cytokines and
T-lymphocytes, tuberculosis, sarcoidosis,
granulomatosis including lymphomatoid granulomatosis,
Wegener's granulomatosis, agranulocytosis,
vasculitides, including vasculitis (including large
vessel vasculitis(including polymyalgia rheumatica and
giant cell (Takayasu's) arteritis), medium vessel
vasculitis (including Kawasaki's disease and
polyarteritis nodosa), microscopic polyarteritis, CNS
vasculitis, necrotizing, cutaneous, or
hypersensitivity vasculitis, systemic necrotizing
vasculitis, and ANCAassociated vasculitis , such as
Churg-Strauss vasculitis or syndrome (CSS)), temporal
arteritis, aplastic anemia, autoimmune aplastic
anemia, Coombs positive anemia, Diamond Blackfan
anemia, hemolytic anemia or immune hemolytic anemia
including autoimmune hemolytic anemia (AJHA),
pernicious anemia (anemia perniciosa), Addison's
disease, pure red cell anemia or aplasia (PRCA),
Factor VIH deficiency, hemophilia A, autoimmune
neutropenia, pancytopenia, leukopenia, diseases
involving leukocyte diapedesis, CNS inflammatory
disorders, multiple organ injury syndrome such as
those secondary to septicemia, trauma or hemorrhage,
antigen-antibody complex- mediated diseases,
anti-glomerular basement membrane disease,
anti-phospholipid antibody syndrome, allergic
neuritis, Bechet's or Behcet's disease, Castleman's
syndrome, Goodpasture's syndrome, Reynaud's syndrome,
Sjogren's syndrome, Stevens-Johnson syndrome,
pemphigoid such as pemphigoid bullous and skin
pemphigoid, pemphigus (including pemphigus vulgaris,
pemphigus foliaceus, pemphigus mucusmembrane
pemphigoid, and pemphigus erythematosus), autoimmune
polyendocrinopathies, Reiter's disease or syndrome,
immune complex nephritis, antibody-mediated nephritis,
neuromyelitis optica, polyneuropathies, chronic
neuropathy such as IgM polyneuropathies or
IgM-mediated neuropathy, thrombocytopenia (as
developed by myocardial infarction patients, for
example), including thrombotic thrombocytopenic
purpura (TTP) and autoimmune or immune-mediated
thrombocytopenia such as idiopathic thrombocytopenic
purpura (ITP) including chronic or acute ITP,
autoimmune disease of the testis and ovary including
autoimune orchitis and oophoritis, primary
hypothyroidism, hypoparathyroidism, autoimmune
endocrine diseases including thyroiditis such as
autoimmune thyroiditis, Hashimoto's disease, chronic
thyroiditis (Hashimoto's thyroiditis), or subacute
thyroiditis, autoimmune thyroid disease, idiopathic
hypothyroidism, Grave's disease, polyglandular
syndromes such as autoimmune polyglandular syndromes
(or polyglandular endocrinopathy syndromes),
paraneoplastic syndromes, including neurologic
paraneoplastic syndromes such as Lambert-Eaton
myasthenic syndrome or Eaton-Lambert syndrome,
stiff-man or stiff-person syndrome, encephalomyelitis
such as allergic encephalomyelitis or
encephalomyelitis allergica and experimental allergic
encephalomyelitis (EAE), myasthenia gravis such as
thymomaassociated myasthenia gravis, cerebellar
degeneration, neuromyotonia, opsoclonus or opsoclonus
myoclonus syndrome (OMS), and sensory neuropathy,
multifocal motor neuropathy, Sheehan's syndrome,
autoimmune hepatitis, chronic hepatitis, lupoid
hepatitis, giant cell hepatitis, chronic active
hepatitis or autoimmune chronic active hepatitis,
lymphoid interstitial pneumonitis, bronchiolitis
obliterans (non-transplant) vs NSP, Guillain-Barre
syndrome, Berger's disease (IgA nephropathy),
idiopathic IgA nephropathy, linear IgA dermatosis,
primary biliary cirrhosis, pneumonocirrhosis,
autoimmune enteropathy syndrome, Celiac disease,
Coeliac disease, celiac sprue (gluten enteropathy),
refractory sprue, idiopathic sprue, cryoglobulinemia,
amylotrophic lateral sclerosis (ALS; LouGehrig's
disease), coronary artery disease, autoimmune ear
disease such as autoimmune inner ear disease (AIED),
autoimmune hearing loss, opsoclonus myoclonus syndrome
(OMS), polychondritis such as refractory or relapsed
polychondritis, pulmonary alveolar proteinosis,
amyloidosis, scleritis, a non-cancerous lymphocytosis,
a primary lymphocytosis, which includes monoclonal B
cell lymphocytosis (e.g., benign monoclonal gammopathy
and monoclonal garnmopathy of undetermined
significance, MGUS), peripheral neuropathy,
paraneoplastic syndrome, channelopathies such as
epilepsy, migraine, arrhythmia, muscular disorders,
deafness, blindness, periodic paralysis, and
channelopathies of the CNS, autism, inflammatory
myopathy, focal segmental glomerulosclerosis (FSGS),
endocrine ophthalmopathy, uveoretinitis,
chorioretinitis, autoimmune hepatological disorder,
fibromyalgia, multiple endocrine failure, Schmidt's
syndrome, adrenalitis, gastric atrophy, presenile
dementia, demyelinating diseases such as autoimmune
demyelinating diseases, diabetic nephropathy,
Dressler's syndrome, alopecia areata, CREST syndrome
(calcinosis, Raynaud's phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia), male
and female autoimmune infertility, mixed connective
tissue disease, Chagas' disease, rheumatic fever,
recurrent abortion, farmer's lung, erythema
multiforme, post-cardiotomy syndrome, Cushing's
syndrome, bird-fancier's lung, allergic granulomatous
angiitis, benign lymphocytic angiitis, Alport's
syndrome, alveolitis such as allergic alveolitis and
fibrosing alveolitis, interstitial lung disease,
transfusion reaction, leprosy, malaria, leishmaniasis,
kypanosomiasis, schistosomiasis, ascariasis,
aspergillosis, Sampter's syndrome, Caplan's syndrome,
dengue, endocarditis, endomyocardial fibrosis, diffuse
interstitial pulmonary fibrosis, interstitial lung
fibrosis, idiopathic pulmonary fibrosis, cystic
fibrosis, endophthalmitis, erythema elevatum et
diutinum, erythroblastosis fetalis, eosinophilic
faciitis, Shulman's syndrome, Felty's syndrome,
flariasis, cyclitis such as chronic cyclitis,
heterochronic cyclitis, iridocyclitis, or Fuch's
cyclitis, Henoch-Schonlein purpura, human
immunodeficiency virus (HIV) infection, echovirus
infection, cardiomyopathy, Alzheimer's disease,
parvovirus infection, rubella virus infection,
post-vaccination syndromes, congenital rubella
infection, Epstein-Barr virus infection, mumps, Evan's
syndrome, autoimmune gonadal failure, Sydenham's
chorea, post-streptococcal nephritis, thromboangitis
ubiterans, thyrotoxicosis, tabes dorsalis,
chorioiditis, giant cell polymyalgia, endocrine
ophthamopathy, chronic hypersensitivity pneumonitis,
keratoconjunctivitis sicca, epidemic
keratoconjunctivitis, idiopathic nephritic syndrome,
minimal change nephropathy, benign familial and
ischemia-reperfusion injury, retinal autoimmunity,
joint inflammation, bronchitis, chronic obstructive
airway disease, silicosis, aphthae, aphthous
stomatitis, arteriosclerotic disorders,
aspermiogenese, autoimmune hemolysis, Boeck's disease,
cryoglobulinemia, Dupuytren's contracture,
endophthalmia phacoanaphylactica, enteritis allergica,
erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome, febris
rheumatica, Hamman-Rich's disease, sensoneural hearing
loss, haemoglobinuria paroxysmatica, hypogonadism,
ileitis regionalis, leucopenia, mononucleosis
infectiosa, traverse myelitis, primary idiopathic
myxedema, nephrosis, ophthalmia symphatica, orchitis
granulomatosa, pancreatitis, polyradiculitis acuta,
pyoderma gangrenosum, Quervain'sthyreoiditis, acquired
spenic atrophy, infertility due to antispermatozoan
antobodies, non-malignant thymoma, vitiligo, SCID and
Epstein-Barr virus- associated diseases, acquired
immune deficiency syndrome (AIDS), parasitic diseases
such as Lesihmania, toxic-shock syndrome, food
poisoning, conditions involving infiltration of T
cells, leukocyte-adhesion deficiency, immune responses
associated with acute and delayed hypersensitivity
mediated by cytokines and T-lymphocytes, diseases
involving leukocyte diapedesis, multiple organ injury
syndrome, antigen-antibody complexmediated diseases,
antiglomerular basement membrane disease, allergic
neuritis, autoimmune polyendocrinopathies, oophoritis,
primary myxedema, autoimmune atrophic gastritis,
sympathetic ophthalmia, rheumatic diseases, mixed
connective tissue disease, nephrotic syndrome,
insulitis, polyendocrine failure, peripheral
neuropathy, autoimmune polyglandular syndrome type I,
adult-onset idiopathic hypoparathyroidism (AOIH),
alopecia totalis, dilated cardiomyopathy,
epidermolisis bullosa acquisita (EBA),
hemochromatosis, myocarditis, nephrotic syndrome,
primary sclerosing cholangitis, purulent or
nonpurulent sinusitis, acute or chronic sinusitis,
ethmoid, frontal, maxillary, or sphenoid sinusitis, an
eosinophil-related disorder such as eosinophilia,
pulmonary infiltration eosinophilia,
eosinophilia-myalgia syndrome, Loffler's syndrome,
chronic eosinophilic pneumonia, tropical pulmonary
eosinophilia, bronchopneumonic aspergillosis,
aspergilloma, or granulomas containing eosinophils,
anaphylaxis, seronegative spondyloarthritides,
polyendocrine autoimmune disease, sclerosing
cholangitis, sclera, episclera, chronic mucocutaneous
candidiasis, Bruton's syndrome, transient
hypogammaglobulinemia of infancy, Wiskott-Aldrich
syndrome, ataxia telangiectasia, autoimmune disorders
associated with collagen disease, rheumatism,
neurological disease, ischemic re-perfusion disorder,
reduction in blood pressure response, vascular
dysfunction, antgiectasis, tissue injury,
cardiovascular ischemia, hyperalgesia, cerebral
ischemia, and disease accompanying vascularization,
allergic hypersensitivity disorders,
glomerulonephritides, reperfusion injury, reperfusion
injury of myocardial or other tissues, dermatoses with
acute inflammatory components, acute purulent
meningitis or other central nervous system
inflammatory disorders, ocular and orbital
inflammatory disorders, granulocyte
transfusion-associated syndromes, cytokine-induced
toxicity, acute serious inflammation, chronic
intractable inflammation, pyelitis, pneumonocirrhosis,
diabetic retinopathy, diabetic large-artery disorder,
endarterial hyperplasia, peptic ulcer, valvulitis, and
endometriosis. As used herein, "B cell depletion"
refers to a reduction in B cell levels in an animal or
human after drug or antibody treatment, as compared to
the B cell level before treatment. B cell levels are
measurable using well known assays such as those
described in the Experimental Examples. B cell
depletion can be complete or partial. In one
embodiment, the depletion of BR3 expressing B cells is
at least 25%. Not to be limited by any one mechanism,
possible mechanisms of B-cell depletion include ADCC,
CDC, apoptosis, modulation of calcium flux or a
combination of two or more of the preceding.A "B cell
surface marker" or "B cell surface antigen" herein is
an antigen expressed on the surface of a B cells. "B
cell depletion agents" refers to agents that reduce
peripheral B cells by at least 25%. In another
embodiment, the depletion of peripheral B cells is at
least 30%, 40%, 50%, 60%, 70%, 80% or 90%. In one
preferred embodiment, the B cell depletion agent
specifically binds to a white blood cell and not other
cells types. In another embodiment, the B cell
depletion agent specifically binds to a B cell and not
other cell types. In one embodiment, the B cell
depletion agent is an antibody. In one preferred
embodiment, the antibody is a monoclonal antibody. In
another embodiment, the antibody is conjugated to a
chemotherapeutic agent or a cytotoxic agent. Specific
examples of B cell depletion agents include, but are
not limited to, the aforementioned anti-CD20
antibodies. The B cell neoplasms include Hodgkin's
disease including lymphocyte predominant Hodgkin's
disease (LPHD); non-Hodgkin' s lymphoma (NHL);
follicular center cell (FCC) lymphomas; acute
lymphocytic leukemia (ALL); chronic lymphocytic
leukemia (CLL); Hairy cell leukemia and BR3-positive
neoplasms. The non-Hodgkins lymphoma include low
grade/follicular non-Hodgkin's lymphoma (NHL), small
lymphocytic (SL) NHL, intermediate grade/follicular
NHL, intermediate grade diffuse NHL, high grade
immunoblastic NHL, high grade lymphoblastic NHL, high
grade small non-cleaved cell NHL, bulky disease NHL,
plasmacytoid lymphocytic lymphoma, mantle cell
lymphoma, AIDS- related lymphoma and Waldenstrom's
macroglobulinemia. Treatment of relapses of these
cancers are also contemplated. LPHD is a type of
Hodgkin's disease that tends to relapse frequently
despite radiation or chemotherapy treatment and can be
characterized by BR3- positive malignant cells. CLL is
one of four major types of leukemia. A cancer of
mature B-cells called lymphocytes, CLL is manifested
by progressive accumulation of cells in blood, bone
marrow and lymphatic tissues. Indolent lymphoma is a
slow-growing, incurable disease in which the average
patient survives between six and 10 years following
numerous periods of remission and relapse. The term
"non-Hodgkin's lymphoma" or "NHL", as used herein,
refers to a cancer of the lymphatic system other than
Hodgkin's lymphomas. Hodgkin's lymphomas can generally
be distinguished from non-Hodgkin' s lymphomas by the
presence of Reed-Sternberg cells in Hodgkin' s
lymphomas and the absence of said cells in
non-Hodgkin's lymphomas. Examples of non-Hodgkin's
lymphomas encompassed by the term as used herein
include any that would be identified as such by one
skilled in the art (e.g., an oncologist or
pathologist) in accordance with classification schemes
known in the art, such as the Revised
European-American Lymphoma (REAL) scheme as described
in Color Atlas of Clinical Hematology, Third Edition;
A. Victor Hoffbrand and John E. Pettit (eds.)
(Harcourt Publishers Limited 2000) (see, in particular
Fig. 11.57, 11.58 and/or 11.59). More specific
examples include, but are not limited to, relapsed or
refractory NHL, front line low grade NHL, Stage IILTV
NHL, chemotherapy resistant NHL, precursor B
lymphoblastic leukemia and/or lymphoma, small
lymphocytic lymphoma, B cell chronic lymphocytic
leukemia and/or prolymphocytic leukemia and/or small
lymphocytic lymphoma, B-cell prolymphocytic lymphoma,
immunocytoma and/orlymphoplasmacytic lymphoma,
marginal zone B cell lymphoma, splenic marginal zone
lymphoma, extranodal marginal zone - MALT lymphoma,
nodal marginal zone lymphoma, hairy cell leukemia,
plasmacytoma and/or plasma cell myeloma, low
grade/follicular lymphoma, intermediate
grade/follicular NHL, mantle cell lymphoma, follicle
center lymphoma (follicular), intermediate grade
diffuse NHL, diffuse large B-cell lymphoma, aggressive
NHL (including aggressive front-line NHL and
aggressive relapsed NHL), NHL relapsing after or
refractory to autologous stem cell transplantation,
primary mediastinal large B-cell lymphoma, primary
effusion lymphoma, high grade immunoblastic NHL, high
grade lymphoblastic NHL, high grade small non-cleaved
cell NHL, bulky disease NHL, Burkitt's lymphoma,
precursor (peripheral) T-cell lymphoblastic leukemia
and/or lymphoma, adult T-cell lymphoma and/or
leukemia, T cell chronic lymphocytic leukemia and/or
prolymphacytic leukemia, large granular lymphocytic
leukemia, mycosis fungoides and/or Sezary syndrome,
extranodal natural killer/T-cell (nasal type)
lymphoma, enteropathy type T-cell lymphoma,
hepatosplenic T-cell lymphoma, subcutaneous
panniculitis like T-cell lymphoma, skin (cutaneous)
lymphomas, anaplastic large cell lymphoma,
angiocentric lymphoma, intestinal T cell lymphoma,
peripheral T-cell (not otherwise specified) lymphoma
and angioimmunoblastic T-cell lymphoma. 



The terms "cancer" and "cancerous" refer to or
describe the physiological condition in mammals that
is typically characterized by unregulated cell growth.
Examples of cancer include but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and leukemia.
More particular examples of such cancers include
squamous cell cancer, lung cancer (including
small-cell lung cancer, nonsmall cell lung cancer,
adenocarcinoma of the lung, and squamous carcinoma of
the lung), cancer of the peritoneum, hepatocellular
cancer, gastric or stomach cancer (including
gastrointestinal cancer), pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, colorectal cancer, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney or renal
cancer, liver cancer, prostate cancer, vulval cancer,
thyroid cancer, hepatic carcinoma and various types of
head and neck cancer, as well as B-cell lymphoma
(including low grade/follicular non-Hodgkin's lymphoma
(NHL); small lymphocytic (SL) NHL; intermediate
grade/follicular NHL; intermediate grade diffuse NHL;
high grade immunoblastic NHL; high grade lymphoblastic
NHL; high grade small non-cleaved cell NHL; bulky
disease NHL; mantle cell lymphoma; AIDS-related
lymphoma; and Waldenstrom's Macroglobulinemia);
chronic lymphocytic leukemia (CLL); acute
lymphoblastic leukemia (ALL); Hairy cell leukemia;
chronic myeloblastic leukemia; multiple myeloma and
post-transplant lymphoproliferative disorder (PTLD).
According to one preferred embodiment, the cancer
comprises a tumor that expresses a BR3 polypeptide on
its surface (BR3-positive). According to another
embodiment, the BR3-expressing cancer is a CLL cancer.
In specific embodiments, the anti-BR3 antibodies and
polypeptides of this invention are used to treat any
one or more of the diseases selected from the group
consisting of non-Hodgkin's lymphoma (NHL), lymphocyte
predominant Hodgkin's disease (LPHD), chronic
lymphocyticleukemia (CLL), acute lymphocytic leukemia
(ALL), small lymphocytic lymphoma (SLL), diffuse large
B cell lymphoma (DLBCL), follicular lymphoma, which
are types of non-Hodgkin's lymphoma (NHL), rheumatoid
arthritis and juvenile rheumatoid arthritis, systemic
lupus erythematosus (SLE) including lupus nephritis,
Wegener's disease, inflammatory bowel disease,
idiopathic thrombocytopenic purpura (ITP), thrombotic
throbocytopenic purpura (TTP), autoimmune
thrombocytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathies, myasthenia gravis,
vasculitis, diabetes mellitus, Reynaud's syndrome,
Sjorgen's syndrome, glomerulonephritis and multiple
myeloma. The term "cytotoxic agent" as used herein
refers to a substance that inhibits or prevents the
function of cells and/or causes destruction of cells.
The term is intended to include radioactive isotopes
(e.g. At211, 1131 , 1125, Y90, Re186, Re188, Sm153,
Bi212, Bi213, P32 and radioactive isotopes of Lu),
chemotherapeutic agents, and toxins such as small
molecule toxins or enzymatically active toxins of
bacterial, fungal, plant or animal origin, including
fragments and/or variants thereof. According to one
embodiment, the cytotoxic agent is capable of being
internalized. Acccording to nother embodiment, the
active portion of the cytotoxic agent is 110OkD or
less. According to one embodiment the chemotherapeutic
agent is selected from the group consisting of
methotrexate, adriamicin, vinca alkaloids
(vincristine, vinblastine, etoposide), doxorubicin,
melphalan, mitomycin C, chlorambucil, daunorubicin, or
other intercalating agents, enzymes and fragments
thereof such as nucleolytic enzymes, antibiotics, and
toxins such as small molecule toxins or enzymatically
active toxins of bacterial, fungal, plant or animal
origin, (e.g., monomethylauristatin (MMAE) including
fragments and/or variants thereof, and the various
antitumor or anticancer agents or grow inhibitory
agents disclosed below. Other cytotoxic agents are
described below. A "chemotherapeutic agent" is a
chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating
agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
trietylenephosphoramide, triethiylenethiophosphoramide
and trimethylolomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptothecin
(including the synthetic analogue topotecan);
bryostatin; callystatin; CC-1065 (including its
adozelesin, carzelesin and bizelesin synthetic
analogues); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and CBl-
TMl); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil,
chlornaphazine, cholophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard;
nitrosureas such as carmustine, chlorozotocin,
fotemustine, lomustine, nimustine, and ranimnustine;
antibiotics such as the enediyne antibiotics (e. g.,
calicheamicin, especially calicheamicin gammall and
calicheamicin omegall (see, e.g., Agnew, Chem Intl.
Ed.Engl. , 33: 183-186 (1994)); dynemicin, including
dynemicin A; bisphosphonates, such as clodronate; an
esperamicin; as well as neocarzinostatin chromophore
and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinomycin,
carabicin, carminomycin, carzinophilin, chromomycinis,
dactinomycin, daunorabicin, detorubicin,
6-diazo-5-oxo-L-norleucine, ADRIAMYCIN(r) doxorubicin
(including morpholinodoxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogues such as
denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6-mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; and- adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2- ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxoids, e.g., TAXOL(r)
paclitaxel (Bristol- Myers Squibb Oncology, Princeton,
NJ.), ABRAXANE(tm) Cremophorfree, albumin-engineered
nanoparticle formulation of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE(r) doxetaxel (Rhone- Poulenc Rorer, Antony,
France); chloranbucil; GEMZAR(r) gemcitabine; 6-
thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin;
vinblastine; platinum; etoposide (VP-16); ifosfamide;
mitoxantrone; vincristine; NAVELBINE(r) vinorelbine;
novantrone; teniposide; edatrexate; daunomycin;
aminopterin; xeloda; ibandronate; CPT-Il;
topoisomerase inhibitor RFS 2000;
difluorometlhylornithine (DMFO); retinoids such as
retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the
above. Also included in this definition are
anti-hormonal agents that act to regulate or inhibit
hormone action on tumors such as anti-estrogens and
selective estrogen receptor modulators (SERMs),
including, for example, tamoxifen (including
NOLVADEX(r) tamoxifen), raloxifene, droloxifene, 4-
hydroxytamoxifen, trioxifene, keoxifene, LYl 17018,
onapristone, and FARESTON- toremifene;aromatase
inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE(r) megestrol acetate,
AROMASIN(r) exemestane, formestanie, fadrozole,
RIVISOR(r) vorozole, FEMARA(r) letrozole, and
ARIMIDEX(r) anastrozole; and anti-androgens such as
flutamide, nilutamide, bicalutamide, leuprolide, and
goserelin; as well as troxacitabine (a 1,3-dioxolane
nucleoside cytosine analog); antisense
oligonucleotides, particularly those which inhibit
expression of genes in signaling pathways implicated
in abherant cell proliferation, such as, for example,
PKC-alpha, RaIf and H-Ras; ribozymes such as a VEGF
expression inhibitor (e.g., ANGIOZYME(r) ribozyme) and
a HER2 expression inhibitor; vaccines such as gene
therapy vaccines, for example, ALLOVECTIN(r) vaccine,
LEUVECTIN(r) vaccine, and VAXID(r) vaccine;
PROLEUKESf(r) rIL-2; LURTOTECAN(r) topoisomerase 1
inhibitor; ABARELIX(r) rmRH; and pharmaceutically
acceptable salts, acids or derivatives of any of the
above. A "growth inhibitory agent" when used herein
refers to a compound or composition which inhibits
growth of a cell in vitro and/or in vivo. Thus, the
growth inhibitory agent may be one that significantly
reduces the percentage of cells in S phase. Examples
of growth inhibitory agents include agents that block
cell cycle progression (at a place other than S
phase), such as agents that induce GI arrest and
M-phase arrest. Classical M-phase blockers include the
vincas (vincristine and vinblastine), TAXOL(r)
paclitaxel, and topo II inhibitors such as
doxorubicin, epirubicin, daunorubicin, etoposide, and
bleomycin. Those agents that arrest GI also spill over
into S-phase arrest, for example, DNA alkylating
agents such as tanoxifen, prednisone, dacarbazine,
mechlorethamine, cisplatin, methotrexate,
5-fluorouracil, and ara-C. Further information can be
found in The Molecular Basis of Cancer , Mendelsohn
and Israel, eds., Chapter 1, entitled "Cell cycle
regulation, oncogenes, and antieioplastic drugs" by
Murakaini etal. (W B Saunders: Philadelphia, 1995),
especially p. 13. An antibody that "induces cell
death" is one that causes a viable cell to become
nonviable. The cell is generally one that expresses
the antigen to which the antibody binds, especially
where the cell overexpresses the antigen. Preferably,
the cell is a cancer cell, e.g., a breast, ovarian,
stomach, endometrial, salivary gland, lung, kidney,
colon, thyroid, pancreatic or bladder cell. In vitro,
the cell may be a SKBR3, BT474, CaIu 3, MDA-MB-453,
MDA-MB-361 or SKOV3 cell. Cell death in vitro may be
determined in the absence of complement and immune
effector cells to distinguish cell death induced by
antibody dependent cell- mediated cytotoxicity (ADCC)
or complement dependent cytotoxicity (CDC). Thus, the
assay for cell death may be performed using heat
inactivated serum (i.e. in the absence of complement)
and in the absence of immune effector cells. To
determine whether the antibody is able to induce cell
death, loss of membrane integrity as evaluated by
uptake of propidium iodide (PI), trypan blue (see
Moore et al. Cytotechnology , .17:1-11 (1995)) or 7AAD
can be assessed relative to untreated cells. An
antibody that "induces apoptosis" is one which induces
programmed cell death as determined by binding of
annexin V, fragmentation of DNA, cell shrinkage,
dilation of endoplasmicreticulum, cell fragmentation,
and/or formation of membrane vesicles (called
apoptotic bodies). The cell is one which expresses the
antigen to which the antibody binds and may be one
that overexpresses the antigen. The cell may be a
tumor cell, e.g., a breast, ovarian, stomach,
endometrial, salivary gland, lung, kidney, colon,
thyroid, pancreatic or bladder cell. In vitro, the
cell may be a SKBR3, BT474, CaIu 3 cell, MDA-MB-453,
MDA-MB- 361 or SKOV3 cell. Various methods are
available for evaluating the cellular events
associated with apoptosis. For example, phosphatidyl
serine (PS) translocation can be measured by annexin
binding; DNA fragmentation can be evaluated through
DNA laddering as disclosed in the example herein; and
nuclear/chromatin condensation along with DNA
fragmentation can be evaluated by any increase in
hypodiploid cells. Preferably, the antibody that
induces apoptosis is one which results in about 2 to
50 fold, preferably about 5 to50 fold, and most
preferably about 10 to 50 fold, induction of annexin
binding relative to untreated cell in an annexin
binding assay using cells expressing the antigen to
which the antibody binds. Examples of antibodies that
induce apoptosis include the anti-DR5 antibodies 3Fl
1.39.7 (ATCC HB-12456); 3H3.14.5 (ATCC HB-12534);
3D5.1.10 (ATCC HB-12536); and 3H3.14.5 (ATCC
HB-12534), including humanized and/or affinity-matured
variants thereof; the human anti- DR5 receptor
antibodies 16E2 and 20E6, including affinity-matured
variants thereof (WO98/5 1793, expressly incorporated
herein by reference); the anti-DR4 antibodies 4E7.24.3
(ATCC HB-12454); 4H6.17.8 (ATCC HB-12455); 1H5.25.9
(ATCC HB-12695); 4G7.18.8 (ATCC PTA-99); and 5G I
1.17.1 (ATCC HB-12694), including humanized and/or
affinity-matured variants thereof. In order to screen
for antibodies which bind to an epitope on an antigen
bound by an antibody of interest, a routine
cross-blocking assay such as that described in
Antibodies, A Laboratory Manual , eds. Harlow and Lane
(New York: Cold Spring Harbor Laboratory, 1988) can be
performed. A "conjugate" refers to any hybrid
molecule, including fusion proteins and as well as
molecules that contain both amino acid or protein
portions and non-protein portions (e.g., toxinantibody
conjugates, or pegylated-antibody conjugates).
Conjugates may be synthesized or engineered by a
variety of techniques known in the art including, for
example, recombinant DNA techniques, solid phase
synthesis, solution phase synthesis, organic chemical
synthetic techniques or a combination of these
techniques. The choice of synthesis will depend upon
the particular molecule to be generated. For example,
a hybrid molecule not entirely "protein" in nature may
be synthesized by a combination of recombinant
techniques and solution phase techniques. According to
one embodiment, the conjugate is an antibody or
polypeptide of interest covalently linked to a salvage
receptor binding epitope (especially an antibody
fragment), as described, e.g., in US Patent 5,739,277.
For example, a nucleic acid molecule encoding the
salvage receptor binding epitope can be linked in
frame to a nucleic acid encoding a polypeptide
sequence of this invention so that the fusion protein
expressed by the engineered nucleic acid molecule
comprises the salvage receptor binding epitope and a
polypeptide sequence of this invention. As used
herein, the term "salvage receptor binding epitope"
refers to an epitope of the Fc region of an IgG
molecule(e.g., IgG , IgG2, IgG3, or IgG4) that is
useful for increasing the in vivo serum half-life of
the IgG molecule (e.g., Ghetie, V et al, (2000) Ann.
Rev. Immunol. 18:739-766, Table 1). In another
embodiment, the conjugate can be formed, by linkage
(especially an antibody fragment) to serum albumin or
a portion of serum albumin that binds to the FcRn
receptor or a serum albumin-binding peptide or to a
non-protein polymer (e.g., a polyethylene glycol
moiety). Such polypeptide sequences are disclosed, for
example, in WOO1/45746. In one preferred embodiment,
the serum albumin peptide to be attached comprises an
amino acid sequence of DICLPRWGCLW. In another
embodiment, the half-life of a Fab according to this
invention is increased by these methods. See also,
Dennis, M.S., et al, (2002) JBC 277(38):35035-35043
for serum albumin binding peptide sequences. The word
"label" when used herein refers to a detectable
compound or composition which is conjugated directly
or indirectly to the antibody. The label may itself be
detectable by itself (e.g., radioisotope labels or
fluorescent labels) or, in the case of an enzymatic
label, may catalyze chemical alteration of a substrate
compound or composition which is detectable. A.
Compositions and Methods of the Invention The
invention provides antibodies that bind human BR3, and
optionally other primate BR3 as well. According to one
embodiment, the H chain has at least one, two or all
of the H chain CDRs of a non-human species anti-human
BR3 antibody (donor antibody), and substantially all
of the framework residues of a human consensus
antibody as the recipient antibody. The donor antibody
can be from various non-human species including mouse,
rat, guinea pig, goat, rabbit, horse, primate but
typically will be a murine antibody. "Substantially
all" in this context is meant that the recipient FR
regions in the humanized antibody may include one or
more amino acid substitutions not originally present
in the human consensus FR sequence. These FR changes
may comprise residues not found in the recipient or
the donor antibody. In one embodiment, the donor
antibody is the murine 9.1 antibody, the V region
including the CDR and FR sequences of each of the VH
and VL chains of which are shown in SEQ ID NO: 19 and
SEQ ID NO:20. In one embodiment, the residues for the
human Fab framework correspond to or were derived from
the consensus sequence of a human VK subgroup I and of
a VH subgroup III. Acoording to one embodiment, a
humanized BR3 antibody of the invention has at least
one of the CDRs in the H chain of the murine donor
antibody. In one embodiment, the humanized BR3
antibody that binds human BR3 comprises the heavy
chain CDRs of the H chain of the donor antibody. In a
full length antibody, the humanized BR3 binding
antibody of the invention will comprise a V domain
joined to a C domain of a human immunoglobulin, e.g.,
SEQ ID NO: 132. In a preferred embodiment, the H chain
C region is from human IgG, such as IgGl or IgG3.
According to one embodiment, the L chain C domain is
from a human Kchain. According to another embodiment,
theFc sequence of a full length BR3 binding antibody
is SEQ ID NO: 134, wherein X is selected from the
group consisting of N, A, Y, F and H. The BR3 binding
antibodies will bind at least human BR3. According to
one embodiment, the BR3-binding antibody will bind
other primate BR3 such as that of monkeys including
cynomolgus and rhesus monkeys, and chimpanzees.
According to another embodiment, the BR3 binding
antibody or polypeptide binds a rodent BR3 protein and
a human BR3 protein. In another embodiment, the BR3
polypeptide binds a mouse BR3 polypeptide sequence and
a human BR3 polypeptide sequence. According to one
embodiment, the biological activity of an antagonist
BR3 binding antibodies is any one, any combination or
all of the activities selected from the group
consisting of: (1) binds to a human BR3 extracellular
domain sequence with an apparent Kd value of 50OnM or
less, 



10OnM or less, 50 nM or less, 1OnM or less, 5nM or
less or InM or less; (2) binds to a human BR3
extracellular domain sequence and binds to a mouse BR3
extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (3) has a
functional epitope on human BR3 comprising residues
F25, V33 and A34, wherein the monoclonal antibody; (4)
inhibits human BAFF and human BR3 binding; (5) has
antibody dependent cellular cytotoxicity (ADCC) in the
presence of human effector cells or has increased ADCC
in the presence of human effector cells; (6) binds the
human Fc neonatal receptor (FcRn) with a higher
affinity than a polypeptide or parent polypeptide
having wild type or native sequence IgG Fc; (9) kills
or depletes B cells in vitro or in vivo, preferably by
at least 20% when compared to the baseline level or
appropriate negative control which is not treated with
such antibody; (10) inhibits B cell proliferation in
vitro or in vivo and (11) inhibits B cell survival in
vitro or in vivo. According to one embodiment of the
polypeptides or antibodies of this invention, the
functional epitope further comprises residue R30.
According to yet another embodiment of this invention,
the functional epitope further comprises residues L28
and V29. In one embodiment, compared to treatment with
a control antibody that does not bind a B cell surface
antigen or as compared to the baseline level before
treatment, the variable domain of an antibody of this
invention fused to an Fc region of an mIgG2A can
deplete at least 20% of the B cells in any one, any
combination or all of following population of cells in
mice: (1) B cells in blood, (2) B cells in the lymph
nodes, (3) follicular B cells in the spleen and (4)
marginal zone B cells in the spleen. In other
embodiments, B cell depletion is 25%, 30%, 40%, 50%,
60%, 70%, 80% or greater. In one preferred embodiment,
the depletion is measured at day 15 post treatment
with antibody. In another preferred embodiment, the
depletion assay is carried out as described in Example
18 or 19 herein. In another preferred embodiment, the
depletion is measured by the population of peripheral
B cells in a mouse day 15 post-treatment. According to
another embodiment the biological activity of an
agonist BR3 binding antibody of this invention is any
one, any combination or all of the activities selected
from the group consistingof: (1) binds to a human BR3
extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (2) has a
functional epitope on human BR3 comprising residues
F25, V33 and A34, wherein the monoclonal antibody is
not the 9.1 antibody or the 2.1 antibody; (3)
stimulates B cell proliferation or survival in vitro;
(4) 5 inhibits human BAFF and human BR3 binding; (5)
stimulates B cell proliferation or survival in vivo;
(6) binds the human Fc neonatal receptor (FcRn) with a
higher affinity than a polypeptide or parent
polypeptide having wild type or native sequence IgG
Fc. The desired level of B cell depletion will depend
on the disease. For the treatment of a BR3 positive
cancer, it may be desirable to maximize the depletion
of the B cells which are the target of 10 the anti-BR3
antibodies and polypeptides of the invention. Thus,
for the treatment of a BR3 positive B cell neoplasm,
it is desirable that the B cell depletion be
sufficient to at least prevent progression of the
disease which can be assessed by the physician of
skill in the art, e.g., by monitoring tumor growth
(size), proliferation of the cancerous cell type,
metastasis, other signs and symptoms of the particular
cancer. According to one preferred embodiment, the B
cell depletion is sufficient to 15 prevent progression
of disease for at least 2 months, more preferably 3
months, even more preferably 4 months, more preferably
5 months, even more preferably 6 or more months. In
even more preferred embodiments, the B cell depletion
is sufficient to increase the time in remission by at
least 6 months, more preferably 9 months, more
preferably one year, more preferably 2 years, more
preferably 3 years, even more preferably 5 or more
years. In a most preferred embodiment, the B cell
depletion is 20 sufficient to cure the disease. In
preferred embodiments, the B cell depletion in a
cancer patient is at least about 75% and more
preferably, 80%, 85%, 90%, 95%, 99% and even 100% of
the baseline level before treatment. For treatment of
an autoimmune disease, it can be desirable to modulate
the extent of B cell depletion depending on the
disease and/or the severity of the condition in the
individual patient, by 25 adjusting the dosage of BR3
binding antibody or polypeptide. Thus, B cell
depletion can but does not have to be complete. Total
B cell depletion may be desired in initial treatment
but in subsequent treatments, the dosage may be
adjusted to achieve only partial depletion. In one
embodiment, the B cell depletion is at least 20%,
i.e., 80% or less of BR3 positive B cells remain as
compared to the baseline level before treatment. In
other embodiments, B cell depletion is 25%, 30%, 40%,
50%, 30 60%, 70%, 80% or greater. According to one
preferred embodiment, the B cell depletion is
sufficient to halt progression of the disease, more
preferably to alleviate the signs and symptoms of the
particular disease under treatment, even more
preferably to cure the disease. The invention also
provides bispecific BR3 binding antibodies wherein one
arm of the antibody has a humanized H and L chain of
the BR3 binding antibody of the invention, and the
other 35 arm has V region binding specificity for a
second antigen. In specific embodiments, the second
antigen is selected from the group consisting of CD3,
CD64, CD32A, CD16, NKG2D or other NK activating
ligands.Any cysteine residue not involved in
maintaining the proper conformation of the anti-BR3
antibody also may be substituted, generally with
serine, to improve the oxidative stability of the
molecule and prevent aberrant crosslinking.
Conversely, cysteine bond(s) may be added to the
antibody to improve its stability (particularly where
the antibody is an antibody fragment such as an Fv
fragment). A particularly preferred type of
substitutional variant involves substituting one or
more hypervariable region residues of a parent
antibody (e.g. a humanized or human antibody).
Generally, the resulting variant(s) selected for
further development will have improved biological
properties relative to the parent antibody from which
they are generated. A convenient way for generating
such substitutional variants involves affinity
maturation using phage display. Briefly, several
hypervariable region sites (e.g. 6-7 sites) are
mutated to generate all possible amino substitutions
at each site. The antibody variants thus generated are
displayed in a monovalent fashion from filamentous
phage particles as fusions to the gene in product of
M13 packaged within each particle. The phage-displayed
variants are then screened for their biological
activity (e.g. binding affinity) as herein disclosed
hi order to identify candidate hypervariable region
sites for modification, alanine scanning mutagenesis
can be performed to identify hypervariable region
residues contributing significantly to antigen
binding. Alternatively, or additionally, it may be
beneficial to analyze a crystal structure of the
antigen-antibody complex to identify contact points
between the antibody and human BR3. Such contact
residues and neighboring residues are candidates for
substitution according to the techniques elaborated
herein. Once such variants are generated, the panel of
variants is subjected to screening as described herein
and antibodies with superior properties in one or more
relevant assays may be selected for further
development. Another type of amino acid variant of the
antibody alters the original glycosylation pattern of
the antibody. By altering is meant deleting one or
more carbohydrate moieties found in the antibody,
and/or adding one or more glycosylation sites that are
not present in the antibody. Glycosylation of
antibodies is typically either N-linked or O-linked.
N-linked refers to the attachment of the carbohydrate
moiety to the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and
asparagine-X-threonine, where X is any amino acid
except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a
potential glycosylation site. O-linked glycosylation
refers to the attachment of one of the sugars
Naceylgalactosamine, galactose, or xylose to a
hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also
be used. Addition of glycosylation sites to the
antibody is conveniently accomplished by altering the
amino acid sequence such that it contains one or more
of the above-described tripeptide sequences (for
N-linked glycosylation sites). The alteration may also
be made by the addition of, or substitutionby, one or
more serine or threonine residues to the sequence of
the original antibody (for O-linked glycosylation
sites). Nucleic acid molecules encoding amino acid
sequence variants of the anti-BR3 antibody are
prepared by a variety of methods known in the art.
These methods include, but are not limited to,
isolation from a natural source (in the case of
naturally occurring amino acid sequence variants) or
preparation by oligonucleotide-mediated (or
site-directed) mutagenesis, PCR mutagenesis, and
cassette mutagenesis of an earlier prepared variant or
a non- variant version of the anti-BR3 antibody. It
may be desirable to modify the antibody of the
invention with respect to effector function, e.g. so
as to enhance antigen-dependent cell-mediated
cyotoxicity (ADCC) and/or complement dependent
cytotoxicity (CDC) of the antibody. This may be
achieved by introducing one or more amino acid
substitutions in an Fc region of the antibody.
Alternatively or additionally, cysteine residue(s) may
be introduced in the Fc region, thereby allowing
interchain disulfide bond formation in this region.
The homodimeric antibody thus generated may have
improved internalization capability and/or increased
complement-mediated cell killing and
antibody-dependent cellular cytotoxicity (ADCC). See
Caron et al, J. Exp Med. 176: 1191-1 195 (1992) and
Shopes, B. J. Immunol. 148:2918- 2922 (1992).
Homodimeric antibodies with enhanced anti-tumor
activity may also be prepared using heterobifunctional
cross-linkers as described in Wolff et al. Cancer
Research 53:2560-2565 (1993). Alternatively, an
antibody can be engineered which has dual Fc regions
and may thereby have enhanced complement mediated
lysis and ADCC capabilities. See Stevenson et al.
Anti-Cancer Drug Design 3:219-230 (1989). To increase
the serum half life of the antibody, one may
incorporate a salvage receptor binding epitope into
the antibody (especially an antibody fragment) as
described in U.S. Patent 5,739,277, for example. As
used herein, the term "salvage receptor binding
epitope" refers to an epitope of the Fc region of an
IgG molecule {e.g., IgGi, IgG2, IgG3, or IgG4) that is
responsible for increasing the in vivo serum half-life
of the IgG molecule. Other antibody modifications
Other modifications of the antibody are contemplated
herein. For example, the antibody may be linked to one
of a variety of nonproteinaceous polymers, e.g.,
polyethylene glycol, polypropylene glycol,
polyoxyalkylenes, or copolymers of polyethylene glycol
and polypropylene glycol. The antibody also may be
entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial
polymerization (for example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively), in colloidal drug
delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules), or in macroemulsions. Such techniques
are disclosed in Remington's PIiarmaceutical Sciences,
16th edition, Oslo, A., Ed., (1980).Screening for
antibodies with the desired properties Antibodies with
certain biological characteristics may be selected as
described in the Experimental Examples. For example,
antibodies that bind BR3 can be selected by binding to
BR3 in ELISA assays or, more preferably, by binding to
BR3 expressed on the surface of cells (e.g., BJAB cell
line). See, e.g., Example 5. The growth inhibitory
effects of an anti-BR3 antibody of the invention may
be assessed by the Examples or methods known in the
art, e.g., using cells which express BR3 either
endogenously or following transfection with the BR3
gene. For example, in one preferred embodiment,
primary B cells expressing BR3 can be used in
proliferation and survival assays (e.g., Example 7).
In another example, tumor cell lines and
BR3-transfected cells may treated with an anti-BR3
monoclonal antibody of the invention at various
concentrations for a few days (e.g., 2-7) days and
stained with crystal violet or MTT or analyzed by some
other colorimetric assay. Another method of measuring
proliferation would be by comparing 3H-thymidine
uptake by the cells treated in the presence or absence
an anti-BR3 antibody of the invention. After antibody
treatment, the cells are harvested and the amount of
radioactivity incorporated into the DNA quantitated in
a scintillation counter. Appropriate positive controls
include treatment of a selected cell line with a
growth inhibitory antibody known to inhibit growth of
that cell line. To select for antibodies which induce
cell death, loss of membrane integrity as indicated
by, e.g., propidium iodide (PI), trypan blue or 7AAD
uptake may be assessed relative to control. A PI
uptake assay can be performed in the absence of
complement and immune effector cells. BR3- expressing
tumor cells are incubated with medium alone or medium
containing of the appropriate monoclonal antibody at
e.g, about lOmg/ml. The cells are incubated for a 3
day time period. Following each treatment, cells are
washed and aliquoted into 35 mm strainer-capped 12 x
75 tubes (1ml per tube, 3 tubes per treatment group)
for removal of cell clumps. Tubes then receive PI
(lOmg/ml). Samples may be analyzed using a FACSCAN(tm)
flow cytometer and FACSCONVERT(tm) CellQuest software
(Becton Dickinson). Those antibodies which induce
statistically significant levels of cell death as
determined by PI uptake may be selected as cell
death-inducing antibodies. To screen for antibodies
which bind to an epitope on BR3 bound by an antibody
of interest, a routine cross-blocking assay such as
that described in Antibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory, Ed Harlow and David
Lane (1988), can be performed. This assay can be used
to determine if a test antibody binds the same site or
epitope as an anti-BR3 antibody of the invention.
Alternatively, or additionally, epitope mapping can be
performed by methods known in the art. For example,
the antibody sequence can be mutagenized such as by
alanine scanning, to identify contact residues. The
mutant antibody is initailly tested for binding with
polyclonal antibody to ensure proper folding. In a
different method, peptides corresponding to different
regions of BR3 can be used in competition assays with
the test antibodies or with a test antibody and an
antibody with a characterized or known
epitope.Examples of Specific Anti-BR3 Antibodies
Antibodies of this invention specifically include
antibodies comprising the variable heavy chain
sequence of any one of the antibodies disclosed in
Table 2 (below), and BR3-binding fragments thereof
that has not been produced by a hybridoma cell.
Antibodies of this invention specifically include
antibodies comprising a variable heavy chain sequence
comprising the sequence of any one of SEQ ID NO: 4-13,
15-18, 22, 24, 26-73, 75-76, 78, 80-85, 87-96, 98,
100, 102, 104, 106-107, 109- 110, 112, 114, 116, 118,
120, 122, 124, 126 and 127, and BR3-binding fragments
thereof. According to a further embodiment, an
antibody of this invention comprises the variable
heavy and the variable light chain region of any one
of the antibodies disclosed in Table 2, and
BR3-binding fragments thereof . According to one
embodiment, the antibody further comprises an Fc
region comprising the sequence of SEQ ID NO: 134,
wherein X is an amino acid selected from the group
consisting of N, A, W, Y, F and H. According to
another embodiment, the antibody comprises the
sequence of SEQ ID NO:76 or SEQ ID NO: 131, wherein X
is an amino acid selected from the group consisting of
N, A,W, Y, F and H. Table 2. Examples of Antibody
SequencesPOLYPEPTIDES THAT BIND BR3 AND USES THEREOF
FIELD OF THE INVENTION The invention relates to
antibodies and polypeptides that bind BR3 and uses
thereof. BACKGROUND OF THE INVENTION BAFF (also known
as BLyS, TALL-I, THANK, TNFSF13B, or zTNF4) is a
member of the TNF ligand superfamily that is essential
for B cell survival and maturation (reviewed in Mackay
& Browning (2002) Nature Rev. Immunol. 2, 465-475).
BAFF overexpression in transgenic mice leads to B cell
hyperplasia and development of severe autoimmune
disease (Mackay, et al. (1999) J. Exp. Med. 190,
1697-1710; Gross, et al. (2000) Nature 404, 995-999;
Khare, et al. (2000) Proc. Natl. Acad. ScL U.S.A. 97,
3370-33752-4). BAFF levels are elevated in human
patients with a variety of autoimmune disorders, such
as systemic lupus erythematosus, rheumatoid arthritis,
Wegener's granulomatosis and Sjogren's syndrome
(Cheema, G. S, et al., (2001) Arthritis Rheum. 44,
1313-1319; Groom, J., et al, (2002) J. Clin. Invest.
109, 59-68; Zhang, J., et al., (2001) J. Immunol. 166,
6-10; Krumbholz et al., ANCA Workshop, Prague, Czech
Republic, 2003). Furthermore, BAFF levels correlate
with disease severity, suggesting that BAFF may play a
direct role in the pathogenesis of these illnesses.
BAFF blockade in animal models of collagen-induced
arthritis (CIA), lupus (e.g., BWFl mice), multiple
sclerosis (e.g., experimental autoimmune
encephalomyelitis (EAE)) resulted in an alleviation of
the disease. BR3:Fc treatment in a chronic
graft-versus-host disease (cGVHD) model significantly
inhibited splenomegaly associated with cGVHD, not by
preventing B cell activation, but by inhibiting B cell
survival (Kalled, SL et al. (2005) Curr Dir
Autoimmun.8:206-42). Thus, it is likely that BAFF
blockade will provide efficacy in other animal models
of autoimmunity with a strong B cell component. In
addition, there have been reports that both CD4+ and
CD8+ T cells can be costimulated by recombinant BAFF
to produce Type I and Type II cytokines and increase
CD25 expression (Ng, LG, et al. 2004. J Immunol
173:807). Further, BAFF-R:Fc reportedly blocked
BAFF-mediated human T cell proliferation (Huard, B, et
al., (2000) J Immunol 167:6225). Still further, some
patients with Blymphoid malignancies have elevated
levels of BAFF (Kern, C et al., (2004) Blood
103(2):679-88). According to one report, adding
soluble BAFF or APRIL protected B-CLL cells against
spontaneous and drug-induced apoptosis and stimulated
NF-kappaB activation. Conversely, adding soluble
BCMA-Fc or anti-BAFF and anti-APRIL antibodies
enhanced B-CLL apoptosis (Kern, C et al., supra). BAFF
may act as an essential autocrine survival factor for
malignant B cells (Mackay F, et al., 



(2004) Curr Opin Pharmacol. 4(4):347-54). Thus, BAFF
has been linked to a variety of disease states. BAFF
binds to three members of the TNF receptor
superfamily, TACI, BCMA, and BR3 (also known as
BAFF-R) (Gross, et al., supra; 8. Thompson, J . S., et
al., (2001) Science 293, 2108-2111. Yan, M., et al.;.
(2001) Curr. Biol. 11,1547-1552; Yan, M., et al.,.
(2000) Nat. Immunol. 1, 37- 41. Schiemann, B., et al.,
(2001) Science 293, 2 111-2114). Of the three, only
BR3 is specific for BAFF; the other two also bind the
related TNF family member, APRIL. Comparison of the
phenotypes of BAFF and receptor knockout or mutant
mice indicates that signaling through BR3 mediates the
B cell survival functions of BAFF (Thompson, et al.,
supra; Yan, (2002), supra; Schiemann, supra). In
contrast, TACI appears to act as an inhibitory
receptor (Yan, M., (2001) Nat. Immunol. 2, 638-643),
while the role of BCMA is less clear (Schiemann,
supra). BR3 is a 184-residue type III transmembrane
protein expressed on the surface of B cells (Thompson,
et al., supra; Yan, (2002), supra). The intracellular
region bears no sequence similarity to known
structural domains or protein-protein interaction
motifs. Several lines of investigation have provided
strong evidence that BR3 is the primary receptor
through which B cells receive a BAFFmediated survival
signal (reviewed in Kalled, S., et al., Curr Dir
Autoimmun. 2005;8:206-42). This has been confirmed by
the recent generation of BAFF-R knockout mice wherein
these BAFF-R mice (Shulga-Morkskaya, S. et al., (2004)
J Immunol. 15;173(4):2331-41). BR3 is expressed in a
variety of disease tissue including multiple myeloma
and non-Hodgkin' s Lymphoma (Novak, AJ (2004) Blood
104:2247-2253; Novak, AJ (2004) Blood 103:689-694).
SUMMARY OF THE INVENTION The present invention
provides novel BR3-binding polypeptides, including BR3
binding immunoadhesins, antibodies and peptides
lacking an Fc region, and their unexpected and
beneficial properties in the methods of this
invention, including for example, their use as potent
agents for depleting B cells, for stimulating B cell
proliferation and survival, for therapeutic use or for
diagnostic or research use. The present invention
provides BR3 binding polypeptides that comprise any
one, any combination or all of the following
properties: (1) binds to a human BR3 extracellular
domain sequence with an apparent Kd value of 50OnM or
less, 10OnM or less, 50 nM or less, 1OnM or less, 5nM
or less or InM or less; (2) binds to a human BR3
extracellular domain sequence and binds to a mouse BR3
extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (3) has a
functional epitope on human BR3 comprising a specific
residue(s); (4) inhibits the binding of human BR3 to
human BAFF; (5) has antibody dependent cellular
cytotoxicity (ADCC) in the presence of human effector
cells or has increased ADCC in the presence of human
effector cells compared to wild-type IgG or has
decreased ADCC in the presence of human effector cells
compared to wild-type IgG or native sequence IgG Fc;
(6) is derived from any one of antibodies disclosed
herein and (7) binds the human Fc neonatal receptor
(FcRn) with a higher affinity than a polypeptide or
parent polypeptide having wild type or native sequence
IgG Fc; and (8) kills or depletes B cells in vitro or
in vivo, preferably by at least 20%when compared to
the baseline level or appropriate negative control
which is not treated with such antibody. BR3 binding
polypeptides include peptides that bind BR3 (e.g.,
derived from phage display) that are fused to Fc
domains (e.g., peptibodies). In one embodiment,
compared to treatment with a control antibody that
does not bind a B cell surface antigen or as compared
to the baseline level before treatment, an antibody of
this invention can deplete at least 20% of the B cells
in any one, any combination or all of following
population of cells in mice: (1) B cells in blood, (2)
B cells in the lymph nodes, (3) follicular B cells in
the spleen and (4) marginal zone B cells in the
spleen. In other embodiments, B cell depletion is 25%,
30%, 40%, 50%, 60%, 70%, 80% or greater. The present
invention also provides agonistic BR3 binding
polyptides that comprise any one, any combination or
all of the following properties: (1) binds to a human
BR3 extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (2) has a
functional epitope on human BR3 specific residues; (3)
stimulates B cell proliferation in vitro; (4) inhibits
the binding of human BR3 to human BAFF; (5) is derived
from any one of antibodies disclosed herein; (6) binds
the human Fc neonatal receptor (FcRn) with a higher
affinity than a polypeptide or parent polypeptide
having wild type or native sequence IgG Fc and (7)
stimulates B cell proliferation or B cell survival in
vivo. According to one embodiment, the agonistic
antibody has less or no ADCC function compared to a
wild-type IgGl or native IgGl Fc sequence or the 9.1RF
antibody. According to one embodiment, the agonistic
antibody of this invention has at least the following
substitutions D265A/N297A (EU numbering system) in the
Fc region. According to one embodiment, the agonistic
antibody has an IgG Fc sequence of human IgG4.
According to one embodiment, the BR3 binding
polypeptides of this invention have a functional
epitope on human BR3 comprising residues F25, V33 and
A34, wherein the monoclonal antibody is not the 9.1
antibody or the 2.1 antibody. According to a further
embodiment, the functional epitope further comprises
residue R30. According to one embodiment, the BR3
binding polypeptides of this invention have a
functional epitope on human BR3 comprising residues
P21 and A22. According to one embodiment, the BR3
binding polypeptides of this invention have a
functional epitope on human BR3 comprising residues
L38 and R39, wherein the antibody is not the 9.1
antibody. According to one embodiment, the BR3 binding
polypeptides have a functional epitope on human BR3
comprising residue G36, wherein the antibody is not
the 2.1 antibody. According to one embodiment, the BR3
binding polypeptides of this invention have a
functional epitope on human BR3 comprising residues
V29 and L28. According to yet another embodiment, the
functional epitiope further comprises L28 and V29.
According to one embodiment, the anti-BR3 antibody
that has a functional epitope on human BR3 that
comprises any one, any combination or all of L38, R39,
P21 and A22 is an antagonistic BR3 binding antibody.
According to another embodiment, the antiBR3 antibody
that has a functional epitope on human BR3 that
comprises G36 is an agonistic BR3 binding antibody.
The present invention provides the antibodies of Table
2, BR3 binding antibodies derived from those
antibodies and antibodies that bind BR3 and have an
Hl, H2, H3, Ll, L2 or L3 regions with at least 70%
homology to any one of the underlined portions of the
antibodies sequences described in the Figures or to
the CDRs or hypervariable regions described in the
Sequence Listing. According to one embodiment, an
antibody of this invention binds BR3 and has Hl, H2
and H3 regions with at least 70% homology to the Hl,
H2 and H3 region, respectively, of any one of the
antibodies of Table 2. According to one embodiment, an
antibody of this invention binds BR3 and has Ll, L2
and L3 regions with at least 70% homology to the Ll,
L2 and L3 region, respectively, of any one of the
antibodies of Table 2. According to one embodiment,
the antibodies bind BR3 and have a VH domain with at
least 70% homology to a VH domain of any one of the
antibodies of Table 2. The present invention provides
humanized anti-BR3 antibodies comprising an H3
hypervariable region (HVR3) comprising the residues
QVRRALDY (SEQ ID NO:212). According to another
embodiment, a BR3 binding antibody comprises: (1) an
H3 hypervariable region (HVR3) comprising the residues
QVRRALDY (SEQ ID NO:212); and (2) a heavy chain
framework 3 region (HC-FR3) comprising the residues
RDTSKNTF (SEQ ID NO:210). In one embodiment, the BR3
binding antibody further comprises an HVRl comprising
residues numbered 26-35 and an HVR2 comprising
residues 49-65 (Kabat numbering) of an antibody
sequence of any one of SEQ ID NOs: 35-36. In another
embodiment, the anti-BR3 antibody further comprises
residues GFTVTAYYMS (SEQ ID NO:214) in the Hl
hypervariable region (HVRl) and residues
GFIRDKANGYTTEYNPSVKG (SEQ ID NO: 213) in the H2
hypervariable region (HVR2). According to one
embodiment, the antibody further comprises residues
KSSQSLLYSSNQNNYLA (SEQ ID NO:232) in the LVRl,
residues WASTRES (SEQ ID NO:233) in the LVR2 and
residues QQSQISPPT (SEQ ID NO:231) in the LVR3.
According to another embodiment, an anti-BR3 binding
antibody comprises: (1) an H3 hypervariable region
(HVR3) comprising QVRRALDY (SEQ ID NO:212); and (2) a
heavy chain framework 3 region (HC-FR3) comprising
RDTSKNTL (SEQ ID NO:21 1). In one embodiment, the BR3
binding antibody comprises residues numbered 26-35 and
49-65 (Kabat numbering) of any one of the antibody
sequences of SEQ ID NOs:37-73. According to one
embodiment, the antibody further comprises residues
KSSQSLLYSSNQNNYLA (SEQ ID NO:232) in the LVRl,
residues WASTRES (SEQ ID NO:233) in the LVR2 and
residues QQSQISPPT (SEQ ID NO:231) in the LVR3.
According to another embodiment, an anti-BR3 binding
antibody comprises a L2 hypervariable region (LVR2)
comprising Formula I : W-A-X3-X4-X5-X6-S (SEQ ID
NO:215) (Formula T),wherein X3 is Q or S; X4 is H, I
or T; X5 is L or R and X6 is D or E and wherein
Formula I is not WASTRES (SEQ ID NO:233). According to
one embodiment, the anti-BR3 antibody further
comprises an H3 hypervariable region (HVR3) comprising
QVRRALDY (SEQ ID NO:212). According to one embodiment,
the LVR2 comprises residues numbered 50-56 (Kabat
numbering) of 5 the antibody sequence selected from
the group consisting of SEQ ID NOs:23 and 25.
According to one embodiment, the antibody further
comprises residues GFTVTAYYMS (SEQ ID NO:214) in the
HVRl and residues GFIRDKANGYTTEYNPSVKG (SEQ ID NO:213)
in the HVR2. According to one embodiment, the antibody
further comprises residues KSSQSLLYSSNQNNYLA (SEQ ID
NO:232) in the LVRl and residues QQSQISPPT (SEQ ID
NO:231) in the LVR3. 10 According to another
embodiment, an anti-BR3 binding antibody comprises: a
Hl hypervariable region (HVRl) comprising Formula II:
X1-X2-X3-X4-X5-X6-X7-Y-X9-X10 (SEQ ID NO:216) (Formula
II), wherein Xl is G or D, S, A, V, E or T; X2 is L,
S, W, P, F, A, V, I, R, Y or D; X3 is P, T, A, N, S,
I, K, L or Q; X4 is M, R, V, Y, G, E, A, T, L,Wor D;
X5 is A, S, T, G, I, R, P, N, D, Y or H; 15 X6 is G,
A, S, P or T; X7 is F, H, Y, R, S, V or N; X9 is T, I,
M, F,W or V; XlO is T, G, S or A and wherein Formula
II is not GFTVTAYYMS (SEQ ID NO:214). According to one
embodiment, the antibody further comprises an H3
hypervariable region (HVR3) comprising QVRRALDY (SEQ
ID NO:212). According to one embodiment, the HVRl
comprises residues numbered 26-35 (Kabat numbering) of
the antibody sequence selected from the group
consisting of SEQ ID NOs:24, 26-34, 20 36 and 38-73.
According to one embodiment, the antibody further
comprises residues WASTRES (SEQ ID NO:233) in the
LVR2. According to one embodiment, the antibody
further comprises residues KSSQSLLYSSNQNNYLA (SEQ ID
NO:232) in the LVRl, residues WASTRES (SEQ ID NO:233)
in the LVR2 and residues QQSQISPPT (SEQ ID NO:231) in
the LVR3. According to one embodiment, the antibody
further comprises residues GFIRDKANGYTTEYNPSVKG (SEQ
ID 25 NO:213) in the HVR2. According to another
embodiment, a BR3 binding antibody of this invention
is an antibody that comprises: (1) an H3 hypervariable
region (HVR3) comprising QVRRALDY (SEQ ID NO:212) and
(2) residues numbered 50-56 of the LVR2 and residues
numbered 26-35 of the HVRl of an antibody selected
from the group consisting of Hu9.1-73, Hu9.1-70,
Hu9.1-56, Hu9.1-51, Hu9.1-59, 30 Hu9.1-61, Hu9.1-A,
Hu9.1-B and Hu9.1-C. According to one embodiment, the
antibody further comprises residues
GFIRDKANGYTTEYNPSVKG (SEQ ID NO:213) in the HVR2.
According to one embodiment, the antibody further
comprises residues KSSQSLLYSSNQNNYLA (SEQ ID NO:232)
in the LVRl and residues QQSQISPPT (SEQ ID NO:231) in
the LVR3. The present invention also provides anti-BR3
antibodies comprising an HVR3 comprising 35 residues
numbered 94-102 (Kabat numbering) of the antibody
sequence selected from the group consisting of SEQ ID
NOS:7-13 and 16-18. According to one embodiment, the
antibody further comprises an HVRl and HVR2 comprising
residues 26-35 and residues 49-65 (Kabat
numbering),respectively, of the antibody sequence of
any one of SEQ ID NOS:7-13 and 16-18. According to one
embodiment, the LVRl, LVR2 and LVR3 of the antibody
comprises residues 24-34, residues 50-56 and residues
89-97 (Kabat numbering), respectively, of the antibody
sequence of SEQ ID NO:3. According to one embodiment,
the anti-BR3 comprises a variable heavy chain domain
comprising the variable heavy chain sequence of any
one of SEQ ID NOs: 22, 24 and 26-73. According to one
embodiment, the anti-BR3 comprises a variable light
chain domain comprising the variable light chain
sequence of any one of SEQ ID NOs:21, 23 and 25.
According to another embodiment, the antibody
comprises the sequence of SEQ ID NO:74. According to
another embodiment, the antibody comprises the
sequence of SEQ ID NO:76, wherein X is A,W, H, Y, S or
F. According to one specific embodiment, the antibody
comprises the sequence of SEQ ID NO:75. The present
invention provides an anti-BR3 antibody comprising an
HVR3 comprising Formula HI: X1-X2-X3-X4-X5-G-X7-MDY
(SEQ ID NO:218) (Formula HI), wherein Xl is N, T or R;
X2 is A, S, T, L, N or P; X3 is N, H or L; X4 is P, Y,
F, N, T or L; X5 is Y, T or D; and X7 is A or E.
According to one embodiment, Formula III is not
TPHTYGAMDY (SEQ ID NO:235). According to one
embodiment, Formula in is NSNFYGAMDY (SEQ ID NO:219).
According to one embodiment, the antibody further
comprises an HC-FR3 comprising residues RDTSKNTF (SEQ
ID NO:210) or RDTSKNTL (SEQ ID NO:21 1). According to
one embodiment, the LVRl, LVR2 and LVR3 of the
antibody comprise residues 24-34, residues 50-56 and
residues 89-97 (Kabat numbering), respectively, of the
antibody sequence of SEQ ID NO:3. According to one
embodiment, the HVRl and HVR2 of the antibody comprise
residues 26-35 and residues 49-65 (Kabat numbering),
respectively, of the antibody sequence of SEQ ID NO:4.
Alternatively, the present invention provides an
anti-BR3 antibody comprising an HVR3 comprising
Formula III: X1-X2-X3-X4-X5-G-X7-MDY (SEQ ID NO:218)
(Formula III), wherein Xl is N, T or R; X2 is A, S, T,
L, N or P; X3 is N, H or L; X4 is P, Y, F, N, T or L;
X5 is Y, T or D; and X7 is A or E and wherein the
antibody further comprises an HC-FR3 comprising
residues RDTSKNTF (SEQ ID NO:210) or RDTSKNTL (SEQ ID
NO:21 1). According to one embodiment, when the HC-FR3
comprises RDTSKNTF (SEQ ID NO:210), then HVR3 of the
antibody comprises residues 94-102 (Kabat numbering )
of the antibody sequence of any one of SEQ ID NOs:6-9
and 16-17. According to one embodiment, when the
HC-FR3 comprises RDTSKNTL (SEQ ID NO:21 1), then the
HVR3 of the antibody comprises residues 94-102 (Kabat
numbering ) of the antibody sequence of any one of SEQ
IDNOs: 5 and 10-13. According to one embodiment, the
LVRl, LVR2 and LVR3 of the antibody comprise residues
24-34, residues 50-56 and residues 89-97 (Kabat
numbering), respectively, of the antibody sequence of
SEQ ID NO:3. According to one embodiment, the HVRl and
HVR2 of the antibody comprise residues 26-35 and
residues 49-65 (Kabat numbering) of the antibody
sequence of SEQ ID NO:4, respectively.In one
embodiment, the sequence of Formula III is Formula IV:
X1-X2-X3-X4-X5-GAMDY (SEQ ID NO:218) (Formula IV),
wherein Xl is N, T or R; X2 is S, T, L, N or P; X3 is
N or L; X4 is P, Y, F, N or L; X5 is Y or D. According
to one embodiment, the anti-BR3 antibody comprises an
HVR3 comprising the sequence of Formula IV and a
HC-FR3 comprising the sequence of SEQ ID NO:210. In a
further embodiment, the antibody comprises the light
chain sequence of SEQ ID NO: 14. An a further
embodiment, the antibody comprises an Fc region having
D265A/N297A (EU numbering) mutations. According to one
embodiment, the anti-BR3 comprises a variable heavy
chain domain comprising the variable heavy chain
sequence of any one of SEQ ED NOs:4-13 and 16-18.
According to one embodiment, the anti-BR3 comprises a
variable light chain domain comprising the variable
light chain sequence of SEQ ID NO:3. According to
another embodiment, the antibody comprises the
sequence of SEQ ID NO: 14. According to another
embodiment, the antibody comprises the sequence ofSEQ
ID NO:15. The present invention provides an anti-BR3
antibody comprising the variable light chain sequence
SEQ ID NO:77 and the variable heavy chain sequence SEQ
ID NO:78, and variants thereof. According to one
embodiment, an anti-BR3 antibody comprises the
variable light chain sequence of SEQ ID NO:79.
According to another embodiment, an anti-BR3 antibody
comprises the variable heavy chain sequence of any one
of SEQ ID NOs:80-85. According to one embodiment, an
anti-BR3 antibody comprises an HVRl comprising
residues numbered 26-35 (Kabat numbering) of the
antibody sequence of any one of SEQ ID NOs:80 or 82.
According to one embodiment, an anti-BR3 antibody
comprises an HVR2 comprising residues numbered 49-65
(Kabat numbering) of the antibody sequence of any one
of SEQ ED NOs:80, 84 or 85. According to one
embodiment, an anti- BR3 antibody comprises an HVR3
comprising residues numbered 94-102 (Kabat numbering)
of the antibody sequence of any one of SEQ ED NOs:80,
82 or 83. In another embodiment, the anti-BR3 antibody
comprises (1) an HVR3 comprising residues 94-102
(Kabat numbering) of the antibody sequence of any one
of SEQ ED NOs: 81-85 and (2) a heavy chain framework 3
region (HC-FR3) comprising RDTSKNTF (SEQ ED NO:210).
According to one embodiment, an anti-BR3 antibody
comprises residues numbered 26-35, 49-65 and 94-102 of
the antibody sequence of any one of SEQ ED NOs:80-85.
According to one embodiment, the anti-BR3 antibody
comprises an LVRl comprising residues numbered 24-34
(Kabat numbering) of the antibody sequence SEQ ED
NO:79. According to one embodiment, the anti-BR3
antibody comprises an LVR2 comprising residues 



numbered 50-56 (Kabat numbering) of the antibody
sequence SEQ ED NO:79. According to one embodiment,
the anti-BR3 antibody comprises an LVR3 comprising
residues numbered 89-97 (Kabat numbering) of the
antibody sequence SEQ ED NO:79. According to another
embodiment, the LVRl, LVR2 and LVR3 of an anti-BR3
antibody comprises residues numbered 24-34, 50-56 and
89-97 (Kabat numbering), respectively, of SEQ ED
NO:79.According to one embodiment, the anti-BR3
comprises a variable heavy chain domain comprising the
variable heavy chain sequence of any one of SEQ ID
NOs78 and 80-85. According to one embodiment, the
anti-BR3 comprises a variable light chain domain
comprising the variable light chain sequence of SEQ ID
NO:77 and 79. The present invention provides is an
anti-BR3 antibody comprising an HVR3 comprising
residues numbered 95-102 of the antibody sequence of
any one of SEQ ID NOs:87-94. The present invention
provides an anti-BR3 antibody comprising an HVR2
comprising residues numbered 49-58 of the antibody
sequence of any one of SEQ ID NOs87-94, 98, 100, 102,
104, 106, 107, 109-1 10, 112, 114, 116, 118, 120, 122,
124-127, 129 and 193. The present invention provides
an anti-BR3 antibody comprising an HVRl comprising
residues numbered 24-34 of the antibody sequence of
any one of SEQ ID NOs:87-94, 98, 100, 102, 104, 106,
107, 109-110, 112, 114, 116, 118, 120, 122, 124-127,
129 and 193. The present invention provides an
anti-BR3 antibody comprising an LVRl comprising
residues numbered 24-34 of the antibody sequence of
any one of SEQ ED NOs:86, 97, 99, 101, 103, 105, 108,
111, 113, 115, 117, 119, 121, 123, 128 and 194-207.
The present invention provides an anti-BR3 antibody
comprising an LVR2 comprising residues numbered 50-56
of the antibody sequence of any one of SEQ ED NOs:86,
97, 99, 101, 103, 105, 108, 111, 113, 115, 117, 119,
121, 123, 128 and 194-207. The present invention
provides an anti-BR3 antibody comprising an LVR3
comprising residues numbered 89-97 of the antibody
sequence of any one of SEQ ID NOs:86, 97, 99, 101,
103, 105, 108, 111, 113, 115, 117, 119, 121, 123, 128
and 194-207. According to one embodiment, the LVRl,
LVR2 and LVR3 comprises residues numbered 24-34, 50-56
and 89-97 of the antibody sequence of any one of SEQ
ED NOs:86, 97, 99, 101, 103, 105, 108, 111, 113, 115,
117, 119, 121, 123, 128 and 194-207. According to one
embodiment, the HVRl, HVR2 and HVR3 comprises residues
numbered 24-34, 49-58 and 95-102 of of the antibody
sequence of any one of SEQ ED NOs87-94, 98, 100, 102,
104, 106, 107, 109-110, 112, 114, 116, 118, 120, 122,
124-127, 129 and 193. In one embodiment, the anti-BR3
antibody comprises a variable heavy chain domain
comprising the VH sequence of any one of SEQ ED
NOs87-94, 98, 100, 102, 104, 106, 107, 109-110, 112,
114, 116, 118, 120, 122, 124-127, 129 and 193. In one
embodiment, the anti-BR3 antibody comprises a variable
light chain domain comprising the VL sequence of any
one of SEQ ED NOs: 86, 97, 99, 101, 103, 105, 108,
111, 113, 115, 117, 119, 121, 123, 128 and 194-207.
The present invention provides an anti-BR3 antibody
comprising HVR3 comprising RVCYN-X6-LGVCAGGMDY (SEQ ED
NO:220) (Formula V), wherein X6 is R or H. The present
invention provides an anti-BR3 antibody comprising an
LVRl comprising the Formula VI:
RAS-X4-X5-X6-X7-X8-X9-VA (Formula VI), wherein X4 is Q
or E; X5 is D or E; X6 is I or E; X7 is S or A, X8 is
S or T and X9 is A or S. The present invention
provides an anti-BR3 antibody comprising an LVR2
comprising the Formula VII:X1-X2-A-S-X5-L-X7-S
(Formula VII), Wherein Xl is Y or F; X2 is S, A or G;
X5 is N, F or Y; and X7 is F or Y. The present
invention provides an anti-BR3 antibody comprising an
LVR3 comprising the Formula VIU: Q-X2-S-X4-X5-X6-PPT
(Formula VIII), wherein X2 is Q or H; X4 is G, L, R,
H, Y, Q or E; X5 is N, T,M, S, A, T, I or V; and X6 is
T or S. According to one embodiment, the anti-BR3
antbody comprises a light chain comprising the
sequences of Formula I, II and III. According to
another embodiment, the anti-BR3 antbody comprises a
light chain comprising the sequences of Formula I, II
and III and comprises a HVR3 comprising the sequence
of Formula V or SEQ ID NO: 220. The present invention
provides anti-BR3 binding antibody comprises an H3
comprising RVCYNRLGVCAGGMDY (SEQ ID NO:221); an Hl
comprising residues SGFTISSNSIH (SEQ ID NO:222) and an
H2 comprising AWITPSDGNTD (SEQ ID NO: 223). In another
embodiment, the anti-BR3 binding antibody comprises an
H3 comprising RVCYNRLGVCAGGMDY (SEQ ID NO:221); an Hl
comprising residues SGFTISSSSIH (SEQ ID NO:224) and an
H2 comprising AWVLPSVGFTD (SEQ ID NO: 225). According
to one embodiment, the anti-BR3 comprises a variable
heavy chain comprising the variable heavy chain
sequence of any one of SEQ ID NOs87-96, 98, 100, 102,
104, 106, 107, 109-110, 112, 114, 116, 118, 120, 122,
124-127, 129 and 193. According to one embodiment, the
anti-BR3 comprises a variable light chain comprising
the variable light chain sequence of any one of SEQ ID
NOs:86, 97, 99, 101, 103, 105, 108, 111, 113, 115,
117, 119, 121, 123, 128 and 194-207. In one
embodiment, the BR3 binding antibody can competitively
inhibit the binding of an antibody produced by the
hybridoma deposited as 3.1 (ATCC Deposit PTA-6622) or
12B12.1 (ATCC Deposit PTA-6624) to the human BR3
extracellular domain. In a further embodiment, the
antibody comprises the variable region sequence of the
antibody produced by the hybridoma deposited as 3.1
(ATCC Deposit PTA-6622) or 12B12.1 (ATCC Deposit
PTA-6624) to the human BR3 extracellular domain. In
another embodiment, the antibody comprises the
hypervariable region sequence of the antibody produced
by the hybridoma deposited as 3.1 (ATCC Deposit
PTA-6622) or 12B12.1 (ATCC Deposit PTA-6624). In
another embodiment, antibody is a humanized form of
the antibody produced by the hybridoma deposited as
3.1 (ATCC Deposit PTA-6622) or 12B12.1 (ATCC Deposit
PTA- 6624). In one embodiment, the BR3 binding
antibody can competitively inhibit the binding of an
antibody produced by the hybridoma deposited as 3.1
(ATCC Deposit PTA-6622) or 12B12.1 (ATCC Deposit
PTA-6624) to human BR3. In a further embodiment, the
antibody comprises the variable region sequence of the
antibody produced by the hybridoma deposited as 3.1
(ATCC Deposit PTA- 6622) or 12B12.1 (ATCC Deposit
PTA-6624) to human BR3. In another embodiment, the
antibody comprises the hypervariable region sequence
of the antibody produced by the hybridoma deposited
as3.1 (ATCC Deposit PTA-6622) or 12Bl2.1 (ATCC Deposit
PTA-6624). In another embodiment, antibody is a
humanized form of the antibody produced by the
hybridoma deposited as 3.1 (ATCC Deposit PTA-6622) or
12B12.1 (ATCC Deposit PTA-6624). In one embodiment,
the antibody of this invention binds to the same
epitope as any one of 5 the antibodies specifically
described herein. In another embodiment, the antibody
of this invention comprises the sequence of the
deposited antibodies. The present invention provides
BR3 binding antibodies and immunoadhesins with altered
Fc effector function, such as ADCC, CDC and FcRn
binding. In one embodiment, antibodies and
immunoadhesins with increased ADCC activity compared
to a wild-type human IgGl is contemplated. 10
According to another embodiment, antibodies and
immunoadhesins with decreased ADCC activity compared
to a wild-type human IgGl is contemplated. According
to yet another embodiment, antibodies and
immunoadhesins with increased FcRn binding affinity
compared to a wild-type human IgGl is contemplated.
According to one embodiment, the antibody or
immunoadhesin has at least one substitution in the Fc
region selected from the group consisting of: 238,
239, 246, 248, 249, 252, 15 254, 255, 256, 258, 265,
267, 268, 269, 270, 272, 276, 278, 280, 283, 285, 286,
289, 290, 292, 293, 294, 295, 296, 298, 301, 303, 305,
307, 309, 312, 315, 320, 322, 324, 326, 327, 329, 330,
331, 332, 333, 334, 335, 337, 338, 340, 360, 373, 376,
378, 382, 388, 389, 398, 414, 416, 419, 430, 434, 435,
437, 438 and 439 of the Fc region, wherein the
numbering of the residues in the Fc region is
according to the EU numbering system. According to one
embodiment, residue 434 is a residue 0 selected from
the group consisting of A,W, Y, F and H. According to
another embodiment, the antibody or immunadhesin has
the following substitutions S298A/E333A/K334A.
According to another embodiment, the antibody or
immunadhesin has the following substitution K322A.
According to another embodiment, the antibody or
immunadhesin comprises the sequence of SEQ ID NO: 134,
wherein X is any amino acid selected from the group
consisting of A, W, H, Y and F. 5 According to another
embodiment, the antibody or immunadhesin has any one
or any combination of the following substitutions
K246H, H268D, E283L, S324G, S239D and I332E. According
to yet another embodiment, an antibody or immunadhesin
of this invention has at least the following
substitutions D265A/N297A. According to one embodiment
of the invention, the BR3 binding polypeptide is
conjugated to 0 a cytotoxic agent or a
chemotherapeutic agent. According to another
embodiment, the antibody is a monoclonal antibody.
According to another embodiment, the antibody is a
humanized antibody. According to another embodiment,
the antibody is a human antibody. According to another
embodiment, the antibody is a chimeric antibody.
According to another embodiment, the antibody is
selected from the group consisting of a Fab, Fab', a 5
F(ab)' 2, single-chain Fv (scFv), an Fv fragment; a
diabody and a linear antibody. According to another
embodiment, the antibody is a multi-specific antibody
such as a bispecific antibody.Also provided is a
composition comprising an antibody or polypeptide of
any one of the preceding embodiments, and a carrier.
In one embodiment, the carrier is a pharmaceutically
acceptable carrier. These compositions can be provided
in an article of manufacture or a kit. The invention
also provided a liquid formulation comprising an
anti-BR3 antibody in a histidine buffer. According to
one embodiment, the buffer is a histidine sulfate
buffer. According to another embodiment, a formulation
or composition of this invention is packaged as a
pre-filled syringe. The invention also provides an
isolated nucleic acid that encodes any of the antibody
sequences disclosed herein, including an expression
vector for expressing the antibody. Another aspect of
the invention are host cells comprising the preceding
nucleic acids, and host cells that produce the
antibody. In one preferred embodiment of the latter,
the host cell is a CHO cell. A method of producing
these antibodies is provided, the method comprising
culturing the host cell that produces the antibody and
recovering the antibody from the cell culture. Yet
another aspect of the invention is an article of
manufacture comprising a container and a composition
contained therein and a package insert, wherein the
composition comprises an antibody of any of the
preceding embodiments. According to one embodiment,
the article of manufacture is a diagnostic kit
comprising a BR3-binding antibody of this invention.
The invention also provides methods of treating the
diseases disclosed herein by administration of a BR3
binding antibody, polypeptide or functional fragment
thereof, to a mammal such as a human patient having a
bone marrow transplant and a human patient suffering
from the disease such as an autoimmune disease, a
cancer, a B cell neoplasm, a BR3 positive cancer or an
immunodeficiency disease. According to one preferred
embodiment for treating an autoimmune disease, B cell
neoplasm or a BR3 positive cancer, the BR3 binding
polypeptide or antibody to be administered is
preferably an antagonist BR3-binding antibody or
polypeptide or is not an agonist BR3 binding antibody
or polypeptide. According to one preferred embodiment
for treating an immunodeficiency disease, the BR3
binding antibody or polypeptide to be used is an
agonist BR3- binding antibody or polypeptide of this
invention. According to one embodiment, the cancers to
be treated according to this invention is selected
from the group consisting of non-Hodgkin's lymphoma,
chronic lymphocytic leukemia, multiple myeloma,
(including follicular lymphoma, diffuse large B cell
lymphoma, marginal zone lymphoma and mantle cell
lymphoma). In one embodiment of the methods for
treating an autoimmune disease, cancer, B cell
neoplasm or a BR3 positive cancer, the antibody is a
BR3-binding antibody that has increased ability to
bind FcRn at pH 6.0 compared to a 9.IRF antibody of
this invention. In one embodiment of the methods for
treating an autoimmune disease, B cell neoplasm or a
BR3 positive cancer, the BR3 binding antibody is a
BR3-binding antibody that has increased ADCC effector
function in the presence of human effector cells
compared to a 9.1RF antibody.In one embodiment, the
BR3 positive cancer is a B cell lymphoma or leukemia
including non-Hodgkin's lymphoma (NHL) or lymphocyte
predominant Hodgkin's disease (LPHD), chronic
lymphocytic leukemia (CLL), acute lymphocytic leukemia
(ALL) or small lymphocytic lymphoma (SLL). According
to another embodiment, the BR3 positive cancer is
multiple myeloma. In additional embodiments, the
treatment method further comprises administering to
the patient at least one chemotherapeutic agent,
wherein for non-Hodgkin's lymphoma (NHL), the
chemotherapeutic agent is selected from the group
consisting of doxorubicin, cyclophosphamide,
vincristine and prednisolone. Also provided is a
method of treating an autoimmune disease, comprising
administering to a patient suffering from the
autoimmune disease, a therapeutically effective amount
of a BR3 binding antibody or polypeptide of this
invention. According to one embodiment, the autoimmune
disease is selected from the group consisting of
rheumatoid arthritis, juvenile rheumatoid arthritis,
lupus including systemic lupus erythematosus (SLE),
Wegener's disease, inflammatory bowel disease
including Crohn's Disease and ulcerative colitis,
idiopathic thrombocytopenic purpura (ITP), thrombotic
thrombocytopenic purpura (TTP), autoimmune
thrombocytopenia, multiple sclerosis, psoriasis, Ig
neuropathies including IgA nephropathy, IgM
polyneuropathies, and IgG neuropathy, myasthenia
gravis, vasculitis including ANCA-associated
vasculitis, diabetes mellitus, Reynaud's syndrome,
Sjorgen's syndrome, neuromyelitis optica (NMO),
pemphigus including paraneoplastic pemphigus,
pemphigus vulgaris and pemphigus foliaceus,
polymyositis/dermatomyositis and glomerulonephritis.
Where the autoimmune disease is rheumatoid arthritis,
the antibody can be administered in conjunction with a
second therapeutic agent. According to one embodiment,
the second therapeutic agent is methotrexate. In these
treatment methods for autoimmune diseases, B cell
neoplasms, BR3 positive cancers, the BR3 binding
antibodies can be administered alone or in conjunction
with a second therapeutic agent such as a second
antibody, another B cell depleting agent, a
chemotherapeutic agent, an immunosuppressive agent or
another biologic that modulates human immune responses
(e.g., a biologic response modifier). The second
antibody can be one that binds CD20 or a different B
cell antigen, or a NK or T cell antigen. In one
embodiment, the anti-CD20 antibody is selected from
the group consisting of rituximab (RITUXAN(r)), m2H7
(murine 2H7), hu2H7 (humanized 2H7) and all its
functional variants, hu2H7.vl6 (v stands for version),
v31, v96, vl 14 and vl 15, (e.g., see, WO
2004/056312). In one embodiment, the second antibody
is a radiolabeled anti-CD20 antibody. In other
embodiments, the CD20 binding antibody is conjugated
to a cytotoxic agent including a toxin or a
radioactive isotope. In another embodiment, the second
therapeutic agent is selected from the group
consisting of an interleukin (e.g., IL-2, IL-12), an
interferon, fludarabine, cyclophosphamide, an antibody
that targets TNF-alpha (e.g., Enbrel(r), Remicade(r),
and Humira(r)), a colony-stimulating factors (e.g.,
CSF, GM-CSF, G-CSF), . In another embodiment, the
second antibody or biologic can be another BAFF
antagonist (e.g., a BR3 antibody, anti-BAFF antibody,
TACI-Fc, BCMA-Fc andBR3-Fc). According to one
embodiment, the BAFF antagonist that is being
administered as a second therapeutic for autoimmune
diseases or cancer does not have ADCC activity. In
another embodiment, the second therapeutic is selected
from the group consisting of an anti-VEGF antibody
(e.x., the Avastin(tm) antibody), anti-CD64 antibody,
an anti-C32a antibody, an anti-CD 16 antibody, anti-
INFalpha antibody, anti-CD79a antibody, an anti-CD70b
antibody, an anti-CD52 antibody, anti- CD antibody,
CTLA4-Ig, anti-CD22 antibody, anti-CD23 antibody,
anti-CD80 antibody, anti- HLA-DR antibody, anti-MHCII
(IA) antibody, anti-IL-7 antibody, anti-IL-2 antibody,
anti-IL-4 antibody, an anti-IL-21 antibody and
anti-IL-10 antibody. Specific examples of B cell
depletion agents include, but are not limited to, the
aforementioned anti-CD20 antibodies, Alemtuzumab
(anti- CD52 antibody), and Epratuzumab or CMC-544
(Wyeth) (anti-CD22 antibodies). In another embodiment,
the second therapeutic is a small molecule that
depletes B cells or an IAP inhibitor. In another
aspect, the invention provides a method of treating an
autoimmune disease selected from the group consisting
of Dermatomyositis, Wegner's granulomatosis,
ANCA-associated vasculitis (AAV), Aplastic anemia,
Autoimmune hemolytic anemia (AIHA), factor VITI
deficiency, hemophilia A, Autoimmune neutropenia,
Castleman's syndrome, Goodpasture's syndrome, solid
organ transplant rejection, graft versus host disease
(GVHD), IgM mediated, thrombotic thrombocytopenic
purpura (TTP), Hashimoto's Thyroiditis, autoimmune
hepatitis, lymphoid interstitial pneumonitis (LIP),
bronchiolitis obliterans (non-transplant) vs. NSIP,
Guillain-Barre Syndrome, large vessel vasculitis,
giant cell (Takayasu's) arteritis, medium vessel
vasculitis, Kawasaki's Disease, polyarteritis nodosa,
comprising administering to a patient suffering from
the disease, a therapeutically effective amount of a
BR3 binding antibody. The present invention also
provides a method for treating an immunodeficiency
disease in a mammal comprising the step of
administering a therapeutically effective amount of an
agonist BR3 binding antibody or polypeptide of this
invention. The present invention provides a method for
isolating BR3 using the antibodies of the invention.
The present invention also provides a method for
screening inhibitors of B cell proliferation
comprising the steps of: (a) stimulating the B cell
with a BR3 agonist antibody; (b) administering a
candidate compound; and (c) detecting BR3 activity
such as B cell proliferation. The present invention
also provides a method for identifying and monitoring
downstream markers of BR3 



pathway comprising the steps of: (a) stimulating the B
cell with a BR3 agonist antibody and (b) detecting
alterations in gene expression and/or protein activity
of the cell. The present invention also provides a
method for diagnosing an autoimmune disease or a
cancer to be treated with a BR3 binding therapy
antagonist which comprises: (a) contacting a
biological sample from a test subject with a BR3
binding antibody or polypeptide of this invention; (b)
assaying the level of BR3 polypeptide in the
biological sample; and (c) comparing the level of BR3
polypeptide in the biological sample in the biological
sample with a standard level of BR3 protein; whereby
the presence or an increase in the level of BR3
protein compared to the standardlevel of BR3 protein
is indicative of an autoimmune disease or cancer to be
treated with a BR3 binding therapy. The present
invention also provides a method of detecting BR3
polypeptide comprising the steps of binding the
anti-BR3 antibody or immunoadhesin of this invention
in a test sample or a subject and comparing the
antibody or immunoadhesin bound compared to a control
antibody or immunoadhesin. In one embodiment, the
antibody or immunoadhesin is used in an assay selected
from the group consisting of a FACS analysis, an
immunohistochemistry assay (IHC) and an ELISA assay.
Non-BAFF blocking anti-BR3 antibodies have the
advantage of detecting BR3 whether it is bound to
ligand or not and can be useful in measuring free and
bound BR3. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1
shows variable domain sequences of 2.1 grafted
anti-BR3 antibody numbered according to the Kabat
numbering system. Bolded letters indicate R71A, N73T,
and L78A changes compared to human consensus HI
sequence. The underlined portions refer to regions
comprising CDR sequence (Hl, H2, H3, Ll, L2 and L3).
Figure 2 shows variable domain sequences of 9.1
grafted anti-BR3 antibody numbered according to the
Kabat numbering system. Bolded letters indicate R71A,
N73T, and L78A changes compared to human consensus III
sequence. The underlined portions refer to to regions
comprising CDR sequence (Hl, H2, H3, Ll, L2 and L3).
Figure 3 shows variable domain sequences of 11G9
grafted anti-BR3 antibody numbered according to the
Kabat numbering system. The underlined portions refer
to regions comprising CDR sequence (Hl, H2, H3, Ll, L2
and L3). Bolded letters indicate R71A, N73T, and L78A
changes compared to human consensus HI sequence.
Figure 4 shows the results of soft randomizing the CDR
regions of 9.1 grafted anti-BR3 antibody and
selection. The variable domains of the listed
antibodies are the same as the 9.1 grafted variable
domain sequence except for the residues changes in the
L2 and Hl regions shown. Figure 5 shows a comparison
of the mouse VH framework region and the human "RF"
and "RL" framework sequences. Figure 6 shows antigen
binding by grafted Fabs with modified
frameworks.Figure 7 shows selected sequences from the
2.1-RL and 2.1-RF CDR Repair libraries at round 5. The
variable domains of the listed antibodies are the same
as the 2.1-RF or 2.1-RL variable domain sequences
except for the residues changes in the H3 regions
shown. Figure 8 shows selected sequences from the
9.1-RL and 9.1-RF CDR Repair libraries at round 5. The
variable domains of the listed antibodies are the same
as the 9.1-RF or 9.1-RL variable domain sequences
except for the residues changes in the Hl regions
shown. Figure 9 shows selected sequences from the
11G9-RF CDR Repair library at round 5. The variable
domains of the listed antibodies are the same as the
11G9-RF variable domain sequence except for the
residues changes in the Hl, H2 and H3 regions shown.
Figure 10 shows a BIAcore analysis of selected
anti-BR3 humanized MAbs. Figure 11 shows the results
of a solution binding competition ELISA for selected
F(ab)'2 phage clones bound in solution with increasing
amounts of (A) a polypeptide having the mouse BR3 ECD
or (B) human BR3 ECD. Figure 12 shows amino acid
sequences from phage-derived anti-BR3 antibodies
numbered according to the Kabat numbering system. "LN"
refers to the number of residues between and including
residues numbered 95-102. "#" refers the number of
times the clone was selected during screening. "Clone"
refers to the assigned phage clone number. Residues
151, P52a, G55, T57 of CDR-H2 not shown. The remaining
residues comprising each antibody (1-23, 35-49, 57-88
and 98-107) are as described for V3 in Figure 15. "X"
indicates that the sequence is unknown. Figure 13
shows the IC50 values of selected F(ab) 2 phage using
solution binding competition ELISA and percentage of
F(ab)'2 phage bound to the extracellular domain of
mBR3 or hBR3 in the presence ofBAFF. Figure 14 shows
an ELISA assay that shows the inhibition of F(ab)'2
phage binding to mBR3-Fc coated wells in the presence
of increased BAFF concentrations. Figure 15 shows
variable domain sequences of phage-derived V3 anti-BR3
antibody numbered according to the Kabat numbering
system.Figure 16 shows (A) sequences from V3-derived
clones and (B) the IC50 values of the F(ab)' 2 phage
and blocked binding to BR3 with hybrid mBAFF. Residues
51(A), 52(S) and 54(L) of the LC-CDR2 not shown.
Figure 17 shows residues from the V3-1 derived clones
and their IC50 values. Figure 18 shows affinity
improved V3-46s phage clones and their phage IC50
values for binding to mouse and human BR3. Amino acids
shown are residues numbered 27-32 ("Ll"), 49-55 ("L2")
and 88-94 ("L3") of SEQ ID NOS: 194-207 according to
the Kabat numbering system. Figure 19 shows
competitive and direct binding of anti-BR3 mAbs to
BJAB Cells. (A) BAFF Competitive Binding Assay. (B)
Direct Binding Assay. Isotype controls showed no
binding, and the detection antibody bound equivalently
to mouse IgGl, IgG2a, and IgG2b. Figure 20 shows the
results of competitive and direct binding assays with
V3-lm and B9C1 1 binding to BJAB Cells (Human BR3)
(panels A and B, respectively) and BHK Cells (Murine
BR3) (panels C and D, respectively). Figure 2 1 shows
competition ELISAs for anti-human BR3 mAb
characterization. The mAbs were incubated at the
indicated concentrations with a constant amount of
biotinylated mAb 9.1 (panel A), 2.1 (panel B), 11G9
(panel C), or 1E9 (panel D). Figure 22 shows the
competitive binding of V3-lm, B9Cl 1, and P1B8 to
Murine BR3. Competition ELISAs were performed using
biotinylated V3-lm (panel A) and biotinylated B9C1 1
(panel B). Figure 23 shows antibodies 2.1, 11G9 and
9.1 inhibit the proliferation of B cells from two
different donors (panels A and B, respectively).
Figure 24 shows antibody V3-lm inhibits the
proliferation of B cells stimulated by: (A) anti-IgM
(5ug/ml) plus BAFF (2ng/ml) or (B) anti-IgM (5ug/ml)
plus BAFF (10ng/ml). Figure 25 shows that 9.1-RF
blocks BAFF-dependent human B cell proliferation and
does not agonize. (A) Human primary B cells treated
with anti-IgM + BAFF + 9.1-RF. (B) Human primary B
cells treated with anti-IgM + 9.1-RF. Figure 26 shows
that 2.1-46 stimulates B cell proliferation. (A) Cells
treated with anti-IgM + BAFF + 2.1-46. (B) Cells
treated with anti-IgM + 2.1-46.Figure 27 shows a
schematic of various points of interaction between BR3
and antibodies 11G9, 2.1, 9.1 and V3-1 based on
shotgun ala-scanning results. The circled residues
indicate potential sites of O-linked glycosylation.
Figure 28 shows B cell populations in the peripheral
blood of a chronic lymphocytic leukemia (CLL) patient
using antibodies against B cell markers. Panels A, C
and D show FACS analyses using anti- CD19 and either
anti-CD27 antibodies, anti-CD20 antibodies or anti-CD5
antibodies. Panel B is a histogram showing BR3
expression in malignant populations. The boxes
indicate the malignant populations. Figure 29 shows
the results of an ADCC activity assay with humanized
anti-BR3 antibodies and (A) BJAB cells, (B) Ramos
cells or (C) WIL2s cells. Figure 30 shows a
flowcytometry analysis of mouse B cells in the blood
(panels A-C), lymph nodes (panels D-F) and spleen
(panels G-I) after 7 days of treatment with V3-1,
BR3-Fc or a control antibody. Figure 31 shows (A) the
absolute number of mouse B cells contained in 1ml of
blood; (B) the % of B cells in lymph nodes; (C) the
absolute numbers of follicular B cells (FO -
CD21+CD23+) or (D) marginal zone B cells (MZ -
CD21high CD231ow) in the spleen at days 1, 3, 7 and 15
post-treatment with V3-1, BR3-Fc or a control
antibody. Figure 32 shows B cell populations in mice
at day 15 after treatment with a control antibody,
BR3-Fc or V3-1. (A-I to A-6) FACS analysis of B cell
populations in the spleen or Peyer's Patches of mice
after treatment; (B) histogram of plasmablasts in the
spleen after treatment; and (C) histogram of germinal
center cells in Peyer's Patches after treatment.
Figure 33 shows the reduction of B cells in the blood
(panel A) and the spleen (panel B) in BALB/c mice at
day 6 post-treatment using anti-BR3 antibody having
ADCC activity and BAFF blocking ability, a
non-blocking anti-BR3 antibody, an Fc-defective mutant
anti-BR3 antibody or BR3-Fc. Figure 34 shows the
results of treating NZBxW Fl mice (lupus nephritis
model) with anti-BR3 antibody, mV3-l, mBR3-Fc and
control antibody. (A) shows the reduction in time to
progression of anti-BR3 antibody treated mice and
BR3-Fc treated mice compared to control mice. (B)
shows numbers of B cells per ml of blood in mice
treated with BR3-Fc (p<0.01), control (p<0.03) and
mV3-1 (p<0.001). (C) shows the number of total B cells
per spleen of mice treated with BR3-Fc, control and
mCBl (p<0.00001). The horizontal lines in (B) and (C)
indicate the mean level of the group. Data is
expressed as individual mouse data points (n=25).
Figure 35 shows B cell depletion in SCID model mice
treated with human PBMC and antiBR3 antibodies or
mBR3-Fc as indicated (day 4). (A) percentage of
activated/GC B cells (CD19hi/CD38int), (B) number of
activated/GC B cells, (C) percentage of plasmablasts
(CD191o/CD38hi/CD139neg), (D) number of plasmablasts
and (E) percentage of activated/GC cells
(CD19hi/CD38+). Figure 36 shows the binding of 9.1RF
(panel A), 9.1RF N434A (panel B) and 9.1RF N434W
(panel C) antibodies to human or cyno FcRn at
equilibrium (pH 6.0 and pH 7.4). Req is the number of
response units from the chip at equilibrium. Figure 37
shows ELISA assays with Fc gamma receptor binding to
anti-BR3 antibodies or the Herceptin(r) antibody
(positive control). Panel A: FcgRI. Panel B: FcgRDA.
Panel C:FcgRHB. Panel D: FcgRip (F158). Panel E: FcgRm
(V158). Figure 38 shows an analysis of B cell levels
post treatment with anti-BR3 antibodies (V3-1) versus
anti-CD20 antibodies (2H7) in the blood (panel A) and
lymph nodes (panel B) at 1 hour, 1 Day, 8 days or 15
days. Figure 39 shows an analysis of B cell levels
post treatment with anti-BR3 antibodies versus anti-
CD20 antibodies in the follicular B cells (panel A)
and marginal zone B cells (panel B) at 1 day, 8 days
and 15 days. Figure 40 shows B cell depletion in blood
(panel A) and tissue (panel B) from cyno monkeys
treated with 9.1RF. Data is from ATA- monkeys (5 cynos
treated with 20mg/kg; 3 cynos treated with 2mg/kg).
Figure 41 shows the levels of B cell populations in
the blood of cyno monkeys treated with 9.1RF or 9.1RF
N434W over time: (A) CD20+/CD21+ cells, (B)
CD21+/CD27+ cells and (C) CD21+/CD27- cells. DETAILED
DESCRIPTION OF THE INVENTION The terms "BAFF," "BAFF
polypeptide," "TALL-I" or "TALL-I polypeptide," "BLyS"
when used herein encompass "native sequence BAFF
polypeptides" and "BAFF variants". "BAFF "is a
designation given to those polypeptides which are
encoded by any one of the amino acid sequences of SEQ
ID NO: 143 or SEQ ID NO: 144 and homologs and
fragments and variants thereof, which have the
biological activity of the native sequence BAFF. A
biological activity of BAFF can be selected from the
group consisting of promoting B cell survival,
promoting B cell maturation and binding to BR3, BCMA
or TACI. Variants of BAFF will preferably have at
least 80% or any successive integer up to 100%
including, more preferably, at least 90%, and even
more preferably, at least 95% amino acid sequence
identity with a native sequence of a BAFF polypeptide.
A "native sequence" BAFF polypeptide comprises a
polypeptide having the same amino acid sequence as the
corresponding BAFF polypeptide derived from nature.
For example, BAFF, exists in a soluble form following
cleavage from the cell surface by furin-type
proteases. Such native sequence BAFF polypeptides can
be isolated from nature or can be produced by
recombinant and/or synthetic means. The term "native
sequence BAFF polypeptide" specifically encompasses
naturally-occurring truncated or secreted forms (e.g.,
an extracellular domain sequence), naturally-occurring
variant forms (e.g., alternatively spliced forms) and
naturally-occurring allelic variants of the
polypeptide. The term "BAFF" includes those
polypeptides described in Shu et al., J . Leukocyte
Biol., 65:680 (1999); GenBank Accession No. AF136293;
WO98/18921 published May 7, 1998; EP 869,180 published
October 7, 1998; WO98/27114 published June 25, 1998;
WO99/12964 published March 18, 1999; WO99/33980
published July 8, 1999; Moore et al., Science,
285:260-263 (1999); Schneider et al., J. Exp. Med.,
189:1747-1756 (1999); Mukhopadhyay et al., J. Biol.
Chem., 274:15978-15981 (1999). The term "BAFF
antagonist" as used herein is used in the broadest
sense, and includes any molecule that (1) binds a
native sequence BAFF polypeptide or binds a native
sequence BR3 polypeptide to partially or fully block
BR3 interaction with BAFF polypeptide, and (2)
partially or fully blocks, inhibits, or neutralizes
native sequence BAFF signaling. Native sequence BAFF
polypeptide signaling promotes, among other things, B
cell survival and B cell maturation. The inhibition,
blockage or neutralization of BAFF signaling results
in, among other things, a reduction in the number of B
cells. A BAFF antagonist according to this invention
will partially or fully block, inhibit, or neutralize
one or more biological activities of a BAFF
polypeptide, in vitro or in vivo. In one embodiment, a
biologically active BAFF potentiates any one or any
combination of the following events in vitro or in
vivo: an increased survival of B cells, an increased
level of IgG and/or IgM production, or stimulated B
cell proliferation. The term "TACI antagonist" as used
herein is used in the broadest sense, and includes any
molecule that (1) binds a native sequence BAFF
polypeptide or binds a native sequence TACI
polypeptide to partially or fully block TACI
interaction with BAFF polypeptide, and (2) partially
or fully blocks, inhibits, or neutralizes native
sequence BAFF signaling. The term "BCMA antagonist" as
used herein is used in the broadest sense, and
includes any molecule that (1) binds a native sequence
BAFF polypeptide or binds a native sequence
BCMApolypeptide to partially or fully block BCMA
interaction with BAFF polypeptide, and (2) partially
or fully blocks, inhibits, or neutralizes native
sequence BAFF signaling. As mentioned above, a BAFF
antagonist can function in a direct or indirect manner
to partially or fully block, inhibit or neutralize
BAFF signaling, in vitro or in vivo. For instance, the
BAFF antagonist can directly bind BAFF. For example,
anti-BAFF antibodies that bind within a region of
human BAFF comprising residues 162-275 and/or a
neighboring residue of a residue selected from the
group consisting of 162, 163, 206, 211, 231, 233, 264
and 265 of human BAFF such that the antibody
sterically hinders BAFF binding to BR3 is
contemplated. In another example, a direct binder is a
polypeptide comprising the extracellular domain of a
BAFF receptor such as TACI, BR3 and BCMA, or
comprising the boxed minimal region of the ECDs
(corresponding to residues 19-35 of human BR3).
Alternatively, the BAFF antagonist can bind an
extracellular domain of a native sequence BR3 at its
BAFF binding region to partially or fully block,
inhibit or neutralize BAFF binding to BR3 in vitro, in
situ, or in vivo. For example, such indirect
antagonist is an anti-BR3 antibody that binds in a
region of BR3 comprising residues 23-38 of human BR3
or a neighboring region of those residues such that
binding of human BR3 to BAFF is sterically hindered.
Other examples of BAFF binding Fc proteins that can be
BAFF antagonists can be found in WO 02/66516, WO
00/40716, WO 01/87979, WO 03/024991, WO 02/16412, WO
02/38766, WO 02/092620 and WO 01/12812. BAFF
antagonists include BAFF-binding sequences listed in
Fig. 20 of WO 02/24909 and those described in WO
2003/024991, WO 02/092620, fragments of those
sequences that bind BAFF, and fusion proteins
comprising those sequences (e.g., Fc fusion proteins).
The terms "BR3", "BR3 polypeptide" or "BR3 receptor"
when used herein encompass "native sequence BR3
polypeptides" and "BR3 variants" (which are further
defined herein). "BR3" is a designation given to those
polypeptides comprising any one of SEQ ID NOs: 145-149
and variants or fragments thereof. The BR3
polypeptides of the invention can be isolated from a
variety of sources, such as from human tissue types or
from another source, or prepared by recombinant and/or
synthetic methods. The term BR3, includes the BR3
polypeptides described inWO 02/24909 and WO 03/14294.
A "native sequence" BR3 polypeptide comprises a
polypeptide having the same amino acid sequence as the
corresponding BR3 polypeptide derived from nature.
Such native sequence BR3 polypeptides can be isolated
from nature or can be produced by recombinant and/or
synthetic means. The term "native sequence BR3
polypeptide" specifically encompasses
naturally-occurring truncated, soluble or secreted
forms (e.g., an extracellular domain sequence),
naturally-occurring variant forms (e.g., alternatively
spliced forms) and naturally-occurring allelic
variants of the polypeptide. The BR3 polypeptides of
the invention include the BR3 polypeptide comprising
or consisting of the contiguous sequence of amino acid
residues 1 to 184 of a human BR3.A BR3 "extracellular
domain" or "ECD" refers to a form of the BR3
polypeptide which is essentially free of the
transmembrane and cytoplasmic domains. ECD forms of
BR3 include those 



comprising any one of amino acids 1to 77, 2 to 62,
2-71, 1-61, 8-71, 17-42, 19-35 or 2-63 of BR3. "BR3
variant" means a BR3 polypeptide having at least about
60% amino acid sequence identity with the residues
19-35 of BR3 ECD and binds a native sequence BAFF
polypeptide. See Gordon, N.C., et al., (2003)
Biochemistry 42:5977-5983) Optionally, the BR3 variant
includes a single cysteine rich domain. Such BR3
variant polypeptides include, for instance, BR3
polypeptides wherein one or more amino acid residues
are added, or deleted, at the N- and/or C-terminus, as
well as within one or more internal domains, of the
full-length amino acid sequence. Fragments of the BR3
ECD that bind a native sequence BAFF polypeptide are
also contemplated. According to an embodiment, a BR3
variant polypeptide will have at least about 65% amino
acid sequence identity, at least about 70% amino acid
sequence identity, at least about 75% amino acid
sequence identity, at least about 80% amino acid
sequence identity, at least about 80% amino acid
sequence identity, at least about 85% amino acid
sequence identity, at least about 90% amino acid
sequence identity, at least about 95% amino acid
sequence identity, at least about 98% amino acid
sequence identity or at least about 99% amino acid
sequence identity in that portion corresponding to
residues 19-35 of human BR3. Of residues human BR3
polypeptide or a specified fragment thereof, BR3
variant polypeptides do not encompass the native BR3
polypeptide sequence. Ordinarily, BR3 variant
polypeptides are at least about 17 amino acids in
length, or more. The term "antibody" is used in the
broadest sense and specifically covers, for example,
monoclonal antibodies, polyclonal antibodies,
antibodies with polyepitopic specificity, single chain
antibodies, multi-specific antibodies and fragments of
antibodies. According to some embodiments, a
polypeptide of this invention is fused into an
antibody framework, for example, in the variable
domain or in a CDR such that the antibody can bind to
and inhibit BAFF binding to BR3 or BAFF signaling. The
antibodies comprising a polypeptide of this invention
can be chimeric, humanized, or human. The antibodies
comprising a polypeptide of this invention can be an
antibody fragment. Such antibodies and methods of
generating them are described in more detail below.
Alternatively, an antibody of this invention can be
produced by immunizing an animal with a polypeptide of
this invention. Thus, an antibody directed against a
polypeptide of this invention is contemplated. As used
herein, the terms "anti-BR3" and "BR3 binding" are
used interchangeably and indicate that the antibody or
polypeptide binds a BR3 polypeptide. Preferrably, the
anti-BR3 antibody binds to an epitope on a BR3
polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO: 145-149 and
does not bind to human TACI or human BCMA. Preferably,
the anti-BR3 antibody binds a human BR3 extracellular
domain sequence with an apparent Kd value of 50OnM or
less, 10OnM or less, 50 nM or less, 1OnM or less, 5nM
or less or InMor less as a Fab in a BIAcore Assay at
25C. According to one embodiment, the antibody or
polypeptide binds to BR3 with an apparent Kd between
0.00IpM and 50OnM. "Antagonistic anti-BR3 antibodies"
according to this invention refer to antibodies that
bind a BR3 polypeptide and inhibit BR3 signalling
(e.g, inhibit BR3 related B cell proliferation, B cell
survival or both B cell proliferation and survival).
"Agonistic anti-BR3 antibodies" according to this
invention refer to antibodies that bind a BR3
polypeptide and stimulate BR3 signalling (e.g.,
BR3-related B cell proliferation, B cell survival or
both B cell proliferation and survival). The "CD20"
antigen is a non-glycosylated, transmembrane
phosphoprotein with a molecular weight of
approximately 35 kD that is found on the surface of
greater than 90% of B cells from peripheral blood or
lymphoid organs. CD20 is expressed during early pre-B
cell development and remains until plasma cell
differentiation; it is not found on human stem cells,
lymphoid progenitor cells or normal plasma cells. CD20
is present on both normal B cells as well as malignant
B cells. Other names for CD20 in the literature
include "B-lymphocyte-restricted differentiation
antigen" and "Bp35". The CD20 antigen is described in,
for example, Clark and Ledbetter, Adv. Can. Res.
52:81- 149 (1989) and Valentine etal. J. Biol. Chem.
264(19): 11282-1 1287 (1989). CD20 binding antibody
and anti-CD20 antibody are used interchangeably herein
and encompass all antibodies that bind CD20 with
sufficient affinity such that the antibody is useful
as a therapeutic agent in targeting a cell expressing
the antigen, and do not significantly cross-react with
other proteins such as a negative control protein in
the assays described below. Bispecific antibodies
wherein one arm of the antibody binds CD20 are also
contemplated. Also encompassed by this definition of
CD20 binding antibody are functional fragments of the
preceding antibodies. The CD20 binding antibody will
bind CD20 with a Kd of < 1OnM. In preferred
embodiments, the binding is at a Kd of < 7.5nM, more
preferably < 5nM, even more preferably at between
l-5nM, most preferably, <lnM. Examples of antibodies
which bind the CD20 antigen include: "C2B8" which is
now called "Rituximab" ("RITUXAN(r)") (US Patent No.
5,736,137, expressly incorporated herein by
reference); the yttrium-[90]-labeled 2B8 murine
antibody designated "Y2B8" or "Ibritumomab Tiuxetan"
ZEVALIN(r) (US Patent No. 5,736,137, expressly
incorporated herein by reference); murine IgG2a "Bl,"
also called "Tositumomab," (Beckman Coulter)
optionally labeled with 131I to generate the "131I-B1"
antibody (iodine 1131 tositumomab, BEXXAR(tm)) (US
Patent No. 5,595,721, expressly incorporated herein by
reference); murine monoclonal antibody "1F5" (Press et
al. Blood 69(2):584- 591 (1987) and variants thereof
including "framework patched" or humanized 1F5
(WO03/002607, Leung, S.); ATCC deposit HB-96450);
murine 2H7 and chimeric 2H7 antibody (US Patent No.
5,677,180, expressly incorporated herein by
reference); humanized 2H7; huMax-CD20 (Genmab,
Denmark); AME-133 (Applied Molecular Evolution); A20
antibody or variants thereof such as chimeric or
humanized A20 antibody (cA20, hA20, respectively) (US
2003/0219433,Immunomedics); and monoclonal antibodies
L27, G28-2, 93-1B3, B-Cl or NU-B2 available from the
International Leukocyte Typing Workshop (Valentine et
al., In: Leukocyte Typing DI (McMichael, Ed., p. 440,
Oxford University Press (1987)). The terms "rituximab"
or "RITUXAN(r)" herein refer to the genetically
engineered chimeric murine/human monoclonal antibody
directed against the CD20 antigen and designated
"C2B8" in US Patent No. 5,736,137 expressly
incorporated herein by reference, including fragments
thereof which retain the ability to bind CD20. In a
specific embodiment, the anti-CD20 antibodies bind
human and primate CD20. In specific embodiments, the
antibodies that bind CD20 are humanized or chimeric.
CD20 binding antibodies include rituximab
(RITUXAN(r)), m2H7 (murine 2H7), hu2H7 (humanized 2H7)
and all its functional variants, including without
limitation, hu2H7.vl6 (v stands for version), v31,
v73, v75, as well as fucose deficient variants, and
other 2H7 variants described in WO2004/056312. Unless
indicated, the sequences disclosed herein of the
humanized 2H7v.l6 and variants thereof are of the
mature polypeptide, i.e., without the leader sequence.
Patents and patent publications concerning CD20
antibodies include US Patent Nos. 5,776,456,
5,736,137, 5,843,439, 6,399,061, and 6,682,734, as
well as US patent appln nos. US 2002/0197255A1, US
2003/0021781A1, US 2003/0082172 Al, US 2003/0095963
Al, US 2003/0147885 Al (Anderson et al); US Patent No.
6,455,043Bl and WO00/09160 (Grillo-Lopez, A.);
WO00/27428 (Grillo-Lopez and White); WO00/27433
(Grillo-Lopez and Leonard); WO00/44788 (Braslawsky et
al); WO01/10462 (Rastetter, W.); WO01/10461 (Rastetter
and White); WO01/10460 (White and Grillo-Lopez);
US2001/0018041A1, US2003/0180292A1, WO01/34194 (Hanna
and Hariharan); US appln no. US2002/0006404 and
WO02/04021 (Hanna and Hariharan); US appln no.
US2002/0012665 Al and WO01/74388 (Hanna, N.); US appln
no. US 2002/0058029 Al (Hanna, N.); US appln no. US
2003/0103971 Al (Hariharan and Hanna); US appln no.
US2002/0009444A1, and WO01/80884 (Grillo-Lopez, A.);
WOO1/97858 (White, C); US appln no. US2002/0128488A1
and WO02/34790 (Reff, M.);WO02/060955 (Braslawsky et
/.);WO2/096948 (Braslawsky et al.);WO02/079255 (Reff
and Davies); US Patent No. 6,171,586Bl, and WO98/56418
(Lam et al); WO98/58964 (Raju, S.); WO99/22764 (Raju,
S.);WO99/51642, US Patent No. 6,194,551Bl, US Patent
No. 6,242,195Bl, US Patent No. 6,528,624Bl and US
Patent No. 6,538,124 (Idusogie et al); WO00/42072
(Presta, L.); WO00/67796 (Curd et al.); WOO1/03734
(Grillo-Lopez et al.); US appln no. US 2002/0004587Al
and WO01/77342 (Miller and Presta); US appln no.
US2002/0197256 (Grewal, I.); US Appln no. US
2003/0157108 Al (Presta, L.); US Patent Nos.
6,565,827Bl, 6,090,365Bl, 6,287,537Bl, 6,015,542,
5,843,398, and 5,595,721, (Kaminski et al); US Patent
Nos. 5,500,362, 5,677,180, 5,721,108, 6,120,767,
6,652,852Bl (Robinson et al); US Pat No. 6,410,391Bl
(Raubitschek et al); US Patent No. 6,224,866Bl and
WO00/20864 (Barbera-Guillem, E.); WO01/13945
(Barbera-Guillem, E.); WOOO/67795 (Goldenberg); US
Appl No. US 2003/0133930 Al and WO00/74718 (Goldenberg
and Hansen); WO00/76542 (Golay et/.);WO01/72333 (Wolin
and Rosenblatt); US Patent No. 6,368,596Bl (Ghetie
etai); US Patent No. 6,306,393 and US Appln no.
US2002/0041847 Al, (Goldenberg, D.); US Appln no.
US2003/0026801A1 (Weiner and Hartmann); WO02/102312
(Engleman, E.); US Patent Application No. 2003/0068664
(Albitar et al.); WO03/002607 (Leung, S.); WO
03/049694, US2002/0009427A1, and US 2003/0185796 Al
(Wolin et al.) ; WO03/061694 (Sing and Siegall); US
2003/02198 18 Al (Bohen et al); US 2003/0219433 Al and
WO 03/068821 (Hansen et al); US2003/0219818A1 (Bohen
et al); US2002/0136719A1 (Shenoy et al); WO2004/032828
(Wahl et al), each of which is expressly incorporated
herein by reference. See, also, US Patent No.
5,849,898 and EP appln no. 330,191 (Seed etal); US
Patent No. 4,861,579 and EP332,865A2 (Meyer and
Weiss); USP 4,861,579 (Meyer et al); WO95/03770 (Bhat
et al); US 2003/0219433 Al (Hansen et al). The CD20
antibodies can be naked antibody or conjugated to a
cytotoxic compound such as a radioisotope, or a toxin.
Such antibodies include the antibody Zevalin(tm) which
is linked to the radioisotope, Yttrium-90 (IDEC
Pharmaceuticals, San Diego, CA), and Bexxar(tm) which
is conjugated to 1-131 (Corixa, WA). The humanized 2H7
variants include those that have amino acid
substitutions in the FR and affinity maturation
variants with changes in the grafted CDRs. The
substituted amino acids in the CDR or FR are not
limited to those present in the donor or acceptor
antibody. In other embodiments, the anti-CD20
antibodies of the invention further comprise changes
in amino acid residues in the Fc region that lead to
improved effector function including enhanced CDC
and/or ADCC function and B-cell killing ( also
referred to herein as B-cell depletion). In
particular, three mutations have been identified for
improving CDC and ADCC activity: S298A/E333A/K334A
(also referred to herein as a triple Ala mutant or
variant; numbering in the Fc region is according to
the EU numbering system; Kabat et al., supra) as
described (Idusogie et al., supra (2001); Shields et
al., supra). Other anti-CD20 antibodies of the
invention include those having specific changes that
improve stability. In one embodiment, the chimeric
anti-CD20 antibody has murine V regions and human C
region. One such specific chimeric anti-CD20 antibody
is Rituxan(r) (Rituximab(r); Genentech, Inc.).
Rituximab and hu2H7 can mediate lysis of B-cells
through both complementdependent cytotoxicity (CDC)
and antibody-dependent cellular cytotoxicity (ADCC).
Antibody variants with altered Fc region amino acid
sequences and increased or decreased CIq binding
capability are described in US patent No. 6,194,551Bl
and WO99/51642. The contents of those patent
publications are specifically incorporated herein by
reference. See, also, Idusogie et al J. Immunol 164:
4178-4184 (2000). Inhibitors of Apoptosis (IAP) refers
to a family of proteins that inhibit apoptosis
(Deveraux, et al., (1999) Genes Dev 13(3):239-252).
Examples of IAPs includes melanoma IAP (ML-IAP) and
human X-chromosome linked IAP (XIAP) cellular IAP 1
(cIAP-1), and cellular IAP 2 (cIAP-2), which inhibit
caspase 3, caspase 7 and caspase 9 activity (Deveraux
et al., J Clin Immunol (1999),19:388-398; Deveraux et
al, (1998) EMBO J. 17, 2215-2223; Vucic et al., (2000)
Current Bio 10:1359-1366). Examples of inhibitors of
LAP (LAP inhibitors) includes antisense
oligonucleotides directed against XIAP, cIAP-1, cLAP-2
or ML-LAP, Smac/DIABLO-derived peptides or other
molecules that block the interaction between LAPs and
their caspases, and molecules that inhibit
LAP-mediated suppression of caspase activity (Sasaki
et al, Cancer Res., 2000, 60(20):5659; Lin et al,
Biochem J., 2001, 353:299; Hu et al, Clin. Cancer
Res., 2003, 9(7):2826; Arnt et al, J . Biol. Chera,
2002, 277(46):44236; Fulda et al, Nature Med., 2002,
8(8):808; Guo et al, Blood,2002, 99(9):3419; Vucic et
al, J. Biol. Chem.,2002, 277(14): 12275; Yang et al,
Cancer Res., 2003, 63(4):831); WO 2005/097791, WO
2005/094818, US 2005/0197403 and US 6,673,917). A "B
cell surface marker" or "B cell surface antigen"
herein is an antigen expressed on the surface of a B
cell which can be targeted with an antagonist which
binds thereto. Exemplary B cell surface markers
include, but are not limited to, CDlO, CD19, CD20,
CD21, CD22, CD23, CD24, CD37, CD40, CD52, D53, CD72,
CD73, CD74, CDw75, CDw76, CD77, CDw78, CD79a, CD79b,
CD80, CD81, CD82, CD83, CDw84, CD85, CD86, CD180
(RP105), FcRH2 (LRTA4), CD79A, C79B, CR2, CCR6, CD72,
P2X5, HLA-DOB, CXCR5 (BLRl), FCER2, BR3 (aka BAFF-R),
TACI, BTLA, NAG14 (aka LRRC4), SLGC16270 (ala
LOC283663), FcRHl (LRTA5), FcRH5 (LRTA2), ATWD578 (aka
MGC15619), FcRH3 (LRTA3), FcRH4 (LRTAl), FcRH6 (aka
LOC343413) and BCMA (aka TNFRSF17), HLA-DO, HLA-DrIO
and MHC ClassII. According to a preferred embodiment,
the antibodies of this invention do not include the
9.1 antibody and the 2.1 antibody deposited and
described in WO 02/24909. According to one preferred
embodiment, the "apparent Kd" or "apparent Kd value"
as used herein is in one preferred embodiment is
measured by surface plasmon resonance such as by
performing a BIAcore(r) assay. In one preferred
embodiment, an apparent Kd value for a BR3- binding
antibody of this invention is measured by performing
surface plasmon resonance wherein either a BR3 ECD is
immobilized on a sensor chip and an anti-BR3 antibody
in Fab form is flowed over the BR3 ECD-immobilized
chip or an anti-BR3 antibody in IgG form is
immobilized on a sensor chip and a BR3 ECD is flowed
over the IgG-immobilized sensor chip, e.g., as
described in Example 8 herein. According to one
preferred embodiment, the sensor chips are immobilized
with protein such that there is approximately 10
response units (RU) of coupled protein on a chip. Ln
another preferred embodiment, an apparent Kd value for
an FcRn-binding antibody of this invention is measured
by performing surface plasmon resonance wherein a FcRn
polypeptide is immobilized to a sensor chip and an
antibody is flowed over the chip, e.g., as described
in Example 16. A "functional epitope" according to
this invention refers to amino acid residues of an
antigen that contribute energetically to the binding
of an antibody. Mutation of any one of the
energetically contributing residues of the antigen
(for example, mutation of wild-type BR3 by alanine or
homolog mutation) will disrupt the binding of the
antibody to the antigen. In one preferred embodiment
of thisinvention, a residue that is comprised within
the functional epitope on an anti-BR3 antibody can be
determined by shot-gun alanine scanning using phage
displaying ala mutants of BR3 or a portion thereof
(e.g, the extracellular domain or residues 17-42 if
desired region of study). According to one preferred
embodiment, the functional epitope is determined
according to the procedure described in Example 9. The
term "variable" refers to the fact that certain
segments of the variable domains differ extensively in
sequence among antibodies. The V regions mediate
antigen binding and define specificity of a particular
antibody for its particular antigen. However, the
variability is not evenly distributed across the
110-amino acid span of the variable domains. Instead,
the V domains consist of relatively invariant
stretches called framework regions (FRs) of 15-30
amino acids separated by shorter regions of extreme
variability called "hypervariable regions" that are
each 9-12 amino acids long. The variable domains of
native heavy and light chains each comprise four FRs,
largely adopting a beta-sheet configuration, connected
by three hypervariable regions, which form loops
connecting, and in some cases forming part of, the
beta-sheet structure. The hypervariable regions in
each chain are held together in close proximity by the
FRs and, with the hypervariable regions from the other
chain, contribute to the formation of the
antigen-binding site of antibodies (see Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains
are not involved directly in binding an antibody to an
antigen, but exhibit various effector functions, such
as participation of the antibody in antibody dependent
cellular cytotoxicity (ADCC). The term "hypervariable
region" when used herein refers to the amino acid
residues of an antibody which are responsible for
antigen-binding. The hypervariable region generally
comprises amino acid residues from a "complementarity
determining region" or "CDR" (e.g. around about
residues 24-34 (Ll), 50-56 (L2) and 89-97 (L3) in the
VL , and around about 31-35B (Hl), 50-65 (H2) and
95-102 (H3) in the VJJ (Kabat et al., Sequences of
Proteins of Immunological Interest 5th Ed. Public
Health Service, National Institutes of Health,
Bethesda, MD. (1991)) and/or those residues from a
"hypervariable loop" (e.g. residues 26-32 (Ll), 50-52
(L2) and 91-96 (L3) in the VL , and 26- 32 (Hl),
52A-55 (H2) and 96-101 (H3) in the V (Chothia and Lesk
J. MoI. Biol. 196:901-917 (1987)). Hypervariable
regions may comprise "extended hypervariable regions"
as follows: 24-36 or 24-34 (Ll), 46-56 or 50-56 (L2)
and 89-97 (L3) in the VL and 26-35 (Hl), 50-65 or
49-65 (H2) and 93-102, 94-102 or 95-102 (H3) in the
VH. The variable domain residues are numbered
according to Kabat et ah, supra for each of these
definitions. "Framework" or "FR" residues are those
variable domain residues other than the hypervariable
region residues as herein defined. For example, light
chain framework 1 (LC-FRl), 



framework 2 (LC-FR2), framework 3 (LC-FR3) and
framework 4 (LC-FR4) region comprise residuesnumbered
1-23, 35-49, 57-88 and 98-107 of an antibody (Kabat
numbering system), respectively. In another example,
heavy chain framework 1 (HC-FRl), heavy chain
framework 2 (HC-FR2), heavy chain framework 3 (HC-FR3)
and heavy chain framework 4 (HC-FR4) comprise residues
1-25, 36-48, 66-92 and 103-1 13, respectively, of an
antibody (Kabat numbering system). According to one
embodiment, the residues corresponding to the majority
of the residues in the the CDR regions of the light
chain of antibodies derived from the 9.1, 2.1, and
11G9 antibodies are underlined in Figures 1-3.
According to another embodiment, the residues
corresponding to the majority of the residues of the
CDR regions of the heavy and the light chain of
antibodies derived from the V3 antibodies are
underlined in Figure 15. As referred to herein, the
"consensus sequence" or consensus V domain sequence is
an artificial sequence derived from a comparison of
the amino acid sequences of known human immunoglobulin
variable region sequences. Based on these comparisons,
recombinant nucleic acid sequences encoding the V
domain amino acids that are a consensus of the
sequences derived from the human and the human H chain
subgroup III V domains were prepared. The consensus V
sequence does not have any known antibody binding
specificity or affinity. The term "monoclonal
antibody" as used herein refers to an antibody from a
population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the
population are identical and/or bind the same
epitope(s), except for possible variants that may
arise during production of the monoclonal antibody,
such variants generally being present in minor
amounts. Such monoclonal antibody typically includes
an antibody comprising a polypeptide sequence that
binds a target, wherein the target-binding polypeptide
sequence was obtained by a process that includes the
selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences.
For example, the selection process can be the
selection of a unique clone from a plurality of
clones, such as a pool of hybridoma clones, phage
clones or recombinant DNA clones. It should be
understood that the selected target binding sequence
can be further altered, for example, to improve
affinity for the target, to humanize the target
binding sequence, to improve its production in cell
culture, to reduce its immunogenicity in vivo, to
create a multispecif c antibody, etc., and that an
antibody comprising the altered target binding
sequence is also a monoclonal antibody of this
invention. In contrast to polyclonal antibody
preparations which typically include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal
antibody preparationis directed against a single
determinant on an antigen. In addition to their
specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated
by other immunoglobulins. The modifier "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.
For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a
variety of techniques, including the hybridoma method
{e.g., Kohler et ah, Nature, 256:495 (1975); Harlow
etal, Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988); Hammerling
etal, in: Monoclonal Antibodies and T-CeIl Hybridomas
563-681, (Elsevier, N.Y., 1981), recombinant DNA
methods (see, e.g., U.S. Patent No. 4,816,567), phage
display technologies (see, e.g., Clackson etal,
Nature, 352:624-628 (1991); Marks etal, J. MoI. Biol,
222:581-597 (1991); Sidhu et al, J. MoI Biol
338(2):299-310 (2004); Lee et al, J.Mol.Biol. 340(5):
1073-1093 (2004); Fellouse, Proc. Nat. Acad. ScL USA
101(34): 12467-12472 (2004); and Lee etal. J. Immunol.
Methods 284(1-2): 119-132 (2004) and technologies for
producing human or human-like antibodies from animals
that have parts or all of the human immunoglobulin
loci or genes encoding human immunoglobulin sequences
(see, e.g., WO98/24893, WO/9634096, WO/9633735, and
WO/91 10741, Jakobovits et al., Proc. Natl. Acad. Sci.
USA, 90:2551 (1993); Jakobovits et al., Nature,
362:255-258 (1993); Bruggemann et al., Year in
Immuno., 7:33 (1993); U.S. Patent Nos. 5,545,806,
5,569,825, 5,591,669 (all of GenPharm); 5,545,807; WO
97/17852, U.S. Patent Nos. 5,545,807; 5,545,806;
5,569,825; 5,625,126; 5,633,425; and 5,661,016, and
Marks et al., Bio/Technology , JO: 779-783 (1992);
Lonberg etal, Nature 368: 856-859 (1994); Morrison,
Nature. 368: 812-813 (1994); Fishwild et al, Nature
Biotechnology , 14 : 845-85 1 (1996); Neuberger,
Nature Biotechnology , 14: 826 (1996); and Lonberg and
Huszar, Intern. Rev. Immunol . 13: 65-93 (1995). The
monoclonal antibodies herein specifically include
"chimeric" antibodies (immunoglobulins) in which a
portion of the heavy and/or light chain is identical
with or homologous to corresponding sequences in
antibodies derived from a particular species or
belonging to a particular antibody class or subclass,
while portions of the remainder of the chain(s) is
identical with or homologous to corresponding
sequences in antibodies derived from another species
or belonging to another antibody class or subclass, as
well as fragments of such antibodies, so long as they
exhibit the desired biological activity (U.S. Patent
No. 4,816,567; Morrison et al., Proc. Natl. Acad. Sci.
USA, 81:6851-6855 (1984)). Methods of making chimeric
antibodies are known in the art. "Humanized" forms of
non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments
thereof (such as Fv, Fab, Fab', F(ab')2 or other
antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human
immunoglobulin. In some embodiments, humanized
antibodies are human immunoglobulins (recipient
antibody) in which residues from a
complementarity-determining region (CDR) of the
recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat
or rabbit having the desired specificity, affinity,
and capacity. In some instances, Fv framework region
(FR) residues of the human immunoglobulin are replaced
by corresponding nonhuman residues. Furthermore,
humanized antibodies may comprise residues which are
found neither in the recipient antibody nor in the
imported CDR or framework sequences. These
modifications are generally made to further refine and
maximize antibody performance. Typically, the
humanized antibody will comprise substantially all of
at least one variable domain, in which all or
substantially all of the hypervariable loops derived
from a non-human immunoglobulin and all or
substantially allof the FR regions are derived from a
human immunoglobulin sequence although the FR regions
may include one or more amino acid substitutions to,
e.g., improve binding affinity. In some embodiments,
the number of these amino acid substitutions in the FR
are typically no more than 6 in the H chain, and in
the L chain, no more than 3. In one preferred
embodiment, the humanized antibody will also comprise
at least a portion of an immunoglobulin constant
region (Fc), typically that of a human immunoglobulin
or a human consensus constant sequence. For further
details, see Jones et al., Nature, 321:522-525 (1986);
Reichmann et al., Nature, 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol, 2:593-596 (1992). The
humanized antibody includes a PRMATIZED(r) antibody
wherein the antigen-binding region of the antibody is
derived from an antibody produced by, e.g., immunizing
macaque monkeys with the antigen of interest. Methods
of making humanized antibodies are known in the art.
Human antibodies can also be produced using various
techniques known in the art, including phage-display
libraries. Hoogenboom and Winter, J. MoI. Biol,
227:381 (1991); Marks et al., J. MoI Biol, 222:581
(1991). The techniques of Cole et al. and Boerner et
al. are also available for the preparation of human
monoclonal antibodies. Cole et al., Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, p. 77
(1985); Boerner et al., J. Immunol, 147(l):86-95
(1991). See also, Lonberg and Huszar, Int. Rev.
Immunol. 13:65-93 (1995). PCT publications WO
98/24893; WO 92/01047; WO 96/34096; WO 96/33735;
European Patent No. 0 598 877; U.S. Pat. Nos.
5,413,923; 5,625,126; 5,633,425; 5,569,825; 5,661,016;
5,545,806; 5,814,318; 5,885,793; 5,916,771; and
5,939,598. "Antibody fragments" comprise a portion of
a full length antibody, generally the antigen binding
or variable region thereof. Examples of antibody
fragments include Fab, Fab', F(ab')2, and Fv
fragments; diabodies; linear antibodies; single-chain
antibody molecules; and multispecif  c antibodies
formed from antibody fragments. "Fv" is the minimum
antibody fragment which contains a complete
antigen-recognition and - binding site. This fragment
consists of a dimer of one heavy- and one light-chain
variable region domain in tight, non-covalent
association. From the folding of these two domains
emanate six hypervariable loops (3 loops each from the
H and L chain) that contribute the amino acid residues
for antigen binding and confer antigen binding
specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only
three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower
affinity than the entire binding site. "Functional
fragments" of the BR3 binding antibodies of the
invention are those fragments that retain binding to
BR3 with substantially the same affinity as the intact
full chain molecule from which they are derived and
are active in at least one assay selected from the
group consisting of depletion of B cells, inhibition
of B cell proliferation or inhibition of BAFF binding
to BR3 as measured by in vitro or in vivo assays such
as those described herein.Antibody "effector
functions" refer to those biological activities
attributable to the Fc region (a native sequence Fc
region or amino acid sequence variant Fc region) of an
antibody, and vary with the antibody isotype. Examples
of antibody effector functions include: CIq binding
and complement dependent cytotoxicity; Fc receptor
binding; antibody-dependent cell-mediated cytotoxicity
(ADCC); phagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor); and B cell
activation. A "native sequence Fc region" comprises an
amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. Examples of
Fc sequences are described in SEQ ID NOs:. 133, 135-
141. and include a native sequence human IgGl Fc
region (non-A and A allotypes, SEQ ID NO: 133 and 135,
respectively); native sequence human IgG2 Fc region
(SEQ ID NO: 136); native sequence human IgG3 Fc region
(SEQ ID NO: 137); and native sequence human IgG4 Fc
region (SEQ ID NO: 138) as well as naturally occurring
variants thereof. Examples of native sequence murine
Fc regions are described in SEQ ID NOs:139-142 (IgGl,
IgG2a, IgG2b, IgG3, respectively). A "variant Fc
region" comprises an amino acid sequence which differs
from that of a native sequence Fc region by virtue of
at least one "amino acid modification" as herein
defined. Preferably, the variant Fc region has at
least one amino acid substitution compared to a native
sequence Fc region or to the Fc region of a parent
polypeptide, e.g. from about one to about ten amino
acid substitutions, and preferably from about one to
about five amino acid substitutions in a native
sequence Fc region or in the Fc region of the parent
polypeptide. In one embodiment, the variant Fc region
herein will possess at least about 80% homology, at
least about 85% homology, at least about 90% homology,
at least about 95% homology or at least about 99%
homology with a native sequence Fc region (e.g., SEQ
ID NO: 133). According to another embodiment, the
variant Fc region herein will possess at least about
80% homology, at least about 85% homology, at least
about 90% homology, at least about 95% homology or at
least about 99% homology with an Fc region of a parent
polypeptide. "Percent (%) amino acid sequence
identity" or "homology" with respect to the
polypeptide and antibody sequences identified herein
is defined as the percentage of amino acid residues in
a candidate sequence that are identical with the amino
acid residues in the polypeptide being compared, after
aligning the sequences considering any conservative
substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino
acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance,
using publicly available computer software such as
BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate
parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over
the full length of the sequences being compared. For
purposes herein, however, % amino acid sequence
identity values are generated using the sequence
comparison computer program ALIGN-2. The ALIGN-2
sequence comparison computer program was authored by
Genentech, Inc. and the source code has been filed
with user documentation in the U.S. Copyright Office,
Washington D.C., 20559, where it is registered under
U.S. Copyright Registration No. TXU510087. The ALIGN-2
program is publicly available throughGenentech, Inc.,
South San Francisco, California. The ALIGN-2 program
should be compiled for use on a UNIX operating system,
preferably digital UNIX V4.0D. All sequence comparison
parameters are set by the ALIGN-2 program and do not
vary. The term "Fc region-comprising polypeptide"
refers to a polypeptide, such as an antibody or
immunoadhesin (see definitions below), which comprises
an Fc region. The C-terminal lysine (residue 447
according to the EU numbering system) of the Fc region
may be removed, for example, during purification of
the polypeptide or by recombinantly engineering the
nucleic acid encoding the polypeptide. Accordingly, a
composition comprising polypeptides, including
antibodies, having an Fc region according to this
invention can comprise polypeptides populations with
all K447 residues removed, polypeptide populations
with no K447 residues removed or polypeptide
populations having a mixture of polypeptides with and
without the K447 residue. Throughout the present
specification and claims, the Kabat numbering system
is generally used when referring to a residue in the
variable domain (approximately, residues 1-107 of the
light chain and residues 1-1 13 of the heavy chain)
(e.g, Kabat et al., Sequences of Immunological
Interest. 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md. (1991)). The "EU
numbering system" or "EU index" is generally used when
referring to a residue in an immunoglobulin heavy
chain constant region (e.g., the EU index reported in
Kabat et al., Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD (1991) expressly
incorporated herein by reference). Unless stated
otherwise herein, references to residues numbers in
the variable domain of antibodies means residue
numbering by the Kabat numbering system. Unless stated
otherwise herein, references to residue numbers in the
constant domain of antibodies means residue numbering
by the EU numbering system (e.g., see United States
Provisional Application No. 60/640,323, Figures for EU
numbering). The terms "Fc receptor" or "FcR" are used
to describe a receptor that binds to the Fc region of
an antibody. In one embodiment, an FcR of this
invention is one that binds an IgG antibody (a gamma
receptor) and includes includes receptors of the
FcgRI, FcgRII, and FcgRIH subclasses, including
allelic variants and alternatively spliced forms of
these receptors. FcgRII receptors include FcgRIIA (an
"activating receptor") and FcgRIIB (an "inhibiting
receptor"), which have similar amino acid sequences
that differ primarily in the cytoplasmic domains
thereof. Activating receptor FcgRIIA contains an
immunoreceptor tyrosine-based activation motif (ITAM)
in its cytoplasmic domain. Inhibiting receptor FcgRIIB
contains an immunoreceptor tyrosine-based inhibition
motif (ITIM) in its cytoplasmic domain (see review M.
in Daeron, Annu. Rev. Immunol. 15:203-234 (1997)). The
term includes allotypes, such as FcgR lA allotypes:
FcgRIIIA-Phel58, FcgRIHA-Vall58, FcgRIIA-R131 and/or
FcgRIIA-H131. FcRs are reviewed in Ravetch and Kinet,
Annu. Rev. Immunol 9:457-92 (1991); Capel et al,
Immunomethods 4:25-34 (1994); and de Haas et al, J.
Lab. Clin. Med. 126:330- 4 1 (1995). Other FcRs,
including those to be identified in the future, are
encompassed by the term "FcR" herein. The term also
includes the neonatal receptor, FcRn, which is
responsible for thetransfer of maternal IgGs to the
fetus (Guyer et al., J. Immunol. 117:587 (1976) and
Kim et ah, J. Immunol . 24:249 (1994)). The term
"FcRn" refers to the neonatal Fc receptor (FcRn). FcRn
is structurally similar to major histocompatibility
complex (MHC) and consists of an a-chain noncovalently
bound to b2- microglobulin. The multiple functions of
the neonatal Fc receptor FcRn are reviewed in Ghetie
and Ward (2000) Anna. Rev. Immunol. 18, 739-766. FcRn
plays a role in the passive delivery of immunoglobulin
IgGs from mother to young and the regulation of serum
IgG levels. FcRn can act as a salvage receptor,
binding and transporting pinocytosed IgGs in intact
form both within and across cells, and rescuing them
from a default degradative pathway. WO00/42072
(Presta) and Shields et al. J. Biol. Chem. 9(2):
6591-6604 (2001) describe antibody variants with
improved or diminished binding to FcRs. The contents
of those publications are specifically incorporated
herein by reference. The "CHl domain" of a human IgG
Fc region (also referred to as "Cl" of "Hl" domain)
usually extends from about amino acid 118 to about
amino acid 215 (EU numbering system). "Hinge region"
is generally defined as stretching from Glu216 to
Pro230 of human IgGl (Burton, Molec.
Immunol.22:l6l-206 (1985)). 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. The
"lower hinge region" of an Fc region is normally
defined as the stretch of residues immediately
C-terminal to the hinge region, i.e. residues 233 to
239 of the Fc region. In previous reports, FcR binding
was generally attributed to amino acid residues in the
lower hinge region of an IgG Fc region. The "CH2
domain" of a human IgG Fc region (also referred to as
"C2" of "H2" domain) usually extends from about amino
acid 231 to about amino acid 340. The CH2 domain is
unique in that it is not closely paired with another
domain. Rather, two N-linked branched carbohydrate
chains are interposed between the two CH2 domains of
an intact native IgG molecule. It has been speculated
that the carbohydrate may provide a substitute for the
domain-domain pairing and help stabilize the CH2
domain. Burton, Molec. Immunol.22:l6l-206 (1985). The
"CH3 domain" (also referred to as "C2" or "H3" domain)
comprises the stretch of residues C-terminal to a CH2
domain in an Fc region (i.e. from about amino acid
residue 341 to the C-terminal end of an antibody
sequence, typically at amino acid residue 446 or 447
of an IgG) A "functional Fc region" possesses an
"effector function" of a native sequence Fc region. 



Exemplary "effector functions" include CIq binding;
complement dependent cytotoxicity; Fc receptor
binding; antibody-dependent cell-mediated cytotoxicity
(ADCC); phagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor; BCR), etc. Such
effector functions generally require the Fc region to
be combined with a binding domain (e.g. an antibody
variable domain) and can be assessed using various
assays as herein disclosed, for example."CIq" is a
polypeptide that includes a binding site for the Fc
region of an immunoglobulin. CIq together with two
serine proteases, CIr and CIs, forms the complex Cl,
the first component of the complement dependent
cytotoxicity (CDC) pathway. Human CIq can be purchased
commercially from, e.g. Quidel, San Diego, CA. The
term "binding domain" refers to the region of a
polypeptide that binds to another molecule. In the
case of an FcR, the binding domain can comprise a
portion of a polypeptide chain thereof (e.g. the alpha
chain thereof) which is responsible for binding an Fc
region. One useful binding domain is the extracellular
domain of an FcR alpha chain. A polypeptide with a
variant IgG Fc with "altered" FcR binding affinity or
ADCC activity is one which has either enhanced or
diminished FcR binding activity (e.g, FcgR or FcRn)
and/or ADCC activity compared to a parent polypeptide
or to a polypeptide comprising a native sequence Fc
region. The variant Fc which "exhibits increased
binding" to an FcR binds at least one FcR with higher
affinity (e.g., lower apparent Kd or IC50 value) than
the parent polypeptide or a native sequence IgG Fc.
According to some embodiments, the improvement in
binding compared to a parent polypeptide is about 3
fold, preferably about 5, 10, 25, 50, 60, 100, 150,
200, up to 500 fold, or about 25% to 1000% improvement
in binding. The polypeptide variant which "exhibits
decreased binding" to an FcR, binds at least one FcR
with lower affinity (e.g, higher apparent Kd or higher
IC50 value) than a parent polypeptide. The decrease in
binding compared to a parent polypeptide may be about
40% or more decrease in binding. In one embodiment, Fc
variants which display decreased binding to an FcR
possess little or no appreciable binding to an FcR,
e.g., 0-20% binding to the FcR compared to a native
sequence IgG Fc region, e.g. as determined in the
Examples herein. "Antibody-dependent cell-mediated
cytotoxicity" or "ADCC" refers to a form of
cytotoxicity in which secreted Ig bound to Fc
receptors (FcRs) present on certain cytotoxic cells
(e.g. Natural Killer (NK) cells, neutrophils, and
macrophages) enable these cytotoxic effector cells to
bind specifically to an antigen-bearing target cell
and subsequently kill the target cell with cytotoxins.
The antibodies "arm" the cytotoxic cells and are
absolutely required for such killing. The primary
cells for mediating ADCC, NK cells, express FcgRI
only, whereas monocytes express FcgRI, FcgRII and
FcgRIII. FcR expression on hematopoietic cells is
summarized in Table 3 on page 464 of Ravetch and
Kinet, Annu. Rev. Immunol 9:457-92 (1991). To assess
ADCC activity of a molecule of interest, an in vitro
ADCC assay, such as that described in US Patent No.
5,500,362 or 5,821,337 or in the Examples below may be
performed. Useful effector cells for such assays
include peripheral blood mononuclear cells (PBMC) and
Natural Killer (NK) cells. Alternatively, or
additionally, ADCC activity of the molecule of
interest may be assessed in vivo, e.g., in a animal
model such as that disclosed in Clynes et al. PNAS
(USA) 95:652-656 (1998). The polypeptide comprising a
variant Fc region which "exhibits increased ADCC" or
mediates antibody-dependent cell-mediated cytotoxicity
(ADCC) in the presence of human effector cells more
effectively than a polypeptide having wild type IgG Fc
or a parent polypeptide is onewhich in vitro or in
vivo is substantially more effective at mediating
ADCC, when the amounts of polypeptide with variant Fc
region and the polypeptide with wild type Fc region
(or the parent polypeptide) in the assay are
essentially the same. Generally, such variants will be
identified using the in vitro ADCC assay as herein
disclosed, but other assays or methods for determining
ADCC activity, e.g. in an animal model etc, are
contemplated. In one embodiment, the preferred variant
is from about 5 fold to about 100 fold, e.g. from
about 25 to about 50 fold, more effective at mediating
ADCC than the wild type Fc (or parent polypeptide) .
"Complement dependent cytotoxicity" or "CDC" refers to
the lysis of a target cell in the presence of
complement. Activation of the classical complement
pathway is initiated by the binding of the first
component of the complement system (CIq) to antibodies
(of the appropriate subclass) which are bound to their
cognate antigen. To assess complement activation, a
CDC assay, e.g. as described in Gazzano-Santoro et
al., J. Immunol. Methods 202:163 (1996), may be
performed. Polypeptide variants with altered Fc region
amino acid sequences and increased or decreased CIq
binding capability are described in US patent No.
6,194,551Bl and WO99/51642. The contents of those
patent publications are specifically incorporated
herein by reference. See, also, Idusogie et al. J.
Immunol. 164: 4178-4184 (2000). "Human effector cells"
are leukocytes which express one or more FcRs and
perform effector functions. According to one
embodiment, the cells express at least FcgRm and
perform ADCC effector function. Examples of human
leukocytes which mediate ADCC include peripheral blood
mononuclear cells (PBMC), natural killer (NK) cells,
monocytes, cytotoxic T cells and neutrophils; with
PBMCs and NK cells being preferred. The effector cells
may be isolated from a native source thereof, e.g.
from blood or PBMCs as described herein. Methods of
measuring binding to FcRn are known (see, e.g., Ghetie
1997, Hinton 2004) as well as described in the
Examples below. Binding to human FcRn in vivo and
serum half life of human FcRn high affinity binding
polypeptides can be assayed, e.g, in transgenic mice
or transfected human cell lines expressing human FcRn,
or in primates administered with the Fc variant
polypeptides. In one embodiment, the polypeptide and
specifically the antibodies of the invention having a
variant IgG Fc exhibits increased binding affinity for
human FcRn over a polypeptide having wild-type IgG Fc,
by at least 2 fold, at least 5 fold, at least 10 fold,
at least 50 fold, at least 60 fold, at least 70 fold,
at least 80 fold, at least 100 fold, at least 125
fold, at least 150 fold. In a specific embodiment, the
binding affinity for human FcRn is increased about 170
fold. For binding affinity to FcRn, in one embodiment,
the EC50 or apparent Kd (at pH 6.0) of the polypeptide
is less than IuM, more preferably less than or equal
to 100 nM, more preferably less than or equal to 10
nM. In one embodiment, for increased binding affinity
to FcgRip (F158; i.e. lowaffinity isotype) the EC50 or
apparent Kd less is than or equal to 10 nM, and for
FcgRIII (V158; highaffinity isotype) the EC50 or
apparent Kd is less than or equal to 3 nM. According
to another embodiment, a reduction in binding of an
antibody to a Fc receptor relative to a control
antibody (e.g.,the Herceptin(r) antibody) may be
considered significant relative to the control
antibody if the ratio of the values of the absorbances
at the midpoints of the test antibody and control
antibody binding curves (e.g, less than or equal to
40%. According to another embodiment, an increase in
binding of an antibody to a Fc receptor relative to a
control antibody (e.g., the Herceptin(r) antibody) may
be considered significant relative to the control
antibody if the ratio of the values of the absorbances
at the midpoints of the test antibody and control
antibody binding curves (e.g, A450 nm(anubody/A450
nm(controi Ab) ) is greater than or equal to 125%.
See, e.g., Example 16. A "parent polypeptide" or
"parent antibody" is a polypeptide or antibody
comprising an amino acid sequence from which the
variant polypeptide or antibody arose and against
which the variant polypeptide or antibody is being
compared. Typically the parent polypeptide or parent
antibody lacks one or more of the Fc region
modifications disclosed herein and differs in effector
function compared to a polypeptide variant as herein
disclosed. The parent polypeptide may comprise a
native sequence Fc region or an Fc region with
pre-existing amino acid sequence modifications (such
as additions, deletions and/or substitutions). A
"fusion protein" and a "fusion polypeptide" refer to a
polypeptide having two portions of a polypeptide
sequence covalently linked together. In most
embodiments, each of the portions are polypeptide
sequences not typically associated with each other in
nature and/or have different properties. The property
may be a biological property, such as activity in
vitro or in vivo. The property may also b e a simple
chemical or physical property, such as binding to a
target molecule, catalysis of a reaction, etc. The two
portions may b e linked directly by a single peptide
bond or through a peptide linker containing one or
more amino acid residues. Generally, the two portions
will b e linked in reading frame with each other. An
"isolated" antibody or polypeptide is one which has
been identified and separated and/or recovered from a
component of the environment from which it was
produced. Contaminant components can be, e.g.,
materials which would interfere with diagnostic or
therapeutic uses for the antibody, and may include
enzymes, hormones, and other proteinaceous or
nonproteinaceous solutes. In one preferred embodiment,
the antibody or polypeptide will b e purified (1) to
greater than 95% by weight of antibody as determined
by the Lowry method, and most preferably more than 99%
by weight, (2) to a degree sufficient to obtain at
least 15 residues of N-terminal or internal amino acid
sequence by use of a spinning cup sequenator, or (3)
to homogeneity by SDS-PAGE under reducing or
nonreducing conditions using Coomassie blue or,
preferably, silver stain. Isolated antibody or
polypeptide includes the antibody or polypeptide in
situ within recombinant cells since at least one
component of the antibody's natural environment will
not b e present. Ordinarily, however, isolated
antibody or polypeptide will b e prepared by at least
one purification step. An "isolated"
polypeptide-encoding nucleic acid or other
polypeptide-encoding nucleic acid i s a nucleic acid
molecule that is identified and separated from at
least one contaminant nucleic acid molecule with which
it i s ordinarily associated in the natural source of
the polypeptide-encodingnucleic acid. An isolated
polypeptide-encoding nucleic acid molecule is other
than in the form or setting in which it is found in
nature. Isolated polypeptide-encoding nucleic acid
molecules therefore are distinguished from the
specific polypeptide-encoding nucleic acid molecule as
it exists in natural cells. However, an isolated
polypeptide-encoding nucleic acid molecule includes
polypeptideencoding nucleic acid molecules contained
in cells that ordinarily express the polypeptide
where, for example, the nucleic acid molecule is in a
chromosomal location different from that of natural
cells. The term "control sequences" refers to DNA
sequences necessary for the expression of an operably
linked coding sequence in a particular host organism.
The control sequences that are suitable for
prokaryotes, for example, include a promoter,
optionally an operator sequence, and a ribosome
binding site. Eukaryotic cells are known to utilize
promoters, polyadenylation signals, and enhancers.
Nucleic acid is "operably linked" when it is placed
into a functional relationship with another nucleic
acid sequence. For example, DNA for a presequence or
secretory leader is operably linked to DNA for a
polypeptide if it is expressed as a preprotein that
participates in the secretion of the polypeptide; a
promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably
linked to a coding sequence if it is positioned so as
to facilitate translation. Generally, "operably
linked" means that the DNA sequences being linked are
contiguous, and, in the case of a secretory leader,
contiguous and in reading phase. However, enhancers do
not have to be contiguous. Linking is accomplished by
ligation at convenient restriction sites. If such
sites do not exist, the synthetic oligonucleotide
adaptors or linkers are used in accordance with
conventional practice. "Vector" includes shuttle and
expression vectors. Typically, the plasmid construct
will also include an origin of replication (e.g., the
CoIEl origin of replication) and a selectable marker
(e.g., ampicillin or tetracycline resistance), for
replication and selection, respectively, of the
plasmids in bacteria. An "expression vector" refers to
a vector that contains the necessary control sequences
or regulatory elements for expression of the
antibodies including antibody fragment of the
invention, in bacterial or eukaryotic cells. Suitable
vectors are disclosed below. The cell that produces a
BR3 binding antibody of the invention will include the
bacterial and eukaryotic host cells into which nucleic
acid encoding the antibodies have been introduced.
Suitable host cells are disclosed below. "Stringency"
of hybridization reactions is readily determinable by
one of ordinary skill in the art, and generally is an
empirical calculation dependent upon probe length,
washing temperature, and salt concentration. In
general, longer probes require higher temperatures for
proper annealing, while shorter probes need lower
temperatures. Hybridization generally depends on the
ability of denatured DNA to reanneal when
complementary strands are present in an environment
below their melting temperature. The higher the degree
of desired homology between the probe and hybridizable
sequence, the higher the relative temperature which
can be used. As a result, it follows that
higherrelative temperatures would tend to make the
reaction conditions more stringent, while lower
temperatures less so. For additional details and
explanation of stringency of hybridization reactions,
see Ausubel et al., Current Protocols in Molecular
Biology Wiley Interscience Publishers, (1995).
"Stringent conditions" or "high stringency
conditions", as defined herein, can be identified by
those that: (1) employ low ionic strength and high
temperature for washing, for example 0.015 M sodium
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl
sulfate at 50C; (2) employ during hybridization a
denaturing agent, such as formamide, for example, 50%
(v/v) formamide with 0.1% bovine serum albumin/0. 1%
Ficoll/0.1% polyvinylpyrrolidone/50mM sodium phosphate
buffer at pH 6.5 with 750 mM sodium chloride, 75 mM
sodium citrate at 42C; or (3) overnight hybridization
in a solution that employs 50% formamide, 5 x SSC
(0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x
Denhardt's solution, sonicated salmon sperm DNA (50
mg/ml), 0.1% SDS, and 10% dextran sulfate at 42C, with
a 10 minute wash at 42C in 0.2 x SSC (sodium
chloride/sodium citrate) followed by a 10 minute
high-stringency wash consisting of 0.1 x SSC
containing EDTA at 55C. "Moderately stringent
conditions" can be identified as described by Sambrook
et al., Molecular Cloning: A Laboratory Manual . New
York: Cold Spring Harbor Press, 1989, and include the
use of washing solution and hybridization conditions
(e.g., temperature, ionic strength and %SDS) less
stringent that those described above. An example of
moderately stringent conditions is overnight
incubation at 37C in a solution comprising: 20%
formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5 x
Denhardt's solution, 10% dextran sulfate, and 20 mg/ml
denatured sheared salmon sperm DNA, followed by
washing the filters in 1 x SSC at about 37-50C. The
skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.
The term "epitope tagged" when used herein refers to a
chimeric polypeptide comprising a polypeptide fused to
a "tag polypeptide". The tag polypeptide has enough
residues to provide an epitope against which an
antibody can be made, yet is short enough such that it
does not interfere with activity of the polypeptide to
which it is fused. The tag polypeptide preferably also
is fairly unique so that the antibody does not
substantially cross-react with other epitopes.
Suitable tag polypeptides generally have at least six
amino acid residues and usually between about 8 and 50
amino acid residues (preferably, between about 10 and
20 amino acid residues). Polypeptides and antibodies
of this invention that are epitope-tagged are
contemplated. "Biologically active" and "biological
activity" and "biological characteristics" with
respect to an anti-BR3 polypeptide or antibody of this
invention means the antibody or polypeptide binds BR3.
According to one preferred embodiment, the antibody
binds human BR3 polypeptide. In a further embodiment,
an anti-BR3 polypeptide or antibody of this invention
also has any one, any combination or all of the
following activities: (1) binds to a human BR3
extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less,5nM or less or InM or less; (2) binds to
a human BR3 extracellular domain sequence and binds to
a rodent BR3 extracellular domain sequence with an
apparent Kd value of 50OnM or less, 10OnM or less, 50
nM or less, 1OnM or less, 5nM or less or InM or less;
and (3) inhibits human BR3 binding to human BAFF.
Depending on the desired use for the antibody, the
antibody can further comprise the any one of the
following activities (1) has antibody dependent
cellular cytotoxicity (ADCC) in the presence of human
effector cells compared to wild-type or native
sequence IgG Fc; (2) has increased ADCC in the
presence of human effector cells compared to wild-type
or native sequence IgG Fc or (3) has decreased ADCC in
the presence of human effector cells compared to
wild-type or native sequence IgG Fc. According to
another embodiment, an antibody of this invention
binds the human Fc neonatal receptor (FcRn) with a
higher affinity than a polypeptide or parent
polypeptide having wild type or native sequence IgG
Fc. "Biologically active" and "biological activity"
and "biological characteristics" with respect to an
antagonist anti-BR3 polypeptide or antibody of this
invention means the antibody or polypeptide has any
one, any combination or all of the following
activities: (1) inhibits B cell proliferation; (2)
inhibits B cell survival; (3) kills or depletes B
cells in vivo. According to one embodiment, the
depletion of B cells when compared to the baseline
level or appropriate negative control which is not
treated with such anti-BR3 antibody or polypeptide is
at least 20%. According to another embodiment, the
antagonistic antibody has antibody dependent cellular
cytotoxicity (ADCC) in the presence of human effector
cells compared to wild-type or native sequence IgG Fc
or has increased ADCC in the presence of human
effector cells compared to wild-type or native
sequence IgG Fc. "Biologically active" and "biological
activity" and "biological characteristics" with
respect to an agonist anti-BR3 polypeptide or antibody
of this invention means the antibody or polypeptide
has one or both of the following activities: (1)
stimulates B cell proliferation and (2) stimulates B
cell survival. According to one embodiment, the
agonistic antibody has decreased ADCC in the presence
of human effector cells compared to wild-type or
native sequence IgG Fc. The amino acid sequences
specifically disclosed herein are contiguous amino
acid sequences unless otherwise specified. 



Variations in polypeptides of this invention described
herein, can be made, for example, using any of the
techniques and guidelines for conservative and
non-conservative mutations. Variations can be a
substitution, deletion or insertion of one or more
codons encoding the polypeptide that results in a
change in the amino acid sequence of the polypeptide.
Amino acid substitutions can be the result of
replacing one amino acid with another amino acid
having similar structural and/or chemical properties,
such as the replacement of a leucine with a serine,
i.e., conservative amino acid replacements. Insertions
or deletions can optionally be in the range of about 1
to 5 amino acids. The variation allowed can be
determined by systematically making insertions,
deletions or substitutions of amino acids in the
sequence and testing the resulting variants for
activity exhibited by the full-length or mature native
sequence.The term "conservative" amino acid
substitution as used within this invention is meant to
refer to amino acid substitutions which substitute
functionally equivalent amino acids. Conservative
amino acid changes result in minimal change in the
amino acid structure or function of the resulting
peptide. For example, one or more amino acids of a
similar polarity act as functional equivalents and
result in a silent alteration within the amino acid
sequence of the peptide. In general, substitutions
within a group can be considered conservative with
respect to structure and function. However, the
skilled artisan will recognize that the role of a
particular residue is determined by its context within
the three-dimensional structure of the molecule in
which it occurs. For example, Cys residues may occur
in the oxidized (disulfide) form, which is less polar
than the reduced (thiol) form. The long aliphatic
portion of the Arg side chain can constitute a
critical feature of its structural or functional role,
and this may be best conserved by substitution of a
nonpolar, rather than another basic residue. Also, it
will be recognized that side chains containing
aromatic groups (Trp, Tyr, and Phe) can participate in
ionic-aromatic or "cation-pi" interactions. In these
cases, substitution of one of these side chains with a
member of the acidic or uncharged polar group may be
conservative with respect to structure and function.
Residues such as Pro, GIy, and Cys (disulfide form)
can have direct effects on the main chain
conformation, and often may not be substituted without
structural distortions. Conservative substitutions
include the following specific substitutions based on
the similarities in side chains and exemplary
substitutions and preferred substitutions listed
below. Amino acids may be grouped according to
similarities in the properties of their side chains
(in A. L. Lehninger, in Biochemistry, second ed., pp.
73-75, Worth Publishers, New York (1975)): (1)
non-polar: Ala (A), VaI (V), Leu (L), He (I), Pro (P),
Phe (F), Trp (W), Met (M) (2) uncharged polar: GIy
(G), Ser (S), Thr (T), Cys (C), Tyr (Y), Asn (N), GIn
(Q) (3) acidic: Asp (D), GIu (E) (4) basic: Lys (K),
Arg (R), His(H) Alternatively, naturally occurring
residues may be divided into groups based on common
side-chain properties: (1) hydrophobic: Norleucine,
Met, Ala, VaI, Leu, He; (2) neutral hydrophilic: Cys,
Ser, Thr, Asn, GIn; (3) acidic: Asp, GIu; (4) basic:
His, Lys, Arg; (5) residues that influence chain
orientation: GIy, Pro; (6) aromatic: Trp, Tyr, Phe.
Table 1Non-conservative substitutions will entail
exchanging a member of one of these classes for
another class. Such substituted residues also may be
introduced into the conservative substitution sites
or, more preferably, into the remaining
(non-conserved) sites. The term "amino acid" within
the scope of the present invention is used in its
broadest sense and is meant to include the naturally
occurring L alpha-amino acids or residues. The
commonly used one and three letter abbreviations for
naturally occurring amino acids are used herein
(Lehninger, A.L., Biochemistry, 2d ed., pp. 71-92,
(1975), Worth Publishers, New York). The term includes
Damino acids as well as chemically modified amino
acids such as amino acid analogs, naturally occurring
amino acids that are not usually incorporated into
proteins such as norleucine, and chemically
synthesized compounds having properties known in the
art to be characteristic of an amino acid. For
example, analogs or mimetics of phenylalanine or
proline, which allow the same conformational
restriction of the peptide compounds as natural Phe or
Pro are included within the definition of amino acid.
Such analogs and mimetics are referred to herein as
"functional equivalents" of an amino acid. Other
examples of amino acids are listed by Roberts and
Vellaccio(The Peptides: Analysis, Synthesis, Biology,)
Eds. Gross and Meiehofer, Vol. 5 p 341, Academic
Press, Inc, N.Y. 1983, which is incorporated herein by
reference. Peptides synthesized by the standard solid
phase synthesis techniques described here, for
example, are not limited to amino acids encoded by
genes for substitutions involving the amino acids.
Commonly encountered amino acids which are not encoded
by the genetic code, include, for example, those
described in International Publication No. WO
90/01940, as well as, for example, 2-amino adipic acid
(Aad) for GIu and Asp; 2-aminopimelic acid (Apm) for
GIu and Asp; 2-aminobutyric (Abu) acid for Met, Leu,
and other aliphatic amino acids; 2-aminoheptanoic acid
(Ahe) for Met, Leu and other aliphatic amino acids;
2-aminoisobutyric acid (Aib) for GIy;
cyclohexylalanine (Cha) for VaI, and Leu and He;
homoarginine (Har) for Arg and Lys;
2,3-diaminopropionic acid (Dpr) for Lys, Arg and His;
N-ethylglycine (EtGIy) for GIy, Pro, and Ala;
N-ethylglycine (EtGIy) for GIy, Pro, and Ala;
N-ethylasparigine (EtAsn) for Asn, and GIn;
Hydroxyllysine (HyI) for Lys; allohydroxyllysine
(AHyI) for Lys; 3-(and 4)hydoxyproline (3Hyp, 4Hyp)
for Pro, Ser, and Thr; allo-isoleucine (AIIe) for He,
Leu, and VaI; -amidinophenylalanine for Ala;
N-methylglycine (MeGIy, sarcosine) for GIy, Pro, and
Ala; N-methylisoleucine (MeIIe) for He; Norvaline
(Nva) for Met and other aliphatic amino acids;
Norleucine (NIe) for Met and other aliphatic amino
acids; Ornithine (Orn or Or) for Lys, Arg and His;
Citrulline (Cit) and methionine sulfoxide (MSO) for
Thr, Asn and GIn; - methylphenylalanine (MePhe),
trimethylphenylalanine, halo (F, Cl, Br, and
I)phenylalanine, triflourylphenylalanine, for Phe. The
variations can be made using methods known in the art
such as oligonucleotide-mediated (site-directed)
mutagenesis, alanine scanning, and PCR mutagenesis.
Site-directed mutagenesis [Carter et al., Nucl. Acids
Res., 13:4331 (1986); Zoller et aL, Nucl. Acids Res.,
10:6487 (1987)], cassette mutagenesis [Wells et al.,
Gene, 34:315 (1985)], restriction selection
mutagenesis [Wells et al., Philos. Trans. R. Soc.
London SerA, 317:415 (1986)] or other known techniques
can be performed on the cloned DNA to produce the
variant DNA. Scanning amino acid analysis can also be
employed to identify one or more amino acids along a
contiguous sequence. Among the preferred scanning
amino acids are relatively small, neutral amino acids.
Such amino acids include alanine, glycine, serine, and
cysteine. Alanine is typically a preferred scanning
amino acid among this group because it eliminates the
side-chain beyond the betacarbon and is less likely to
alter the main-chain conformation of the variant
[Cunningham and Wells, Science, 244: 1081-1085
(1989)]. Alanine is also typically preferred because
it is the most common amino acid. Further, it is
frequently found in both buried and exposed positions
[Creighton, The Proteins, (W.H. Freeman &Co., N.Y.);
Chothia, J. MoI. Biol , 150:1 (1976)]. If alanine
substitution does not yield adequate amounts of
variant, an isoteric amino acid can be used. The term
"detecting" is intended to include determining the
presence or absence of a molecule or determining
qualitatively or quantitatively the amount of a
molecule. The term thus refers to the use of the
materials, compositions, and methods of the present
invention for qualitative andquantitative
determinations. In general, the particular technique
used for detection is not critical for practice of the
invention. For example, "detecting" according to the
invention may include detecting: the presence or
absence of a molecule, number of cells expressing the
polypeptide, a change in the levels of the molecule or
amount of the molecule bound to a target or target
bound to the molecule; a change in biological
function/activity of a molecule (e.g., ligand or
receptor binding activity, intracellular signaling
(such as NF-kB activation), tumor cell proliferation,
B cell proliferation, or survival, etc.), e.g., using
methods that are known in the art. In some
embodiments, "detecting" may include detecting wild
type levels of the molecule (e.g., mRNA or polypeptide
levels). Detecting may include quantifying a change
(increase or decrease) of any value between 10% and
90%, or of any value between 30% and 60%, or over
100%, when compared to a control. Detecting may
include quantifying a change of any value between
2-fold to 10-fold, inclusive, or more e.g., 100-fold.
Thus, for example, referral to a BR3 molecule can
refer to its mRNA or protein, etc. As used herein a
"BR3 molecule" as used herein refers to a molecule
substantially identical to: a BR3 polypeptide; a
nucleic acid molecule encoding a BR3 polypeptide; as
well as isoforms, fragments, analogs, or variants of
the polypeptide or the nucleic acid molecule. For
example, a BR3 molecule can include an isoform,
fragment, analog, or variant of a BR3 polypeptide
derived from a mammal, which BR3 molecule has the
ability to bind BAFF. As used herein a "BAFF molecule"
as used herein refers to a molecule substantially
identical to: a BAFF polypeptide; a nucleic acid
molecule encoding a BAFF polypeptide; as well as
isoforms, fragments, analogs, or variants of the
polypeptide or the nucleic acid molecule. For example,
a BAFF molecule can include an isoform, fragment,
analog, or variant of a BAFF polypeptide derived from
a mammal, which BAFF molecule that has the ability to
bind BR3. As used herein, a subject to be treated is a
mammal (e.g., human, non-human primate, rat, mouse,
cow, horse, pig, sheep, goat, dog, cat, etc.). The
subject may be a clinical patient, a clinical trial
volunteer, an experimental animal, etc. The subject
may be suspected of having or at risk for having a
cancer or immune disease, be diagnosed with a cancer
or immune disease, or be a control subject that is
confirmed to not have a cancer. Many diagnostic
methods for cancer and immune disease and the clinical
delineation of cancer or immune diagnoses are known in
the art. According to one preferred embodiment, the
subject to be treated according to this invention is a
human. "Treating" or "treatment" or "alleviation"
refers to measures, wherein the object is to prevent
or slow down (lessen) the targeted pathologic
condition or disorder or relieve some of the symptoms
of the disorder. Those in need of treatment include
can include those already with the disorder as well as
those prone to have the disorder or those in whom the
disorder is to be prevented. A subject or mammal is
successfully "treated" for a cancer if, after
receiving a therapeutic amount of a polypeptide or an
antibody of the present invention, the patient shows
observable and/or measurable reduction in or absence
of one or more of the following: reduction in the
number of cancer cells or absence of thecancer cells;
reduction in the tumor size; inhibition (i.e., slow to
some extent and preferably stop) of cancer cell
infiltration into peripheral organs including the
spread of cancer into soft tissue and bone; inhibition
(i.e., slow to some extent and preferably stop) of
tumor metastasis; inhibition, to some extent, of tumor
growth; and/or relief to some extent, one or more of
the symptoms associated with 5 the specific cancer;
reduced morbidity and mortality, and improvement in
quality of life issues. To the extent the polypeptides
of this invention can prevent growth and/or kill
existing cancer cells, it can be cytostatic and/or
cytotoxic. Reduction of these signs or symptoms may
also be felt by the patient. The term "therapeutically
effective amount" refers to an amount of a polypeptide
of this invention effective to "alleviate" or "treat"
a disease or disorder in a subject. In the case of
cancer, 10 the therapeutically effective amount of the
drug may reduce the number of cancer cells; reduce the
tumor size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent
and preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be 15
cytostatic and/or cytotoxic. "Chronic" administration
refers to administration of the agent(s) in a
continuous mode as opposed to an acute mode, so as to
maintain the initial therapeutic effect (activity) for
an extended period of time. "Intermittent"
administration is treatment that is not consecutively
done without interruption, but rather is cyclic in
nature. 20 "Carriers" as used herein include
pharmaceutically acceptable carriers, excipients, or
stabilizers which are nontoxic to the cell or mammal
being exposed thereto at the dosages and
concentrations employed. Often the physiologically
acceptable carrier is an aqueous pH buffered solution.
Examples of physiologically acceptable carriers
include buffers such as phosphate, citrate, and other
organic acids; antioxidants including ascorbic acid;
low molecular weight (less than about 25 10 residues)
polypeptide; proteins, such as serum albumin, gelatin,
or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, arginine or lysine;
monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins;
chelating agents such as EDTA; sugar alcohols such as
mannitol or sorbitol; salt-forming counterions such as
sodium; and/or nonionic surfactants such as TWEEN(tm),
polyethylene glycol 30 (PEG), andPLURONICS(tm). As
used herein, the term "immunoadhesin" designates
antibody-like molecules which combine the binding
specificity of a heterologous protein (an "adhesin")
with the effector functions of immunoglobulin constant
domains. Structurally, the immunoadhesins comprise a
fusion of an amino acid sequence with the desired
binding specificity which is other than the antigen
recognition and 35 binding site of an antibody (i.e.,
is "heterologous"), and an immunoglobulin constant
domain sequence. The adhesin part of an immunoadhesin
molecule typically is a contiguous amino acid sequence
comprising at least the binding site of a receptor or
a ligand. The immunoglobulin constantdomain sequence
in the immunoadhesin can be obtained from any
immunoglobulin, such as IgG-I, IgG-2, IgG-3, or IgG-4
subtypes, IgA (including IgA-I and IgA-2), IgE, IgD or
IgM. For example, useful immunoadhesins according to
this invention can be polypeptides that comprise the
BAFF binding portions of a polypeptide or BR3 binding
portions of a polypeptide (e.g., a portion of a BAFF
receptor excluding the transmembrane or cytoplasmic
sequences fused to an Fc region, TACI receptor
extracellular domain-Fc or BCMA extracelllular
domain-Fc or BR3 extracellular domain-Fc). In one
embodiment, a polypeptide sequence of this invention
is fused to a constant domain of an immunoglobulin
sequence. An "immunodeficiency disease" is a disorder
or condition where the immune response is reduced
(e.g., severe combined immunodeficiency (SCID)-X
linked, SCID-autosomal, adenosine deaminase deficiency
(ADA deficiency), X-linked agammaglobulinemia (XLA).
Bruton's disease, congenital agammaglobulinemia,
X-linked infantile agammaglobulinemia, acquired
agammaglobulinemia, adult onset agammaglobulinemia,
late-onset agammaglobulinemia, dysgammaglobulinemia,
hypogammaglobulinemia, transient hypogammaglobulinemia
of infancy, unspecified hypogammaglobulinemia,
agammaglobulinemia, common variable immunodeficiency
(CVID) (acquired), Wiskott-Aldrich Syndrome (WAS),
X-linked immunodeficiency with hyper IgM, non X-linked
immunodeficiency with hyper IgM, selective IgA
deficiency, IgG subclass deficiency (with or without
IgA deficiency), antibody deficiency with normal or
elevated Igs, immunodeficiency with thymoma, Ig heavy
chain deletions, kappa chain deficiency, B cell
lymphoproliferative disorder (BLPD), selective IgM
immunodeficiency, recessive agammaglobulinemia (Swiss
type), reticular dysgenesis, neonatal neutropenia,
severe congenital leukopenia, thymic
alymphoplasia-aplasia or dysplasia with
immunodeficiency, ataxia-telangiectasia telangiectasia
(cerebellar ataxia, oculocutaneous telangiectasia and
immunodeficiency), short limbed dwarfism, X-linked
lymphoproliferative syndrome (XLP), Nezelof
syndrome-cumbined immunodeficiency with Igs, purine
nucleotide phosphorylase deficiency (PNP), MHC Class
II deficiency (Bare Lymphocyte Syndrome) and severe
combined immunodeficiency,) or conditions associated
with an immunodeficiency, Janus Associated Kinase 3
(JAK3) deficiency, DiGeorge's syndrome (isolated T
cell deficiency) and Associated syndromes e.g., Down
syndrome, chronic mucocutaneous candidiasis, hyper-IgE
syndrome, chronic granulomatous disease, partial
albinism and WHIM syndrome (warts,
hypogammaglobulinemia, infection, and myelokathexis
[retention of leukocytes in a hypercellular marrow]).
An "autoimmune disease" herein is a disease or
disorder arising from and directed against an
individual's own tissues or a co-segregate or
manifestation thereof or resulting condition
therefrom. Examples of autoimmune diseases or
disorders include, but are not limited to arthritis
(rheumatoid arthritis such as acute arthritis, chronic
rheumatoid arthritis, gouty arthritis, acute gouty
arthritis, chronic inflammatory arthritis,
degenerative arthritis, infectious arthritis, Lyme
arthritis, proliferativearthritis, psoriatic
arthritis, vertebral arthritis, and juvenile-onset
rheumatoid arthritis, osteoarthritis, arthritis
chronica progrediente, arthritis deformans,
polyarthritis chronica primaria, reactive arthritis,
and ankylosing spondylitis), inflammatory
hyperproliferative skin diseases, psoriasis such as
plaque psoriasis, gutatte psoriasis, pustular
psoriasis, and psoriasis of the nails, dermatitis
including contact dermatitis, chronic contact
dermatitis, allergic dermatitis, allergic contact
dermatitis, dermatitis herpetiformis, and atopic
dermatitis, x-linked hyper IgM syndrome, urticaria
such as chronic allergic urticaria and chronic
idiopathic urticaria, including chronic autoimmune
urticaria, polymyositis/dermatomyositis, juvenile
dermatomyositis, toxic epidermal necrolysis,
scleroderma (including systemic scleroderma),
sclerosis such as systemic sclerosis, multiple
sclerosis (MS) such as spino-optical MS, primary
progressive MS (PPMS), and relapsing remitting MS
(RRMS), progressive systemic sclerosis,
atherosclerosis, arteriosclerosis, sclerosis
disseminata, and ataxic sclerosis, inflammatory bowel
disease (IBD) (for example, Crohn's disease,
autoimmune-mediated gastrointestinal diseases, colitis
such as ulcerative colitis, colitis ulcerosa,
microscopic colitis, collagenous colitis, colitis
polyposa, necrotizing enterocolitis, and transmural
colitis, and autoimmune 



inflammatory bowel disease), pyoderma gangrenosum,
erythema nodosum, primary sclerosing cholangitis,
episcleritis), respiratory distress syndrome,
including adult or acute respiratory distress syndrome
(ARDS), meningitis, inflammation of all or part of the
uvea, iritis, choroiditis, an autoimmune hematological
disorder, rheumatoid spondylitis, sudden hearing loss,
IgE-mediated diseases such as anaphylaxis and allergic
and atopic rhinitis, encephalitis such as Rasmussen's
encephalitis and limbic and/or brainstem encephalitis,
uveitis, such as anterior uveitis, acute anterior
uveitis, granulomatous uveitis, nongranulomatous
uveitis, phacoantigenic uveitis, posterior uveitis, or
autoimmune uveitis, glomerulonephritis (GN) with and
without nephrotic syndrome such as chronic or acute
glomerulonephritis such as primary GN, immune-mediated
GN, membranous GN (membranous nephropathy), idiopathic
membranous GN or idiopathic membranous nephropathy,
membrano- or membranous proliferative GN (MPGN),
including Type I and Type p , and rapidly progressive
GN, allergic conditions, allergic reaction, eczema
including allergic or atopic eczema, asthma such as
asthma bronchiale, bronchial asthma, and auto-immune
asthma, conditions involving infiltration of T cells
and chronic inflammatory responses, chronic pulmonary
inflammatory disease, autoimmune myocarditis,
leukocyte adhesion deficiency, systemic lupus
erythematosus (SLE) or systemic lupus erythematodes
such as cutaneous SLE, subacute cutaneous lupus
erythematosus, neonatal lupus syndrome (NLE), lupus
erythematosus disseminatus, lupus (including
nephritis, cerebritis, pediatric, non-renal,
extra-renal, discoid, alopecia), juvenile onset (Type
I) diabetes mellitus, including pediatric
insulin-dependent diabetes mellitus (IDDM), adult
onset diabetes mellitus (Type II diabetes), autoimmune
diabetes, idiopathic diabetes insipidus, immune
responses associated with acute and delayed
hypersensitivity mediated by cytokines and
T-lymphocytes, tuberculosis, sarcoidosis,
granulomatosis including lymphomatoid granulomatosis,
Wegener's granulomatosis, agranulocytosis,
vasculitides, including vasculitis (including large
vessel vasculitis(including polymyalgia rheumatica and
giant cell (Takayasu's) arteritis), medium vessel
vasculitis (including Kawasaki's disease and
polyarteritis nodosa), microscopic polyarteritis, CNS
vasculitis, necrotizing, cutaneous, or
hypersensitivity vasculitis, systemic necrotizing
vasculitis, and ANCAassociated vasculitis , such as
Churg-Strauss vasculitis or syndrome (CSS)), temporal
arteritis, aplastic anemia, autoimmune aplastic
anemia, Coombs positive anemia, Diamond Blackfan
anemia, hemolytic anemia or immune hemolytic anemia
including autoimmune hemolytic anemia (AJHA),
pernicious anemia (anemia perniciosa), Addison's
disease, pure red cell anemia or aplasia (PRCA),
Factor VIH deficiency, hemophilia A, autoimmune
neutropenia, pancytopenia, leukopenia, diseases
involving leukocyte diapedesis, CNS inflammatory
disorders, multiple organ injury syndrome such as
those secondary to septicemia, trauma or hemorrhage,
antigen-antibody complex- mediated diseases,
anti-glomerular basement membrane disease,
anti-phospholipid antibody syndrome, allergic
neuritis, Bechet's or Behcet's disease, Castleman's
syndrome, Goodpasture's syndrome, Reynaud's syndrome,
Sjogren's syndrome, Stevens-Johnson syndrome,
pemphigoid such as pemphigoid bullous and skin
pemphigoid, pemphigus (including pemphigus vulgaris,
pemphigus foliaceus, pemphigus mucusmembrane
pemphigoid, and pemphigus erythematosus), autoimmune
polyendocrinopathies, Reiter's disease or syndrome,
immune complex nephritis, antibody-mediated nephritis,
neuromyelitis optica, polyneuropathies, chronic
neuropathy such as IgM polyneuropathies or
IgM-mediated neuropathy, thrombocytopenia (as
developed by myocardial infarction patients, for
example), including thrombotic thrombocytopenic
purpura (TTP) and autoimmune or immune-mediated
thrombocytopenia such as idiopathic thrombocytopenic
purpura (ITP) including chronic or acute ITP,
autoimmune disease of the testis and ovary including
autoimune orchitis and oophoritis, primary
hypothyroidism, hypoparathyroidism, autoimmune
endocrine diseases including thyroiditis such as
autoimmune thyroiditis, Hashimoto's disease, chronic
thyroiditis (Hashimoto's thyroiditis), or subacute
thyroiditis, autoimmune thyroid disease, idiopathic
hypothyroidism, Grave's disease, polyglandular
syndromes such as autoimmune polyglandular syndromes
(or polyglandular endocrinopathy syndromes),
paraneoplastic syndromes, including neurologic
paraneoplastic syndromes such as Lambert-Eaton
myasthenic syndrome or Eaton-Lambert syndrome,
stiff-man or stiff-person syndrome, encephalomyelitis
such as allergic encephalomyelitis or
encephalomyelitis allergica and experimental allergic
encephalomyelitis (EAE), myasthenia gravis such as
thymomaassociated myasthenia gravis, cerebellar
degeneration, neuromyotonia, opsoclonus or opsoclonus
myoclonus syndrome (OMS), and sensory neuropathy,
multifocal motor neuropathy, Sheehan's syndrome,
autoimmune hepatitis, chronic hepatitis, lupoid
hepatitis, giant cell hepatitis, chronic active
hepatitis or autoimmune chronic active hepatitis,
lymphoid interstitial pneumonitis, bronchiolitis
obliterans (non-transplant) vs NSP, Guillain-Barre
syndrome, Berger's disease (IgA nephropathy),
idiopathic IgA nephropathy, linear IgA dermatosis,
primary biliary cirrhosis, pneumonocirrhosis,
autoimmune enteropathy syndrome, Celiac disease,
Coeliac disease, celiac sprue (gluten enteropathy),
refractory sprue, idiopathic sprue, cryoglobulinemia,
amylotrophic lateral sclerosis (ALS; LouGehrig's
disease), coronary artery disease, autoimmune ear
disease such as autoimmune inner ear disease (AIED),
autoimmune hearing loss, opsoclonus myoclonus syndrome
(OMS), polychondritis such as refractory or relapsed
polychondritis, pulmonary alveolar proteinosis,
amyloidosis, scleritis, a non-cancerous lymphocytosis,
a primary lymphocytosis, which includes monoclonal B
cell lymphocytosis (e.g., benign monoclonal gammopathy
and monoclonal garnmopathy of undetermined
significance, MGUS), peripheral neuropathy,
paraneoplastic syndrome, channelopathies such as
epilepsy, migraine, arrhythmia, muscular disorders,
deafness, blindness, periodic paralysis, and
channelopathies of the CNS, autism, inflammatory
myopathy, focal segmental glomerulosclerosis (FSGS),
endocrine ophthalmopathy, uveoretinitis,
chorioretinitis, autoimmune hepatological disorder,
fibromyalgia, multiple endocrine failure, Schmidt's
syndrome, adrenalitis, gastric atrophy, presenile
dementia, demyelinating diseases such as autoimmune
demyelinating diseases, diabetic nephropathy,
Dressler's syndrome, alopecia areata, CREST syndrome
(calcinosis, Raynaud's phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia), male
and female autoimmune infertility, mixed connective
tissue disease, Chagas' disease, rheumatic fever,
recurrent abortion, farmer's lung, erythema
multiforme, post-cardiotomy syndrome, Cushing's
syndrome, bird-fancier's lung, allergic granulomatous
angiitis, benign lymphocytic angiitis, Alport's
syndrome, alveolitis such as allergic alveolitis and
fibrosing alveolitis, interstitial lung disease,
transfusion reaction, leprosy, malaria, leishmaniasis,
kypanosomiasis, schistosomiasis, ascariasis,
aspergillosis, Sampter's syndrome, Caplan's syndrome,
dengue, endocarditis, endomyocardial fibrosis, diffuse
interstitial pulmonary fibrosis, interstitial lung
fibrosis, idiopathic pulmonary fibrosis, cystic
fibrosis, endophthalmitis, erythema elevatum et
diutinum, erythroblastosis fetalis, eosinophilic
faciitis, Shulman's syndrome, Felty's syndrome,
flariasis, cyclitis such as chronic cyclitis,
heterochronic cyclitis, iridocyclitis, or Fuch's
cyclitis, Henoch-Schonlein purpura, human
immunodeficiency virus (HIV) infection, echovirus
infection, cardiomyopathy, Alzheimer's disease,
parvovirus infection, rubella virus infection,
post-vaccination syndromes, congenital rubella
infection, Epstein-Barr virus infection, mumps, Evan's
syndrome, autoimmune gonadal failure, Sydenham's
chorea, post-streptococcal nephritis, thromboangitis
ubiterans, thyrotoxicosis, tabes dorsalis,
chorioiditis, giant cell polymyalgia, endocrine
ophthamopathy, chronic hypersensitivity pneumonitis,
keratoconjunctivitis sicca, epidemic
keratoconjunctivitis, idiopathic nephritic syndrome,
minimal change nephropathy, benign familial and
ischemia-reperfusion injury, retinal autoimmunity,
joint inflammation, bronchitis, chronic obstructive
airway disease, silicosis, aphthae, aphthous
stomatitis, arteriosclerotic disorders,
aspermiogenese, autoimmune hemolysis, Boeck's disease,
cryoglobulinemia, Dupuytren's contracture,
endophthalmia phacoanaphylactica, enteritis allergica,
erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome, febris
rheumatica, Hamman-Rich's disease, sensoneural hearing
loss, haemoglobinuria paroxysmatica, hypogonadism,
ileitis regionalis, leucopenia, mononucleosis
infectiosa, traverse myelitis, primary idiopathic
myxedema, nephrosis, ophthalmia symphatica, orchitis
granulomatosa, pancreatitis, polyradiculitis acuta,
pyoderma gangrenosum, Quervain'sthyreoiditis, acquired
spenic atrophy, infertility due to antispermatozoan
antobodies, non-malignant thymoma, vitiligo, SCID and
Epstein-Barr virus- associated diseases, acquired
immune deficiency syndrome (AIDS), parasitic diseases
such as Lesihmania, toxic-shock syndrome, food
poisoning, conditions involving infiltration of T
cells, leukocyte-adhesion deficiency, immune responses
associated with acute and delayed hypersensitivity
mediated by cytokines and T-lymphocytes, diseases
involving leukocyte diapedesis, multiple organ injury
syndrome, antigen-antibody complexmediated diseases,
antiglomerular basement membrane disease, allergic
neuritis, autoimmune polyendocrinopathies, oophoritis,
primary myxedema, autoimmune atrophic gastritis,
sympathetic ophthalmia, rheumatic diseases, mixed
connective tissue disease, nephrotic syndrome,
insulitis, polyendocrine failure, peripheral
neuropathy, autoimmune polyglandular syndrome type I,
adult-onset idiopathic hypoparathyroidism (AOIH),
alopecia totalis, dilated cardiomyopathy,
epidermolisis bullosa acquisita (EBA),
hemochromatosis, myocarditis, nephrotic syndrome,
primary sclerosing cholangitis, purulent or
nonpurulent sinusitis, acute or chronic sinusitis,
ethmoid, frontal, maxillary, or sphenoid sinusitis, an
eosinophil-related disorder such as eosinophilia,
pulmonary infiltration eosinophilia,
eosinophilia-myalgia syndrome, Loffler's syndrome,
chronic eosinophilic pneumonia, tropical pulmonary
eosinophilia, bronchopneumonic aspergillosis,
aspergilloma, or granulomas containing eosinophils,
anaphylaxis, seronegative spondyloarthritides,
polyendocrine autoimmune disease, sclerosing
cholangitis, sclera, episclera, chronic mucocutaneous
candidiasis, Bruton's syndrome, transient
hypogammaglobulinemia of infancy, Wiskott-Aldrich
syndrome, ataxia telangiectasia, autoimmune disorders
associated with collagen disease, rheumatism,
neurological disease, ischemic re-perfusion disorder,
reduction in blood pressure response, vascular
dysfunction, antgiectasis, tissue injury,
cardiovascular ischemia, hyperalgesia, cerebral
ischemia, and disease accompanying vascularization,
allergic hypersensitivity disorders,
glomerulonephritides, reperfusion injury, reperfusion
injury of myocardial or other tissues, dermatoses with
acute inflammatory components, acute purulent
meningitis or other central nervous system
inflammatory disorders, ocular and orbital
inflammatory disorders, granulocyte
transfusion-associated syndromes, cytokine-induced
toxicity, acute serious inflammation, chronic
intractable inflammation, pyelitis, pneumonocirrhosis,
diabetic retinopathy, diabetic large-artery disorder,
endarterial hyperplasia, peptic ulcer, valvulitis, and
endometriosis. As used herein, "B cell depletion"
refers to a reduction in B cell levels in an animal or
human after drug or antibody treatment, as compared to
the B cell level before treatment. B cell levels are
measurable using well known assays such as those
described in the Experimental Examples. B cell
depletion can be complete or partial. In one
embodiment, the depletion of BR3 expressing B cells is
at least 25%. Not to be limited by any one mechanism,
possible mechanisms of B-cell depletion include ADCC,
CDC, apoptosis, modulation of calcium flux or a
combination of two or more of the preceding.A "B cell
surface marker" or "B cell surface antigen" herein is
an antigen expressed on the surface of a B cells. "B
cell depletion agents" refers to agents that reduce
peripheral B cells by at least 25%. In another
embodiment, the depletion of peripheral B cells is at
least 30%, 40%, 50%, 60%, 70%, 80% or 90%. In one
preferred embodiment, the B cell depletion agent
specifically binds to a white blood cell and not other
cells types. In another embodiment, the B cell
depletion agent specifically binds to a B cell and not
other cell types. In one embodiment, the B cell
depletion agent is an antibody. In one preferred
embodiment, the antibody is a monoclonal antibody. In
another embodiment, the antibody is conjugated to a
chemotherapeutic agent or a cytotoxic agent. Specific
examples of B cell depletion agents include, but are
not limited to, the aforementioned anti-CD20
antibodies. The B cell neoplasms include Hodgkin's
disease including lymphocyte predominant Hodgkin's
disease (LPHD); non-Hodgkin' s lymphoma (NHL);
follicular center cell (FCC) lymphomas; acute
lymphocytic leukemia (ALL); chronic lymphocytic
leukemia (CLL); Hairy cell leukemia and BR3-positive
neoplasms. The non-Hodgkins lymphoma include low
grade/follicular non-Hodgkin's lymphoma (NHL), small
lymphocytic (SL) NHL, intermediate grade/follicular
NHL, intermediate grade diffuse NHL, high grade
immunoblastic NHL, high grade lymphoblastic NHL, high
grade small non-cleaved cell NHL, bulky disease NHL,
plasmacytoid lymphocytic lymphoma, mantle cell
lymphoma, AIDS- related lymphoma and Waldenstrom's
macroglobulinemia. Treatment of relapses of these
cancers are also contemplated. LPHD is a type of
Hodgkin's disease that tends to relapse frequently
despite radiation or chemotherapy treatment and can be
characterized by BR3- positive malignant cells. CLL is
one of four major types of leukemia. A cancer of
mature B-cells called lymphocytes, CLL is manifested
by progressive accumulation of cells in blood, bone
marrow and lymphatic tissues. Indolent lymphoma is a
slow-growing, incurable disease in which the average
patient survives between six and 10 years following
numerous periods of remission and relapse. The term
"non-Hodgkin's lymphoma" or "NHL", as used herein,
refers to a cancer of the lymphatic system other than
Hodgkin's lymphomas. Hodgkin's lymphomas can generally
be distinguished from non-Hodgkin' s lymphomas by the
presence of Reed-Sternberg cells in Hodgkin' s
lymphomas and the absence of said cells in
non-Hodgkin's lymphomas. Examples of non-Hodgkin's
lymphomas encompassed by the term as used herein
include any that would be identified as such by one
skilled in the art (e.g., an oncologist or
pathologist) in accordance with classification schemes
known in the art, such as the Revised
European-American Lymphoma (REAL) scheme as described
in Color Atlas of Clinical Hematology, Third Edition;
A. Victor Hoffbrand and John E. Pettit (eds.)
(Harcourt Publishers Limited 2000) (see, in particular
Fig. 11.57, 11.58 and/or 11.59). More specific
examples include, but are not limited to, relapsed or
refractory NHL, front line low grade NHL, Stage IILTV
NHL, chemotherapy resistant NHL, precursor B
lymphoblastic leukemia and/or lymphoma, small
lymphocytic lymphoma, B cell chronic lymphocytic
leukemia and/or prolymphocytic leukemia and/or small
lymphocytic lymphoma, B-cell prolymphocytic lymphoma,
immunocytoma and/orlymphoplasmacytic lymphoma,
marginal zone B cell lymphoma, splenic marginal zone
lymphoma, extranodal marginal zone - MALT lymphoma,
nodal marginal zone lymphoma, hairy cell leukemia,
plasmacytoma and/or plasma cell myeloma, low
grade/follicular lymphoma, intermediate
grade/follicular NHL, mantle cell lymphoma, follicle
center lymphoma (follicular), intermediate grade
diffuse NHL, diffuse large B-cell lymphoma, aggressive
NHL (including aggressive front-line NHL and
aggressive relapsed NHL), NHL relapsing after or
refractory to autologous stem cell transplantation,
primary mediastinal large B-cell lymphoma, primary
effusion lymphoma, high grade immunoblastic NHL, high
grade lymphoblastic NHL, high grade small non-cleaved
cell NHL, bulky disease NHL, Burkitt's lymphoma,
precursor (peripheral) T-cell lymphoblastic leukemia
and/or lymphoma, adult T-cell lymphoma and/or
leukemia, T cell chronic lymphocytic leukemia and/or
prolymphacytic leukemia, large granular lymphocytic
leukemia, mycosis fungoides and/or Sezary syndrome,
extranodal natural killer/T-cell (nasal type)
lymphoma, enteropathy type T-cell lymphoma,
hepatosplenic T-cell lymphoma, subcutaneous
panniculitis like T-cell lymphoma, skin (cutaneous)
lymphomas, anaplastic large cell lymphoma,
angiocentric lymphoma, intestinal T cell lymphoma,
peripheral T-cell (not otherwise specified) lymphoma
and angioimmunoblastic T-cell lymphoma. The terms
"cancer" and "cancerous" refer to or describe the
physiological condition in mammals that is typically
characterized by unregulated cell growth. Examples of
cancer include but are not limited to, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia. More
particular examples of such cancers include squamous
cell cancer, lung cancer (including small-cell lung
cancer, nonsmall cell lung cancer, adenocarcinoma of
the lung, and squamous carcinoma of the lung), cancer
of the peritoneum, hepatocellular cancer, gastric or
stomach cancer (including gastrointestinal cancer),
pancreatic cancer, glioblastoma, cervical cancer,
ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer, colon cancer, colorectal
cancer, endometrial or uterine carcinoma, salivary
gland carcinoma, kidney or renal cancer, liver cancer,
prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma and various types of head and neck
cancer, as well as B-cell lymphoma (including low
grade/follicular non-Hodgkin's lymphoma (NHL); small
lymphocytic (SL) NHL; intermediate grade/follicular
NHL; intermediate grade diffuse NHL; high grade
immunoblastic NHL; high grade lymphoblastic NHL; high
grade small non-cleaved cell NHL; bulky disease NHL;
mantle cell lymphoma; AIDS-related lymphoma; and
Waldenstrom's Macroglobulinemia); chronic lymphocytic
leukemia (CLL); acute lymphoblastic leukemia (ALL);
Hairy cell leukemia; chronic myeloblastic leukemia;
multiple myeloma and post-transplant
lymphoproliferative disorder (PTLD). According to one
preferred embodiment, the cancer comprises a tumor
that expresses a BR3 polypeptide on its surface
(BR3-positive). According to another embodiment, the
BR3-expressing cancer is a CLL cancer. In specific
embodiments, the anti-BR3 antibodies and polypeptides
of this invention are used to treat any one or more of
the diseases selected from the group consisting of
non-Hodgkin's lymphoma (NHL), lymphocyte predominant
Hodgkin's disease (LPHD), chronic lymphocyticleukemia
(CLL), acute lymphocytic leukemia (ALL), small
lymphocytic lymphoma (SLL), diffuse large B cell
lymphoma (DLBCL), follicular lymphoma, which are types
of non-Hodgkin's lymphoma (NHL), rheumatoid arthritis
and juvenile rheumatoid arthritis, systemic lupus
erythematosus (SLE) including lupus nephritis,
Wegener's disease, inflammatory bowel disease,
idiopathic thrombocytopenic purpura (ITP), thrombotic
throbocytopenic purpura (TTP), autoimmune
thrombocytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathies, myasthenia gravis,
vasculitis, diabetes mellitus, Reynaud's syndrome,
Sjorgen's syndrome, glomerulonephritis and multiple
myeloma. The term "cytotoxic agent" as used herein
refers to a substance that inhibits or prevents the
function of cells and/or causes destruction of cells.
The term is intended to include radioactive 



isotopes (e.g. At211, 1131 , 1125, Y90, Re186, Re188,
Sm153, Bi212, Bi213, P32 and radioactive isotopes of
Lu), chemotherapeutic agents, and toxins such as small
molecule toxins or enzymatically active toxins of
bacterial, fungal, plant or animal origin, including
fragments and/or variants thereof. According to one
embodiment, the cytotoxic agent is capable of being
internalized. Acccording to nother embodiment, the
active portion of the cytotoxic agent is 110OkD or
less. According to one embodiment the chemotherapeutic
agent is selected from the group consisting of
methotrexate, adriamicin, vinca alkaloids
(vincristine, vinblastine, etoposide), doxorubicin,
melphalan, mitomycin C, chlorambucil, daunorubicin, or
other intercalating agents, enzymes and fragments
thereof such as nucleolytic enzymes, antibiotics, and
toxins such as small molecule toxins or enzymatically
active toxins of bacterial, fungal, plant or animal
origin, (e.g., monomethylauristatin (MMAE) including
fragments and/or variants thereof, and the various
antitumor or anticancer agents or grow inhibitory
agents disclosed below. Other cytotoxic agents are
described below. A "chemotherapeutic agent" is a
chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating
agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
trietylenephosphoramide, triethiylenethiophosphoramide
and trimethylolomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptothecin
(including the synthetic analogue topotecan);
bryostatin; callystatin; CC-1065 (including its
adozelesin, carzelesin and bizelesin synthetic
analogues); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and CBl-
TMl); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil,
chlornaphazine, cholophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard;
nitrosureas such as carmustine, chlorozotocin,
fotemustine, lomustine, nimustine, and ranimnustine;
antibiotics such as the enediyne antibiotics (e. g.,
calicheamicin, especially calicheamicin gammall and
calicheamicin omegall (see, e.g., Agnew, Chem Intl.
Ed.Engl. , 33: 183-186 (1994)); dynemicin, including
dynemicin A; bisphosphonates, such as clodronate; an
esperamicin; as well as neocarzinostatin chromophore
and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinomycin,
carabicin, carminomycin, carzinophilin, chromomycinis,
dactinomycin, daunorabicin, detorubicin,
6-diazo-5-oxo-L-norleucine, ADRIAMYCIN(r) doxorubicin
(including morpholinodoxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogues such as
denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6-mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; and- adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2- ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxoids, e.g., TAXOL(r)
paclitaxel (Bristol- Myers Squibb Oncology, Princeton,
NJ.), ABRAXANE(tm) Cremophorfree, albumin-engineered
nanoparticle formulation of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE(r) doxetaxel (Rhone- Poulenc Rorer, Antony,
France); chloranbucil; GEMZAR(r) gemcitabine; 6-
thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin;
vinblastine; platinum; etoposide (VP-16); ifosfamide;
mitoxantrone; vincristine; NAVELBINE(r) vinorelbine;
novantrone; teniposide; edatrexate; daunomycin;
aminopterin; xeloda; ibandronate; CPT-Il;
topoisomerase inhibitor RFS 2000;
difluorometlhylornithine (DMFO); retinoids such as
retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the
above. Also included in this definition are
anti-hormonal agents that act to regulate or inhibit
hormone action on tumors such as anti-estrogens and
selective estrogen receptor modulators (SERMs),
including, for example, tamoxifen (including
NOLVADEX(r) tamoxifen), raloxifene, droloxifene, 4-
hydroxytamoxifen, trioxifene, keoxifene, LYl 17018,
onapristone, and FARESTON- toremifene;aromatase
inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE(r) megestrol acetate,
AROMASIN(r) exemestane, formestanie, fadrozole,
RIVISOR(r) vorozole, FEMARA(r) letrozole, and
ARIMIDEX(r) anastrozole; and anti-androgens such as
flutamide, nilutamide, bicalutamide, leuprolide, and
goserelin; as well as troxacitabine (a 1,3-dioxolane
nucleoside cytosine analog); antisense
oligonucleotides, particularly those which inhibit
expression of genes in signaling pathways implicated
in abherant cell proliferation, such as, for example,
PKC-alpha, RaIf and H-Ras; ribozymes such as a VEGF
expression inhibitor (e.g., ANGIOZYME(r) ribozyme) and
a HER2 expression inhibitor; vaccines such as gene
therapy vaccines, for example, ALLOVECTIN(r) vaccine,
LEUVECTIN(r) vaccine, and VAXID(r) vaccine;
PROLEUKESf(r) rIL-2; LURTOTECAN(r) topoisomerase 1
inhibitor; ABARELIX(r) rmRH; and pharmaceutically
acceptable salts, acids or derivatives of any of the
above. A "growth inhibitory agent" when used herein
refers to a compound or composition which inhibits
growth of a cell in vitro and/or in vivo. Thus, the
growth inhibitory agent may be one that significantly
reduces the percentage of cells in S phase. Examples
of growth inhibitory agents include agents that block
cell cycle progression (at a place other than S
phase), such as agents that induce GI arrest and
M-phase arrest. Classical M-phase blockers include the
vincas (vincristine and vinblastine), TAXOL(r)
paclitaxel, and topo II inhibitors such as
doxorubicin, epirubicin, daunorubicin, etoposide, and
bleomycin. Those agents that arrest GI also spill over
into S-phase arrest, for example, DNA alkylating
agents such as tanoxifen, prednisone, dacarbazine,
mechlorethamine, cisplatin, methotrexate,
5-fluorouracil, and ara-C. Further information can be
found in The Molecular Basis of Cancer , Mendelsohn
and Israel, eds., Chapter 1, entitled "Cell cycle
regulation, oncogenes, and antieioplastic drugs" by
Murakaini etal. (W B Saunders: Philadelphia, 1995),
especially p. 13. An antibody that "induces cell
death" is one that causes a viable cell to become
nonviable. The cell is generally one that expresses
the antigen to which the antibody binds, especially
where the cell overexpresses the antigen. Preferably,
the cell is a cancer cell, e.g., a breast, ovarian,
stomach, endometrial, salivary gland, lung, kidney,
colon, thyroid, pancreatic or bladder cell. In vitro,
the cell may be a SKBR3, BT474, CaIu 3, MDA-MB-453,
MDA-MB-361 or SKOV3 cell. Cell death in vitro may be
determined in the absence of complement and immune
effector cells to distinguish cell death induced by
antibody dependent cell- mediated cytotoxicity (ADCC)
or complement dependent cytotoxicity (CDC). Thus, the
assay for cell death may be performed using heat
inactivated serum (i.e. in the absence of complement)
and in the absence of immune effector cells. To
determine whether the antibody is able to induce cell
death, loss of membrane integrity as evaluated by
uptake of propidium iodide (PI), trypan blue (see
Moore et al. Cytotechnology , .17:1-11 (1995)) or 7AAD
can be assessed relative to untreated cells. An
antibody that "induces apoptosis" is one which induces
programmed cell death as determined by binding of
annexin V, fragmentation of DNA, cell shrinkage,
dilation of endoplasmicreticulum, cell fragmentation,
and/or formation of membrane vesicles (called
apoptotic bodies). The cell is one which expresses the
antigen to which the antibody binds and may be one
that overexpresses the antigen. The cell may be a
tumor cell, e.g., a breast, ovarian, stomach,
endometrial, salivary gland, lung, kidney, colon,
thyroid, pancreatic or bladder cell. In vitro, the
cell may be a SKBR3, BT474, CaIu 3 cell, MDA-MB-453,
MDA-MB- 361 or SKOV3 cell. Various methods are
available for evaluating the cellular events
associated with apoptosis. For example, phosphatidyl
serine (PS) translocation can be measured by annexin
binding; DNA fragmentation can be evaluated through
DNA laddering as disclosed in the example herein; and
nuclear/chromatin condensation along with DNA
fragmentation can be evaluated by any increase in
hypodiploid cells. Preferably, the antibody that
induces apoptosis is one which results in about 2 to
50 fold, preferably about 5 to50 fold, and most
preferably about 10 to 50 fold, induction of annexin
binding relative to untreated cell in an annexin
binding assay using cells expressing the antigen to
which the antibody binds. Examples of antibodies that
induce apoptosis include the anti-DR5 antibodies 3Fl
1.39.7 (ATCC HB-12456); 3H3.14.5 (ATCC HB-12534);
3D5.1.10 (ATCC HB-12536); and 3H3.14.5 (ATCC
HB-12534), including humanized and/or affinity-matured
variants thereof; the human anti- DR5 receptor
antibodies 16E2 and 20E6, including affinity-matured
variants thereof (WO98/5 1793, expressly incorporated
herein by reference); the anti-DR4 antibodies 4E7.24.3
(ATCC HB-12454); 4H6.17.8 (ATCC HB-12455); 1H5.25.9
(ATCC HB-12695); 4G7.18.8 (ATCC PTA-99); and 5G I
1.17.1 (ATCC HB-12694), including humanized and/or
affinity-matured variants thereof. In order to screen
for antibodies which bind to an epitope on an antigen
bound by an antibody of interest, a routine
cross-blocking assay such as that described in
Antibodies, A Laboratory Manual , eds. Harlow and Lane
(New York: Cold Spring Harbor Laboratory, 1988) can be
performed. A "conjugate" refers to any hybrid
molecule, including fusion proteins and as well as
molecules that contain both amino acid or protein
portions and non-protein portions (e.g., toxinantibody
conjugates, or pegylated-antibody conjugates).
Conjugates may be synthesized or engineered by a
variety of techniques known in the art including, for
example, recombinant DNA techniques, solid phase
synthesis, solution phase synthesis, organic chemical
synthetic techniques or a combination of these
techniques. The choice of synthesis will depend upon
the particular molecule to be generated. For example,
a hybrid molecule not entirely "protein" in nature may
be synthesized by a combination of recombinant
techniques and solution phase techniques. According to
one embodiment, the conjugate is an antibody or
polypeptide of interest covalently linked to a salvage
receptor binding epitope (especially an antibody
fragment), as described, e.g., in US Patent 5,739,277.
For example, a nucleic acid molecule encoding the
salvage receptor binding epitope can be linked in
frame to a nucleic acid encoding a polypeptide
sequence of this invention so that the fusion protein
expressed by the engineered nucleic acid molecule
comprises the salvage receptor binding epitope and a
polypeptide sequence of this invention. As used
herein, the term "salvage receptor binding epitope"
refers to an epitope of the Fc region of an IgG
molecule(e.g., IgG , IgG2, IgG3, or IgG4) that is
useful for increasing the in vivo serum half-life of
the IgG molecule (e.g., Ghetie, V et al, (2000) Ann.
Rev. Immunol. 18:739-766, Table 1). In another
embodiment, the conjugate can be formed, by linkage
(especially an antibody fragment) to serum albumin or
a portion of serum albumin that binds to the FcRn
receptor or a serum albumin-binding peptide or to a
non-protein polymer (e.g., a polyethylene glycol
moiety). Such polypeptide sequences are disclosed, for
example, in WOO1/45746. In one preferred embodiment,
the serum albumin peptide to be attached comprises an
amino acid sequence of DICLPRWGCLW. In another
embodiment, the half-life of a Fab according to this
invention is increased by these methods. See also,
Dennis, M.S., et al, (2002) JBC 277(38):35035-35043
for serum albumin binding peptide sequences. The word
"label" when used herein refers to a detectable
compound or composition which is conjugated directly
or indirectly to the antibody. The label may itself be
detectable by itself (e.g., radioisotope labels or
fluorescent labels) or, in the case of an enzymatic
label, may catalyze chemical alteration of a substrate
compound or composition which is detectable. A.
Compositions and Methods of the Invention The
invention provides antibodies that bind human BR3, and
optionally other primate BR3 as well. According to one
embodiment, the H chain has at least one, two or all
of the H chain CDRs of a non-human species anti-human
BR3 antibody (donor antibody), and substantially all
of the framework residues of a human consensus
antibody as the recipient antibody. The donor antibody
can be from various non-human species including mouse,
rat, guinea pig, goat, rabbit, horse, primate but
typically will be a murine antibody. "Substantially
all" in this context is meant that the recipient FR
regions in the humanized antibody may include one or
more amino acid substitutions not originally present
in the human consensus FR sequence. These FR changes
may comprise residues not found in the recipient or
the donor antibody. In one embodiment, the donor
antibody is the murine 9.1 antibody, the V region
including the CDR and FR sequences of each of the VH
and VL chains of which are shown in SEQ ID NO: 19 and
SEQ ID NO:20. In one embodiment, the residues for the
human Fab framework correspond to or were derived from
the consensus sequence of a human VK subgroup I and of
a VH subgroup III. Acoording to one embodiment, a
humanized BR3 antibody of the invention has at least
one of the CDRs in the H chain of the murine donor
antibody. In one embodiment, the humanized BR3
antibody that binds human BR3 comprises the heavy
chain CDRs of the H chain of the donor antibody. In a
full length antibody, the humanized BR3 binding
antibody of the invention will comprise a V domain
joined to a C domain of a human immunoglobulin, e.g.,
SEQ ID NO: 132. In a preferred embodiment, the H chain
C region is from human IgG, such as IgGl or IgG3.
According to one embodiment, the L chain C domain is
from a human Kchain. According to another embodiment,
theFc sequence of a full length BR3 binding antibody
is SEQ ID NO: 134, wherein X is selected from the
group consisting of N, A, Y, F and H. The BR3 binding
antibodies will bind at least human BR3. According to
one embodiment, the BR3-binding antibody will bind
other primate BR3 such as that of monkeys including
cynomolgus and rhesus monkeys, and chimpanzees.
According to another embodiment, the BR3 binding
antibody or polypeptide binds a rodent BR3 protein and
a human BR3 protein. In another embodiment, the BR3
polypeptide binds a mouse BR3 polypeptide sequence and
a human BR3 polypeptide sequence. According to one
embodiment, the biological activity of an antagonist
BR3 binding antibodies is any one, any combination or
all of the activities selected from the group
consisting of: (1) binds to a human BR3 extracellular
domain sequence with an apparent Kd value of 50OnM or
less, 10OnM or less, 50 nM or less, 1OnM or less, 5nM
or less or InM or less; (2) binds to a human BR3
extracellular domain sequence and binds to a mouse BR3
extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (3) has a
functional epitope on human BR3 comprising residues
F25, V33 and A34, wherein the monoclonal antibody; (4)
inhibits human BAFF and human BR3 binding; (5) has
antibody dependent cellular cytotoxicity (ADCC) in the
presence of human effector cells or has increased ADCC
in the presence of human effector cells; (6) binds the
human Fc neonatal receptor (FcRn) with a higher
affinity than a polypeptide or parent polypeptide
having wild type or native sequence IgG Fc; (9) kills
or depletes B cells in vitro or in vivo, preferably by
at least 20% when compared to the baseline level or
appropriate negative control which is not treated with
such antibody; (10) inhibits B cell proliferation in
vitro or in vivo and (11) inhibits B cell survival in
vitro or in vivo. According to one embodiment of the
polypeptides or antibodies of this invention, the
functional epitope further comprises residue R30.
According to yet another embodiment of this invention,
the functional epitope further comprises residues L28
and V29. In one embodiment, compared to treatment with
a control antibody that does not bind a B cell surface
antigen or as compared to the baseline level before
treatment, the variable domain of an antibody of this
invention fused to an Fc region of an mIgG2A can
deplete at least 20% of the B cells in any one, any
combination or all of following population of cells in
mice: (1) B cells in blood, (2) B cells in the lymph
nodes, (3) follicular B cells in the spleen and (4)
marginal zone B cells in the spleen. In other
embodiments, B cell depletion is 25%, 30%, 40%, 50%,
60%, 70%, 80% or greater. In one preferred embodiment,
the depletion is measured at day 15 post treatment
with antibody. In another preferred embodiment, the
depletion assay is carried out as described in Example
18 or 19 herein. In another preferred embodiment, the
depletion is measured by the population of peripheral
B cells in a mouse day 15 post-treatment. According to
another embodiment the biological activity of an
agonist BR3 binding antibody of this invention is any
one, any combination or all of the activities selected
from the group consistingof: (1) binds to a human BR3
extracellular domain sequence with an apparent Kd
value of 50OnM or less, 10OnM or less, 50 nM or less,
1OnM or less, 5nM or less or InM or less; (2) has a
functional epitope on human BR3 comprising residues
F25, V33 and A34, wherein the monoclonal antibody is
not the 9.1 antibody or the 2.1 antibody; (3)
stimulates B cell proliferation or survival in vitro;
(4) 5 inhibits human BAFF and human BR3 binding; (5)
stimulates B cell proliferation or survival in vivo;
(6) binds the human Fc neonatal receptor (FcRn) with a
higher affinity than a polypeptide or parent 



polypeptide having wild type or native sequence IgG
Fc. The desired level of B cell depletion will depend
on the disease. For the treatment of a BR3 positive
cancer, it may be desirable to maximize the depletion
of the B cells which are the target of 10 the anti-BR3
antibodies and polypeptides of the invention. Thus,
for the treatment of a BR3 positive B cell neoplasm,
it is desirable that the B cell depletion be
sufficient to at least prevent progression of the
disease which can be assessed by the physician of
skill in the art, e.g., by monitoring tumor growth
(size), proliferation of the cancerous cell type,
metastasis, other signs and symptoms of the particular
cancer. According to one preferred embodiment, the B
cell depletion is sufficient to 15 prevent progression
of disease for at least 2 months, more preferably 3
months, even more preferably 4 months, more preferably
5 months, even more preferably 6 or more months. In
even more preferred embodiments, the B cell depletion
is sufficient to increase the time in remission by at
least 6 months, more preferably 9 months, more
preferably one year, more preferably 2 years, more
preferably 3 years, even more preferably 5 or more
years. In a most preferred embodiment, the B cell
depletion is 20 sufficient to cure the disease. In
preferred embodiments, the B cell depletion in a
cancer patient is at least about 75% and more
preferably, 80%, 85%, 90%, 95%, 99% and even 100% of
the baseline level before treatment. For treatment of
an autoimmune disease, it can be desirable to modulate
the extent of B cell depletion depending on the
disease and/or the severity of the condition in the
individual patient, by 25 adjusting the dosage of BR3
binding antibody or polypeptide. Thus, B cell
depletion can but does not have to be complete. Total
B cell depletion may be desired in initial treatment
but in subsequent treatments, the dosage may be
adjusted to achieve only partial depletion. In one
embodiment, the B cell depletion is at least 20%,
i.e., 80% or less of BR3 positive B cells remain as
compared to the baseline level before treatment. In
other embodiments, B cell depletion is 25%, 30%, 40%,
50%, 30 60%, 70%, 80% or greater. According to one
preferred embodiment, the B cell depletion is
sufficient to halt progression of the disease, more
preferably to alleviate the signs and symptoms of the
particular disease under treatment, even more
preferably to cure the disease. The invention also
provides bispecific BR3 binding antibodies wherein one
arm of the antibody has a humanized H and L chain of
the BR3 binding antibody of the invention, and the
other 35 arm has V region binding specificity for a
second antigen. In specific embodiments, the second
antigen is selected from the group consisting of CD3,
CD64, CD32A, CD16, NKG2D or other NK activating
ligands.Any cysteine residue not involved in
maintaining the proper conformation of the anti-BR3
antibody also may be substituted, generally with
serine, to improve the oxidative stability of the
molecule and prevent aberrant crosslinking.
Conversely, cysteine bond(s) may be added to the
antibody to improve its stability (particularly where
the antibody is an antibody fragment such as an Fv
fragment). A particularly preferred type of
substitutional variant involves substituting one or
more hypervariable region residues of a parent
antibody (e.g. a humanized or human antibody).
Generally, the resulting variant(s) selected for
further development will have improved biological
properties relative to the parent antibody from which
they are generated. A convenient way for generating
such substitutional variants involves affinity
maturation using phage display. Briefly, several
hypervariable region sites (e.g. 6-7 sites) are
mutated to generate all possible amino substitutions
at each site. The antibody variants thus generated are
displayed in a monovalent fashion from filamentous
phage particles as fusions to the gene in product of
M13 packaged within each particle. The phage-displayed
variants are then screened for their biological
activity (e.g. binding affinity) as herein disclosed
hi order to identify candidate hypervariable region
sites for modification, alanine scanning mutagenesis
can be performed to identify hypervariable region
residues contributing significantly to antigen
binding. Alternatively, or additionally, it may be
beneficial to analyze a crystal structure of the
antigen-antibody complex to identify contact points
between the antibody and human BR3. Such contact
residues and neighboring residues are candidates for
substitution according to the techniques elaborated
herein. Once such variants are generated, the panel of
variants is subjected to screening as described herein
and antibodies with superior properties in one or more
relevant assays may be selected for further
development. Another type of amino acid variant of the
antibody alters the original glycosylation pattern of
the antibody. By altering is meant deleting one or
more carbohydrate moieties found in the antibody,
and/or adding one or more glycosylation sites that are
not present in the antibody. Glycosylation of
antibodies is typically either N-linked or O-linked.
N-linked refers to the attachment of the carbohydrate
moiety to the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and
asparagine-X-threonine, where X is any amino acid
except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a
potential glycosylation site. O-linked glycosylation
refers to the attachment of one of the sugars
Naceylgalactosamine, galactose, or xylose to a
hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also
be used. Addition of glycosylation sites to the
antibody is conveniently accomplished by altering the
amino acid sequence such that it contains one or more
of the above-described tripeptide sequences (for
N-linked glycosylation sites). The alteration may also
be made by the addition of, or substitutionby, one or
more serine or threonine residues to the sequence of
the original antibody (for O-linked glycosylation
sites). Nucleic acid molecules encoding amino acid
sequence variants of the anti-BR3 antibody are
prepared by a variety of methods known in the art.
These methods include, but are not limited to,
isolation from a natural source (in the case of
naturally occurring amino acid sequence variants) or
preparation by oligonucleotide-mediated (or
site-directed) mutagenesis, PCR mutagenesis, and
cassette mutagenesis of an earlier prepared variant or
a non- variant version of the anti-BR3 antibody. It
may be desirable to modify the antibody of the
invention with respect to effector function, e.g. so
as to enhance antigen-dependent cell-mediated
cyotoxicity (ADCC) and/or complement dependent
cytotoxicity (CDC) of the antibody. This may be
achieved by introducing one or more amino acid
substitutions in an Fc region of the antibody.
Alternatively or additionally, cysteine residue(s) may
be introduced in the Fc region, thereby allowing
interchain disulfide bond formation in this region.
The homodimeric antibody thus generated may have
improved internalization capability and/or increased
complement-mediated cell killing and
antibody-dependent cellular cytotoxicity (ADCC). See
Caron et al, J. Exp Med. 176: 1191-1 195 (1992) and
Shopes, B. J. Immunol. 148:2918- 2922 (1992).
Homodimeric antibodies with enhanced anti-tumor
activity may also be prepared using heterobifunctional
cross-linkers as described in Wolff et al. Cancer
Research 53:2560-2565 (1993). Alternatively, an
antibody can be engineered which has dual Fc regions
and may thereby have enhanced complement mediated
lysis and ADCC capabilities. See Stevenson et al.
Anti-Cancer Drug Design 3:219-230 (1989). To increase
the serum half life of the antibody, one may
incorporate a salvage receptor binding epitope into
the antibody (especially an antibody fragment) as
described in U.S. Patent 5,739,277, for example. As
used herein, the term "salvage receptor binding
epitope" refers to an epitope of the Fc region of an
IgG molecule {e.g., IgGi, IgG2, IgG3, or IgG4) that is
responsible for increasing the in vivo serum half-life
of the IgG molecule. Other antibody modifications
Other modifications of the antibody are contemplated
herein. For example, the antibody may be linked to one
of a variety of nonproteinaceous polymers, e.g.,
polyethylene glycol, polypropylene glycol,
polyoxyalkylenes, or copolymers of polyethylene glycol
and polypropylene glycol. The antibody also may be
entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial
polymerization (for example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively), in colloidal drug
delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules), or in macroemulsions. Such techniques
are disclosed in Remington's PIiarmaceutical Sciences,
16th edition, Oslo, A., Ed., (1980).Screening for
antibodies with the desired properties Antibodies with
certain biological characteristics may be selected as
described in the Experimental Examples. For example,
antibodies that bind BR3 can be selected by binding to
BR3 in ELISA assays or, more preferably, by binding to
BR3 expressed on the surface of cells (e.g., BJAB cell
line). See, e.g., Example 5. The growth inhibitory
effects of an anti-BR3 antibody of the invention may
be assessed by the Examples or methods known in the
art, e.g., using cells which express BR3 either
endogenously or following transfection with the BR3
gene. For example, in one preferred embodiment,
primary B cells expressing BR3 can be used in
proliferation and survival assays (e.g., Example 7).
In another example, tumor cell lines and
BR3-transfected cells may treated with an anti-BR3
monoclonal antibody of the invention at various
concentrations for a few days (e.g., 2-7) days and
stained with crystal violet or MTT or analyzed by some
other colorimetric assay. Another method of measuring
proliferation would be by comparing 3H-thymidine
uptake by the cells treated in the presence or absence
an anti-BR3 antibody of the invention. After antibody
treatment, the cells are harvested and the amount of
radioactivity incorporated into the DNA quantitated in
a scintillation counter. Appropriate positive controls
include treatment of a selected cell line with a
growth inhibitory antibody known to inhibit growth of
that cell line. To select for antibodies which induce
cell death, loss of membrane integrity as indicated
by, e.g., propidium iodide (PI), trypan blue or 7AAD
uptake may be assessed relative to control. A PI
uptake assay can be performed in the absence of
complement and immune effector cells. BR3- expressing
tumor cells are incubated with medium alone or medium
containing of the appropriate monoclonal antibody at
e.g, about lOmg/ml. The cells are incubated for a 3
day time period. Following each treatment, cells are
washed and aliquoted into 35 mm strainer-capped 12 x
75 tubes (1ml per tube, 3 tubes per treatment group)
for removal of cell clumps. Tubes then receive PI
(lOmg/ml). Samples may be analyzed using a FACSCAN(tm)
flow cytometer and FACSCONVERT(tm) CellQuest software
(Becton Dickinson). Those antibodies which induce
statistically significant levels of cell death as
determined by PI uptake may be selected as cell
death-inducing antibodies. To screen for antibodies
which bind to an epitope on BR3 bound by an antibody
of interest, a routine cross-blocking assay such as
that described in Antibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory, Ed Harlow and David
Lane (1988), can be performed. This assay can be used
to determine if a test antibody binds the same site or
epitope as an anti-BR3 antibody of the invention.
Alternatively, or additionally, epitope mapping can be
performed by methods known in the art. For example,
the antibody sequence can be mutagenized such as by
alanine scanning, to identify contact residues. The
mutant antibody is initailly tested for binding with
polyclonal antibody to ensure proper folding. In a
different method, peptides corresponding to different
regions of BR3 can be used in competition assays with
the test antibodies or with a test antibody and an
antibody with a characterized or known
epitope.Examples of Specific Anti-BR3 Antibodies
Antibodies of this invention specifically include
antibodies comprising the variable heavy chain
sequence of any one of the antibodies disclosed in
Table 2 (below), and BR3-binding fragments thereof
that has not been produced by a hybridoma cell.
Antibodies of this invention specifically include
antibodies comprising a variable heavy chain sequence
comprising the sequence of any one of SEQ ID NO: 4-13,
15-18, 22, 24, 26-73, 75-76, 78, 80-85, 87-96, 98,
100, 102, 104, 106-107, 109- 110, 112, 114, 116, 118,
120, 122, 124, 126 and 127, and BR3-binding fragments
thereof. According to a further embodiment, an
antibody of this invention comprises the variable
heavy and the variable light chain region of any one
of the antibodies disclosed in Table 2, and
BR3-binding fragments thereof . According to one
embodiment, the antibody further comprises an Fc
region comprising the sequence of SEQ ID NO: 134,
wherein X is an amino acid selected from the group
consisting of N, A, W, Y, F and H. According to
another embodiment, the antibody comprises the
sequence of SEQ ID NO:76 or SEQ ID NO: 131, wherein X
is an amino acid selected from the group consisting of
N, A,W, Y, F and H. Table 2. Examples of Antibody
SequencesLOW ENERGY SURFACES FOR REDUCED CORROSION AND
FOULING FIELD OF THE INVENTION [0001] This invention
relates to a method for reducing fouling and corrosion
of metal surfaces. More particularly, metal surfaces
such as piping and heat exchangers that transport or
contain corrosive and contaminated materials can be
protected by formation of organometallic coatings that
are in the range of monolayers in thickness.
BACKGROUND OF THE INVENTION [0002] Fouling of metal
surfaces such as the piping, heat exchangers and
reactors used in refineries and chemical plants result
in significant costs including cleaning and equipment
down times. Such fouling can occur from a number of
sources such as crudes, distillates, process
feedstocks and the like. In many instances, costs may
also include energy costs associated with more extreme
operating conditions necessitated by the presence of
foulants such as coke and attendant safety issues. For
petroleum refiners, the costs associated with cleaning
and equipment down times can run into annual costs in
the hundreds of millions of dollar range. [0003] There
have been a number of approaches to mitigating
fouling, including coatings for metal surfaces. One
approach for forming a protective surface film is by
depositing a layer of silica resulting from oxidative
decomposition of an alkoxy silane in the vapor phase
on the metal surface. Another approach is to passivate
areactor surface subject to coking by coating the
reactor surface with a layer that is from several
microns to several millimeters thick of a ceramic
material deposited by thermal decomposition of a
silicon containing precursor in the vapor phase. Both
approaches result in a surface oxide with relatively
high surface energy that can attract unwanted deposits
of the surface. While these coatings can have some
value in preventing corrosion, they have proved to be
ineffective in reducing fouling. [0004] Other coatings
are directed to polymeric materials such as
polyethylene and polyvinylfluoride with low surface
energy used in biofouling for aqueous environment at
ambient conditions. The polymeric coating cannot
withstand higher temperature conditions typical of
refinery operations and are not effective in
hydrocarbon fouling. [0005] Physical cleaning by
hydroblasting or steam injection has been used to
clean fouled equipment. Chemical mitigation can also
be employed. This typically involves the use of
anti-foulants to remove or minimize creation of
unwanted deposits. Examples of such anti-foulants
include sulfur- and phosphoruscontaining compounds and
phenolic compounds. [0006] The typical coatings for
industrial conduits are generally in the micron to
millimeter range in thickness. This is usually to
ensure good surface coverage as well as provide a
protective layer of sufficient thickness to be robust
during operating conditions. However, such thick
coatings may limit heat exchange, [0007] It would be
desirable to have an effective and inexpensive coating
to mitigate both corrosion and fouling in refinery and
chemical process equipmentincluding piping and heat
exchangers in which the coating is in the range of
monolayers thick and has low (optimum) surface
energies. SUMMARY OF THE INVENTION [0008] This
invention relates to a process for mitigating both
corrosion and fouling of metal surfaces which
comprises: contacting the metal surface with an
organometallic compound capable of bonding to the
metallic surface and forming a layer of organometallic
molecules which is 1 to 10 molecular layers thick,
which layer will not undergo substantial decomposition
at temperatures up to 4500C and which layer has a
surface energy lower than 50 millijoule/m2. [0009]
Another embodiment relates to a process for mitigating
fouling and corrosion in refinery and chemical plant
equipment having metal surfaces which comprises:
contacting the metal surface with an organometallic
compound capable of bonding to the metallic surface
and forming a layer of organometallic molecules which
is 1 to 10 molecular layers thick, which layer will
not undergo substantial decomposition at temperatures
up to 4500C5which layer has a surface energy lower
than 50 millijoule/m2, and which layer is deposited on
greater than 25% up to 100% of the metal surface.
[0010] Yet another embodiment relates to a process for
mitigating fouling in refinery and chemical plant
equipment having metal surfaces which comprises: 



heating the metal surface in an oxygen-containing
atmosphere at temperatures of from 1000C to 5000C for
a time sufficient to clean said metal surface of
carbonaceous residues, contacting the metal surface
with an organometallic compound capable of bonding to
the metallic surface and forming a layer
oforganometallic molecules which is 1 to 10 molecular
layers thick, which layer will not undergo substantial
decomposition at temperatures up to 45O0C, which layer
has a surface energy lower than 50 millijoule/m 2, and
which layer is deposited on greater than 25% up to
100% of the metal surface. [0011] A still further
embodiment relates to a process for mitigating fouling
in refinery and chemical plant equipment having metal
surfaces containing corrosion layers which comprises:
contacting a metal surface containing a corrosion
layer with at least one of high pressure water or
steam to produce a water or steam cleaned metal
surface; heating the water or steam cleaned metal
surface in an oxygen-containing atmosphere at
temperatures of from 1000C to 5000C for a time
sufficient to further.clean said metal surface of
carbonaceous residues, contacting the further cleaned
metal surface with an organometallic compound capable
of bonding to the metallic surface and forming a layer
of organometallic molecules which is 1 to 10 molecular
layers thick, which layer will not undergo substantial
decomposition at temperatures up to 4500C, which layer
forms a surface having a water contact angle between
95 to 160 degrees, and which layer is deposited on
greater than 25% up to 100% of the metal surface.
[0012] Another embodiment relates to a metal surface
capable of resisting fouling when exposed to corrosive
or coke forming at atmospheric or greater pressures
which comprises a metal surface and a layer of
organometallic molecules deposited on said metal
surface, said layer of organometallic molecules being
1 to 10 molecular layers thick, which layer will not
undergo substantial decomposition at temperatures up
to 45O0C, which layer has a surface energy lower than
50 millijoule/m 2, and which layer is deposited on
greater than 25% up to 100% of the metal
surface.[0013] Treatments with silicate sols, or
paints rich in silicon or aluminum typically produce
relatively thick surfaces (micron to millimeter) that
can provide a physical boundary that protects the
underlying metal from corrosion. However, such
treatments will not have low surface energies if the
surface terminates in an oxide/hydroxide surface
layer. Uses of silanes for "chemical vapor deposition"
are also known but with the intent to diffuse Si, C, H
and other elements into the metal surface using high
temperatures (e.g. 6000C); the result is that the
surface, though non-metallic, can still have a high
surface energy and will not reject potential foulants.
[0014] In the present invention, the surface is
created by reaction of an organometallic such that the
organic moiety is retained (chemisorbed), yielding a
stable, thin near monolayer surface that is more
resistant to spalling and cracking than thicker
coatings and has a low surface energy needed to
discourage and reject potential deposits. Thus, the
prior art uses physical barriers to coat metals but
the present invention uses a chemical modification
approach to protect metal surfaces. BRIEF DESCRIPTION
OF THE DRAWINGS [0015] Figure 1 is a photograph
showing the scanning electron microscopy micrographs
of steel coupons exposed to hot crude together with
corresponding graphs showing the sulfur content using
energy dispersive spectroscopy. [0016] Figure 2 is a
photograph showing a cross section of the scanning
electron microscopy micrographs of steel coupons
exposed to hot crude.[0017] Figure 3 is a graph
showing wt.% silicon as a function of wt.% carbon on
various steel samples. [0018] Figures 4A and 4B are
plots of Gibbs Free Energy vs. surface energy (4A) and
the corresponding plot of surface energy vs. water
contact angle (4B). [0019] Figure 5 is a graph showing
surface energy as a function of water contact angle.
[0020] Figure 6 is a photograph showing the fouling of
carbon steel coupons as a function of water contact
angle. DETAILED DESCRIPTION OF THE INVENTION [0021] In
typical refinery and chemical plant processes, many
feedstocks are prone to produce fouling of process
equipment. Such feeds include crude which can contain
contaminants that foul equipment by depositing residue
and/or corrosive components. Examples of such
contaminants include salts, metals, sulfur- and
nitrogen-containing species, distillation bottoms and
the like. Corrosive components include acidic
compounds such as sulfur-containing acidic species and
naphthenic acids. Such contaminated feeds produce coke
and other undesirable deposits that limit flow and
heat exchange. [0022] This invention relates to a
metal surface and a process using said metal surfaces
wherein an organometallic coating is used to protect
metal surfaces, especially those present in refinery
and chemical plants. Most refinery and chemical plant
process equipment is made from carbon steel and alloys
thereof.Stainless steel is more resistant to corrosion
but is less frequently employed as a metal of
fabrication because of the increased cost. [0023] The
organometallics used in the present process are those
which are capable of bonding to a metal surface and
which will not decompose at the temperature to which
the metallic surface is exposed. Most organometallics
used in the prior art to protect metallic surfaces are
employed as precursors and are converted to oxides
which function as the protective coating. In the
present case, the organometallic compound, not its
oxide, functions as the protective coating. Thus, the
present organometallic coating functions as a chemical
protective layer in the monolayer range as compared to
a physical barrier provided by the much thicker prior
art coatings. [0024] In the organometallic compounds
used as coating materials, the metallo components of
the organometallic compounds are from Groups 4 to 15
based on the IUPAC format for the Periodic Table
having Groups 1 to 18, preferably Group 14, more
preferably silicon and tin, especially silicon. The
organo components of the organometallic compounds are
hydrocarbyl groups having from 1 to 30 carbon atoms,
preferably from 1 to 20 carbon atoms, more preferably
1 to 10 carbon atoms. The hydrocarbyl groups may be
aliphatic or aromatic groups which aliphatic or
aromatic groups may be substituted with functional
groups such as oxygen, halogen, hydroxy and the like.
Preferred hydrocarbyl groups include methyl, ethyl,
methoxy, ethoxy and phenyl. Preferred organometallic
compounds include alkysilanes, alkoxysilanes, silanes,
silazanes and alkyl and phenyl siloxanes. Especially
preferred compounds include alkyl- or alkoxysilanes
having from 1 to 20 alkyl or alkoxy groups, especially
tetraalkoxy compounds such astetraethoxy-silane,
alkylsilanes having from 1 to 6 alkyl groups,
especially hexamethyl-disiloxane. [0025] The
organometallic coating on the metallic surface should
have a low energy surface. By low energy surface is
meant a coating having a surface free energy lower
than 50 milliJoules/square meter (mJ/m2), preferably
between 2 1 to 45 mJ/m2. The surface free energy is
determined by measuring the water contact angle. The
low surface energy of the layer ensures a low
interfacial energy at, for example, the interface
between crude oil and the coated layers, even at the
higher temperature conditions found in typical heat
exchangers, e.g., 2000C to 4000C for a crude pre-heat
exchanger train. This in turn provides for a weak
interaction of foulants and corrosive species with the
surface resulting in a reduction in fouling and
corrosion rate. [0026] The amount of covering of the
organometallic coating layer ranges from greater than
25% of the metal surface to 100% of the metal surface,
preferably from 50 to 100%, more preferably from 80 to
100%. The amount of metal surface covered is most
preferably 100% or as close to 100% as possible.
[0027] The metal surface to be protected is preferably
clean of carbonaceous deposits such as coke. This is
important in continuous processes in which a feed is
heated while in contact with a metal surface such as
pipes used in refinery and chemical plant service,
heat exchangers and furnace tubes. After standard
initial cleaning with a light cycle oil, other light
oil or other solvent and high pressure water jetting
or high pressure steam cleaning, the metal surface is
preferably cleaned by heating in the presence of an
oxygen-containing gas, preferably air, at temperatures
of from 2000C to 5000C, preferably 3000C to 4000C for
a timesuff cient to remove the desired deposits,
particularly carbonaceous deposits. The heating
typically occurs at atmospheric pressure although
higher pressures are acceptable. If salts are present,
a water wash may be used to remove salts. The cleaned
metal surface may also be treated with a solution of
metal salt to enhance the effectiveness of the
organometallic coating process. For example, a carbon
steel surface may be first treated with a Cr salt
solution. [0028] The cleaned and heated metal surface
is then subjected to organometallic coating by
exposing the heated metal to organometallic compound
in the gaseous phase, liquid phase or mixed
liquid-vapor phase. The organometallic compound may be
sparged into the vapor state using a carrier gas such
as nitrogen or the organometallic may be mixed with a
carrier liquid such as cyclohexane, xylene, water
carbon tetrachloride, chloroform, fuel oil, lube
boiling range hydrocarbon, crude oil and the like as a
dilute solution, e.g., up to 5 vol.%. The
organometallic coating process should preferably take
place in the absence of an oxygencontaining gas. The
temperature of the coating process may range from
ambient to 5000C. The upper temperature range for
coating is a function of the stability of the
particular organometallic used for coating. [0029] The
extent of the surface modification by organometallic
coating can be measured using water contact angles.
This test measures the contact angle of water in
contact with the modified metal surface. An example of
a test procedure for measuring water contact angles is
ASTM D-5725. High water contact angles imply high
hydrophobicity and good coverage of the underlying
metal (or metal oxide/sulfide) surface by the
organometallic coating. For the metal surfaces
modified according to the invention, measured water
contact angles are between 95 to 160 degrees,
preferably 110 to 150 degrees.[0030] The thickness of
the organometallic coating ranges from 1 to 10
molecular layers thick, preferably 1 to 3 molecular
layers thick, more preferably a monolayer thick. The
thickness of the molecular layer may be controlled by
the deposition process, e.g., by controlling the time
of exposure of the metal surface to the organometallic
compound and controlling the pressure under which the
coating is applied. [0031] Operating temperatures for
the metal surfaces coated with organometallic
molecules according to the invention should be
maintained below 4500C, preferably below 4000C, more
preferably below 35O0C. Some decomposition of
organometallic coating may occur depending on the
nature of the organometallic employed as coating and
the operating temperature employed. For example,
phenyl silanes as coating agent can be stable at
higher temperatures and may be used in more severe
service than alkyl silanes. By "substantial
decomposition" of the layer of organometallic
molecules is meant that the organometallic molecules
in the coating (covering) layer are reduced to less
than 25% coverage of the metal surface. [0032] The
behavior of the present organometallic coatings is
believed to be at least in part a function of the
organo moiety. While not wishing to be bound to any
particular theory, it appears that the organo moiety
minimizes the interaction energy with both polar and
non-polar hydrocarbons and mitigates fouling and
corrosion in this manner. Minimizing corrosion can be
linked with minimizing fouling. For example, corrosion
tends to increase the metal surface area creating a
trap for foulants. Ordinary ceramic coatings of metals
surfaces rely on a physical barrier to mitigate
corrosion. However, ceramic coatings will not be as
effective asorganometallics because surface energies
may still be high, i.e., greater than 100 mJ/m2. The
same reasoning applies to oxide coatings used to
provide a physical barrier. Thus, metals, particularly
steels and alloys thereof, can be provided with a low
surface energy monolayer or near monolayer of
organometallic coating that resists both corrosion and
fouling deposits in refineries and chemical plants.
Examples of such uses include crude preheat trains,
steam cracker transfer lines, and transfer lines used
in polymer manufacture. The material to be protected
by organometallic coating may also be other metals as
well as non-metal materials such as ceramics. [0033]
An example of a refinery process which illustrates the
invention are heat exchangers common to many refinery
units such as boilers. These exchangers are
periodically taken out of service for cleaning
resulting in unit down time as well as cleaning costs.
In the present process, the heat exchangers after
traditional cleaning would be heated in air to remove
carbonaceous deposits and then coated with an
organometallic such as hexamethyl disiloxane (HMDSO)
by exposing the heated (3000C to 4000C) clean metal
surface to HMDSO at low pressure in an oxygen-free
environment until a coating is achieved, typically in
less than 1 hour. The unit is then ready to be
returned to service. [0034] The invention is further
illustrated in the following examples. EXAMPLE 1
[0035] This example illustrates that very thin (near
monolayer) coatings of an organosilane show much
reduced formation of iron sulfide scale.[0036] Three
304 stainless steel coupons and three carbon steel
coupons were treated in a stainless steel tubular
reactor with hexamethyl disiloxane (HMDSO) at 20 torr
and temperatures of 3000C, 4000C and 5000C for 30
minutes. After treatment, the reactor was evacuated to
1x1 0 6 torr and cooled to room temperature and the
coupon was discharged in air for further testing. A
comparative treatment was performed with three 304
stainless steel coupons and three carbon steel coupons
with same thermal history but without exposure to
HMDSO. The surface coverage of Si was measured using
x-ray photoelectron spectroscopy (XPS) with results
presented in the following Table 1. TABLE l % Silicon
at Surface (by XPS) at Temperature Temperature, 0C
Carbon Steel (A36) Stainless Steel (A304) 300 5.6 6.56
400 1.3 5.8 500 not measured 2.0 [0037] In Table 1,
surface Si content measured by XPS was 6.56 % at 3000C
treatment. For a relatively smooth surface, this is
estimated to be close to a complete monolayer. The
stainless steel coupon showed that there is about 25%
coverage even at 5000C. The surface species initially
generated are believed to comprise tri-methyl silyl
links through a surface oxygen to a metal site. [0038]
The coupons treated at 3000C were tested in a
mini-bomb with Topacio crude at 35O0C for 24 hours.
The resulting coupons were characterized by scanning
electron microscopy (SEM) and energy dispersive
spectroscopy (EDS).[0039] SEM micrographs shown in
Figure 1 were obtained from the exterior surface of
the coupons. The micrographs demonstrate that with
Topacio crude exposure HMDSO treated coupon resulted
in a surface that shows very little variation while
thermally treated coupon shows a surface with rough
texture. In addition EDX (Energy Dispersive X-ray
Spectroscopy) analysis of representative surface from
the coupons show that HMDSO treated coupon has minimal
presence of sulfur while thermally treated coupon has
a higher amount of sulfur present on the coupon. 



[0040] SEM micrographs shown in Figure 2 were also
obtained from cross sections of the same coupons. The
images from HMDSO treated coupon shows very little
variation along the edge of the coupon/epoxy interface
while thermally treated coupon shows very rough
texture along the edge of the coupon/epoxy interface.
The coupon/epoxy interface shows the roughness of the
exterior surface of the coupons. The results from the
external surface analysis and cross sectional analysis
suggest that thermally treated coupons suffered
corrosion damage when exposed to Topacio crude while
HMDSO treated coupons showed minimal corrosion damage.
[0041] All micrographs from HMDSO treated coupon shows
no transition region from the coupon to epoxy
suggesting that the layer deposited from HMDSO is too
thin to be observed with SEM magnification. EXAMPLE 2
[0042] This example is directed to a procedure to
provide coverage of a steel surface and illustrates
the importance of providing a surface from which most
ofthe carbonaceous deposits have been removed. Carbon
steels tend to retain more carbonaceous contaminants
than stainless steels and for best effect should be
pretreated. A preheat in air or O2 at about 3500C may
be adequate to eliminate any carbonaceous residue in
many cases. This methodology can also apply to
treatment of exchangers previously in service. Various
samples of steel bearing different amounts of carbon
deposits were treated with HMDSO at 20 torr pressure
and 3000C for varying time periods to remove different
amounts of carbon deposits from the steel samples. The
results are shown in Figure 3 which is a graph showing
wt.% silicon versus wt.% carbon based on the weight of
the coupon. In Figure 3, TlA is a carbon - 1/2 %
molybdenum steel, 1018 is a carbon steel, and 310 and
304 are stainless steels. Run 5 is also a stainless
steel. As can be seen from Figure 3, the wt.% Si on
the steel samples is dependent on the amount of
carbonaceous deposit remaining. At about 30 wt.%
carbon, the amount of Si starts to increase and
continues to increase as the amount of carbon
remaining decreases. [0043] If higher temperatures are
needed to burn off a residue, it may be necessary to
follow this step with a water wash and dry to remove
salts that can migrate from the bulk to the surface.
For example, sodium and chlorine populations grow on
carbon steels at temperatures above 35O0C and should
be avoided or removed before attempting treatment to
obtain maximum HMDSO coverage. [0044] Modification can
be affected over a range of conditions and from
different media. Vacuum deposition of HMDSO is
effective in providing surfaces that resist corrosion
and fouling as illustrated by experiments in Example 1
above.[0045] Surfaces can be modified from a mixed
liquid-vapor phase using, e.g., high boiling lube
hydrocarbons to solubilize the organosilane.
Treatments can also be performed by sparging an inert
gas (e.g. N2 or Ar) into liquid modifier to transport
vapor to the reaction site. In this mode treatment
times may need to be several hours to ensure a near
monolayer is formed. Treatment temperatures may range
from 2000C to 5000C for stainless steel, and are
preferably 3000C to 4000C for carbon steel. [0046]
Reagent choice may vary depending on the intended
service and/or limits of conditions for treatment.
Various alkoxysilanes and alkyl and aryl substituted
siloxanes and silazanes are examples of
organometallics. EXAMPLE 3 [0047] This example
demonstrates that in order to obtain low adsorption
energy, the water contact angle should be greater than
about 98 degrees. Figures 4A and 4B are plots of Gibbs
Free Energy versus surface energy (4A) and the
corresponding plot of surface energy versus water
contact angle (4B). The strength of adsorption of the
foulant materials from a liquid onto the surface can
be determined using the Gibbs and adsorption isotherm
equations. The Gibbs equation relates the interfacial
coverage to the interfacial energy and the adsorption
isotherm equation, such as the Langmuir adsorption
isotherm equation relates the interfacial coverage to
the Gibbs free energy of adsorption. Combining these
two equations one obtains the relationship between the
minimum Gibbs free energy of adsorption and the
interfacial energy. The interfacial energy is a
function of the surface energy of the liquid and the
surface energy of the solid. Since the surface energy
of the solid is low, the interaction between the solid
and the oil is a weakdispersion. Thus, the interfacial
energy, s, can be written as a function of the surface
energy of the solid, gs , nd the surface energy of the
liquid, as: [0048] Curve A of Figure 4A shows the
variation of interfacial energy as a function of solid
surface energy, using a surface energy of the liquid,
gL 32.65 mJ/m2. Curve B of Figure 4A shows the
variation of minimum Gibbs free energy of adsorption
with the solid surface energy. It shows that the
adsorption is weak if the interfacial energy is low
and the surface energy of the solid is close to the
surface energy of the liquid. [0049] The surface free
energy of the solid is determined using a water
contact angle measurement device. Figure 4B shows the
relationship between the surface energy of the solid
and the water contact angle, q, for low surface energy
solids using: s =66.613(1 + cos6>)2 To obtain a
surface energy lower than 50 mJ/m2, a water contact
angle should be larger than 98 degrees. EXAMPLE 4
[0050] A measure of the extent of surface modification
by the surface modification step can be made using a
device to calculate the extent to which water beads up
on the treated surface (the water contact angle). High
angles imply highhydrophobicity and good coverage of
the underlying substrate by the modifier. There is a
correlation between reduced fouling propensity and
higher water contact angle, as can be seen from Figure
5 which is a graph showing surface energy as a
function of water contact angle. [0051] The water
contact angles were measured using a Kruss Automated
Angle tester with a DSA 100 Device Control Panel. The
instrument was calibrated using high purity water. The
calculations of water contact angles were made using
images captured on video camera. The contour of the
drop is traced and the curve tracing used to calculate
the average contact angle. When the surface is uneven,
the drop contour cannot be seen all the way down to
the surface and a certain distance is excluded from
the water contact angle analysis. The corresponding
contour is compiled from the drop contour that can be
measured. Data from captured images are averaged in
the water contact angle calculations. The left and
right contact angles from several measurements are
averaged to give an overall contact angle in degrees.
[0052] Carbon steel coupons were exposed to Maya whole
crude at 35O0C for 3 hours to simulate conditions that
might exist in a crude pre-heat exchanger. The coupons
were variously modified with octatridecyl trichloro
silane to affect different levels of coverage.
Multiple treatments with an intervening air
calcination step generated coupons with the highest
contract angles (above 130 degrees). These coupons
formed very little measurable deposit whereas the
coupons with lower contact angles and particularly the
untreated carbon steel coupon showed significant
deposits, measurable by both a weight gain and by a
decline in electrical resistivity. Figure 6 shows the
fouling of the coupons as a function of watercontact
angle. The high water contact angles are achievable on
steel surfaces that are fresh or have previously been
in surface and subsequently cleaned. [0053] Rendering
a high water contact on a metal surface is achievable
on steel surfaces that are either fresh or those that
have been in service. The instant procedure for
modifying metal surfaces has been found to be
effective even on heat exchanger tubes that have been
in service and developed a corrosion layer. As long as
these tubes are cleaned by conventional means, the
residual adhered corrosion layer provides an excellent
substrate for subsequent surface modification,
following the same steps as with fresh metal tubes,
that is an air heating step followed by treatment
with, for example, an organosilane. [0054] Heat
exchanger tubes from prior service are usually found
to have a combination of iron sulfides mixed with
carbonaceous deposits. Refiners clean such tube
bundles with high pressure water ("hydroblasting") to
scour loosely held residues from the tube surface,
both inside and out, then return them to service.
Tubes undergoing this treatment usually retain a
sulfide/oxide layer that is different from the
original fresh metal surface that typically comprises
iron and iron oxides (if carbon steel) or perhaps
spinel type oxides of Fe and Cr if higher alloy steels
are used. [0055] Carbon steel and 5-Cr steel tubes
that have been in service for months or years in crude
preheat service typically show low to moderate water
contact angles (80 degrees or less) following
hydroblasting and drying. This is correlated with a
high surface energy, associated with mixed metal
oxides and or sulfide eg FeS. For example, SEM shows
that the carbon steel tubes retained a 20 micron thick
iron sulfide layer after hydroblasting and
drying.[0056] Subsequent air heating at 35O0C for 1
hr. further lowers the water contact angle (i.e.
raises the surface energy) indicating that a very
hydrophilic (presumably hydroxylated) surface is
generated. This can be a good substrate for subsequent
reaction with the right surface modifier. Following
treatment with e.g., a silane such as
hexamethyldisiloxane, very high water contact angles
are subsequently achieved illustrating near complete
coverage of the surface by the modifier. These are
believed to be surfaces that will effectively resist
further corrosion and mitigate fouling by deterring
deposit formation, including carbonaceous residues,
inorganic salts etc. [0057] Table 2 below indicates
that effective surfaces to resist fouling (and
corrosion) can be generated whether the surface is
fresh or has been in service. TABLE 2 Water Contact
Angle, Degrees Carbon Steel 5-Cr Steel Fresh Metal As
Received 60 to 80 80 to 90 Tubing Air Heated, 350C, 1
hr. - about zero Treated with Silane Vapor 105 to 110
llO to 115 (HMDSO), 35O0C, 1 hr. Tubes from As
Received 50 to 90 40 to 90 Prior Service Air Heated,
35O0C, 1 hr. about zero about zero (Crude Preheat)
Treated with Silane Vapor 115 to 130 120 to 140
(HMDSO), 3500C, 1 hr. Note: Range of values indicates
typical surface in homogeneities from sample to sample
and across the surface of a given sampleCLAIMS: 1. A
process for mitigating fouling of metal surfaces which
comprises: contacting the metal surface with an
organometallic compound capable of bonding to the
metallic surface and forming a layer of organometallic
molecules which is 1 to 10 molecular layers thick,
which layer will not undergo substantial decomposition
at temperatures up to 4500C and which layer has a
surface energy lower than 50 millijoule/m2. 2. A
process for mitigating fouling in refinery and
chemical plant equipment having metal surfaces
containing corrosion layers which comprises:
contacting a metal surface containing a corrosion
layer with at least one of high pressure water or
steam to produce a water or steam cleaned metal
surface; heating the water or steam cleaned metal
surface in an oxygen-containing atmosphere at
temperatures of from 1000C to 5000C for a time
sufficient to further clean said metal surface of
carbonaceous residues, contacting the further cleaned
metal surface with an organometallic compound capable
of bonding to the metallic surface and forming a layer
of organometallic molecules which is 1 to 10 molecular
layers thick, which layer will not undergo substantial
decomposition at temperatures up to 4500C, which layer
forms a surface having a water contact angle between
95 to 160 degrees, and which layer is deposited on
greater than 25% up to 100% of the metal surface. 3.
The process of claims 1 or 2 wherein the metal in the
organometallic compound is from Groups 4 to 15.4. The
process of any preceding claim wherein the layer of
organometallic molecules is deposited on 80 to 100 %
of the metal surface. 5. The process of any preceding
claim wherein the metal surface is heated at
temperatures from 1000C to 5000C in an
oxygen-containing atmosphere prior to contacting with
organometallic compound, and is carbon steel or
stainless steel. 6. The process of any preceding claim
wherein the metal in the organometallic compound is
silicon. 7. The process of any preceding claim wherein
the organo moiety in the organometallic compound is a
hydrocarbyl group from 1 to 30 carbon atoms. 8. The
process of any preceding claim wherein the hydrocarbyl
group is aliphatic or aromatic and is substituted with
at least one functional group. 9. The process of any
preceding claim wherein the organometallic compound is
an alkoxy silane, silane, silazone or phenyl siloxane.
10. The process of any preceding claim wherein the
organometallic compound is hexamethyldisiloxane. 11.
The process of any preceding claim wherein the surface
energy is between 18 and 50 mJ/m .12. The process of
any preceding claim wherein the organometallic
compound is contacted with metal surface in the liquid
phase, gaseous phase or mixed liquid-gaseous phase in
the presence of a carrier fluid. 13. The process of
any preceding claim wherein the layer of
organometallic molecules is from 1 to 3 molecular
layers thick. 14. The process of claims 1 or 2 wherein
the temperature is less than 4000C. 15. A metal
surface capable of resisting fouling when exposed to
corrosive or coke forming at atmospheric or greater
pressures which comprises a metal surface and a layer
of organometallic molecules deposited on said metal
surface, said layer of organometallic molecules being
1 to 10 molecular layers thick, which layer will not
undergo substantial decomposition at temperatures up
to 4500C, which layer has a surface energy lower than
50 millijoule/m2. 16. The metal surface of claim 15
wherein the layer of organometallic molecules is
deposited on 80 to 100 % of the metal surface. 


