
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
Sequences4 - (BENZYL) -PIPERAZINE-l-CARBOXYLIC ACID
PHENYLAMIDE DERIVATIVES AND RELATED COMPOUNDS AS
MODULATORS OF FATTY ACID AMIDE HYDROLASE FOR THE
TREATMENT OF ANXIETY , PAIN AND OTHER CONDITIONS
Cross-Reference to Related Application 5 This
application claims priority to United States
Provisional Application No. 60/640,869, filed December
30, 2004. Field of the Invention The present invention
relates to certain piperazinyl and piperidinyl urea 0
compounds, pharmaceutical compositions containing
them, and methods of using them for the treatment of
disease states, disorders, and conditions mediated by
fatty acid amide hydrolase (FAAH) activity. Background
of the Invention 5 Medicinal benefits have been
attributed to the cannabis plant for centuries. The
primary bioactive constituent of cannabis is
D9-tetrahydro-cannabinol (THC). The discovery of THC
eventually led to the identification of two endogenous
cannabinoid receptors responsible for its
pharmacological actions, namely CB1 and CB2 (Goya,
Exp. Opin. Ther. Patents 2000, 10, 1529). These
discoveries not 0 only established the site of action
of THC, but also inspired inquiries into the
endogenous agonists of these receptors, or
"endocannabinoids". The first endocannabinoid
identified was the fatty acid amide anandamide (AEA).
AEA itself elicits many of the pharmacological effects
of exogenous cannabinoids (Piomelli, Nat. Rev.
Neurosci. 2003, 4(11), 873). 5 The catabolism of AEA
is primarily attributable to the integral membrane
bound protein fatty acid amide hydrolase (FAAH), which
hydrolyzes AEA to arachidonic acid. FAAH was
characterized in 1996 by Cravatt and co-workers
(Cravatt, Nature 1996, 384, 83). It was subsequently
determined that FAAH is additionally responsible for
the catabolism of a large number of important lipid 0
signaling fatty acid amides including: another major
endocannabinoid, 2-arachidonoylglycerol (2-AG)
(Science 1992, 258, 1946-1949); the sleep-inducing
substance, oleamide (OEA) (Science 1995, 268, 1506);
the appetite-suppressing agent, N-oleoylethanolamine
(Rodriguez de Fonesca, Nature 2001 , 414, 209); and
the anti-inflammatory agent, palmitoylethanolamide
(PEA) (Lambert, Curr. Med. Chem. 2002, 9(6), 663).
Small-molecule inhibitors of FAAH should elevate the
concentrations of these endogenous signaling lipids
and thereby produce their associated beneficial
pharmacological effects. There have been some reports
of the effects of various FAAH inhibitors in
pre-clinical models. In particular, two
carbamate-based inhibitors of FAAH were reported to
have analgesic properties in animal models. In rats,
BMS-1 (see WO 02/087569), which has the structure
shown below, was reported to have an analgesic effect
in the Chung spinal nerve ligation model of
neuropathic pain, and the Hargraves test of acute
thermal nociception. URB-597 was reported to have
efficacy in the zero plus maze model of anxiety in
rats, as well as analgesic efficacy in the rat hot
plate and formalin tests (Kathuria, Nat. Med. 2003,
9(1), 76). The sulfonylfluoride AM374 was also shown
to significantly reduce spasticity in chronic
relapsing experimental autoimmune encephalomyelitis
(CREAE) mice, an animal model of multiple sclerosis
(Baker, FASEB J. 2001 , 15(2), 300). In addition, the
oxazolopyridine ketone OL-1 35 is reported to be a
potent inhibitor of FAAH, and has been reported to
have analgesic activity in both the hot plate and tail
emersion tests of thermal nociception in rats (WO
04/033652).Results of research on the effects of
certain exogenous cannabinoids has elucidated that a
FAAH inhibitor may be useful for treating various
conditions, diseases, disorders, or symptoms. These
include pain, nausea/emesis, anorexia, spasticity,
movement disorders, epilepsy and glaucoma. To date,
approved therapeutic uses for cannabinoids include the
relief of chemotherapy-induced nausea and emesis among
patients with cancer and appetite enhancement in
patients with HIV/AIDs who experience anorexia as a
result of wasting syndrome. Two products are
commercially available in some countries for these
indications, 



namely, dronabinol (Marinol(r)) and nabilone. Apart
from the approved indications, a therapeutic field
that has received much attention for cannabinoid use
is analgesia, i.e., the treatment of pain. Five small
randomized controlled trials showed that THC is
superior to placebo, producing dose-related analgesia
(Robson, Br. J. Psychiatry 2001 , 178, 107-1 15).
Atlantic Pharmaceuticals is reported to be developing
a synthetic cannabinoid, CT-3, a 1,1 -dimethyl heptyl
derivative of the carboxylic metabolite of
tetrahydrocannabinol, as an orally active analgesic
and anti-inflammatory agent. A pilot phase Il trial in
chronic neuropathic pain with CT-3 was reported to
have been initiated in Germany in May 2002. A number
of individuals with multiple sclerosis have claimed a
benefit from cannabis for both disease-related pain
and spasticity, with support from small controlled
trials (Svendsen, Br. Med. J. 2004, 329, 253).
Likewise, various victims of spinal cord injuries,
such as paraplegia, have reported that their painful
spasms are alleviated after smoking marijuana. A
report showing that cannabinoids appear to control
spasticity and tremor in the CREAE model of multiple
sclerosis demonstrated that these effects are mediated
by CB1 and CB2 receptors (Baker, Nature 2000, 404,
84-87). Phase 3 clinical trials have been undertaken
in multiplesclerosis and spinal cord injury patients
with a narrow ratio mixture of
tetrahydrocannabinol/cannabidiol (THC/CBD). Reports of
small-scale controlled trials have been conducted to
investigate other potential commercial uses of
cannabinoids have been made. Trials in volunteers have
been reported to have confirmed that oral, injected
and smoked cannabinoids produced dose-related
reductions in intraocular pressure (lOP) and therefore
may relieve glaucoma symptoms. Ophthalmologists have
prescribed cannabis for patients with glaucoma in whom
other drugs have failed to adequately control
intraocular pressure (Robson, 2001). Inhibition of
FAAH using a small-molecule inhibitor may be
advantageous compared to treatment with a
direct-acting CBi agonist. Administration of exogenous
CB1 agonists may produce a range of responses,
including reduced nociception, catalepsy, hypothermia,
and increased feeding behavior. These four in
particular are termed the "cannabinoid tetrad."
Experiments with FAAH -/- mice show reduced responses
in tests of nociception, but did not show catalepsy,
hypothermia, or increased feeding behavior (Cravatt,
Proc. Natl. Acad. Sci. USA 2001 , 98(16), 9371 ) .
Fasting caused levels of AEA to increase in rat limbic
forebrain, but not in other brain areas, providing
evidence that stimulation of AEA biosynthesis may be
anatomically regionalized to targeted CNS pathways
(Kirkham, Br. J. Pharmacol. 2002, 136, 550). The
finding that AEA increases are localized within the
brain, rather than systemic, suggests that FAAH
inhibition with a small molecule could enhance the
actions of AEA and other fatty acid amides in tissue
regions where synthesis and release of these signaling
molecules is occurring in a given pathophysiological
condition (Piomelli, 2003). In addition to the effects
of a FAAH inhibitor on AEA and other endocannabinoids,
inhibitors of FAAH's catabolism of other lipid
mediators may be used in treating other therapeutic
indications. For example, PEA has demonstrated
biological effects in animal models of inflammation,
immunosuppression, analgesia, and neuroprotection
(Ueda, J. Biol. Chem. 2001 , 276(38), 35552).
Oleamide, another substrate of FAAH, induces sleep
(Boger,Proc. Natl. Acad. ScL USA 2000, 97(10), 5044;
Mendelson, Neuropsychopharmacology 2001 , 25, S36).
Certain piperazinyl or piperidinyl derivatives have
been disclosed in the literature for different uses.
For example, JP 11139969 describes certain phenol
derivatives as antioxidants and ACAT inhibitors; WO
96/21648 discloses various piperazine derivatives as
antitumor agents; JP 48010160 describes certain
piperazine derivatives as anti-inflammatory agents; WO
04/072025 discloses certain substituted
N-arylheterocycles as obesity, diabetes, and drug
abuse agents; DE 2123784 and U.S. Patent No. 3,813,395
disclose various piperazinylthieno-benzothiazepines as
psychotropics and anesthetics; and WO 98/37077 and WO
99/42107 describe certain piperazine-based compounds
as calcitonin mimetics for treatment of bone deficits.
Additionally, WO 97/42230 describes a solid-phase
synthesis of certain piperazine ureas. WO 97/23458
discloses certain piperidine derivatives as
intermediates toward NMDA receptor ligands. In
addition, various small-molecule FAAH modulators have
been reported, e.g., in WO 04/033652, U.S. Patent No.
6,462,054, U.S. Patent No. 6,096,784, WO 99/26584, WO
97/49667, and WO 96/09817. However, there is still a
need for other potent FAAH modulators with desirable
pharmaceutical properties. Summary of the Invention
Certain piperazinyl or piperidinyl derivatives have
now been found to have FAAH-modulating activity. In
particular, in one general aspect the invention
relates to compounds of the following Formula (I):
wherein:  Z is -N- or >CH; R1 is -H or -Ci^alkyl;  Ar1
is 2-thiazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-pyrimidinyl, 4-pyrimidinyl, 5- pyrimidinyl, or
phenyl, each unsubstituted or substituted at a carbon
ring member with one or two Ra moieties; where each Ra
moiety is independently selected from the group
consisting of -Ci-*alkyl, -C2-4alkenyl, -OH,
-OC1-4alkyl, halo, -CF3, -OCF3, -SCF3, -SH, -S(O)0-
2C1-4alkyl, -OSO C^alkyl, -CO2C1-4alkyl, -CO2H,
-COC1-4alkyl, -N(Rb)Rc, -SO2NRbRc, -NRbSO2Rc, -C(=O)NR
bRc, -NO2, and -CN, wherein Rb and Rc are each
independently -H or -Ci^alkyl; and  Ar2 Js: (a)
unsubstituted 1-naphthyl; or phenanthrenyl, pyrenyl,
fluorenyl, 2-naphthyl, or N-Rd-9H-carbazolyl moieties,
wherein Rd is selected from the group consisting of
-H, -Ci -4alkyl, and phenyl, each said moiety
unsubstituted or substituted with one, two, or three
Re substituents, wherein each Re substituent is
independently selected from the group consisting of
-Ci -4alkyl, -C2-4alkenyl, -OH, -OC1-4alkyl, halo,
-CF3, -OCF3, -SCF3, -SH, -S(0)o -2C1-4alkyl,
-OSO2C1-4alkyl, -CO2C1-4alkyl, -CO2H, -COC1-4alkyl,
-N(Rb)Rc, -SO2NRbRc, -NRbSO2Rc, -C(=0)NR bRc, -NO2,
and -CN, wherein Rb and Rc are as previously defined
(each independently -H or -C1-4alkyl); (b) phenyl
fused at two adjacent ring carbon atoms to a group
selected from the group consisting of -(CH2)3-5-
having Oor 1 double bonds, -(CH2)2-3O-, -OCH2CH2O-,
and -OCF2O- to form a fused ring structure; or phenyl
substituted on adjacent ring carbon atoms with -OCH2O-
(to form 4-benzo[1 ,3]dioxolyl); each phenyl moiety
further unsubstituted or substituted with one, two, or
three Re substituents as previously defined; (c) Ar6,
where Ar6 is a 6-membered monocyclic heteroaryl having
carbon as a point of attachment, with one or two
nitrogen heteroatoms (-N=), unsubstituted or
substituted with one, two, or three Re substituents as
previously defined; (d) Ar5, where Ar5 is a 5-membered
monocyclic heteroaryl having carbon as a point of
attachment, with one heteroatom selected from the
group consisting of O,S, >NH, and >NRf, wherein Rf is
C1-8alkyl or Co-3Phenalkyl, having zero, one, two, or
three additional nitrogen heteroatoms (-N=),
unsubstituted or substituted with one, two, or three
Re substituents as previously defined; (e) a 9- or
10-membered fused bicyclic heteroaryl having one
heteroatom selected from the group consisting of N, O,
and S, with a carbon atom as point of ring attachment,
and optionally having up to four additional carbon
ring atoms replaced with nitrogen, said fused bicyclic
heteroaryl having not more than five heteroatoms, and
unsubstituted or substituted with one, two, or three
Re substituents as previously defined; (f) phenyl
substituted at the 3- or 4-position with R9, and
optionally further substituted with one, two, or three
substituents Rh, wherein each R9 is independently
selected from the group consisting of -C2- 8alkyl,
-C2-8alkenyl, -OCs- cycloalkyl,
-OCs-bheterocycloalkyl, and -0-C 2-ioalkyl optionally
substituted with -NR'R j , wherein R' and Rj are each
independently -H or -d- alkyl, or R' and Rj are taken
together with the nitrogen ring atom of attachment to
form a 5-, 6-, or 7-membered heterocycloalkyl ring
optionally having one additional carbon ring atom
replaced with O, S, >NH, or >NC1- 4alkyl; and each Rh
substituent is independently selected from the group
consisting of -C1-4alkyl, -C2-4alkenyl, -OH,
-OC^alkyl, halo, -CF3, -OCF3, -SCF3, -SH, -S(O)0-
2C1-4alkyl, -OSO2C1-4alkyl, -CO2C1-4alkyl, -CO2H,
-COC1-4alkyl, -N(Rb)Rc, -SO2NRbRc, -NRbSO2Rc, -C(=O)NR
bRc, -NO2, and -CN, wherein Rb and Rc are as
previously defined; (g) phenyl substituted at the 3-
or 4-position with -L-Ar 3, wherein: 0 L is a linker
selected from the group consisting of -(CH 2)i-3- ,
-CH=CH-, -0-, -OCH 2- , -CH 2O-, -NH-, >NC1-4alkyl,
>S(=O) 0.2, -OSO2- , -CXC-, -C(=O)-, and a covalent
bond; and 0 Ar3 is a moiety selected from the group
consisting of: ( 1 ) phenyl, naphthyl, and
phenanthrenyl, (2) Ar6 , where Ar6 is a 6-membered
monocyclic heteroaryl having carbon as a point of
attachment, having one or two nitrogen heteroatoms
(-N=),(3) Ar5 , where Ar5 is a 5-membered monocyclic
heteroaryl having carbon as a point of attachment,
with one heteroatom selected from the group consisting
of O, S, >NH, and >NRf, wherein Rf is -Ci -8alkyl or
-Co-3phenalkyl, and having zero, one, two, or three
additional nitrogen heteroatoms (-N=), and (4) a 9- or
10-membered fused bicyclic heteroaryl, having one
heteroatom selected from the group consisting of N, O,
and S, with a carbon as point of ring attachment, and
optionally having up to four additional carbon ring
atoms replaced with nitrogen, said fused bicyclic
heteroaryl having not more than five heteroatoms;
where each of the moieties ( 1) through (4) is
optionally di-substituted on adjacent carbons with
-OC1-4alkyleneO-, -(CH2)2-3NH-, -(CH2)I-2NH(CH2)-,
-(CH2)2-3N(C1-4alkyl)-, or -(CH2)i
-2N(C1-4alkyl)(CH2)- to form a fused ring structure,
and is further optionally substituted with one, two,
or three substituents Rk, wherein each Rk substituent
is independently selected from the group consisting of
-Ci^alkyl, -C2-4alkenyl, -OH, -OC1-4alkyI, halo, -CF3,
-OCF3, -SCF3, -SH, -S O C- alkyl, -OSO2Ci-4alkyl,
-CO2C alkyl, -CO2H, -COC1- 4alkyl, -N(Rb)Rc,
-SO2NRbRc, -NRbSO2Rc, -C(=0)NR bRc, -NO2, and -CN,
wherein Rb and Rc are as previously defined; (h)
2-hydroxyphenyl or 2-methoxyphenyl, unsubstituted or
substituted with one, two, or three substituents R1,
wherein each R1substituent is independently selected
from the group consisting Of -CH3, 6-C2-4alkyl,
6-C2-4alkenyl, -OH, -OCH3, 6-OC2-6alkyl, halo, -CF3,
-OCF3, -SCF3, -SH, -SCi^alkyl, -SO^i^alkyl,
-CO^i^alkyl, -CO2H, -COC1-4alkyl, -N(Rb)Rc, -SO2NRbRc,
-NRbSO2Rc, -C(=0)NR bRc, -NO2, and -CN, wherein Rb and
Rc are as previously defined; (i) 4-halophenyl,
unsubstituted or substituted with one, two, or three
substituents Rm, wherein each Rm substituent is
independently selected from the group consisting of
-CH3, 2-C2-4alkyl, 2-C2-4alkenyl, 3-hydroxy,
4-hydroxy, -OCH3, 2-OC2-6alkyl, halo, -CF3, -OCF3,
-SCF3, -SH, -SCi -4alkyl, -SO2C1-4alkyl,
-CO2C1-4alkyl,-CO2H1-COC1-4alkyl, -N(Rb)Rc, -SO2NRbRc,
-NRbSO2Rc, -C(=O)NRbRc, -NO2, and -CN, wherein Rb and
Rc are as previously defined; or (j) 2-bromophenyl,
3-methylphenyl, 3-methoxyphenyl, 4-methoxyphenyl, or
3,4- dimethoxyphenyl; where when Ar2 is
4-fluorophenyl, 3,4-difluorophenyl, 4-chlorophenyl, or
3- methoxyphenyl, Ar1 is not unsubstituted phenyl or
phenyl substituted with 4-CI, -NO2, -CF3, or 4-CO2Et;
and where when Ar2 is 3,4-dichlorophenyl, Ar1 is not
phenyl substituted with 4-CI, -NO2, -CF3, or 4-CO2Et;
or a pharmaceutically acceptable salt,
pharmaceutically acceptable prodrug, or
pharmaceutically active metabolite of said compound.
In preferred embodiments, the compound of Formula (I)
is a compound specifically described or exemplified in
the detailed description below. In a further general
aspect, the invention relates to pharmaceutical
compositions each comprising: (a) an effective amount
of an agent selected from compounds of Formula (I) and
pharmaceutically acceptable salts, pharmaceutically
acceptable prodrugs, and pharmaceutically active
metabolites thereof; and (b) a pharmaceutically
acceptable excipient. In another general aspect, the
invention is directed to a method of treating a
subject suffering from or diagnosed with a disease,
disorder, or medical condition mediated by FAAH
activity, comprising administering to the subject in
need of such treatment an effective amount of a
compound of Formula (I) wherein:  Z is as defined
above;  R1 is as defined above;  Ar1 is as previously
defined; and  Ar2 is: (a) phenanthrenyl, pyrenyl,
fluorenyl, naphthyl, or N-Rd-9H-carbazolyl moieties,
wherein Rd is selected from the group consisting of
-H, -Ci^alkyl, and phenyl,each said moiety
unsubstituted or substituted with one, two, or three
Re substituents, wherein each Re substituent is
independently selected from the group consisting of
-Ci -4alkyl, -C2-4alkenyl, -OH, -OC1-4alkyl, halo,
-CF3, -OCF3, -SCF3, -SH, -S(0)o -2Ci -4alkyl,
-OSO2C1-4alkyl, -CO2C1-4alkyl, -CO2H, -COC 1-4alkyl,
-N(Rb)Rc, -SO2NRbRc, -NRbSO2Rc, -C(=O)NR bRc, -NO2,
and -CN, wherein Rb and Rc are as previously defined
(each independently -H or -Ci -4alkyl); (b) phenyl
fused at two adjacent ring carbon atoms to a group
selected from the group consisting of -(CH2)3.5-
having Oor 1 double bonds, -(CH2 2-3O-, -OCH2CH2O-,
-OCF2O- and -OCH2O- to form a fused ring structure,
unsubstituted or substituted with one, two, or three
Re substituents as previously defined; (c) Ar6, where
Ar6 is a 6-membered monocyclic heteroaryl having
carbon as a point of attachment, with one or two
nitrogen heteroatoms (-N=), unsubstituted or
substituted with one, two, or three Re substituents as
previously defined; (d) Ar5, where Ar5 is a 5-membered
monocyclic heteroaryl having carbon as a point of
attachment, with one heteroatom selected from the
group consisting of O, S, >NH, and >NRf, wherein Rf is
C1-8alkyl or C0-3phenalkyl, having zero, one, two, or
three additional nitrogen heteroatoms (-N=),
unsubstituted or substituted with one, two, or three
Re substituents as previously defined; (e) a 9- or
10-membered fused bicyclic heteroaryl having one
heteroatom selected from the group consisting of N, O,
and S, with a carbon atom as point of ring attachment,
and optionally having up to four additional carbon
ring atoms replaced with nitrogen, said fused bicyclic
heteroaryl having not more than five heteroatoms, and
unsubstituted or substituted with one, two, or three
Re substituents as previously defined; (f) phenyl
substituted at the 3- or 4-position with R9, and
optionally further substituted with one, two, or three
substituents Rh, wherein each R9 is independently
selected from the group consisting of -C2- salkyl,
-C2-8alkenyl, -OC3-8cycloalkyl,
-OC3-8heterocycloalkyl, and -O-C2-i 0alkyl optionally
substituted with -NR 1R', wherein R' and Rj are each
independently -H or -Ci -8alkyl, or R' and Rj are
taken together with the nitrogen ring atom
ofattachment to form a 5-, 6-, or 7-membered
heterocycloalkyl ring optionally having one additional
carbon ring atom replaced with O, S, >NH, or >NCi.
4alkyl; and each Rh substituent is independently
selected from the group consisting of -C1-4alkyl,
-C2-4alkenyl, -OH, -OC1-4alkyl, halo, -CF3, -OCF3,
-SCF3, -SH, -S(O)0- 2C1-4alkyl, -OSO2C1-4alkyl,
-CO2C1-4alkyl, -CO2H, -COC^alkyl, -N(Rb)Rc, -SO2NRbRc,
-NRbSO2Rc, -C(=O)NRbRc, -NO2, and -CN, wherein Rb and
Rc are as previously defined; (g) phenyl substituted
at the 3- or 4-position with -L-Ar 3, wherein: o L is
a linker selected from the group consisting of -(CH
2)I-3- , -CH=CH-, -0-, -OCH 2- , -CH 2O-, -NH-,
>NC1-4alkyl, >S(=O)0-2 , -OSO2- , -CXC-, -C(=0)-, and
a covalent bond; and o Ar3 is a moiety selected from
the group consisting of: ( 1 ) phenyl, naphthyl, and
phenanthrenyl, (2) Ar6 , where Ar6 is a 6-membered
monocyclic heteroaryl having carbon as a point of
attachment, having one or two nitrogen heteroatoms
(-N=), (3) Ar5 , where Ar5 is a 5-membered monocyclic
heteroaryl having carbon as a point of attachment,
with one heteroatom selected from the group consisting
of O, S, >NH, and >NRf, wherein Rf is -C alky! or
-C0-3phenalkyl, and having zero, one, two, or three
additional nitrogen heteroatoms (-N=), and (4) a 9- or
10-membered fused bicyclic heteroaryl, having one
heteroatom selected from the group consisting of N, O,
and S, with a carbon as point of ring attachment, and
optionally having up to four additional carbon ring
atoms replaced with nitrogen, said fused bicyclic
heteroaryl having not more than five heteroatoms;
where each of the moieties ( 1) through (4) is
optionally di-substituted on adjacent carbons with
-OCi^alkyleneO-, -(CH2 2-3NH-, -(CH2)i -2NH(CH2)-,
-(CH2)2-3N(C1-4alkyl)-, or -(CH2)1-2N(C1-4alkyl)(CH2)-
to form a fused ring structure, and is optionally
further substituted with one, two, or three
substituents Rk,wherein each Rk substituent is
independently selected from the group consisting of
-C1-4alkyl, -C2-4alkenyl, -OH, -OCi^alkyl, halo, -CF3,
-OCF3, -SCF3, -SH, -SCO^C^alkyl, -OSO2C alkyl,
-CO2C1-4alkyl, -CO2H, -COCi - 4alkyl, -N(Rb)Rc,
-SO2NRbRc, -NRbSO2Rc, -C(=O)NRbRc, -NO2, and -CN,
wherein Rb and Rc are as previously defined; (h)
2-hydroxyphenyl or 2-methoxyphenyl, unsubstituted or
substituted with one, two, or three substituents R1,
wherein each R1substituent is independently selected
from the group consisting Of -CH3, 6-C2-4alkyl,
6-C2-4alkenyl, -OH, -OCH3, 6-OC2-6alkyl, halo, -CF3,
-OCF3, -SCF3, -SH, -SC1-4alkyl, -SO2C1-4alkyl,
-CO^i^alkyl, -CO2H, -COCi -4alkyl, -N(Rb)Rc, -S0
2NRbRc, -NRbS0 2Rc, -C(=0)NR bRc, -NO2, and -CN,
wherein Rb and Rc are as previously defined; (i)
4-halophenyl, unsubstituted or substituted with one,
two, or three substituents Rm, wherein each Rm
substituent is independently selected from the group
consisting Of -CH3, 2-C2-4alkyl, 2-C2-4alkenyl,
3-hydroxy, 4-hydroxy, -OCH3, 2-OC2-6alkyl, halo, -CF3,
-OCF3, -SCF3, -SH, -SC1-4alkyl, -SO2C1-4alkyl,
-CO2C1-4alkyl, -CO2H, -COC1-4alkyl, -N(Rb)Rc, -S0
2NRbRc, -NRbSO2Rc, -C(=0)NR bRc, -NO2, and -CN,
wherein Rb and Rc are as previously defined; or G)
2-bromophenyl, 3-methylphenyl, 3-methoxyphenyl,
4-methoxyphenyl, or 3,4- dimethoxyphenyl; or a
pharmaceutically acceptable salt, pharmaceutically
acceptable prodrug, or pharmaceutically active
metabolite of such compound. In certain preferred
embodiments of the inventive method, the disease,
disorder, or medical condition is selected from:
anxiety, pain, sleep disorders, eating disorders,
inflammation, multiple sclerosis and other movement
disorders, HIV wasting syndrome, closed head injury,
stroke, Alzheimer's disease, epilepsy, Tourette's
syndrome, Niemann-Pick disease, Parkinson's disease,
Huntington's chorea, optic neuritis, autoimmune
uveitis, symptoms of drug withdrawal, nausea, emesis,
sexual dysfunction, post-traumatic stress disorder,
cerebral vasospasm, glaucoma, irritable bowel
syndrome, inflammatory bowel
disease,immunosuppression, gastroesophageal reflux
disease, paralytic ileus, secretory diarrhea, gastric
ulcer, rheumatoid arthritis, unwanted pregnancy,
hypertension, cancer, hepatitis, allergic airway
disease, auto-immune diabetes, intractable pruritis,
and neuroinflammation. Additional embodiments,
features, and advantages of the invention will be
apparent from the following detailed description as
well as the appended claims. Detailed Description of
Invention and Its Preferred Embodiments The invention
may be more fully appreciated by reference to the
following description, including the following
glossary of terms and the concluding examples. For the
sake of brevity, the disclosures of the publications
cited in this specification are herein incorporated by
reference. As used herein, the terms "including",
"containing" and "comprising" are used herein in their
open, non-limiting sense. The term "alkyl" refers to a
straight- or branched-chain alkyl group having from 1
to 12 carbon atoms in the chain. Exemplary alkyl
groups include methyl (Me, which also may be
structurally depicted by /), ethyl (Et), n-propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl
(tBu), pentyl, isopentyl, tert-pentyl, hexyl,
isohexyl, and the like. The term "alkylene" refers to
a divalent straight- or branched-chain alkyl group
having from 1 to 12 carbon atoms in the chain.
Exemplary alkylene groups include methylene, ethylene,
propylene, and the like. The term "alkenyl" refers to
a straight- or branched-chain alkenyl group having
from 2 to 12 carbon atoms in the chain. (The double
bond of the alkenyl group is formed by two sp2
hybridized carbon atoms.) Illustrative alkenyl groups 



include prop-2-enyl, but-2-enyl, but-3-enyl,
2-methylprop-2-enyl, hex-2-enyl, and the like. The
term "alkynyl" refers to a straight- or branched-chain
alkynyl group having from 2 to 12 carbon atoms in the
chain. (The triple bond of the alkynyl group is formed
by two sp hybridized carbon atoms.) Illustrative
alkynyl groupsinclude prop-2-ynyl, but-2-ynyl,
but-3-ynyl, 2-methylbut-2-ynyl, hex-2-ynyl, and the
like. The term "aryl" refers to a monocyclic, or fused
or spiro polycyclic, aromatic carbocycle (ring
structure having ring atoms that are all carbon)
having from 3 to 12 ring atoms per ring. (Carbon atoms
in aryl groups are sp2 hybridized.) Illustrative
examples of aryl groups include the following
moieties: and the like. The term "heteroaryl" refers
to a monocyclic, or fused or spiro bicyclic or
polycyclic, aromatic heterocycle (ring structure
having ring atoms selected from carbon atoms as well
as nitrogen, oxygen, and sulfur heteroatoms) having
from 3 to 12 ring atoms per ring. Illustrative
examples of heteroaryl groups include the following
moieties: , and the like. The term "cycloalkyl" refers
to a saturated or partially saturated, monocyclic or
fused or spiro polycyclic, carbocycle having from 3 to
12 ring atoms per ring. Illustrative examples of
cycloalkyl groups include the following moieties:A
"heterocycloalkyl" refers to a monocyclic, or fused or
spiro polycyclic, ring structure that is saturated or
partially saturated and has from 3 to 12 ring atoms
per ring selected from C atoms and N, O, and S
heteroatoms. Illustrative examples of heterocycloalkyl
groups include: and the like. The term "halogen"
represents chlorine, fluorine, bromine or iodine. The
term "halo" represents chloro, fluoro, bromo or iodo.
The term "substituted" means that the specified group
or moiety bears one or more substituents. The term
"unsubstituted" means that the specified group bears
no substituents. The term "optionally substituted"
means that the specifiedgroup is unsubstituted or
substituted by one or more substituents. Where the
term "substituted" is used to describe a structural
system, the substitution is meant to occur at any
valency-allowed position on the system. Formula (I) is
intended to represent compounds having structures
depicted by the structural formula as well as certain
variations or forms. In particular, compounds of
Formula (I) may have asymmetric centers and therefore
exist in different enantiomeric forms. All optical
isomers and stereoisomers of the compounds of the
general formula, and mixtures thereof, are considered
within the scope of the formula. Thus Formula (I) is
intended to represent a racemate, one or more
enantiomeric forms, one or more diastereomeric forms,
and mixtures thereof. Furthermore, certain structures
depicted by Formula (I) may exist as geometric isomers
(i.e., cis and trans isomers) or as tautomers.
Additionally, Formula (I) is intended to represent
hydrates, solvates, and polymorphs of such compounds,
and mixtures thereof. Formula (I) is also intended to
represent unlabeled forms as well as isotopically
labeled forms of the compounds lsotopically labeled
compounds have structures depicted by Formula (I)
except that one or more atoms are replaced by an atom
having an atomic mass or mass number different from
the atomic mass or mass number usually found in
nature. Examples of isotopes that can be incorporated
into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, sulfur,
phosphorous, fluorine and chlorine, such as 2H, 3H, 1
1C, 13C, 14C, 15N, 18O, 17O1 3 1P, 32P, 35S, 18F, and
36CI, respectively. Various isotopically labeled
compounds of the present invention, for example those
into which radioactive isotopes such as 3H, 1 1C, and
14C are incorporated, are useful in drug or substrate
tissue distribution assays. Tritiated (i.e., 3H) and
carbon-14 (i.e., 14C) isotopes are particularly
preferred for their ease of preparation and
detectability. Further, substitution with heavier
isotopes such as deuterium (i.e., 2H) may afford
certain therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo
half-life or reduced dosage requirements. Isotopically
labeled compounds of this invention andprodrugs
thereof can generally be prepared by carrying out the
procedures disclosed in the schemes or in the examples
and preparations described below by substituting a
readily available isotopically labeled reagent for a
non-isotopically labeled reagent. When referring to
Formula (I), the selection of a particular moiety from
a list of possible species for a specified variable is
not intended to define the moiety for the variable
appearing elsewhere. In other words, where a variable
appears more than once, the choice of the species from
a specified list is independent of the choice of the
species for the same variable elsewhere in the
formula. In preferred embodiments of compounds of
Formula (I), the variable Z is -N-. In other preferred
embodiments, the variable R1 is -H, methyl, ethyl,
isopropyl, propyl, or t-butyl. More preferably, R1 is
-H. Alternatively, R1 is methyl. Preferably, Ar1 is
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl, or 4-
pyrimidinyl, each unsubstituted or substituted at a
carbon ring atom with one or two Ra moieties as
previously defined. Alternatively, Ar1 is 2-thiazolyl.
In an alternate embodiment, Ar1 is phenyl
unsubstituted or substituted at a carbon ring atom
with one or two Ra moieties as previously defined.
When Ar1 is 2-pyridyl, 3- pyridyl, 4-pyridyl,
2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, or
phenyl, substituted with one or more Ra substituents,
preferably each Ra is independently selected from
methyl, ethyl, isopropyl, tert-butyl, vinyl, allyl,
hydroxyl, methoxy, ethoxy, isopropoxy, fluoro, bromo,
chloro, iodo, -CF3, -OCF3, methylsulfanyl,
methylsulfoxy, methylsulfonyl, ethylsulfonyl,
isopropylsulfonyl, methanesulfonyloxy, carbomethoxy,
-CO2H, acetyl, propionyl, amino, methylamino,
dimethylamino, ethylmethylamino, -SO2NH2, -SO2NHCH3,
-NHSO2CH3, -C(=O)NH2, -C(=O)NHCH 3, -NO2, and -CN.
More preferably, Ra is independently selected from the
group consisting of fluoro, bromo, iodo, methoxy,
methyl, carbomethoxy, and carboxy. In some preferred
embodiments, Ar1 is 2- fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 2,4-difluorophenyl, 2-chlorophenyl, 3-
chlorophenyl, 4-chlorophenyl, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2- methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl,
2-carbomethoxyphenyl, 3-carbomethoxyphenyl,
4-carbomethoxyphenyl, 2-carboxyphenyl,
3-carboxyphenyl, or unsubstituted phenyl. Preferably,
the substituent on variable Ar2 designated as Re is
methyl, ethyl, isopropyl, tert-butyl, vinyl, allyl,
hydroxyl, methoxy, ethoxy, isopropoxy, fluoro, bromo,
chloro, iodo, -CF3, -OCF3, methylsulfanyl,
methylsulfoxy, methylsulfonyl, ethylsulfonyl,
isopropylsulfonyl, methanesulfonyloxy, carbomethoxy,
-CO2H, acetyl, propionyl, amino, methylamino,
dimethylamino, ethylmethylamino, -SO2NH2, -SO2NHCH3,
-NHSO2CH3, -C(O)NH 2, -C(=O)NHCH3, -NO2, or -CN.
Preferably, Ar2 is phenanthren-9-yl, pyren-1-yl,
9H-fluoren-2-yl, 1-naphthyl, 2-naphthyl,
i-hydroxynaphthalen-2-yl, 6-methoxynaphthalen-2-yl,
9-ethyl-9Hcarbazol- 3-yl, furanyl, oxazolyl,
isoxazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, thiophenyl,
thiazolyl, isothiazolyl, pyrrolyl, imidazolyl,
pyrazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl,
tetrazolyl, indolyl, benzofuranyl, benzothiophenyl,
benzoxazolyl, benzothiazolyl, benzimidazolyl,
indazolyl, imidazo[1 ,2-a]pyridinyl, pyrazolo[1
,5-a]pyridinyl, 1H-pyrrolo[3,2-b]pyridinyl,
1H-pyrrolo[2,3-b]pyridinyl,
1H-pyrrolo[3,2-c]pyridinyl,
1H-pyrrolo[2,3-c]pyridinyl,
1H-pyrrolo[3,2-b]pyridinyl, isoquinolinyl, quinolinyl,
quinoxalinyl, quinazolinyl, indanyl, indenyl,
tetrahydronaphthyl, 2,3-dihydro-benzofuranyl,
chromanyl, 2,3- dihydro-benzo[1 ,4]dioxinyl, and
2,2-difluoro-benzo[1 ,3]dioxolyl, pyrimidinyl,
pyrazinyl, or pyridyl, each unsubstituted or
substituted with one, two, or three Re substituents as
previously defined. More preferably, Ar2 is 1-phenyl-1
H-pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, or
6-bromo-pyridin-2-yl, each unsubstituted or
substituted with one, two, or three Re substituents as
previously defined. In other more preferred
embodiments, Ar2 is unsubstituted 2,2-difluoro-benzo[1
,3]dioxolyl or unsubstituted 4- benzo[1 ,3]dioxolyl.
More preferably, Ar2 is 2-indolyl, 3-indolyl,
2-quinolinyl, 3- quinolinyl, or 2-quinoxalinyl, each
unsubstituted or substituted with one, two, or three
Re substituents as previously defined. Even more
preferably, Ar2 is 2- quinolinyl or 3-quinolinyl. In
alternative embodiments, Ar2 is phenyl, substituted at
the 3- or 4-position with a moiety selected from the
group consisting of ethyl, propyl, isopropyl,
butyl,isobutyl, pentyl, hexyl, octyl, vinyl* allyl,
cyclopropyloxy, cyclobutyloxy, cyclopentyloxy,
cyclohexyloxy, cycloheptyloxy, 2-dimethylaminoethoxy,
2- dimethylaminopropoxy, 4-piperidinyloxy, ethoxy,
propoxy, isopropoxy, isobutyloxy, pentyloxy, hexyloxy,
heptyloxy, octyloxy, nonyloxy, decyloxy,
2-piperidin-1- ylethoxy, and 3-piperidin-i-ylpropoxy.
Preferably, R1and Rj are each independently selected
from the group consisting of hydrogen, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, and t-butyl.
Alternatively, R' and Rj are taken together with the
nitrogen ring atom of attachment to form a ring
selected from the group consisting of pyrrolidinyl,
pyrazolinyl, piperidinyl, homopiperidinyl, azepanyl,
tetrahydrofuranyl, tetrahydropyranyl, piperazinyl,
morpholinyl, and thiomorpholinyl. Preferably, Ar2 is
4-ethylphenyl, 4-isopropylphenyl, 3-vinylphenyl, 3-
ethoxyphenyl, 4-ethoxyphenyl, 3-propoxyphenyl,
4-propoxyphenyl, 3- isobutoxyphenyl,
4-isopropoxyphenyl, 3-isobutoxyphenyl,
4-isobutoxyphenyl, 4- cyclohexyloxyphenyl,
3-(2-dimethylaminoethoxy)phenyl, 3-(2-piperidin-1-
ylethoxy)phenyl, 3-(3-dimethylaminopropoxy)phenyl, or
3-(3-piperidin-1- ylpropoxy)phenyl. Preferably, L is
methylene, ethylene, propylene, alkenylene, -O-,
methylenyloxy, -NH-, >NC alkyl, -S-, -S(=O)-, -S(=O)
2- , -OSO2- , alkynylene, or a covalent bond. More
preferably, L is -CH=CH-, -O-, -OCH2- , -SO2- , -OSO2-
, or a covalent bond. Preferably, Ar3 is phenyl,
naphthyl, phenanthrenyl, pyridyl, pyrimidinyl,
pyrazinyl, furanyl, oxazolyl, isoxazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-
oxadiazolyl, 1,3,4-oxadiazolyl, thiophenyl, thiazolyl,
isothiazolyl, pyrrolyl, imidazolyl, pyrazolyl,
1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, indolyl,
benzofuranyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, benzimidazolyl, indazolyl, imidazo[1
,2-a]pyridinyl, pyrazolo[1 ,5-a]pyridinyl,
1H-pyrrolo[3,2-b]pyridinyl,
1H-pyrrolo[2,3-b]pyridinyl,
1H-pyrrolo[3,2-c]pyridinyl,
1H-pyrrolo[2,3-c]pyridinyl,
1H-pyrrolo[3,2-b]pyridinyl, isoquinolinyl, quinolinyl,
quinoxalinyl, or quinazolinyl. More preferably, Ar3 is
phenyl, 4-chlorophenyl, 3,4-dichlorophenyl, 4-
methylphenyl, 4-t-butylphenyl,
3-trifluoromethylphenyl, 4-methoxyphenyl,
3,5-dichlorophenyl, 1-naphthyl, 2-naphthyl,
3-chlorophenyl, 9-phenanthrenyl, 4-
carbomethoxylphenyl, 4-methanesulfonylphenyl,
3-methoxyphenyl, or benzo[1 ,3]dioxol-5-yl.
Preferably, Ar2 is 2-hydroxyphenyl, unsubstituted or
substituted with a moiety selected from the group
consisting of methyl, 6-ethyl, 6-isopropyl,
6-tertbutyl, 6-vinyl, 6-allyl, hydroxyl, methoxy,
6-ethoxy, 6-isopropoxy, fluoro, bromo, chloro, iodo,
-CF3, -OCF3, methylsulfanyl, methylsulfoxy,
methylsulfonyl, ethylsulfonyl, isopropylsulfonyl,
carbomethoxy, -CO2H, acetyl, propionyl, amino,
methylamino, dimethylamino, ethylmethylamino, -SO2NH2,
-SO2NHCH3, -NHSO2CH3, -C(=O)NH 2, -C(=O)NHCH 3, -NO2,
and -CN. Alternatively, Ar2 is 2- methoxyphenyl,
optionally substituted as described above. More
preferably, Ar2 is 2-hydroxyphenyl,
5-bromo-2-hydroxy-3- methoxyphenyl, or
5-bromo-2-hydroxyphenyl. Preferably, Ar2 is
4-halophenyl, unsubstituted or substituted with a
moiety selected from the group consisting of methyl,
2-ethyl, 2-isopropyl, 2-tert-butyl, 2- vinyl, 2-allyl,
3-hydroxy, 4-hydroxy, methoxy, 2-ethoxy, 2-isopropoxy,
fluoro, bromo, chloro, iodo, -CF3, -OCF3,
methylsulfanyl, methylsulfoxy, methylsulfonyl,
ethylsulfonyl, isopropylsulfonyl, carbomethoxy, -CO2H,
acetyl, propionyl, amino, methylamino, dimethylamino,
ethylmethylamino, -SO2NH2, -SO2NHCH3, -NHSO2CH3,
-C(=O)NH 2, -C(=O)NHCH 3, -NO2, and -CN; and Ar1 is
phenyl. More preferably, Ar2 is 3,4-dibromophenyl,
3-bromo-4-fluorophenyl, or 4-
chloro-3-trifluoromethyl. Alternatively, Ar2 is
3,4-dichlorophenyl. Even more preferably, Ar2 is
3,4-dibromophenyl. Preferred compounds of the present
invention include the following:
4-Naphthalen-2-ylmethyl-piperazine-1 -carboxylic acid
phenylamide;
4-Quinolin-2-ylmethyl-piperazine-1-carboxylic acid
phenylamide;
4-Benzo[b]thiophen-2-ylmethyl-piperazine-1 -carboxylic
acid phenylamide; 4-(3,4-Dibromo-benzyl)-piperazine-1
-carboxylic acid phenylamide; 4-(1 -Methyl-1
H-indol-2-ylmethyl)-piperazine-1 -carboxylic acid
phenylamide;
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
phenylamide; 4-(4-lodo-benzyl)-piperazine-1-carboxylic
acid phenylamide; 4-(3-Benzyloxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(5-Bromo-2-hydroxy-3-methoxy-benzyl)-piperazine-1-ca
rboxylic acid phenylamide;
4-(4-Bromo-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(3-Phenoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(3-Bromo-4-fluoro-benzyl)-piperazine-1 -carboxylic
acid phenylamide; 4-lndan-5-ylmethyl-piperazine-1
-carboxylic acid phenylamide;
4-Benzo[b]thiophen-3-ylmethyl-piperazine-1 -carboxylic
acid phenylamide; 4-(4-lsopropyl-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(4-Ethyl-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(5-Bromo-2-hydroxy-benzyl)-piperazine-1
-carboxylic acid phenylamide; 4-(2,3-Dihydro-benzo[1
,4]dioxin-6-ylmethyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(4-Methoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(3-Vinyl-benzyl)-piperazine-1 -carboxylic acid
phenylamide;
4-(2,3-Dihydro-benzofuran-5-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-(3-Methoxy-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-Naphthalen-1 -ylmethyl-piperazine-1
-carboxylic acid phenylamide;
4-(2-Hydroxy-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(3-Methyl-benzyl)-piperazine-1
-carboxylic acid phenylamide; 4-(1
H-lndol-5-ylmethyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(3,4-Dimethoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-Pyridin-4-ylmethyl-piperazine-1 -carboxylic acid
phenylamide; 4-Pyridin-2-ylmethyl-piperazine-1
-carboxylic acid phenylamide;
4-Pyridin-3-ylmethyl-piperazine-1 -carboxylic acid
phenylamide; 4-(4-lsopropoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-Biphenyl-4-ylmethyl-piperazine-1 -carboxylic acid
phenylamide; 4-Quinolin-4-ylmethyl-piperazine-1
-carboxylic acid phenylamide;4-Benzo[1
,3]dioxol-4-ylmethyl-piperazine-1 -carboxylic acid
phenylamide; 4-(2,2-Difluoro-benzo[1
,3]dioxol-5-ylmethyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(1 -Methyl-1
H-indol-5-ylmethyl)-piperazine-1 -carboxylic acid
phenylamide;
4-(6-Chloro-quinolin-2-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-(8-Chloro-quinolin-2-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-(2-Chloro-quinolin-3-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-Naphthalen-2-ylmethyl-piperazine-1 -carboxylic acid
(4-fluoro-phenyl)-amide;
4-Quinolin-2-ylmethyl-piperazine-1 -carboxylic acid
(4-fluoro-phenyl)-amide; 4-(1
-Hydroxy-naphthalen-2-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-[3-(4-Chloro-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-[3-(3,4-Dichloro-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-(3-p-Tolyloxy-benzyl)-piperazine-1 -carboxylic acid
phenylamide;
4-[3-(4-tert-Butyl-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-[3-(3-Trifluoromethyl-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-[3-(4-Methoxy-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-(6-Methoxy-naphthalen-2-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-Phenanthren-9-ylmethyl-piperazine-1 -carboxylic acid
phenylamide; 4-Pyren-1-ylmethyl-piperazine-1
-carboxylic acid phenylamide;
4-(6-Chloro-quinolin-3-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-Biphenyl-3-ylmethyl-piperazine-1 -carboxylic acid
phenylamide;
4-(6-Bromo-pyridin-2-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-[3-(4-Chloro-benzenesulfonyl)-benzyl]-piperazine-1
-carboxylic acid phenylamide; 4-(1
H-lndol-6-ylmethyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(4-Phenoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(2-Chloro-8-methyl-quinolin-3-ylmethyl)-piperazine-1
-carboxylic acid phenylamide; 4-(1 -Methyl-1
H-indol-6-ylmethyl)-piperazine-1 -carboxylic acid
phenylamide;4-(4-Benzyloxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-[3-(3,5-Dichloro-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-(9H-Fluoren-2-ylmethyl)-piperazine-1 -carboxylic
acid phenylamide;
4-(9-Ethyl-9H-carbazol-3-ylmethyl)-piperazine-1
-carboxylic acid phenylamide;
4-(4-Styryl-benzyl)-piperazine-1 -carboxylic acid
phenylamide;
4-(4-Chloro-3-trifluoromethyl-benzyl)-piperazine-1
-carboxylic acid phenylamide; 4-[2,5-Dimethyl-1
-(3-trifluoromethyl-phenyl)-1
H-pyrrol-3-ylmethyl]-piperazine-1 - carboxylic acid
phenylamide; 4-(2-Bromo-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(3-fluoro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(4-fluoro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(3-methoxy-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
m-tolylamide; 4-(3,4-Dibromo-benzyl)-piperazine-1
-carboxylic acid (2-fluoro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(4-methoxy-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(2-methoxy-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(3-chloro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(2-chloro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
p-tolylamide; 4-(3,4-Dibromo-benzyl)-piperazine-1
-carboxylic acid (4-chloro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
o-tolylamide; 4-Quinolin-3-ylmethyl-piperazine-1
-carboxylic acid (3-fluoro-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
(4-fluoro-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
(2-chloro-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
(3-chloro-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
(4-chloro-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
(2-methoxy-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
o-tolylamide; 4-Quinolin-3-ylmethyl-piperazine-1
-carboxylic acid p-tolylamide;
2-[(4-Quinolin-3-ylmethyl-piperazine-1
-carbonyl)-amino]-benzoic acid methyl ester;
3-[(4-Quinolin-3-ylmethyl-piperazine-1
-carbonyl)-amino]-benzoic acid methyl ester;
4-[(4-Quinolin-3-ylmethyl-piperazine-1
-carbonyl)-amino]-benzoic acid methyl ester;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
(4-methoxy-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
m-tolylamide; 4-Quinolin-3-ylmethyl-piperazine-1
-carboxylic acid (3-methoxy-phenyl)-amide;
4-Quinolin-3-ylrnethyl-piperazine-1 -carboxylic acid
(2,4-difluoro-phenyl)-amide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
(2-fluoro-phenyl)-amide; 4-Benzyl-piperidine-1
-carboxylic acid p-tolylamide; 4-Benzyl-piperidine-1
-carboxylic acid m-tolylamide; 4-Benzyl-piperidine-1
-carboxylic acid (2-chloro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
pyridin-4-ylamide; 4-(3,4-Dibromo-benzyl)-piperazine-1
-carboxylic acid pyridin-2-ylamide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
pyridin-3-ylamide;
4-(4-Cyclohexyloxy-benzyl)-piperazine-1 -carboxylic
acid phenylamide; 4-(3-Propoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(3-lsobutoxy-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(3-Ethoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-(4-Propoxy-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-(4-lsobutoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-[3-(2-Dimethylamino-ethoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide; 4-[3-(2-Piperidin-1
-yl-ethoxy)-benzyl]-piperazine-1 -carboxylic acid
phenylamide;
4-[3-(3-Dimethylamino-propoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide; 4-[3-(3-Piperidin-1
-yl-propoxy)-benzyl]-piperazine-1 -carboxylic acid
phenylamide; 4-(4-Ethoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide;
4-[3-(3-Chloro-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-[3-(Naphthalen-2-yloxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-[3-(Phenanthren-9-yloxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-[3-(4-Phenylcarbamoyl-piperazin-1
-ylmethyl)-phenoxy]-benzoic acid methyl ester;
4-[3-(4-Methanesulfonyl-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide;
4-[3-(3-Methoxy-phenoxy)-benzyl]-piperazine-1
-carboxylic acid phenylamide; 4-[3-(Benzo[1
,3]dioxol-5-yloxy)-benzyl]-piperazine-1 -carboxylic
acid 



phenylamide; Methanesulfonic acid
3-(4-phenylcarbamoyl-piperazin-1-ylmethyl)-phenyl
ester; Benzenesulfonic acid
3-(4-phenylcarbamoyl-piperazin-1-ylmethyl)-phenyl
ester; 4-Chloro-benzenesulfonic acid
3-(4-phenylcarbamoyl-piperazin-1 -ylmethyl)- phenyl
ester; 2-[(4-Quinolin-3-ylmethyl-piperazine-1
-carbonyl)-amino]-benzoic acid (potassium salt);
3-[(4-Quinolin-3-ylmethyl-piperazine-1
-carbonyl)-amino]-benzoic acid (potassium salt);
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
pyridin-3-ylamide; 4-Quinolin-3-ylmethyl-piperazine-1
-carboxylic acid pyridin-2-ylamide;
4-Quinolin-3-ylmethyl-piperazine-1 -carboxylic acid
pyridin-4-ylamide; 4-Quinolin-3-ylmethyl-piperazine-1
-carboxylic acid pyrimidin-2-ylamide; 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
pyridin-3-ylamide; 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
pyridin-4-ylamide; 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
pyrimidin-2-ylamide; 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
pyridin-2-ylamide; 4-(2,2-Difluoro-benzo[1
,3]dioxol-5-ylmethyl)-piperazine-1 -carboxylic acid
pyridin- 3-ylamide; 4-(2,2-Difluoro-benzo[1
,3]dioxol-5-ylmethyl)-piperazine-1 -carboxylic acid
pyridin- 4-ylamide;4-Quinolin-3-ylmethyl-piperazine-1
-carboxylic acid pyrimidin-4-ylamide;
4-(2,2-Difluoro-benzo[1
,3]dioxol-5-ylmethyl)-piperazine-1-carboxylic acid
pyrimidin-4-ylamide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
pyrimidin-4-ylamide;
4-[(4-Quinolin-3-ylmethyl-piperazine-1-carbonyl)-amino
]-benzoic acid; 4-Quinoxalin-2-ylmethyl-piperazine-1
-carboxylic acid phenylamide;
4-(3,4-Dichloro-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-Quinolin-3-ylmethyl-piperazine-1
-carboxylic acid thiazol-2-ylamide; 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
thiazol-2-ylamide; 4-(3,4-Dibromo-benzyl)-piperazine-1
-carboxylic acid methyl-phenyl-amide;
4-(2-Methoxy-benzyl)-piperazine-1 -carboxylic acid
phenylamide; 4-Benzofuran-2-ylmethyl-piperazine-1
-carboxylic acid phenylamide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(4-nitro-phenyl)-amide;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
(4-trifluoromethyl-phenyl)- amide;
4-(5-Bromo-2-hydroxy-3-methoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide hydrochloride;
4-(3,4-Dibromo-benzyl)-piperazine-1 -carboxylic acid
phenylamide hydrochloride;
4-Quinolin-2-ylmethyl-piperazine-1 -carboxylic acid
phenylamide dihydrochloride; 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
phenylamide; 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
phenylamide hydrochloride; and 4-Benzo[1
,3]dioxol-5-ylmethyl-piperazine-1 -carboxylic acid
(4-fluoro-phenyl)- amide. The invention includes also
pharmaceutically acceptable salts of the compounds
represented by Formula (I), such as of those described
above. Pharmaceutically acceptable salts of the
specific compounds exemplified herein are especially
preferred. A "pharmaceutically acceptable salt" is
intended to mean a salt of a free acid or base of a
compound represented by Formula (I) that is not
toxic,biologically intolerable, or otherwise
biologically undesirable. See, generally, e.g., S.M.
Berge, et al., "Pharmaceutical Salts", J. Pharm. Sci.,
1977, 66:1-19, and Handbook of Pharmaceutical Salts,
Propertions, Selection, and Use; Stahl, P.H., Wermuth,
CG. , Eds.; Wiley-VCH and VHCA: Zurich, 2002.
Preferred pharmaceutically acceptable salts are those
that are pharmacologically effective and suitable for
contact with the tissues of patients without undue
toxicity, irritation, or allergic response. A compound
of Formula (I) may possess a sufficiently acidic
group, a sufficiently basic group, or both types of
functional groups, and accordingly react with a number
of inorganic or organic bases, and inorganic and
organic acids, to form a pharmaceutically acceptable
salt. Exemplary pharmaceutically acceptable salts
include sulfates, pyrosulfates, bisulfates, sulfites,
bisulfites, phosphates, monohydrogen-phosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates,
chlorides, bromides, iodides, acetates, propionates,
decanoates, caprylates, acrylates, formates,
isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates,
fumarates, maleates, butyne-1 ,4-dioates, hexyne-1
,6-dioates, benzoates, chlorobenzoates,
methylbenzoates, dinitrobenzoates, hydroxybenzoates,
methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates,
phenylbutyrates, citrates, lactates,
g-hydroxybutyrates, glycolates, tartrates,
methane-sulfonates, propanesulfonates, naphthalene-1
-sulfonates, naphthalene-2-sulfonates, and mandelates.
If the compound of Formula (I) contains a basic
nitrogen, the desired pharmaceutically acceptable salt
may be prepared by any suitable method available in
the art, for example, treatment of the free base with
an inorganic acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, sulfamic acid, nitric
acid, boric acid, phosphoric acid, and the like, or
with an organic acid, such as acetic acid,
phenylacetic acid, propionic acid, stearic acid,
lactic acid, ascorbic acid, maleic acid, hydroxymaleic
acid, isethionic acid, succinic acid, valeric acid,
fumaric acid, malonic acid, pyruvic acid, oxalic acid,
glycolic acid, salicylic acid, oleic acid, palmitic
acid, lauric acid, a pyranosidyl acid, such as
glucuronic acid orgalacturonic acid, an alpha-hydroxy
acid, such as mandelic acid, citric acid, or tartaric
acid, an amino acid, such as aspartic acid or glutamic
acid, an aromatic acid, such as benzoic acid,
2-acetoxybenzoic acid, naphthoic acid, or cinnamic
acid, a sulfonic acid, such as laurylsulfonic acid,
p-toluenesulfonic acid, methanesulfonic acid, or
ethanesulfonic acid, or the like. If the compound of
Formula (I) is an acid, such as a carboxylic acid or
sulfonic acid, the desired pharmaceutically acceptable
salt may be prepared by any suitable method, for
example, treatment of the free acid with an inorganic
or organic base, such as an amine (primary, secondary
or tertiary), an alkali metal hydroxide, or alkaline
earth metal hydroxide, or the like. Illustrative
examples of suitable salts include organic salts
derived from amino acids, such as glycine and
arginine, ammonia, carbonates, bicarbonates, primary,
secondary, and tertiary amines, and cyclic amines,
such as benzylamines, pyrrolidines, piperidine,
morpholine, and piperazine, and inorganic salts
derived from sodium, calcium, potassium, magnesium,
manganese, iron, copper, zinc, aluminum, and lithium.
The invention also relates to treatment methods
employing pharmaceutically acceptable prodrugs of the
compounds of Formula (I). The term "prodrug" means a
precursor of a designated compound that, following
administration to a subject, yields the compound in
vivo via a chemical or physiological process such as
solvolysis or physiological conditions (e.g., a
prodrug on being brought to physiological pH is
converted to the compound of Formula (I)). A
"pharmaceutically acceptable prodrug" is a prodrug
that is not toxic, biologically intolerable, or
otherwise biologically unsuitable for administration
to the subject. Illustrative procedures for the
selection and preparation of suitable prodrug
derivatives are described, for example, in "Design of
Prodrugs", ed. H. Bundgaard, Elsevier, 1985. Exemplary
prodrugs include compounds having an amino acid
residue, or a polypeptide chain of two or more (e.g.,
two, three or four) amino acid residues, covalently
joined through an amide or ester bond to a free amino,
hydroxy or carboxylic acid group of a compound of
Formula (I). Examples of amino acid residues include
the twenty naturally occurring amino acids commonly
designatedby three letter symbols as well as
4-hydroxyproline, hydroxylysine, demosine,
isodemosine, 3-methylhistidine, norvalin,
beta-alanine, gamma-aminobutyric acid, citrulline
homocysteine, homoserine, ornithine and methionine
sulfone. Additional types of prodrugs may be produced,
for instance, by derivatizing free carboxyl groups of
structures of Formula (I) as amides or alkyl esters.
Exemplary amides include those derived from ammonia,
primary C alky! amines and secondary di(Ci- 6alkyl)
amines. Secondary amines include 5- or 6-membered
heterocycloalkyl or heteroaryl ring moieties having
from 1 to 3 heteroatoms where at least one is a
nitrogen atom. Preferred amides are derived from
ammonia, C1- 3alkyl primary amines, and di(Ci-
2alkyl)amines. Exemplary esters of the invention
include Ci.zalkyl, C5-7carbocyclyl, phenyl, and
phenyl(Ci- 6alkyl) esters. Preferred esters include
methyl esters. Prodrugs may also be prepared by
derivatizing free hydroxy groups using groups
including hemisuccinates, phosphate esters,
dimethylaminoacetates, and
phosphoryloxymethyloxycarbonyls, following procedures
such as those outlined in Adv. Drug Delivery Rev.
1996, 19, 115. Carbamate derivatives of hydroxy and
amino groups may also yield prodrugs. Carbonate
derivatives, sulfonate esters and sulfate esters of
hydroxy groups may also provide prodrugs.
Derivatization of hydroxy groups as (acyloxy)methyl
and (acyloxy)ethyl ethers, wherein the acyl group may
be an alkyl ester, optionally substituted with one or
more ether, amine or carboxylic acid functionalities,
or where the acyl group is an amino acid ester as
described above, is also useful to yield prodrugs.
Prodrugs of this type may be prepared as described in
J. Med. Chem. 1996, 39, 10. Free amines can also be
derivatized as amides, sulfonamides or phosphonamides.
All of these prodrug moieties may incorporate groups
including ether, amine and carboxylic acid
functionalities. Pharmaceutically active metabolites
may also be used in the methods of the invention. A
"pharmaceutically active metabolite" means a
pharmacologically active product of metabolism in the
body of a compound of Formula (I) or salt thereof.
Prodrugs and active metabolites of a compound may be
determined using routine techniques known or available
in the art. See, e.g., Bertolini et al., J.Med. Chem.
1997, 40, 201 1-2016; Shan et al., J. Pharm. ScL 1997,
86 (7), 765- 767; Bagshawe, Drug Dev. Res. 1995, 34,
220-230; Bodor, Adv. Drug Res. 1984, 13, 224-331 ;
Bundgaard, Design of Prodrugs (Elsevier Press, 1985);
and Larsen, Design and Application of Prodrugs, Drug
Design and Development (Krogsgaard- Larsen et al.,
eds., Harwood Academic Publishers, 1991 ). The
compounds of Formula (I) and their pharmaceutically
acceptable salts, pharmaceutically acceptable
prodrugs, and pharmaceutically active metabolites
(collectively, "agents") of the present invention are
useful as FAAH inhibitors in the methods of the
invention. The agents may be used in the inventive
methods for the treatment or prevention of medical
conditions, diseases, or disorders mediated through
inhibition or modulation of FAAH, such as those
described herein. Agents according to the invention
may therefore be used as an analgesic,
neuroprotectant, sedative, appetite stimulant, or
contraceptive. Exemplary medical conditions, diseases,
and disorders include anxiety, pain, sleep disorders,
eating disorders, inflammation, multiple sclerosis and
other movement disorders, HIV wasting syndrome, closed
head injury, stroke, Alzheimer's disease, epilepsy,
Tourette's syndrome, epilepsy, Niemann-Pick disease,
Parkinson's disease, Huntington's chorea, optic
neuritis, autoimmune uveitis, symptoms of drug
withdrawal, nausea, emesis, sexual dysfunction,
posttraumatic stress disorder, or cerebral vasospasm.
Thus, the pharmaceutical agents may be used to treat
subjects diagnosed with or suffering from a disorder
or condition mediated through FAAH activity. The term
"treat" or "treating" as used herein is intended to
refer to administration of an agent or composition of
the invention to a subject for the purpose of
effecting a therapeutic or prophylactic benefit
through modulation of FAAH activity. Treating includes
reversing, ameliorating, alleviating, inhibiting the
progress of, lessening the severity of, or preventing
a disease, disorder or condition, or one or more
symptoms of such disease, disorder or condition
mediated through modulation of FAAH activity. The term
"subject" refers to a mammalian patient in need of
such treatment, such as a human. "Modulators" include
both inhibitors and activators,where "inhibitors"
refer to compounds that decrease, prevent, inactivate,
desensitize or down-regulate FAAH expression or
activity, and "activators" are compounds that
increase, activate, facilitate, sensitize or
up-regulate FAAH expression or activity. Accordingly,
the invention relates to methods of using the
pharmaceutical agents described herein to treat
subjects diagnosed with or suffering from a disorder
or condition mediated through FAAH activity, such as:
anxiety, pain, sleep disorders, eating disorders,
inflammation, or movement disorders (e.g., multiple
sclerosis). Symptoms or disease states are intended to
be included within the scope of "medical conditions,
disorders, or diseases." For example, pain may be
associated with various diseases and disorders, and
may include various etiologies. Illustrative types of
pain treatable with a FAAH-modulating agent according
to the invention include cancer pain, postoperative
pain, Gl tract pain, spinal cord injury pain, visceral
hyperalgesia, thalamic pain, headache (including
stress headache and migraine), low back pain, neck
pain, musculoskeletal pain, peripheral neuropathic
pain, central neuropathic pain, neurogenerative
disorder related pain, and menstrual pain. HIV wasting
syndrome includes associated symptoms such as appetite
loss and nausea. Parkinson's disease includes, for
example, levodopa-induced dyskinesia. Treatment of
multiple sclerosis may include treatment of symptoms
such as spasticity, neurogenic pain, central pain, or
bladder dysfunction. Symptoms of drug withdrawal may
be caused by, for example, addiction to opiates or
nicotine. Nausea or emesis may be due to chemotherapy,
postoperative, or opioid related causes. Treatment of
sexual dysfunction may include improving libido or
delaying ejaculation. Treatment of cancer may include
treatment of glioma. Sleep disorders include, for
example, sleep apnea, insomnia, and disorders calling
for treatment with an agent having a sedative or
narcotic-type effect. Eating disorders include, for
example, anorexia or appetite loss associated with a
disease such as cancer or HIV infection/AIDS. In a
treatment method according to the invention, an
effective amount of a pharmaceutical agent according
to the invention is administered to a subjectsuffering
from or diagnosed as having such a disease, disorder
or condition. An "effective amount" means an amount or
dose sufficient to generally bring about the desired
therapeutic or prophylactic benefit in patients in
need of such treatment. Effective amounts or doses of
the agents of the present invention may be ascertained
by routine methods such as modeling, dose escalation
studies or clinical trials, and by taking into
consideration routine factors, e.g., the mode or route
of administration or drug delivery, the
pharmacokinetics of the agent, the severity and course
of the disorder or condition, the subject's previous
or ongoing therapy, the subject's health status and
response to drugs, and the judgment of the treating
physician. An exemplary dose is in the range of from
about 0.001 to about 200 mg of agent per kg of
subject's body weight per day, preferably about 0.05
to 100 mg/kg/day, or about 1 to 35 mg/kg/day, in
single or divided dosage units (e.g., BID, TID, QID).
For a 70-kg human, an illustrative range for a
suitable dosage amount is from about 0.05 to about 7
g/day, or about 0.2 to about 2.5 g/day. Once
improvement of the patient's conditions has occurred,
the dose may be adjusted for preventative or
maintenance treatment. For example, the dosage or the
frequency of administration, or both, may be reduced
as a function of the symptoms, to a level at which the
desired therapeutic or prophylactic effect is
maintained. Of course, if symptoms have been
alleviated to an appropriate level, treatment may
cease. Patients may, however, require intermittent
treatment on a long-term basis upon any recurrence of
symptoms. In addition, the agents of the invention may
be used in combination with additional active
compounds in the treatment of the above conditions.
The additional compounds may be coadministered
separately with an agent of Formula (I) or included
with such an agent as an additional active ingredient
in a pharmaceutical composition according to the
invention. In an exemplary embodiment, additional
active compounds are those that are known or
discovered to be effective in the treatment of
conditions, disorders, or diseases mediated by FAAH
activity, such as another FAAH modulator or a compound
active againstanother target associated with the
particular condition, disorder, or disease. The
combination may serve to increase efficacy (e.g., by
including in the combination a compound potentiating
the potency or effectiveness of an agent according to
the invention), decrease one or more side effects, or
decrease the required dose of the agent according to
the invention. In one illustrative embodiment, a
composition according to the invention may contain one
or more additional active ingredients selected from
opioids, NSAIDs (e.g., ibuprofen, cyclooxygenase-2
(COX-2) inhibitors, and naproxen), gabapentin,
pregabalin, tramadol, acetaminophen, and aspirin. The
agents of the invention are used, alone or in
combination with one or more other active ingredients,
to formulate pharmaceutical compositions of the
invention. A pharmaceutical composition of the
invention comprises: an effective amount of a
pharmaceutical agent in accordance with the invention;
and a pharmaceutically acceptable excipient. A
"pharmaceutically acceptable excipient" refers to a
substance that is not toxic, biologically intolerable,
or otherwise biologically unsuitable for
administration to a subject, such as an inert
substance, added to a pharmacological composition or
otherwise used as a vehicle, carrier, or diluent to
facilitate administration of a pharmaceutical agent
and that is compatible therewith. Examples of
excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch,
cellulose derivatives, gelatin, vegetable oils and
polyethylene glycols. Delivery forms of the
pharmaceutical compositions containing one or more
dosage units of the pharmaceutical agents may be
prepared using suitable pharmaceutical excipients and
compounding techniques now or later known or available
to those skilled in the art. The compositions may be
administered in the inventive methods by oral,
parenteral, rectal, topical, or ocular routes or by
inhalation. The preparation may be in the form of
tablets, capsules, sachets, dragees, powders,
granules, lozenges, powders for reconstitution, liquid
preparations, or suppositories. Preferably, the
compositions are formulated for intravenous infusion,
topical administration, or oral administration.For
oral administration, the compounds of the invention
can be provided in the form of tablets or capsules, or
as a solution, emulsion, or suspension. To prepare the
oral compositions, the agents may be formulated to
yield a dosage of, e.g., from about 0.05 to about 50
mg/kg daily, or from about 0.05 to about 20 mg/kg
daily, or from about 0.1 to about 10 mg/kg daily. Oral
tablets may include the active ingredient mixed with
pharmaceutically acceptable excipients such as inert
diluents, disintegrating agents, binding agents,
lubricating agents, sweetening agents, flavoring
agents, coloring agents and preservatives agents.
Suitable inert fillers include sodium and calcium
carbonate, sodium and calcium phosphate, lactose,
starch, sugar, glucose, methyl cellulose, magnesium
stearate, mannitol, sorbitol, and the like. Exemplary
liquid oral excipients include ethanol, glycerol,
water and the like. Starch, polyvinyl pyrrolidone
(PVP), sodium starch glycolate, microcrystalline
cellulose, and alginic acid are suitable
disintegrating agents. Binding agents may include
starch and gelatin. The lubricating agent, if present,
may be magnesium stearate, stearic acid or talc. If
desired, the tablets may be coated with a material
such as glyceryl monostearate or glyceryl distearate
to delay absorption in the gastrointestinal tract, or
may be coated with an enteric coating. Capsules for
oral administration include hard and soft gelatin
capsules. To prepare hard gelatin capsules, active
ingredient may be mixed with a solid, semi solid, or
liquid diluent. Soft gelatin capsules may be prepared
by mixing the active ingredient with water, an oil
such as peanut oil or olive oil, liquid paraffin, a
mixture of mono and di-glycerides of short chain fatty
acids, polyethylene glycol 400, or propylene glycol.
Liquids for oral administration may be in the form of
suspensions, solutions, emulsions or syrups or may be
presented as a dry product for reconstitution with
water or other suitable vehicle before use. Such
liquid compositions may optionally contain:
pharmaceutically-acceptable excipients such as
suspending agents (for example, sorbitol, methyl
cellulose, sodium alginate, gelatin,
hydroxyethylcellulose, carboxymethylcellulose,
aluminum stearate gel and the like); non-aqueous
vehicles, e.g., oil (for example, almond oil or
fractionatedcoconut oil), propylene glycol, ethyl
alcohol or water; preservatives (for example, methyl
or propyl p-hydroxybenzoate or sorbic acid); wetting
agents such as lecithin; and, if desired, flavoring or
coloring agents. The agents of this invention may also
be administered by non-oral routes. For example, the
compositions may be formulated for rectal
administration as a suppository. For parenteral use,
including intravenous, intramuscular, intraperitoneal,
or subcutaneous routes, the agents of the invention
may be provided in sterile aqueous solutions or
suspensions, buffered to an appropriate pH and
isotonicity or in parenterally acceptable oil.
Suitable aqueous vehicles include Ringer's solution
and isotonic sodium chloride. Such forms will be
presented in unit-dose form such as ampules or
disposable injection devices, in multi-dose forms such
as vials from which the appropriate dose may be
withdrawn, or in a solid form or pre-concentrate that
can be used to prepare an injectable formulation.
Illustrative infusion doses may range from about 1 to
1000 



mg/kg/minute of agent, admixed with a pharmaceutical
carrier over a period ranging from several minutes to
several days. For topical administration, the agents
may be mixed with a pharmaceutical carrier at a
concentration of about 0.1 % to about 10% of drug to
vehicle. Another mode of administering the agents of
the invention may utilize a patch formulation to
affect transdermal delivery. Agents may alternatively
be administered in methods of this invention by
inhalation, via the nasal or oral routes, e.g., in a
spray formulation also containing a suitable carrier.
Exemplary agents useful in methods of the invention
will now be described by reference to the illustrative
synthetic schemes for their general preparation below
and the specific examples that follow. Artisans will
recognize that, to obtain the various compounds
herein, starting materials may be suitably selected so
that the ultimately desired substituents will be
carried through the reaction scheme with or without
protection as appropriate to yield the desired
product. Alternatively, it may be necessary or
desirable to employ, in the place of the ultimately
desiredsubstituent, a suitable group that may be
carried through the reaction scheme and replaced as
appropriate with the desired substituent. Unless
otherwise specified, the variables are as defined
above in reference to Formula (I). SCHEME A: ClCO 2Q 1
A r1NH2 * Ar 1NHCO 2Q 1 (II) (III) (IV) Referring to
Scheme A, a compound of formula (IV) may be obtained
by reacting a compound of formula (II) with a compound
of formula (III), in which Q1 represents an aryl
group, under chloroformate condensation conditions. In
a preferred embodiment, Q1 is substituted or
unsubstituted phenyl, and the reaction occurs in the
presence of a base in a solvent at a temperature from
0 0C to 50 0C. In a particularly preferred embodiment,
Q1 is phenyl, and the reaction occurs in the presence
of pyridine in dichloromethane at 0 0C followed by
warming to room temperature. SCHEME B: Ar1NCO Ar1NHCO2
Q 1 (V) (Vl) (VII) (IV) (V) Referring to Scheme B, a
compound of formula (VII) is prepared from a compound
of formula (V). The group Q2 is either CH Ar2 or a
nitrogen protecting group Q3 when Z is N. A compound
of formula (VII) is obtained by reacting a compound of
formula (V) with a compound of formula (Vl) under
isocyanate addition conditions. In a preferred
embodiment, the reaction is performed in a solvent at
a temperature from 0 0C to 100 0C. Preferred
conditions employ dichloromethane at room temperature.
Alternatively, a compound of formula (VII) is obtained
by reacting a compound of formula (V) with a compound
of formula (IV) under aryl carbamate condensation
conditions. In a preferred embodiment, the reaction
takes place in a solvent at a temperature from room
temperature to120 0C. In a particularly preferred
embodiment, Q1 is phenyl, and the reaction is
performed in DMSO in a microwave reactor at 100 0C.
SCHEME C: (X) (Xl) (XII) (XIII) (XlV) (XII) (XV) (XVI)
Referring to Scheme C, a compound of formula (XV) is
prepared from a compound of formula (Xl). A suitable
protecting group Q3 compatible with the
transformations in Scheme C is selected. Preferably,
Q3 is terf-butyl-carbamoyl. A compound of formula (X)
is obtained by reacting a compound of formula (Xl)
with either a compound of formula (Vl) or with a
compound of formula (IV) as described in Scheme B. An
amine of formula (XIV) is obtained by deprotecting a
compound of formula (X) with a reagent under suitable
Q3 deprotection conditions. In a particularly
preferred embodiment, a compound of formula (X), in
which Q3 is terf-butyl-carbamoyl, is reacted with
ethereal hydrogen chloride in the presence or absence
of methanol at room temperature. A compound of formula
(XV) is obtained by reacting a compound of formula
(XIV) with a compound of formula (XII) under reductive
amination conditions in the presence of a reductant
such as sodium triacetoxyborohydride, sodium
cyanoborohydride, or phenylsilane in a solvent such as
THF, DCE, DCM, methanol, ethanol, or diethyl ether at
a temperature from 0 0C to 80 0C. The use of a
promoter or catalyst with acidic character such as
organometallic complexes or carboxylic acids may
increase the rate of the reaction and/or reduce the
formation of bypoducts. In a particularlypreferred
embodiment, sodium triacetoxyborohydride in DCE is
employed at room temperature. Alternatively, a
compound of formula (XIII) is obtained by reacting a
compound of formula (Xl) with a compound of formula
(XII) under reductive amination conditions as outlined
above. A compound of formula (XVI) is obtained by
removing Q3 from a compound of formula (XIII) under
deprotection conditions as described above. A compound
of formula (XV) is obtained by reacting a compound of
formula (XVI) with either a compound of formula (IV)
or with a compound of formula (Vl) as described in
Scheme B. SCHEME D: (XVII) (XVlIl) (XlX) Referring to
Scheme D, a compound of formula (XIX) is prepared from
a compound of formula (XVII), in which Q4 is either
CONR1Ar1 or the nitrogen protecting group Q3. A
compound of formula (XVII) is prepared in analogy with
Scheme C. A compound of formula (XIX) is obtained by
reacting a compound of formula (XVII) with a compound
of formula (XVIII) under Mitsunobu conditions in the
presence of a phosphine such as triphenylphosphine or
polymer supported triphenyl phosphine, and an
azodicarboxylate such as DBAD or DEAD, in an organic
solvent such as DCM, THF, and the like.SCHEME E:
(XVII) (XX) (XXI) (XVII) (XXII) Referring to Scheme E,
a compound of formula (XVII), where Q4 is either
CONR1Ar1 or the nitrogen protecting group Q3, prepared
in analogy with Scheme C, is converted to a compound
of formula (XXI). A compound of formula (XXI), wherein
Ar4 is a moiety Ar3 as defined in Formula (I) and is
directly bound to the linking oxygen atom, is obtained
by reacting a compound of formula (XVII) with a
boronic acid (XX) in the presence of a drying agent
such as powdered 4A molecular sieves, a promoter such
as copper(ll) acetate, and a base such as pyridine or
triethylamine in a solvent such as DCM or DCE.
Alternatively, a compound of formula (XXI), in which
Ar4 contains an sp3 hybridized carbon atom directly
bound to the linking oxygen atom, is prepared by
reacting a phenol (XVII) with a compound of formula
(XXII) under Mitsunobu conditions as described in
Scheme D. SCHEME F: (XVII) (XXIII) (XXIV) Referring to
Scheme F, a compound of formula (XXIV), where Q4 is
defined as above, is obtained by reacting a compound
of formula (XVII), where Ar3 is a moiety as defined
for Formula (I), with a compound of formula (XXIII),
in the presence of a base such as pyridine or
triethylamine in a solvent such as DCM at a
temperature from O0C to room temperature.SCHEME G:
(XXV) (XXVI) (XXVII) Referring to Scheme G, a compound
of formula (XXV), , where Q4 is defined as above and
where Ar3 is as defined for Formula (I), is obtained
as described in Scheme C. Compound (XXV) is converted
to a compound of formula (XXVII) by reaction with a
compound of formula (XXVI), in which X1 is iodo,
bromo, chloro, or trifluoromethanesulfonate ester,
under Heck conditions in the presence of a palladium
source such as palladium(ll) acetate, a phosphine
ligand such as triphenylphosphine, an optional
promoter such as tetrabutylammonium chloride, and a
base such as aqueous potassium carbonate in a solvent
such as DMF. SCHEME H: (XXVIII) (XXIX) (XXX) (XXXI)
(XXVI) Referring to Scheme H, a compound of formula
(XXX), where Q4 is defined as above, is prepared from
a compound of formula (XXVIII) or (XXXI), each
available from a preparation in analogy with Scheme C.
Ar3 and X1 are defined as described above. A compound
of formula (XXX) is prepared by reacting a compound of
formula (XXVIII) with a compound of formula (XXIX)
under Sonogashira conditions in the presence of a
palladium-containing entity such as palladium on
carbon, Pd2(dba)3, Pd2(dba)3*CHCI3, Pd(P'Bu3)2,
Pd2(dba)3 CHCI3/ Pd(P'Bu 3)2, Pd(OAc)2, Pd(PhCN)2CI2,
or PdCI2 and a base such as triethylamine, DIEA,
di-/so-propylamine, sodium carbonate, potassium
carbonate, or cesiumcarbonate in a solvent such as
THF, DME, dioxane, DCE, DCM, toluene, and acetonitrile
at a temperature from 0 C to 100 0C. The use of
substoichiometric quantities of a copper salt such as
CuI and phosphine ligands such as PPh3 or P( Bu)3 may
be necessary or desirable. Additionally, the use of
water as a cosolvent may accelerate the reaction and
prevent the formation of byproducts. Alternatively, a
compound of formula (XXX) is prepared by reacting a
compound of formula (XXXI) with a compound of formula
(XXVI) using Sonogashira conditions. SCHEME I :
(XXXIl) (XXXIII) (XXXIV) As depicted above, a compound
of formula (XXXII), where Q4 is defined as above,
prepared in analogy with Scheme C, is reacted with a
compound of formula (XXXIII) in the presence of a base
such as sodium hydride, and a palladium source such as
tetrakis(triphenylphosphine)palladium(0), in a solvent
such as n-butanol, at a temperature from room
temperature to 116 0C. SCHEME J: (XXXV) (XXXVI)
(XXXVII) (XXXVIII) (XXXIX) Referring to Scheme J, a
compound of formula (XL) is prepared from a compound
of formula (XXXV), in which Q3 is a nitrogen
protecting group. A protecting group Q3 compatible
with the processes outlined in Scheme J is selected,
e.g., benzyl. A compound of formula (XXXVI) may be
obtained from acommercial source or may be prepared
from a suitable bromide, alcohol, aldehyde, or other
precursor following methods known in the art. A
compound of formula (XXXVII) is prepared by treating a
compound of formula (XXXVI) with a base such as sodium
hydride in a solvent such as DMSO followed by
treatment with a compound of formula (XXXV). A
compound of formula (XXXVIII) is prepared by treating
a compound of formula (XXXVII) with a catalyst such as
platinum(ll) oxide in solvent such as methanol in the
presence of 10-100 psi hydrogen gas. A compound of
formula (XXXIX) is prepared by reacting a compound of
formula (XXXVIII) with a reagent capable of removing
the protecting group Q3. In a preferred embodiment, in
which Q3 is benzyl, suitable conditions include a
catalyst such as palladium on carbon in a solvent such
as ethanol in the presence of 20-100 psi hydrogen gas.
A compound of formula (XL) is prepared by reacting a
compound of formula (XXXIX) with either a compound of
formula (IV) or a compound of formula (Vl) as
described in Scheme B. The following specific examples
are provided to further illustrate the invention and
various preferred embodiments. Examples Chemistry : In
obtaining the characterization data described in the
examples below, the following analytical protocols
were followed as indicated. Preparative Reversed-Phase
HPLC was performed under the following conditions:
Instrument, Waters(r); Column, Waters Xterra C-18, 5
mm, 19x50 mm; Flow rate, 30 mL/min; Detection, l = 254
nm; Gradient, 5% to 100% acetonitrile/water (0.1 %
formic acid) over 8 min. Analytical Reversed-Phase
HPLC was performed under the following conditions:
Instrument, Shimadzu; Column, Princeton SPHER HTS, 5
mm, 3x50 mm; Flow rate, 2.2 mL/min; Detection, Sedex
75 ELS coupled to Finnigan AQAelectrospray mass
spectrometer; Gradient, 0.1 to 100% acetonitrile/water
(0.1% trifluoroacetic acid) over 8 min. Unless
otherwise specified, column chromatography was
performed on silica gel, eluting with 2 M NH3 in
MeOH/DCM. Mass spectra were obtained on a Finnigan AQA
using electrospray ionization (ESI) in either positive
or negative modes as indicated. NMR spectra were
obtained on either a Varian model VXR-300S (300 MHz)
spectrometer. The format of the 1H NMR data below is:
chemical shift in ppm down field of the
tetramethylsilane reference (multiplicity, coupling
constant J in Hz, integration). Where solutions are
"concentrated", they are concentrated on a rotary
evaporator under reduced pressure. Examples 1 through
17 describe the synthesis of intermediates used to
prepare certain compounds of the invention. Example 1:
4-Phenylcarbamoyl-piperazine-1-carboxylic acid
tert-butyl ester (intermediate) A solution of
piperazine-1-carboxylic acid tert-butyl ester ( 1 14
g) in DCM (500 ml_) was cooled in an ice bath and
treated with phenyl isocyanate (65 ml_). After 1 hour
(h), the bath was removed. After 15 h, the resulting
mixture was filtered and the solid was washed with
dichloromethane (DCM, 2x100 mL), giving the title
compound as a white amorphous solid (95 g). Example 2:
Piperazine-1-carboxylic acid phenylamide
(intermediate)A solution of
4-phenylcarbamoyl-piperazine-1-carboxylic acid
tert-butyl ester (50 g) in MeOH ( 1 L) was treated
with 2 M HCI in Et2O (164 ml_). After 48 h, the
resulting suspension was diluted with Et2O ( 1 L) and
filtered. The solid was washed with Et2O (3x100 mL)
and dried in vacuo, giving a white powder (32 g). This
powder was partitioned between DCM (400 mL) and 10%
aq. KOH (400 mL). The aqueous phase was extracted with
DCM (2x400 mL). The organic phases were combined,
dried (MgSO4) , and concentrated, giving the title
compound as a white amorphous solid (26 g). Example 3:
4-(4-Fluoro-phenylcarbamoyl)-piperazine-1-carboxylic
acid tert-butyl ester (intermediate) The title
compound was prepared in analogy with Example 1, using
4- fluorophenyl isocyanate. Example 4 :
Piperazine-1-carboxylic acid (4-fluoro-phenyl)-amide
(intermediate ) The title compound was prepared in
analogy with Example 2 , using 4-(4-
fluoro-phenylcarbamoyl)-piperazine-1-carboxylic acid
tert-butyl ester. Example 5:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
tert-butyl ester (intermediate) A solution of
piperazine-1-carboxylic acid tert-butyl ester (3.5 g)
and 3,4- dibromobenzaldehyde (5.0 g) in DCM (80 mL)
was treated with NaB(OAc)3H (5.6 g). After 16 h, the
resulting mixture was treated with 10% aq. KOH (80
mL).The aqueous phase was extracted with DCM (1x80
ml_). The organic extracts were combined and dried
(MgSO4) . Most of the solvent was removed by
concentration. Upon standing overnight, the resulting
mixture produced crystals that were filtered and
washed with DCM (1x5 ml_), giving the title compound
as a white crystalline solid (6.0 g). Example 6:
1-(3,4-Dibromo-benzyl)-piperazine (intermediate) A
suspension of
4-(3,4-dibromo-benzyl)-piperazine-1-carboxylic acid
tertbutyl ester (6.0 g) in MeOH (100 ml_) was treated
with 2 M HCI in Et2O (28 ml_). After 16 h, the
resulting suspension was diluted with Et O (100 ml_)
and filtered. The solid was washed with Et2O (2x20 mL)
and dried in vacuo, giving a white solid (5.0 g). This
solid was partitioned between 10% aq. KOH (50 mL) and
DCM (3x50 mL). The combined organic extracts were
dried (MgSO4) and concentrated to give the title
compound as a colorless glassy oil. Example 7:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
tert-butyl ester (intermediate) The title compound was
prepared in analogy with Example 5, using
quinoline-3-carbaldehyde. Example 8:
3-Piperazin-1-ylmethyl-quinoline (intermediate) The
title compound was prepared in analogy with Example 6,
using 4- Quinolin-3-ylmethyl-piperazine-1-carboxylic
acid tert-butyl ester.Example 9:
4-(3-Hydroxy-benzyl)-piperazine-1-carboxylic acid
phenylamide (intermediate) To a solution of
piperazine-1-carboxylic acid phenylamide (2.0 g) and
3- hydroxybenzaldehyde (3.0 g) in DCM (200 ml_) was
added acetic acid ( 1 .1 ml_) followed by portion-wise
addition of NaB(OAc)3H (6.0 g). The reaction mixture
was stirred overnight. A solution of 10% aq. NaOH (30
ml_) was added until the pH of the aqueous phase was
11. A solution of 1 N HCI was then added until the pH
of the aqueous phase was 6-7. The aqueous phase was
extracted with DCM (200 ml_). The combined organic
layers were dried (MgSO4) and concentrated.
Chromatography of the residue gave the title compound
as a white solid (2.5 g). Example 10:
4-(4-Hvdroxy-benzyl)-piperazine-1-carboxylic acid
phenylamide (intermediate) The title compound was
prepared in analogy to Example 9, using 4-
hydroxybenzaldehyde. Example 11:
6-Chloro-quinoline-2-carbaldehvde (intermediate) A
suspension of 6-chloro-2-methyl-quinoline (355 mg) and
Seq 2 (233 mg) in 1,4-dioxane (3 ml_) was heated at 80
0C for 16 h. The resulting black mixture was filtered
through diatomaceous earth. Concentration of the
filtrate gave the title compound as a yellow powder
(324 mg).Example 12: d-Chloro-quinoline^-carbaldehvde
(intermediate) The title compound was prepared in
analogy to Example 11, using 8-
chloro-2-methyl-quinoline. Example 13: 1-Methyl-1
H-indole-5-carbaldehvde (intermediate) A solution of
indole-5-carbaldehyde (0.5 g) in dimethyl carbonate (5
ml_) was treated with 1,4-diaza-bicyclo[2.2.2]octane
(38 mg). The resulting mixture was heated to 90 0C for
5 h and cooled to room temperature (rt). EtOAc (10 mL)
and water (10 mL) were added, and the aqueous phase
was extracted with EtOAc (3x10 mL). The combined
organic extracts were washed with brine (1x20 mL),
dried (MgSO4) , and concentrated. Chromatography of
the residue (0-50% EtOAchexanes) gave the title
compound as a white solid (46%). Example 14:
i-Methyl-I H-indole-6-carbaldehyde (intermediate) The
title compound was prepared in analogy to Example 13,
using indole-6- carboxaldehyde. Example 15:
Pyridin-2-yl-carbamic acid phenyl ester (intermediate)
To a solution of 2-aminopyridine (3.0 g) in dry THF
(30 mL) was added phenyl chloroformate (1 .0 g, 0.8
mL) dropwise at 0 0C, followed by another batch of
phenyl chloroformate ( 1 .0 g , 0.8 mL). The reaction
mixture was allowed to warm to rt. After 18 h, the
mixture was diluted with EtOAc (100 mL) and washedwith
satd. aq. NaHCO3 (20 ml_). The organic layer was dried
(MgSO4) and concentrated. The residue was
chromatographed to give a white solid ( 1 .7 g).
Example 16: Pyridin-3-yl-carbamic acid phenyl ester
(intermediate) The title compound was prepared in
analogy with Example 15 using 3- aminopyridine.
Example 17: Pyridin-4-yl-carbamic acid phenyl ester
(intermediate) The title compound was prepared in
analogy with Example 15 using 4- aminopyridine.
Example 18:
4-Naphthalen-2-ylmethyl-piperazine-1-carboxylic acid
phenylamide A solution of piperazine-1-carboxylic acid
phenylamide (103 mg) and 2- naphthaldehyde (94 mg) in
DCM (2 ml_) was treated with NaB(OAc)3H (148 mg).
After 16 h, the resulting mixture was treated with 10%
aq. KOH (2 mL). The aqueous phase was extracted with
DCM (2x3 mL). The combined extracts were dried (MgSO4)
and concentrated. Chromatography of the residue gave
the title compound as a white foam ( 111 mg). 1H NMR
(400 MHz, CDCI3) : 7.85-7.80 (m, 3H), 7.74 (s, 1H),
7.52-7.45 (m, 3H), 7.35-7.25 (m, 4H), 7.05-7.00 (m,
1H), 6.37 (br s, 1H), 3.69 (s, 2H) 3.53-3.48 (m, 4H),
2.55-2.49 (m, 4H). Examples 19-84 were prepared from
piperazine-1-carboxylic acid phenylamide and the
specified carbonyl compounds in analogy with Example
18.Products were isolated either by filtration of the
reaction mixture or by column chromatography. Example
19: 4-Quinolin-2-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
2-quinolinecarboxaldehyde. 1H NMR (400 MHz, CDCI3):
8.16 (d, J = 8.4 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H),
7.82 (d, J = 8.1 Hz, 1H), 7.74-7.69 (m, 1H), 7.63 (d,
J = 8.6 Hz, 1H), 7.56-7.51 (m, 1H), 7.36-7.21 (m, 4H),
7.05-7.00 (m, 1H), 6.37 (br s, 1H), 3.89 (s, 2H),
3.55-3.53 (m, 4H), 2.63-2.58 (m, 4H). Example 20:
4-Benzorb1thiophen-2-ylmethyl-piperazine-1-carboxylic
acid phenylamide The title compound was prepared from
benzo[b]thiophene-2-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.81-7.79 (m, 1H), 7.71-7.69 (m, 1H),
7.36-7.26 (m, 6H), 7.16 (s, 1H), 7.05-7.01 (m, 1H),
6.32 (s, 1H), 3.83-3.83 (m, 2H), 3.54-3.52 (m, 4H),
2.60-2.57 (m, 4H). Example 2 1:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3,4-dibromobenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.62 (d, J = 1.8 Hz, 1H), 7.57 (d, J = 8.1 Hz, 1H),
7.36-7.25 



(m, 4H), 7.14 (dd, J = 8.0, 2.0 Hz, 1H), 7.06-7.01 (m,
1H), 6.36 (br s, 1H), 3.52- 3.48 (m, 4H), 3.45 (s,
2H), 2.48-2.44 (m, 4H).Example 22: 4-p -Methyl-1
H-indol-2-ylmethyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
i-methyl-I H-indole-2-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.56 (d, J = 7.6 Hz, 1H), 7.34-7.18 (m, 6H),
7.1 1-7.06 (m, 1H), 7.02-6.98 (m, 1H), 6.49 (br s,
1H), 6.36 (s, 1H), 3.78 (s, 3H) 3.63 (s, 2H),
3.44-3.39 (m, 4H), 2.47-2.42 (m, 4H). Example 23:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3-quinolinecarboxaldehyde. 1H NMR (400 MHz, CDCI3) :
8.91 (d, J = 2.0 Hz, 1H), 8.15-8.05 (m, 2H), 7.83-7.80
(m, 1H), 7.73-7.68 (m, 1H), 7.59-7.53 (m, 1H),
7.36-7.24 (m, 4H), 7.05-7.00 (m, 1H), 6.50 (br s, 1H),
3.72 (s, 2H), 3.53-3.28 (m, 4H), 2.55-2.50 (m, 4H).
Example 24: 4-(4-lodo-benzvO-piperazine-1-carboxylic
acid phenylamide The title compound was prepared from
4-iodobenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.67-7.64 (m, 2H), 7.35-7.26 (m, 4H), 7.10-7.01 (m,
3H), 6.32 (s, 1H), 3.51-3.48 (m, 6H), 2.48-2.45 (m,
4H). Example 25:
4-(3-Benzyloxy-benzvP-piperazine-1-carboxylic acid
phenylamideThe title compound was prepared from
3-benzyloxybenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.45-7.22 (m, 10H) 7.05-6.88 (m, 4H) 16.31 (s, 1H),
5.08 (s, 2H), 3.51-3.47 (m, 6H), 2.48-2.46 (m, 4H).
Example 26:
4-(5-Bromo-2-hvdroxy-3-methoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide The title compound was
prepared from 5-bromo-2-hydroxy-3-methoxybenzaldehyde.
1H NMR (400 MHz, CDCI3): 10.7 (br s, 1H), 7.32-7.25
(7.35-7.25, m, 4H), 7.06-7.01 (m, 1H), 6.94 (d, J =
2.0 Hz, 1H), 6.76 (d, J = 2.0 Hz, 1H), 6.50 (br s,
1H), 3.86 (s, 3H), 3.70 (s, 2H), 3.56-3.50 (m, 4H),
2.60-2.55 (m, 4H). Example 27:
4-(4-Bromo-benzyl)-piperazine-1 -carboxylic acid
phenylamide The title compound was prepared from
4-bromobenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.47-7.43 (m, 2H), 7.35-7.20 (m, 6H), 7.05-7.00 (m,
1H), 6.35 (s, 1H), 3.51-3.47 (m, 6H), 2.48-2.44 (m,
4H). Example 28: 4-(3-Phenoxy-benzyl)-piperazine-1
-carboxylic acid phenylamide The title compound was
prepared from 3-phenoxybenzaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.36-7.26 (m, 7H), 7.13-6.99 (m, 6H),
6.92-6.89 (m, 1H), 6.30 (S, 1H), 3.52-3.48 (m, 6H),
2.49-2.47 (m, 4H).Example 29:
4-(3-Bromo-4-fluoro-benzvD-piperazine-1-carboxylic
acid phenylamide The title compound was prepared from
3-bromo-4-fluorobenzaldehyde. 1H NMR (400 MHz, CDCI3):
7.55 (dd, J = 6.6, 2.1 Hz, 1H), 7.35-7.21 (m, 5H),
7.07 (t, J = 8.4 Hz, 1H), 7.05-7.00 (m, 1H), 6.43 (br
s, 1H) 3.50-3.45 (m, 6H), 2.47-2.42 (m, 4H). Example
30: 4-lndan-5-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
indan-5-carbaldehyde. 1H NMR (400 MHz, CDCI3):
7.35-7.00 (m, 8H), 6.30 (s, 1H), 3.51-3.47 (m, 6H),
2.92-2.88 (m, 4H), 2.50-2.47 (m, 4H), 2.12-2.04 (m,
2H). Example 3 1:
4-Benzo[b1thiophen-3-ylmethyl-piperazine-1-carboxylic
acid phenylamide The title compound was prepared from
benzo[b]thiophene-3-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 8.00-7.98 (m, 1H), 7.88-7.85 (m, 1H),
7.42-7.28 (m, 7H), 7.05-7.01 (m, 1H), 6.32 (s, 1H),
3.78 (d, J = 0.8Hz, 2H), 3.51-3.49 (m, 4H), 2.56-2.53
(m, 4H). Example 32:
4-(4-lsopropyl-benzyl)-piperazine-1-carboxylic acid
phenylamideThe title compound was prepared from
4-isopropylbenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.35-7.18 (m, 8H), 7.05-7.01 (m, 1H), 6.30 (s, 1H),
3.50-3.49 (m, 6H), 2.94-2.87 (m, 1H), 2.50-2.47 (m,
4H), 1.25 (d, J = 6.9 Hz, 6H). Example 33:
4-(4-Ethyl-benzvD-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
4-ethylbenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.35-7.00 (m, 9H), 6.32 (s, 1H), 3.62-3.48 (m, 6H),
2.68-2.62 (m, 2H), 2.49-2.47(m, 4H), 1.26-1 .22 (m,
3H). Example 34:
4-(5-Brorno-2-hvdroxy-benzyl)-piperazine-1-carboxylic
acid phenylamide The title compound was prepared from
5-bromo-2-hydroxy-benzaldehyde. 1H NMR (400 MHz,
CDCI3) : 10.54 (br s, 1H), 7.35-7.25 (m, 5H),
7.12-7.02 (m, 2H), 6.73 (d, J = 8.6 Hz, 1H), 6.42 (br
s, 1H), 3.70 (s, 2H), 3.55 (br s, 4H), 2.58 (br s,
4H). Example 35: 4-(2.3-Dihvdro-benzoH
.41dioxin-6-ylmethyl)-piperazine-1-carboxylic acid
phenyl amide The title compound was prepared from
2,3-dihydro-benzo[1 ,4]dioxine-6- carbaldehyde. 1H NMR
(400 MHz, CDCI3) : 7.36-7.25 (m, 4H), 7.05-7.00 (m,
1H) 6.85-6.76 (m, 3H), 6.33 (br s, 1H), 4.26 (s, 4H),
3.51-3.46 (m, 4H), 3.42 (s, 2H), 2.49-2.45 (m,
4H).Example 36: 4-(4-Methoxv-benzvO-Diperazine-1
-carboxylic acid phenylamide The title compound was
prepared from 4-methoxybenzaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.35-7.21 (m, 6H), 7.04-6.99 (m, 1H),
6.89-6.84 (m, 2H) 6.43 (br s , 1H), 3.80 (s, 3H),
3.50-3.45 (m, 6H), 2.46-2.42 (m, 4H). Example 37:
4-(3-Vinyl-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3-vinylbenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.36-7.23 (m, 7H), 7.21-6.99 (m, 1H), 6.76-6.69 (m,
1H), 6.49 (s, 1H), 5.79-5.74 (m, 1H), 5.27-5.24 (m,
1H), 3.52-3.45 (m, 6H), 2.47-2.45 (m, 4H). Example 38:
4-(2,3-Dihydro-benzofuran-5-ylmethyl)-piperazine-1-car
boxylic acid phenylamide The title compound was
prepared from 2,3-dihydro-benzofuran-5- carbaldehyde.
1H NMR (400 MHz, CDCI3) : 7.36-7.28 (m, 4H), 7.17 (s,
1H), 7.06- 7.01 (m, 1H), 6.73 (d, J = 8.1 Hz, 1H),
6.30 (s, 1H), 4.60-4.55 (m, 2H), 3.51-3.46 (m, 6H),
3.23-3.19 (m, 2H), 2.49-2.47 (m, 4H). Example 39:
4-(3-Methoxy-benzvO-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3-methoxybenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.35-7.32 (m, 2H) 7.28-7.22 (m, 3H), 7.03-6.98 (m,
1H), 6.92-6.89 (m, 2H), 6.83-6.79 (m, 1H), 6.49 (br s,
1H), 3.81 (s, 3H), 3.50-3.45 (m, 6H), 2.47-2.43 (m,
4H). Example 40:
4-Naphthalen-1-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
1-naphthalenecarboxaldehyde. 1H NMR (400 MHz, CDCI3):
8.31-8.27 (m, 1H), 7.88-7.77 (m, 2H), 7.55-7.47 (m,
2H), 7.43-7.24 (m, 6H) 7.04-6.99 (m, 1H), 6.37 (br s,
1H), 3.93 (s, 2H), 3.49-3.44 (m, 4H), 2.55-2.51 (m,
4H). Example 4 1:
4-(2-Hvdroxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
2-hydroxybenzaldehyde. 1H NMR (400 MHz, CDCI3): 10.42
(br s, 1H), 7.36-7.17 (m, 5H), 7.07-6.97 (m, 2H),
6.88- 6.77 (m, 2H), 6.50 (br s, 1H), 3.73 (s, 2H),
3.53 (br s, 4H), 2.57 (br s, 4H). Example 42:
4-(3-Methyl-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3-methylbenzaldehyde. 1H NMR (400 MHz, CDCI3):
7.35-7.00 (m, 9H), 6.34 (s, 1H), 3.51-3.49 (m, 6H),
2.49-2.47 (m, 4H), 2.36 (s, 3H).Example 43: 4-(1
H-lndol-5-vlmethv p-piperazine-1-carboxvlic acid
phenvlamide The title compound was prepared from
5-indolecarboxaldehyde. 1H NMR (400 MHz, CDCI3): 7.55
(br s, 1H), 7.40-7.20 (m, 6H), 7.1 5 (dd, J = 8.2 Hz,
1.6, 1H), 7.05-6.99 (m, 1H), 6.50 (dd, J = 3.0, 0.9
Hz, 1H), 3.65 (m, 2H), 3.53-3.47 (m, 4H), 2.55-2.50
(m, 4H). Example 44:
4-(3,4-Dimethoxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3,4-dimethoxybenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.36-7.32 (m, 2H), 7.28-7.23 (m, 2H), 7.04-6.98 (m,
1H), 6.90-6.80 (m, 3H), 6.53 (br s, 1H), 3.89 (s, 3H),
3.87 (s, 3H), 3.50-3.45 (m, 6H), 2.46-2.42 (m, 4H).
Example 45:
4-Pyridin-4-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
4-pyridinecarboxaldehyde. 1H NMR (400 MHz, CDCI3) :
8.57-8.56 (m, 2H), 7.36-7.27 (m, 6H), 7.06-7.02 (m,
1H), 6.34 (s, 1H), 3.55-3.51 (m, 6H), 2.51-2.49 (m,
4H). Example 46:
4-Pyridin-2-ylmethyl-piperazine-1-carboxylic acid
phenylamideThe title compound was prepared from
2-pyridinecarboxaldehyde. 1H NMR (400 MHz CDCI3) :
8.60-8.58 (m, 1H), 7.70-7.52 (m, 1H), 7.42-7.1 8 (m,
6H), 7.05- 7.00 (m, 1H), 6.32 (s, 1H), 3.71 (s, 2H),
3.55-3.53 (m, 4H), 2.58-2.55 (m, 4H). Example 47:
4-Pyridin-3-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3-pyridinecarboxaldehyde. 1H NMR (400 MHz, CDCI3):
8.56-8.53 (m, 2H), 7.70-7.67 (m, 1H), 7.36-7.26 (m,
5H), 7.06- 7.01 (m, 1H), 6.33 (s, 1H), 3.56 (s, 2H),
3.52-3.50 (m, 4H), 2.51-2.49 (m, 4H). Example 48:
4-(4-lsopropoxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
4-isopropoxybenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.35-7.20 (m, 7H), 7.05-7.00 (m, 1H), 6.86-6.83 (m,
1H), 6.32 (br m, 1H), 4.57-4.50 (m, 1H), 3.51-3.47 (m,
6H), 2.50-2.45 (m, 4H), 1.34 (d, J = 6.0 Hz, 6H).
Example 49:
4-Biphenyl-4-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
4-phenylbenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.61-7.55 (m, 4H), 7.46-7.25 (m, 9H), 7.05-7.00 (m,
1H), 6.44 (br s, 1H), 3.59 (s, 2H), 3.54-3.49 (m, 4H),
2.55-2.50 (m, 4H).Example 50:
4-Quinolin-4-vlmethvl-piDerazine-1-carboxvlic acid
phenvlamide The title compound was prepared from
4-quinolinecarboxaldehyde. 1H NMR (400 MHz, CDCI3) :
8.87 (d, J = 4.3 Hz, 1H), 8.24 (d, J = 8.4 Hz, 1H),
8.14 (d, J = 8.5 Hz, 1H), 7.75-7.70 (m, 1H), 7.61-7.55
(m, 1H), 7.43 (d, J = 4.3 Hz, 1H), 7.36-7.25 (m, 4H),
7.05-7.00 (m, 1H), 6.44 (br s, 1H), 3.55-3.50 (m, 4H),
2.60-2.55 (m, 4H). Example 5 1: 4-BenzoM
.SldioxoM-ylmethyl-piperazine-i-carboxylic acid
phenylamide The title compound was prepared from
benzo[1 ,3]dioxole-4-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.36-7.25 (m, 4H), 7.06-7.00 (m, 1H),
6.85-6.75 (m, 3H), 6.30 (s, 1H), 3.57 (s, 2H),
3.54-3.49 (m, 4H), 2.56-2.50 (m, 4H). Example 52:
4-(2.2-Difluoro-benzoM
,3ldioxol-5-ylmethyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
2,2-difluoro-benzo[1 ,3]dioxole-5- carbaldehyde. 1H
NMR (400 MHz, CDCI3): 7.37-7.25 (m, 4H), 7.12 (s, 1H),
7.06- 6.98 (m, 3H), 6.32 (s, 1H), 3.54-3.46 (m, 6H),
2.50-2.45 (m, 4H).Example 53: 4-(1-Methyl-1
H-indol-5-ylmethv p-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
i-methyl-I H-indole-5-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.55 (s, 1H), 7.36-7.25 (m, 5H), 7.21 (dd, J
= 8.4, 1.6 Hz, 1H), 7.06-7.00 (m, 2H), 6.46 (dd, J =
3.0, 0.8 Hz, 1H), 6.29 (br s, 1H), 3.80 (s, 3H), 3.65
(s, 2H), 3.50 (t, J = 5.1 Hz 4H), 2.51 (t, J = 5.1 hz,
4H). Example 54:
4-(6-Chloro-quinolin-2-ylmethyl)-piperazine-1-carboxyl
ic acid phenylamide The title compound was prepared
from 6-chloro-quinoline-2-carbaldehyde. 1H NMR (400
MHz, CDCI3) : 8.07 (d, J = 8.4 Hz, 1H), 8.01 (d, J =
8.8 Hz, 1H), 7.80 (d, J = 2.2 Hz, 1H), 7.67-7.62 (m,
2H), 7.36-7.26 (m, 4H), 7.05-7.00 (m, 1H), 6.38 (s,
1H), 3.86 (s, 2H), 3.54 (t, J = 5.1 Hz, 4H), 2.60 (t,
J = 5.1 Hz, 4H). Example 55:
4-(8-Chloro-quinolin-2-ylmethyl)-piperazine-1-carboxyl
ic acid phenylamide The title compound was prepared
from 8-chloro-quinoline-2-carbaldehyde. 1H NMR (400
MHz, CDCI3) : 8.17 (d, J = 8.4 Hz, 1H), 7.82 (dd, J =
7.5, 1.3 Hz, 1H), 7.75, 7.71 (m, 2H), 7.44 (t, J = 7.7
Hz, 1H), 7.37-7.34 (m, 2H), 7.30-7.25 (m, 2H),
7.05-7.00 (m, 1H), 6.40 (s, 1H), 3.97 (s, 2H), 3.55
(t, J = 5.1 Hz, 4H), 2.64 (t, J = 5.1 Hz, 4H).Example
56:
4-(2-Chloro-quinolin-3-ylmethyl)-piperazine-1-carboxyl
ic acid phenylamide The title compound was prepared
from 2-chloro-quinoline-3-carbaldehyde. 1H NMR (400
MHz, CDCI3) : 8.23 (s, 1H), 8.02 (d, J = 8.1 Hz, 1H),
7.84 (d, J = 8.3 Hz, 1H), 7.75-7.70 (m, 1H), 7.60-7.55
(m, 1H), 7.37-7.25 (m, 4H), 7.05-7.00 (m, 1H), 6.42
(s, 1H), 3.79 (s, 2H), 3.56 (t, J = 5.0 Hz, 4H), 2.63
(t, J = 5.1 Hz, 4H). Example 57:
4-Naphthalen-2-ylmethyl-piperazine-1-carboxylic acid
(4-fluorophenvD- amide The title compound was prepared
from piperazine-1-carboxylic acid (4-
fluoro-phenyl)-amide and 2-naphthalenecarbaldehyde. 1H
NMR (400 MHz, CDCI3): 7.85-7.80 (m, 3H), 7.74 (s, 1H),
7.52-7.45 (m, 3H), 7.30-7.25 (m, 2H), 6.98-6.92 (m,
2H), 6.36 (s, 1H), 3.69 (s, 2H), 3.49 (t, J = 5.1 Hz,
4H), 2.51 (t, J = 5.1 Hz, 4H). Example 58:
4-Quinolin-2-ylmethyl-piperazine-1-carboxylic acid
(4-fluoro-phenvOamide The title compound was prepared
from piperazine-1-carboxylic acid (4-
fluoro-phenyl)-amide and 2-quinolinecarbaldehyde. 1H
NMR (400 MHz, CDCI3): 8.16 (d, J = 8.3 Hz, 1H), 8.08
(d, J = 8.6 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.74-
6.69 (m, 1H), 7.63 (d, J = 8.3 Hz, 1H), 7.56-7.52 (m,
1H), 7.32-7.25 (m, 2H), 6.99-6.94 (m, 2H), 6.38 (s,
1H), 3.88 (s, 2H), 3.52 (t, J = 5.1 Hz, 4H), 2.60 (t,
J = 5.1 Hz, 4H). Example 59:
4-(1-Hvdroxy-naphthalen-2-ylmethyl)-piperazine-1-carbo
xylic acid phenylamide The title compound was prepared
from 1-hydroxy-naphthalene-2- carbaldehyde. 1H NMR
(400 MHz, CDCI3) : 8.26-8.22 (m, 1H), 7.78-7.74 (m,
1H), 7.49-7.45 (m, 2H), 7.35-7.26 (m, 5H), 7.10-7.01
(m, 2H), 6.42 (s, 1H), 3.89 (s, 2H), 3.70-3.40 (br s,
4H), 2.80-2.50 (br s, 4H). Example 60:
4-r3-(4-Chloro-phenoxy)-benzvn-piperazine-1-carboxylic
acid phenylamide The title compound was prepared from
3-(4-chloro-phenoxy)- benzaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.36-7.25 (m, 7H), 7.1 1-6.87 (m, 6H), 6.31
(s, 1H), 3.55-3.47 (m, 6H), 2.51-2.46 (m, 4H). Example
6 1:
4-r3-(3.4-Dichloro-phenoxy)-benzyll-piperazine-1-carbo
xylic acid phenylamide The title compound was prepared
from 3-(3,4-dichloro-phenoxy)- benzaldehyde. 1H NMR
(400 MHz, CDCI3) : 7.40-7.25 (m, 6H), 7.15-7.00 (m,
4H), 6.94-6.84 (m, 2H), 6.29 (s, 1H), 3.56-3.48 (m,
6H), 2.52-2.47 (m, 10H).Example 62:
4-(3-p-Tolyloxy-benzv p-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
3-p-tolyloxy-benzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.36-7.24 (m, 5H) 7.16-7.12 (m, 2H), 7.06-6.98 (m,
3H), 6.94-6.85 (m, 3H), 6.31 (s, 1H), 3.53-3.46 (m,
6H), 2.51-2.45 (m, 4H). Example 63:
4-f3-(4-tert-Butyl-phenoxy)-benzyl1-piperazine-1-carbo
xylic acid phenylamide The title compound was prepared
from 3-(4-terf-butyl-phenoxy)- benzaldehyde. 1H NMR
(400 MHz, CDCI3) : 7.37-7.24 (m, 7H), 7.09-7.00 (m,
3H), 6.96-6.85 (m, 3H), 6.31 (s, 1H), 3.55-3.45 (m,
6H), 2.53-2.45 (m, 4H), 1.33 (s, 9H). Example 64:
4-r3-(3-Trifluoromethyl-phenoxy)-benzyll-piperazine-1
-carboxylic acid phenylamide The title compound was
prepared from 3-(3-trifluoromethyl-phenoxy)-
benzaldehyde. 1H NMR (400 MHz, CDCI3): 7.50-6.90 (m,
13H), 6.31 (s, 1H), 3.56-3.46 (m, 6H), 2.53-2.45 (m,
4H).Example 65: 4-r3-(4-Methoxy-phenoxy)-benzv
p-piperazine-1-carboxylic acid phenylamide The title
compound was prepared from 3-(4-methoxy-phenoxy)-
benzaldehyde. 1H NMR (400 MHz, CDCI3) : 7.36-7.21 (m,
6H), 7.06-6.80 (m, 7H), 6.30 (s, 1H), 3.81 (s, 3H),
3.52-3.45 (m, 6H), 2.51-2.45 (m, 4H). Example 66:
4-(6-Methoxy-naphthalen-2-ylmethyl)-piperazine-1-carbo
xylic acid phenylamide The title compound was prepared
from 6-methoxy-naphthalene-2- carbaldehyde. 1H NMR
(400 MHz, CDCI3) : 7.72 (d, J = 8.3 Hz, 2H), 7.66 (s,
1H), 7.45 (dd, J = 8.4, 1.6 Hz, 1H), 7.35-7.24 (m,
4H), 7.17-7.13 (m, 2H), 7.05-6.99 (m, 1H), 6.37 (s,
1H), 3.92 (s, 3H), 3.65 (s, 2H), 3.50 (t, J = 5.1 Hz,
4H), 2.50 (t, J = 5.1 Hz, 4H). Example 67:
4-Phenanthren-9-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
phenanthrene-9-carbaldehyde. 1H NMR (400 MHz, CDCI3) :
8.75-8.66 (m, 2H), 8.41-8.38 (m, 1H), 7.87 (dd, J =
7.7, 1.3 Hz, 1H), 7.70-7.57 (m, 5H), 7.36-7.26 (m,
4H), 7.05-7.00 (m, 1H), 6.30 (s, 1H) 3.98 (s, 2H),
3.50 (t, J = 5.1 Hz, 4H), 2.61 (t, J = 5.1 Hz,
4H).Example 68: 4-Pvren-1-vlmethvl-piperazine-1
-carboxvlic acid phenvlamide The title compound was
prepared from pyrene-1-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 8.53 (d, J = 9.1 Hz, 1H), 8.22-8.12 (m, 4H),
8.06 (s, 2H), 8.04- 7.96 (m, 2H), 7.36-7.25 (m, 4H),
7.05-7.00 (m, 1H), 6.30 (s, 1H), 4.22 (s, 2H), 3.50
(t, J = 5.1 Hz, 4H), 2.62 (t, J = 5.1 Hz, 4H). Example
69: 4-(6-Chloro-quinolin-3-ylmethyl)-piperazine-1
-carboxylic acid phenylamide The title compound was
prepared from -chloro-quinoline-S-carbaldehyde. 1H NMR
(400 MHz, CDCI3) : 8.1 3 (d, J = 8.6 Hz, 1H), 8.09 (d,
J = 2.0 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.63 (d, J
= 8.4 Hz, 1H), 7.49 (dd, J = 8.4, 2.0 Hz, 1H), 7.36-
7.26 (m, 4H), 7.05-7.00 (m, 1H), 6.35 (s, 1H), 3.87
(s, 2H), 3.55 (d, J = 5.1 Hz, 4H), 2.61 (d, J = 5.1
Hz, 4H). Example 70:
4-Biphenyl-3-ylmethyl-piperazine-1 -carboxylic acid
phenylamide The title compound was prepared from
biphenyl-3-carbaldehyde. 1H NMR (400 MHz, CDCI3) :
7.65-7.25 (m, 13H), 7.06-7.00 (m, 1H), 6.31 (s, 1H),
3.61 (s, 2H), 3.55-3.49 (m, 4H), 2.58-2.50 (m,
4H).Example 7 1: 4-(6-Bromo-pyridin-2-ylmethv
p-piperazine-1-carboxylic acid phenylamide The title
compound was prepared from
q-bromo-pyridine^-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.57-7.26 (m, 7H), 7.06-7.01 (m, 1H), 6.32
(s, 1H), 3.70 (s, 2H), 3.54 (t, J = 5.1 Hz, 4H), 2.57
(t, J = 5.1 Hz, 4H). Example 72:
4-r3-(4-Chloro-benzenesulfonyl)-benzyll-piperazine-1-c
arboxylic acid phenylamide The title compound was
prepared from 3-(4-chloro-benzenesulfonyl)-
benzaldehyde. 1H NMR (400 MHz, CDCI3): 7.94-7.85 (m,
6H), 7.54-7.45 (m, 6H), 7.06-7.00 (m, 1H), 6.29 (s,
1H), 3.58 (s, 2H), 3.53-3.47 (m, 4H), 2.50-2.49 (m,
4H). Example 73: 4-(1
H-lndol-6-ylmethyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
indole-6-carboxaldehyde. 1H NMR (400 MHz, CDCI3): 8.15
(s, 1H), 7.62-7.58 (m, 1H), 7.40-7.19 (m, 6H),
7.12-6.99 (m, 2H), 6.53-6.56 (m, 1H), 6.29 (s, 1H),
3.66 (s, 2H), 3.54-3.47 (m, 4H), 2.55- 2.50 (m,
4H).Example 74: 4-(4-Phenoxv-benzv
p-piperazine-1-carboxylic acid phenvlamide The title
compound was prepared from 4-phenoxybenzaldehyde. 1H
NMR (400 MHz, CDCI3) : 7.40-7.25 (m, 8H), 7.15-6.95
(m, 6H), 6.31 (s, 1H) 3.55-3.48 (m, 6H), 2.55-2.45 (m,
4H). Example 75:
4-(2-Chloro-8-methyl-quinolin-3-ylmethyl)-piperazine-1
-carboxylic acid phenylamide The title compound was
prepared from 2-chloro-8-methyl-quinoline-3-
carbaldehyde. 1H NMR (400 MHz, CDCI3) : 8.17 (s, 1H),
7.67 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 6.8 Hz, 1H),
7.45 (t, J = 7.5 Hz, 1H), 7.37-7.33 (m, 2H), 7.30-7.25
(m, 2H), 7.05-7.00 (m, 1H), 6.46 (s, 1H), 3.77 (s,
2H), 3.54 (t, J = 5.1 Hz, 4H), 2.77 (s, 3H), 2.61 (t,
J = 5.0 Hz, 4H). Example 76: 4-(1-Methyl-1
H-indol-6-ylmethyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
i-methyl-I H-indole-6-carbaldehyde. 1H NMR (400 MHz,
CDCI3) : 7.57 (d, J = 8.1 Hz, 1H), 7.38-7.24 (m, 5H),
7.1 1-7.00 (m, 3H), 6.49-6.47 (dd, J = 3.1 , 0.8 Hz,
1H), 6.31 (s, 1H), 3.80 (s, 3H), 3.68 (s, 2H),
3.54-3.48 (m, 4H), 2.56-2.50 (m, 4H).Example 77:
4-(4-Benzvloxv-benzvl)-piperazine-1 -carboxylic acid
phenylamide The title compound was prepared from
4-benzyloxybenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.47-7.20 (m, 11H) 7.05-6.98 (m, 1H), 6.97-6.91 (m,
2H), 5.05 (s, 2H), 3.50-3.42 (m, 6H), 2.47-2.40 (m,
4H). Example 78:
4-r3-(3,5-Dichloro-phenoxy)-benzyll-piperazine-1
-carboxylic acid phenylamide The title compound was
prepared from 3-(3,5-dichloro-phenoxy)- benzaldehyde.
1H NMR (400 MHz, CDCI3) : 7.37-7.25 (m, 5H), 7.16 (d,
J =7.7 Hz 1H), 7.10-7.00 (m, 3H), 6.97-6.91 (m, 1H)
6.86 (d, J = 1.8 Hz 2H), 6.31 (s, 1H), 3.57-3.47 (m,
6H), 2.53-2.45 (m, 4H). Example 79:
4-(9H-Fluoren-2-ylmethyl)-piperazine-1 -carboxylic
acid phenylamide The title compound was prepared from
9H-fluorene-2-carbaldehyde. 1H NMR (400 MHz CDCI3):
7.79-7.72 (m, 2H), 7.55-7.50 (m, 2H), 7.40-7.23 (m,
7H), 7.04-6.99 (m, 1H), 6.40 (s, 1H) 3.90 (s, 2H),
3.60 (s, 2H), 3.50 (t, J = 5.1 Hz 4H), 2.50 (t, J =
5.1 Hz 4H). Example 80:
4-(9-Ethyl-9H-carbazol-3-ylmethyl)-piperazine-1
-carboxylic acid phenylamideThe title compound was
prepared from 9-ethyl-9H-carbazole-3- carbaldehyde. 1H
NMR (400 MHz CDCI3) : 8.10 (d, 7.6 Hz, 1H), 8.03 (s,
1H) 7.49-7.21 (m, 9 H), 7.04-6.99 (m, 1H), 6.35 (s,
1H), 4.37 (q, 7.2 Hz, 2H), 3.72 (s, 2H), 3.51 (t, J =
5.1 Hz, 4H), 2.54 (t, J = 5.1 Hz 4H), 1.44 (t, J = 7.2
Hz, 3H). Example 8 1:
4-(4-Styryl-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
4-styryl-benzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.54-7.47 (m, 4H), 7.39-7.25 (m, 9 H), 7.1 1 (s, 2H),
7.05-7.00 (m, 7.00, 1H), 6.37 (s, 1H), 3.54 (s, 2H),
3.50 (t, J = 5.0 Hz 4H) 2.49 (t, J = 5.0 Hz, 4H).
Example 82:
4-(4-Chloro-3-trifluoromethyl-benzyl)-piperazine-1-car
boxylic acid phenylamide The title compound was
prepared from 4-chloro-3-trifluoromethylbenzaldehyde.
1H NMR (400 MHz, CDCI3) : 7.67 (s, 1H), 7.46 (s, 2H),
7.35-7.25 (m, 4H), 7.05-7.00 (m, 1H), 6.42 (s, 1H),
3.54 (s, 2H) 3.50 (t, J = 5.1 Hz, 4H), 2.46 (t, J =
5.1 Hz 4H). Example 83:
4-r2.5-Dimethyl-1-(3-trifluoromethyl-phenyl)-1
H-pyrrol-3-ylmethyllpiperazine- 1-carboxylic acid
phenylamide 



The title compound was prepared from
2,5-dimethyl-1-(3-trifluoromethylphenyl)- 1
H-pyrrole-3-carbaldehyde. 1H NMR (400 MHz, CDCI3) :
7.69-7.58 (m,2H), 7.47 (s, 1H), 7.42-7.25 (m, 5H),
7.04-7.00 (m, 1H), 6.45 (s, 1H), 6.94 (s, 1H), 3.52
(t, J = 5.1 Hz, 4H), 3.41 (s, 2H) 2.52 (t, J = 5.1 Hz,
4H), 2.02 (s, 3H), 1.98 (s, 3H). Example 84:
4-(2-Bromo-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
2-bromobenzaldehyde. 1H NMR (400 MHz, CDCI3): 7.56
(dd, J = 8.0, 1.3 Hz, 1H), 7.46 (dd, J = 7.8, 1.6 Hz,
1H), 7.36-7.24 (m, 5H), 7.1 3 (td, J = 7.7, 1.7 Hz,
1H), 7.04-6.99 (m, 1H), 6.37 (br s, 1H), 3.63 (s, 2H),
3.51-3.47 (m, 4H), 2.56-2.52 (m, 4H). Example 85:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(3-fluorophenvD- amide A solution of
1-(3,4-dibromo-benzyl)-piperazine (167 mg) in DCM (2
ml_) was treated with 3-fluorophenyl isocyanate (0.07
ml_). After 16 h, the resulting mixture was
chromatographed, giving the title compound as a white
foam (188 mg). 1H NMR (400 MHz, CDCI3) : 7.61 (d, J =
2.0 Hz, 1H), 7.56 (d, J = 8.1 Hz 1H), 7.31-7.12 (m,
3H), 7.01-6.97 (m, 1H), 6.75-6.99 (m, 1H), 6.47 (br m,
1H), 3.51-3.47 (m, 4H), 3.45 (s, 2H), 2.48-2.43 (m,
4H). Examples 86-96 were prepared from
1-(3,4-dibromo-benzyl)-piperazine and the specified
isocyanates in analogy with Example 85. Products were
isolated either by filtration of the reaction mixture
or by chromatography.Example 86:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(4-fluorophenvD- amide The title compound was prepared
from 4-fluorophenyl isocyanate. 1H NMR (400 MHz CDCI3)
: 7.62 (d, J = 2.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H),
7.31-7.27 (m, 2H), 7.15 (dd, J = 8.0, 2.0 Hz, 1H),
7.01-6.95 (m, 2H), 6.28 (br s, 1H), 3.51- 3.47 (m,
4H), 3.46 (s, 2H), 2.50-2.45 (m, 4H). Example 87:
4-(3.4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(3-methoxyphenvD- amide The title compound was
prepared from 3-methoxyphenyl isocyanate. 1H NMR (400
MHz, CDCI3) : 7.65-7.55 (m, 2H), 7.20-7.10 (m, 3H),
6.85-6.79 (m, 1H), 6.62-6.56 (m, 1H), 6.32 (s, 1H),
3.80 (s, 3H), 3.55-3.45 (m, 6H), 2.51-2.44 (m, 4H).
Example 88:
4-(3.4-Dibromo-benzvO-piperazine-1-carboxylic acid
m-tolylamide The title compound was prepared from
3-methylphenyl isocyanate. 1H NMR (400 MHz, CDCI3) :
7.65-7.55 (m, 2H), 7.25-7.07 (m, 4H), 6.86 (d, J = 7.4
Hz, 1H), 6.26 (s, 1H), 3.55-3.44 (m, 6H), 2.50-2.44
(m, 4H), 2.32 (s, 3H).Example 89:
4-(3.4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(2-fluorophenvD- amide The title compound was prepared
from 2-fluorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 8.08 (td, J = 8.2, 1.6 Hz, 1H), 7.62 (d, J =
1.8 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.17-6.93 (m,
4H), 6.58 (br s, 1H), 3.55-3.50 (m, 4H), 3.47 (s, 2H),
2.51-2.46 (m, 4H). Example 90:
4-(3.4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(4-methoxyphenvD- amide The title compound was
prepared from 4-methoxyphenyl isocyanate. 1H NMR (400
MHz, CDCI3) : 7.63-7.62 (m, 1H), 7.57 (d, J = 8.0 Hz,
1H), 7.25-7.22 (m, 2H), 7.16-7.13 (m, 1H), 6.85-6.82
(m, 2H), 6.19 (s, 1H), 3.78 (s, 3H), 3.50- 3.46 (m,
6H), 2.48-2.46 (m, 4H). Example 9 1:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(2-methoxyphenvD- amide The title compound was
prepared from 2-methoxyphenyl isocyanate. 1H NMR (400
MHz, CDCI3) : 8.15-8.13 (m, 1H), 7.63-7.56 (m, 2H),
7.16-7.09 (m, 2H), 6.96-6.93 (m, 2H), 6.86-6.83 (m,
1H), 3.87 (s, 3H), 3.53-3.51 (m, 4H), 3.46 (s, 2H),
2.50-2.47 (m, 4H).Example 92:
4-(3,4-Dibromo-benzyl)-Diperazine-1-carboxylic acid
(3-chlorophenvO- amide The title compound was prepared
from 3-chlorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 7.62 (d, 1.9 Hz, 1H), 7.57 (d, J = 8.2 Hz,
2H), 7.20-7.13 (m, 3H), 7.02-6.99 (m, 1H), 6.34 (s,
1H), 3.51-3.47 (m, 6H), 2.49-2.46 (m, 4H). Example 93:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(2-chlorophenvO- amide The title compound was prepared
from 2-chlorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 8.20-8.18 (m, 1H), 7.63-7.56 (m, 2H),
7.34-7.14 (m, 3H), 7.00-6.93 (m, 2H), 3.56-3.54 (m,
4H), 3.48 (s, 2H), 2.51-2.49 (m, 4H). Example 94:
4-(3,4-Dibromo-benzvO-piperazine-1-carboxylic acid
p-tolylamide The title compound was prepared from
4-methylphenyl isocyanate. 1H NMR (400 MHz, CDCI3):
7.62-7.55 (m, 2H), 7.23-7.07 (m, 5H), 6.25 (s, 1H),
3.50- 3.46 (m, 6H), 2.48-2.45 (m, 4H), 2.29 (s, 3H).
Example 95:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(4-chlorophenvO- amideThe title compound was prepared
from 4-chlorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3): 7.63-7.56 (m, 2H), 7.31-7.23 (m, 4H),
7.16-7.13 (m, 1H), 6.29 (S, 1H), 3.51-3.47 (m, 6H),
2.49-2.46 (m, 4H). Example 96:
4-(3,4-Dibromo-benzvO-piperazine-1-carboxylic acid
o-tolylamide The title compound was prepared from
2-methylphenyl isocyanate. 1H NMR (400 MHz, CDCI3):
7.63-7.56 (m, 3H), 7.21-7.1 3 (m, 3H), 7.04-6.99 (m,
1H), 6.1 0 (s, 1H), 3.52-3.47 (m, 6H), 2.50-2.47 (m,
4H). Examples 97-1 15 were prepared from 3-piperazin-1
-ylmethyl-quinoline (unless otherwise specified) and
the specified isocyanates in analogy with Example 85.
Products were isolated either by filtration of the
reaction mixture or by chromatography. Example 97:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(3-fluoro-phenvOamide The title compound was prepared
from 3-fluorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 7.41-7.25 (m, 9H), 7.05-7.00 (m, 1H), 6.33
(s, 1H), 3.69 (s, 2H), 3.49 (t, J = 5.1 Hz, 4H), 2.54
(t, J = 5.1 Hz, 4H). Example 98:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(4-fluoro-phenvDamideThe title compound was prepared
from 4-fluorophenyl isocyanate. H NMR (400 MHz, CDCI3)
: 8.92 (s, 1H), 8.12-8.07 (m, 1H), 7.83-7.80 (m, 1H),
7.71 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H), 7.52 (ddd, J =
8.0, 7.0, 1.1 Hz, 1H), 7.30-7.27 (m, 2H), 6.99-6.95
(m, 2H), 6.38 (s, 1H), 3.74 (s, 2H), 3.50-3.52 (m,
4H), 2.55-2.54 (m, 4H) Example 99:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(2-chloro-phenvPamide The title compound was prepared
from 2-chlorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 8.76 (d, J = 2.1 Hz, 1H), 8.02 (dd, J = 8.3,
1.4 Hz, 1H), 7.97-7.90 (m, 2H), 7.67-7.64 (m, 1H),
7.55 (ddd, J = 8.4, 7.0, 1.4 Hz, 1H), 7.40 (ddd, J =
8.0, 7.0, 1. 1 Hz, 1H), 7.15 (dd, J = 8.0, 1.5 Hz,
1H), 7.08-7.05 (m, 1H), 6.83 (s, 1H), 6.80-6.76 (m,
1H), 3.41 (m, 4H), 2.43-2.40 (m, 4H). Example 100:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(3-chlorophenvP- amide The title compound was prepared
from 3-chlorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 8.93 (d, J = 2.1 Hz, 1H), 8.12-8.08 (m, 2H),
7.82 (d, J = 8.1 Hz), 7.72 (ddd, J = 8.4, 6.9, 1.4 Hz,
1H), 7.57 (ddd, J = 8.1 , 7.0, 1.1 Hz, 1H), 7.48-7.46
(m, 1H), 7.19-7.18 (m, 2H), 7.01-6.98 (m, 1H), 6.36
(s, 1H), 3.75 (s, 1H), 3.54-3.51 (m, 4H), 2.57-2.55
(m, 4H). Example 101 :
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(4-chlorophenvD- amideThe title compound was prepared
from 4-chlorophenyl isocyanate. 1H NMR (400 MHz,
CDCI3): 8.92 (d, J = 2.1 Hz, 1H), 8.12-8.07 (m, 2H),
7.82 (dd, J = 8.2, 1.0 Hz, 1H), 7.72 (ddd, J = 8.4,
6.9, 1.4 Hz, 1H), 7.56 (ddd, J = 8.1 , 7.0, 1. 1 Hz,
1H), 7.32-7.30 (m, 1H), 7.29-7.28 (m, 1H), 7.25-7.23
(m, 1H), 7.22-7 .21 (m, 1H), 6.39 (s, 1H), 3.74 (s,
2H), 3.53-3.50 (m, 4H), 2.56-2.53 (m, 4H). Example
102: 4-Quinolin-3-ylmethyl-piperazine-1-carboxylic
acid (2-methoxyphenvD- amide The title compound was
prepared from 2-methoxyphenyl isocyanate. 1H NMR (400
MHz, CDCI3): 8.93 (d, J = 2.0 Hz, 1H), 8.14-8.1 1 (m,
3H), 7.82 (d, J = 8.4 Hz, 1H), 7.74-7.70 (m, 1H),
7.58-7.55 (m, 1H), 7.10 (s, 1H), 6.97-6.92 (m, 2H),
6.86-6.83 (m, 1H), 3.86 (s, 3H), 3.76 (s, 2H), 3.56
(s, 4H), 2.58 (s, 4H). Example 103:
4-Quinolin-3-ylrnethyl-piperazine-1-carboxylic acid
o-tolylamide The title compound was prepared from
2-methylphenyl isocyanate. 1H NMR (400 MHz, CDCI3):
8.92 (d, J = 2.0 Hz, 1H), 8.12 (d, J = 8.4 Hz, 1H),
7.82 (d, J = 8.4 Hz, 1H), 7.74-7.70 (m, 2H), 7.62-7.55
(m, 2H), 7.20-7.14 (m, 2H), 7.03- 6.99 (m, 1H), 6.10
(s, 1H), 3.56 (s, 2H), 3.52 (s, 4H), 2.58 (s, 4H),
2.23 (s, 3H). Example 104:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
p-tolylamide The title compound was prepared from
4-methylphenyl isocyanate. 1H NMR (400 MHz, CDCI3):
8.92 (d, J = 2.0 Hz, 1H), 8.12-8.09 (m, 2H), 7.82 (dd,
J = 8.2, 0.8 Hz, 1H), 7.72 (ddd, J = 8.4, 7.0, 1.4 Hz,
1H), 7.56 (ddd, J = 8.0, 6.8, 1.0Hz, 1H), 7.23-7.20
(m, 2H), 7.09-7.07 (m, 2H), 6.25 (s, 1H), 3.75 (s,
2H), 3.53- 3.51 (m, 4H), 2.58-2.54 (m, 4H), 2.22 (s,
3H). Example 105:
2-r(4-Quinolin-3-ylmethyl-piperazine-1
-carbonvP-aminoi-benzoic acid methyl este r The title
compound was prepared from 2-carbomethoxyphenyl
isocyanate. 1H NMR (400 MHz, CDCI3) : 10.77 (s, 1H),
8.94 (d, J = 2.1 Hz, 1H), 8.56 (dd, J = 8.6, 0.9 Hz,
1H), 8.13-8.1 1 (m, 2H), 8.00 (dd, J = 8.1 , 1.6 Hz,
1H), 7.83 (d, J = 8.0 Hz, 1H), 7.74-7.70 (m, 1H),
7.59-7.55 (m, 1H), 7.51 (ddd, J = 8.8, 7.3, 1.7 Hz,
1H), 6.99-6.95 (m, 1H), 3.89 (s, 3H), 3.77 (s, 2H),
3.66-3.64 (m, 4H), 2.62-2.59 (m, 4H). Example 106:
3-r(4-Quinolin-3-ylmethyl-piperazine-1
-carbonvP-aminol-benzoic acid methyl este r The title
compound was prepared from 3-carbomethoxyphenyl
isocyanate. 1H NMR (400 MHz, CDCI3) : 8.92 (d, J = 2.1
Hz, 1H), 8.13-8.10 (m, 2H), 7.89 (t, J = 2.2 Hz, 1H),
7.83 (dd, J = 8.1 , 1.1 Hz, 1H), 7.75-7.68 (m, 3H),
7.59-7.54 (m, 1H), 7.38-7.32 (m, 1H), 6.60 (s, 1H),
3.88 (s, 3H), 3.77 (s, 2H), 3.56 (t, J = 4.8 Hz, 4H),
2.58 (t, J = 4.6 Hz, 4H). Example 107:
4-f(4-Quinolin-3-ylmethyl-piperazine-1
-carbonvD-aminol-benzoic acid methyl este rThe title
compound was prepared from 4-carbomethoxyphenyl
isocyanate. 1H NMR (400 MHz, CDCI3) : 8.92 (d, J = 2.1
Hz, 1H), 8.12-8.05 (m, 2H), 7.97-7.94 (m, 2H),
7.83-7.80 (m, 1H), 7.71 (ddd, J = 8.4, 6.9, 1.4 Hz,
1H), 7.56 (ddd, J = 8.1 , 6.9, 1.1 Hz, 1H), 7.46-7.42
(m, 2H), 6.64 (s, 1H), 3.87 (s, 3H), 3.73 (s, 2H),
3.54 (t, J = 5.0 Hz, 4H), 2.55 (t, J = 5.0 Hz, 4H).
Example 108:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(4-methoxyphenvD- amide The title compound was
prepared from 4-methoxyphenyl isocyanate. 1H NMR (400
MHz, CDCI3) : 8.92 (d, J = 2.1 Hz, 1H), 8.12-8.08 (m,
2H), 7.82 (d, J = 7.2 Hz, 1H), 7.71 (ddd, J = 8.4,
6.9, 1.4 Hz, 1H), 7.56 (ddd, J = 8.1 , 7.0, 1.1 Hz,
1H), 7.25-7.22 (m, 2H), 6.86-6.81 (m, 2H), 6.19 (s,
1H), 3.77 (s, 3H), 3.74 (s, 2H), 3.51 (t, J = 5.0 Hz,
4H), 2.56 (t, J = 4.8 Hz, 4H). Example 109:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
m-tolylamide The title compound was prepared from
3-methylphenyl isocyanate. 1H NMR (400 MHz, CDCI3) :
8.92 (d, J = 2.1 Hz, 1H), 8.15-8.10 (m, 2H), 7.83 (dd,
J 8.2, 1.0 Hz, 1H), 7.72 (ddd, J = 8.4, 6.9, 1.4 Hz,
1H), 7.60-7.54 (m, 1H), 7.22 (s, 1H), 7.18-7.13 (m,
1H), 7.12-7.07 (m, 1H), 6.85 (d, J = 7.3 Hz, 1H), 6.27
(s, 1H), 3.76 (s, 2H), 3.56-3.51 (m, 4H), 2.60-2.54
(m, 4H), 2.31 (s, 3H). Example 110:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(3-methoxyphenvD- amideThe title compound was prepared
from 3-methoxyphenyl isocyanate. 1H NMR (400 MHz,
CDCI3): 8.93 (d, J = 2.0 Hz, 1H), 8.13-8.07 (m, 2H),
7.82 (d, J = 8.1 Hz, 1H), 7.72 (ddd, J = 8.4, 7.0, 1.4
Hz, 1H), 7.59-7.54 (m, 1H), 7.19-7.14 (m, 1H), 7.13
(t, J = 2.2 Hz, 1H), 6.81 (dd, J = 7.7, 1.6 Hz, 1H),
6.59 (dd, J = 8.0, 2.1 Hz, 1H), 6.31 (S, 1H), 3.79 (s,
3H), 3.74 (s, 2H), 3.52 (t, J = 4.8 Hz, 4H) 2.56 (t, J
= 4.8 Hz, 4H). Example 111:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(2,4-difluorophenvD- amide The title compound was
prepared from 2,4-difluorophenylisocyanate. 1H NMR
(400 MHz, CDCI3) : 8.92 (d, J = 2.0 Hz, 1H), 8.1 1 (d,
J = 8.6 Hz, 1H), 8.06 (s, 1H), 7.99-7.92 (m, 1H), 7.82
(dd, J = 8.3, 1.1 Hz, 1H), 7.73-7.69 (m, 1H), 7.58-
7.54 (m, 1H), 6.87-7.79 (m, 2H), 6.52 (s, 1H), 3.73
(s, 2H), 3.53 (t, J = 5.1 Hz, 4H), 2.55 (t, J = 5.1
Hz, 4H). Example 112:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
(2-fluorophenvP- amide The title compound was prepared
from 2-fluorophenylisocyanate. 1H NMR (400 MHz, CDCI3)
: 8.92 (d, J = 2.0 Hz, 1H) 8.13-8.05 (m, 3H), 7.82
(dd, J = 8.1 , 1.3 Hz, 1H), 7.74-7.69 (m, 1 H),
7.58-7.54 (m, 1H), 7.12-7.01 (m, 2H), 6.98-6.92 (m,
1H), 6.61 (d, J = 3.5 Hz 1H), 3.74 (s, 2H), 3.55 (t, J
= 5.1 Hz, 4H), 2.56 (t, J = 5.1 Hz, 4H).Example 113:
4-Benzyl-piperidine-1-carboxylic acid p-tolylamide The
title compound was prepared from 4-benzylpiperidine
and 4- phenylphenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 7.31-7.12 (m, 7H), 7.07 (d, J = 8.0 Hz, 2H),
6.32 (s, 1H), 4.06-4.00 (m, 2H), 2.79 (td, J = 13, 2.5
Hz, 2H) 2.56 (d, J = 6.8 Hz, 2H), 2.28 (s, 3H),
1.79-.165 (m, 3H), 1.30-1 .18 (m, 2H). Example 114:
4-Benzyl-piperidine-1-carboxylic acid m-tolylamide The
title compound was prepared from 4-benzylpiperidine
and 3- methylphenyl isocyanate. 1H NMR (400 MHz,
CDCI3) : 7.32-7.07 (m, 8H), 6.84- 6.80 (m, 1H), 6.41
(br s, 1H), 4.06-4.00 (m, 2H), 2.78 (td, J = 13 Hz,
2.4 Hz, 2H), 2.55 (d, J = 7.0 Hz, 2H), 2.30 (s, 3H),
1.77-1 .64 (m, 3H), 1.28-1 .16 (m, 2H). Example 115:
4-Benzyl-piperidine-1-carboxylic acid
(2-chloro-phenyl)-amide The title compound was
prepared from 4-benzylpiperidine and 2- chlorophenyl
isocyanate. 1H NMR (400 MHz, CDCI3): 8.19 (dd, J =
8.3, 1.5 Hz, 1H), 7.33-7.12 (m, 7H), 7.03 (br s, 1H),
6.96-6.90 (m, 1H), 4.12-4.05 (m, 2H), 2.85 (td, J =
13, 2.3 Hz, 2H), 2.57 (d, J = 6.8 Hz, 2H), 1.82-1 .69
(m, 3H), 1.34-1 .20 (m, 2H).Example 116:
4-(3,4-Dibromo-benzv p-piperazine-1-carboxylic acid
pyridin-4- ylamide A mixture of
1-(3,4-dibromo-benzyl)-piperazine (316 mg) and
pyridin-4-ylcarbamic acid phenyl ester (204 mg) in
DMSO (4 mL) was stirred at rt for 16 h. The resulting
mixture was diluted with EtOAc (20 mL) and washed with
satd. aq. NaHCO3 (2 mL). The organic layer was dried
(MgSO4) and concentrated. Chromatography of the
residue gave a white solid (370 mg). 1H NMR (400 MHz,
CDCI3) : 8.45-8.40 (m, 2H), 7.62 (d, J = 1.9 Hz 1H),
7.57 (d, J = 8.2 Hz, 1H), 7.35- 7.30 (m, 2H),
7.16-7.12 (m, 1H), 6.59 (s, 1H), 3.56-3.50 (m, 4H),
3.47 (s, 2H), 2.51-2.45 (m, 4H). Examples 117-1 18
were prepared from 1-(3,4-dibromo-benzyl)-piperazine
and the specified aryl carbamate in analogy with
Example 116. Example 117:
4-(3.4-Dibromo-benzyl)-piperazine-1-carboxylic acid
pyridin-2- ylamide The title compound was prepared
from pyridin-2-yl-carbamic acid phenyl ester. 1H NMR
(400 MHz, CDCI3) : 8.22-8.18 (m, 1H), 8.05-8.01 (m,
1H), 7.70- 7.55 (m, 3H), 7.16-7.12 (m, 1H), 6.98-6.90
(m, 2H), 3.56-3.50 (m, 4H), 3.46 (s, 2H), 2.49-2.46
(m, 4H). Example 118:
4-(3.4-Dibromo-benzyl)-piperazine-1-carboxylic acid
pyridin-3- ylamideThe title compound was prepared from
pyridin-3-yl-carbamic acid phenyl ester. 1H NMR (400
MHz CDCI3): 8.44-8.41 (m, 1H), 8.29-8.27 (m, 1H),
8.01- 7.96 (m, 1H), 7.65-7.52 (m, 2H), 7.26-7.21 (m,
1H), 7.17-7.1 1 (m, 1H), 6.43 (s, 1H), 3.56-3.51 (m,
4H), 3.48 (s, 2H), 2.53-2.46 (m, 4H). Example 119:
4-(4-Cvclohexyloxy-benzyl)-piperazine-1-carboxylic
acid phenylamide To a mixture of
4-(4-hydroxy-benzyl)-piperazine-1-carboxylic acid
phenylamide (31 1 mg) and cyclohexanol (150 mg) in DCM
(4 ml_) was added polymer-supported Ph3P (500 mg)
followed by di-terf-butyl azodicarboxylate (345 mg).
The reaction mixture was shaken overnight, and
filtered. Chromatography of the filtrate gave the
title compound as a white solid ( 1 10 mg). 1H NMR
(400 MHz CDCI3): 7.36-7.19 (m, 6H), 7.05-7.00 (m, 1H),
6.88-6.84 (m, 2H), 6.30 (s, 1H), 4.25-4.20 (m, 1H),
3.50-3.47 (m, 6H), 2.48-2.46 (m, 4H), 2.01-1 .97 (m,
2H), 1.82-1 .80 (m, 2H), 1.60-1 .29 (m, 6H). Examples
120-129 were prepared from
4-(3-hydroxy-benzyl)-piperazine-1- carboxylic acid
phenylamide or
4-(4-hydroxy-benzyl)-piperazine-1-carboxylic acid
phenylamide and the specified alcohols in analogy with
Example 119. Example 120:
4-(3-Propoxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
1-propanol. 1H NMR (400 MHz, CDCI3) : 7.36-7.21 (m,
5H), 7.05-6.90 (m, 1H), 6.88-6.80 (m, 3H), 6.32 (s,
1H), 3.94-3.91 (m, 2H), 3.51-3.49 (m, 6H), 2.50-2.48
(m, 4H), 1.86-1 .77 (m, 2H), 1.06- 0.98 (m,
3H).Example 121 :
4-(3-lsobutoxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared
isobutanol. 1H NMR (400 MHz, CDCI3) : 7.36-7.21 (m,
5H), 7.05-7.01 (m, 1H), 6.90-6.88 (m, 2H), 6.82-6.80
(m, 1H), 6.33 (s, 1H), 3.72 (d, J = 6.6 Hz, 2H),
3.21-3.49 (m, 6H), 2.50-2.48 (m, 4H), 2.12-2.05 (m,
1H), 1.03 (d, J = 6.7 Hz, 3H). Example 122:
4-(3-Ethoxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
ethanol. 1H NMR (400 MHz, CDCI3): 7.36-7.21 (m, 5H),
7.05-7.01 (m, 1H), 6.91-6.89 (m, 2H), 6.82-6.79 (m,
1H), 6.30 (s, 1H), 4.07-4.02 (m, 2H), 3.51-3.49 (m,
6H), 2.50-2.48 (m, 4H), 1.43- 1.40 (m, 3H). Example
123: 4-(4-Propoxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
1-propanol. 1H NMR (400 MHz, CDCI3) : 7.36-7.20 (m,
6H), 7.05-7.01 (m, 1H), 6.88-6.84 (m, 2H), 6.30 (s,
1H), 3.93-3.90 (m, 2H), 3.50-3.48 (m, 6H), 2.48-2.46
(m, 4H), 1.85-1 .76 (m, 2H), 1.06- 1.02 (m, 3H).
Example 124:
4-(4-lsobutoxy-benzyl)-piperazine-1-carboxylic acid
phenylamideThe title compound was prepared from
iso-butanol. 1H NMR (400 MHz, CDCI3) : 7.35-7.20 (m,
6H), 7.05-7.00 (m, 1H), 6.88-6.84 (m, 2H), 6.31 (s,
1H) 3.71 (d, J = 6.6 Hz, 2H), 3.50-3.47 (m, 6H),
2.48-2.45 (m, 4H), 2.1 1-2.05 (m, 1H), 1.02 (d, J =
6.7 Hz, 6H). Example 125:
4-r3-(2-Dimethylamino-ethoxy)-benzyll-piperazine-1-car
boxylic acid phenylamide The title compound was
prepared from 2-dimethylamino-ethanol. 1H NMR (400
MHz, CDCI3) : 7.39-7.20 (m, 5H), 7.06-6.99 (m, 1H),
6.96-6.88 (m, 2H), 6.86- 6.80 (m, 1H), 6.32 (s, 1H),
4.08 (t, J = 5.7 Hz, 2H), 3.56-3.46 (m, 6H), 2.75 (t,
J = 5.7 Hz, 2H), 2.52-2.45 (m, 4H), 2.36 (s, 6H).
Example 126:
4-[3-(2-Piperidin-1-yl-ethoxy)-benzyll-piperazine-1-ca
rboxylic acid phenylamide The title compound was
prepared from 2-piperidin-1-yl-ethanol. 1H NMR (400
MHz, CDCI3) : 7.40-7.20 (m, 5H), 7.06-6.99 (m, 1H),
6.94-6.79 (m, 3H), 6.34 (s, 1H), 4.1 1 (t, J = 6.1 Hz,
2H), 3.55-3.45 (m, 6H), 2.78 (t, J = 6.1 Hz, 2H),
2.57- 2.40 (m, 8H), 1.68-1 .51 (m, 4H), 1.50-1 .40 (m,
2H). Example 127:
4-r3-(3-Dimethylamino-propoxy)-benzyll-piperazine-1
-carboxylic acid phenylamide The title compound was
prepared from 3-dimethylamino-propan-1-ol. 1H NMR (400
MHz, CDCI3) : 7.40-7.19 (m, 5H), 7.06-7.00 (m, 1H),
6.92-6.79 (m, 3H),6.33 (s, 1H), 4.02 (t, J = 6.4 Hz,
2H), 3.55-3.45 (m, 6H), 2.51-2.45 (m, 6H), 2.57 (s,
6H), 2.02-1 .92 (m, 2H). Example 128:
4-r3-(3-Piperidin-1-yl-propoxy)-benzyll-piperazine-1-c
arboxylic acid phenylamide The title compound was
prepared from 3-piperidin-1-yl-propan-1-ol. 1H NMR
(400 MHz, CDCI3) : 7.37-7.19 (m, 5H), 7.07-7.00 (m,
1H), 6.93-6.77 (m, 3H), 6.32 (s, 1H), 4.01 (t, J = 6.4
Hz, 2H), 3.55-3.45 (m, 6H), 2.60-2.30 (m, 10H), 2.04-
1.94 (m, 2H), 1.79-1 .39 (m, 6H). Example 129:
4-(4-Ethoxy-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
ethanol. 1H NMR (400 MHz, CDCI3) : 7.36-7.21 (m, 6H),
7.05-7.01 (m, 1H), 6.88-6.85 (m, 2H), 6.30 (s, 1H),
4.06-4.00 (m, 2H), 3.50-3.48 (m, 6H), 2.48-2.46 (m,
4H), 1.43-1 .40 (m, 3H). Example 130:
4-r3-(3-Chloro-phenoxy)-benzyll-piperazine-1-carboxyli
c acid phenylamide To a mixture or
4-(3-hydroxy-benzyl)-piperazine-1-carboxylic acid
phenylamide (31 1 mg), 3-chlorophenylboronic acid (313
mg), Cu(OAc) 2 (182 mg) and powdered 4 A molecular
sieves (300 mg) in DCM (10 ml_) was added pyridine
(0.403 mL). The resulting mixture was stirred at rt
under ambient atmosphere for 16 h, filtered, and
washed with DCM. The filtrate was concentrated and
theresidue was chromatographed to give a brown solid
(350 mg). 1H NMR (400 MHz, CDCI3) : 7.36-7.22 (m, 6H),
7.1 5-6.85 (m, 7H), 6.37 (m, 1H), 3.56-3.46 (m, 6H),
2.55-2.45 (m, 4H). Examples 131-136 were prepared from
4-(3-hydroxy-benzyl)-piperazine-1- carboxylic acid
phenylamide and the specified areneboronic acids in
analogy with Example 130. Example 13 1:
4-r3-(Naphthalen-2-yloxy)-benzyll-piperazine-1-carboxy
lic acid phenylamide The title compound was prepared
from 2-naphthylboronic acid. 1H NMR (400 MHz, CDCI3):
7.86-7.81 (m, 2H), 7.73-7.65 (m, 1H), 7.50-7.38 (m,
2H), 7.36- 7.24 (m, 7H), 7.14-6.95 (m, 4H), 6.30 (s,
1H), 3.55-3.45 (m, 6H), 2.55-2.45 (m, 4H). Example
132:
4-[3-(Phenanthren-9-yloxy)-benzyll-piperazine-1-carbox
ylic acid phenylamide The title compound was prepared
from 9-phenanthreneboronic acid. 1H NMR (400 MHz,
CDCI3): 8.71-8.60 (m, 2H), 8.35-8.31 (m, 1H),
7.76-7.50 (m, 7H), 7.36-7.25 (m, 3H), 7.16-7.00 (m,
5H), 6.33 (s, 1H), 3.54 (s, 2H), 3.48-3.43 (m, 4H),
2.51-2.45 (m, 4H).Example 133:
4-r3-(4-Phenylcarbamoyl-piperazin-1
-ylmethvO-phenoxyl-benzoic acid methyl ester The title
compound was prepared from 4-carbomethoxyphenylboronic
acid. 



1H NMR (400 MHz, CDCI3) : 8.65-8.60 (m, 2H), 8.05-7.97
(m, 2H), 7.75-7.68 (m, 1H), 7.28-7.25 (m, 2H),
7.17-7.13 (m, 1H), 7.10-6.95 (m, 5H), 6.40 (s, 1H),
3.91 (s, 3H), 3.57-3.47 (m, 6H), 2.54-2.47 (m, 4H).
Example 134:
4-[3-(4-Methanesulfonyl-phenoxy)-benzyll-piperazine-1-
carboxylic acid phenylamide The title compound was
prepared from 4-methanesulfonyl-boronic acid. 1H NMR
(400 MHz, CDCI3): 7.92-7.86 (m, 2H), 7.41-7.18 (m,
6H), 7.12-6.93 (m, 5H), 6.31 (s, 1H), 3.57 (s, 2H),
3.54-3.48 (m, 4H), 3.06 (s, 3H), 2.55-2.47 (m, 4H).
Example 135:
4-r3-(3-Methoxy-phenoxy)-benzyll-piperazine-1-carboxyl
ic acid phenylamide The title compound was prepared
from 3-methoxyphenylboronic acid. 1H NMR (400 MHz,
CDCI3) : 7.36-7.20 (m, 6H), 7.10-7.00 (m, 3H),
6.95-6.90 (m, 1H), 6.68-6.55 (m, 3H), 6.30 (s, 1H),
3.78 (s, 3H), 3.55-3.45 (m, 6H), 2.53-2.46 (m,
4H).Example 136: 4-r3-(Benzori
.3ldioxol-5-yloxy)-benzyll-piperazine-1-carboxylic
acid phepylamide The title compound was prepared from
benzo[1 ,3]dioxole-5-boronic acid. 1H NMR (400 MHz,
CDCI3) : 7.36-7.22 (m, 5H), 7.06-6.95 (m, 3H),
6.88-6.82 (m, 1H), 6.76 (d, J = 8.4 Hz, 1H), 6.58 (d,
J = 2.4 Hz, 1H) 6.49 (dd, J = 8.4, 2.4 Hz, 1H), 6.34
(s, 1H), 3.55-3.45 (m, 6H), 2.53-2.46 (m, 4H). Example
137: Methanesulfonic acid
3-(4-phenylcarbamoyl-piperazin-1-ylmethyl)- phenyl
ester To a 0 0C solution of
4-(3-hydroxy-benzyl)-piperazine-1-carboxylic acid
phenylamide (50 mg) in DCM ( 1 ml.) was added
methanesulfonyl chloride (0.015 ml_) followed by Et3N
(0.029 mL). The resulting mixture was stirred at rt
for 2 h, and chromatographed to give a colorless oil
(80 mg). 1H NMR (400 MHz, CDCI3) : 7.42-7.22 (m, 7H),
7.22-7.16 (m, 1H), 7.07-7.01 (m, 1H), 3.65-3.46 (m,
6H), 3.22- 3.1 5 (m, 3H), 2.60-2.45 (m, 4H). Examples
138-139 were prepared from
4-(3-hydroxy-benzyl)-piperazine-1- carboxylic acid
phenylamide in analogy with Example 137 using the
specified sulfonyl chloride. Example 138:
Benzenesulfonic acid
3-(4-phenylcarbamoyl-piperazin-1-ylmethyl)- phenvl
esterThe title compound was prepared from
benzenesulfonyl chloride. 1H NMR (400 MHz, CDCI3) :
7.87-7.82 (m, 2H), 7.71-7.65 (m, 1H)1 7.56-7.50 (m,
2H) 7.37- 7.18 (m, 6H) 7.07-6.98 (m, 2H), 6.95-6.89
(m, 1H), 6.30 (s, 1H), 3.50-3.43 (m, 6H), 2.45-2.35
(m, 4H). Example 139: 4-Chloro-benzenesulfonic acid
3-(4-phenylcarbamoyl-piperazin-1- ylmethvP-phenyl este
r The title compound was prepared from
4-chloro-benzenesulfonyl chloride. 1H NMR (400 MHz
CDCI3) : 7.81-7.79 (m, 2H), 7.54-7.49 (m, 2H),
7.40-7.20 (m, 6H), 7.09-6.89 (m, 3H), 6.30 (s, 1H)
3.52-2.45 (m, 6H), 2.45-2.37 (m, 4H). Example 140:
2-[(4-Quinolin-3-ylmethyl-piperazine-1
-carbonvD-aminoi-benzoic acid (potassium salt ) To a
solution of
2-[(4-quinolin-3-ylmethyl-piperazine-1-carbonyl)-amino
]- benzoic acid methyl ester (26 mg) in THF (0.5 ml_)
under N2 was added potassium trimethyl silanoate (9
mg) in one portion and the mixture was stirred at rt
for 14 h. The mixture was concentrated to give the
title compound as a white amorphous solid (22 mg). 1H
NMR (400 MHz, CD3OD): 8.81 (d, J = 2.1 Hz 1H),
8.23-8.21 (m, 1H) 8.14 (dd, J = 8.4, 0.9 Hz, 1H),
7.96-7.93 (m, 1H) 7.91 (dd, J = 7.9, 1.6 Hz 1H)
7.88-7.85 (m, 1H), 7.68 (ddd, J = 8.4, 6.9, 1.4 Hz,
1H), 7.54 (ddd, J = 8.1 , 7.0, 1.1 Hz 1H), 7.19-7.23
(m, 1H), 6.81-6.85 (m, 1H) 3.71 (s, 2H), 3.51-3.54 (m,
4H) 2.49-2.51 (m, 4H).Example 141 :
3-f(4-Quinolin-3-ylmethyl-piperazine-1-carbonv
p-aminol-benzoic acid (potassium salt) The title
compound was prepared from
3-[(4-quinolin-3-ylmethyl-piperazine-
1-carbonyl)-amino]-benzoic acid methyl ester in
analogy with Example 140. 1H NMR (400 MHz, CD3OD):
8.86 (d, J = 2.0 Hz, 1H), 8.28 (s, 1H), 7.99 (d, J =
8.4 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H), 7.75-7.71 (m,
1H), 7.66 (m, 1H), 7.61-7.56 (m, 2H), 7.53 (d, J = 8.0
Hz, 1H), 7.24-7.20 (m, 1H), 3.77 (s, 2H), 3.56-3.53
(m, 4H), 2.56-2.53 (m, 4H). Example 142:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
pyridin-3- ylamide A solution of pyridin-3-yl-carbamic
acid phenyl ester (0.3 g) and 3-
piperazin-1-ylmethyl-quinoline (0.32 g) in DMSO (0.5
ml_) was heated in a microwave reactor at 100 0C for
0.5 h. The reaction mixture was partitioned between
DCM and water. The combined organic layers were washed
with brine (3x), dried (Na2SO4) , and concentrated.
The residue was purified by column chromatography to
yield the title compound as a beige solid (80%). 1H
NMR (400 MHz, CDCI3): 8.92 (d, J = 2.3 Hz, 1H), 8.72
(d, J = 2.3 Hz, 1H), 8.28 (d, J = 8.1 Hz, 1H),
8.23-8.21 (m, 1H), 8.13-8.10 (m, 2H), 7.84-7.82 (m,
1H), 7.74-7.70 (m, 1H), 7.59-7.55 (m, 1H), 7.37-7.34
(m, 2H), 3.77 (s, 2H), 3.64-3.62 (m, 4H), 2.62- 2.59
(m, 4H). Examples 143-145 were prepared from
3-piperazin-1-ylmethyl-quinoline and the specified
phenyl carbamates in analogy with Example 142.Example
143: 4-Quinolin-3-ylmethyl-piperazine-1-carboxylic
acid pyridin-2- ylamide The title compound was
prepared from pyridin-2-yl-carbamic acid phenyl ester.
1H NMR (400 MHz, CDCI3): 8.91 (d, J = 2.3 Hz, 1H),
8.18-8.16 (m, 1H), 8.12-8.00 (m, 3H), 7.82-7.80 (m,
1H), 7.73-7.62 (m, 2H), 7.58-7.54 (m, 1H), 6.95- 6.92
(m, 1H), 3.73 (s, 2H), 3.57-3.55 (m, 4H), 2.56-2.54
(m, 4H). Example 144:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
pyridin-4- ylamide The title compound was prepared
from pyridin-4-yl-carbamic acid phenyl ester. 1H NMR
(400 MHz, CDCI3) : 8.88 (d, J = 2.3 Hz, 1H), 8.36-8.34
(m, 2H), 8.1 0-8.05 (m, 2H), 7.82-7.79 (m, 1H),
7.73-7.68 (m, 1H), 7.58-7.54 (m, 1H), 7.40- 7.38 (m,
2H), 3.71 (s, 2H), 3.57-3.54 (m, 4H), 2.52-2.49 (m,
4H). Example 145:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
pyrimidin-2- ylamide Step 1: Pyrimidin-2-yl-carbamic
acid phenyl ester. The title compound was prepared in
analogy with Example 15 using 2-aminopyrimidine. Step
2. The title compound was prepared from
pyrimidin-2-yl-carbamic acid phenyl ester and
3-piperazin-1-ylmethyl-quinoline in analogy with
Example 142. 1H NMR (400 MHz, CDCI3) : 8.72 (s, 1H),
8.10-8.02 (m, 1H), 8.43-8.41 (m, 2H), 7.69-7.66 (m,
2H), 7.50-7.40 (m, 2H), 6.82-7.70 (m, 1H), 3.81 (s,
2H), 3.42- 3.38 (m, 4H), 2.41-2.36 (m, 4H).Example
146: 4-BenzoH
.3ldioxol-5-ylmethyl-piperazine-1-carboxylic acid
pyridin- 3-ylamide Step 1; 4-BenzoM
.3ldioxol-5-ylmethyl-piperazine-1-carboxylic acid
tert-butyl ester. The title compound was prepared from
benzo[1 ,3]dioxole-5-carbaldehyde in analogy with
Example 5. Step 2; 1-Benzori
,3ldioxol-5-ylmethyl-piperazine. The title compound
was prepared from 4-benzo[1
,3]dioxol-5-ylmethyl-piperazine-1-carboxylic acid
tert-butyl ester in analogy with Example 6. Step 3.
The title compound was prepared from 1-benzo[1
,3]dioxol-5- ylmethyl-piperazine and
pyridin-3-yl-carbamic acid phenyl ester in analogy
with Example 142. 1H NMR (400 MHz, CDCI3) : 8.44-8.43
(m, 1H), 8.19-8.17 (m, 1H), 7.98-7.95 (m, 1H),
7.18-7.16 (m, 1H), 6.83-6.80 (m, 2H), 6.70 (s, 1H),
5.89 (s, 2H), 3.55-3.52 (m, 4H), 3.47 (s, 2H),
2.51-2.48 (m, 4H). Examples 147-149 were prepared in
analogy with Example 142. Example 147: 4-Benzof1
,31dioxol-5-ylmethyl-piperazine-1-carboxylic acid
pyridin- 4-ylamide The title compound was prepared
from pyridin-4-yl-carbamic acid phenyl ester and
1-benzo[1 ,3]dioxol-5-ylmethyl-piperazine. 1H NMR (400
MHz, CDCI3) : 8.33 (d, J = 5.3 Hz, 2H), 7.35-7.34 (m,
2H), 6.79 (s, 1H), 6.68-6.67 (m, 2H), 5.89 (s, 2H),
3.48-3.45 (m, 4H), 3.39 (s, 2H), 2.43-2.40 (m,
4H).Example 148: 4-Benzori
,31dioxol-5-ylmethyl-piperazine-1-carboxylic acid
pyhmidin-2-ylamide The title compound was prepared
from pyrimidin-2-yl-carbamic acid phenyl ester and
1-benzo[1 ,3]dioxol-5-ylmethyl-piperazine. 1H NMR (400
MHz, CDCI3) : 8.46 (d, J = 5.3 Hz, 2H), 7.31 (br s,
1H), 6.85-6.83 (m, 2H), 6.72-6.68 (m, 2H), 5.89 (s,
2H), 3.56 (br s, 4H), 3.45 (bs, 2H), 2.48 (br s, 4H).
Example 149: 4-BenzoH
.31dioxol-5-ylmethyl-piperazine-1-carboxylic acid
pyridin- 2-ylamide The title compound was prepared
from pyridin-2-yl-carbamic acid phenyl ester and
1-benzo[1 ,3]dioxol-5-ylmethyl-piperazine. 1H NMR (400
MHz, CDCI3) : 8.18 (d, J = 3.9 Hz, 1H), 7.67-7.64 (m,
1H), 6.66-6.64 (m, 2H), 6.54-6.51 (m, 3H), 5.94 (s,
2H), 3.80 (s, 2H), 3.53 (t, J = 4.9 Hz, 4H), 2.36 (t,
J = 4.8 Hz, 4H). Example 150: 4-(2,2-Difluoro-benzo p
.Sidioxol-d-ylmethvO-piperazine-i-carboxylic acid
pyridin-3-ylamide Step 1: 4-(2,2-Difluoro-benzoH
,31dioxol-5-ylmethyl)-piperazine-1-carboxylic acid
tert-butyl ester. The title compound was prepared from
2,2-difluorobenzo[ 1 ,3]dioxole-5-carbaldehyde in
analogy with Example 5. Step 2: 1-(2,2-Difluoro-benzoM
.31dioxol-5-ylmethyl)-piperazine. The title compound
was prepared from 4-(2,2-difluoro-benzo[1
,3]dioxol-5-ylmethyl)- piperazine-1-carboxylic acid
tert-butyl ester in analogy with Example 6.Step 3. The
title compound was prepared from pyridin-3-yl-carbamic
acid phenyl ester and 1-(2,2-difluoro-benzo[1
,3]dioxol-5-ylmethyl)-piperazine in analogy with
Example 142. 1H NMR (400 MHz, CDCI3): 8.46 (d, J = 2.5
Hz, 1H), 8.23-8.21 (m, 1H), 7.99-7.96 (m, 1H),
7.22-7.19 (m, 2H), 7.1 1 (s, 1H), 6.99-6.98 (m, 2H),
3.54-3.52 (m, 4H), 3.49 (s, 2H), 2.46-2.44 (m, 4H).
Example 151 : 4-(2,2-Difluoro-benzoM
,31dioxol-5-ylmethyl)-piperazine-1 -carboxylic acid
pyridin-4-ylamide The title compound was prepared from
pyridin-4-yl-carbamic acid phenyl ester and
1-(2,2-difluoro-benzo[1
,3]dioxol-5-ylmethyl)-piperazine in analogy with
Example 142. 1H NMR (400 MHz, CDCI3): 8.36-8.34 (d, J
= 6.8 Hz, 2H), 7.41- 7.39 (d, J = 5.8 Hz, 2H), 7.10
(s, 1H), 6.99 (s, 2H), 3.55-3.53 (m, 4H), 3.49 (s,
2H), 2.47-2.44 (m, 4H). Example 152:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
pyrimidin-4- ylamide Step 1: Pyrimidin-4-yl-carbamic
acid phenyl ester. The title compound was prepared
from pyrimidin-4-ylamine in analogy with Example 15.
Step 2 . The title compound was prepared from
pyrimidin-4-yl-carbamic acid phenyl ester and
3-piperazin-1-ylmethyl-quinoline in analogy with
Example 142. 1H NMR (400 MHz, CDCI3) : 8.94 (d, J =
2.0 Hz, 1H), 8.76 (s, 1H), 8.54 (d, J = 6.1 Hz, 1H),
8.25 (s, 1H), 8.20 (d, J = 8.8 Hz, 1H), 7.99 (d, J =
5.8 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.79-7.75 (m,
1H), 7.64-7.60 (m, 1H), 7.38 (br s, 1H), 3.85 (s, 2H),
3.64 (br s, 4H), 2.66 (bs, 4H).Example 153:
4-(2,2-Difluoro-benzoH
.Sidioxol-d-ylmethvD-piperazine-i-carboxylic acid
pyrimidin-4-ylamide The title compound was prepared
from pyrimidin-4-yl-carbamic acid phenyl ester and
1-(2,2-difluoro-benzo[1
,3]dioxol-5-ylmethyl)-piperazine in analogy with
Example 142. 1H NMR (400 MHz, CDCI3) : 8.76 (s, 1H),
8.54 (d, J = 6.1 Hz, 1H), 7.97 (d, J = 5.3 Hz, 1H),
7.65-7.39 (m, 2H), 7.19-7.01 (m, 2H), 4.03-3.55 (m,
6H), 2.91-2.49 (m, 4H). Example 154: 4-(3
4-Dibromo-benzyl)-piperazine-1-carboxylic acid
pyrimidin-4- ylamide The title compound was prepared
from pyrimidin-4-yl-carbamic acid phenyl ester and
1-(3,4-dibromo-benzyl)-piperazine in analogy with
Example 142. 1H NMR (400 MHz, CDCI3) : 8.40 (s, 1H),
8.10-7.80 (m, 1H), 7.70-7.50 (m, 1H), 7.58- 7.45 (m,
1H), 7.14-7.10 (m, 1H), 6.55-6.40 (m, 1H), 3.40 (s,
2H) 2.87 (t, J = 4.8 Hz, 4H), 2.38 (t, J = 4.8 Hz,
4H). Example 155:
4-r(4-Quinolin-3-ylmethyl-piperazine-1
-carbonvD-aminoi-benzoic acid The title compound was
prepared from 4-[(4-quinolin-3-ylmethyl-piperazine-
1-carbonyl)-amino]-benzoic acid methyl ester in
analogy with Example 140. 1H NMR (400 MHz, CD3OD):
8.89 (d, J = 1.8 Hz, 1H), 8.31 (d, J = 1.3 Hz, 1H)
8.03 (d, J = 8.8 Hz, 1H), 7.97-7.95 (m, 1H), 7.90-7.87
(m, 2H), 7.79-7.75 (m, 1H), 7.65-7.61 (m, 1H),
7.42-7.40 (m, 2H), 3.81 (s, 2H), 3.60-3.57 (m, 4H),
2.59-2.57 (m, 4H). Example 156:
4-Quinoxalin-2-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
2-quinoxaline-carboxaldehyde in analogy with Example
18. 1H NMR (400 MHz, CDCI3) : 8.96 (s, 1H), 8.06-7.98
(m, 2H), 7.72-7.66 (m, 2H), 7.28- 7.16 (m, 4H),
7.96-7.92 (m, 1H), 6.42 (s, 1H), 3.85 (s, 2H),
3.48-3.45 (m, 4H), 3.55-3.52 (m, 4H). Example 157:
4-(3.4-Dichloro-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
3,4-dichlorobenzaldehyde in analogy to Example 18. 1H
NMR (400 MHz, CDCI3) : 8.82-8.81 (m, 2H), 7.98-7.96
(m, 2H), 7.65-7.57 (m, 3H), 7.16- 7.13 (m, 1H),
3.88-3.81 (m, 4H), 3.50 (s, 2H), 2.60-2.53 (m, 4H).
Example 158:
4-Quinolin-3-ylmethyl-piperazine-1-carboxylic acid
thiazol-2- ylamide Step 1; Thiazol-2-yl-carbamic acid
phenyl ester. The title compound was prepared in
analogy with Example 15 using 2-aminothiazole. Step 2.
The title compound was prepared from
thiazol-2-yl-carbamic acid phenyl ester and
3-piperazin-1-ylmethyl-quinoline in analogy with
Example 142. 1H NMR (400 MHz, CDCI3) : 9.03 (d, J =
2.0 Hz, 1H), 8.24-8.20 (m, 2H), 7.94 (d, J= 8.1 Hz,
1H), 7.86-7.81 (m, 1H), 7.70-7.66 (m, 1H), 7.43 (d, J
= 3.3 Hz, 1H), 6.98 (d, J = 3.5 Hz, 1H), 3.87 (s, 2H),
3.73-3.69 (m, 4H), 2.68 (bs, 4H). Example 159:
4-Benzof1 .3ldioxol-5-ylmethyl-piperazine-1-carboxylic
acid thiazol- 2-ylamide The title compound was
prepared from 1-benzo[1 ,3]dioxol-5-ylmethylpiperazine
and thiazol-2-yl-carbamic acid phenyl ester in analogy
with Example 142. 1H NMR (400 MHz, CDCI3) : 7.30 (d, J
= 4.0 Hz, 1H), 6.89 (s, 1H), 6.85 (d, J = 3.8 Hz, 1H),
6.77 (s, 2H), 5.97 (s, 1H) 5.96 (s, 2H), 3.62 (bs,
4H), 3.53 (s, 2H), 2.54 (bs, 4H). Example 160:
4-(3.4-Dibromo-benzyl)-piperazine-1-carboxylic acid
methyl-phenylamide To a solution of
4-(3,4-dibromo-benzyl)-piperazine-1-carboxylic acid
phenylamide (0.02 g) in DMF (0.6 ml_) was added NaH
(60% dispersion in oil; 3 mg) in one portion. The
resulting mixture was allowed to stir for 30 min, then
was treated with MeI (0.005 ml_), and was stirred at
rt for 12 h. The mixture was concentrated and the
residue was purified by column chromatography (5%
MeOH/DCM), giving the product as a white solid (0.015
g). 1H NMR (400 MHz, CDCI3) : 7.54-7.50 (m, 2H),
7.33-7.31 (m, 2H) 7.12-7.05 (m, 4H), 3.34 (s, 2H),
3.22-3.20 (m, 6H), 2.23-2.21 (m, 4H), 1.63 (s, 3H).
Example 161 :
4-(5-Bromo-2-hvdroxy-3-methoxy-benzyl)-piperazine-1-ca
rboxylic acid phenylamide hydroch lorideTo a solution
of
4-(5-bromo-2-hydroxy-3-methoxy-benzyl)-piperazine-1-
carboxylic acid phenylamide ( 1 .2 g) in Et2O (16 ml_)
was added HCI (2 M in Et2O, 3.5 mL). After 1 h, the
mixture was concentrated to give the title compound as
a white solid. 1H NMR (400 MHz, CD3OD): 7.40-7.20 (m,
6H), 7.10-7.05 (m, 1H), 4.37 (s, 2H), 3.94 (s, 3H).
The compounds in Examples 162-163 were prepared in
analogy with Example 161 . Example 162:
4-(3.4-Dibromo-benzvO-piperazine-1-carboxylic acid
phenylamide hydrochloride 1H NMR (400 MHz, CD3OD):
7.93 (d, J = 2.0 Hz, 1H) 7.85 (d, J = 8.1 Hz, 1H),
7.45-7.42 (m, 1H), 7.73-7.34 (m, 2H), 7.30-7.25 (m,
2H), 7.07-7.02 (m, 1H), 4.30 (br s, 2H), 3.55-3.10 (br
m, 8H). Example 163:
4-Quinolin-2-ylmethyl-piperazine-1-carboxylic acid
phenylamide dihvdrochloride 1H NMR (400 MHz, CD3OD):
8.73 (s, 1H), 8.42 (d, J = 8.4 Hz, 2H), 8.01- 7.94 (m,
2H), 7.77-7.72 (m, 1.2H), 7.65-7.56 (m, 2H), 7.36-7.32
(m, 2H), 7.16-7.10 (m, 2H), 6.87-6.82 (m, 1H), 4.63
(s, 2H), 3.70 (br s, 4H).The following compounds in
Examples 164-167 may be prepared using methods
analogous to those described in the preceding
examples. Example 164:
4-(2-Methoxy-benzvO-piperazine-1-carboxylic acid
phenylamide Example 165:
4-Benzofuran-2-ylmethyl-piperazine-1-carboxylic acid
phenylamide Example 166:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(4-nitrophenvD- amide Example 167:
4-(3,4-Dibromo-benzyl)-piperazine-1-carboxylic acid
(4- trifluoromethyl-phenvD- amide The title compounds
perse of Examples A through J are known and may be
obtained from commercial sources. The compounds
described in Examples K and L are provided for
comparative purposes. All compounds in Examples A
through L were prepared according to the general
procedures described above.Example A:
4-(3-lodo-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
3-iodobenzaldehyde. 1H NMR (400 MHz, CDCI3) : 7.71 (s,
1H), 7.62-7.60 (m, 1H), 7.36-7.26 (m, 5H), 7.09-7.01
(m, 2H), 6.33 (s, 1H), 3.52-3.48 (m, 6H), 2.49-2.46
(m, 4H). Example B: 4-Benzo[1
,31dioxol-5-ylmethyl-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and benzo[1
,3]dioxole-5-carbaldehyde. 1H NMR (400 MHz, CDCI3):
7.36-7.24 (m, 4H), 7.05-6.99 (m, 1H), 6.86 (br s, 1H),
6.77-6.72 (m, 2H), 6.43 (br s, 1H), 5.95 (S, 2H),
3.50-3.46 (m, 4H) 3.43 (s, 2H), 2.46-2.42 (m, 4H).
Example B 1. The hydrochloride salt of the title
compound was prepared in analogy with Example 161 . 1H
NMR (400 MHz, CD3OD): 7.37-7.27 (m, 4H), 7.09- 7.00
(m, 3H), 6.90 (d, J = 7.8 Hz, 1H), 6.05 (s, 2H),
4.40-4.26 (br m, 2H), 4.25 (s, 2H), 3.50-3.38 (br m,
4H), 3.10-3.00 (br m, 2H). Example C:
4-(3-Bromo-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
3-bromobenzaldehyde. 1H NMR (400 MHz, CDCI3) : 7.50
(br s, 1H), 7.43-7.1 7 (m, 7H), 7.05-7.00 (m, 1H),
6.47 (br s, 1H), 3.52-3.45 (m, 6H), 2.48-2.42 (m,
4H).Example D:
4-(3.4-Dimethyl-benzvl)-piperazine-1-carboxvlic acid
phenvlamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
3,4-dimethylbenzaldehyde. 1H NMR (400 MHz CDCI3) :
7.35- 7.26 (m, 4H), 7.1 1-7.00 (m, 4H), 6.31 (s, 1H),
3.51-3.48 (m, 6H), 2.49-2.26 (m, 4H), 2.26 (d, J = 3.8
Hz, 6H). Example E:
4-(4-Methyl-benzyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
4-methylbenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.35-7.00 (m, 9H), 6.32 (s, 1H), 3.50-3.48 (m, 6H),
2.49-2.46 (m, 4H), 2.35 (s, 3H). Example F:
4-Phenethyl-piperazine-1-carboxylic acid phenylamide
The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
phenylacetaldehyde. 1H NMR (400 MHz, CDCI3) :
7.37-7.19 (m, 9H), 7.06-7.02 (m, 1H), 6.31 (s, 1H),
3.55-3.53 (m, 4H), 2.85-2.81 (m, 2H), 2.67- 2.56 (m,
6H). Example G: 4-Benzof1
,3ldioxol-5-ylmethyl-piperazine-1-carboxylic acid
(4-fluorophenvD- amideThe title compound was prepared
from piperazine-1-carboxylic acid (4-
fluoro-phenyl)-amide and piperonal. 1H NMR (400 MHz,
CDCI3) : 7.29-7.24 (m, 2H) 6.98-6.92 (m, 2H), 6.85 (s,
1H), 6.77-6.71 (m, 2H), 6.56 (s, 1H), 5.95 (s, 2H),
3.50-3.45 (m, 6H), 2.45 (t, J = 5.1 Hz, 4H). Example
H: 4-Benzyl-piperidine-1-carboxylic acid phenylamide
The title compound was prepared from
4-benzylpiperidine and phenyl isocyanate. 1H NMR (400
MHz, CDCI3) : 7.35-7.10 (m, 9H), 7.02-6.97 (m, 1H),
6.50 (br s, 1H), 4.07-4.00 (m, 2H), 2.77 (td, J = 13,
2.4 Hz, 2H), 2.54 (d, J = 6.8 Hz, 2H), 1.76-1 .64 (m,
3H), 1.28-1 .15 (m, 2H). Example I :
4-(3-Phenyl-propyl)-piperazine-1-carboxylic acid
phenylamide The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
3-phenylpropionaldehyde. 1H NMR (400 MHz, CDCI3) :
7.36- 7.16 (m, 9H), 7.05-7.00 (m, 1H), 6.40 (br s,
1H), 3.52-3.47 (m, 4H), 2.65 (t, J = 7.6 Hz, 2H),
2.47-2.38 (m, 4H), 2.39 (t, J = 7.4 Hz, 2H), 1.88-1
.79 (m, 2H). Example J:
4-Benzyl-piperazine-1-carboxylic acid phenylamide The
title compound was prepared from 1-benzylpiperazine
and phenyl isocyanate. 1H NMR (400 MHz, CDCI3) :
7.35-7.22 (m, 9H), 7.02-6.97 (m, 1H), 6.55 (br s, 1H),
3.56 (s, 2H), 3.48-3.45 (m, 4H), 2.45-2.41 (m,
4H).Example K:
4-(2-Benzyloxy-benzvO-piperazine-1-carboxylic acid
phenylamid e The title compound was prepared from
piperazine-1-carboxylic acid phenylamide and
2-benzyloxybenzaldehyde. 1H NMR (400 MHz, CDCI3) :
7.49- 7.20 (m, 11H), 7.05-6.92 (m, 3H), 6.41 (s, 1H),
5.08 (s, 2H), 3.65 (s, 2H), 3.51- 3.45 (m, 4H),
2.55-2.49 (m, 4H). Example L: 4-(6-Bromo-1
,2,3.4-tetrahydro-naphthalen-2-yl)-piperazine-1-
carboxylic acid phenylamide The title compound was
prepared from piperazine-1-carboxylic acid phenylamide
and 6-bromo-3,4-dihydro-1 H-naphthalen-2-one. 1H NMR
(400 MHz, CDCI3) : 7.37-7.21 (m, 6H), 7.06-7.02 (m,
1H), 6.96-6.94 (m, 1H), 6.33 (s, 1H), 3.55-3.53 (m,
4H), 2.94-2.64 (m, 9H), 2.12-2.08 (m, 1H), 1.69-1 .61
(m, 1H). Biological Methods Assay Method 1 T84 frozen
pellets (contents of 1-4 x 15 cm culture dishes) were
homogenized in 300 ml_ of FAAH assay buffer (125 mM
Tris, 1 mM EDTA, 0.2% glycerol, 0.02% Triton X-100,
0.4 mM Hepes, pH 9). The assay mixture was 



prepared from 50 ml_ of the cell homogenate, 10 mL of
the test compound, and 40 ml_ of anandamide
[1-3H-ethanolamine] (3H-AEA; Perkin-Elmer, 10.3
Q/mmol), which was added last, for a final tracer
concentration of 200 nM. The reaction mixture was
incubated at rt for 1 hour (h). During the incubation,
96-well Multiscreen filter plates (catalog number
MAFCNOB50; Millipore, Bedford,Massachussetts, USA)
were loaded with 25 ml_ of activated charcoal
(Multiscreen column loader, catalog number MACL09625,
Millipore) and washed once with 100 ml_ of MeOH. Also
during the incubation, 96-well DYNEX MicroLite plates
(catalog number NL510410) were loaded with 100 ml_ of
MicroScint40 (catalog number 6013641 , Packard
Bioscience, Meriden, Connecticut, USA). After the 1 h
incubation, 60 mL of the reaction mixture were
transferred to the charcoal plates, which were then
assembled on top of the DYNEX plates using Centrifuge
Alignment Frames (catalog number MACF09604,
Millipore). The unbound, labeled ethanolamine was
centrifuged through to the bottom plate (5 min at 2000
rpm), which was preloaded with the scintillant, as
described above. The plates were sealed and left at rt
for 1 h before counting on a Hewlett Packard TopCount.
Results for compounds tested in this assay are
presented in Table 1. Table 1METHODS TO BYPASS CD4+
CELLS IN THE INDUCTION OF AN IMMUNE RESPONSE Cross
Reference to Related Applications [0001] This
application claims priority under 35 U.S.C.  119(e) to
U.S. Provisional Application No. 60/640,821, filed on
December 29, 2004, entitled METHODS TO BYPASS CD4+
CELLS IN THE INDUCTION OF AN IMMUNE RESPONSE; the
disclosure of which is incorporated herein by
reference in its entirety. Background of the Invention
Field of the Invention [0002] Embodiments of the
invention disclosed herein relate to methods and
compositions for bypassing the involvement of CD4
cells when generating antibody and MHC class
I-restricted immune responses, controlling the nature
and magnitude of the response, and promoting effective
immunologic intervention in viral pathogenesis. More
specifically, embodiments relate to immunogenic
compositions for vaccination particularly therapeutic
vaccination, against HIV and other microbial pathogens
that impact functioning of the immune system, their
nature, and the order, timing, and route of
administration by which they are effectively used.
Description of the Related Art The Major
Histocompatibility Complex and T Cell Target
Recognition [0003] T lymphocytes (T cells) are
antigen-specific immune cells that function in
response to specific antigen signals. B lymphocytes
and the antibodies they produce are also
antigen-specific entities. However, unlike B
lymphocytes, T cells do not respond to antigens in a
free or soluble form. For a T cell to respond to an
antigen, it requires the antigen to be bound to a
presenting molecule known as a major
histocompatibility complex (MHC)
antigen/protein/marker. [0004] MHC proteins provide
the means by which T cells distinguish healthy "self
cells from foreign or infected (non-self) cells. MHC
molecules are a category of immune receptors that
present potential peptide epitopes to be monitored
subsequently by the T cells. There are two types of
MHC, class I MHC and class II MHC. CD4+ T cells
interact with class II MHC proteins and predominately
have a helper phenotype while CD8+ T cellsinteract
with class I MHC proteins and predominately have a
cytolytic phenotype, but each of them can also exhibit
regulatory, particularly suppressive, function. Both
classes of MHC protein are transmembrane proteins with
a majority of their structure on the external surface
of the cell. Additionally, both classes of MHC have a
peptide binding cleft on their external portions. It
is in this cleft that small fragments of proteins,
native or foreign, are bound and presented to the
extracellular environment. [0005] The antigen receptor
of T cells, or T cell receptor (TCR), recognizes the
complex formed by peptide and MHC marker by binding to
it. The MHC is highly polymorphic with the result that
the specificity exhibited by a TCR is dependent on
both the peptide and the MHC marker in the recognized
complex. This requirement is called MHC restriction. T
cell immune responses are induced when T cells
recognize peptide-MHC marker complexes displayed by
cells called professional antigen presenting cells
(pAPCs). Effector functions, such as cytolytic
activity or cytokine secretion, are actuated when T
cells subsequently recognize peptide-MHC marker
complexes on other cells of the body. fflV [0006]
Human Immunodeficiency Virus (HIV) is a member of the
Lentivirus genus of the Retroviridae family. This
family of viruses is known for latency, persistent
viremia, infection of the nervous system, and weak
host immune responses. HIV has high affinity for CD4+
T lymphocytes and monocytes. HIV binds to CD4+ T-cells
at the cell surface and becomes internalized. The
virus replicates by generating a DNA copy by reverse
transcriptase. Viral DNA becomes incorporated into the
host DNA, enabling further replication. HIV is the
causative agent of acquired immune deficiency
syndrome, AIDS. [0007] Despite more than 20 years of
HIV related research, infection with HIV remains a
major public health concern. Globally, more than 42
million people are infected, including about 5 million
newly infected in the year 2003 (Garber, D. et al.,
The Lancet Infectious Diseases 4:397-413, 2004). The
most common clinical manifestations of HIV are due to
progressive immunodeficiency caused by a selective
loss of CD4+ lymphocytes (Buckland, M.S. & Pinching,
AJ. Intern. J of STD &AISA 15:574-583, 2004). Both
CD4+ and CD8+ T-cells are important in the control of
viral, including HIV, replication. Activated CD4+
T-helper cells produce cytokines and interact with
cell-surface receptors that prompt B cells to produce
antibodies, and they interact indirectly (via antigen
presenting cells) ordirectly with CD8+ T lymphocytes
to induce differentiation into cytotoxic cells. HIV
grows far better in activated cells than in cells at
rest (Roberts, J.P. The Scientist 18:26-27, 2004).
Consequently, the very cells central in orchestrating
the fight against viral pathogens, CD4 T-cells, may
then be lost by apoptosis, cytolysis, or cell mediated
cytotoxicity. The result is an ineffective immune
response due to the prompt deletion of activated T
cells, with expected repercussions on induction,
expansion and differentiation of CD8+ T cells and B
cells recognizing viral antigens. Initially, the rate
of production of CD4+ T cells is greater than
peripheral destruction, and so antibody production and
generation of an expanded repertoire of CD8+ T-cells
to kill virally infected targets proceeds correctly.
Over time, the rapid mutation rate of HIV, poor
immunogenic characteristics of HIV proteins, and the
scale of HIV replication overwhelm the host immune
system. Since CD4+ T cells are required to support the
pool of HlV-specific CD8+ T-cells, the loss of
HIV-specifc CD4+ cells leads to a loss of HlV-specific
CD8+ T-cells. Immune containment of HIV infection
fails and clinical progression to AIDS ensues. [0008]
Most infected patients do not exhibit overt clinical
manifestations of the disease for six to ten years
following initial infection. However a small group
remain longterm non-progressors (LTNP), and remain
free of disease for ten or more years. They exhibit
lower viral loads and stable CD4+ cell counts which
have in part been attributed to cell-mediated
immunity. The nature of viral suppression in this
group has been the focus of much research. There has
been a great deal of effort made to understand the
characteristics of LTNP and the mechanism by which the
disease-free state is achieved, so that better
therapeutics and prophylactics may be designed.
Therapeutics [0009] Morbidity and mortality associated
with HIV infection have been dramatically reduced with
the advent of antiretroviral therapy targeting two key
enzymes: reverse transcriptase and protease. However,
beneficial effects can be variable, prolonged
treatment induces considerable toxicity, and
effectiveness is undermined by the emergence of
drug-resistant mutations. Also, the high cost of
antiretroviral therapies limits access and
availability in developing countries. Thus,
alternative, less costly strategies capable of
effecting sustained viral suppression are desperately
needed.[0010] Therapeutic immunization as a treatment
for HIV infection may prove to be such an alternative.
However, several critical aspects of HIV infection
present novel challenges to the development of an
effective vaccine. These properties include viral
particles that are difficult to neutralize with
antibodies; selective infection, destruction, and
impaired regeneration of CD4+ T-helper cells; rapid
virus evolution providing escape from cellular and
humoral immune responses; and high viral genetic
diversity, distribution, and prevalence (Garber, D. et
al., The Lancet Infectious Diseases 4:397-413, 2004).
Also, it has been recently suggested that a
vaccine-primed immune system might be more susceptible
to infection. Boosting the HIV specific helper cells,
an outcome of vaccination, may be giving the virus
more targets to infect. Since more conventional
vaccination strategies depend on co-induction of T
helper (Th) cells, it is expected that their efficacy
is low or the overall effect detrimental in a setting
where Th cell function is impaired by HIV (Roberts,
J.P. The Scientist 18:26-27, 2004). [0011] The immune
system may effectively eliminate virus-infected cells
during the clinical course of HIV-I infection using
virus-specific major histocompatibility complex (MHC)
class-I restricted CTL activity (Koup, et al.J Exp
Med. 180(3):779-82, 1994; Koup et al. "Nature,
370(6489):416, 1994; and Koup et al, J Virol.
68(7):4650-5, 1994). There is evidence that suggests
HIV-I -specific CTL activity is important for
controlling viral spread during the clinical course of
HIV-I infection (Klein, 1995; Koup, 1994), for
maintaining low levels of viral load during the
asymptomatic phase (Musey, 1997; Rinaldo, 1995; Koup,
1994; Walker, 1987), and possibly for complete
elimination of virus-infected cells, as implied from
the observation of HIV-exposed, but virus-negative,
children and women (Rowland-Jones, 1995;
Rowland-Jones, 1993). Furthermore, observations from
cross-sectional studies have shown the absence, or
severely decreased levels, of HIV-I -specific CTL
responses during advanced stages of HIV-I infection
(Carmichael, 1993). Taken together, recent vaccine
strategy has focused on eliciting antiviral CD8+ T
cell responses to control the level of HIV replication
in vivo (Garber, D. et al., The Lancet Infectious
Diseases 4:397-413, 2004). Rationale for potential
efficacy of CD8+ T-cell- based AIDS vaccine is that
reduction of the level of setpoint viral load may slow
the rate of progression to AIDS and eliminate active
reservoirs of infection.Other Pathogens [0012] HIV is
not the only pathogen for which activation or
expansion of CD4+ cells is associated with
pathological processes. For example corneal scarring
incident to herpes simplex virus (HSV) infection is
attributable to the action of CD4+ T cells and the
cytokines they produce. (Osorio, Y. et al., OCM/.
Immunol. Inflamm. 10: 105-116, 2002; Altmann, D.M. &
Blyth, W.A. J. Gen. Virol. 66:1297-1303, 1985; Xu, M.
et al., J. Immunol. 173:1232-1239, 2004). HIV is also
not the only pathogen for which impairment of the CD4+
T cell response results in failure to mount a more
effective immune response, persistence of infection,
and greater morbidity or mortality. Failure of
dendritic cells (DC) to increase class II MHC
expression, and thus productively interact with CD4+ T
cells, contributes to the persistence of Hepatitis B
virus (HBV) infection (Zheng, BJ., et al., J. Viral
Hepat. 11:217-224, 2004; Lohr, H.F., et al., CHn. Exp.
Immunol. 130:107-104, 2002). Similarly impaired DC-CD4
T cell interactions are involved in the poor immune
responses to and persistence of infection by Hepatitis
C virus (HCV) (Murakami, H., et al. Clin. Exp.
Immunol. 137:559-565, 2004). [0013] Embodiments
described herein relate to methods and compositions
that alleviate or overcome the above-described
challenges associated with the treatment of microbial
infections, including those associated with HIV,
herpes simplex virus (HSV), HBV, HCV, hepatitis G
virus (HGV), human papilloma virus (HPV),
cytomegalovirus (CMV), influenza virus, human T-cell
leukemia virus (HTLV), Respiratory syncytial virus
(RSV), Epstein Barr virus (EBV), measles vims, and
Ebola virus, for example. Summary of the Invention
[0014] Embodiments of the present invention generally
relate to a general manner of eliciting the induction,
expansion and/or differentiation of the CD8+ T cell
population while eliciting only a modest or no CD4 T
helper response (in a fashion independent of CD4+ T
helper response). Some embodiments include methods and
compositions for inducing, entraining, and/or
amplifying, the immune response to MHC class
I-restricted HIV epitopes. [0015] Some embodiments
relate to methods of generating an immune response,
including methods of immunization, that can include
the steps of delivering to a lymphatic system of a
mammal a composition that includes an immunogen, which
imrnunogenincludes a class I MHC-restricted epitope or
a B cell epitope, wherein the immunogen does not
include an effective class II MHC-restricted epitope;
administering an immunopotentiator to the mammal; and
obtaining or detecting an epitope-specific immune
response without substantial activation or expansion
of CD4 cells. The term "effective class II
MHC-restricted epitope" as used herein can mean a
peptide sequence that can be processed from the
natural antigen and presented by a class II MHC
molecule expressed by the species or individual in
question so as to generate a class II restricted
immune response. In preferred embodiments the epitope
can be an HIV, HSV, HBV, HCV, HGV, HPV, CMV, influenza
virus, HTLV, respiratory syncytial virus (RSV), EBV,
measles virus, and Ebola virus epitope or an epitope
associated with a target antigen for any disease in
which avoidance of CD4+cell activation or expansion
can be advantageous. Preferably, the immunogen and the
immunopotentiator can be co-administered to the
lymphatic system. Furthermore, in some preferred
aspects the composition can include a first immunogen
that includes a class I MHC-restricted epitope and a
second immunogen that includes a B cell epitope, for
example. Preferably, the first immunogen and the
second immunogen can be the same. The method can
further include co-administering a first immunogen
that includes or encodes the class I MHC-restricted
epitope with the immunopotentiator, and subsequently
delivering a second immunogen that includes the
epitope, in the form of an epitopic peptide, to the
lymphatic system of the mammal. The interval between
the administering step and the delivering step can be
at least about seven days, for example. The first
immunogen can include a nucleic acid encoding the
epitope. The immunopotentiator can include, for
example, a DNA molecule that includes a CpG sequence.
The nucleic acid can include a DNA molecule that
includes a CpG sequence which constitutes the
immunopotentiator. The immunopotentiator can include,
for example, a dsRNA. The first immunogen can include
a polypeptide hi preferred embodiments the delivery to
the lymphatic system can include delivery to a lymph
node or a lymph vessel. [0016] Some embodiments relate
to methods that can include administering intranodally
an adjuvant and peptide. Also, some other embodiments
relate to inducing a response, and amplifying the
response with peptide without requiring adjuvant for
amplification. In some aspects, the amplification step
can include the delivery of an immunogen along with a
biological response modifier, such as an adjuvant.
Preferably, insome aspects the amplification can be
accomplished without adjuvant. Also, in some instances
the amplification step can be performed without the
delivery of any MHC class II restricted epitopes,
thereby minimizing or avoiding any CD4 cells. [0017]
Also, some embodiments relate to methods of
immunization, which can include, for example, a step
for potentiating an immune response; a step for
exposing the lymphatic system to a class I
MHC-restricted epitope or a B cell epitope; and
obtaining an epitope-specific immune response without
substantial activation or expansion of CD4 cells.
[0018] Further embodiments relate to methods of
immunization that include delivering to a mammal a
first composition that includes an immunogen, which
immunogen can include or encode at least a portion of
a first antigen; administering a second composition
that includes an amplifying peptide directly to a
lymphatic system of the mammal, wherein the peptide
corresponds to an epitope of said first antigen,
wherein the first composition and the second
composition are not the same, and inducing a cytotoxic
T lymphocyte response without a T helper response hi
some aspects, the immunogen can be an HIV, HSV, HBV,
HCV, HPV, CMV, influenza virus, HTLV, respiratory
syncytial virus (RSV), EBV, measles virus, or Ebola
virus immunogen (or an immunogen that includes a
sequence related to more than one of the same) and/or
an immunogen associated with any disease in which
avoidance of CD4+cell activation or expansion can be
advantageous. [0019] Preferably, the first antigen can
be an HIV antigen. The first composition can include a
nucleic acid encoding the antigen, the antigen or an
immunogenic fragment thereof; or a nucleic acid
capable of expressing the epitope in a pAPC, for
example. The nucleic acid can be delivered as a
component of a protozoan, bacterium, virus, viral
vector, or the like hi some aspects the first
composition can include an immunogenic polypeptide and
an immunopotentiator. Preferably, the
immunopotentiator can be a Tl biasing cytokine, for
example, IL- 12, IFN-gamma, or the like. Also, the
immunopotentiator can be a Tl biasing toll-like
receptor ligand. The adjuvant can be an
immunostimulatory sequence. The adjuvant can include
RNA. The immunogenic polypeptide can be an amplifying
peptide. The immunogenic polypeptide can be the first
antigen. The immunogenic polypeptide can be delivered
as a component of a protozoan, bacterium, virus, viral
vector, virus-like particle, or the like. The adjuvant
canbe delivered as a component of a protozoan,
bacterium, virus, viral vector, virus-like particle,
or the like. The second composition can be
adjuvant-free and immunopotentiatorfree. The
delivering step can include direct administration to
the lymphatic system of the mammal. Ia some aspects
the direct administration to the lymphatic system of
the mammal can include direct administration to a
lymph node or lymph vessel. The direct administration
can be to two or more lymph nodes or lymph vessels.
The lymph node can be, for example, inguinal,
axillary, cervical, or tonsilar lymph nodes. The
method can further include obtaining an effector T
cell response to the first antigen, and the effector T
cell response can include production of a
pro-inflammatory cytokine, including, for example,
gamma-IFN or TNFa (alpha). The effector T cell
response can include the production of a T cell
chemokine, for example, RANTES or MIP- la. The epitope
can be a housekeeping epitope or an immune epitope,
for example. The terms "housekeeping epitope" and
"immune epitope" are defined in U.S. Publication No.
2003-0215425, which is incorporated herein by
reference in its entirety. The delivering step or the
administering step can include a single bolus
injection, repeated bolus injections, or a continuous
infusion, for example. The infusion can have a
duration of between about 8 hours to about 7 days, for
example. The method can include an interval between
termination of the delivering step and beginning the
administering step, wherein the interval is at least
about seven days, between about 7 and about 14 days,
or from about 14 to about 75 days, or over about 75
days for example. The method can be used for treating
AIDS. The first antigen can be a target-associated
antigen. The target can be an HIV infected cell, for
example. Additionally, the method can be used to treat
other viral infections or any disease where avoidance
of CD4+cell activation or expansion can be
advantageous. Examples of viral infections include
those caused by HSV, HBV, HCV, HPV, CMV, influenza
virus, HTLV, respiratory syncytial virus (RSV), EBV,
measles virus, or Ebola virus. The effector T cell
response can be detected by at least one indicator,
for example, a cytokine assay, an Elispot assay, a
cytotoxicity assay, a tetramer assay, a DTH-response,
a clinical response, decrease pathogen titre, pathogen
clearance, amelioration of a disease symptom, or the
like. The effector T cell response can be a cytotoxic
T cell response. [0020] Some embodiments relate to
methods of generating an immune response, including
methods of immunization against HIV, HSV, HBV, HCV,
HPV, CMV, influenza virus, HTLV, EBV, respiratory
syncytial virus (RSV), measles virus, Ebola virus, or
anydisease where avoidance of CD4+cell activation or
expansion can be advantageous. The methods can
include, for example, delivering to a mammal a first
composition that includes a a first antigen, an
immunogenic fragment thereof, or a nucleic acid
encoding the either of the same; and administering a
second composition that includes a peptide, directly
to the lymphatic system of the mammal, wherein the
peptide corresponds to an epitope of the first
antigen. The method can further include obtaining an
effector T cell response to the antigen. [0021] Some
embodiments relate to methods of augmenting an
existing antigenspecific immune response that includes
administering a composition that includes a peptide,
directly to the lymphatic system of a mammal, wherein
the peptide corresponds to an epitope of said antigen,
and wherein said composition was not used to induce
the immune response; and obtaining augmentation of an
HIV antigen-specific immune response. The augmentation
can include sustaining the response over time,
reactivating quiescent T cells, including CD8+ cells.
The augmentation can include expanding the population
of HIV antigen-specific T cells hi some aspects the
composition does not include an immunopotentiator,
while in others it does include an immunopotentiator.
The antigen-specific immune response can be, for
example, an HP/, HSV, HBV, HCV, HPV, CMV, influenza
virus, HTLV, respiratory syncytial virus (RSV), EBV,
measles virus, or Ebola virus antigen-specific immune
response, or antigen-specific immune response
associated with any other disease where avoidance of
CD4+cell activation or expansion can be advantageous.
Preferably, it is an HIV antigen-specific immune
response. [0022] Further embodiments relate to methods
of immunization that include, for example, delivering
to a mammal a first composition that includes an HIV
immunogen, which immunogen includes or encodes at
least a portion of a first antigen and at least a
portion of a second antigen; and administering a
second composition that includes a first peptide, and
a third composition that includes a second peptide,
directly to the lymphatic system of the mammal,
wherein the first peptide corresponds to an epitope of
said first antigen, and wherein the second peptide
corresponds to an epitope of said second antigen,
wherein the first composition is not the same as the
second or third compositions. The method can further
include obtaining an effector T cell response to the
antigen. The second and third compositions each can
include the first and the second peptides. It should
be understood that in some embodiments the HIV
immunogen mentioned above can bereplaced by an HSV
immunogen, an HBV immunogen, an HCV immunogen, an HPV
immunogen, a CMV immunogen, an influenza viras
immunogen, an HTLV immunogen, an RSV immunogen, an EBV
immunogen, or a measles virus immunogen, an Ebola
virus immunogen, or an immunogen associated with any
other disease where avoidance or minimization of
CD4+activation or expansion can be advantageous.
[0023] Some embodiments relate to methods of
immunization against HIV that include, for example,
administering a series of immunogenic doses directly
into the lymphatic system of a mammal wherein the
series includes at least 1 entraining dose and at
least 1 amplifying dose, and wherein the entraining
dose includes a nucleic acid encoding an immunogen and
wherein the amplifying dose is free of any virus,
viral vector, replication-competent vector, or the
like. The method can include about 1-6 entraining
doses,for example, or even more than 6, for example,
1-7, 1-8, 1-9, 1-10 or more. The method can include
administering a plurality of entraining doses, wherein
the doses are administered over a course of one to
about seven days. The entraining doses, amplifying 



doses, or entraining and amplifying doses can be
delivered in multiple pairs of injections, wherein a
first member of a pair is administered within about 1,
2, 3, 4 or 5 days and preferably within about 4 days
of a second member of the pair, and wherein an
interval between first members of different pairs is
at least about, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19 or 20 days, for example. Preferably, an
interval between first members of different pairs is
at least about 14 days, for example. The interval
between a last entraining dose and a first amplifying
dose can be between about 1 and about 150 days, about
3 and about 125 days, and preferably about 7 and about
100 days, for example. The method can further include
obtaining an antigen-specific immune response. It
should be understood that in some embodiments, the
above-mentioned methods of immunization against HIV
can be modified to generate an immune response,
including immunization against HSV, HBV, HCV, HPV,
CMV, influenza virus, HTLV, RSV, EBV, measles virus,
Ebola virus, or against any other disease where
avoidance or minimization of CD4 activation or
expansion can be advantageous. [0024] Also, some
embodiments relate to sets of immunogenic compositions
for inducing an immune response in a mammal that
includes about 1-6 or more entraining doses and at
least one amplifying dose, wherein the entraining
doses includes a nucleic acid encoding an HIV
immunogen, and wherein the amplifying dose includes a
peptide epitope,and wherein the epitope is presented
by pAPC expressing the nucleic acid. In some aspects,
the sets of compositions can include more than 6
entraining doses, for example, about 1-7, 1-8, 1-9,
1-10 or more. In some aspects at least one dose
further can include an adjuvant, for example, RNA. The
entraining and amplifying doses can be in a carrier
suitable for direct administration to the lymphatic
system, for example a lymph node. The nucleic acid can
be a plasmid. The epitope can be a class I MHC
epitope. The MHC can be any MHC, including, for
example, those listed in Tables 1-4, including
combinations of the same, while other embodiments
specifically exclude any one or more of the MHCs or
combinations thereof. Tables 3-4 include frequencies
for the listed HLA antigens. Preferably, the HLA can
be, for example, HLA-A2, HLA-B7, and the like. The
immunogen can include an epitope array, which can
include, for example, a liberation sequence. The term
"liberation sequence" as used herein is defined in
U.S. Publication No. 2003-0228634, published on
December 11, 2003, which is incorporated herein by
reference in its entirety. The immunogen can be a
target-associated antigen, for example, an antigen
from an HIV infected cell. The immunogen can be a
fragment of a target-associated antigen that includes
an epitope cluster. It should be understood that in
some embodiments the nucleic acid encoding the HIV
immunogen mentioned above, can be replaced by a
nucleic acid encoding one or more of the following: an
HSV immunogen, an HBV immunogen, an HCV immunogen, an
HPV immunogen, a CMV immunogen, an influenza virus
immunogen, an HTLV immunogen, an RSV immunogen, an EBV
immunogen, or a measles .virus immunogen, an Ebola
virus immunogen, or an immunogen associated with any
other disease where avoidance or minimization of
CD4+activation or expansion can be advantageous.
[0025] Further embodiments relate to sets of
immunogenic compositions for inducing a class I
MHC-restricted immune response in a mammal, which
methods can include, for example, 1-6, or more,
entraining doses and at least one amplifying dose,
wherein the entraining doses include an HIV immunogen
(or other immunogen as described above or elsewhere
herein) or a nucleic acid encoding an immunogen (or
encoding another immunogen as described above or
elsewhere herein) and an immunopotentiator, and
wherein the amplifying dose includes a peptide
epitope, and wherein the epitope is presented by pAPC.
hi some aspects, the sets of compositions can include
more than 6 entraining doses, for example, about 1-7,
1-8, 1-9, 1-10 or more. The nucleic acid encodingthe
HIV immunogen further can include an immunostimulatory
sequence which serves as the immunopotentiating agent.
The immunogen can be, for example, a virus or
replication competent vector that includes or induces
an immunopotentiating agent. The immunogen can be, for
example, a bacterium, bacterial lysate, purified cell
wall component, or the like, wherein the bacterial
cell wall component is capable of functioning as the
immunopotentiating agent. The immunopotentiating agent
can be, for example, a TLR ligand, an
immunostimulatory sequence, a CpG-containing DNA, a
dsRNA, an endocytic- Pattern Recognition Receptor
(PRR) ligand, a lipopolysacharide (LPS), a quillaja
saponin, tucaresol, a pro-inflammatory cytokine, and
the like. [0026] Some embodiments relate to methods of
immunization, which methods can include the step of
delivering to a mammal a first composition that
includes a first immunogen, the first immunogen
including or encoding at least a portion of a first
antigen; and subsequently administering a second
composition that includes an epitopic peptide directly
to the lymphatic system of the mammal, wherein the
peptide corresponds to a class I MHC-restricted
epitope of the first antigen, wherein the second
composition is not the same as the first composition
such that an epitope-specific immune response is
amplified without substantial activation or expansion
of CD4 T cells hi some aspects, the delivering step
can further include the delivery of an
immunopotentiator or adjuvant. [0027] Also, some
embodiments relate to methods of generating an immune
response against a disease-related antigen in which it
is advantageous to minimize the expansion of CD4+
lymphocytes. The methods can include delivering to an
animal a first immunogen and an immunopotentiator, the
first immunogen including or encoding at least a first
portion of a first antigen, wherein the at least a
portion of a first antigen does not include a class II
MHC restricted epitope for an MHC expressed by the
animal; and administering, preferably after the
delivering step, an epitopic peptide directly to a
lymphatic system of the animal, wherein the peptide
corresponds to a class I MHCrestricted epitope of the
first antigen, wherein the epitopic peptide is not the
same as the first immunogen. The animal can be, for
example, a human or a non human, preferably a mammal
hi some aspects the animal can be, for example, a
feline, a canine, an avian such as for example, a
chicken or a turkey, a bovine, an equine, other
livestock or farm animals, or any other animal. In
some embodiments, the at least a portion of a first
antigen can include a class II restricted
epitope.[0028] In some embodiments the term
"corresponds" can mean that the peptide has the
wild-type or native epitope sequence from the antigen
or that the peptide is crossreactive or an analog of
the wild-type epitope sequence. Examples of such
cross-reactive and analogs, including how to make the
same, are found in U.S. Patent Publication No.
2003-0220239, published on December November 27, 2003;
U.S. Patent Application No. 11/155,929, filed on June
17, 2005, entitled NY-ESO-I PEPTIDE ANALOGS; and U.S.
Patent Application No. 11/156,253, filed on June 17,
2005, entitled SSX-2 PEPTIDE ANALOGS; each of which is
incorporated herein by reference in its entirety.
[0029] The disease is caused by, for example, HIV,
HSV, HBV, HCV, HGV, EBV, HPV, CMV, influenza virus,
HTLV, RSV, EBV, measles virus, Ebola virus, and the
like. The first immunogen and the immunopotentiator
can be delivered to a lymphatic system of the animal,
for example to a lymph node or a lymph vessel. The
first immunogen and the immunopotentiator can be
delivered to a same location on or in the animal.
Also, they can be delivered simultaneously, for
example at the same time or within about 1-2 minutes
of each other or over a period of time together. They
can be delivered within more than 2 minutes, for
example, within about 3, 4, 5, 6, 7, 8, 9, or 10
minutes, within 15, 30, 45 or 60 minutes of each
other, within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1 or 12
hours, or within the same day. Further, the epitopic
peptide can be delivered to a lymphatic system of the
t animal, for example to a lymph node or a lymph
vessel. The first immunogen and the immunopotentiator
can be delivered as part of a same composition. [0030]
The at least a portion of a first antigen can include,
for example, a whole antigen, less than the
full-length of a whole antigen, a contiguous fragment
of less than 80%, 70%, 60%., 50, %, 40%, 30%, 20% or
10% of the whole antigen, one or more class I T cell
epitope, B cell epitope, or combinations thereof, a
chimeric molecule that includes more than one class I
T cell epitope, B cell epitope, or combinations
thereof, and the like. The first immunogen can encode
the at least a portion of a first antigen and can
include an immunostimulatory sequence that serves as
the immunopotentiator. The first immunogen can encode
one or more epitopes, wherein the one or more epitopes
are class I restricted T cell epitopes or B cell
epitopes. The first immunogen can encode a chimeric
nucleic acid sequence that includes more than one
class I T cell epitope, B cell epitope, or a
combination thereof. The immunogen as used in the
delivering step can also be any other immunogen,
including those described elsewhere herein and in the
listed and incorporated references.[0031] The
administering step can be performed subsequent to the
delivering step, for example, about 1, 2, 3, 4, 5, or
6 days after, preferably about 7, 8, 9, 10, 11, 12,
13, 14, 15, 20, 25, 30 days or more after the
delivering step. [0032] Also, in some instances, the
at least a first portion of a first antigen does not
include or encode any MHC class II restricted epitope
for the species of the animal, or does not include or
encode any human class II restricted epitope. The
first immunogen further can include or encodes at
least a second portion of the first antigen, wherein
the at least a second portion of the first antigen
does not include a class II MHC restricted epitope for
an MHC expressed by the animal. The first immunogen
can encode the at least a first portion a first
antigen and the at least a second portion of the first
antigen. The first immunogen further can include or
encode one or more additional portions of the first
antigen, wherein the one or more additional portions
of the first antigen do not include a class II MHC
restricted epitope for an MHC expressed by the animal.
The first immunogen further can include or encode at
least a first portion of a second antigen. The
delivering step further can include delivering a
second immunogen that includes or encoding at least a
first portion of a second antigen, wherein the at
least a first portion of a second antigen does not
include a class II MHC restricted epitope for an MHC
expressed by the animal. The methods further can
include detecting or obtaining an epitope-specific
immune response without substantial activation or
expansion of CD4+ T cells. The detection or
determination of obtaining can be done by any suitable
method. [0033] In some embodiments, "substantial" can
be used in the context of "substantial activation or
expansion" of, for example, CD4+T cells. In this
context, "substantial activation or expansion"
generally indicates a level of activation or expansion
that would reach a level of physiological significance
or disease significance beyond mere detectability. For
example, if a population of CD4+T cells activated or
expanded at a level above the detection cutoff, but
below a level that would change the characteristics of
the population to function as a target population for
infectious agents or to fulfill other functions of the
population, but below a level that would produce a
clinically relevant change in the characteristics, it
is understood that the population has not experienced
substantial activation or expansion. [0034] Also, some
embodiments relate to methods of generating an immune
response against an HIV infection. The methods can
include the steps of delivering to ananimal a
composition that includes a nucleic acid encoding
first immunogen and that includes an immunostimulatory
sequence that can serve as an immunopotentiator, the
nucleic acid encoding at least a first portion of a
first HIV antigen, wherein the at least a portion of a
first antigen does not include a class II MHC
restricted epitope for an MHC expressed by the animal;
and administering, preferably subsequent to the
delivering step, an epitopic peptide directly to a
lymphatic system of the animal, wherein the peptide
corresponds to a class I MHC-restricted epitope of the
at least a first portion of a first HIV antigen,
wherein the epitopic peptide is not the same as the
first immunogen. hi some embodiments, the at least a
portion of a first HIV antigen can include a class II
restricted epitope. The first HIV antigen can be, for
example, gag, pol, env, tat, gpl20, gpl60, gp41, nef,
gag p, gp, gag p24, rt, and the like. The nucleic acid
can encode one or more of SEQ ID NOs:l-531, preferably
one or more of SEQ ID NOs:l-6, or any other HIV
epitope. [0035] Further, some embodiments relate to
methods of generating an immune response against a
cell infected by an HIV. The methods can include
delivering to patient a composition that includes a
nucleic acid encoding one or more of SEQ ID NOs:
1-531, preferably one or more of SEQ ID NOs:l-531, and
an adjuvant, the nucleic acid can encode at least a
first portion of a first HIV antigen, wherein the at
least a portion of a first antigen does not include a
class II MHC restricted epitope for an MHC expressed
by the patient, wherein the adjuvant can any adjuvant,
preferably a CpG, a dsRNA poly IC, or a TLR mimic; and
administering, preferably after the delivering step,
one or more epitopic peptides directly to a lymph node
of the patient, wherein the peptide is one that was
encoded by the nucleic acid or is an analog thereof.
In some embodiments, the at least a portion of a first
HIV antigen can include a class II restricted epitope.
[0036] Some embodiments relate to sets of immunogenic
compositions, which can include, for example, any of
the compositions described herein, including as
exemplified in the examples. Some embodiments relate
to one or more immunogenic products, which can
include, for example, one or more immunogens, viruses,
vectors, antigens, peptides, epitopes, or combinations
thereof: Also, some embodiments relate to kits that
include one or more of the following: an immunogenic
composition as described or exemplified herein, sets
of such compositions, products, or sets of products,
any other material, substance or composition of matter
described herein, instructions for use, delivery
vehicles, and combinations of any of the same.[0037]
Other embodiments relate to sets of immunogenic
compositions for inducing an immune response in a
mammal including 1 to 6 or more entraining doses and
at least one amplifying dose, wherein the entraining
doses can include a nucleic acid encoding an
immunogen, and wherein the amplifying dose can include
a peptide epitope, and wherein the epitope can be
presented or is presentable by pAPC expressing the
nucleic acid. The one dose further can include an
adjuvant, for example, RNA. The entraining and
amplifying doses can be in a carrier suitable for
direct administration to the lymphatic system, a lymph
node and the like. The nucleic acid can be a plasmid.
The epitope can be a class I HLA epitope, for example,
one listed in Tables 1-4. The HLA preferably can be
HLA-A2. The immunogen can include an epitope array,
which array can include a liberation sequence. The
immunogen can consist essentially of a
target-associated antigen. The target-associated
antigen can be a tumor-associated antigen, a microbial
antigen, any other antigen, and the like. The
immunogen can include a fragment of a
target-associated antigen that can include an epitope
cluster. [0038] Further embodiments can include sets
of immunogenic compositions for inducing a class I
MHC-restricted immune response in a mammal including
1-6 entraining doses and at least one amplifying dose,
wherein the entraining doses can include an immunogen
or a nucleic acid encoding an immunogen and an
immunopotentiator, and wherein the amplifying dose can
include a peptide epitope, and wherein the epitope can
be presented by pAPC. The nucleic acid encoding the
immunogen further can include an immunostimulatory
sequence which can be capable of functioning as the
immunopotentiating agent. The immunogen can be a virus
or replication-competent vector that can include or
can induce an immunopotentiating agent. The immunogen
can be a bacterium, bacterial lysate, or purified cell
wall component. Also, the bacterial cell wall
component can be capable of functioning as the
immunopotentiating agent. The immunopotentiating agent
can be, for example, a TLR ligand, an
immunostimulatory sequence, a CpG-containing DNA, a
dsRNA, an endocytic-Pattem Recognition Receptor (PRR)
ligand, an LPS, a quillaja saponin, tucaresol, a
pro-inflammatory cytokine, and the like hi some
preferred embodiments for promoting multivalent
responses the sets can include multiple entraining
doses and/or multiple amplification doses
corresponding to various individual antigens, or
combinations of antigens, for each administration. The
multiple entrainment doses can be administered as part
of a single composition or as part ofmore than one
composition. The amplifying doses can be administered
at disparate times and/or to more than one site, for
example. Brief Description of the Drawings [0039]
Figure 1: shows the cytolytic response to an HBV
epitope induced by intranodal administration of
peptide plus poly(IC). [0040] Figure 2: shows the
cytolytic response to a PSMA model epitope induced by
intranodal administration of peptide plus poly(IC).
[0041] Figure 3: shows the cytolytic response to a
pair of PRAME model epitopes induced by intranodal
administration of peptide plus poly(IC). [0042] Figure
4 : shows the specific susceptibility of
CD8-lymphocytes to in vitro activation subsequent to
immunization. Detailed Description of the Preferred
Embodiment [0043] Some embodiments disclosed herein
relate to methods and compositions for bypassing the
involvement of CD4+ cells when generating antibody and
MHC class Irestricted immune responses, controlling
the nature and magnitude of the response, and
promoting effective immunologic intervention in viral
pathogenesis, or in other settings in which avoidance
of CD4+ cell activation or expansion can be
advantageous. . More specifically, some embodiments
relate to immunogenic compositions for vaccination,
particularly therapeutic vaccination against HIV, HSV,
HBV, HCV, HPV, CMV, influenza virus, HTLV, RSV, EBV,
measles virus, Ebola virus and other microbial
pathogens that impact functioning of the immune
system, their nature, and the order, timing, and route
of administration by which they are effectively used.
Some embodiments relate to methods of generating an
immune response against HIV, HSV, HBV, HCV, HPV, CMV,
influenza virus, HTLV, RSV, EBV, measles virus, Ebola
virus and other microbial pathogens while minimizing,
limiting or preventing adverse effects associated with
the activation or expansion of CD4+ cells. Various
examples of viruses and microbes are provided in
Tables 5-7 and in the other references mentioned
herein which are incorporated by reference in their
entirety. Other embodiments relate to methods for
expanding the CD8+ and/or antibody response while
mitigating any ill effect caused by the activation or
expansion of the CD4+ subset. Further embodiments
relate to methods for expanding the CD8+
and/orantibody response while overcoming any
impairment of CD4 T cell responses. Also, some
embodiments relate to methods of amplifying an
anti-HIV CD8 T cell and/or antibody response while
causing little or no effect on, or expansion of CD4
cells. Such embodiments can also be particularly
useful in situations where an antigen is prone to
generating undesired CD4+ T regulatory cells, or in
which CD4+ T cells contribute to an immunopathology.
[0044] Methods and compositions disclosed herein are
useful in the generation of an immune response or a
therapeutic response to HIV, HSV, HBV, HCV, HPV, CMV,
influenza virus, HTLV, RSV, EBV, measles virus, Ebola
virus which can be accomplished in a manner that
avoids concerns that the immunization process itself
will promote spread of the infection and exacerbate
progression of related disease and in addition, in a
manner that does not require a fully functional Th
cell population. [0045] Some embodiments relate to a
two-stage immunization protocol for the generation of
a CTL response, hi the first stage an immune response
comprising a memory CTL response to one or more class
I MHC-restricted epitopes of the target antigen can be
established. Typically this can be accomplished by
intranodal administration of a naked DNA plasmid
capable of expression of an appropriate antigen in a
professional antigen presenting cell (pAPC). In other
preferred embodiments immunogen can be combined with
an appropriate toll-like receptor (TLR) ligand such as
a CpG oligonucleotide or synthetic dsRNA (polyLC).
Intralymphatic administration however, is not an
essential feature of this first stage of the protocol,
and more conventional routes of administration can be
used. In preferred embodiments the term "immunogen"
can be defined as a molecule capable of inducing an
immune response against an antigen, a vector
expressing such a molecule, or a composition
comprising one or more such molecules or vectors.
[0046] The magnitude of the response at this stage is
not crucial. Quite modest responses suffice, although
moderate and strong responses can also occur, and
thus, the involvement of CD4+ responses can be
tolerated at this stage of the procedure without
destroying the usefulness of the complete protocol.
CD4+ responses can generally be avoided by use of
immunogens that do not comprise or express class II
MHC-restricted epitopes, or at least not ones that can
be presented by the class II MHC alleles expressed by
a particular subject.[0047] Immunogens that do contain
potentially problematic class II MHCrestricted
epitopes can be modified, for example, by deletion,
mutation, or any other modification of the epitope(s)
so as to inhibit or prevent processing, transport,
and/or MHC-binding of the class II epitope. The
immunopotentiator used in the first stage generally
can be one that acts primarily on pAPC, for example,
dendritic cells, and not directly on lymphocytes.
Thus, they will not be a major cause of activation or
proliferation of CD4+ lymphocytes. Intranodal
administration can further reduce any generalized
effects of these agents. [0048] hi the second stage of
this protocol one or more epitopic peptides,
corresponding to the epitope(s) immunized against in
the first stage, can be administered directly to the
lymphatic system. In preferred embodiments the term
"epitopic peptide" can mean a peptide that comprises,
consists essentially of, or consists of an epitope.
The peptide(s) can be used without any
immunopotentiator or other adjuvant, although
immunopotentiators or other adjuvants optionally can
be used. In preferred embodiments administration can
be directly to a lymph node, and in the case of
multiple peptides it can be preferred that only a
single peptide be administered to any particular lymph
node on any particular occasion, although in some
aspects the more than one or all peptides can be
administered to the same lymph node. In some
embodiments, for example those promoting a multivalent
response and in which multiple amplifying peptides are
used, it can be advantageous that only a single
peptide be administered to any particular lymph node
on any particular occasion. Thus, one peptide can be
administered to the right inguinal lymph node and a
second peptide to the left inguinal lymph node at the
same time, for example. Additional peptides can be
administered to other lymph nodes even if they were
not sites of induction as it is not essential that
initiating and amplifying doses be administered to the
same site due to migration of T lymphocytes.
Alternatively any additional peptides can be
administered about one or two days later to the same
lymph node(s), preferably, about three, four, five or
six days later to the same lymph node(s) used for the
previously administered amplifying peptides since the
time interval between induction and amplification is
not a crucial parameter, although in preferred
embodiments the time interval can be greater than
about a week, for example, about seven, eight, nine,
ten, eleven, twelve, thirteen, fourteen or more days
later. Segregation of administration of amplifying
peptides generally can be of less importance if their
MHC-binding affinities are similar, butgrows in
importance as the affinities become more disparate.
Incompatible formulations of various peptides can also
make segregated administration preferable. Where the
MHCbinding affinities of the various peptides are
similar, it can be less preferred that the
administration of only a single peptide be
administered to a particular lymph node during a
particular occasion. Where the MHC-binding affinities
of the various peptides are or become more disparate,
it can be more preferred that only a single peptide be
administered to any particular lymph node on any
particular occasion. Such peptides will generally not 



bind to class II MHC markers, so typically only the
class I-restricted, CD8+ response will be amplified.
Further details related to this methodology are
described in U.S. Patent Application No. 10/871,707
(Pub. No. 2005-0079152 Al), filed on June 17, 2004,
Publication No. 20050079 152Al, entitled METHODS TO
ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES AGAINST
MHC CLASS I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR
THERAPEUTIC PURPOSES, which is incorporated herein by
reference in its entirety. Additional methodology
related to generating immune responses, including
multivalent responses, is disclosed in U.S.
Provisional Patent Application No. 60/640,402, filed
on December 29, 2004 and in nonprovisional U.S. Patent
Application No. __/__, (Pub. No. ) (Attorney Docket
No. MANNK.047A), filed on the same date as this
application, both entitled METHODS TO ELICIT, ENHANCE
AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS
I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES, each of which is incorporated herein by
reference in its entirety hitralymphatic immunization
for the induction of CTL responses is taught in U.S.
Patent Application Nos. 09/380,534; 09/776,232
(Publication No. 20020007173), now U.S. Patent No.
6,977,074, filed on February 6, 2001, entitled METHOD
OF INDUCING A CTL RESPONSE each of which is
incorporated herein by reference in its entirety.
[0049] hi some embodiments, an immunogen can be
co-administered intralymphatically with an
immunopotentiating biological response modifier (BRM).
In one aspect the immunogen can include one or more
class I MHC-restricted peptide epitopes and a CTL
response can be generated. In another aspect the
immunogen can include one or more B cell epitopes and
an antibody response can be generated. In either
aspect, it can be preferred that the immunogen lacks
class II MHC-restricted epitopes, or at least ones
that can be presented by the class II MHC alleles
expressed by a particular subject. This featurecan be
ensured by using in silico predictive methods and
standard characterization of peptide binding to MHC
class I and II molecules, using well known
experimental methods. The use and advantages of
intralymphatic administration of BRMs are disclosed in
copending provisional U.S. Patent Application No.
60/640,727, filed on December 29, 2004, and in
nonprovisional U.S. Patent Application No. __/
(Attorney Docket No. MANNK.046A), filed on the same
date as this application, both entitled METHODS TO
TRIGGER, MAINTAIN AND MANIPULATE IMMUNE RESPONSES BY
TARGETED ADMINISTRATION OF BIOLOGICAL RESPONSE
MODIFIERS INTO LYMPHOID ORGANS, each of which is
incorporated herein by reference in its entirety.
[0050] hi some embodiments, preferred immunogens for
class I MHC-restricted epitopes are epitopic peptides.
As in the immunization protocol above, it can be
preferred to administer only a single peptide to any
particular lymph node on any particular occasion. For
B cell epitopes, free peptides are not ideal
immunogens. Preferably the target epitope is
multivalent in the immunogen. Examples include
multiple conjugation to a carrier protein; recombinant
proteins and polypeptides comprising the epitope, for
example, IgG with the epitope grafted into the CDR3
position; Ig-peptide fusion proteins (with peptide at
N or C terminal position); and iterative chains of the
epitope with or without spacer sequences; and
dendrimers. It is preferred that any carrier protein,
whether monovalent or multivalent for the epitope, be
a self-protein so that the recipient will have at
least a degree of tolerance for any presentable class
II MHC-restricted epitopes in the carrier, hi humans,
human serum albumin and immunoglobulins are potential
choices as carriers. CD8+ cells secrete various
cytokines in addition to having cytolytic activity.
Thus immunization with both types of immunogen can
improve the response to the B cell immunogen,
especially in the case that the B cell immunogen is
monovalent for the target epitope. [0051] The
disclosed methods are advantageous over many protocols
in HIV vaccine therapeutics. Current vaccines commonly
rely on interaction with, or result in expansion of
the CD4+ population in an attempt to control viral
infection, but can in fact detrimentally provide new
targets for viral infection. The disclosed DNA
prime-peptide boost method is itself advantageous over
other protocols that use only peptide or do not follow
the entrain-and-amplify methodology. The peptide based
immunization or immune amplification strategy has
advantages over other methods, particularly certain
microbial vectors, for example. This is due to the
fact that more complex vectors, such as liveattenuated
viral or bacterial vectors, may induce deleterious
side-effects, for example, in vivo replication or
recombination; or become ineffective upon repeated
administration due to generation of neutralizing
antibodies against the vector itself. Additionally,
when harnessed in such a way to become strong
immunogens, peptides can circumvent the need for
proteasome-mediated processing (as with protein or
more complex antigens, in context of
"cross-processing" or subsequent to cellular
infection). That is because cellular antigen
processing for MHC-class I restricted presentation is
a phenomenon that inherently selects dominant
(favored) epitopes over subdominant epitopes,
potentially interfering with the immunogenicity of
epitopes corresponding to valid targets. Thus, if
antigen presenting cells are defective, use of
peptides may circumvent the need for competent
processing that is a prerequisite for effectiveness of
complex vectors. Finally, effective peptide based
immunization simplifies and shortens the process of
development of immunotherapeutics. [0052] Thus,
effective peptide-based immune amplification methods,
particularly including those described herein, can be
of considerable benefit to prophylactic and/or
therapeutic generation of an immune response against
HTV, HSV, EBV, HBV or HCV, including benefit for
vaccination against the same. Additional benefits can
be achieved by avoiding simultaneous use of
cumbersome, unsafe, or complex adjuvant techniques,
although such techniques can be utilized in various
embodiments described herein. [0053] Previous HIV
immunization methods displayed certain important
limitations including that the high mutation rate of
HIV creates immune escape mutants with ease, and viral
surface protein gpl20 is a poor immunogen inherently
resistant to antibody attack. Immunization methods in
general also displayed certain limitations: very
often, conclusions regarding the potency of vaccines
were extrapolated from immunogenicity data generated
from one or from a very limited panel of
ultrasensitive read-out assays. Frequently, despite
the inferred potency of a vaccination regimen, the
clinical response was not significant or was at best
modest. Secondly, subsequent to immunization, T
regulatory cells, along with more conventional T
effector cells, can be generated and/or expanded, and
such cells can interfere with the function of the
desired immune response. The importance of such
mechanisms in active immunotherapy has been recognized
only recently.[0054] Intranodal administration of
immunogens provides a basis for the control of the
magnitude and profile of immune responses. The
effective in vivo loading of pAPC accomplished as a
result of such administration, enables a substantial
magnitude of immunity, even by using an antigen in its
most simple form-a peptide epitope-otherwise generally
associated with poor pharmacokinetics. The quality of
response can be further controlled via the nature of
immunogens, vectors, and protocols of immunization.
Such protocols can be applied for enhancing/modifying
the response in infections such as HIV. Further,
intranodal administration of BRMs allows one to take
advantage of their immunopotentiating activity while
avoiding the toxicity commonly associated with
otherwise required dosages. [0055] Immunization has
traditionally relied on repeated administration of
antigen to augment the magnitude of the immune
response. The use of DNA vaccines has resulted in high
quality responses, but it has been difficult to obtain
high magnitude responses using such vaccines, even
with repeated booster doses. Both characteristics of
the response, high quality and low magnitude, are
likely due to the relatively low levels of epitope
loading onto MHC achieved with these vectors. Instead
it has become more common to boost such vaccines using
antigen encoded in a live virus vector in order to
achieve the high magnitude of response needed for
clinical usefulness. However, the use of live vectors
can entail several drawbacks including potential
safety issues, decreasing effectiveness of later
boosts due to a humoral response to the vector induced
by the prior administrations, and the costs of
creation and production. Thus, use of live vectors or
DNA alone, although eliciting high quality responses,
may result in a limited magnitude or sustainability of
response due to a reduced in vivo transfection rate
(former) or generation of anti-vector neutralizing
responses (the latter). [0056] Disclosed herein are
embodiments that relate to protocols and to methods
that, when applied to peptides, rendered them
effective as immune therapeutic tools. Such methods
circumvent the poor PK of peptides, and if applied in
context of specific, and often more complex regimens,
result in robust amplification and/or control of
immune response hi preferred embodiments, direct
administration of peptide into lymphoid organs results
in unexpectedly strong amplification of immune
responses, following a priming agent that induces a
strong, moderate or even mild (at or below levels of
detection by conventional techniques) immune response
consisting of TcI cells. Whilepreferred embodiments
can employ intralymphatic administration of antigen at
all stages of immunization, intralymphatic
administration of adjuvant-free peptide can be most
preferred. Peptide amplification utilizing
intralymphatic administration can be applied to
existing immune responses that may have been
previously induced. Previous induction can occur by
means of natural exposure to the antigen or by means
of commonly used routes of administration, including
without limitation subcutaneous, intradermal,
intraperitoneal, intramuscular, and mucosal. [0057]
Also as shown herein, optimal initiation, resulting in
subsequent expansion of specific T cells, can be
better achieved by exposing the naive T cells to
limited amounts of antigen (as can result from the
often limited expression of plasmidencoded antigen) in
a rich co-stimulatory context (such as in a lymph
node). That can result in activation of T cells
carrying T cell receptors that recognize with high
affinity the MHC - peptide complexes on antigen
presenting cells and can result in generation of
memory cells that are more reactive to subsequent
stimulation. The beneficial costimulatory environment
can be augmented or ensured through the use of
immunopotentiating agents and thus intralymphatic
administration, while advantageous, is not in all
embodiments required for initiation of the immune
response. [0058] While the poor pharmacokinetics of
free peptides has prevented their use in most routes
of administration, direct administration into
secondary lymphoid organs, particularly lymph nodes,
has proven effective when the level of antigen is
maintained more or less continuously by continuous
infusion or frequent injection (for example, daily).
Such intranodal administration for the generation of
CTL is taught in U.S. Patent Application Nos.
09/380,534; 09/776,232 (Pub. No. 20020007173A1), now
U.S. Patent No. 6,977,074; in PCT Application No.
PCTUS98/14289 (Pub. No. WO 99/02183 A2) each entitled
METHOD OF INDUCING A CTL RESPONSE and in U.S.
Application No. 10/871,707 (Pub. No. 2005-0079152 Al),
filed on June 17, 2004, entitled METHODS TO ELICIT,
ENHANCE AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS
IRESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES, each of which is hereby incorporated by
reference in its entirety. Intranodal administration
of peptide was effective in amplifying a response
initially induced with a plasmid DNA vaccine.
Moreover, the cytokine profile was distinct, with
plasmid DNA induction/peptide amplification generally
resulting in greater chemokine
(chemoattractantcytokine) and lesser immunosuppressive
cytokine production than either DNA/DNA or
peptide/peptide protocols. [0059] Thus, such DNA
induction/peptide amplification protocols can improve
the effectiveness of compositions, including
therapeutic vaccines for cancer and chronic
infections. Beneficial epitope selection principles
for such immunotherapeutics are disclosed in U.S.
Patent Application Nos. 09/560,465, 10/026,066 (Pub.
No. 20030215425 Al), 10/005,905, filed November 7,
2001, 10/895,523 (Pub. No. 2005-0130920 Al), filed
July 20, 2004, and 10/896,325 (Pub No. ), filed July
20, 2004, all entitled EPITOPE SYNCHRONIZATION IN
ANTIGEN PRESENTING CELLS; 09/561,074, now "U.S. Patent
No. 6,861,234, and 10/956,401 (Pub. No. 2005-0069982
Al), filed on October 1, 2004, both entitled METHOD OF
EPITOPE DISCOVERY; 09/561,571, filed April 28, 2000,
entitled EPITOPE CLUSTERS; 10/094,699 (Pub. No.
20030046714 Al), filed March 7, 2002, 11/073,347,
(Pub. No. ), filed June 30, 2005, each entitled
ANTI-NEOVASCULATURE PREPARATIONS FOR CANCER; and
10/117,937 (Pub. No. 20030220239 Al), filed April 4,
2002, 11/067,159 (Pub. No. 2005-0221440A1), filed
February 25, 2005, 10/067,064 (Pub. No. 2005-0142114
Al), filed February 25, 2005, and 10/657,022
(Publication No. 2004-0180354 Al), and PCT Application
No. PCT/US2003/027706 (Pub. No. WO 04/022709 A2), each
entitled EPITOPE SEQUENCES, and each of which is
hereby incorporated by reference in its entirety.
Aspects of the overall design of vaccine plasmids are
disclosed in U.S. Patent Application Nos. 09/561,572,
filed April 28, 2000, and 10/225,568 (Pub. No.
2003-0138808 Al), filed August 20, 2002, both entitled
EXPRESSION VECTORS ENCODING EPITOPES OF
TARGET-ASSOCIATED ANTIGENS and U.S. Patent Application
Nos. 10/292,413 (Pub. No.20030228634 Al), 10/777,053
(Pub. No. 2004-0132088 Al), filed on February 10,
2004, and 10/837,217 (Pub. No. ), filed on April 30,
2004, all entitled EXPRESSION VECTORS ENCODING
EPITOPES OF TARGET-ASSOCIATED ANTIGENS AND METHODS FOR
THEIR DESIGN; 10/225,568 (Pub No. 2003-0138808 Al),
PCT Application No. PCT/US2003/02623 1 (Pub. No. WO
2004/018666) and U.S. Patent No. 6,709,844 and U.S.
Patent Application No. 10/437,830 (Pub. No.
2003-0180949 Al), filed on May 13, 2003, each entitled
AVOIDANCE OF UNDESIRABLE REPLICATION INTERMEDIATES IN
PLASMID PROPAGATION, each of which is hereby
incorporated by reference in its entirety. Specific
antigenic combinations ofparticular benefit in
directing an immune response against particular
cancers are disclosed in provisional U.S. Provisional
Application No. 60/479,554, filed on June 17, 2003,
U.S. Patent Application No. 10/871,708 (Pub. No.
2005-0118186 Al), filed on June 17, 2004, PCT Patent
Application No. PCT/US2004/0 19571 (Pub. No. WO
2004/112825), U.S. Provisional Application No.
60/640,598, filed December 29, 2005, and U.S. Patent
Application No __/__, (Pub. No. ), (Attorney Docket
No. MANNK.049A), filed on the same date as this
application, all entitled COMBINATIONS OF
TUMOR-ASSOCIATED ANTIGENS IN VACCINES FOR VARIOUS
TYPES OF CANCERS, each of which is also hereby
incorporated by reference in its entirety. Specific
antigenic combinations of particular benefit in
directing an immune response against HJV are disclosed
in an article by Kiepiela et al., ("Dominant influence
of HLA-B in mediating the potential co-evolution of
HIV and HLA," Nature, vol. 432, pages 769-775
(December 9, 2004)), which is also hereby incorporated
by reference in its entirety. [0060] The use and
advantages of intralymphatic administration of BRMs
are disclosed in provisional U.S. Patent Application
No. 60/640,727, filed December 29, 2005 and U.S.
Patent Application No. / (Pub. No. ) (Attorney Docket
No. MANNK.046A), filed on the same date as this
application, both entitled Methods to trigger,
maintain and manipulate immune responses by targeted
administration of biological response modifiers into
lymphoid organs, each of which is incorporated herein
by reference in it entirety. Additional methodology,
compositions, peptides, and peptide analogues are
disclosed in U.S. Patent Application No. 09/999,186,
filed November 7, 2001, entitled METHODS OF
COMMERCIALIZING AN ANTIGEN; and U.S. Provisional U.S.
Patent Application No. 60/640,402, filed December 29,
2005 and Application No. _J _ (Pub. No. ) (Attorney
Docket No. MANNK.047A), filed on the same date as this
application, both entitled METHODS TO ELICIT, ENHANCE
AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS
I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES, each of which is hereby incorporated by
reference in its entirety. [0061] The integration of
diagnostic techniques to assess and monitor immune
responsiveness with methods of immunization is
discussed more fully in Provisional U.S. Patent
Application No. 60/580,964, filed June 17, 2004, and
11/155,928 (Pub. No. ), filed June 17, 2005, both
entitled IMPROVED EFFICACY OF ACTIVEIMMUNOTHERAPY BY
INTEGRATING DIAGNOSTIC WITH THERAPEUTIC METHODS, each
of which is hereby incorporated by reference in its
entirety. Additional methodology, compositions,
peptides, and peptide analogues are disclosed in U.S.
Provisional Patent Application No. 60/581,001, filed
on June 17, 2004 and U.S. Patent Application No.
11/156,253 (Pub. No. ), filed on June 17, 2005, both
entitled SSX-2 PEPTIDE ANALOGS; and U.S. Provisional
Patent Application No. 60/580,962, filed on June 17,
2004, and U.S. Patent Application No. 11/155,929 (Pub.
No. ), filed on June 17, 2005, both entitled NY-ESO
PEPTIDE ANALOGS; U.S. Patent Application No.
09/999,186, filed November 7, 2001, entitled METHODS
OF COMMERCIALIZING AN ANTIGEN; each of which is hereby
incorporated by reference in its entirety. Various
viruses, viral antigens, and viral antigen epitopes
that can be used in the embodiments described herein
are disclosed in U.S. Patent Application No.
20020007173A1 (now U.S. Patent No. 6,977,074). In some
aspects, one or more, including any combination of the
listed viruses, viral antigens, or viral epitopes can
be specifically included or excluded from the an
embodiment of a method. [0062] Other relevant
disclosures are present in U.S. Patent Application No.
11/156,369 (Pub. No. ), and U.S. Provisional Patent
Application No. 60/691,889, both filed on June 17,
2005, both entitled EPITOPE ANALOGS, and each of which
is incorporated herein by reference in its entirety.
Also relevant are, U.S. Provisional Patent App. Nos.
60/691,579, filed on June 17, 2005, entitled METHODS
AND COMPOSITIONS TO ELICIT MULTIVALENT IMMUNE
RESPONSES AGAINST DOMINANT AND SUBDOMINANT EPITOPES,
EXPRESSED ON CANCER CELLS AND TUMOR STROMA,
60/691,581, filed on June 17, 2005, entitled
MULTIVALENT ENTRAIN-AND-AMPLIFY IMMUNOTHERAPEUTICS FOR
CARCINOMA, and U.S. Patent Application No. 11/155,288
(Pub. No. ), filed June 17, 2005, entitled
COMBINATIONS OF TUMOR-ASSOCIATED ANTIGENS IN
DIAGNOSTICS FOR VARIOUS TYPES OF CANCERS, each of
which is incorporated herein by reference in its
entirety. [0063] Induction with an agent such as
non-replicating recombinant DNA (plasmid) can have,
and have shown, an impact on the subsequent doses,
enabling robust amplification of immunity to epitopes
expressed by the recombinant DNA and peptide, and
entraining its cytolytic nature hi fact, when single
or multiple administrations ofrecombinant DNA vector
or peptide separately achieved modest immune or no
responses, inducing with DNA and amplifying with
peptide achieved substantially higher responses, both
as a rate of responders and as a magnitude of
response. As shown in U.S. Patent Application Nos.
10/871,707, filed on June 17, 2004, entitled METHODS
TO ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES
AGAINST MHC CLASS IRESTRICTED EPITOPES, FOR
PROPHYLACTIC OR THERAPEUTIC PURPOSES, (Publication No.
2005-0079152-A1); 60/640,727, filed December 29, 2004,
entitled METHODS TO TRIGGER, MAINTAIN AND MANIPULATE
IMMUNE RESPONSES BY TARGETED ADMINISTRATION OF
BIOLOGICAL RESPONSE MODIFIERS INTO LYMPHOID ORGANS;
_/__, (Atty. Docket No. 047A) cited above; and
WO05002621 (each of which is incorporated herein by
reference in its entirety) the rate of response was at
least doubled and the magnitude of response (mean and
median) was at least tripled by using a recombinant
DNA induction / peptide -amplification protocol. Thus,
preferred protocols result in induction of immunity
(TcI immunity) that is able to deal with antigenic
cells in vivo, within lymphoid and non-lymphoid
organs. [0064] Such induce-and-amplify protocols
involving specific sequences of recombinant DNA
entrainment doses, followed by peptide boosts
administered to lymphoid organs, are thus useful for
the purpose of induction, amplification and
maintenance of strong T cell responses, for example
for prophylaxis or therapy of infectious diseases
Target diseases can include those caused by prions,
for example. Exemplary diseases, organisms and
antigens and epitopes associated with target
organisms, cells and diseases are described in U.S.
Application No. 09/776,232 (filed on February 2, 2001;
Pub. No. 20020007173 Al) entitled METHODS OF INDUCING
A CTL RESPONSE. Among the infectious diseases that can
be addressed are those caused by agents that tend to
establish chronic infections (HIV, herpes simplex
virus, CMV, Hepatitis B and C viruses, papilloma virus
and the like) and/or those that are connected with
acute infections (for example, influenza virus,
measles, RSV, Ebola virus). All these infectious
agents have defined or definable antigens that can be
used as basis for designing compositions such as
peptide epitopes. [0065] Practice of various of the
methodological embodiments can require use of at least
two different compositions and, especially when there
is more than a single target antigen, can involve
several compositions to be administered together
and/or at differenttimes. Thus, some embodiments can
relate to sets and subsets of immunogenic compositions
and individual doses thereof. Multivalency can be
achieved using compositions that include multivalent
immunogens, combinations of monovalent immunogens,
coordinated use of compositions that include a
monovalent immunogen or various combinations thereof.
Multiple compositions, manufactured for use in a
particular treatment regimen or protocol according to
such methods, can define an immunotherapeutic product.
In some embodiments all or a subset of the
compositions of the product can be packaged together
in a kit. hi some instances the inducing and
amplifying compositions targeting a single epitope, or
set of epitopes, can be packaged together. Li other
instances multiple inducing compositions can be
assembled in one kit and the corresponding amplifying
compositions assembled in another kit. Alternatively
compositions may be packaged and sold individually
along with instructions, in printed form or on
machinereadable media, describing how they can be used
in conjunction with each other to achieve the
beneficial results of the methods. Further variations
will be apparent to one of skill in the art. The use
of various packaging schemes comprising less than all
of the compositions that might be used in a particular
protocol or regimen facilitates the personalization of
the treatment, for example based on observed response
to the immunotherapeutic or its various components, as
described in Provisional U.S. Patent Application No.
60/580,964, and U.S. Patent Application No. 11/155,928
both entitled IMPROVED EFFICACY OF ACTIVE
IMMUNOTHERAPY BY INTEGRATING DIAGNOSTIC WITH
THERAPEUTIC METHODS, each of which is incorporated by
reference in its entirety. [0066] Embodiments are
directed to methods, uses, therapies and compositions
related to epitopes and compositions with specificity
for MHC, including, for example, those listed in
Tables 1-4. Other embodiments include one or more of
the MHCs listed in Tables 1-4, including combinations
of the same, while other embodiments specifically
exclude any one or more of the MHCs or combinations
thereof. Tables 3-4 include frequencies for the listed
HLA antigens.Table 1 Class I MHC Molecules Class I
Human 



HLA-Al HLA-A*0101 HLA-A*0201 HLA-A*0202 HLA-A*0203
HLA-A*0204 HLA-A*0205 HLA-A*0206 HLA-A*0207 HLA-A*0209
HLA-A*0214 HLA-A3 HLA-A*0301 HLA-A* 1101 HLA-A23
HLA-A24 HLA-A25 HLA-A*2902 HLA-A*3101 HLA-A*3302
HLA-A*6801 HLA-A*6901 HLA-B7 HLA-B*0702 HLA-B*0703
HLA-B*0704 HLA-B*0705 HLA-B8 HLA-B 13 HLA-B 14 HLA-B*
1501 (B62) HLA-B 17 HLA-B 18 HLA-B22 HLA-B27
HLA-B*2702 HLA-B*2704 HLA-B*2705 HLA-B*2709 HLA-B35
HLA-B*3501 HLA-B*3502 HLA-B*3701HLA-B*3801 HLA-B*39011
HLA-B*3902 HLA-B40 HLA-B*40012 (B60) HLA-B*4006 (B61)
HLA-B44 HLA-B*4402 HLA-B*4403 HLA-B*4501 HLA-B*4601
HLA-B51 HLA-B*5101 HLA-B* 5102 HLA-B*5103 HLA-B*5201
HLA-B*5301 HLA-B* 5401 HLA-B*5501 HLA-B*5502
HLA-B*5601 HLA-B*5801 HLA-B*6701 HLA-B*7301 HLA-B*7801
HLA-Cw*0102 HLA-Cw*0301 HLA-Cw*0304 HLA-Cw*0401
HLA-Cw*0601 HLA-Cw*0602 HLA-Cw*0702 HLA-Cw8 HLA-Cw*
1601 M HLA-G Murine H2-Kd H2-Dd H2-Ld H2-Kb H2-Db
H2-Kk H 2 _k 1an l Qa- l a Qa-2 H2-M3Rat RTl. Aa
RTl.A1 Bovine Bota-All Bota-A20 Chicken B-F4 B-F12
B-Fl 5 B-F19 Chimpanzee Patr-A*04 Patr-A*ll Patr-B*01
Patr-B*13 Patr-B*16 Baboon Papa-A*06 Macaque Mamu-A*01
Swine SLA (haplotype d/d) Virus homolog hCMV class I
homolog UL18Table 2 Class I MHC Molecules Class I
Human HLA-Al HLA-A*0101 HLA-A*0201 HLA-A*0202
HLA-A*0204 HLA-A*0205 HLA-A*0206 HLA-A*0207 HLA-A*0214
HLA-A3 HLA-A* 1101 HLA-A24 HLA-A*2902 HLA-A*3101
HLA-A*3302 HLA-A*6801 HLA-A*6901 HLA-B7 HLA-B*0702
HLA-B*0703 HLA-B*0704 HLA-B*0705 HLA-B8 HLA-B14 HLA-B*
1501 (B62) HLA-B27 HLA-B*2702 HLA-B*2705 HLA-B35
HLA-B*3501 HLA-B*3502 HLA-B*3701 HLA-B*3801 HLA-B*3901
1 HLA-B*3902 HLA-B40 HLA-B*40012 (B60) HLA-B*4006
(B61) HLA-B44 HLA-B*4402 HLA-B*4403 HLA-B*4601HLA-B51
HLA-B*5101 HLA-B*5102 HLA-B*5103 HLA-B*5201 HLA-B*5301
HLA-B*5401 HLA-B*5501 HLA-B*5502 HLA-B*5601 HLA-B*5801
HLA-B*6701 HLA-B*7301 HLA-B*7801 HLA-Cw*0102
HLA-Cw*0301 HLA-Cw*0304 HLA-Cw*0401 HLA-Cw*0601
HLA-Cw*0602 HLA-Cw*0702 HLA-G Murine H2-Kd H2-Dd H2-Ld
H2-Kb H2-Db H2-Kk H2-Kkml Qa-2 Rat RTl. Aa RTl. A1
Bovine Bota-All Bota-A20 Chicken B-F4 B-F12 B-Fl 5
B-Fl 9 Virus homolog hCMV class I homolog UL18Table 3
Estimated gene frequencies of HLA-A antigens aGene
frequency. Standard error.Table 4 Estimated gene
frequencies for HLA-B antigensaGene frequency.
bStandard error. cThe observed gene count was zero.
[0067] Some embodiments relate to methods, uses,
therapies, kits, products and compositions related to
generating immune responses against diseases, such as
viral diseases and other microbial diseases, including
without limitation the microbes and viruses listed in
Tables 5-7. Furthermore, some embodiments relate to or
can utilize antigens from various animals, as well as
B cell and class I T cell epitopes from the antigens.
Without being limited thereto, examples of some
antigens and epitopes are listed in Tables 5-7 and in
the other references cited herein which are
incorporated herein by reference in their entirety. It
should be understood that in some embodiments, one ore
more or combinations of the viruses, antigens, and
epitopes listed and referenced herein can be
specifically excluded, while in some embodiments one
or more or combinations thereof can be included. The B
cell epitopes and class I T cell epitopes that can be
used with the various embodiments are not limited to
those that are specifically listed, as additional
epitopes can be easily determined by the skilled
artisan using any suitable technique. As one example,
additional class I T cell epitopes can be identified
using a suitable method such as epitopes with binding
specificity for any MHC molecule. Any B cell epitope
for any microbe or antigen listed here can be easily
determined using any suitable technique by one of
skill in the art. For example, such epitopes can be
identified using homology modeling techniques and
using the Bcipep database alone or in combination with
predictive techniques. Also, The identification of B
cell epitopes which are able to elicit an antibody
response can be readily accomplished using techniques
well known in the art. See, e.g., Geysen et al. (1984)
Proc. Natl. Acad. Sci. USA 81:3998-4002 (general
method of rapidly synthesizing peptides to determine
the location of immunogenic epitopes in a given
antigen); U.S. Pat. No. 4,708,871 (procedures for
identifying and chemically synthesizing epitopes of
antigens); and Geysen et al. (1986) Molecular
Immunology 23:709-715 (technique for identifying
peptides with high affinity for a given antibody);
each of which is incorporated herein by reference in
its entirety.Table 5 Virus Protein AA T cell epitope
MHC Position MHC ligand molecule (Antigen) EBV EBNA-3
325-333 AYPLHEQHG HLA-B8 (SEQ ID NO: 12) EBV EBNA-3
158-166 YlKSFVSDA HLA-B8 (SEQ ID NO: 13) EBV LMP-2
236-244 RRRWRRLTV HLA-B*2704 (SEQ ID NO: 14) EBV
EBNA-6 258-266 RRIYDLIEL HLA-B*2705 (SEQ ID NO: 15)
EBV EBNA-3 458-466 YPLHEQHGM HLA-B*3501 (SEQ ID NO:
16) EBV EBNA-3 458-466 YPLHEQHGM HLA-B*3503 (SEQ ID
NO: 17) EBV LMP-2 426-434 CLGGLLTMV HLA-A*0201 (SEQ ID
NO: 18) EBV EBNA-I 480-484 NIAEGLRAL HLA-A*0201 (SEQ
ID NO: 19) EBV EBNA-I 519-527 NLRRGTALA HLA-A*0201
(SEQ ID NO:20) EBV EBNA-I 525-533 ALAIPQCRL HLA-A*0201
(SEQ ID NO:21) EBV EBNA-I 575-582 VLKDAIKDL HLA-A*0201
(SEQ ID NO:22) EBV EBNA-I 562-570 FMVFLQTHI HLA-A*0201
(SEQ ID NO:23) EBV EBNA-2 15-23 HLIVDTDSL HLA-A*0201
(SEQ ID NO:24) EBV EBNA-2 22-30 SLGNPSLSV HLA-A*0201
(SEQ ID NO:25) EBV EBNA-2 126-134 PLASAMRML HLA-A*0201
(SEQ ID NO:26) EBV EBNA-2 132-140 RMLWMANYl HLA-A*0201
(SEQ ID NO:27) EBV EBNA-2 133-141 MLWMANYIV HL.AA*
0201 (SEQ ID NO:28) EBV EBNA-2 151-159 ILPQGPQTA
HLA-A*0201 (SEQ ID NO:29) EBV EBNA-2 171-179 PLRPTAPTI
HLA-A*0201 (SEQ ID NO:30) EBV EBNA-2 205-213 PLPPATLTV
HLA-A*0201 (SEQ ID NO:31) EBV EBNA-2 246-254 RMHLPVLHV
HLA-A*0201(SEQ ID NO:32) EBV EBNA-2 287-295 PMPLPPSQL
HLA-A*0201 (SEQ ID NO:33) EBV EBNA-2 294-302 QLPPPAAPA
HLA-A*0201 (SEQ ID NO:34) EBV EBNA-2 381-389 SMPELSPVL
HLA-A*0201 (SEQ ID NO:35) EBV EBNA-2 453-461 DLDESWDYI
HLA-A*0201 (SEQ ID NO:36) EBV BZLFl 43-51 PLPCVLWPV
HLA-A*0201 (SEQ ID NO:37) EBV BZLFl 167-175 SLEECDSEL
HLA-A*0201 (SEQ ID NO:38) EBV BZLFl 176-184 EIKRYKNRV
HLA-A*0201 (SEQ ID NO:39) EBV BZLFl 195-203 QLLQHYREV
HLA-A*0201 (SEQ ID NO:40) EBV BZLFl 196-204 LLQHYREVA
HLA-A*0201 (SEQ ID NO:41) EBV BZLFI 217-225 LLKQMCPSL
HLA-A*0201 (SEQ ID NO:42) EBV BZLFl 229-237 SIIPRTPDV
HLA-A*0201 (SEQ ID NO:43) EBV EBNA-6 284-293
LLDFVRFMGV HLA-A*0201 (SEQ ID NO:44) EBV EBNA-3
464-472 SVRDRLARL HLA-A*0203 (SEQ ID NO:45) 



EBV EBNA-4 416-424 IVTDFSVIK HLA-A*1 10 1 (SEQ ID
NO:46) EBV EBNA-4 399-408 AVFDRKSDAK HLA-A*0201 (SEQ
ID NO:47) EBV EBNA-3 246-253 RYSIFFDY HLA-A24 (SEQ ID
NO:48) EBV EBNA-6 881-889 QPRAPIRPI HLA-B7 (SEQ ID
NO:49) EBV EBNA-3 379-387 RPPIFIRRI. HLA-B7 (SEQ ID
NO:50) EBV EBNA-I 426-434 EPDVPPGAI HLA-B7 (SEQ ID
NO:51) EBV EBNA-I 228-236 IPQCRLTPL HLA-B7 (SEQ ID
NO:52) EBV EBNA-I 546-554 GPGPQPGPL HLA-B7 (SEQ ID
NO:53) EBV EBNA-I 550-558 QPGPLRESI HLA-B7 (SEQ ID
NO:54) EBV EBNA-I 72-80 R.PQKRPSCI HLA-B7 (SEQ ID
NO:55) EBV EBNA-2 224-232 PPTPLLTVL HLA-B7(SEQ ID NO:
56) EBV EBNA-2 241-249 TPSPPRMHL HLA-B7 (SEQ ID NO:57)
EBV EBNA-2 244-252 PPRMHLPVL HLA-B7 (SEQ ID NO:58) EBV
EBNA-2 254-262 VPDQSMHPL HLA-B7 (SEQ ID NO:59) EBV
EBNA-2 446-454 PPSIDPADL HLA-B7 (SEQ ID NO:60) EBV
BZLFI 44-52 LPCVLWPVL HLA-B7 (SEQ ID NO:61) EBV BZLFl
222-231 CPSLDVDSII HLA-B7 (SEQ ID NO:62) EBV BZLFI
234-242 TPDVLHEDL HLA-B7 (SEQ ID NO:63) EBV EBNA-3
339-347 FLRGRAYGL HLA-B8 (SEQ ID NO:64) EBV EBNA-3
26-34 QAKWRLQTL HLA-B8 (SEQ ID NO:65) HCV NS3 389-397
HSKKKCDEL HLA-B8 (SEQ ID NO:66) HCV env E 44-51
ASRCWVAM HLA-B*3501 (SEQ ID NO:67) HCV core protein
27-35 GQIVGGVYL HLAB* 40012 (SEQ ID NO:68) HCV NSI
77-85 PPLTDFDQGW HLA-B*5301 (SEQ ID NO:69) HCV core
protein 18-27 LMGYIPLVGA H2-Dd (SEQ ID NO:70) HCV core
protein 16-25 ADLMGYIPLV H2-Dd (SEQ ID NO:71) HCV NS5
409-424 MSYSWTGALVT H2-Dd PCAEE (SEQ ID NO:72) HCV NSl
205-213 KHPDATYSR Papa-A06 (SEQ ID NO:73) HCV-I NSI
159-167 TRPPLGNWF Patr-B13 (SEQ ID NO:74) HCV-I NS3
351-359 VPHPNIEEV Patr-B13 (SEQ ID NO:75) HCV-I NS3
438-446 YTGDFDSVI Patr-B01 (SEQ ID NO:76) HCV-I NS4
328-335 SWAIKWEY Patr-Al 1 (SEQ ID NO:77) HCV-I NSI
205-213 KHPDATYSR Patr-A04 (SEQ ID NO:78) HCV-I NS3
440-448 GDFDSVIDC Patr-A04(SEQ ID NO:79) HCV-I NS3
400-409 KLVALGINAV HLA-A*0201 (SEQ ID NO:80) HCV-I NS3
440-448 GDFDSVIDC Patr-B16 (SEQ ID NO: 81) HCV-I envE
118-126 GNASRCWVA Patr-BI6 (SEQ ID NO:82) HIV nef
117-125 TQGYFPQWQ HLA-B*3701 (SEQ ID NO: 83) HIV
gagp24 143-151 HQAISPRTI, HLACw* 0301 (SEQ ID NO: 84)
HIV gagp24 140-151 QMVHQAISPRTL HLACw* 0301 (SEQ ID
NO:85) HIV gpl20 431-440 MYAPPIGGQI H2-Kd (SEQ ID
NO:86) HIV gpl60 318-327 RGPGRAFVTI H2-Dd (SEQ ID
NO:87) HIV gpl20 17-29 MPGRAFVTI H2-Ld (SEQ ID NO: 88)
HIV gp41 583-591 RYLKDQQLL HLA_A24 (SEQ ID NO:89) HIV
gagp24 267-275 IVGLNKIVR HLA-A*3302 (SEQ ID NO:90) HIV
gagp24 262-270 EIYKRWIIL HLA-B8 (SEQ ID NO:91) HIV
gagp24 261-269 GElYKRWIl HLA-B8 (SEQ ID NO: 92) HIV
gagpl7 93-101 EIKDTKEAL HLA-B8 (SEQ ID NO:93) HIV gp41
586-593 YLKDQQLL HLA-B8 (SEQ ID NO:94) HIV gagp24
267-277 ILGLNKIVRMY HLA-B* 1501 (SEQ ID NO:95) HIV
gp41 584-592 ERYLKDQQL HLA-B 14 (SEQ ID NO:96) HIV nef
115-125 YHTQGYFPQWQ HLA-B 17 (SEQ ID NO: 97) HIV nef
117-128 TQGYFPQWQNY HLA-B 17 Ti (SEQ ID NO:98) HIV
gpl20 314-322 GRAFVTlGK HLA-B*2705 (SEQ ID NO:99) HIV
gagp24 263-271 KRWIILGLN HLA-B*2702 (SEQ ID NO: 100)
HIV nef 72-82 QVPLRPMTYK HLA-B*3501(SEQ ID NO:101)
HIV-I gagp 17 24-31 GGKKKYKL HLA-B8 (SEQ ID NO: 102)
HIV-I gpl20 2-10 RVKEKYQHL HLA-B8 (SEQ ID NO: 103)
HIV-I gagp24 298-306 DRFYKTLRA HLA-B 14 (SEQ ID NO:
104) HIV-I NEF 132-147 GVRYPLTFGWC HLA-B18 YKLVP (SEQ
ID NO:105) HIV-I gagp24 265-24 KRWIILGLNK HLA-B*2705
(SEQ ID NO: 106) HIV-I nef 190-198 AFHHVAREL
HLA-B*5201 (SEQ ID NO: 107) HIV-I RT 476-484 ILKEPVHGV
HLA-A*0201 (SEQ ID NO: 108) HIV-I nef 190-198
AFHHVAREL HLA-A*0201 (SEQ ID NO: 109) HIV-I gpI60
120-128 KLTPLCVTL HLA-A*0201 (SEQ ID NO: 110) HIV-I Gp
160 814-823 SLLNATDIAV HLA-A*0201 (SEQ ID NO: 111)
HIV-I RT 179-187 VIYQYMDDL HLA-A*0201 (SEQ ID NO: 112)
HIV-I gagp 17 77-85 SLYNTVATL HLA-A*0201 (SEQ ID NO:
113) HIV-I gpl60 315-329 RGPGRAFVT1 HLA-A*0201 (SEQ ID
NO: 114) HIV-I gp41 768-778 RLRDLLLIVTR HLA-A3 (SEQ ID
NO: 115) HIV-I nef 73-82 QVPLRPMTYK HLA-A3 (SEQ ID NO:
116) HIV-I gpl20 36-45 TVYYGVPVWK HLA-A3 (SEQ ID NO:
117) fflV-1 gagp 17 20-29 RLRPGGKKK HLA-A3 (SEQ ID NO:
1 18) HIV-I gpl20 38-46 VYYGVPVWK HLA-A3 (SEQ ID NO:
119) HIV-I nef 74-82 VPLRPMTYK HLA-a*1 101 (SEQ ID NO:
120) HIV-I gagp24 325-333 AIFQSSMTK HLA-A*1101 (SEQ ID
NO:121) HIV-I nef 73-82 QVPLRPMTYK HLA-A*1101 (SEQ ID
NO: 122) HIV-I nef 83-94 AAVDLSHFLKEK HLA-A* 1101 (SEQ
ID NO: 123) HIV-I gagp24 349-359 ACQGVGGPGGH
HLA-A*1101 K(SEQ ID NO:124) HIV-I gagp24 203-212
ETINEEAAEW HLA-A25 (SEQ ID NO: 125) HIV-I nef 128-137
TPGPGVRYPL HLA-B7 (SEQ ID NO: 126) Mv HA 343-351
DPVIDRLYL H2-Ld (SEQ ID NO: 127) MV HA 544-552
SPGRSFSYF H2-Ld (SEQ ID NO: 128) Pseudorabies Gill
455-463 IAGIGILAI HLA-A*0201 virus gp (SEQ ID NO: 129)
Rabiesvirus NS 197-205 VEAEIAHQI H2-Kk (SEQ ID NO:
130) RSV M2 82-90 SYIGSINNI H2-Kd (SEQ ID NO: 131) SIV
gagpllC 179-190 EGCTPYDTNQM Mamu-A*01 (SEQ ID NO: 132)
EBV EBNA-6 335-343 KEHVIQNAF HLA-B44 (SEQ ID NO: 133)
EBV EBNA-6 130-139 EENLLDFVRF HLA-B*4403 (SEQ ID NO:
134) EBV EBNA-2 42-51 DTPLIPLTIF HLA-B51 (SEQ ID NO:
135) EBV EBNA-6 213-222 QNGALAINTF HLA-1362 (SEQ ID
NO:136) EBV EBNA-3 603-611 RLRAEAGVK HLA-A3 (SEQ ID
NO: 137) HBV sAg 348-357 GLSPTVWLSV HLA-A*0201 (SEQ ID
NO: 138) HBV SAg 335-343 WLSLLVPFV HLA-A*0201 (SEQ ID
NO:139) HBV cAg 18-27 FLPSDFFPSV HLA-A*0201 (SEQ ID
NO: 140) HBV cAg 18-27 FLPSDFFPSV HLA-A*0202 (SEQ ID
NO: 141) HBV cAg 18-27 FLPSDFFPSV HLA-A*0205 (SEQ ID
NO: 142) HBV cAg 18-27 FLPSDFFPSV HLA-A*0206 (SEQ ID
NO: 143) HBV pol 575-583 FLLSLGIHL HLA-A*0201 (SEQ ID
NO: 144) HBV pol 816-824 SLYADSPSV HLA-A*0201 (SEQ ID
NO:145) HBV pol 455-463 GLSRYVARL HLA-A*0201 (SEQ ID
NO: 146) HBV env 338-347 LLVPFVQWFV HLA-A*0201(SEQ ID
NO: 147) HBV pol 642-650 ALMPLYACI HLA-A*0201 (SEQ ID
NO: 148) HBV env 378-387 LLPIFFCLWV HLA-A*0201 (SEQ ID
NO: 149) HBV pol 538-546 YMDDVVLGA HLA-A*0201 (SEQ ID
NO: 150) HBV env 250-258 LLLCLIFLL HLA-A*0201 (SEQ ID
NO: 151) HBV env 260-269 LLDYQGMLPV HLA-A*0201 (SEQ ID
NO: 152) HBV env 370-379 SIVSPFIPLL HLA-A*0201 (SEQ ID
NO: 153) HBV env 183-191 FLLTRILTI HLA-A*0201 (SEQ ID
NO: 154) HBV cAg 88-96 YVNVNMGLK HLA-A* 1101 (SEQ ID
NO: 155) HBV cAg 141-151 STLPETTVVRR HLA-A*3101 (SEQ
ID NO: 156) HBV cAg 141-151 STLPETTVVRR HLA-A*6801
(SEQ ID NO: 157) HBV cAg 18-27 FLPSDFFPSV HLA-A*6801
(SEQ ID NO:158) HBV sAg 28-39 IPQSLDSWWTSL H2-Ld (SEQ
ID NO: 159) HBV cAg 93-100 MGLKFRQL H2-Kb (SEQ ID NO:
160) HBV preS 141-149 STBXQSGXQ HLA-A*0201 (SEQ ID NO:
161) HCMV gp B 618-628 FIAGNSAYEYV HLA-A*0201 (SEQ ID
NO: 162) HCMV El 978-989 SDEEFAIVAYTL HLA-B 18 (SEQ ID
NO: 163) HCMV pp65 397-41 1 DDVWTSGSDSD HLA-b35 EELV
(SEQ ID NO: 164) HCMV pp65 123-131 IPSINVHHY
HLA-B*3501 (SEQ ID NO: 165) HCMV pp65 495-504
NLVPMVATVO HLA-A*0201 (SEQ ID NO: 166) HCMV pp65
415-429 RKTPRVTOGGA HLA-B7 MAGA (SEQ ID NO: 167) HCV
MP 17-25 DLMGYIPLV HLA-A*0201 (SEQ ID NO: 168) HCV MP
63-72 LLALLSCLTV HLA-A*0201 (SEQ ID NO: 169)HCV MP
105-112 ILHTPGCV HLA-A*0201 (SEQ ID NO: 170) HCV env E
66-75 QLRRHIDLLV HLA-A*0201 (SEQ ID NO: 171) HCV env E
88-96 DLCGSVFLV HLA-A*0201 (SEQ ID NO: 172) HCV env E
172-180 SMVGNWAKV HLA-A*0201 (SEQ ID NO: 173) HCV NSI
308-316 HLIIQNIVDV HLA-A*0201 (SEQ ID NO: 174) HCV NSI
340-348 FLLLADARV HLA-A*0201 (SEQ ID NO:175) HCV NS2
234-246 GLRDLAVAVEP HLA-A*0201 VV (SEQ ID NO:176) HCV
NSI 18-28 SLLAPGAKQNV HLA-A*0201 (SEQ ID NO: 177) HCV
NSI 19-28 LLAPGAKQNV HLA-A*0201 (SEQ ID NO:178) HCV
NS4 192-201 LLFNILGGWV HLA-A*0201 (SEQ ID NO: 179) HCV
NS3 579-587 YLVAYQATV HLA-A*0201 (SEQ ID NO: 180) HCV
core protein 34-43 YLLPRRGPRL HLA-A*0201 (SEQ ID NO:
181) HCV MP 63-72 LLALLSCLTI HLA-A*0201 (SEQ ID NO:
182) HCV NS4 174-182 SLMAFTAAV HLA-A*0201 (SEQ ID NO:
183) HCV NS3 67-75 CINGVCWTV HLA-A*0201 (SEQ ID NO:
184) HCV NS3 163-171 LLCPAGHAV HLA-A*0201 (SEQ ID NO:
185) HCV NS5 239-247 ILDSFDPLV HLA-A*0201 (SEQ ID NO:
186) HCV NS4A 236-244 ILAGYGAGV HLA-A*0201 (SEQ ID NO:
187) HCV NS5 714-722 GLQDCTMLV HLA-A*0201 (SEQ ID NO:
188) HCV NS3 281-290 TGAPVTYSTY HLA-A*0201 (SEQ ID NO:
189) HCV NS4A 149-157 HMWNFISGI HLA-A*0201 (SEQ ID NO:
190) HCV NS5 575-583 RVCEKMALY HLAA* 0201-A3 (SEQ ID
NO: 191) HCV NSl 238-246 TINYTIFK HLA-A* 1101 



(SEQ ID NO: 192)HCV NS2 109-116 YISWCLWW HLA-A23 (SEQ
ID NO: 193) HCV core protein 40-48 GPRLGVRAT HLA-B7
(SEQ ID NO: 194) HIV-I gpl20 380-388 SFNCGGEFF HLACw*
0401 (SEQ ID NO: 195) HIV-I RT 206-214 TEMEKEGKI H2-Kk
(SEQ ID NO: 196) HIV-I pl7 18-26 KIRLRPGGK HLA-A*0301
(SEQ ID NO: 197) HIV-I P17 20-29 RLRPGGKKKY HLA-A*0301
(SEQ ID NO: 198) HIV- I RT 325-333 AIFQSSMTK
HLA-A*0301 (SEQ ID NO: 199) HIV-I pl7 84-92 TLYCVHQRI
HLA-AIl (SEQ ID NO:200) HIV-I RT 508-517 IYQEPFKNLK
HLA-AIl (SEQ ID NO:201) HIV-I pl7 28-36 KYKLKHIVW
HLA-A24 (SEQ ID NO:202) HIV-I gpl20 53-62 LFCASDAKAY
HLA-A24 (SEQ ID NO:203) HIV-I gagp24 145-155
QAISPRTLNAW HLA-A25 (SEQ ID NO:204) HIV-I gagp24
167-175 EVIPMFSAL HLA-A26 (SEQ ID NO:205) HIV-I RT
593-603 ETFYVDGAANR HLA-A26 (SEQ ID NO:206) HIV-I gp41
775-785 RLRDLLLIVTR HLA-A31 (SEQ ID NO:207) HIV-I RT
559-568 PIQKETWETW HLA-A32 (SEQ ID NO:208) HIV-I gpl20
419-427 RIKQIINMW HLA-A32 (SEQ ID NO:209) HIV-I RT
71-79 ITLWQRPLV HLA-A*6802 (SEQ ID NO:2 10) HIV-I RT
85-93 DTVLEEMNL HLA-A*6802 (SEQ ID NO:211) HIV-I RT
71-79 ITLWQRPLV HLA-A*7401 (SEQ ID NO:212) HIV-I gag
p24 148-156 SPRTLNAWV HLA-B7 (SEQ ID NO:213) HIV-I
gagp24 179-187 ATPQDLNTM HLA-B7 (SEQ ID NO:214) HIV-I
gpl20 303-312 RPNNNTRKSI HLA-B7 (SEQ ID NO:2 15) HIV-I
gp41 843-851 IPRRIRQGL HLA-B7(SEQ ID NO:2 16) HIV-I
pl7 74-82 ELRSLYNTV HLA-B8 (SEQ ID NO:217) HIV-I nef
13-20 WPTVRERM HLA-B8 (SEQ ID NO:218) HIV-I nef 90-97
FLKEKGGL HLA-B8 (SEQ ID NO:219) HIV-I gag p24 183-191
DLNTMLNTV HLA-B 14 (SEQ ID NO:220) HIV-I P17 18-27
KIRLRPGGKK HLA-B27 (SEQ ID NO:221) HIV-I pl7 19-27
IRLRPGGKK HLA-B27 (SEQ ID NO:222) HIV-I gp41 791-799
GRRGWEALKY HLA-B27 (SEQ ID NO:223) HIV-I nef 73-82
QVPLRPMTYK HLA-B27 (SEQ ID NO:224) HIV-I GP41 590-597
RYLKDQQL HLA-B27 (SEQ ID NO:225) HIV-I nef 105-114
RRQDILDLWI HLA-B*2705 (SEQ ID NO:226) HIV-I nef
134-141 RYPLTFGW HLA-B*2705 (SEQ ID NO:227) HIV-I pl7
36-44 WASRELERF HLA-B35 (SEQ ID NO:228) HIV-I GAG P24
262-270 TVLDVGDAY HLA-B35 (SEQ ID NO:229) HIV-I gpl20
42-52 VPVWKEATTTL HLA-B35 (SEQ ID NO:230) HIV-I P17
36-44 NSSKVSQNY HLA-B35 (SEQ ID NO:231) HIV-I gag p24
254-262 PPIPVGDIY HLA-B35 (SEQ IDNO:232) HIV-I RT
342-350 HPDIVIYQY HLA-B35 (SEQ ID NO:233) HIV-I gp41
611-619 TAVPWNASW HLA-B35 (SEQ ID NO:234) HIV-I gag
245-253 NPVPVGNlY HLA-B35 (SEQ ID NO:235) HIV-I nef
120-128 YFPDWQNYT HLA-B37 (SEQ ID NO:236) HIV-I gag
p24 193-201 GHQAAMQML HLA-B42 (SEQ ID NO:237) HIV-I
pl7 20-29 RLRPGGKKKY HLA-B42 (SEQ ID NO:238) HIV-I RT
438-446 YPGIKVRQL HLA-B42 (SEQ ID NO:239) HIV-I RT
591-600 GAETFYVDGA HLA-B45(SEQ ID NO:240) HIV-I gag
p24 325-333 NANPDCKTI HLA-B51 (SEQ ID NO:241) HIV-I
gag p24 275-282 RMYSPTSI HLA-B52 (SEQ ID NO:242) HIV-I
gpl20 42-51 VPVWKEATTT HLA-B*5501 (SEQ ID NO:243)
HIV-I gag p24 147-155 ISPRTLNAW HLA-B57 (SEQ ID
NO:244) HIV-I gag p24 240-249 TSTLQEQIGW HLA-B57 (SEQ
ID NO:245) HIV-I gag p24 162-172 KAFSPEVIPMF HLA-B57
(SEQ ID NO:246) HIV-I gag p24 311-319 QASQEVKNW
HLA-B57 (SEQ ID NO:247) HIV-I gag p24 311-319
QASQDVKNW HLA-B57 (SEQ ID NO:248) HTV-1 nef 116-125
HTQGYFPDWQ HLA-B57 (SEQ ID NO:249) HIV- 1 nef 120-128
YFPDWQNYT HLA-B57 (SEQ ID NO:250) HIV-I gag p24
240-249 TSTLQEQIGW HLA-B58 (SEQ ID NO:251) HIV-I pl7
20-29 RLRPGGKKKY HLA-B62 (SEQ ID NO:252) HIV-I p24
268-277 LGLNKJVRMY HLA-B62 (SEQ ID NO:253) HIV-I RT
415-426 LVGKLNWASQI HLA-B62 vI (SEQ ID NO:254) HIV-I
RT 476-485 ILKEPVHGVY HLA-B62 (SEQ ID NO:255) HIV-I
nef 117-127 TQGYFPDWQNY HLA-B62 (SEQ ID NO:256) HIV-I
nef 84-91 AVDLSHFL HLA-B62 (SEQ ID NO:257) HIV-I gag
p24 168-175 VIPMFSAL HLACw* 0102 (SEQ ID NO:258) HIV-I
gpl20 376-384 FNCGGEFFY HLA-A29 (SEQ ID NO:259) HIV-I
gpl20 375-383 SFNCGGEFF HLA-B 15 (SEQ ID NO:260) HIV-I
nef 136-145 PLTFGWCYKL HLA-A*0201 (SEQ ID NO:261)
HIV-I nef 180-189 VLEWRFDSRL HLA-A*0201 (SEQ ID
NO:262) HIV-I nef 68-77 FPVTPQVPLR HLA-B7(SEQ ID
NO:263) HIV-I nef 128-137 TPGPGVRYPL HLA-B7 (SEQ ID
NO:264) HIV-I gag r24 308-316 QASQEVKNW HLAHIV- I IIIB
RT 273-282 (SEQ ID NO:266) HIV-I IIIB RT 25-33
NPDGVGYQY HLA-B35 (SEQ ID NO:267) HIV-I IIIB gp41
557-565 RAIEAQAHL HLA-B51 (SEQ ID NO:268) HIV-I IIIB
RT 231-238 TAFTPSI HLA-B51 (SEQ ID NO:269) HIV- 1IIIB
p24 215-223 VHPVHAGPIA HLA-B*5501 (SEQ ID NO:270)
HIV-I IIIB gpl20 156-165 NCSFNISTSI HLA-Cw8 (SEQ ID
NO:271) HIV- 1IIIB gpl20 241-249 CTNVSTVQC HLA-Cw8
(SEQ ID NO:272) HIV-I 5F2 gpl20 312-320 IGPGRAFHT
H2-Dd (SEQ ID NO:273) HIV-I 5F2 pol 25-33 NPDIVIYQY
HLA-B*3501 (SEQ ID NO:274) HIV-15F2 pol 432-441
EPGVGAETFY HLA-B*3501 (SEQ ID NO:275) HIV-I 5F2 pol
432-440 EPIVGAETF HLA-B*3501 (SEQ ID NO:276) HIV-I 5F2
pol 6-14 SPAIFQSSM HLA-B*3501 (SEQ ID NO:277) HIV-I
5F2 pol 59-68 VPLDKDFRKY HLA-B*3501 (SEQ ID NO:278)
HIV-I 5F2 pol 6-14 PLTEEAEL HLA-B*3501 (SEQ ID NO:279)
HIV-I 5F2 nef 69-79 RPQVPLRPMTY HLA-B*3501 (SEQ ID
NO:280) HIV-I 5F2 nef 66-74 FPVRPQVPL HLA-B*3501 (SEQ
ID NO:281) HIV-I 5F2 env 10-18 DPNPQEVVL HLA-B*3501
(SEQ ID NO:282) HIV-I 5F2 env 7-15 RPIVSTQLL
HLA-B*3501 (SEQ ID NO:283) HIV-I 5F2 pol 6-14 PLTEEAEL
HLA-B51 (SEQ ID NO:284) HIV-I 5F2 env 10-18 DPNPQEVVL
HLA-B51 (SEQ ID NO:285) HIV-I 5F2 gagp24 199-207
AMQMLKETI H2-Kd (SEQ ID NO:286)HGV-2 gagr24 182-190
TPYDrNQML HLA-B*5301 (SEQ ID NO:287) mv-2 gag 260-269
RRWIQLGLQKV HLA-B*2703 (SEQ ID NO:288) HIV-I 5F2 gp41
593-607 GIWGCSGKLICT HLA-B 17 TAV (SEQ ID NO:289)
HIV-I 5F2 gp41 753-767 ALIWEDLRSLCL HLA-B22 FSY (SEQ
ID NO.290) HPV 6b E7 21-30 GLHCYEQLV HLA-A*0201 (SEQ
ID NO:291) HPV 6b E7 47-55 PLKQHFQIV HLA-A*0201 (SEQ
ID NO:292) HPVIl E7 4-12 RLVTLKDIV HLA-A*0201 (SEQ ID
NO:293) HPV 16 E7 86-94 TLGIVCPIC HLA-A*0201 (SEQ ID
NO:294) HPV16 E7 85-93 GTLGIVCPI HLA-A*0201 (SEQ ID
NO:295) HPVl 6 E7 12-20 MLDLQPETT HLA-A*0201 (SEQ ID
NO:296) HPV16 E7 11-20 YMLDLQPETT HLA-A*0201 (SEQ ID
NO:297) HPV16 E6 15-22 RPRKLPQL HLA-B7 (SEQ ID NO:298)
HPVl 6 E6 49-57 RAHYNGVTF HW-Db (SEQ ID NO:299) HSV gp
B 498-505 SSIEFARL H2-Kb (SEQ ID NO:300) HSV-I gp c
480-488 GIGIGVLAA HLA-A*0201 (SEQ ID NO:301) HSV-I
ICP27 448-456 DYATLGVGV H2-Kd (SEQ ID NO:302) HSV-I
ICP27 322-332 LYRTFAGNPRA H2-Kd (SEQ ID NO:303) HSV-I
UL39 822-829 QTFDFGRL H2-Kb (SEQ ID NO:304) HSV-2 gpc
446-454 GAGIGVAVL HLA-A*020,l (SEQ ID NO:305) HLTV-I
TAX 11-19 LLFGYPVYV HLA-A*0201 (SEQ ID NO:306)
Influenza MP 58-66 GILGFVFTL HLA-A*0201 (SEQ IDNO:307)
Influenza MP 59-68 ILGFVFTLTV HLA-A*0201 (SEQ ID
NO:308) Influenza NP 265-273 ILRGSVAHK HLA-A3 (SEQ ID
NO:309)Influenza NP 91-99 KTGGPIYKR HLA-A*6801 (SEQ ID
NO:310) Influenza NP 380-388 ELRSRYWAI HLA-B8 (SEQ ID
NO:311) Influenza NP 381-388 LRSRYWAI HLA-B*2702 (SEQ
ID NO:312) Influenza NP 339-347 EDLRVLSFI HLA-B*3701
(SEQ ID NO:313) Influenza NSI 158-166 GEISPLPSL
HLA-B44 (SEQ ID NO:314) Influenza NP 338-346 FEDLRVLSF
HLA-B44 (SEQ ID NO:315) Influenza NSI 158-166
GEISPLPSL HLA-B*4402 (SEQ ID NO:316) Influenza NP
338-346 FEDLRVLSF HLA-B*4402 (SEQ ID NO:317) Influenza
PBI 591-599 VSDGGPKLY HLA-Al (SEQ ID NO:318) Influenza
A NP 44-52 CTELKLSDY HLA-Al (SEQ ID NO:319) Influenza
NSI 122-130 AIMDKNIIL HLA~A*0201 (SEQ ID NO:320)
Influenza A NSI 123-132 IMDKNIILKA HLA-A*0201 (SEQ ID
NO:321) Influenza A NP 383-391 SRYWAIRTR HLA-B*2705
(SEQ ID NO:322) Influenza A NP 147-155 TYQRTRALV H2-Kd
(SEQ ID NO:323) Influenza A HA 210-219 TYVSVSTSTL
H2-Kd (SEQ ID NO:324) Influenza A HA 518-526 IYSTVASSL
H2-Kd (SEQ ID NO:325) Influenza A HA 259-266 FEANGNLI
H2-Kk (SEQ ID NO:326) Influenza A HA 10-18 IEGGWTGMl
H2-Kk (SEQ ID NO:327) Influenza A NP 50-57 SDYEGRLI
H2-Kk (SEQ ID NO:328) Influenza a NSI 152-160
EEGAGVGEI H2-Kk (SEQ ID NO:329) Influenza A34 NP
336-374 ASNENMETM H2Db (SEQ ID NO:330) Influenza A68
NP 366-374 ASNENMDAM H2Db (SEQ ID NO:331) Influenza B
NP 85-94 KLGEFYNQMM HLA-A*0201 (SEQ ID NO:332)
Influenza B NP 85-94 KAGEFYNQMM HLA-A*0201 (SEQ ID
NO:333)Influenza JAP HA 204-212 LYQNVGTYV H2Kd (SEQ ID
NO:334) Influenza JAP HA 210-219 TYVSVGTSTL H2-Kd (SEQ
ID NO:335) Influenza JAP HA 523-531 VYQJLATYA H2-Kd
(SEQ ID NO:336) Influenza JAP HA 529-537 IYATVAGSL
H2-Kd (SEQ ID NO:337) Influenza JAP HA 210-219
TYVSVGTSTI(L>I H2-Kd ) (SEQ ID NO:338) Influenza JAP
HA 255-262 FESTGNLI H2-Kk (SEQ ID NO:339) JHMV cAg
318-326 APTAGAFFF H2-Ld (SEQ ID NO:340) LCMV NP
118-126 RPQASGVYM H2-Ld (SEQ ID NO:341) LCMV NP
396-404 FQPQNGQFI H2-Db (SEQ ID NO:342) LCMV GP
276-286 SGVENPGGYCL H2-Db (SEQ ID NO:343) 



LCMV GP 33-42 KAVYNFATCG H2-Db (SEQ ID NO:344) MCMV
pp89 168-176 YPHFMPTNL H2-Ld (SEQ ID NO:345) MHV spike
510-518 CLSWNGPHL H2-Db protein (SEQ ID NO:346) MV F
protein 437-447 SRRYPDAVYLH HLA-B*2705 (SEQ ID NO:347)
Mv F protein 438-446 RRYPDAVYL HLA-B*2705 (SEQ ID
NO:348) Mv NP 281-289 YPALGLHEF H2-Ld (SEQ ID NO:349)
Table 6 HLA Class I MotifsMETHODS TO BYPASS CD4+ CELLS
IN THE INDUCTION OF AN IMMUNE RESPONSE Cross Reference
to Related Applications [0001] This application claims
priority under 35 U.S.C.  119(e) to U.S. Provisional
Application No. 60/640,821, filed on December 29,
2004, entitled METHODS TO BYPASS CD4+ CELLS IN THE
INDUCTION OF AN IMMUNE RESPONSE; the disclosure of
which is incorporated herein by reference in its
entirety. Background of the Invention Field of the
Invention [0002] Embodiments of the invention
disclosed herein relate to methods and compositions
for bypassing the involvement of CD4+ cells when
generating antibody and MHC class I-restricted immune
responses, controlling the nature and magnitude of the
response, and promoting effective immunologic
intervention in viral pathogenesis. More specifically,
embodiments relate to immunogenic compositions for
vaccination particularly therapeutic vaccination,
against HIV and other microbial pathogens that impact
functioning of the immune system, their nature, and
the order, timing, and route of administration by
which they are effectively used. Description of the
Related Art The Major Histocompatibility Complex and T
Cell Target Recognition [0003] T lymphocytes (T cells)
are antigen-specific immune cells that function in
response to specific antigen signals. B lymphocytes
and the antibodies they produce are also
antigen-specific entities. However, unlike B
lymphocytes, T cells do not respond to antigens in a
free or soluble fopn . For a T cell to respond to an
antigen, it requires the antigen to be bound to a
presenting molecule known as a major
histocompatibility complex (MHC)
antigen/protein/marker. [0004] MHC proteins provide
the means by which T cells distinguish healthy "self
cells from foreign or infected (non-self) cells. MHC
molecules are a category of immune receptors that
present potential peptide epitopes to be monitored
subsequently by the T cells. There are two types of
MHC, class I MHC and class II MHC. CD4+ T cells
interact with class II MHC proteins and predominately
have a helper phenotype while CD8+ T cellsinteract
with class I MHC proteins and predominately have a
cytolytic phenotype, but each of them can also exhibit
regulatory, particularly suppressive, function. Both
classes of MHC protein are transmembrane proteins with
a majority of their structure on the external surface
of the cell. Additionally, both classes of MHC have a
peptide binding cleft on their external portions. It
is in this cleft that small fragments of proteins,
native or foreign, are bound and presented to the
extracellular environment. [0005] The antigen receptor
of T cells, or T cell receptor (TCR), recognizes the
complex formed by peptide and MHC marker by binding to
it. The MHC is highly polymorphic with the result that
the specificity exhibited by a TCR is dependent on
both the peptide and the MHC marker in the recognized
complex. This requirement is called MHC restriction. T
cell immune responses are induced when T cells
recognize peptide-MHC marker complexes displayed by
cells called professional antigen presenting cells
(pAPCs). Effector functions, such as cytolytic
activity or cytokine secretion, are actuated when T
cells subsequently recognize peptide-MHC marker
complexes on other cells of the body. HIV [0006] Human
Immunodeficiency Virus (HIV) is a member of the
Lentivirus genus of the Retroviridae family. This
family of viruses is known for latency, persistent
viremia, infection of the nervous system, and weak
host immune responses. HIV has high affinity for CD4+
T lymphocytes and monocytes. HIV binds to CD4+ T-cells
at the cell surface and becomes internalized. The
virus replicates by generating a DNA copy by reverse
transcriptase. Viral DNA becomes incorporated into the
host DNA, enabling further replication. HIV is the
causative agent of acquired immune deficiency
syndrome, AIDS. [0007] Despite more than 20 years of
HIV related research, infection with HIV remains a
major public health concern. Globally, more than 42
million people are infected, including about 5 million
newly infected in the year 2003 (Garber, D. et al.,
The Lancet Infectious Diseases 4:397-413, 2004). The
most common clinical manifestations of HIV are due to
progressive immunodeficiency caused by a selective
loss of CD4+ lymphocytes (Buckland, M.S. & Pinching,
AJ. Intern. J of STD &AISA 15:574-583, 2004). Both
CD4+ and CD8+ T-cells are important in the control of
viral, including HIV, replication. Activated CD4+
T-helper cells produce cytokines and interact with
cell-surface receptors that prompt B cells to produce
antibodies, and they interact indirectly (via antigen
presenting cells) ordirectly with CD8+ T lymphocytes
to induce differentiation into cytotoxic cells. HIV
grows far better in activated cells than in cells at
rest (Roberts, J.P. The Scientist 18:26-27, 2004).
Consequently, the very cells central in orchestrating
the fight against viral pathogens, CD4+ T-cells, may
then be lost by apoptosis, cytolysis, or cell mediated
cytotoxicity. The result is an ineffective immune
response due to the prompt deletion of activated T
cells, with expected repercussions on induction,
expansion and differentiation of CD8+ T cells and B
cells recognizing viral antigens. Initially, the rate
of production of CD4 T cells is greater than
peripheral destruction, and so antibody production and
generation of an expanded repertoire of CD8 T-cells to
kill virally infected targets proceeds correctly. Over
time, the rapid mutation rate of HIV, poor immunogenic
characteristics of HIV proteins, and the scale of HIV
replication overwhelm the host immune system. Since
CD4+ T cells are required to support the pool of
HIV-specific CD8 T-cells, the loss of HlV-specific CD4
cells leads to a loss of HIV-specific CD8+ T-cells.
Immune containment of HIV infection fails and clinical
progression to AIDS ensues. [0008] Most infected
patients do not exhibit overt clinical manifestations
of the disease for six to ten years following initial
infection. However a small group remain longterm
non-progressors (LTNP), and remain free of disease for
ten or more years. They exhibit lower viral loads and
stable CD4+ cell counts which have in part been
attributed to cell-mediated immunity. The nature of
viral suppression in this group has been the focus of
much research. There has been a great deal of effort
made to understand the characteristics of LTNP and the
mechanism by which the disease-free state is achieved,
so that better therapeutics and prophylactics may be
designed. Therapeutics [0009] Morbidity and mortality
associated with HIV infection have been dramatically
reduced with the advent of antiretroviral therapy
targeting two key enzymes: reverse transcriptase and
protease. However, beneficial effects can be variable,
prolonged treatment induces considerable toxicity, and
effectiveness is undermined by the emergence of
drug-resistant mutations. Also, the high cost of
antiretroviral therapies limits access and
availability in developing countries. Thus,
alternative, less costly strategies capable of
effecting sustained viral suppression are desperately
needed.[0010] Therapeutic immunization as a treatment
for HIV infection may prove to be such an alternative.
However, several critical aspects of HIV infection
present novel challenges to the development of an
effective vaccine. These properties include viral
particles that are difficult to neutralize with
antibodies; selective infection, destruction, and
impaired regeneration of CD4 T-helper cells; rapid
virus evolution providing escape from cellular and
humoral immune responses; and high viral genetic
diversity, distribution, and prevalence (Garber, D. et
al., The Lancet Infectious Diseases 4:397-413, 2004).
Also, it has been recently suggested that a
vaccine-primed immune system might be more susceptible
to infection. Boosting the HIV specific helper cells,
an outcome of vaccination, may be giving the virus
more targets to infect. Since more conventional
vaccination strategies depend on co-induction of T
helper (Th) cells, it is expected that their efficacy
is low or the overall effect detrimental in a setting
where Th cell function is impaired by HIV (Roberts,
J.P. The Scientist 18:26-27, 2004). [0011] The immune
system may effectively eliminate virus-infected cells
during the clinical course of HIV-I infection using
virus-specific major histocompatibility complex (MHC)
class-I restricted CTL activity (Koup, et al.J Exp
Med. 180(3):779-82, 1994; Koup et al. "Nature,
370(6489):416, 1994; and Koup et al., J Virol.
68(7):4650-5, 1994). There is evidence that suggests
HIV-I -specific CTL activity is important for
controlling viral spread during the clinical course of
HIV-I infection (Klein, 1995; Koup, 1994), for
maintaining low levels of viral load during the
asymptomatic phase (Musey, 1997; Rinaldo, 1995; Koup,
1994; Walker, 1987), and possibly for complete
elimination of virus-infected cells, as implied from
the observation of HlV-exposed, but virus-negative,
children and women (Rowland-Jones, 1995;
Rowland-Jones, 1993). Furthermore, observations from
cross-sectional studies have shown the absence, or
severely decreased levels, of HIV-I -specific CTL
responses during advanced stages of HIV-I infection
(Carmichael, 1993). Taken together, recent vaccine
strategy has focused on eliciting antiviral CD8+ T
cell responses to control the level of HIV replication
in vivo (Garber, D. et al., The Lancet Infectious
Diseases 4:397-413, 2004). Rationale for potential
efficacy of CD8+ T-cell- based AIDS vaccine is that
reduction of the level of setpoint viral load may slow
the rate of progression to AIDS and eliminate active
reservoirs of infection.Other Pathogens [0012] HIV is
not the only pathogen for which activation or
expansion of CD4+ cells is associated with
pathological processes. For example corneal scarring
incident to herpes simplex virus (HSV) infection is
attributable to the action of CD4+ T cells and the
cytokines they produce. (Osorio, Y. et al., Ocul.
Immunol. Inflamm. 10: 105-116, 2002; Altmann, D.M. &
Blyth, W.A. J Gen. Virol. 66:1297-1303, 1985; Xu, M.
et al., J. Immunol. 173:1232-1239, 2004). HIV is also
not the only pathogen for which impairment of the CD4+
T cell response results in failure to mount a more
effective immune response, persistence of infection,
and greater morbidity or mortality. Failure of
dendritic cells (DC) to increase class II MHC
expression, and thus productively interact with CD4 T
cells, contributes to the persistence of Hepatitis B
virus (HBV) infection (Zheng, BJ. , et al., J. Viral
Hepat. 11:217-224, 2004; Lohr, H.F., et al., Clin.
Exp. Immunol. 130:107-104, 2002). Similarly impaired
DC-CD44 T cell interactions are involved in the poor
immune responses to and persistence of infection by
Hepatitis C virus (HCV) (Murakami, H., et al. Clin.
Exp. Immunol. 137:559-565, 2004). [0013] Embodiments
described herein relate to methods and compositions
that alleviate or overcome the above-described
challenges associated with the treatment of microbial
infections, including those associated with HIV,
herpes simplex virus (HSV), HBV, HCV, hepatitis G
virus (HGV), human papilloma virus (HPV),
cytomegalovirus (CMV), influenza virus, human T-cell
leukemia virus (HTLV), Respiratory syncytial virus
(RSV), Epstein Barr virus (EBV), measles vims, and
Ebola virus, for example. Summary of the Invention
[0014] Embodiments of the present invention generally
relate to a general manner of eliciting the induction,
expansion and/or differentiation of the CD8+ T cell
population while eliciting only a modest or no CD4+ T
helper response (in a fashion independent of CD4+ T
helper response). Some embodiments include methods and
compositions for inducing, entraining, and/or
amplifying, the immune response to MHC class
I-restricted HIV epitopes. [0015] Some embodiments
relate to methods of generating an immune response,
including methods of immunization, that can include
the steps of delivering to a lymphatic system of a
mammal a composition that includes an immunogen, which
immunogenincludes a class I MHC-restricted epitope or
a B cell epitope, wherein the immunogen does not
include an effective class II MHC-restricted epitope;
administering an immunopotentiator to the mammal; and
obtaining or detecting an epitope-specific immune
response without substantial activation or expansion
of CD4+ cells. The term "effective class II
MHC-restricted epitope" as used herein can mean a
peptide sequence that can be processed from the
natural antigen and presented by a class II MHC
molecule expressed by the species or individual in
question so as to generate a class II restricted
immune response. In preferred embodiments the epitope
can be an HIV, HSV, HBV, HCV, HGV, HPV, CMV, influenza
virus, HTLV, respiratory syncytial virus (RSV), EBV,
measles virus, and Ebola virus epitope or an epitope
associated with a target antigen for any disease in
which avoidance of CD4 cell activation or expansion
can be advantageous. Preferably, the immunogen and the
immunopotentiator can be co-administered to the
lymphatic system. Furthermore, in some preferred
aspects the composition can include a first immunogen
that includes a class I MHC-restricted epitope and a
second immunogen that includes a B cell epitope, for
example. Preferably, the first immunogen and the
second immunogen can be the same. The method can
further include co-administering a first immunogen
that includes or encodes the class I MHC-restricted
epitope with the immunopotentiator, and subsequently
delivering a second immunogen that includes the
epitope, in the form of an epitopic peptide, to the
lymphatic system of the mammal. The interval between
the administering step and the delivering step can be
at least about seven days, for example. The first
immunogen can include a nucleic acid encoding the
epitope. The immunopotentiator can include, for
example, a DNA molecule that includes a CpG sequence.
The nucleic acid can include a DNA molecule that
includes a CpG sequence which constitutes the
immunopotentiator. The immunopotentiator can include,
for example, a dsRNA. The first immunogen can include
a polypeptide hi preferred embodiments the delivery to
the lymphatic system can include delivery to a lymph
node or a lymph vessel. [0016] Some embodiments relate
to methods that can include administering intranodally
an adjuvant and peptide. Also, some other embodiments
relate to inducing a response, and amplifying the
response with peptide without requiring adjuvant for
amplification. Li some aspects, the amplification step
can include the delivery of an immunogen along with a
biological response modifier, such as an adjuvant.
Preferably, insome aspects the amplification can be
accomplished without adjuvant. Also, in some instances
the amplification step can be performed without the
delivery of any MHC class II restricted epitopes,
thereby minimizing or avoiding any CD4+cells. [0017]
Also, some embodiments relate to methods of
immunization, which can include, for example, a step
for potentiating an immune response; a step for
exposing the lymphatic system to a class I
MHC-restricted epitope or a B cell epitope; and
obtaining an epitope-specific immune response without
substantial activation or expansion of CD4 cells.
[0018] Further embodiments relate to methods of
immunization that include delivering to a mammal a
first composition that includes an immunogen, which
immunogen can include or encode at least a portion of
a first antigen; administering a second composition
that includes an amplifying peptide directly to a
lymphatic system of the mammal, wherein the peptide
corresponds to an epitope of said first antigen,
wherein the first composition and the second
composition are not the same, and inducing a cytotoxic
T lymphocyte response without a T helper response. In
some aspects, the immunogen can be an HIV, HSV, HBV,
HCV, HPV, CMV, influenza virus, HTLV, respiratory
syncytial virus (RSV), EBV, measles virus, or Ebola
virus immunogen (or an immunogen that includes a
sequence related to more than one of the same) and/or
an immunogen associated with any disease in which
avoidance of CD4 cell activation or expansion can be
advantageous. [0019] Preferably, the first antigen can
be an HIV antigen. The first composition can include a
nucleic acid encoding the antigen, the antigen or an
immunogenic fragment thereof; or a nucleic acid
capable of expressing the epitope in a pAPC, for
example. The nucleic acid can be delivered as a
component of a protozoan, bacterium, virus, viral
vector, or the like. In some aspects the first
composition can include an immunogenic polypeptide and
an immunopotentiator. Preferably, the
immunopotentiator can be a Tl biasing cytokine, for
example, IL- 12, IFN-gamma, or the like. Also, the
immunopotentiator can be a Tl biasing toll-like
receptor ligand. The adjuvant can be an
immunostimulatory sequence. The adjuvant can include
RNA. The immunogenic polypeptide can be an amplifying
peptide. The immunogenic polypeptide can be the first
antigen. The immunogenic polypeptide can be delivered
as a component of a protozoan, bacterium, virus, viral
vector, virus-like particle, or the like. The adjuvant
canbe delivered as a component of a protozoan,
bacterium, virus, viral vector, virus-like particle,
or the like. The second composition can be
adjuvant-free and immunopotentiatorfree. The
delivering step can include direct administration to
the lymphatic system of the mammal. La some aspects
the direct administration to the lymphatic system of
the mammal can include direct administration to a
lymph node or lymph vessel. The direct administration
can be to two or more lymph nodes or lymph vessels.
The lymph node can be, for example, inguinal,
axillary, cervical, or tonsilar lymph nodes. The
method can further include obtaining an effector T
cell response to the first antigen, and the effector T
cell response can include production of a
pro-inflammatory cytokine, including, for example,
gamma-IFN or TNFa (alpha). The effector T cell
response can include the production of a T cell
chemokine, for example, RANTES or MIP- la. The epitope
can be a housekeeping epitope or an immune epitope,
for example. The terms "housekeeping epitope" and
"immune epitope" are defined in U.S. Publication No.
2003-0215425, which is incorporated herein by
reference in its entirety. The delivering step or the
administering step can include a single bolus
injection, repeated bolus injections, or a continuous
infusion, for example. The infusion can have a
duration of between about 8 hours to about 7 days, for
example. The method can include an interval between
termination of the delivering step and beginning the
administering step, wherein the interval is at least
about seven days, between about 7 and about 14 days,
or from about 14 to about 75 days, or over about 75
days for example. The method can be used for treating
AIDS. The first antigen can be a target-associated
antigen. The target can be an HIV infected cell, for
example. Additionally, the method can be used to treat
other viral infections or any disease where avoidance
of CD4 cell activation or expansion can be
advantageous. Examples of viral infections include
those caused by HSV, HBV, HCV, HPV, CMV, influenza
vims, HTLV, respiratory syncytial virus (RSV), EBV,
measles virus, or Ebola virus. The effector T cell
response can be detected by at least one indicator,
for example, a cytokine assay, an Elispot assay, a
cytotoxicity assay, a tetramer assay, a DTH-response,
a clinical response, decrease pathogen titre, pathogen
clearance, amelioration of a disease symptom, or the
like. The effector T cell response can be a cytotoxic
T cell response. [0020] Some embodiments relate to
methods of generating an immune response, including
methods of immunization against HIV, HSV, HBV, HCV,
HPV, CMV, influenza virus, HTLV, EBV, respiratory
syncytial virus (RSV), measles virus, Ebola virus, or
anydisease where avoidance of CD4 cell activation or
expansion can be advantageous. The methods can
include, for example, delivering to a mammal a first
composition that includes a a first antigen, an
immunogenic fragment thereof, or a nucleic acid
encoding the either of the same; and administering a
second composition that includes a peptide, directly
to the lymphatic system of the mammal, wherein the
peptide corresponds to an epitope of the first
antigen. The method can further include obtaining an
effector T cell response to the antigen. [0021] Some
embodiments relate to methods of augmenting an
existing antigenspecific immune response that includes
administering a composition that includes a peptide,
directly to the lymphatic system of a mammal, wherein
the peptide corresponds to an epitope of said antigen,
and wherein said composition was not used to induce
the immune response; and obtaining augmentation of an
HIV antigen-specific immune response. The augmentation
can include sustaining the response over time,
reactivating quiescent T cells, including CD8+ cells.
The augmentation can include expanding the population
of HIV antigen-specific T cells, hi some aspects the
composition does not include an imrnunopotentiator,
while in others it does include an immunopotentiator.
The antigen-specific immune response can be, for
example, an HIV, HSV, HBV, HCV, HPV, CMV, influenza
virus, HTLV, respiratory syncytial virus (RSV), EBV,
measles virus, or Ebola virus antigen-specific immune
response, or antigen-specific immune response
associated with any other disease where avoidance of
CD4 cell activation or expansion can be advantageous.
Preferably, it is an HIV antigen-specific immune
response. [0022] Further embodiments relate to methods
of immunization that include, for example, delivering
to a mammal a first composition that includes an HIV
immunogen, which immunogen includes or encodes at
least a portion of a first antigen and at least a
portion of a second antigen; and administering a
second composition that includes a first peptide, and
a third composition that includes a second peptide,
directly to the lymphatic system of the mammal,
wherein the first peptide corresponds to an epitope of
said first antigen, and wherein the second peptide
corresponds to an epitope of said second antigen,
wherein the first composition is not the same as the
second or third compositions. The method can further
include obtaining an effector T cell response to the
antigen. The second and third compositions each can
include the first and the second peptides. It should
be understood that in some embodiments the HIV
immunogen mentioned above can bereplaced by an HSV
immunogen, an HBV irnmunogen, an HCV immunogen, an HPV
immunogen, a CMV immunogen, an influenza virus
immunogen, an HTLV immunogen, an RSV immunogen, an EBV
immunogen, or a measles virus immunogen, an Ebola
virus immunogen, or an immunogen associated with any
other disease where avoidance or minimization of
CD4+activation or expansion can be advantageous.
[0023] Some embodiments relate to methods of
immunization against HIV that include, for example,
administering a series of immunogenic doses directly
into the lymphatic system of a mammal wherein the
series includes at least 1 entraining dose and at
least 1 amplifying dose, and wherein the entraining
dose includes a nucleic acid encoding an immunogen and
wherein the amplifying dose is free of any virus,
viral vector, replication-competent vector, or the
like. The method can include about 1-6 entraining
doses,for example, or even more than 6, for example,
1-7, 1-8, 1-9, 1-10 or more. The method can include
administering a plurality of entraining doses, wherein
the doses are administered over a course of one to
about seven days. The entraining doses, amplifying
doses, or entraining and amplifying doses can be
delivered in multiple pairs of injections, wherein a
first member of a pair is administered within about 1,
2, 3, 4 or 5 days and 



preferably within about 4 days of a second member of
the pair, and wherein an interval between first
members of different pairs is at least about, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 days,
for example. Preferably, an interval between first
members of different pairs is at least about 14 days,
for example. The interval between a last entraining
dose and a first amplifying dose can be between about
1 and about 150 days, about 3 and about 125 days, and
preferably about 7 and about 100 days, for example.
The method can further include obtaining an
antigen-specific immune response. It should be
understood that in some embodiments, the
above-mentioned methods of immunization against HIV
can be modified to generate an immune response,
including immunization against HSV, HBV, HCV, HPV,
CMV, influenza virus, HTLV, RSV, EBV, measles virus,
Ebola virus, or against any other disease where
avoidance or minimization of CD4 activation or
expansion can be advantageous. [0024] Also, some
embodiments relate to sets of immunogenic compositions
for inducing an immune response in a mammal that
includes about 1-6 or more entraining doses and at
least one amplifying dose, wherein the entraining
doses includes a nucleic acid encoding an HIV
immunogen, and wherein the amplifying dose includes a
peptide epitope,and wherein the epitope is presented
by pAPC expressing the nucleic acid. In some aspects,
the sets of compositions can include more than 6
entraining doses, for example, about 1-7, 1-8, 1-9,
1-10 or more hi some aspects at least one dose further
can include an adjuvant, for example, RNA. The
entraining and amplifying doses can be in a carrier
suitable for direct administration to the lymphatic
system, for example a lymph node. The nucleic acid can
be a plasmid. The epitope can be a class I MHC
epitope. The MHC can be any MHC, including, for
example, those listed in Tables 1-4, including
combinations of the same, while other embodiments
specifically exclude any one or more of the MHCs or
combinations thereof. Tables 3-4 include frequencies
for the listed HLA antigens. Preferably, the HLA can
be, for example, HLA-A2, HLA-B7, and the like. The
immunogen can include an epitope array, which can
include, for example, a liberation sequence. The term
"liberation sequence" as used herein is defined in
U.S. Publication No. 2003-0228634, published on
December 11, 2003, which is incorporated herein by
reference in its entirety. The immunogen can be a
target-associated antigen, for example, an antigen
from an HIV infected cell. The immunogen can be a
fragment of a target-associated antigen that includes
an epitope cluster. It should be understood that in
some embodiments the nucleic acid encoding the HIV
immunogen mentioned above, can be replaced by a
nucleic acid encoding one or more of the following: an
HSV immunogen, an HBV immunogen, an HCV immunogen, an
HPV immunogen, a CMV immunogen, an influenza virus
immunogen, an HTLV immunogen, an RSV immunogen, an EBV
immunogen, or a measles .virus immunogen, an Ebola
virus immunogen, or an immunogen associated with any
other disease where avoidance or minimization of
CD4+activation or expansion can be advantageous.
[0025] Further embodiments relate to sets of
immunogenic compositions for inducing a class I
MHC-restricted immune response in a mammal, which
methods can include, for example, 1-6, or more,
entraining doses and at least one amplifying dose,
wherein the entraining doses include an HIV immunogen
(or other immunogen as described above or elsewhere
herein) or a nucleic acid encoding an immunogen (or
encoding another immunogen as described above or
elsewhere herein) and an immunopotentiator, and
wherein the amplifying dose includes a peptide
epitope, and wherein the epitope is presented by pAPC.
In some aspects, the sets of compositions can include
more than 6 entraining doses, for example, about 1-7,
1-8, 1-9, 1-10 or more. The nucleic acid encodingthe
HIV immunogen further can include an immunostimulatory
sequence which serves as the immunopotentiating agent.
The immunogen can be, for example, a virus or
replication competent vector that includes or induces
an immunopotentiating agent. The immunogen can be, for
example, a bacterium, bacterial lysate, purified cell
wall component, or the like, wherein the bacterial
cell wall component is capable of functioning as the
immunopotentiating agent. The immunopotentiating agent
can be, for example, a TLR ligand, an
immunostimulatory sequence, a CpG-containing DNA, a
dsRNA, an endocytic- Pattern Recognition Receptor
(PRR) ligand, a lipopolysacharide (LPS), a quillaja
saponin, tucaresol, a pro-inflammatory cytokine, and
the like. [0026] Some embodiments relate to methods of
immunization, which methods can include the step of
delivering to a mammal a first composition that
includes a first immunogen, the first immunogen
including or encoding at least a portion of a first
antigen; and subsequently administering a second
composition that includes an epitopic peptide directly
to the lymphatic system of the mammal, wherein the
peptide corresponds to a class I MHC-restricted
epitope of the first antigen, wherein the second
composition is not the same as the first composition
such that an epitope-specific immune response is
amplified without substantial activation or expansion
of CD4+ T cells. In some aspects, the delivering step
can further include the delivery of an
immunopotentiator or adjuvant. [0027] Also, some
embodiments relate to methods of generating an immune
response against a disease-related antigen in which it
is advantageous to minimize the expansion of CD4+
lymphocytes. The methods can include delivering to an
animal a first immunogen and an immunopotentiator, the
first immunogen including or encoding at least a first
portion of a first antigen, wherein the at least a
portion of a first antigen does not include a class II
MHC restricted epitope for an MHC expressed by the
animal; and administering, preferably after the
delivering step, an epitopic peptide directly to a
lymphatic system of the animal, wherein the peptide
corresponds to a class I MHCrestricted epitope of the
first antigen, wherein the epitopic peptide is not the
same as the first immunogen. The animal can be, for
example, a human or a non human, preferably a mammal.
In some aspects the animal can be, for example, a
feline, a canine, an avian such as for example, a
chicken or a turkey, a bovine, an equine, other
livestock or farm animals, or any other animal. In
some embodiments, the at least a portion of a first
antigen can include a class II restricted
epitope.[0028] In some embodiments the term
"corresponds" can mean that the peptide has the
wild-type or native epitope sequence from the antigen
or that the peptide is crossreactive or an analog of
the wild-type epitope sequence. Examples of such
cross-reactive and analogs, including how to make the
same, are found in U.S. Patent Publication No.
2003-0220239, published on December November 27, 2003;
U.S. Patent Application No. 11/155,929, filed on June
17, 2005, entitled NY-ESO-I PEPTIDE ANALOGS; and U.S.
Patent Application No. 11/156,253, filed on June 17,
2005, entitled SSX-2 PEPTIDE ANALOGS; each of which is
incorporated herein by reference in its entirety.
[0029] The disease is caused by, for example, HIV,
HSV, HBV, HCV, HGV, EBV, HPV, CMV, influenza virus,
HTLV, RSV, EBV, measles virus, Ebola virus, and the
like. The first immunogen and the immunopotentiator
can be delivered to a lymphatic system of the animal,
for example to a lymph node or a lymph vessel. The
first immunogen and the immunopotentiator can be
delivered to a same location on or in the animal.
Also, they can be delivered simultaneously, for
example at the same time or within about 1-2 minutes
of each other or over a period of time together. They
can be delivered within more than 2 minutes, for
example, within about 3, 4, 5, 6, 7, 8, 9, or 10
minutes, within 15, 30, 45 or 60 minutes of each
other, within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1 or 12
hours, or within the same day. Further, the epitopic
peptide can be delivered to a lymphatic system of the
animal, for example to a lymph node or a lymph vessel.
The first immunogen and the immunopotentiator can be
delivered as part of a same composition. [0030] The at
least a portion of a first antigen can include, for
example, a whole antigen, less than the full-length of
a whole antigen, a contiguous fragment of less than
80%, 70%, 60%., 50, %, 40%, 30%, 20% or 10% of the
whole antigen, one or more class I T cell epitope, B
cell epitope, or combinations thereof, a chimeric
molecule that includes more than one class I T cell
epitope, B cell epitope, or combinations thereof, and
the like. The first immunogen can encode the at least
a portion of a first antigen and can include an
immunostimulatory sequence that serves as the
immunopotentiator. The first immunogen can encode one
or more epitopes, wherein the one or more epitopes are
class I restricted T cell epitopes or B cell epitopes.
The first immunogen can encode a chimeric nucleic acid
sequence that includes more than one class I T cell
epitope, B cell epitope, or a combination thereof. The
immunogen as used in the delivering step can also be
any other immunogen, including those described
elsewhere herein and in the listed and incorporated
references.[0031] The administering step can be
performed subsequent to the delivering step, for
example, about 1, 2, 3, 4, 5, or 6 days after,
preferably about 7, 8, 9, 10, 11, 12, 13, 14, 15, 20,
25, 30 days or more after the delivering step. [0032]
Also, in some instances, the at least a first portion
of a first antigen does not include or encode any MHC
class II restricted epitope for the species of the
animal, or does not include or encode any human class
II restricted epitope. The first immunogen further can
include or encodes at least a second portion of the
first antigen, wherein the at least a second portion
of the first antigen does not include a class II MHC
restricted epitope for an MHC expressed by the animal.
The first immunogen can encode the at least a first
portion a first antigen and the at least a second
portion of the first antigen. The first immunogen
further can include or encode one or more additional
portions of the first antigen, wherein the one or more
additional portions of the first antigen do not
include a class II MHC restricted epitope for an MHC
expressed by the animal. The first immunogen further
can include or encode at least a first portion of a
second antigen. The delivering step further can
include delivering a second immunogen that includes or
encoding at least a first portion of a second antigen,
wherein the at least a first portion of a second
antigen does not include a class II MHC restricted
epitope for an MHC expressed by the animal. The
methods further can include detecting or obtaining an
epitope-specific immune response without substantial
activation or expansion of CD4+ T cells. The detection
or determination of obtaining can be done by any
suitable method. [0033] In some embodiments,
"substantial" can be used in the context of
"substantial activation or expansion" of, for example,
CD4+T cells. In this context, "substantial activation
or expansion" generally indicates a level of
activation or expansion that would reach a level of
physiological significance or disease significance
beyond mere detectability. For example, if a
population of CD4+T cells activated or expanded at a
level above the detection cutoff, but below a level
that would change the characteristics of the
population to function as a target population for
infectious agents or to fulfill other functions of the
population, but below a level that would produce a
clinically relevant change in the characteristics, it
is understood that the population has not experienced
substantial activation or expansion. [0034] Also, some
embodiments relate to methods of generating an immune
response against an HIV infection. The methods can
include the steps of delivering to ananimal a
composition that includes a nucleic acid encoding
first immunogen and that includes an immunostimulatory
sequence that can serve as an immunopotentiator, the
nucleic acid encoding at least a first portion of a
first HlV antigen, wherein the at least a portion of a
first antigen does not include a class Il MHC
restricted epitope for an MHC expressed by the animal;
and administering, preferably subsequent to the
delivering step, an epitopic peptide directly to a
lymphatic system of the animal, wherein the peptide
corresponds to a class I MHC-restricted epitope of the
at least a first portion of a first HlV antigen,
wherein the epilopic peptide is not the same as the
first immunogen. In some embodiments the at least a
portion of a first IUV antigen can include a class Il
restricted epitope. The first HIV antigen can be, for
example, gag. pol. env. tat. gpI20, gp)60, gp4l. nef,
gag p, gp, gag p24. rt. and the like. The nucleic acid
can encode one or more of SEQ ID NOs: 1-473,
preferably one or more of SHQ ID NOs: 1-6, or any
other HIV epitope. [0035] Further, some embodiments
relate to methods of generating an immune response
against a cell infected by an HIV. The methods can
include delivering to patient a composition that
includes a nucleic acid encoding one or more of SEQ ID
NOs: I-473, preferably one or more of SKQ ID NOs:
1-473, and an adj uvant the nucleic acid can encode at
least a first portion of a first HlV antigen, wherein
the at least a portion of a first antigen does not
include a class H MHC restricted epitope for an MHC
expressed by the patient, wherein the adjuvant can any
adj uvant preferably a CpG. a dsRNA poly IC, or a TLR
mimic; and administering, preferably after the
delivering step, one or more epitopic peptides
directly to a lymph node of the patient wherein the
peptide is one that was encoded by the nucleic acid or
is an analog thereof. In some embodiments, the at
least a portion of a first HIV antigen can include a
class Il restricted epitope. [00361 Some embodiments
relate to sets of immunogenic compositions, which can
include, for example, any of the compositions
described herein, including as exemplified in the
examples. Some embodiments relate to one or more
immunogenic products, which can include, for example,
one or more immunogens, viruses, vectors, antigens,
peptides, epitopes, or combinations thereof: Also,
some embodiments relate to kits that include one or
more of the following: an immunogenic composition as
described or exemplified herein, sets of such
compositions, products, or sets of products, any other
material, substance or composition of matter described
herein, instructions for use, delivery vehicles, and
combinations of any of the same.[0037] Other
embodiments relate to sets of immunogenic compositions
for inducing an immune response in a mammal including
1 to 6 or more entraining doses and at least one
amplifying dose, wherein the entraining doses can
include a nucleic acid encoding an immunogen, and
wherein the amplifying dose can include a peptide
epitope, and wherein the epitope can be presented or
is presentable by pAPC expressing the nucleic acid.
The one dose further can include an adjuvant, for
example, RNA. The entraining and amplifying doses can
be in a carrier suitable for direct administration to
the lymphatic system, a lymph node and the like. The
nucleic acid can be a plasmid. The epitope can be a
class I HLA epitope, for example, one listed in Tables
1-4. The HLA preferably can be HLA-A2. The immunogen
can include an epitope array, which array can include
a liberation sequence. The immunogen can consist
essentially of a target-associated antigen. The
target-associated antigen can be a tumor-associated
antigen, a microbial antigen, any other antigen, and
the like. The immunogen can include a fragment of a
target-associated antigen that can include an epitope
cluster. [0038] Further embodiments can include sets
of immunogenic compositions for inducing a class I
MHC-restricted immune response in a mammal including
1-6 entraining doses and at least one amplifying dose,
wherein the entraining doses can include an immunogen
or a nucleic acid encoding an immunogen and an
immunopotentiator, and wherein the amplifying dose can
include a peptide epitope, and wherein the epitope can
be presented by pAPC. The nucleic acid encoding the
immunogen further can include an immunostimulatory
sequence which can be capable of functioning as the
immunopotentiating agent. The immunogen can be a virus
or replication-competent vector that can include or
can induce an immunopotentiating agent. The immunogen
can be a bacterium, bacterial lysate, or purified cell
wall component. Also, the bacterial cell wall
component can be capable of functioning as the
immunopotentiating agent. The immunopotentiating agent
can be, for example, a TLR ligand, an
immunostimulatory sequence, a CpG-containing DNA, a
dsRNA, an endocytic-Pattern Recognition Receptor (PRR)
ligand, an LPS, a quillaja saponin, tucaresol, a
pro-inflammatory cytokine, and the like h some
preferred embodiments for promoting multivalent
responses the sets can include multiple entraining
doses and/or multiple amplification doses
corresponding to various individual antigens, or
combinations of antigens, for each administration. The
multiple entrainment doses can be administered as part
of a single composition or as part ofmore than one
composition. The amplifying doses can be administered
at disparate times and/or to more than one site, for
example. Brief Description of the Drawings [0039]
Figure 1: shows the cytolytic response to an HBV
epitope induced by intranodal administration of
peptide plus poly(IC). [0040] Figure 2: shows the
cytolytic response to a PSMA model epitope induced by
intranodal administration of peptide plus poly(IC).
[0041] Figure 3: shows the cytolytic response to a
pair of PRAME model epitopes induced by intranodal
administration of peptide plus poly(IC). [0042] Figure
4: shows the specific susceptibility of CD8
lymphocytes to in vitro activation subsequent to
immunization. Detailed Description of the Preferred
Embodiment [0043] Some embodiments disclosed herein
relate to methods and compositions for bypassing the
involvement of CD4+ cells when generating antibody and
MHC class Irestricted immune responses, controlling
the nature and magnitude of the response, and
promoting effective immunologic intervention in viral
pathogenesis, or in other settings in which avoidance
of CD4+ cell activation or expansion can be
advantageous. . More specifically, some embodiments
relate to immunogenic compositions for vaccination,
particularly therapeutic vaccination against HIV, HSV,
HBV, HCV, HPV, CMV, influenza virus, HTLV, RSV, EBV,
measles virus, Ebola virus and other microbial
pathogens that impact functioning of the immune
system, their nature, and the order, timing, and route
of administration by which they are effectively used.
Some embodiments relate to methods of generating an
immune response against HIV, HSV, HBV, HCV, HPV, CMV,
influenza virus, HTLV, RSV, EBV, measles virus, Ebola
virus and other microbial pathogens while minimizing,
limiting or preventing adverse effects associated with
the activation or expansion of CD4+ cells. Various
examples of viruses and microbes are provided in
Tables 5-7 and in the other references mentioned
herein which are incorporated by reference in their
entirety. Other embodiments relate to methods for
expanding the CD8+ and/or antibody response while
mitigating any ill effect caused by the activation or
expansion of the CD4+ subset. Further embodiments
relate to methods for expanding the CD8+
and/orantibody response while overcoming any
impairment of CD4+ T cell responses. Also, some
embodiments relate to methods of amplifying an
anti-HIV CD8 T cell and/or antibody response while
causing little or no effect on, or expansion of CD4+
cells. Such embodiments can also be particularly
useful in situations where an antigen is prone to
generating undesired CD4 T regulatory cells, or in
which CD4+ T cells contribute to an immunopathology.
[0044] Methods and compositions disclosed herein are
useful in the generation of an immune response or a
therapeutic response to HIV, HSV, HBV, HCV, HPV, CMV,
influenza virus, HTLV, RSV, EBV, measles virus, Ebola
virus which can be accomplished in a manner that
avoids concerns that the immunization process itself
will promote spread of the infection and exacerbate
progression of related disease and in addition, in a
manner that does not require a fully functional Th
cell population. [0045] Some embodiments relate to a
two-stage immunization protocol for the generation of
a CTL response. In the first stage an immune response
comprising a memory CTL response to one or more class
I MHC-restricted epitopes of the target antigen can be
established. Typically this can be accomplished by
intranodal administration of a naked DNA plasmid
capable of expression of an appropriate antigen in a
professional antigen presenting cell (pAPC). In other
preferred embodiments immunogen can be combined with
an appropriate toll-like receptor (TLR) ligand such as
a CpG oligonucleotide or synthetic dsRNA (polyLC).
hitralymphatic administration however, is not an
essential feature of this first stage of the protocol,
and more conventional routes of administration can be
used. In preferred embodiments the term "immunogen"
can be defined as a molecule capable of inducing an
immune response against an antigen, a vector
expressing such a molecule, or a composition
comprising one or more such molecules or vectors.
[0046] The magnitude of the response at this stage is
not crucial. Quite modest responses suffice, although
moderate and strong responses can also occur, and
thus, the involvement of CD4+ responses can be
tolerated at this stage of the procedure without
destroying the usefulness of the complete protocol.
CD4+ responses can generally be avoided by use of
immunogens that do not comprise or express class II
MHC-restricted epitopes, or at least not ones that can
be presented by the class II MHC alleles expressed by
a particular subject.[0047] Immunogens that do contain
potentially problematic class II MHCrestricted
epitopes can be modified, for example, by deletion,
mutation, or any other modification of the epitope(s)
so as to inhibit or prevent processing, transport,
and/or MHC-binding of the class II epitope. The
immunopotentiator used in the first stage generally
can be one that acts primarily on pAPC, for example,
dendritic cells, and not directly on lymphocytes.
Thus, they will not be a major cause of activation or
proliferation of CD4+ lymphocytes. Intranodal
administration can further reduce any generalized
effects of these agents. [0048] hi the second stage of
this protocol one or more epitopic peptides,
corresponding to the epitope(s) immunized against in
the first stage, can be administered directly to the
lymphatic system. In preferred embodiments the term
"epitopic peptide" can mean a peptide that comprises,
consists essentially of, or consists of an epitope.
The peptide(s) can be used without any
immunopotentiator or other adjuvant, although
immunopotentiators or other adjuvants optionally can
be used. In preferred embodiments administration can
be directly to a lymph node, and in the case of
multiple peptides it can be preferred that only a
single peptide be administered to any particular lymph
node on any particular occasion, although in some
aspects the more than one or all peptides can be
administered to the same lymph node. In some
embodiments, for example those promoting a multivalent
response and in which multiple amplifying peptides are
used, it can be advantageous that only a single
peptide be administered to any particular lymph node
on any particular occasion. Thus, one peptide can be
administered to the right inguinal lymph node and a
second peptide to the left inguinal lymph node at the
same time, for example. Additional peptides can be
administered to other lymph nodes even if they were
not sites of induction as it is not essential that
initiating and amplifying doses be administered to the
same site due to migration of T lymphocytes.
Alternatively any additional peptides can be
administered about one or two days later to the same
lymph node(s), preferably, about three, four, five or
six days later to the same lymph node(s) used for the
previously administered amplifying peptides since the
time interval between induction and amplification is
not a crucial parameter, although in preferred
embodiments the time interval can be greater than
about a week, for example, about seven, eight, nine,
ten, eleven, twelve, thirteen, fourteen or more days
later. Segregation of administration of amplifying
peptides generally can be of less importance if their
MHC-binding affinities are similar, butgrows in
importance as the affinities become more disparate.
Incompatible formulations of various peptides can also
make segregated administration preferable. Where the
MHCbinding affinities of the various peptides are
similar, it can be less preferred that the
administration of only a single peptide be
administered to a particular lymph node during a
particular occasion. Where the MHC-binding affinities
of the various peptides are or become more disparate,
it can be more preferred that only a single peptide be
administered to any particular lymph node on any
particular occasion. Such peptides will generally not
bind to class II MHC markers, so typically only the
class I-restricted, CD8+ response will be amplified.
Further details related to this methodology are
described in U.S. Patent Application No. 10/871,707
(Pub. No. 2005-0079152 Al), filed on June 17, 2004, 



Publication No. 20050079 152Al, entitled METHODS TO
ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES AGAINST
MHC CLASS I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR
THERAPEUTIC PURPOSES, which is incorporated herein by
reference in its entirety. Additional methodology
related to generating immune responses, including
multivalent responses, is disclosed in U.S.
Provisional Patent Application No. 60/640,402, filed
on December 29, 2004 and in nonprovisional U.S. Patent
Application No. / , (Pub. No. ) (Attorney Docket No.
MANNK.047A), filed on the same date as this
application, both entitled METHODS TO ELICIT, ENHANCE
AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS
I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES, each of which is incorporated herein by
reference in its entirety. Intralymphatic immunization
for the induction of CTL responses is taught in U.S.
Patent Application Nos. 09/380,534; 09/776,232
(Publication No. 20020007173), now U.S. Patent No.
6,977,074, filed on February 6, 2001, entitled METHOD
OF INDUCING A CTL RESPONSE each of which is
incorporated herein by reference in its entirety.
[0049] In some embodiments, an immunogen can be
co-administered intralymphatically with an
immunopotentiating biological response modifier (BRM).
In one aspect the immunogen can include one or more
class I MHC-restricted peptide epitopes and a CTL
response can be generated hi another aspect the
immunogen can include one or more B cell epitopes and
an antibody response can be generated. In either
aspect, it can be preferred that the immunogen lacks
class II MHC-restricted epitopes, or at least ones
that can be presented by the class II MHC alleles
expressed by a particular subject. This featurecan be
ensured by using in silico predictive methods and
standard characterization of peptide binding to MHC
class I and II molecules, using well known
experimental methods. The use and advantages of
intralymphatic administration of BRMs are disclosed in
copending provisional U.S. Patent Application No.
60/640,727, filed on December 29, 2004, and in
nonprovisional U.S. Patent Application No. __/
(Attorney Docket No. MANNK.046A), filed on the same
date as this application, both entitled METHODS TO
TRIGGER, MAINTAIN AND MANIPULATE IMMUNE RESPONSES BY
TARGETED ADMINISTRATION OF BIOLOGICAL RESPONSE
MODIFIERS INTO LYMPHOID ORGANS, each of which is
incorporated herein by reference in its entirety.
[0050] In some embodiments, preferred immunogens for
class I MHC-restricted epitopes are epitopic peptides.
As in the immunization protocol above, it can be
preferred to administer only a single peptide to any
particular lymph node on any particular occasion. For
B cell epitopes, free peptides are not ideal
immunogens. Preferably the target epitope is
multivalent in the immunogen. Examples include
multiple conjugation to a carrier protein; recombinant
proteins and polypeptides comprising the epitope, for
example, IgG with the epitope grafted into the CDR3
position; Ig-peptide fusion proteins (with peptide at
N or C terminal position); and iterative chains of the
epitope with or without spacer sequences; and
dendrimers. It is preferred that any carrier protein,
whether monovalent or multivalent for the epitope, be
a self-protein so that the recipient will have at
least a degree of tolerance for any presentable class
II MHC-restricted epitopes in the carrier hi humans,
human serum albumin and immunoglobulins are potential
choices as carriers. CD8+ cells secrete various
cytokines in addition to having cytolytic activity.
Thus immunization with both types of immunogen can
improve the response to the B cell immunogen,
especially in the case that the B cell immunogen is
monovalent for the target epitope. [0051] The
disclosed methods are advantageous over many protocols
in HIV vaccine therapeutics. Current vaccines commonly
rely on interaction with, or result in expansion of
the CD4+ population in an attempt to control viral
infection, but can in fact detrimentally provide new
targets for viral infection. The disclosed DNA
prime-peptide boost method is itself advantageous over
other protocols that use only peptide or do not follow
the entrain-and-amplify methodology. The peptide based
immunization or immune amplification strategy has
advantages over other methods, particularly certain
microbial vectors, for example. This is due to the
fact that more complex vectors, such as liveattenuated
viral or bacterial vectors, may induce deleterious
side-effects, for example, in vivo replication or
recombination; or become ineffective upon repeated
administration due to generation of neutralizing
antibodies against the vector itself. Additionally,
when harnessed in such a way to become strong
immunogens, peptides can circumvent the need for
proteasome-mediated processing (as with protein or
more complex antigens, in context of
"cross-processing" or subsequent to cellular
infection). That is because cellular antigen
processing for MHC-class I restricted presentation is
a phenomenon that inherently selects dominant
(favored) epitopes over subdominant epitopes,
potentially interfering with the immunogenicity of
epitopes corresponding to valid targets. Thus, if
antigen presenting cells are defective, use of
peptides may circumvent the need for competent
processing that is a prerequisite for effectiveness of
complex vectors. Finally, effective peptide based
immunization simplifies and shortens the process of
development of immunotherapeutics. [0052] Thus,
effective peptide-based immune amplification methods,
particularly including those described herein, can be
of considerable benefit to prophylactic and/or
therapeutic generation of an immune response against
HIV, HSV, EBV, HBV or HCV, including benefit for
vaccination against the same. Additional benefits can
be achieved by avoiding simultaneous use of
cumbersome, unsafe, or complex adjuvant techniques,
although such techniques can be utilized in various
embodiments described herein. [0053] Previous HIV
immunization methods displayed certain important
limitations including that the high mutation rate of
HIV creates immune escape mutants with ease, and viral
surface protein gpl20 is a poor immunogen inherently
resistant to antibody attack. Immunization methods in
general also displayed certain limitations: very
often, conclusions regarding the potency of vaccines
were extrapolated from immunogenicity data generated
from one or from a very limited panel of
ultrasensitive read-out assays. Frequently, despite
the inferred potency of a vaccination regimen, the
clinical response was not significant or was at best
modest. Secondly, subsequent to immunization, T
regulatory cells, along with more conventional T
effector cells, can be generated and/or expanded, and
such cells can interfere with the function of the
desired immune response. The importance of such
mechanisms in active immunotherapy has been recognized
only recently.[0054] Intranodal administration of
immunogens provides a basis for the control of the
magnitude and profile of immune responses. The
effective in vivo loading of pAPC accomplished as a
result of such administration, enables a substantial
magnitude of immunity, even by using an antigen in its
most simple form-a peptide epitope-otherwise generally
associated with poor pharmacokinetics. The quality of
response can be further controlled via the nature of
immunogens, vectors, and protocols of immunization.
Such protocols can be applied for enhancing/modifying
the response in infections such as HTV. Further,
intranodal administration of BRMs allows one to take
advantage of their immunopotentiating activity while
avoiding the toxicity commonly associated with
otherwise required dosages. [0055] Immunization has
traditionally relied on repeated administration of
antigen to augment the magnitude of the immune
response. The use of DNA vaccines has resulted in high
quality responses, but it has been difficult to obtain
high magnitude responses using such vaccines, even
with repeated booster doses. Both characteristics of
the response, high quality and low magnitude, are
likely due to the relatively low levels of epitope
loading onto MHC achieved with these vectors. Instead
it has become more common to boost such vaccines using
antigen encoded in a live virus vector in order to
achieve the high magnitude of response needed for
clinical usefulness. However, the use of live vectors
can entail several drawbacks including potential
safety issues, decreasing effectiveness of later
boosts due to a humoral response to the vector induced
by the prior administrations, and the costs of
creation and production. Thus, use of live vectors or
DNA alone, although eliciting high quality responses,
may result in a limited magnitude or sustainability of
response due to a reduced in vivo transfection rate
(former) or generation of anti-vector neutralizing
responses (the latter). [0056] Disclosed herein are
embodiments that relate to protocols and to methods
that, when applied to peptides, rendered them
effective as immune therapeutic tools. Such methods
circumvent the poor PK of peptides, and if applied in
context of specific, and often more complex regimens,
result in robust amplification and/or control of
immune response. In preferred embodiments, direct
administration of peptide into lymphoid organs results
in unexpectedly strong amplification of immune
responses, following a priming agent that induces a
strong, moderate or even mild (at or below levels of
detection by conventional techniques) immune response
consisting of TcI cells. Whilepreferred embodiments
can employ intralymphatic administration of antigen at
all stages of immunization, intralymphatic
administration of adjuvant-free peptide can be most
preferred. Peptide amplification utilizing
intralymphatic administration can be applied to
existing immune responses that may have been
previously induced. Previous induction can occur by
means of natural exposure to the antigen or by means
of commonly used routes of administration, including
without limitation subcutaneous, intradermal,
intraperitoneal, intramuscular, and mucosal. [0057]
Also as shown herein, optimal initiation, resulting in
subsequent expansion of specific T cells, can be
better achieved by exposing the naive T cells to
limited amounts of antigen (as can result from the
often limited expression of plasmidencoded antigen) in
a rich co-stimulatory context (such as in a lymph
node). That can result in activation of T cells
carrying T cell receptors that recognize with high
affinity the MHC - peptide complexes on antigen
presenting cells and can result in generation of
memory cells that are more reactive to subsequent
stimulation. The beneficial costimulatory environment
can be augmented or ensured through the use of
immunopotentiating agents and thus intralymphatic
administration, while advantageous, is not in all
embodiments required for initiation of the immune
response. [0058] While the poor pharmacokinetics of
free peptides has prevented their use in most routes
of administration, direct administration into
secondary lymphoid organs, particularly lymph nodes,
has proven effective when the level of antigen is
maintained more or less continuously by continuous
infusion or frequent injection (for example, daily).
Such intranodal administration for the generation of
CTL is taught in U.S. Patent Application Nos.
09/380,534; 09/776,232 (Pub. No. 20020007173A1), now
U.S. Patent No. 6,977,074; in PCT Application No.
PCTUS98/14289 (Pub. No. WO 99/02183 A2) each entitled
METHOD OF INDUCING A CTL RESPONSE and in U.S.
Application No. 10/871,707 (Pub. No. 2005-0079152 Al),
filed on June 17, 2004, entitled METHODS TO ELICIT,
ENHANCE AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS
IRESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES, each of which is hereby incorporated by
reference in its entirety. Intranodal administration
of peptide was effective in amplifying a response
initially induced with a plasmid DNA vaccine.
Moreover, the cytokine profile was distinct, with
plasmid DNA induction/peptide amplification generally
resulting in greater chemokine
(chemoattractantcytokine) and lesser immunosuppressive
cytokine production than either DNA/DNA or
peptide/peptide protocols. [0059] Thus, such DNA
induction/peptide amplification protocols can improve
the effectiveness of compositions, including
therapeutic vaccines for cancer and chronic
infections. Beneficial epitope selection principles
for such immunotherapeutics are disclosed in U.S.
Patent Application Nos. 09/560,465, 10/026,066 (Pub.
No. 20030215425 Al), 10/005,905, filed November 7,
2001, 10/895,523 (Pub. No. 2005-0130920 Al), filed
July 20, 2004, and 10/896,325 (Pub No. ), filed July
20, 2004, all entitled EPITOPE SYNCHRONIZATION IN
ANTIGEN PRESENTING CELLS; 09/561,074, now U.S. Patent
No. 6,861,234, and 10/956,401 (Pub. No. 2005-0069982
Al), filed on October 1, 2004, both entitled METHOD OF
EPITOPE DISCOVERY; 09/561,571, filed April 28, 2000,
entitled EPITOPE CLUSTERS; 10/094,699 (Pub. No.
20030046714 Al), filed March 7, 2002, 11/073,347,
(Pub. No. ), filed June 30, 2005, each entitled
ANTI-NEOVASCULATURE PREPARATIONS FOR CANCER; and
10/117,937 (Pub. No. 20030220239 Al), filed April 4,
2002, 11/067,159 (Pub. No. 2005-0221440A1), filed
February 25, 2005, 10/067,064 (Pub. No. 2005-0142114
Al), filed February 25, 2005, and 10/657,022
(Publication No. 2004-0180354 Al), and PCT Application
No. PCT/US2003/027706 (Pub. No. WO 04/022709 A2), each
entitled EPITOPE SEQUENCES, and each of which is
hereby incorporated by reference in its entirety.
Aspects of the overall design of vaccine plasmids are
disclosed in U.S. Patent Application Nos. 09/561,572,
filed April 28, 2000, and 10/225,568 (Pub. No.
2003-0138808 Al), filed August 20, 2002, both entitled
EXPRESSION VECTORS ENCODING EPITOPES OF
TARGET-ASSOCIATED ANTIGENS and U.S. Patent Application
Nos. 10/292,413 (Pub. No.20030228634 Al), 10/777,053
(Pub. No. 2004-0132088 Al), filed on February 10,
2004, and 10/837,217 (Pub. No. ), filed on April 30,
2004, all entitled EXPRESSION VECTORS ENCODING
EPITOPES OF TARGET-ASSOCIATED ANTIGENS AND METHODS FOR
THEIR DESIGN; 10/225,568 (Pub No. 2003-0138808 Al),
PCT Application No. PCT/US2003/02623 1 (Pub. No. WO
2004/018666) and U.S. Patent No. 6,709,844 and U.S.
Patent Application No. 10/437,830 (Pub. No.
2003-0180949 Al), filed on May 13, 2003, each entitled
AVOIDANCE OF UNDESIRABLE REPLICATION INTERMEDIATES IN
PLASMID PROPAGATION, each of which is hereby
incorporated by reference in its entirety. Specific
antigenic combinations ofparticular benefit in
directing an immune response against particular
cancers are disclosed in provisional U.S. Provisional
Application No. 60/479,554, filed on June 17, 2003,
U.S. Patent Application No. 10/871,708 (Pub. No.
2005-0118186 Al), filed on June 17, 2004, PCT Patent
Application No. PCT/US2004/019571 (Pub. No. WO
2004/112825), U.S. Provisional Application No.
60/640,598, filed December 29, 2005, and U.S. Patent
Application No / (Pub. No. ), (Attorney Docket No.
MANNK.049A), filed on the same date as this
application, all entitled COMBINATIONS OF
TUMOR-ASSOCIATED ANTIGENS IN VACCINES FOR VARIOUS
TYPES OF CANCERS, each of which is also hereby
incorporated by reference in its entirety. Specific
antigenic combinations of particular benefit in
directing an immune response against HIV are disclosed
in an article by Kiepiela et al., ("Dominant influence
of HLA-B in mediating the potential co-evolution of
HIV and HLA," Nature, vol. 432, pages 769-775
(December 9, 2004)), which is also hereby incorporated
by reference in its entirety. [0060] The use and
advantages of intralymphatic administration of BRMs
are disclosed in provisional U.S. Patent Application
No. 60/640,727, filed December 29, 2005 and U.S.
Patent Application No. / , (Pub. No. ) (Attorney
Docket No. MANNK.046A), filed on the same date as this
application, both entitled Methods to trigger,
maintain and manipulate immune responses by targeted
administration of biological response modifiers into
lymphoid organs, each of which is incorporated herein
by reference in it entirety. Additional methodology,
compositions, peptides, and peptide analogues are
disclosed in U.S. Patent Application No. 09/999,186,
filed November 7, 2001, entitled METHODS OF
COMMERCIALIZING AN ANTIGEN; and U.S. Provisional U.S.
Patent Application No. 60/640,402, filed December 29,
2005 and Application No. _/___, (Pub. No. ) (Attorney
Docket No. MANNK.047A), filed on the same date as this
application, both entitled METHODS TO ELICIT, ENHANCE
AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS
I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES, each of which is hereby incorporated by
reference in its entirety. [0061] The integration of
diagnostic techniques to assess and monitor immune
responsiveness with methods of immunization is
discussed more fully in Provisional U.S. Patent
Application No. 60/580,964, filed June 17, 2004, and
11/155,928 (Pub. No. ), filed June 17, 2005, both
entitled IMPROVED EFFICACY OF ACTIVEIMMUNOTHERAPY BY
INTEGRATING DIAGNOSTIC WITH THERAPEUTIC METHODS, each
of which is hereby incorporated by reference in its
entirety. Additional methodology, compositions,
peptides, and peptide analogues are disclosed in U.S.
Provisional Patent Application No. 60/581,001, filed
on June 17, 2004 and U.S. Patent Application No.
11/156,253 (Pub. No. ), filed on June 17, 2005, both
entitled SSX-2 PEPTIDE ANALOGS; and U.S. Provisional
Patent Application No. 60/580,962, filed on June 17,
2004, and U.S. Patent Application No. 11/155,929 (Pub.
No. ), filed on June 17, 2005, both entitled NY-ESO
PEPTIDE ANALOGS; U.S. Patent Application No.
09/999,186, filed November 7, 2001, entitled METHODS
OF COMMERCIALIZING AN ANTIGEN; each of which is hereby
incorporated by reference in its entirety. Various
viruses, viral antigens, and viral antigen epitopes
that can be used in the embodiments described herein
are disclosed in U.S. Patent Application No.
20020007173A1 (now U.S. Patent No. 6,977,074). hi some
aspects, one or more, including any combination of the
listed viruses, viral antigens, or viral epitopes can
be specifically included or excluded from the an
embodiment of a method. [0062] Other relevant
disclosures are present in U.S. Patent Application No.
11/156,369 (Pub. No. ), and U.S. Provisional Patent
Application No. 60/691,889, both filed on June 17,
2005, both entitled EPITOPE ANALOGS, and each of which
is incorporated herein by reference in its entirety.
Also relevant are, U.S. Provisional Patent App. Nos.
60/691,579, filed on June 17, 2005, entitled METHODS
AND COMPOSITIONS TO ELICIT MULTIVALENT IMMUNE
RESPONSES AGAINST DOMINANT AND SUBDOMINANT EPITOPES,
EXPRESSED ON CANCER CELLS AND TUMOR STROMA,
60/691,581, filed on June 17, 2005, entitled
MULTIVALENT ENTRAIN-AND-AMPLIFY IMMUNOTHERAPEUTICS FOR
CARCINOMA, and U.S. Patent Application No. 11/155,288
(Pub. No. ), filed June 17, 2005, entitled
COMBINATIONS OF TUMOR-ASSOCIATED ANTIGENS IN
DIAGNOSTICS FOR VARIOUS TYPES OF CANCERS, each of
which is incorporated herein by reference in its
entirety. [0063] Induction with an agent such as
non-replicating recombinant DNA (plasmid) can have,
and have shown, an impact on the subsequent doses,
enabling robust amplification of immunity to epitopes
expressed by the recombinant DNA and peptide, and
entraining its cytolytic nature hi fact, when single
or multiple administrations ofrecombinant DNA vector
or peptide separately achieved modest immune or no
responses, inducing with DNA and amplifying with
peptide achieved substantially higher responses, both
as a rate of responders and as a magnitude of
response. As shown in U.S. Patent Application Nos.
10/871,707, filed on June 17, 2004, entitled METHODS
TO ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES
AGAINST MHC CLASS IRESTRICTED EPITOPES, FOR
PROPHYLACTIC OR THERAPEUTIC PURPOSES, (Publication No.
2005-00791 52-A1); 60/640,727, filed December 29,
2004, entitled METHODS TO TRIGGER, MAINTAIN AND
MANIPULATE IMMUNE RESPONSES BY TARGETED ADMINISTRATION
OF BIOLOGICAL RESPONSE MODIFIERS INTO LYMPHOID ORGANS;
__/__, (Arty. Docket No. 047A) cited above; and
WO05002621 (each of which is incorporated herein by
reference in its entirety) the rate of response was at
least doubled and the magnitude of response (mean and
median) was at least tripled by using a recombinant
DNA induction / peptide -amplification protocol. Thus,
preferred protocols result in induction of immunity
(TcI immunity) that is able to deal with antigenic
cells in vivo, within lymphoid and non-lymphoid
organs. [0064] Such induce-and-amplify protocols
involving specific sequences of recombinant DNA
entrainment doses, followed by peptide boosts
administered to lymphoid organs, are thus useful for
the purpose of induction, amplification and
maintenance of strong T cell responses, for example
for prophylaxis or therapy of infectious diseases
Target diseases can include those caused by prions,
for example. Exemplary diseases, organisms and
antigens and epitopes associated with target
organisms, cells and diseases are described in U.S.
Application No. 09/776,232 (filed on February 2, 2001;
Pub. No. 20020007173 Al) entitled METHODS OF INDUCING
A CTL RESPONSE. Among the infectious diseases that can
be addressed are those caused by agents that tend to
establish chronic infections (HIV, herpes simplex
virus, CMV, Hepatitis B and C viruses, papilloma virus
and the like) and/or those that are connected with
acute infections (for example, influenza virus,
measles, RSV, Ebola virus). AU these infectious agents
have defined or definable antigens that can be used as
basis for designing compositions such as peptide
epitopes. [0065] Practice of various of the
methodological embodiments can require use of at least
two different compositions and, especially when there
is more than a single target antigen, can involve
several compositions to be administered together
and/or at differenttimes. Thus, some embodiments can
relate to sets and subsets of immunogenic compositions
and individual doses thereof. Multivalency can be
achieved using compositions that include multivalent
immunogens, combinations of monovalent immunogens,
coordinated use of compositions that include a
monovalent immunogen or various combinations thereof.
Multiple compositions, manufactured for use in a
particular treatment regimen or protocol according to
such methods, can define an immunotherapeutic product
hi some embodiments all or a subset of the
compositions of the product can be packaged together
in a kit. hi some instances the inducing and
amplifying compositions targeting a single epitope, or
set of epitopes, can be packaged together. In other
instances multiple inducing compositions can be
assembled in one kit and the corresponding amplifying
compositions assembled in another kit. Alternatively
compositions may be packaged and sold individually
along with instructions, in printed form or on
machinereadable media, describing how they can be used
in conjunction with each other to achieve the
beneficial results of the methods. Further variations
will be apparent to one of skill in the art. The use
of various packaging schemes comprising less than all
of the compositions that might be used in a particular
protocol or regimen facilitates the personalization of
the treatment, for example based on observed response
to the immunotherapeutic or its various components, as
described in Provisional U.S. Patent Application No.
60/580,964, and U.S. Patent Application No. 11/155,928
both entitled IMPROVED EFFICACY OF ACTIVE
IMMUNOTHERAPY BY INTEGRATING DIAGNOSTIC WITH
THERAPEUTIC METHODS, each of which is incorporated by
reference in its entirety. [0066] Embodiments are
directed to methods, uses, therapies and compositions
related to epitopes and compositions with specificity
for MHC, including, for example, those listed in
Tables 1-4. Other embodiments include one or more of
the MHCs listed in Tables 1-4, including combinations
of the same, while other embodiments specifically
exclude any one or more of the MHCs or combinations
thereof. Tables 3-4 include frequencies for the listed
HLA antigens.Table 1 Class I MHC Molecules Class I
Human HLA-Al HLA-A*0101 HLA-A*0201 



HLA-A*0202 HLA-A*0203 HLA-A*0204 HLA-A*0205 HLA-A*0206
HLA-A*0207 HLA-A*0209 HLA-A*0214 HLA-A3 HLA-A*0301
HLA-A*1101 HLA-A23 HLA-A24 HLA-A25 HLA-A*2902
HLA-A*3101 HLA-A*3302 HLA-A*6801 HLA-A*6901 HLA-B7
HLA-B*0702 HLA-B*0703 HLA-B*0704 HLA-B*0705 HLA-B8
HLA-B13 HLA-B14 HLA-B*1501 (B62) HLA-B17 HLA-B18
HLA-B22 HLA-B27 HLA~B*2702 HLA-B*2704 HLA-B*2705
HLA-B*2709 HLA-B35 HLA-B*3501 HLA-B*3502
HLA-B*3701HLA-B*3801 HLA-B*39011 HLA-B*3902 HLA-B40
HLA-B*40012 (B60) HLA-B*4006 (B61) HLA-B44 HLA-B*4402
HLA-B*4403 HLA-B*4501 HLA-B*4601 HLA-B51 HLA-B*5101
HLA-B*5102 HLA-B*5103 HLA-B* 5201 HLA-B*5301
HLA-B*5401 HLA-B*5501 HLA-B* 5502 HLA-B* 5601
HLA-B*5801 HLA-B*6701 HLA-B*7301 HLA-B*7801
HLA-Cw*0102 HLA-Cw*0301 HLA-Cw*0304 HLA-Cw*0401
HLA-Cw*0601 HLA-Cw*0602 HLA-Cw*0702 HLA-Cw8 HLA-Cw*
1601 M HLA-G Murine H2-Kd H2-Dd H2-Ld H2-Kb H2-Db
H2-Kk H2-Kkml Qa- l a Qa-2 H2-M3Rat RTl.A a RTl.A1
Bovine Bota-Al 1 Bota-A20 Chicken B-F4 B-F12 B-Fl 5
B-Fl 9 Chimpanzee Patr-A*04 Patr-A*l l Patr-B*01
Patr-B*13 Patr-B*16 Baboon Papa-A*06 Macaque Mamu-A*01
Swine SLA (haplotype d/d) Virus homolog hCMV class I
homolog ULl 8Table 2 Class I MHC Molecules Class I
Human HLA-Al HLA-A*0101 HLA-A*0201 HLA-A*0202
HLA-A*0204 HLA-A*0205 HLA-A*0206 HLA-A*0207 HLA-A*0214
HLA-A3 HLA-A* 1101 HLA-A24 HLA-A*2902 HLA-A*3101
HLA-A*3302 HLA-A*6801 HLA-A*6901 HLA-B7 HLA-B*0702
HLA-B*0703 HLA-B*0704 HLA-B*0705 HLA-B8 HLA-B14 HLA-B*
1501 (B62) HLA-B27 HLA-B*2702 HLA-B*2705 HLA-B35
HLA-B*3501 HLA-B*3502 HLA-B*3701 HLA-B*3801
HLA-B*39011 HLA-B*3902 HLA-B40 HLA-B*40012 (B60)
HLA-B*4006 (B61) HLA-B44 HLA-B*4402 HLA-B*4403
HLA-B*4601HLA-B51 HLA-B*5101 HLA-B* 5102 HLA-B* 5103
HLA-B*5201 HLA-B* 530 1 HLA-B* 5401 HLA-B*5501
HLA-B*5502 HLA-B* 5601 HLA-B*5801 HLA-B*6701
HLA-B*7301 HLA-B*7801 HLA-Cw*0102 HLA-Cw*0301
HLA-Cw*0304 HLA-Cw*0401 HLA-Cw*0601 HLA-Cw*0602
HLA-Cw*0702 HLA-G Murine H2-Kd H2-Dd H2-Ld H2-Kb H2-Db
H2-Kk H 2 _K kmi Qa-2 Rat RTl. Aa RTl. A1 Bovine
Bota-All Bota-A20 Chicken B-F4 B-F12 B-F 15 B-F19
Virus homolog hCMV class I homolog ULl 8Table 3
Estimated gene frequencies of HLA-A antigens aGene
frequency. bStandard error.Table 4 Estimated gene
frequencies for HLA-B antigensaGene frequency.
Standard error. cThe observed gene count was zero.
[0067] Some embodiments relate to methods, uses,
therapies, kits, products and compositions related to
generating immune responses against diseases, such as
viral diseases and other microbial diseases, including
without limitation the microbes and viruses listed in
Tables 5-7. Furthermore, some embodiments relate to or
can utilize antigens from various animals, as well as
B cell and class I T cell epitopes from the antigens.
Without being limited thereto, examples of some
antigens and epitopes are listed in Tables 5-7 and in
the other references cited herein which are
incorporated herein by reference in their entirety. It
should be understood that in some embodiments, one ore
more or combinations of the viruses, antigens, and
epitopes listed and referenced herein can be
specifically excluded, while in some embodiments one
or more or combinations thereof can be included. The B
cell epitopes and class I T cell epitopes that can be
used with the various embodiments are not limited to
those that are specifically listed, as additional
epitopes can be easily determined by the skilled
artisan using any suitable technique. As one example,
additional class I T cell epitopes can be identified
using a suitable method such as epitopes with binding
specificity for any MHC molecule. Any B cell epitope
for any microbe or antigen listed here can be easily
determined using any suitable technique by one of
skill in the art. For example, such epitopes can be
identified using homology modeling techniques and
using the Bcipep database alone or in combination with
predictive techniques. Also, The identification of B
cell epitopes which are able to elicit an antibody
response can be readily accomplished using techniques
well known in the art. See, e.g., Geysen et al. (1984)
Proc. Natl. Acad. Sci. USA 81:3998-4002 (general
method of rapidly synthesizing peptides to determine
the location of immunogenic epitopes in a given
antigen); U.S. Pat. No. 4,708,871 (procedures for
identifying and chemically synthesizing epitopes of
antigens); and Geysen et al. (1986) Molecular
Immunology 23:709-715 (technique for identifying
peptides with high affinity for a given antibody);
each of which is incorporated herein by reference in
its entirety.Table 5 Virus Protein AA T cell epitope
MHC Position MHC ligand molecule (Antigen) EBV EBNA-3
325-333 AYPLHEQHG HLA-B8 (SEQ ID NO: 12) EBV EBNA-3
158-166 YlKSFVSDA HLA-B8 (SEQ ID NO: 13) EBV LMP-2
236-244 RRRWRRLTV HLA-B*2704 (SEQ ID NO: 14) EBV
EBNA-6 258-266 RRIYDLIEL HLA-B*2705 (SEQ ID NO: 15)
EBV EBNA-3 458-466 YPLHEQHGM HLA-B*3501 (SEQ ID NO:
16) EBV EBNA-3 458-466 YPLHEQHGM HLA-B*3503 (SEQ ID
NO: 17) EBV LMP-2 426-434 CLGGLLTMV HLA-A*0201 (SEQ ID
NO: 18) EBV EBNA-I 480-484 NIAEGLRAL HLA-A*0201 (SEQ
ID NO: 19) EBV EBNA-I 519-527 NLRRGTALA HLA-A*0201
(SEQ ID NO:20) EBV EBNA-I 525-533 ALAIPQCRL HLA-A*0201
(SEQ ID NO:21) EBV EBNA-I 575-582 VLKDAIKDL HLA-A*0201
(SEQ ID NO:22) EBV EBNA-I 562-570 FMVFLQTHI HLA-A*0201
(SEQ ID NO:23) EBV EBNA-2 15-23 HLIVDTDSL HLA-A*0201
(SEQ ID NO:24) EBV EBNA-2 22-30 SLGNPSLSV HLA-A*0201
(SEQ ID NO:25) EBV EBNA-2 126-134 PLASAMRML HLA-A*0201
(SEQ ID NO:26) EBV EBNA-2 132-140 RMLWMANYl HLA-A*0201
(SEQ ID NO:27) EBV EBNA-2 133-141 MLWMANYIV HL.AA*
0201 (SEQ ID NO:28) EBV EBNA-2 151-159 ILPQGPQTA
HLA-A*0201 (SEQ ID NO:29) EBV EBNA-2 171-179 PLRPTAPTI
HLA-A*0201 (SEQ ID NO:30) EBV EBNA-2 205-213 PLPPATLTV
HLA-A*0201 (SEQ ID NO:31) EBV EBNA-2 246-254 RMHLPVLHV
HLA-A*0201(SEQ ID NO:32) EBV EBNA-2 287-295 PMPLPPSQL
HLA-A*0201 (SEQ ID NO:33) EBV EBNA-2 294-302 QLPPPAAPA
HLA-A*0201 (SEQ ID NO:34) EBV EBNA-2 381-389 SMPELSPVL
HLA-A*0201 (SEQ ID NO:35) EBV EBNA-2 453-461 DLDESWDYI
HLA-A*0201 (SEQ ID NO:36) EBV BZLFl 43-51 PLPCVLWPV
HLA-A*0201 (SEQ ID NO:37) EBV BZLFl 167-175 SLEECDSEL
HLA-A*0201 (SEQ ID NO:38) EBV BZLFl 176-184 EIKRYKNRV
HLA-A*0201 (SEQ ID NO:39) EBV BZLFl 195-203 QLLQHYREV
HLA-A*0201 (SEQ ID NO:40) EBV BZLFl 196-204 LLQHYREVA
HLA-A*0201 (SEQ ID NO:41) EBV BZLFI 217-225 LLKQMCPSL
HLA-A*0201 (SEQ ID NO:42) EBV BZLFl 229-237 SIIPRTPDV
HLA-A*0201 (SEQ ID NO:43) EBV EBNA-6 284-293
LLDFVRFMGV HLA-A*0201 (SEQ ID NO:44) EBV EBNA-3
464-472 SVRDRLARL HLA-A*0203 (SEQ ID NO:45) EBV EBNA-4
416-424 IVTDFSVK HLA-A* 1101 (SEQ ID NO:46) EBV EBNA-4
399-408 AVFDRKSDAK HLA-A*0201 



(SEQ ID NO:47) EBV EBNA-3 246-253 RYSIFFDY HLA-A24
(SEQ ID NO:48) EBV EBNA-6 881-889 QPRAPIRPI HLA-B7
(SEQ ID NO:49) EBV EBNA-3 379-387 RPPIFIRRI. HLA-B7
(SEQ ID NO:50) EBV EBNA-I 426-434 EPDVPPGAI HLA-B7
(SEQ ID NO:51) EBV EBNA-I 228-236 IPQCRLTPL HLA-B7
(SEQ ID NO:52) EBV EBNA-I 546-554 GPGPQPGPL HLA-B7
(SEQ ID NO:53) EBV EBNA-I 550-558 QPGPLRESI HLA-B7
(SEQ ID NO:54) EBV EBNA-I 72-80 R.PQKRPSCI HLA-B7 (SEQ
ID NO:55) EBV EBNA-2 224-232 PPTPLLTVL HLA-B7(SEQ E)
NO:56) EBV EBNA-2 241-249 TPSPPRMHL HLA-B7 (SEQ ID NO:
57) EBV EBNA-2 244-252 PPRMHLPVL HLA-B7 (SEQ ID NO:58)
EBV EBNA-2 254-262 VPDQSMHPL HLA-B7 (SEQ ID NO: 59)
EBV EBNA-2 446-454 PPSIDPADL HLA-B7 (SEQ ID NO:60) EBV
BZLFI 44-52 LPCVLWPVL HLA-B7 (SEQ ID NO:61) EBV BZLFl
222-231 CPSLDVDS P HLA-B7 (SEQ ID NO:62) EBV BZLFI
234-242 TPDVLHEDL HLA-B7 (SEQ ID NO:63) EBV EBNA-3
339-347 FLRGRAYGL HLA-B8 (SEQ ID NO: 64) EBV EBNA-3
26-34 QAKWRLQTL HLA-B8 (SEQ ID NO:65) HCV NS3 389-397
HSKKKCDEL HLA-B8 (SEQ ID NO:66) HCV env E 44-51
ASRCWVAM HLA-B*3501 (SEQ ID NO:67) HCV core protein
27-35 GQIVGGVYL HLAB* 40012 (SEQ ID NO:68) HCV NSI
77-85 PPLTDFDQGW HLA-B*5301 (SEQ ID NO:69) HCV core
protein 18-27 LMGYIPLVGA H2-Dd (SEQ ID NO:70) HCV core
protein 16-25 ADLMGYPLV H2-Dd (SEQ ID NO:71) HCV NS5
409-424 MSYSWTGALVT H2-Dd PCAEE (SEQ ID NO:72) HCV NSl
205-213 KHPDATYSR Papa-A06 (SEQ ID NO:73) HCV-I NSI
159-167 TRPPLGNWF Patr-B13 (SEQ ID NO:74) HCV-I NS3
351-359 VPHPNIEEV Patr-B13 (SEQ ID NO:75) HCV-I NS3
438-446 YTGDFDSVI Patr-B01 (SEQ ID NO:76) HCV-I NS4
328-335 SWAIKWEY Patr-Al 1 (SEQ ID NO:77) HCV-I NSI
205-213 KHPDATYSR Patr-A04 (SEQ ID NO:78) HCV-I NS3
440-448 GDFDSVIDC Patr-A04(SEQ ID NO:79) HCV-I NS3
400-409 KLVALGINAV HLA-A*0201 (SEQ ID NO:80) HCV-I NS3
440-448 GDFDSVIDC Patr-B16 (SEQ ID NO:81) HCV-I env E
118-126 GNASRCWVA Patr-BI6 (SEQ ID NO: 82) HIV nef
117-125 TQGYFPQWQ HLA-B*3701 (SEQ ID NO:83) HIV gagp24
143-151 HQAISPRTI, HLACw* 0301 (SEQ ID NO: 84) HIV
gagp24 140-151 QMVHQAISPRTL HLACw* 0301 (SEQ ID NO:
85) HIV gpl20 431-440 MYAPPIGGQI H2-Kd (SEQ ID NO:86)
HIV gpl60 318-327 RGPGRAFVTI H2-Dd (SEQ ID NO:87) HIV
gpl20 17-29 MPGRAFVTI H2-Ld (SEQ ID NO:88) HIV gp41
583-591 RYLKDQQLL HLA_A24 (SEQ ID NO: 89) HIV gagp24
267-275 IVGLNKIVR HLA-A*3302 (SEQ ID NO:90) HIV gagp24
262-270 EIYKRWIIL HLA-B8 (SEQ ID NO:91) HIV gagp24
261-269 GElYKRWIl HLA-B8 (SEQ ID NO:92) HIV gagpl7
93-101 EIKDTKEAL HLA-B8 (SEQ ID NO:93) HIV gp41
586-593 YLKDQQLL HLA-B8 (SEQ ID NO:94) HIV gagp24
267-277 ILGLNKIVRMY HLA-B* 1501 (SEQ ID NO:95) HIV
gp41 584-592 ERYLKDQQL HLA-B 14 (SEQ ID NO:96) HIV nef
115-125 YHTQGYFPQWQ HLA-B 17 (SEQ ID NO:97) HIV nef
117-128 TQGYFPQWQNY HLA-B 17 T1 (SEQ ID NO:98) HIV
gpl20 314-322 GRAFVTlGK HLA-B*2705 (SEQ ID NO:99) HIV
gagr24 263-271 KRWPLGLN HLA-B*2702 (SEQ ID NO: 100)
HIV nef 72-82 QVPLRPMTYK HLA-B*3501(SEQ ID NO:101)
HIV-I gagp 17 24-31 GGKKKYKL HLA-B8 (SEQ ID NO: 102)
HIV-I gpl20 2-10 RVKEKYQHL HLA-B8 (SEQ ID NO: 103)
HIV-I gagp24 298-306 DRFYKTLRA HLA-B 14 (SEQ ID NO:
104) HIV-I NEF 132-147 GVRYPLTFGWC HLA-B18 YKLVP (SEQ
ID NO: 105) HIV-I gagp24 265-24 KRWIILGLNK HLA-B*2705
(SEQ ID NO:106) HIV-I nef 190-198 AFHHVAREL HLA-B*5201
(SEQ ID NO: 107) HIV-I RT 476-484 ILKEPVHGV HLA-A*0201
(SEQ ID NO: 108) HIV-I nef 190-198 AFHHVAREL
HLA-A*0201 (SEQ ID NO: 109) HIV-I gpI60 120-128
KLTPLCVTL HLA-A*0201 (SEQ ID NO: 110) HIV-I Gp 160
814-823 SLLNATDIAV HLA-A*O2O1 (SEQ ID NO: 111) HIV-I
RT 179-187 VIYQYMDDL HLA-A*0201 (SEQ ID NO: 112) HIV-I
gagp 17 77-85 SLYNTVATL HLA-A*0201 (SEQ ID NO: 1 13)
HIV-I gpl60 315-329 RGPGRAFVTl HLA-A*0201 (SEQ ID
NO:114) HIV-I gp41 768-778 RLRDLLLIVTR HLA-A3 (SEQ ID
NO: 115) HIV-I nef 73-82 QVPLRPMTYK HLA-A3 (SEQ ID NO:
1 16) HIV-I gpl20 36-45 TVYYGVPVWK HLA-A3 (SEQ ID NO:
117) HIV-I gagp17 20-29 RLRPGGKKK HLA-A3 (SEQ ID NO: 1
18) HIV-I gpl20 38-46 VYYGVPVWK HLA-A3 (SEQ ID NO: 1
19) HIV-I nef 74-82 VPLRPMTYK HLA-a*1101 (SEQ ID NO:
120) HIV-I gagp24 325-333 AIFQSSMTK HLA-A*1101 (SEQ ID
NO:121) HIV-I nef 73-82 QVPLRPMTYK HLA-A*1101 (SEQ ID
NO: 122) HIV-I nef 83-94 AAVDLSHFLKEK HLA-A*11O1 (SEQ
ID NO: 123) HIV- 1 gagp24 349-359 ACQGVGGPGGH HLA-A* 1
10 1 K(SEQ ID NO: 124) HIV-I gagp24 203-212 ETINEEAAEW
HLA-A25 (SEQ ID NO: 125) HIV-I nef 128-137 TPGPGVRYPL
HLA-B7 (SEQ ID NO: 126) Mv HA 343-351 DPVIDRLYL H2-Ld
(SEQ ID NO: 127) MV HA 544-552 SPGRSFSYF H2-Ld (SEQ ID
NO: 128) Pseudorabies Gil l 455-463 IAGIGILAI
HLA-A*0201 virus gp (SEQ ID NO: 129) Rabiesvirus NS
197-205 VEAEIAHQI H2-Kk (SEQ ID NO: 130) RSV M2 82-90
SYIGSINNI H2-Kd (SEQ ID NO: 131) SIV gagpllC 179-190
EGCTPYDTNQM Mamu-A*01 (SEQ ID NO: 132) EBV EBNA-6
335-343 KEHVIQNAF HLA-B44 (SEQ ID NO: 133) EBV EBNA-6
130-139 EENLLDFVRF HLA-B*4403 (SEQ ID NO: 134) EBV
EBNA-2 42-51 DTPLIPLTIF HLA-B51 (SEQ ID NO: 135) EBV
EBNA-6 213-222 QNGALAINTF HLA-1362 (SEQ ID NO: 136)
EBV EBNA-3 603-611 RLRAEAGVK HLA-A3 (SEQ ID NO: 137)
HBV sAg 348-357 GLSPTVWLSV HLA-A*0201 (SEQ ID NO:138)
HBV SAg 335-343 WLSLLVPFV HLA-A*0201 (SEQ ID NO:139)
HBV cAg 18-27 FLPSDFFPSV HLA-A*0201 (SEQ ID NO: 140)
HBV cAg 18-27 FLPSDFFPSV HLA-A*0202 (SEQ ID NO: 141)
HBV cAg 18-27 FLPSDFFPSV HLA-A*0205 (SEQ ID NO: 142)
HBV cAg 18-27 FLPSDFFPSV HLA-A*0206 (SEQ ID NO: 143)
HBV pol 575-583 FLLSLGIHL HLA-A*0201 (SEQ ID NO:144)
HBV pol 816-824 SLYADSPSV HLA-A*0201 (SEQ ID NO: 145)
HBV pol 455-463 GLSRYVARL HLA-A*0201 (SEQ ID NO: 146)
HBV env 338-347 LLVPFVQWFV HLA-A*0201(SEQ ID NO: 147)
HBV pol 642-650 ALMPLYACI HLA-A*0201 (SEQ ID NO: 148)
HBV env 378-387 LLPIFFCLWV HLA-A*0201 (SEQ ID NO: 149)
HBV pol 538-546 YMDDVVLGA HLA-A*0201 (SEQ ID NO: 150)
HBV env 250-258 LLLCLIFLL HLA-A*0201 (SEQ ID NO: 151)
HBV env 260-269 LLDYQGMLPV HLA-A*0201 (SEQ ID NO: 152)
HBV env 370-379 SIVSPFEPLL HLA-A*0201 (SEQ ID NO: 153)
HBV env 183-191 FLLTRILTI HLA-A*0201 (SEQ ID NO: 154)
HBV cAg 88-96 YVNVNMGLK HLA-A* 1101 (SEQ ID NO: 155)
HBV cAg 141-151 STLPETTVVRR HLA-A*3101 (SEQ ID NO:
156) HBV cAg 141-151 STLPETTVVRR HLA-A*6801 (SEQ ID
NO: 157) HBV cAg 18-27 FLPSDFFPSV HLA-A*6801 (SEQ ID
NO:158) HBV sAg 28-39 PQSLDSWWTSL H2-Ld (SEQ ID NO:
159) HBV cAg 93-100 MGLKFRQL H2-Kb (SEQ ID NO: 160)
HBV preS 141-149 STBXQSGXQ HLA-A*0201 (SEQ ID NO: 161)
HCMV P B 618-628 FIAGNSAYEYV HLA-A*0201 (SEQ ID NO:
162) HCMV El 978-989 SDEEFAIVAYTL HLA-B 18 (SEQ ID NO:
163) HCMV pp65 397-411 DDVWTSGSDSD HLA-b35 EELV (SEQ
ID NO: 164) HCMV pp65 123-131 IPSINVHHY HLA-B*3501
(SEQ ID NO: 165) HCMV pp65 495-504 NLVPMVATVO
HLA-A*0201 (SEQ ID NO: 166) HCMV pp65 415-429
RKTPRVTOGGA HLA-B7 MAGA (SEQ ID NO: 167) HCV MP 17-25
DLMGYIPLV HLA-A*0201 (SEQ ID NO: 168) HCV MP 63-72
LLALLSCLTV HLA-A*0201 (SEQ ID NO: 169)HCV MP 105-112
ILHTPGCV HLA-A*0201 (SEQ ID NO: 170) HCV env E 66-75
QLRRHIDLLV HLA-A*0201 (SEQ ID NO: 171) HCV env E 88-96
DLCGSVFLV HLA-A*0201 (SEQ ID NO: 172) HCV env E
172-180 SMVGNWAKV HLA-A*0201 (SEQ ID NO: 173) HCV NSI
308-316 HLIIQNGVDV HLA-A*0201 (SEQ ID NO: 174) HCV NSI
340-348 FLLLADARV HLA-A*0201 (SEQ ID NO: 175) HCV NS2
234-246 GLRDLAVAVEP HLA-A*0201 VV (SEQ ID NO: 176) HCV
NSI 18-28 SLLAPGAKQNV HLA-A*0201 (SEQ ID NO: 177) HCV
NSI 19-28 LLAPGAKQNV HLA-A*0201 (SEQ ID NO: 178) HCV
NS4 192-201 LLFNILGGWV HLA-A*0201 (SEQ ID NO: 179) HCV
NS3 579-587 YLVAYQATV HLA-A*0201 (SEQ ID NO: 180) HCV
core protein 34-43 YLLPRRGPRL HLA-A*0201 (SEQ ID
NO:181) HCV MP 63-72 LLALLSCLTI HLA-A*0201 (SEQ ID NO:
182) HCV NS4 174-182 SLMAFTAAV HLA-A*0201 (SEQ ID NO:
183) HCV NS3 67-75 CINGVCWTV HLA-A*0201 (SEQ ID NO:
184) HCV NS3 163-171 LLCPAGHAV HLA-A*0201 (SEQ ID NO:
185) HCV NS5 239-247 ILDSFDPLV HLA-A*0201 (SEQ ID NO:
186) HCV NS4A 236-244 ILAGYGAGV HLA-A*0201 (SEQ ID NO:
187) HCV NS5 714-722 GLQDCTMLV HLA-A*0201 (SEQ ID NO:
188) HCV NS3 281-290 TGAPVTYSTY HLA-A*0201 (SEQ ID NO:
189) HCV NS4A 149-157 HMWNFISGI HLA-A*0201 (SEQ ID NO:
190) HCV NS5 575-583 RVCEKMALY HLAA* 0201-A3 (SEQ ID
NO: 191) HCV NSl 238-246 TINYTIFK HLA-A* 1101 (SEQ ID
NO: 192)HCV NS2 109-116 YISWCLWW HLA-A23 (SEQ ID NO:
193) HCV core protein 40-48 GPRLGVRAT HLA-B7 



(SEQ ID NO: 194) HIV-I gpl20 380-388 SFNCGGEFF HLACw*
0401 (SEQ ID NO: 195) HIV-I R T 206-214 TEMEKEGKI
H2-Kk (SEQ ID NO: 196) HHIIVV--II ppll77 18-26
KIRLRPGGK HLA-A*0301 (SEQ ID NO: 197) HHIIVV--II
PP1177 20-29 RLRPGGKKKY HLA-A*0301 (SEQ ID NO: 198)
HHIIVV-- I RRTT 325-333 AIFQSSMTK HLA-A*0301 (SEQ ID
NO: 199) HHIIVV--II ppll77 84-92 TLYCVHQRI HLA-AIl
(SEQ ID NO:200) HHIIVV--II RRTT 508-517 IYQEPFKNLK
HLA-AIl (SEQ ID NO:201) HHIIVV--II ppll77 28-36
KYKLKHIVW HLA-A24 (SEQ ID NO:202) HHIIVV--II
ggppll2200 53-62 LFCASDAKAY HLA-A24 (SEQ ID NO:203)
HHIIVV--II ggaaggr 2244 145-155 QAISPRTLNAW HLA-A25
(SEQ ID NO:204) HHIIVV--II ggaaggpp2244 167-175
EVIPMFSAL HLA-A26 (SEQ ID NO:205) HHIIVV--II RRTT
593-603 ETFYVDGAANR HLA-A26 (SEQ ID NO:206) HHIIVV--II
ggpp4411 775-785 RLRDLLLIVTR HLA-A31 (SEQ ID NO:207)
HHIIVV--II RRTT 559-568 PIQKETWETW HLA-A32 (SEQ ID
NO:208) HHIIVV--II ggppll2200 419-427 RIKQIINMW
HLA-A32 (SEQ ID NO:209) HHIIVV--II RRTT 71-79
ITLWQRPLV HLA-A*6802 (SEQ ID NO:210) HIV-I R T 85-93
DTVLEEMNL HLA-A*6802 (SEQ ID NO:211) HIV-I R T 71-79
ITLWQRPLV HLA-A*7401 (SEQ ID N O :2 12) HIV-I gag p24
148-156 SPRTLNAWV HLA-B7 (SEQ ID NO:213) HIV-I gagp24
179-187 ATPQDLNTM HLA-B7 (SEQ ID NO:214) HIV-I gpl20
303-312 RPNNNTRKSI HLA-B7 (SEQ ID NO:215) HIV-I gp41
843-851 IPRRIRQGL HLA-B7(SEQ ID NO:216) HIV-I pl7
74-82 ELRSLYNTV HLA-B8 (SEQ ID NO:217) HIV-I nef 13-20
WPTVRERM HLA-B8 (SEQ ID NO:2 18) HIV-I nef 90-97
FLKEKGGL HLA-B8 (SEQ ID NO:219) HIV-I gag r24 183-191
DLNTMLNTV HLA-B 14 (SEQ ID NO:220) HIV-I P17 18-27
KIRLRPGGKK HLA-B27 (SEQ ID NO:221) HIV-I pl7 19-27
IRLRPGGKK HLA-B27 (SEQ ID NO:222) HIV-I gp41 791-799
GRRGWEALKY HLA-B27 (SEQ ID NO:223) HIV-I nef 73-82
QVPLRPMTYK HLA-B27 (SEQ ID NO:224) HIV-I GP41 590-597
RYLKDQQL HLA-B27 (SEQ ID NO:225) HIV-I nef 105-114
RRQDILDLWI HLA-B*2705 (SEQ ID NO:226) HIV-I nef
134-141 RYPLTFGW HLA-B*2705 (SEQ ID NO:227) HIV-I pl7
36-44 WASRELERF HLA-B35 (SEQ ID NO:228) HIV-I GAG P24
262-270 TVLDVGDAY HLA-B35 (SEQ ID NO:229) HIV-I gpl20
42-52 VPVWKEATTTL HLA-B35 (SEQ ID NO:230) HIV-I P17
36-44 NSSKVSQNY HLA-B35 (SEQ ID NO:231) HIV-I gag p24
254-262 PPIPVGDIY HLA-B35 (SEQ ID NO:232) HIV-I RT
342-350 HPDGVGYQY HLA-B35 (SEQ ID NO:233) HIV-I gp41 6
11-619 TAVPWNASW HLA-B35 (SEQ ID NO:234) HIV-I gag
245-253 NPVPVGNlY HLA-B35 (SEQ ID NO:235) HIV-I nef
120-128 YFPDWQNYT HLA-B37 (SEQ ID NO:236) HIV-I gag
p24 193-201 GHQAAMQML HLA-B42 (SEQ ID NO:237) HIV-I
pl7 20-29 RLRPGGKKKY HLA-B42 (SEQ ID NO:238) HIV-I RT
438-446 YPGPCVRQL HLA-B42 (SEQ ID NO:239) HIV-I RT
591-600 GAETFYVDGA HLA-B45(SEQ ID NO:240) HIV-I gag
p24 325-333 NANPDCKTI HLA-B51 (SEQ ID NO:241) HIV-I
gag p24 275-282 RMYSPTSI HLA-B52 (SEQ ID NO:242) HIV-1
gpl20 42-51 VPVWKEATTT HLA-B*5501 (SEQ ID NO:243)
HIV-I gag p24 147-155 ISPRTLNAW HLA-B57 (SEQ ID
NO:244) HIV-I gag p24 240-249 TSTLQEQIGW HLA-B57 (SEQ
ID NO:245) HIV-I gag p24 162-172 KAFSPEVIPMF HLA-B57
(SEQ ID NO:246) HIV-I gag p24 311-319 QASQEVKNW
HLA-B57 (SEQ ID NO:247) HIV-I gag p24 311-319
QASQDVKNW HLA-B57 (SEQ ID NO:248) HIV-I nef 116-125
HTQGYFPDWQ HLA-B57 (SEQ ID NO:249) HIV-I nef 120-128
YFPDWQNYT HLA-B57 (SEQ ID NO:250) HIV-I gag p24
240-249 TSTLQEQIGW HLA-B58 (SEQ ID NO:251) HIV-I P 17
20-29 RLRPGGKKKY HLA-B62 (SEQ ID NO:252) HIV-I p24
268-277 LGLNKJVRMY HLA-B62 (SEQ ID NO:253) HIV-I RT
415-426 LVGKLNWASQI HLA-B62 vI (SEQ ID NO:254) HIV-I
RT 476-485 ILKEPVHGVY HLA-B62 (SEQ ID NO:255) HIV-I
nef 117-127 TQGYFPDWQNY HLA-B62 (SEQ ID NO:256) HIV-I
nef 84-91 AVDLSHFL HLA-B62 (SEQ ID NO:257) HIV-I gag
p24 168-175 VIPMFSAL HLACw* 0102 (SEQ ID NO:258) HIV-I
gpl20 376-384 FNCGGEFFY HLA-A29 (SEQ ID NO:259) HIV-I
gpl20 375-383 SFNCGGEFF HLA-B15 (SEQ ID NO:260) HIV-I
nef 136-145 PLTFGWCYKL HLA-A*0201 (SEQ ID NO:261)
HIV-I nef 180-189 VLEWRFDSRL HLA-A*0201 (SEQ ID
NO:262) HIV-I nef 68-77 FPVTPQVPLR HLA-B7(SEQ ID
NO:263) HIV-I nef 128-137 TPGPGVRYPL HLA-B7 (SEQ ID
NO.-264) HIV-I gag p24 308-316 QASQEVKNW HLAHIV- I HIB
RT 273-282 (SEQ ID NO:266) HIV-I IIIB RT 25-33
NPDIVIYQY HLA-B35 (SEQ ID NO:267) HIV-I IIIB gp41
557-565 RAIEAQAHL HLA-B51 (SEQ ID NO:268) HIV-I IIIB
RT 231-238 TAFTIPSI HLA-B51 (SEQ ID NO:269) HIV- 1IIIB
p24 215-223 VHPVHAGPIA HLA-B*5501 (SEQ ID NO:270)
HIV-I IIIB gpl20 156-165 NCSFNISTSI HLA-Cw8 (SEQ ID
NO:271) HIV- 1IIIB gpl20 241-249 CTNVSTVQC HLA-Cw8
(SEQ ID NO:272) HIV-I 5F2 gpl20 312-320 IGPGRAFHT
H2-Dd (SEQ ID NO:273) HIV-I 5F2 pol 25-33 NPDGVGYQY
HLA-B*3501 (SEQ ID NO:274) HIV-15F2 pol 432-441
EPIVGAETFY HLA-B*3501 (SEQ ID NO:275) HIV-I 5F2 pol
432-440 EPGVGAETF HLA-B*3501 (SEQ ID NO:276) HIV-I 5F2
pol 6-14 SPAIFQSSM HLA-B*3501 (SEQ ID NO:277) HIV-I
5F2 pol 59-68 VPLDKDFRKY HLA-B*3501 (SEQ ID NO:278)
HIV-I 5F2 pol 6-14 PLTEEAEL HLA-B*3501 (SEQ ID NO:279)
HIV-I 5F2 nef 69-79 RPQVPLRPMTY HLA-B*3501 (SEQ ID
NO:280) HIV-I 5F2 nef 66-74 FPVRPQVPL HLA-B*3501 (SEQ
ID NO:281) HIV-I 5F2 env 10-18 DPNPQEVVL HLA-B=1 SSOl
(SEQ ID NO:282) HIV-I 5F2 env 7-15 RPGVSTQLL
HLA-B*3501 (SEQ ID NO:283) HIV-I 5F2 pol 6-14
IPLTEEAEL HLA-B51 (SEQ ID NO:284) HIV-I 5F2 env 10-18
DPNPQEVVL HLA-B51 (SEQ ID NO:285) fflV-1 5F2 gagp24
199-207 AMQMLKETI H2-Kd (SEQ ID NO:286)mv-2 gagp24
182-190 TPYDrNQML HLA-B*5301 (SEQ ID NO:287) HIV-2 gag
260-269 RRWIQLGLQKV HLA-B*2703 (SEQ ID NO:288) HIV-I
5F2 gp41 593-607 GIWGCSGKLICT HLA-B 17 TAV (SEQ ID
NO:289) HIV-I 5F2 gp41 753-767 ALIWEDLRSLCL HLA-B22
FSY (SEQ ID NO:290) HPV 6b E7 21-30 GLHCYEQLV
HLA-A*0201 (SEQ ID NO:291) HPV 6b E7 47-55 PLKQHFQIV
HLA-A*0201 (SEQ ID NO:292) HPVI l E7 4-12 RLVTLKDIV
HLA-A*0201 (SEQ ID NO:293) HPV16 E7 86-94 TLGIVCPIC
HLA-A*0201 (SEQ ID NO:294) HPVl 6 E7 85-93 GTLGIVCPI
HLA-A*0201 (SEQ ID NO:295) HPV 16 E7 12-20 MLDLQPETT
HLA-A*0201 (SEQ ID NO:296) HPV16 E7 11-20 YMLDLQPETT
HLA-A*0201 (SEQ ID NO:297) HPV16 E6 15-22 RPRKLPQL
HLA-B7 (SEQ ID NO:298) HPV16 E6 49-57 RAHYNGVTF HW-Db
(SEQ ID NO:299) HSV gp B 498-505 SSIEFARL H2-Kb (SEQ
ID NO:300) HSV-I gp c 480-488 GIGIGVLAA HLA-A*0201
(SEQ ID NO:301) HSV-I ICP27 448-456 DYATLGVGV H2-Kd
(SEQ ID NO:302) HSV-I ICP27 322-332 LYRTFAGNPRA H2-Kd
(SEQ ID NO:303) HSV-I UL39 822-829 QTFDFGRL H2-Kb (SEQ
ID NO:304) HSV-2 gpc 446-454 GAGIGVAVL HLA-A*0201 (SEQ
ID NO:305) HLTV-I TAX 11-19 LLFGYPVYV HLA-A*0201 (SEQ
ID NO:306) Influenza MP 58-66 GILGFVFTL HLA-A*0201
(SEQ ID NO:307) Influenza MP 59-68 ILGFVFTLTV
HLA-A*0201 (SEQ ID NO:308) Influenza NP 265-273
ILRGSVAHK HLA-A3 (SEQ ID NO:309)Influenza NP 91-99
KTGGPIYKR HLA-A*6801 (SEQ ID NO:310) Influenza NP
380-388 ELRSRYWAI HLA-B8 (SEQ ID NO:311) Influenza NP
381-388 LRSRYWAI HLA-B*2702 (SEQ ID NO:312) Influenza
NP 339-347 EDLRVLSFI HLA-B*3701 (SEQ ID NO:313)
Influenza NSI 158-166 GEISPLPSL HLA-B44 (SEQ ID
NO:314) Influenza NP 338-346 FEDLRVLSF HLA-B44 (SEQ ID
NO:315) Influenza NSI 158-166 GEISPLPSL HLA-B*4402
(SEQ ID NO:316) Influenza NP 338-346 FEDLRVLSF
HLA-B*4402 (SEQ ID NO:317) Influenza PBI 591-599
VSDGGPKLY HLA-Al (SEQ ID NO:3 18) Influenza A NP 44-52
CTELKLSDY HLA-Al (SEQ ID NO:319) Influenza NSI 122-130
AIMDKNIIL HLA-A*0201 (SEQ ID NO:320) Influenza A NSI
123-132 IMDKNIILKA HLA-A*0201 (SEQ ID NO:321)
Influenza A NP 383-391 SRYWAIRTR HLA-B*2705 (SEQ ID
NO:322) Influenza A NP 147-155 TYQRTRALV H2-Kd (SEQ ID
NO:323) Influenza A HA 210-219 TYVSVSTSTL H2-Kd (SEQ
ID NO:324) Influenza A HA 518-526 IYSTVASSL H2-Kd (SEQ
ID NO:325) Influenza A HA 259-266 FEANGNLI H2-Kk (SEQ
ID NO:326) Influenza A HA 10-18 IEGGWTGMl H2-Kk (SEQ
ID NO:327) Influenza A NP 50-57 SDYEGRLI H2-Kk (SEQ ID
NO:328) Influenza a NSI 152-160 EEGAIVGEI H2-Kk (SEQ
ID NO:329) Influenza A34 NP 336-374 ASNENMETM H2Db
(SEQ ID NO:330) Influenza A68 NP 366-374 ASNENMDAM
H2Db (SEQ ID NO:331) Influenza B NP 85-94 KLGEFYNQMM
HLA-A*0201 (SEQ ID NO:332) Influenza B NP 85-94
KAGEFYNQMM HLA-A*0201 (SEQ ID NO:333)Influenza JAP HA
204-212 LYQNVGTYV H2Kd (SEQ ID NO:334) Influenza JAP
HA 210-219 TYVSVGTSTL H2-Kd (SEQ ID NO:335) Influenza
JAP HA 523-531 VYQILATYA H2-Kd (SEQ ID NO:336)
Influenza JAP HA 529-537 IYATVAGSL H2-Kd (SEQ ID
NO:337) Influenza JAP HA 210-219 TYVSVGTSTI(L>I H2-Kd
) (SEQ ID NO:338) Influenza JAP HA 255-262 FESTGNLI
H2-Kk (SEQ ID NO:339) JHMV cAg 318-326 APTAGAFFF H2-Ld
(SEQ ID NO:340) LCMV NP 118-126 RPQASGVYM H2-Ld (SEQ
ID NO:341) LCMV NP 396-404 FQPQNGQFI H2-Db (SEQ ID
NO:342) LCMV GP 276-286 SGVENPGGYCL H2-Db (SEQ ID
NO:343) LCMV GP 33-42 KAVYNFATCG H2-Db (SEQ ID NO:344)
MCMV pp89 168-176 YPHFMPTNL H2-Ld 



(SEQ ID NO:345) MHV spike 510-518 CLSWNGPHL H2-Db
protein (SEQ ID NO:346) MV F protein 437-447
SRRYPDAVYLH HLA-B*2705 (SEQ ID NO:347) Mv F protein
438-446 RRYPDAVYL HLA-B*2705 (SEQ ID NO:348) Mv NP
281-289 YPALGLHEF H2-Ld (SEQ ID NO:349) Table 6 HLA
Class I MotifsTripeptide and tetraeptide sulfones
Technical Field This invention relates to tripeptide
and tetrapeptide sulfones, pharmaceutical compositions
containing them, their pharmaceutical use, and their
preparation. Background Art US Patents Nos. 5599903;
5763570; 5767086; 5786336; and 5955432; European
Patent Publication No. 0 645 397; and PCT
International Publications Nos. WO 95/08563 and WO
96/40205 disclose various tripeptide and tetrapeptide
compounds that are analogs of reduced glutathione
(L-g-glutamyl-L-cysteinylglycine), including compounds
of the formula [WO 95/08563]: and their C1-10 alkyl or
alkenyl or C7 2 aralkyl esters, amides, and mixed
ester/amides, where: Z is S, O, or C; n is 1 to 3;
when Z is S or O and n is 1, X is a C1 20 hydrocarbyl
optionally containing 1 or 2 nonadjacent O, S, or N
heteroatoms, unsubstituted or mono- or disubstituted
with halo, -NO, -NO 2, -NR 2, -OR, or -SR, where R is
H or C1 4 alkyl ; when Z is S and n is 2, one X is as
above defined and the other X is C1-4 alkyl; and when
Z is C and n is 3, one X is as above defined and the
other two X are independently H or C1-4 alkyl; YCO is
g-glu, b-asp, glu, asp, g-glu-gly, b-asp-gly, glu-gly,
asp-gly ; and AACis an amino acid coupled through a
peptide bond to the remainder of the compound. The
compounds are described as having various uses,
including as reagents useful in characterizing
glutathione ^-transferase (GST) isoenzymes, in
determining the GST complements of cells and tissues,
as chromatographic affinity ligands, binding agents,
and enzyme inhibitors; and therapeutically to:
potentiate the cytotoxic effects of chemotherapeutic
agents in tumor cells, selectively exert cytotoxicity
in tumor cells, elevatethe production of
granulocyte-macrophage (GM) progenitors in bone
marrow, stimulate the differentiation of bone marrow,
mitigate the bone marrow-destructive effects of
chemotherapeutic agents, and modulate hematopoiesis in
bone marrow. TLKIl 7, identified in those patents and
publications as TER 117 and named variously as
g-Glu-Cys(Bz)-phenylGly, gE-C(Bz)-fG, gE-C(Bz)-PG,
gE-C(benzyl)-fG, and benzyl PG, is one of these
compounds. TLKl 17 is the compound of the formula and
may be named
L-g-glutamyl-J'-^henylmethylJ-L-cysteinyl-D-phenylglyc
ine. TLKl 17 inhibits GST Pl-I with an IC50 of
approximately 400 nM. TLKl 99, identified in those
patents and publications as TER 199, is the diethyl
ester of TLKl 17; while TLK261 and TLK262 are the
dimethyl and dsopropyl esters, respectively. US
Published Application No. 2003/0100511 and PCT
International Publication No. WO 00/44366 disclose
lipid formulations, including liposomal formulations,
of diesters of compounds of the formula: where: each
ester is 1-25C; YCO is g-glu or b-asp; G* is
phenylglycine; Z is CH2, O, or S; and X is 6-8C alkyl,
benzyl, or naphthyl, or a pharmaceutically acceptable
salt thereof; or a compound of the formula:where: R1
and R2 are independently chosen from linear or
branched alkyl groups (1-25C), cycloalkyl groups
(6-25C), substituted alkyl groups (2-25C),
heterocycles (6-20C), ethers or polyethers (3-25C), or
where R1-R2 (2-20C) together form a macrocycle with
the formula; and R3 is 6-8C alkyl, benzyl, or
naphthyl, or a pharmaceutically acceptable salt
thereof. Townsend et al., MoL Cancer Then, 1(12),
1089-1095 (2002) disclose the compound of the formula
the "vinyl sulfone", as one of the two products of the
GST-mediated cleavage of canfosfamide, a GST-activated
anticancer agent of the formula 5 which is disclosed
in US Patent No. 5556942 and PCT International
Publication No. WO 95/09866, where it is referred to
as TER 286. Many conditions are characterized by
depleted bone marrow, including myelodysplastic
syndrome (MDS), a form of pre-leukemia in which the
bone marrowproduces insufficient levels of one or more
of the three major blood elements (white blood cells,
red blood cells and platelets). Myelosuppression, a
reduction in blood cell levels and in the generation
of new blood cells in the bone marrow, is also a
common, toxic effect of many standard chemotherapeutic
drugs. TLKl 99 has been shown to induce the
differentiation of HL-60 promyelocyte leukemia cells
in pitro, to potentiate the activity of cytotoxic
agents both in vitro and in vivo, and to stimulate
colony formation of all three lineages of
hematopoietic progenitor cells in normal human
peripheral blood. In preclinical testing, TLKl 99 has
been shown to increase white blood cell production in
normal animals as well as in animals in which white
blood cells were depleted by treatment with cisplatin
or fluorouradl. Similar effects may provide a new
approach to treating MDS. TLKl 99 is currently being
evaluated in a Phase II clinical trial for the
treatment of MDS. Interim results from this trial,
reported at the 2004 and 2005 American Society of
Hematology meetings, demonstrated that TLKl 99 was
well tolerated and resulted in multilineage
hematologic improvement. These results also suggest a
potential role for TLKl 99 in treating
chemotherapy-induced cytopenias. It would be desirable
to develop potent inhibitors of GST Pl-I for use in
humans to: potentiate the cytotoxic effects of
chemotherapeutic agents in tumor cells, selectively
exert cytotoxicity in tumor cells, elevate the
production of GM progenitors in bone marrow, stimulate
the differentiation of bone marrow, mitigate the
myelosuppressive effects of chemotherapeutic agents,
and modulate hematopoiesis in bone marrow. Disclosure
of the invention In a first aspect, this invention is
compounds of the formula where: X is L-g-glutamyl or
L-g-glutamylglycyl; Y is H, optionally substituted
alkyl, optionally substituted heteroalkyl, optionally
substituted aryl, optionally substituted aralkyl,
optionally substituted heteroaryl, or optionally
substitutedheteroaralkyl; and Z is C5_9 alkyl,
optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl, or
optionally substituted heteroaralkyl; and their C1 10
alkyl, alkyl mono- and di-esters; and salts of the
compounds and their mono- and di-esters. The compounds
(especially in the acid form) are inhibitors,
typically selective inhibitors, of GST Pl-I in vitro.
In the diester form, they have also been shown to be
effective in the immunoprecipitation of GSTp from
HL-60 cells in vitro, and to be cytotoxic to HL-60
cells in vitro. They are also active in enhancing the
differentiation of HL-60 cells in vitro, and one has
been shown to enhance granulocyte/monocyte colony
formation from murine bone marrow cells ex vivo. From
this and from the structural similarity to TLKl 17,
TLKl 99, and related compounds, the compounds of this
invention are therefore expected to act
therapeutically in humans to: potentiate the cytotoxic
effects of chemotherapeutic agents in tumor cells,
selectively exert cytotoxicity in tumor cells, elevate
the production of GM progenitors in bone marrow,
stimulate the differentiation of bone marrow cells,
mitigate the myelosuppressive effects of
chemotherapeutic agents, and modulate hematopoiesis in
bone marrow. In a second aspect, this invention is
pharmaceutical compositions comprising compounds of
the first aspect of this invention, and optionally one
or more excipients. In a third aspect, this invention
is therapeutic methods, particularly in a human, of
one or more of: potentiating the cytotoxic effects of
chemotherapeutic agents in tumor cells, selectively
exerting toxicity in tumor cells, elevating the
production of GM progenitors in bone marrow,
stimulating the differentiation of bone marrow cells,
mitigating the myelosuppressive effects of
chemotherapeutic agents, and modulating hematopoiesis
in bone marrow, by the administration of compounds of
the first aspect of this invention or a pharmaceutical
composition of the second aspect of this invention,
and the use of the compounds of the first aspects of
this invention in the manufacture of a medicament for
one or more of: potentiating the cytotoxic effects of
chemotherapeutic agents in tumor cells, selectively
exerting toxicity in tumor cells, elevating the
production of GM progenitors in bone marrow,
stimulating the differentiation of bone marrow cells,
mitigating themyelosuppressive effects of
chemotherapeutic agents, and modulating hematopoiesis
in bone marrow. In a fourth aspect, this invention is
methods of preparing compounds of the first aspect of
this invention. In a fifth aspect, this invention is
compounds of the formula where: X is
iV-a-R'-L-g-glutamyl or JV-a-R L-g-glutamylglycyl,
where R1 is an arnine-protecting group; and Y and Z
are as defined for the compounds of the first aspect
of this invention; and their C140 alkyl, alkyl mono-
and di-esters; and salts of the compounds and their
mono- and di-esters. These compounds are useful as
intermediates in the preparation of the compounds of
the first aspect of this invention. Preferred
embodiments of this invention are characterized by the
specification and by the features of claims 2-20 of
this application as filed, and of pharmaceutical
compositions, methods, and uses of these compounds.
Modes for Carrying Out the Invention Definitions
"Alkyl" means a monovalent group derived from a
saturated or unsaturated (but not aromatically
unsaturated) C1-C10, preferably C1 6, hydrocarbon that
may be linear, branched, or cyclic by removal of one
hydrogen atom from a carbon atom, such as methyl,
ethyl, propyl, 1-propenyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, hexyl, cyclopentyl,
cyclopenten-1-yl, cyclopropylmethyl, cyclohexyl, and
cyclohexylmethyl. Saturated alkyls and C1-C6 alkyls
are exemplary. Note that the definition of "alkyl" in
this application is broader than the conventional
definition and includes groups more commonly referred
to as "cycloalkyl", "cycloalkylalkyl", "alkenyl", and
"alkynyl".A "substituted alkyl" is an alkyl
substituted with up to three halogen atoms and/ or a
substituent selected from -CN, -NO 2, -OR, and -NR2
(where each R is independently H or C1 3 alkyl). Thus,
for example, substituted alkyl groups include such
groups as trifluoromethyl and 3-chloropropyl.
Preferred substituted C5.6 cycloalkyl groups are
cyclopentyl and cyclohexyl, substituted with 1 or 2,
especially 1, groups selected from halo, hydroxy,
methyl, trifluoromethyl, and methoxy, especially
fluoro, chloro, or methyl. "Heteroalkyl" means "alkyl"
(as defined above) in which 1 or 2 of the methylene
groups are replaced by O, S, SO2, or NR (where R is H
or C1 3 alkyl), including linear groups such as
3-oxapentyl; monocyclic rings containing 5 or 6 ring
atoms such as 2-tetrahydrofuranyl, 2-pyrrolidinyl,
3-piperidinyl, 2-piperazinyl, 4-dihydropyranyl, and
3-morpho nyl; and groups such as
tetrahydrofuran-2-ylmethyl and piperidin-3-ylethyl.
Preferred C5-6 cycloheteroalkyl groups are cyclopentyl
or cyclohexyl in which 1 of the ring methylene groups
is replaced by O, S, SO2, NH, or N-methyl; and include
2- and 3-tetrahydrofuranyl, 3- and
4-tetrahydropyranyl, 4-tetrahydrothiopyranyl and its
J^-dioxide, and 2-, 3-, and 4-piperidinyl. A
"substituted heteroalkyl" is a heteroalkyl substituted
in the manner described above for substituted alkyl.
"Aryl" means a monovalent group derived from an
aromatic hydrocarbon containing 6-14 ring carbon atoms
by removal of one hydrogen atom from a carbon atom,
and may be monocyclic (such as phenyl), condensed
polycyclic (such as naphthyl), or linked polycyclic
(such as biphenylyl). "Substituted aryl" means aryl
substituted with substituted with up to 3 substituents
selected from halo, -CN, -NO 2, -OH, optionally
halo-substituted C1 3 alkyl (e.g. ethyl,
trifluoromethyl), optionally halo-substituted C1 3
alkyloxy, phenoxy, (C5-6 heteroaryl)oxy, formyl,
carboxy, C1-3 alkoxycarbonyl, and -NR2 (where each R
is independently H or C1-3 alkyl). "Aralkyl" means
alkyl substituted with aryl, such as benzyl and
phenethyl. "Substituted aralkyl" means aralkyl in
which one or both of the aryl and the alkyl are
substituted in the manner described above for
substituted aryl and substituted alkyl. "Halogen" or
"halo" means F, Cl, or Br."Heteroaryl" means a
monovalent group derived from an aromatic hydrocarbon
containing 5-14 ring carbon atoms by removal of one
hydrogen atom from a carbon atom, in which 1 to 4 of
the ring carbon atoms are replaced by O, S, N, or NR
(where R is H or C1 3 alkyl), and may be monocyclic
containing 5 or 6 ring atoms (such as furyl, thienyl,
pyrrolyl, oxazolyl, imidazolyl, pyridinyl, pyrazinyl,
pyridazinyl, and pyrimidinyl); condensed bicycHc (such
as benzimidazolyl, benzotriazolyl, and quinolyl); or
linked bicyclic, especially (C5.6 heteroaryl) -phenyl
such as 4-(2-pyridyl)phenyl. Preferred C5 heteroaryl
groups are 2- and 3-furyl, 2-and 3-thienyl, and 2-,
3-, and 4-pyridinyl. "Substituted heteroaryl" means
heteroaryl substituted in the manner described above
for substituted aryl. "Heteroaralkyl" means alkyl
substituted with heteroaryl, such as 2-pyrrolylmethyl.
"Substituted heteroaralkyl" means heteroaralkyl
substituted in the manner described above for
substituted alkyl. "Salts" are described in the
section entitled "Compounds of this invention". An
"amine-protecting group" is a group capable of
protecting the glutamyl oc-amine group of a compound
of the first aspect of this invention or an
intermediate thereto during the synthesis of that
compound, and subsequently removable without affecting
the remainder of the compound of the first aspect of
this invention. Common such groups include
ftf-butoxycarbonyl and benzyloxycarbonyl, conveniently
removable by acidolysis; with benzyloxycarbonyl also
being conveniently removable by catalytic
hydrogenation. Amineprotecting groups are well known
in the field of organic synthesis and particularly
peptide synthesis. Suitable such groups, and the
conditions for their removal, are described in books
such as Synthesis of Peptides and Peptidomimetics,
Workbench edition, M. Goodman, ed., Georg Thieme
Verlag, Stuttgart, Germany, 2004, and Protectivegroups
in organic synthesis, 3 ed., T.W. Greene and P.G.M.
Wuts, eds., John Wiley & Sons, Inc., New York, New
York, U.S.A., 1999, and will be well known to a person
of ordinary skill in the art. A "therapeutically
effective amount" means the amount that, when
administered to a mammal, especially a human, for
effecting treatment by one of the therapeutic methods,
is sufficient to effect treatment for the condition
that is the object of that therapeutic treatment.
"Treating" or "treatment" of a condition in a mammal
includes one or more of: (1) inhibiting development of
the condition, e.g., arresting its development, (2)
relieving the condition, e.g., causing regression of
or curing the condition,(3) preventing recurrence of
the condition, and (4) palliating symptoms of the
condition. The compounds of this invention and their
preparation The compounds of the first aspect of this
invention are compounds of the formula where: X is
L-g-glutamyl or L-g-glutamylglycyl; and Y is H,
optionally substituted alkyl, optionally substituted
heteroalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl; Z
is optionally substituted C5_9 alkyl, optionally
substituted C5 9 heteroalkyl, optionally substituted
aryl, optionally substituted aralkyl, optionally
substituted heteroaryl, or optionally substituted
heteroaralkyl; and their C1 10 alkyl, phenyl-Q. 3
alkyl, or (Cs.6 heteroaryl)-C 1.3 alkyl mono- and
di-esters; and salts of the compounds and their mono-
and di-esters. Preferred compounds of the first aspect
of this invention include those compounds having one
or more of the following features: 1. X is
L-g-glutamyl; 2. Y is optionally substituted C5.6
cycloalkyl, optionally substituted C5.6
cycloheteroalkyl, optionally substituted phenyl, or
optionally substituted C5 heteroaryl; especially Y is
cyclopentyl, cyclohexyl, thienyl, furyl, pyridinyl, or
optionally substituted phenyl; more especially
cyclohexyl or more especially phenyl, optionally
substituted with 1 or 2 fluoro, chloro, methyl,
hydroxy, methoxy, or ttifluoromethyl groups; such as
where the phenyl is unsubstituted, or is substituted
and one of the substi'tuents is in the 4-position,
particularly where there is only one substituent; 3. Z
is C5.9 alkyl, or is phenyl, 1- or 2-naphthyl, 2-, 3-,
or 4-biphenylyl, or 2-, 3-, or 4-(C5.6
heteroaryl)phenyl, each optionally substituted with 1
to 3 halo, cyano, hydroxy, carboxy, trifluoromethyl,
or -R, -OR, -COOR, or -NR2 groups (where Ris C1 3
alkyl);especially phenyl or 2-, 3-, or 4-birhenylyl,
or 2-, 3-, or 4-(C5.6 heteroaryl)phenyl, each
optionally substituted with fluoro, chloro, cyano,
hydroxy, methoxy, methyl, or t fluoromethyl; 4A. the
compound is a diacid; or 4B. the compound is a
diester, especially a C1 6 alkyl diester, more
especially a C1 3 alkyl diester. Generally, a compound
having a greater number of these features is preferred
over a compound having a lesser number of these
feature; in particular, addition of one of these
features to a compound having less than all the
features will generally result in a compound that is
preferred over the compound without that feature.
Suitable salts ( Berge et al.,/. Pham. Sd, 66:1 (1971)
for a nonexclusive list) of the compounds of this
invention are those formed when inorganic bases (e.g.
sodium, potassium, and calcium hydroxide) or organic
bases (e.g. ethanolamine, diethanolamine,
triethanolamine, ethylenediamine, tromethamine,
N-methylglucamine) react with the carboxyl groups, and
those formed when inorganic acids (e. g hydrochloric,
hydrobromic, sulfuric, nitric, and chlorosulfonic
acids) or organic acids (e.g. acetic, propionic,
oxalic, malic, maleic, malonic, fumaric, or tartaric
acids, and alkane- or arenesulfonic acids such as
methanesulfonic, ethanesulfonic, benzenesulfonic,
substituted benzenesulfonic such as
chlorobenzenesulfonic and toluenesulfonic,
naphthalenesulfonic and substituted
naphthalenesulfonic, naphthalenedisulfonic and
substituted naphthalenedisulfonic, and camphorsulfonic
acids) react to form acid addition salts of the amine
groups, of the compounds. Such salts are preferably
formed with pharmaceutically acceptable acids and
bases. A suitable salt for the compounds is an acid
addition salt, especially with an inorganic acid, such
as the hydrochloride salt. The preparation of the
compounds of the first aspect of this invention by the
process of this invention involves: (a) oxidizing a
compound (a "sulfide compound") of the formulawhere: X
is L-g-glutamyl or L-g-glutamylglycyl, or is JV-a-R
L-g-glutamyl or IV-oc-R1- L-g-glutamylglycyl, where R1
is an amine-protecting group and Y and Z are as
defined for the compounds of the first aspect of this
invention; or its Cj.lo alkyl, alkyl mono- or
di-ester; to give a compound of the first or fifth
aspect of this invention; (b) if Y is N
-a-R1-L-g-glutamyl or N-a-R1-L-g-glutamylglycyl,
deprotecting the resulting sulfone that is a compound
of the fifth aspect of this invention to give a
compound of the first aspect of this invention; and
optionally (c) if the compound of the first aspect of
this invention prepared in step (a) or step (b) is a
diacid, forming a mono- or diester of the compound; or
(d) if the compound prepared in step (a) or (b) is a
mono- or diester, de-esterifying the compound to
prepare the diacid of the compound; and (e) forming a
salt of the compound prepared in any of steps (a) to
(d). In step (a), the sulfur atom is oxidized to
prepare a compound of the first aspect of this
invention (if the glutamyl amine group is unprotected)
or a compound of the fifth aspect of this invention
(if the glutamyl amine group is R^protected).
Typically, the sulfide compound is dissolved in a
suitable solvent, an oxidizing agent is added, and the
reaction mixture is held at a sufficient time and
sufficient temperature to complete the oxidation.
Suitable solvent/ oxidant combinations include C2.3
alkanoic acid/hydrogen peroxide/peroxyalkanoic acid
combinations such as acetic acid/peroxyacetic acid and
acetic acid/hydrogen peroxide/peroxyacetic acid, and
the use of C2.3 peroxyalkanoic acids or
peroxytrifluoroacetic acid as both solvent and
oxidant. After quenching excess oxidant with a reagent
such as dimethyl sulfide if desired, the compound of
the first (or fifth) aspect of this invention is
isolated simply by concentration. Particularly
suitable solvent/ oxidant combinations include
combinations where the oxidation takes place in a
biphasic system, with the sulfide compound dissolved
in a non-polar aprotic solvent such as an ester (e.g.
isopropyl acetate) and the oxidant being in aqueous
solution. Suitable oxidants for these biphasic
oxidations include borates and peroxy compounds such
as perborates and persulfates, e.g. ammonium, sodium,
or potassium persulfate, and a particularly suitable
oxidant is potassium monopersulfate, such as OXONE(tm)
(2KHSO 5-KHSO 4K2SO4) . Afterseparation of the aqueous
and non-aqueous phases, and optional washing of the
non aqueous phase to ensure complete removal of any
oxidant, the compound the first (or fifth) aspect of
this invention is isolated from the non-aqueous phase
by concentration. In optional step (b), the
^-protected amine group of a compound of the fifth
aspect of this invention is deprotected to prepare a
compound of the first aspect of this invention. The
compound of the fifth aspect of this invention may be
deprotected by any method suitable for removal of the
amine-protecting group that does not also affect the
remainder of the molecule. When the amine-protecting
group is an acidolytically removable group, it is
conveniently deprotected by the use of a strong acid,
such as trifluoroacetic acid optionally in the
presence of dichloromethane. When the amine-protecting
group is a catalytically removable amine-protecting
group, it is conveniently deprotected by catalytic
reduction or isomerization, though even such groups as
benzyloxycarbonyl, generally 



considered catalytically removable, may also be
removed acidolytically. For catalytic reduction,
typically, the compound is dissolved in a suitable
solvent such as a C1 4 alkanol, or a polar protic
solvent, or in a non-polar aprotic solvent, especially
in the presence of water, e.g. isopropyl acetate in
the presence of water, and contacted with hydrogen or
a hydrogen donor such as cyclohexene or
1,4-cyclohexadiene in the presence of a reduction
catalyst, typically a palladium catalyst such as
palladium black, palladium on barium sulfate, and
palladium on carbon. For catalytic isomerization, a
zerovalent palladium complex such as
tetrakis(triphenylphosphine)palladium(0) is used,
typically in the presence of a nucleophilic allyl
group scavenger such as a secondary amine. After
removal of the catalyst, the compound of the first
aspect of this invention is isolated, conveniently as
an acid addition salt (in optional step (e)). In
optional steps (c) and (d), the compound of the first
aspect of this invention is esterified (if a diacid
and an ester is desired), or de-esterified (if an
ester and the diacid is desired). These
esterifications or de-esterifications are conventional
and may be carried out by any of the methods well
known to persons of ordinary skill in the art; in
particular, a convenient esterification technique
involves the reaction of the diacid compound of the
first aspect of this invention with the alcohol that
produces the desired ester, using that alcohol as
solvent, in the presence of a halosilane such as
chlorotriethylsilane at temperatures between room
temperature and the boiling temperature of the
alcohol.In optional step (e), a salt of the compound
of the first aspect ot this invention is formed. This
will typically be an acid addition salt (see the
definition of "salts" above). Conveniently, this is
done immediately after the compound of the first
aspect of this invention is formed; and may be
accomplished by addition of a solvent that will become
an anti-solvent for the salt, such as an aprotic
solvent, e.g. a hydrocarbon or halogenated hydrocarbon
such as dichloromethane, followed by addition of the
acid chosen to form the salt, especially in the form
of the anhydrous acid alone or in an aprotic solvent,
e.g. hydrogen chloride gas. Further anti-solvent for
the salt, e.g. ethers such as diethyl ether, methyl
kti-bntyl ether, and tetrahydrofuran, especially
methyl tett-butyl ether, may be added if necessary or
desired. The starting materials for the process (the
"sulfide compounds") are tripeptides and
tetrapeptides, optionally mono- or di-esterified,
optionally protected at the glutamyl amine, and with
the cysteine sulfur alkylated with a Z-CH 2- group.
These S-alkylated glutathione analogs are conveniently
prepared by conventional methods of peptide synthesis
well-known to persons of ordinary skill in the art.
Where an appropriately S-alkylated cysteine is not
readily available for the peptide synthesis, the
peptide synthesis may be performed using one of the
many standard S-protecting groups, such as
triphenyknethyl, and the resulting S-protected peptide
then deprotected, for example by acidolysis.
Typically, the S-protected peptide is dissolved in an
acid that is strong enough to remove the
acidolytically removable sulfur-protecting group but
not strong enough to remove any amine-protecting
group, optionally in the presence of a scavenger.
Suitable such acids include trifluoroacetic acid and
other strong acids such as trifluoromethanesulfonic
acid, optionally in the presence of a cosolvent such
as dichloromethane; suitable scavengers include
aromatic ethers and sulfides such as anisole and
thioanisole, phenols such as cresol, and, most
efficiently, silanes including trialkylsilanes such as
triethylsilane and triisopropylsilane and silane
polymers such as poly(methylhydrosiloxane); and a
particularly suitable deprotection reagent is
trifluoroacetic acid in the presence of
poly(methylhydrosiloxane). The S-deprotected peptide
can be isolated from the reaction mixture by addition
of an anti-solvent, for example an aprotic non-polar
solvent such as a hydrocarbon or an ether.Then, the
thiolate anion ot the S-deprotected peptide is
alkylated with a compound of the formula Z-CH 2-L,
where L is a leaving group such as a halogen (chlorine
or bromine) or an optionally substituted alkane- or
arenesulfonate to prepare the appropriately
S-alkylated peptide. This is conveniently done when
the glutamyl amine is protected, to minimize side
reactions, but can be done even when the amine is
unprotected. Typically, the S-deprotected peptide is
dissolved in a solution of a strong base [e.g. an
alkali metal or alkaline earth metal hydroxide,
carbonate, bicarbonate, phosphate, or alkoxide, or
ammonium hydroxide; or an organic amine base such as
tetramethylguanidine, DBU
(l,8-diazabicyclo[5.4.0]undec-7-ene), and the like] in
a suitable solvent (e.g. a C1 6 alkanol, a diol such
as 1,2-ethanediol or 1,3-propanediol, an ether such as
2-methoxyethanol, 1,2-dimethoxy ethane, or
tetrahydrofuran, and the like) to form the thiolate
anion, the compound of the formula Z-CH 2-L is added
(typically in excess), and the reaction mixture is
held at an appropriate temperature and time until
completion. Convenient reaction conditions are the use
of 20% tetrahydrofuran in water and an approximately
ten-fold excess of sodium bicarbonate. The sulfide
compounds may also be prepared as follows: an
(optionally protected) cysteine is alkylated with an
appropriate Z-CH 2- group, and the ttipeptide or
tetrapeptide then formed by standard methods of
peptide synthesis, coupling first with an amino acid
of the formula Y H2N COOH and then with an (optionally
protected) L-g-glutamine or L-g-glutamylglycine; or
coupling first with the (optionally protected)
L-g-glutamine or L-g-glutamylglycine and then with the
amino acid of the formula Many of the amino acids of
the formula Y H N COOH such as D-phenylglycine,
D-(4-chlorophenyl)glycine, D-(4-hydroxypheny)glycine,
D-(3-thienyl)glycine, and D-cyclohexylglycine, are
commercially available in resolved form,and in some
cases as the esters. Others are available in racemic
form, but may be resolved by any of the methods known
for the resolution of amino acids. Yet others may be
prepared by methods known for the synthesis of amino
acids. The sulfide compounds may be prepared as
diacids (though this may involve intermediate
protection of the glutamyl a-carboxyl as well as the
amine) or as mono- or diesters, depending on the state
of the starting amino acids. If the sulfide compound
is prepared as a diacid, it may be mono- or
di-esterified (typically while amine-protected) before
oxidation of the sulfide to the sulfone, and the
esterification conditions will typically be similar to
those that may be used for esterification of a
compound of the first aspect of this invention. A
person of ordinary skill in the art will have no
difficulty, considering that skill and this disclosure
(including the Examples), in preparing compounds of
the first and fifth aspects of this invention. Uses of
the compounds and process The compounds of the first
aspect of this invention (especially in the acid form)
are inhibitors, typically selective inhibitors, of GST
Pl-I. They are also active in enhancing the
differentiation of HL-60 cells in vitro, and one has
been shown to enhance granulocyte/monocyte colony
formation from murine bone marrow cells ex vivo. The
compounds are therefore expected to act
therapeutically in humans to: potentiate the cytotoxic
effects of chemotherapeutic agents in tumor cells
(because GST, especially GST Pl-I, which is elevated
in many tumor tissues, is implicated in the resistance
of tumor cells to chemotherapeutic agents; so that a
GST inhibitor will reduce the ability of the tumor
cells to clear the chemotherapeutic agent),
selectively exert cytotoxicity in tumor cells (again
because of GST isoenzyme inhibition), elevate the
production of GM progenitors in bone marrow, stimulate
the differentiation of bone marrow, mitigate the
myelosuppressive effects of chemotherapeutic agents,
and modulate hematopoiesis in bone marrow. The
compounds of the fifth aspect of this invention and
the process of the fourth aspect of this invention are
useful in the preparation of compounds of the first
aspect of this invention.The second aspect of this
invention is pharmaceutical compositions comprising a
compound of the first aspect of this invention,
optionally also including an excipient, such as a
pharmaceutically acceptable excipient, therapeutic
methods involving administering these compounds or a
pharmaceutical composition containing them, typically
in a therapeutically effective amount, and the use of
these compounds for the treatment of cancer and for
the manufacture of medicaments for the treatment of
cancer. The compounds may be administered by any route
suitable to the subject being treated and the nature
of the subject's condition. Routes of administration
include, but are not limited to, administration by
injection, including intravenous, intraperitoneal,
intramuscular, and subcutaneous injection, by
transmucosal or transdermal delivery, through topical
applications, nasal spray, suppository and the like or
may be administered orally. Pharmaceutical
compositions containing these compounds may optionally
be liposomal formulations, emulsions, formulations
designed to administer the drug across mucosal
membranes or transdermal formulations. Suitable
formulations for each of these methods of
administration may b e found, for example, in
Kemington: The Science and Practice of Pharmacy, 20
ed., A. Gennaro, ed., Iippincott Williams & Wilkins,
Philadelphia, Pennsylvania, U.S.A., 2003. Typical
compositions will be either oral or solutions for
intravenous infusion and will contain the compound and
typically will also contain one or more
pharmaceutically acceptable excipients. Typical dosage
forms will be tablets, solutions for intravenous
infusion, lyophilized powders for reconstitution as
solutions for intravenous infusion, and liposomal
formulations and lyophilized liposomal formulations
also for intravenous administration. A therapeutically
effective amount of a compound of the first aspect of
this invention is about 10 - 2000 mg/m 2 body surface
area, especially 50 1000 mg/m 2. Administration may be
at 1 - 35 day intervals; for example, about 250 - 1000
mg/m 2 at 1 - 5 week intervals, especially at 1, 2, 3,
or 4 week intervals, or at higher frequencies
including as frequently as once/day for several (e.g.
5 or 7) days, with the administration repeated every
2, 3, or 4 weeks, or constant infusion for a period of
6-72 hours, also with the administration repeated
every 2, 3, or 4 weeks. A typical regimen may involve
administration once/day for five days every three
weeks.Preparations and Examples The following examples
show the preparations of useful intermediates and the
syntheses of the compounds of this invention by the
process of this invention, and the utility of the
compounds of the first aspect of this invention as
therapeutic agents. Preparations 1 and 2 describe
preparations of reagents for S-alkylation of cysteine
or the cysteine of the tripeptides and tetrapeptides
(the "sulfide compounds"). For convenience, the
reagents are named as derivatives of benzyl bromide
(a-bromotoluene). Preparation 1: Preparation of
4-(2-pyridyl)benzyl bromide. 4-(2-Pyridyl)toluene, 2
mL (1.98 g, 11.7 mmol), N-bromosuccinimide (NBS), 2.5
g (14.0 mmol), and a,a'-azobis(isobutyronitrile)
(AIBN), 23 mg (0.14 mmol) were suspended in 35 mL
tetrachloromethane, and refluxed for 24 hours. The
product was filtered, and the solvent removed from the
filtrate by rotary evaporation. Equal amounts of
chloroform and water were added and the product
extracted. The chloroform layer was separated and
dried, and the solvent removed. 4-(2-Pyridyl)benzyl
bromide, 2 g, was obtained as a sticky yellow solid.
Preparation 2: Preparation of
4-(2-methoxyphenyl)benzyl bromide. 4-bromotoluene, 171
mg (1 mmol), 2-methoxyphenylboronic acid, 152 mg (1
mmol), palladium diacetate, 1 mg (4 mmol),
JV-butylammoniuni bromide, 322 mg (1 mmol), and 2 M
aqueous Na2CO3, 1.9 mL (3.8 mmol), were placed in a
microwaveable pressure vial and heated to 150 C for 5
minutes. After cooling to room temperature, the
product was poured into a separatory funnel and 30 mL
each of water and diethyl ether were added. After
extraction, the layers were separated and the aqueous
layer washed with another 30 mL diethyl ether. The
ether extracts were combined, dried over MgSO4, and
the solvent removed by rotary evaporation under
vacuum. 2-methoxy-4'-methylbiphenyl, 160 mg (81%
yield) was obtained as a solid product, 95% purity by
NMR. 2-methoxy-4'-methylbiphenyl, 160 mg (0.81 mmol),
NBS, 158 mg (0.91 mmol), and AIBN, 1 mg (0.006 mmol)
were suspended in 7 mL tetrachloromethane, and
refluxed for 24 hours. The product was filtered, and
the solvent removed from the filtrate by rotary
evaporation. Equal amounts of diethyl ether and water
were added and the productextracted. The ether layer
was separated and dried over MgSO4, filtered, and the
solvent removed. 4-(2-Methoxyphenyl)benzyl bromide,
128 mg, was obtained as an oil.
4'-(2-cyanophenyl)benzyl bromide may be prepared from
2-cyanophenylboronic acid by this method. Other benzyl
bromides substituted with optionally substituted
phenyl or optionally substituted C5.6 heteroaryl may
readily be prepared by the methods of these
preparations. Preparation 3 describes the preparation
of an S-alkylated cysteine. Preparation 3 :
Preparation of
JV-a-(/wf-butoxycarbonyl)-i'-(4-biphenyly]methyl)-L-cy
steine. N-a-( -Butoxycarbonyl)-L-cysteine, 1.0 g (4.52
mmol), is dissolved in a mixture of 9 mL
tetrahydrofuran and 9 mL 1M aqueous NaOH which had
been degassed by bubbling argon through it. A solution
of 4-(bromomethyl)biphenyl, 1,12 g (4.53 mmol), in 5
mL tetrahydrofuran (THF) was added and the solution
stirred under argon bubbling for 8 hours at room
temperature. The THF was removed by rotary evaporation
under vacuum and the residue diluted with water and
washed with diethyl ether. The aqueous phase was
acidified to pH 3 with 6 M aqueous HCl, and extracted
three times with ethyl acetate. The combined organic
extracts were washed with water, saturated aqueous
NaHCO 3, water, and brine, and then dried and
concentrated to give 1.44 g
N-a-(/e?f-butoxycarbonyl)-J'-(4-biphenylylmethyl)-
L-cysteine (82% yield) as a white solid. Other
(optionally protected) S-alkylated cysteines may be
readily prepared by the method of this preparation.
Preparations 4 to 6 describe the preparation of some
"sulfide compounds". Preparation 4: Preparation of
L-g-glutamyl-J'-[(4-biphenylyl)methyl]-L-cysteinyl-
D-phenylglycine.
L-g-glutamyl-J'-[(4-biphenylyl)methyl]-L-cysteinyl-D-p
henylglycine, as the hydrochloride salt, was prepared
from 330 mg iV-a-(benzyloxycarbonyl)-L-g-glutamyl-
L-cysteinyl-D-phenylglycine by dissolving the
amine-protected peptide in acetonitrile/water, adding
an approximate 10-fold excess of sodium bicarbonate,
and adding a slight excess of 4-
(bromomethyl)biphenyl, then maintaining the reaction
under nitrogen until completion. The reaction mixture
was diluted with water, washed with diethyl ether, and
the aqueous phaseseparated and acidified to pH 2-3
with hydrochloric acid, then extracted with ethyl
acetate. The organic phase was dried over anhydrous
MgSO4, filtered, and the volume reduced to giveN-
a-(benzyloxycarbonyl)-L-g-glutamyl-i
-[(4-biphenylyl)methyl)-L-cysteinyl- D-phenylglycine.
The amine-protected sulfide compound, approx. 300 mg,
was dissolved in 2 mL 95:5 trifluoroacetic
add(TFA):dichloromethane with 1 drop water, and
stirred at 45C overnight, and purified by preparative
HPLC to give L-g-glutamyl-^-[(4-biphenylyl)methyl)-
L-cysteinyl-D-phenylglycine. The L-g-glutamyl-J
-[(4-biphenylyl)methyl)-L-cysteinyl- D-phenylglycine
was isolated as the hydrochloride salt. If desired,
the amine-protected sulfide compound could have been
taken direcdy into oxidation step (a), to prepare a
compound of the fifth aspect of this invention.
Compounds such as
L-g-glutamyl-i'-{[4-(2-pyridyl)phenyl]methyl}-L-cystei
nyl- D-phenylglycine, and their amine-protected
analogs, were prepared by similar methods. Other
sulfide compounds, including sulfide compounds that
are mono- and diesters, may readily be prepared by
similar methods. Preparation 5: Preparation of
L-g-glutamyl- -[(4-biphenylyl)methyl]-L-cysteinyl-
D-phenylglycine diethyl ester.
L-g-glutamyl-i'-[(4-biphenylyl)methyl]-L-cysteinyl-D-p
henylglycine diethyl ester, as the hydrochloride salt,
was prepared from
L-g-glutamyl-i'-[(4-biphenylyl)methyl]-L-cysteinyl-
D-phenylglycine, 30 mg, by esterification with ethanol
and chlorotrimethylsilane, giving
L-g-glutamyl-J'-[(4-biphenylyl)methyl]-L-cysteinyl-D-p
henylglycine diethyl ester. The
L-g-glutamyl-J'-[(4-biphenylyl)methyl]-L-cysteinyl-D-p
henylglycine diethyl ester was isolated as the
hydrochloride salt. Compounds such as L-g-glutamyl-i
-{[4-(2-pyridyl)phenyl]methyl}-L-cysteiayl-
D-phenylglycine diethyl ester were prepared by similar
methods. Other esters, particularly diesters, of the
sulfide compounds may readily be prepared by similar
methods. Preparation 6 : Preparation of
L-g-glutamyl-i'-[(4-biphenylyl)methyl]-L-cysteinyl-
D-cyclohexylglycine. D-Cyclohexylglycine ethyl ester
was prepared from D-cyclohexylglycine, 500 mg (3.1
mmol), by suspending the acid in 15 mL ethanol, adding
chlorotrimethylsilane, 2.02 mL (5 equivalents), and
heating the mixture at 5O0C for 18 hours. The volatile
components wereremoved under vacuum and the residue
dissolved in ethyl acetate, washed with aqueous NaHCO
3 and twice with brine, dried over MgSO4, filtered,
and evaporated to give 401 mg D-Cyclohexylglycine
ethyl ester as an oily solid. JV-a-(
?^-butoxycarbonyl)-i'-(4-biphenylylmethyl)-L-cysteine,
588 mg (1.9 mmol), was dissolved in 5 mL
dimethylformamide (DMF), and
0-benzotriazole-iV,N,N',N'-tetramethyluronium
hexafluorophosphate (HBTU), 860 mg (1.2 equiv.), and
di(isopropyl)ethylamine, 990 mL (3 equiv.), were
added. After 3 minutes, D-Cyclohexylglycine ethyl
ester, 360 mg (1 equiv.), dissolved in 4 mL DMF, was
added, and the mixture stirred at room temperature for
2 hours, then the crude N-a- (/
'-butoxycarbonyl)-i'-(4-biphenylylmethyl)-L-cysteinyl-
D-cyclohexylglycine ethyl ester isolated. The
dipeptide was dissolved in 10 mL 20%
TFA/dichloromethane, and stirred at room temperature
for 2 hours, then the crude product isolated by
removal of volatiles under vacuum. The crude
i'-(4-biphenylylmethyl)-L-cysteinyl-
D-cyclohexylglycine trifluoroacetate may be used
directly in the next step, or may be further
processed. iV-a-( ?^-butoxycarbonyl)-0-
a-/wf-butyl-L-g-glutamine was dissolved in 2 mL DMF,
and HBTU, 174 mg (1.2 equiv.), and
di(isopropyl)ethylamine, 330 mL (5 equiv.), were
added. After 5 minutes, crude
'-(4-biphenylylmethyl)-L-cysteinyl-D-cyclohexylglycine
trifluoroacetate, 200 mg (0.38 mmol), dissolved in 2
mL DMF, was added, and the mixture stirred at room
temperature for 2 hours. The mixture was poured into
0.1 N aqueous citric acid, and extracted with ethyl
acetate The organic layer was washed four times with
brine, dried over MgSO4, and the volatiles evaporated
to give N-u-( z'^-butoxycarbonyl)- 0
-a-/"f-butyl-L-g-glutamyl-J'-(4-biphenylylmethyl)-L-cy
steinyl-D-cyclohexylglycine as a brown oil. This was
dissolved in 10 mL 20% TFA/dichloromethane and stirred
at room temperature for 24 hours. The volatiles were
removed under vacuum and the product purified by
reverse phase HPLC, then the
L-g-glutamyl--S'-(4-biphenylylmethyl)-L-cysteinyl-
D-cyclohexylglycine isolated as the hydrochloride
salt, 47 mg. If desired, the protected sulfide
compound could also have been taken directly into
oxidation step (a).
L-g-glutamyl-i'-(4-biphenylylmethyl)-L-cysteinyl-D-(4-
chlorophenyl)glycine was prepared as the hydrochloride
salt by a similar method.Synthetic Example 1.
Synthesis of
L-g-glutamyl-3-[(phenylme1Jiyl)sulfonylJ-L-alanyl-
D-phenylglycine, IA. To 100 tng (0.2 mmol)
L-g-glutamyl-J'-
henylniethy^-L-cysteinyl-D-phenylglycine hydrochloride
(TLKIl 7 hydrochloride) dissolved i acetic acid was
added 200 mL of a 32% solution of peracetic acid in
acetic acid (0.95 mmol). The reaction mixture was
maintained at room temperature, following the reaction
by LCMS. On completion of the reaction, the reaction
mixture was concentrated under vacuum to a solid, then
taken up in 50% acetonitrile/water, filtered, and the
residue washed with more acetonitrile/water. The
filtrate was lyophilized, then the residue and
filtrate purified by preparative HPLC, and the
productcontaining fractions again lyophilized. After
dissolution in acetonitrile/water and lyophilization,
then trituration with methanol/ ether and drying under
vacuum, L-g-glutamyl-
3-[(phenyknethyl)sulfonyl]-L-alanyl-D-phenylglycine,
IA, was obtained as a solid product, with 96% purity
by LC (ELSD detection). The proton NMR spectrum
(DMSO-^6) was consistent with the proposed structure.
Two further lots were similarly prepared on a larger
scale (0.4 mmol and 11 mmol, respectively), using a
2.3-2.5-fold excess of peracetic acid, and altering
solvent ratios and quantities slightly. The same
product was obtained in each case. Synthetic Example
2. Synthesis of
L-g-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-
D-phenylglycine diethyl ester, IB. To 123 mg (0.22
mmol)
L-g-glutamyl-J-^henylmethy^-L-cysteinyl-D-phenylglycin
e diethyl ester hydrochloride dissolved in 3 mL acetic
acid was added 225 mL of a 32% solution of peracetic
acid in acetic acid (1.06 mmol). The reaction mixture
was maintained at room temperature, following the
reaction by LCMS. On completion of the reaction, the
reaction mixture was concentrated under vacuum to a
solid, then taken up in methanol/ dimethyl
sulfoxide/water and purified by preparative HPLC, and
the product-containing fractions again lyophilized.
L-g-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-D-phe
nylglycine diethyl ester, IB, was obtained as a solid
product. The proton NMR spectrum (DMSO-^6) was
consistent with the proposed structure. Synthetic
Example 3. Synthesis of
L-g-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-
D-phenylglycine diisopropyl ester, ID. To 309 mg (0.61
mmol) L-g-glutamyl-J-
henylmethy^-L-cysteinyl-D-phenylglycine hydrochloride
suspended in 6 mL isopropyl alcohol was added 767 mL
chlorotrimethylsilane(6.05 mmol). The reaction mixture
was stirred under nitrogen at room temperature, when a
white precipitate gradually formed. The mixture was
heated to 50C, an additional 300 mL
chlorotrknethylsilane was added, and the reaction
mixture maintained at elevated temperature. After
several hours, the reaction was found to be 85%
complete (with the remainder being the monoester); and
the precipitate that had formed was filtered, washed
with isopropanol, dried (240 mg yield), dissolved in
methanol, and purified by preparative HPLC using 95:5
water/acetonitrile with 0.01% hydrochloric acid as the
solvent. The diisopropyl ester, 87 mg (0.16 mmol), was
dissolved in 2 mL acetic acid, and oxidized with the
use of 82 mL peracetic acid solution (2.5 equivalents.
On completion of the reaction, 2 mL methanol was
added, the product purified by preparative HPLC using
95:5 water/acetonitrile with 0.01% trifluoroacetic
acid as the solvent, and the product-containing
fractions lyophilized.
L-g-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-D-phe
nylglycine diisopropyl ester hydrochloride was
obtained as a solid product, 98% purity by HPLC. The
proton NMR spectrum (DMSO-<sQ was consistent with the
proposed structure. Synthetic Example 4. Synthesis of
L-g-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-
D-phenylglycine dimethyl ester, 1C.
L-g-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-D-phe
nylglycine dimethyl ester, 1C, as the hydrochloride
salt, was prepared from 500 mg (0.98 mmol)
L-g-glutamyl-
^(phenylmethy^-L-cysteinyl-D-phenylglycine
hydrochloride using the method of Synthetic Example 3,
using methanol instead of isopropanol in the
esterification, and oxidizing the dimethyl ester in
the same way as for the diisopropyl ester, with three
dissolution/lyophi]ization cycles used for
purification. Purity 98% by HPLC. Synthetic Example 5.
Synthesis of
L-g-glutamyl-3-[(4-biphenylylmethyl)sulfonyl]-L-alanyl
- D-phenylglycine, 11A.
L-g-glutamyl-3-[(4-biphenylylmethyl)sulfonyl]-L-alanyl
-D-phenylglycine, 11A, as the hydrochloride salt, was
prepared from in three steps from 330 mg
JV-a-(benzyloxycarbonyl)- 



L-g-glutamyl-L-cysteinyl-D-phenylglycine by dissolving
the amine-protected peptide in acetonitrile/water,
adding an approximate 10-fold excess of sodium
bicarbonate, and adding a slight excess of
4-(bromomethyl)biphenyl, then maintaining the reaction
under nitrogen until completion. The reaction mixture
was diluted with water, washed with diethyl ether, and
the aqueous phase separated and acidified to pH 2-3
with hydrochloric acid, then extractedwith ethyl
acetate. The organic phase was dried ovet anhydrous
magnesium sultate, filtered, and the volume reduced to
give -a-(benzyloxycarbonyl)-L- g-glutamyl-
3-[(4-biphenylylmetl
yl)sulfonyl]-L-alanyl-D-phenylglycine. The
amine-protected sulfide, approx. 300 mg, was dissolved
in 2 mL 95:5 t fluoroacetic acid:dichloromethane with
1 drop water, and stirred at 45C overnight, and
purified by preparative HPLC to give
L-g-glutamyl-S-^-biphenylyknethy^sulfonylJ-L-alanyl-D-
phenylglycine. The deprotected sulfide was oxidized in
the same manner as in the previous Synthetic Examples
to give
L-g-glutamyl-3-[(4-biphenylyknethyl)sulfonyl]-L-alanyl
-D-phenylglycine ester, 11A, as the hydrochloride
salt, purity 92% by HPLC. Synthetic Example 6.
Synthesis of
L-g-glutamyl-3-[(2-biphenylylmethyl)sulfonyl]-L-alanyl
- D-phenylglycine, 4A.
L-g-glutamyl-3-[(2-biphenylyknetliyl)sulfonyl]-L-alany
l-D-phenylglycine, 4A, as the hydrochloride salt, was
prepared in three steps from 500 mg N
-a-(benzyloxycarbonyl)-
L-g-glutamyl-L-cysteinyl-D-phenylglycine using the
method of Synthetic Example 5, with
2-(bromomethyl)-biphenyl as the alkylating agent for
the protected peptide. Purity 99% by HPLC. Synthetic
Example 7. Synthesis of
L-g-glutamyl-3-[(2-biphenylylmethyl)sulfonyl]-L-alanyl
- D-phenylglycine diethyl ester, 4B.
L-g-glutamyl-3-[(2-biphenylylmethyl)sulfonyl]-L-alanyl
-D-phenylglycine dimethyl ester, 4B, as the
hydrochloride salt, was prepared from 143 mg
L-g-glutamyl-
"-(2-biphenylylmethyl)-L-cysteinyl-D-phenylglycine
hydrochloride (an intermediate in Example 6) by
esterification with ethanol and chlorotrimethylsilane,
then oxidizing the diethyl ester, as in Synthetic
Example 3. Purity 94% by HPLC. Synthetic Example 8.
Synthesis of
L-g-glutamyl-3-[(2-naphthylmethyl)sulfonyl]-L-alanyl-
D-phenylglycine, 3A.
L-g-glutamyl-3-[(2-naphthybnethyl)sulfonyl]-L-alanyl-D
-phenylglycine, 3A, as the hydrochloride salt, was
prepared in three steps from
IV-a-(benzyloxycarbonyl)-L- g-glutamyl-
L-cysteinyl-D-phenylglycine using the method of
Synthetic Example 5, with 2-(bromomethyl)naphthalene
as the alkylating agent for the protected peptide.
Purity 92% by HPLC.L-g-glutamyl-3-[(5-ni1
ofman-2-ylinethyl)sulfonyl]-L-alanyl-D-phenylglycine,
14A, as the hydrochloride salt, was prepared by a
similar method. Purity 99% by HPLC. Representative
compounds of the first aspect of this invention are
given in Table 1 below: Table 1. Diacid compounds of
the first aspect of this invention# denotes the point
of attachment of A to the sulfonyl sulfur atom of the
compound The diethyl esters IB to 12B of compounds IA
to 12A were prepared by one of the methods discussed
above; and analyzed by mass spectrometry, with each
compound giving a mass peak (M/z) corresponding to its
mass, typically M+H with positive ionization, or M-H
with negative ionization. The dimethyl and diisopropyl
esters 1C and ID of diacid IA were also prepared and
analyzed by mass spectrometry, with each compound
giving a mass peak of M+H with positive ionization.
Other compounds of this invention may be similarly
prepared, using methods well known to a person of
ordinary skill in the art having regard to that skill
and this disclosure. In vitro assay examples. These
examples illustrate the effects of compounds of this
invention (and one or other of the comparator
compounds TLKl 17 and TLKl 99, and the "vinyl sulfone"
and its diethyl ester) in predictive in vitro assays.
Recombinant human GST Pl-I, Al-I, and Ml-I isoenzymes,
and rabbit polyclonal anti-human GSTp antibody were
obtained from EMD Biosciences, Inc., San Diego,
California, U.S.A. Mouse monoclonal anti-human GSTp
antibody was obtained from wasobtained from
Dakoctyomation, Inc., Carpinteria, California, U.S.A.
IRDye OO conjugated, affinity purified goat
anti-rabbit IgG antibody was obtained from Rockland
Immunochemicals, Inc., Gilbertsville, Pennsylvania,
U.S.A. The human cancer cell line HL-60 (promyeloid
myelocytic leukemia) was obtained from the National
Cancer Institute, Bethesda, Maryland, U.S.A. RPMI 1640
medium and Iscove's Modified Dulbecco's Medium (IMDM)
were obtained from Invitrogen, Inc., Carlsbad,
California, U.S.A. The CellTiter-Glo(tm) assay kit was
obtained from Promega Corporation, Madison, Wisconsin,
U.S.A., and was used in accordance with manufacturer's
directions. Phycoerythrin-conjugated anti-CDllb
antibody and phycoerythrin-conjugated isotype control
antibody were obtained from BD Biosciences, Inc., San
Jose, California, U.S.A. MethoCult(tm) M3234
methylcellulose medium (2.5% methylcellulose in IMDM,
supplemented with fetal bovine serum, bovine serum
albumin, rh insulin, h transferrin, 2-mercaptoethanol,
and L-glutamine) was obtained from StemCell
Technologies, Inc., Vancouver, Canada, and was diluted
(to 1% methylcellulose concentration) i accordance
with the manufacturer's directions. In vitro Example
1. Inhibition of glutathione Jf-transferase
isoenzymes. This example illustrates the effect of
compounds of this as inhibitors of the glutathione
^-transferase isoenzymes GST Pl-I, Al-I, and Ml-I, in
vitro. Inhibition of GST Pl-I is considered predictive
of efficacy in the therapeutic methods of the third
aspect of this invention, because TLKl 99 (the diethyl
ester of TLKl 17 tested in these assays) has shown
myelostimulant activity in humans and
chemopotentiation activity in an animal model.
Recombinant human GST Pl-I, Al-I, and Ml-I isoenzymes
were used at final concentrations of 0.02, 0.011, and
0.0083 units/mL, respectively [1 unit is the amount of
enzyme that will conjugate 1 mmol of
l-chloro-2,4-dinitrobenzene (CDNB) to reduced
glutathione (GSH) per minute at 2O0C and pH 6.5], in
assay buffer (100 mM I<H 2PO4/ K2HPO 4, 0.1 mM EDTA,
pH 6.5 in water). GSH was prepared as a 100 mM stock
solution in water, and CDNB as a 100 mM stock solution
in ethanol, and both were diluted with assay buffer to
the appropriate concentration (to achieve a final
concentration of 2XK n for the isoenzyme being
evaluated). The test compounds (diacids, compounds IA
to 12A and TLKl 17) were dissolved in dimethyl
sulfoxide (DMSO) and diluted with DMSO to the
appropriate concentration for the assay (8
concentrations over range with midpoint near expected
IC50-the concentration that causes 50% inhibition of
enzyme activity). For eachassay, the test compound and
GSH were added to the isoenzyme. Immediately after the
addition of CDNB solution to the
isoenzyme/compound/GSH solution, the absorbance at 340
nm was recorded continuously for 5 min on a SpectraMax
plate reader (Molecular Devices, Inc., Sunnyvale,
California, U.S.A.). The GST inhibitory activity of
each compound was calculated from the slopes of the
absorbance/time curves at the various concentrations
of test compound. All assays were conducted in
duplicate wells, with DMSO control, with the final
DMSO concentration maintained at 2%. Results of these
assays are given in Table 2 below. In vitro Example 2.
Cytotoxicity in HL-60 cells. This example illustrates
the cytotoxicity of compounds of this invention
against the HL-60 human leukemia cell line in dtro.
Log-phase cells were seeded in 96-well plates at 1500
cells/well in 150 mL RPMI 1640 medium supplemented
with 10% fetal bovine serum (FBS) and 1% L-glutamine,
and incubated at 37C under air/5% CO2 for 4-5 hours.
The test compounds (diethyl esters, compounds IB to
12B and TLKl 99) were dissolved and serially diluted
in DMSO (8 concentrations over range with midpoint
near expected CC50) . After a further 1:50 dilution in
the supplemented RPMI 1640 medium, 50 mL of the
diluted compounds were added to achieve a final DMSO
concentration of 0.5%. The cells were then incubated
for 72 hours (approximately three doubling times). The
cells were then harvested by centrifugation (1200 rpm
for 5 min at 20C), and 100 mL of the culture
supernatant was removed and replaced by the same
volume of the CellTiter-Glo reagent. After incubation
for 10 minutes at room temperature with constant
mixing, the plate was read with a luminometer, with
the number of live cells being proportional to the
observed luminescence. All assays were conducted in
triplicate wells, with DMSO solvent control. The CC50
(concentration that causes 50% growth inhibition) was
calculated from the luminescence/concentration curve.
Results of this assays are given in Table 2 below.I n
vitro example 3. GSTp immunoprecipitation assay. This
example illustrates the beneficial effects of
compounds of this invention in causing GSTp
immunoprecipitation. These results are considered
predictive of efficacy in the therapeutic methods of
the third aspect of this invention, because TLKl 99
(the diethyl ester of TLKl 17 tested in these assays)
has shown myelostimulant activity in humans and
chemopotentiation activity in an animal model. HL-60
cells were seeded at 6 X 105 cells/mL in 20 mL RPMI-1
640 medium supplemented with 10% fetal bovine serum, 1
mM glutamine and 20 mM gentamycin in a T75 flask and
cultured overnight in 5% CO2 atmosphere at 37C. The
cells were treated with 0.1% DMSO or 20 mM of the test
compounds (diethyl esters, compounds IB to 12B and
TLKl 99) in culture medium containing 0.1% DMSO for 2
hours. Following the treatment, the cells were
collected by centrifugation and washed twice with
phosphate-buffered saline. The cell pellets were
resuspended in 1mL lysis buffer (50 mM Tris, pH 8.0,
120 mM NaCl, 0.5% NP-40 surfactant, 100 mM NaF; to
which protease and phosphatase inhibitors (Roche
Diagnostics, Indianapolis, Indiana, U.S.A.) had been
added before use) and incubated with gentle agitation
for 30 minutes at 4C. The cell lysates were cleared by
centrifugation at 13,000 rpm for 10 minutes to remove
cell debris. For immunoprecipitation, 2.1 mg of mouse
monoclonal anti-human GSTp antibody was added to 500
mL cell lysate of 1 mg/mL total protein. Following
overnight incubation at 40C, 30 mL of Protein A/G
agarose beads (Pierce, Rockford, IL) were added to the
mixture and incubated for 1 hour at 4C. The beads were
then collected by centrifugation, washed three times
in lysis buffer, and resuspended in 10 mL non-reducing
lithium dodecyl sulfate sample buffer (Invitrogen,
Carlsbad, California, U.S.A.). The suspended samples
were heated at 950C for 5 minutes and subjected to
SDS-PAGE on a 4 - 12% gel, followed by Western blot
analysis using rabbit polyclonal anti-human GSTp
antibody followed by IRDye 800 conjugated, affinity
purified goat anti-rabbit IgG antibody. GSTpprotein
bands were visualized and band intensity quantified on
Odyssey infrared scanner (Li-Cor, Lincoln, Nebraska,
U.S.A.). The band intensity from a compound treatment
was compared to its corresponding DMSO control and
expressed as percent inhibition. The results are shown
in Table 2 below.Table 2. GST isoenzyme inhibition by
diacid compounds of this invention, and HL-60
cytotoxicity and GSTp immunoprecipitation of diethyl
ester compounds of this invention. NM-value not
measured; *-diethyl ester not made The diacid
compounds of this invention are potent inhibitors of
GST Pl-I, and are also generally selective for GST
Pl-I over GST Al-I and GST Ml-I, the two other human
GST isoenzymes. The diethyl esters all show good
cytotoxicity in HL-60 cells, and many show significant
inhibition of GSTp as measured in the
immunoprecipitation assay. Some of the diethyl ester
compounds of this invention were also tested for their
ability to enhance the differentiation of HL-60 cells.
This illustrates the beneficial effect ofthe compounds
of this invention in stimulating differentiation of
the HL-60 human leukemia cell line in vitro. These
results are considered predictive of efficacy in human
myelostimulation, because TLKl 99, which enhances
differentiation in this assay, has shown
myelostimulant activity in humans. Log-phase cells (1
x 105 cells/mL) were incubated at 37C under air/5% CO2
for 24 hours in 2 mL of the supplemented RPMI 1640
medium used in I n vitro Example 2 and the test
compounds dissolved in DMSO, with a final DMSO
concentration of 0.1%. The cells were harvested by
centrifugation (1250 rpm for 5 min at 20C) and washed
with 2 mL ice-cold phosphate-buffered saline (PBS)
containing 2% FBS, then stained with 10 mL
phycoerythrin-conjugated anti-CDl Ib antibody or 10 mL
phycoerythrin-conjugated isotype control antibody.
After standing for 30 min on ice, the cells were
re-suspended in 2 mL ice-cold PBS containing 2% FBS.
The cells were harvested by centrifugation (1250 rpm
for 5 min at 2O0C) and resuspended in 0.4 mL PBS
containing 2% FBS. The specific cell surface
expression of CDl Ib, a marker for granulocytes and
monocytes, was detected by flow cytometry using a
FACSCalibur analyzer (BD Biosciences). All assays were
conducted in triplicate, with DMSO control. The extent
of differentiation was expressed as a multiple of the
signal from the DMSO control. Several of the tested
compounds enhanced the differentiation of HL-60 cells.
From these results and the structural similarity of
these compounds to TLKl 99, the compounds, especially
as the diesters, are expected to act therapeutically
to: potentiate the cytotoxic effects of
chemotherapeutic agents in tumor cells, selectively
exert cytotoxicity in tumor cells, elevate the
production of GM progenitors in bone marrow, stimulate
the differentiation of bone marrow, mitigate the
myelosuppressive effects of chemotherapeutic agents,
and modulate hematopoiesis in bone marrow.Formulation
Example. This example illustrates suitable
formulations for the compounds of this invention,
especially the diesters. A solid formulation for oral
administration is prepared by combining the following:
Compound 25.0% w/w Magnesium stearate 0.5% w/w Starch
2.0% w/w Hydroxypropylmethylcellulose 1.0% w/w
Microcrystalline cellulose 71.5% w/w and the mixture
is compressed to form tablets or filled into hard
gelatin capsules containing, for example, 250 mg of
the compound. Tablets may be coated, if desired, by
applying a suspension of a film-forming agent (for
example, hydroxypropylmethylcellulose), pigment (for
example, titanium dioxide), and plasticizer (for
example, diethyl phthalate), and drying the film by
evaporation of the solvent. A formulation for IV
administration is prepared by dissolving the compound,
for example as a pharmaceutically acceptable salt, to
a concentration of 1% w/v in phosphatebuffered saline;
and the solution is sterilized, for example by sterile
filtration, and sealed in sterile containers
containing, for example, 250 mg of a compound of this
invention. Alternatively, a lyophilized formulation is
prepared by dissolving the compound, again for example
as a pharmaceutically acceptable salt, in a suitable
buffer, for example the phosphate buffer of the
phosphate-buffered saline mentioned above, sterilizing
the solution and dispensing it into suitable sterile
vials, lyophilizing the solution to remove the water,
and sealing the vials. The lyophilized formulation is
reconstituted by the addition of sterile water, and
the reconstituted solution may be further diluted for
administration with a solution such as 0.9% sodium
chloride intravenous infusion or 5% dextrose
intravenous infusion. Alternatively, a liposomal
formulation is prepared by the method of US Published
Application No. 2003/0100511 (e.g. Examples 4 and 5)
using a compound of this invention in place of
compound 9 of that publication, and may be lyophilized
as described in that publication.Therapeutic Example.
This example illustrates a suitable therapeutic method
for the compounds of this invention. A compound of
this invention, in an intravenous formulation as
described in the Formulation Example above, is
administered intravenously over 30 minutes to a
patient suffering from myelodysplastic syndrome at an
initial dose of 50 mg/m 2; and this dose is increased
to 100 mg/m 2, 200 mg/m 2, 400 mg/m 2, and 600 mg/m 2.
The compound is administered once per day for five
days every three weeks. While this invention has been
described in conjunction with specific embodiments and
examples, it will be apparent to a person of ordinary
skill in the art, having regard to that skill and this
disclosure, that equivalents of the specifically
disclosed materials and methods will also be
applicable to this invention; and such equivalents are
intended to be included within the following
claims.Claims: 1. A compound of the formula where: X
is L-g-glutamyl or L-g-glutamylglycyl; Y is H,
optionally substituted alkyl, optionally substituted
heteroalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
and Z is C5.9 alkyl, optionally substituted aryl,
optionally substituted aralkyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
or its C140 alkyl, phenyl-C^ alkyl, or (C5.6
heteroary^-C^ alkyl mono- or di-ester; or a salt of
the compound or its mono- or di-ester. 2. The compound
of claim 1 where X is L-g-glutamyl. 3. The compound of
claim 1 or 2 where Y is optionally substituted C5.6
cycloalkyl, optionally substituted C5.6
cycloheteroalkyl, optionally substituted phenyl, or
optionally substituted C5.6 heteroaryl. 4. The
compound of claim 3 where Y is cyclopentyl,
cyclohexyl, thienyl, furyl, pyridinyl, or optionally
substituted phenyl. 5. The compound of claim 4 where Y
is cyclohexyl. 6. The compound of claim 4 where Y is
phenyl, optionally substituted with 1 or 2 fluoro,
chloro, methyl, hydroxy, methoxy, or trifluoromethyl
groups. 7. The compound of claim 6 where the phenyl is
unsubstituted. 8. The compound of claim 6 where the
phenyl is substituted and one of the substituents is
in the 4-position.9. The compound of claim 8 where
there is only one substituent. 10. The compound of any
one of claims 1 to 9 where Z is C5.9 alkyl, or is
phenyl, 1- or 2-naphthyl, 2-, 3-, or 4-biphenylyl, or
2-, 3-, or 4-(C5_6 heteroaryl)phenyl, each optionally
substituted with 1 to 3 halo, cyano, hydroxy, carboxy,
trifluoromethyl, or -R, -OR, -COOR, or -NR2 groups
(where R is C1 3 alkyl). 11. The compound of claim 10
where Z is phenyl, optionally substituted with fluoro,
chloro, cyano, hydroxy, methoxy, methyl, or
trifluoromethyl. 12. The compound of claim 11 where Z
is phenyl. 13. The compound of claim 10 where Z is 2-,
3-, or 4-biphenylyl, or 2-, 3-, or 4-(C5.6
heteroaryl)phenyl, each optionally substituted with
fluoro, chloro, cyano, hydroxy, methoxy, methyl, or
trifluoromethyl. 14. The compound of claim 13 where Z
is 2-, 3-, or 4-biphenylyl or 2-, 3-, or 4-(C5.6
heteroaryl)phenyl. 15. The compound of any one of
claims 1 to 14 that is a diacid. 16. The compound of
any one of claims 1 to 14 that is a diester. 17. The
compound of claim 16 that is a C1 alkyl diester. 18.
The compound of claim 17 that is a C1-3 alkyl diester.
19. The compound of claim 18 that is a diethyl ester.
20. The compound of claim 1 that is selected from:
L-g-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-D-phe
nylglycine, L-g-glutamyl-3- {[(4-chlorophenyl)methyl]
sulfonyl} -L-alanyl-D-phenylglycine,
L-g-glutamyl-3-[(2-naphthylmethyl)sulfonyl]-L-alanyl-D
-phenylglycine,
L-g-glutamyl-3-[(2-biphenylyLmethyl)sulfonyl]-L-alanyl
-D-phenylglycine,
L-g-glutamyl-3-{[(2'-cyano-4-biphenylyl)methyl]sulfony
l}-L-alanyl-D-phenylglycine, L-g-glutamyl-3-
{[(8-quinolyl)methyl]sulfonyl}-L-alanyl-D-phenylglycin
e,L-g-glutamyl-3-
{[4-(2-pyridyl)phenylrnethyl]sulfonyl}-L-alanyl-D-phen
ylglycine,
L-g-glutamyl-3-{[(14soqxainolyl)methyl]svilfonyl}-L-al
anyl-D-plienylglycine, L-g-glutamyl-S-lf^-methylbenzot
azol-S-y^methylJsialfonyll-L-alanyl-D-phenylglycine,
L-g-glutamyl-3- {[2-(1-naphthyl) ethyl]
sulfonyl}-L-alanyl-D-phenylglycine,
L-g-glutamyl-3-[(4-biphenylyknethyl)st
ilfonyl]-L-alanyl-D-phenylglycine,
L-g-glutamyl-3-[(4-biphenylylmethyl)si
lfonyl]-L-alanyl-D-cyclohexylglycine, and
L-g-glutamyl-3-[(4-biphenylyknethyl)st
ilfonyl]-L-alanyl-D-(4-chlorophenyl)glycine, and their
diethyl esters, and the salts of the compounds and
their diethyl esters. 21. A pharmaceutical composition
comprising a compound of any one of claims 1 to 20.
22. The pharmaceutical composition of claim 2 1
furdier comprising an excipient. 23. The use of a
compound of any one of claims 1 to 20 for the
manufacture of a medicament for one or more of:
potentiating the cytotoxic effects of chemotherapeutic
agents in tumor cells, selectively exerting toxicity
in tumor cells, elevating the production of GM
progenitors in bone marrow, stimulating the
differentiation of bone marrow cells, mitigating the
myelosuppressive effects of chemotherapeutic agents,
and modulating hematopoiesis in bone marrow. 24. A
therapeutic method of one or more of: potentiating the
cytotoxic effects of chemotherapeutic agents in tumor
cells, selectively exerting toxicity in tumor cells,
elevating the production of GM progenitors in bone
marrow, stimulating the differentiation of bone marrow
cells, mitigating the myelosuppressive effects of
chemotherapeutic agents, and modulating hematopoiesis
in bone marrow, comprising administering a compound of
any one of claims 1 to 20 or a composition of any one
of claims 21 to 22. 25. A compound of the formula
where:X is JV-a-R'-L- g-glutamyl or
-a-R1-L-g-grutamylglycyl, where R1 is an
atnine-protecting group; and Y and Z are as in claim
1; or its C140 alkyl, phenyl-Q . alkyl, or (C5.6
heteroary^-C^ alkyl mono- or di-ester; or a salt of
the compound or its mono- or di-ester. 26. A method of
preparing a compound of claim 1, comprising: (a)
oxidizing a compound of the formula where: X is
L-g-glutamyl or L-g-glutamylglycyl, or is
iV-a-R1-L-g-glutamyl or N-oc-R1- L-g-glutamylglycyl,
where R1 is an amine-protecting group; and Y and Z are
as in claim 1; or its C1 10 alkyl, phenyl-C^ aLkyl, or
(C5.6 heteroary^-C^ alkyl mono- or di-ester; (b) if Y
is N -a-R1-L-g-glutamyl or N -a-R1-L-g-glutamylglycyl,
deprotecting the resulting sulfone to give a compound
of claim 1; and optionally (c) if the compound of
claim 1 prepared in step (a) or step (b) is a diacid,
forming a mono- or diester of the compound; or (d) if
the compound prepared in step (a) or (b) is a mono- or
diester, de-esterifying the compound to prepare the
diacid of the compound; and (e) forming a salt of the
compound prepared in any of steps (a) to (d). 27. The
method of claim 26 where R1 is a catalytically
removable amine-protecting group. 


