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(57) ABSTRACT 

Binding polypeptides that speci?cally bind BLyS protein or 
BLyS-like polypeptides can be used in methods of the 
invention for detecting, diagnosing, or prognosing a disease 
or disorder associated With aberrant BLyS or BLyS receptor 
expression or inappropriate function of BLyS or BLyS 
receptor, comprising BLyS binding polypeptides or frag 
ments or variants thereof, that speci?cally bind to BLyS. The 
present invention further relates to methods and composi 
tions for preventing, treating or ameliorating a disease or 
disorder associated With aberrant BLyS or BLyS receptor 
expression or inappropriate BLyS function or BLyS receptor 
function, comprising administering to an animal, preferably 
a human, an effective amount of one or more BLyS binding 
polypeptides or fragments or variants thereof, that speci? 
cally bind to BLyS. 
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BINDING POLYPEPTIDES AND METHODS BASED 
THEREON 

FIELD OF THE INVENTION 

[0001] The present invention relates to therapeutic and 
diagnostic uses for molecules that bind to B lymphocyte 
stimulator protein (BLyS). In particular, the present inven 
tion also relates to methods and compositions for detecting, 
diagnosing, or prognosing a disease or disorder associated 
With aberrant BLyS or BLyS receptor expression or inap 
propriate function of BLyS or BLyS receptor, comprising 
BLyS binding polypeptides or fragments or variants thereof, 
that speci?cally bind to BLyS. The present invention further 
relates to methods and compositions for preventing, treating 
or ameliorating a disease or disorder associated With aber 
rant BLyS or BLyS receptor expression or inappropriate 
BLyS function or BLyS receptor function, comprising 
administering to an animal, preferably a human, an effective 
amount of one or more BLyS binding polypeptides or 
fragments or variants thereof, that speci?cally bind to BLyS. 

BACKGROUND OF THE INVENTION 

[0002] B lymphocyte stimulator (BLyS) is a member of 
the tumor necrosis factor (“TNF”) superfamily that induces 
both in vivo and in vitro B cell proliferation and differen 
tiation (Moore et al., Science, 285: 260-263 (1999)). BLyS 
is distinguishable from other B cell groWth and differentia 
tion factors such as IL-2, IL-4, IL-5, IL-6, IL-7, IL-13, 
IL-15, CD40L, or CD27L (CD70) by its monocyte-speci?c 
gene and protein expression pattern and its speci?c receptor 
distribution and biological activity on B lymphocytes. BLyS 
expression is not detected on natural killer (“NK”) cells, T 
cells or B cells, but is restricted to cells of myeloid origin. 
BLyS expression on resting monocytes is upregulated by 
interferon-gamma (IFN-gamma). The gene encoding BLyS 
has been mapped to chromosome 13q34. 

[0003] BLyS is expressed as a 285 amino acid type II 
membrane-bound polypeptide and a soluble 152 amino acid 
polypeptide (Moore et al., 1999, supra). The membrane 
bound form of BLyS has a predicted transmembrane span 
ning domain betWeen amino acid residues 47 and 73. The 
NHZ-terminus of the soluble form of BLyS begins at Ala134 
of the membrane-bound form of BLyS. Both the soluble and 
membrane-bound forms of the protein form homotrimers. 
Soluble recombinant BLyS has been shoWn to induce in 
vitro proliferation of murine splenic B cells and to bind to a 
cell-surface receptor on these cells (Moore et al., 1999, 
supra). Soluble BLyS administration to mice has been 
shoWn to result in an increase in the proportion of 
CD45Rdun, Ly6 Dbright (also knoWn as ThB) B cells and an 
increase in serum IgM and IgA levels (Moore et al., 1999, 
supra). Thus, BLyS displays a B cell tropism in both its 
receptor distribution and biological activity. 

[0004] Based on its expression pattern and biological 
activity, BLyS has been suggested to be involved in the 
exchange of signals betWeen B cells and monocytes or their 
differentiated progeny. The restricted expression patterns of 
BLyS receptor and ligand suggest that BLyS may function as 
a regulator of T cell-independent responses in a manner 
analogous to that of CD40 and CD40L in T cell-dependent 
antigen activation. 

[0005] Accordingly, molecules that speci?cally bind 
BLyS Would ?nd a variety of uses in the study of the BLyS 
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cytokine, in the manufacture and puri?cation of BLyS in 
commercial and medically pure quantities, and in the devel 
opment neW therapeutic or diagnostic reagents. BLyS bind 
ing polypeptides may also ?nd medical utility in, for 
example, the treatment of B cell and/or monocyte disorders 
associated With autoimmunity, neoplasia, or immunode? 
ciency syndromes. 

SUMMARY OF THE INVENTION 

[0006] NeW polypeptides that speci?cally bind to B lym 
phocyte stimulator protein (BLyS) and/or BLyS-like 
polypeptides have been discovered, and the therapeutic and 
diagnostic applications for such polypeptides are disclosed 
herein. Particular polypeptides useful in the methods of this 
invention speci?cally bind to a polypeptide or polypeptide 
fragment of human BLyS (SEQ ID NOs:173 and/or 174) or 
BLyS expressed on human monocytes; murine BLyS (SEQ 
ID NOs:175 and/or 176) or BLyS expressed on murine 
monocytes; rat BLyS (either the soluble forms as given in 
SEQ ID NOs:177, 178, 179 and/or 180 or in a membrane 
associated form, e.g., on the surface of rat monocytes); or 
monkey BLyS (e.g., the monkey BLyS polypeptides of SEQ 
ID NOS1181 and/or 182, the soluble form of monkey BLyS, 
or BLyS expressed on monkey monocytes), preferably 
human BLyS. 

[0007] In preferred methods of the invention, BLyS bind 
ing polypeptides comprising, or alternatively consisting of, 
an amino acid sequence selected from the group consisting 
of SEQ ID NOs:1-12, 20-172, and 186-444, preferably SEQ 
ID NOs:163-172 and 436-444 as referred to herein and in 
Tables 1-8, 13 and 14, and fragments and variants thereof, 
Will be used. 

[0008] In speci?c preferred embodiments, the BLyS bind 
ing polypeptides bind BLyS and/or BLyS-like polypeptides 
With high af?nity. In other embodiments, the BLyS binding 
polypeptides reversibly bind BLyS and/or BLyS-like 
polypeptides. In still other embodiments, the BLyS binding 
polypeptides irreversibly bind BLyS and/or BLyS-like 
polypeptides. 

[0009] The cysteine residues in certain polypeptides use 
ful in the methods of the invention are believed to form a 
disul?de bond, Which Would cause the polypeptide contain 
ing these cysteine residues to form a stable loop structure 
under non-reducing conditions. Especially preferred BLyS 
binding polypeptides useful in the methods of the invention 
are polypeptide molecules that comprise amino acid 
sequences that form stable loop structures or other stable 
structures that bind BLyS or BLyS-like polypeptides. 

[0010] Analysis of the sequences of the BLyS binding 
polypeptides described herein shoWs a strong selection for 
polypeptides containing the tetrapeptide Asp-Xaa-Leu-Thr 
(SEQ ID NO:446), and therefore in its broadest aspects, the 
present invention relates to methods for using polypeptides 
capable of binding to BLyS comprising the polypeptide 
Asp-Xaa-Leu-Thr (SEQ ID NO:446), Where Xaa is Pro, Ser, 
Thr, Phe, Leu, Tyr, Cys, or Ala (preferably Pro or Ser). 

[0011] In addition, seven consensus sequences (SEQ ID 
NOs:1-7) are disclosed for peptides useful in the methods of 
the invention, based on the speci?c BLyS binding polypep 
tides shoWn in Tables 1-8. In preferred methods according to 
the invention, BLyS binding polypeptides comprising one or 
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more of these sequences are used. Such preferred methods 
utilize BLyS binding polypeptides including polypeptides 
With the potential to form a cyclic or loop structure betWeen 
invariant Cys residues comprising, or alternatively consist 
ing of, an amino acid sequence selected from A-E (SEQ ID 
NOs: l -5): 

Wherein 

X1 is Ala, Asn, Lys, or Ser; 

X2 is Ala, Glu, Met, Ser, or Val; 

X3 is Ala, Asn, Lys, or Pro (preferably Lys); 
X5 is Phe, Trp, or Tyr (preferably Tyr); 
X7 is Pro or Tyr (preferably Pro); 

Xll is Ala, Gln, His, Phe, or Val; 
Xl2 is Asn, Gln, Gly, His, Ser, or Val; and 
X13 is Ala, Asn, Gly, lle, Pro, or Ser, 
[0012] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

wherein 

X1 is Ala, Asp, Gln, Glu, Gly, His, lle, Leu, Lys, Met, Phe, 
Pro, Ser, Thr, Trp, Tyr, Val, or is absent; 

X2 is Ala, Asn, Asp, Gln, Gly, His, lle, Leu, Lys, Met, Phe, 
Pro, Ser, Thr, Trp, Tyr, or Val; 

X3 is Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, lle, Leu, Lys, 
Met, Phe, Pro, Ser, Trp, Tyr, or Val (preferably Asp); 

X5 is Asp, lle, Leu, or Tyr (preferably Asp or Leu); 

X6 is Arg, Asp, Glu, His, lle, Leu, Lys, Phe, Pro, Tyr, or Val 
(preferably Glu or Leu); 

X7 is His, Leu, Lys, or Phe (preferably His or Leu); 

X8 is Leu, Pro, or Thr (preferably Thr or Pro); 

X9 is Arg, Asn, Gly, His, lle, Lys, Met, or Trp (preferably 
Lys); 

Xl0 is Ala, Gln, Glu, Gly, His, lle, Leu, Met, Phe, Ser, Trp, 
Tyr, or Val; 

Dec. 20, 2007 

Xl2 is Asp, Gln, Glu, Gly, lle, Leu, Lys, Phe, Ser, Trp, Tyr, 
or Val; 

Xl3 is Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, Leu, Lys, Met, 
Phe, Pro, Ser, Thr, Trp, Tyr, or Val; and 

(SEQ ID NO:l) 

Xl4 is Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, lle, Leu, Lys, 
Phe, Pro, Trp, Tyr, Val, or is absent, 
[0013] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

(SEQ ID NO:3) 

Wherein 

X1 is Ala, Arg, Asn, Asp, Leu, Lys, Phe, Pro, Ser, or Thr; 

X2 is Asn, Asp, Gln, His, lle, Lys, Pro, Thr, or Trp; 

X3 is Ala, Arg, Asn, Gln, Glu, His, Phe, Pro, or Thr 
(preferably Ala); 
X5 is Asn, Asp, Pro, Ser, or Thr (preferably Asp); 

X6 is Arg, Asp, lle, Leu, Met, Pro, or Val (preferably lle); 

(SEQ ID NO:2) 

X7 is Ala, lle, Leu, Pro, Thr, or Val (preferably Val or Leu); 

X8 is Asn, His, lle, Leu, Lys, Phe, or Thr (preferably Thr); 

X9 is Asn, Glu, Gly, His, Leu, Lys, Met, Pro, or Thr 
(preferably Leu); 

Xl0 is Arg, Asn, Asp, Gln, Glu, Gly, lle, Lys, Met, Pro, Ser, 
or Trp; 

Xll is Arg, Glu, Gly, Lys, Phe, Ser, Trp, or Tyr (preferably 
Ser); 

Xl3 is Gln, Glu, lle, Leu, Phe, Pro, Ser, Tyr, or Val (pref 
erably Val); 

Xl4 is Asn, Gly, lle, Phe, Pro, Thr, Trp, or Tyr; and 

X15 is Asn, Asp, Glu, Leu, Lys, Met, Pro, or Thr (preferably 
Glu or Pro), 

[0014] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 
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wherein 

X1 is Asn, Asp, His, Leu, Phe, Pro, Ser, Tyr, or is absent 
(preferably Ser); 
X2 is Arg, Asn, Asp, His, Phe, Ser, or Trp (preferably Arg); 

X3 is Asn, Asp, Leu, Pro, Ser, or Val (preferably Asn or Asp); 

X5 is Asp, Gln, His, lle, Leu, Lys, Met, Phe, or Thr; 

X6 is His, lle, Leu, Met, Phe, Pro, Trp, or Tyr; 

X7 is Asp, His, Leu, or Ser (preferably Asp); 

X8 is Ala, Arg, Asp, Glu, Leu, Phe, Pro, or Thr (preferably 
Glu or Pro); 

X9 is Ala, Arg, Asn, or Leu (preferably Leu); 

Xl0 is He, Leu, Met, Pro, Ser, or Thr (preferably Thr); 

Xll is Ala, Arg, Asn, Gly, His, Lys, Ser, or Tyr; 

Xl2 is Ala, Arg, Asn, Gln, Leu, Met, Ser, Trp, Tyr, or Val; 

Xl4 is Asp, Gly, Leu, Phe, Tyr, or Val (preferably Leu); 

Xl5 is Asn, His, Leu, Pro, or Tyr (preferably His, Leu or 
Pro); and 

X16 is Asn, Asp, His, Phe, Ser, or Tyr, (preferably Asp or 
Ser), 
[0015] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

wherein 

X1 is Arg, Asp, Gly, His, Leu, Phe, Pro, Ser, Trp, Tyr, or is 
absent (preferably Arg); 

X2 is Ala, Arg, Asn, Asp, Gly, Pro, Ser, or is absent 
(preferably Asn, Asp, Gly, or Pro); 

X3 is Arg, Asn, Gln, Glu, Gly, Lys, Met, Pro, Trp or Val 
(preferably Gly or Met); 

X5 is Arg, Asn, Gln, Glu, His, Leu, Phe, Pro, Trp, Tyr, or Val 
(preferably Trp, Tyr, or Val); 

X6 is Arg, Asp, Gln, Gly, lle, Lys, Phe, Thr, Trp or Tyr 
(preferably Asp); 

X7 is Ala, Arg, Asp, Glu, Gly, Leu, Ser, or Tyr (preferably 
ASP); 

X8 is Asp, Gln, Glu, Leu, Met, Phe, Pro, Ser, or Tyr 
(preferably Leu); 
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(SEQ ID NO:4) 

X9 is Asp, Leu, Pro, Thr, or Val (preferably Leu or Thr); 

Xl0 is Arg, Gln, His, lle, Leu, Lys, Met, Phe, Thr, Trp or Tyr 
(preferably Lys or Thr); 

Xll is Ala, Arg, Asn, Gln, Glu, His, Leu, Lys, Met, or Thr 
(preferably Arg or Leu); 

X 12 is Ala, Asn, Gln, Gly, Leu, Lys, Phe, Pro, Thr, Trp, or Tyr 
(preferably Thr or Trp); 

Xl3 is Ala, Arg, Gln, His, Lys, Met, Phe, Pro, Thr, Trp, or Tyr 
(preferably Met or Phe); 

Xl4 is Arg, Gln, Glu, Gly, His, Leu, Met, Phe, Pro, Ser, Thr, 
Tyr, or Val (preferably Val); 

Xl6 is Arg, Asp, Gly, His, Lys, Met, Phe, Pro, Ser, or Trp 
(preferably Met); 

Xl7 is Arg, Asn, Asp, Gly, His, Phe, Pro, Ser, Trp or Tyr, 
(preferably Arg, His, or Tyr); and 

X18 is Ala, Arg, Asn, Asp, His, Leu, Phe, or Trp (preferably 
His or Asn), 

Wherein said polypeptide binds BLyS and/or BLyS-like 
polypeptides. 

(SEQ ID NO:5) 

[0016] Additional preferred embodiments include meth 
ods utilizing linear BLyS binding polypeptides comprising, 
or alternatively consisting of, an amino acid sequence 
selected from F and G (SEQ ID NOs:6 and 7): 

(SEQ ID NO:6) 

Wherein 

X 1 is Ala, Arg, Gly, His, Leu, Lys, Met, Phe, Trp, Tyr, or Val 
(preferably Gly, Tyr, or Val); 

X2 is Ala, Arg, Gln, His, lle, Leu, Phe, Thr, Trp, or Tyr 
(preferably His or Tyr); 

X3 is Ala, Asp, Lys, Phe, Thr, Trp or Tyr (preferably Asp or 
Tyr); 

X4 is Arg, Asp, Gln, Lys, Met, Phe, Pro, Ser, Tyr, or Val 
(preferably Asp or Gln); 

X5 is Asp, Leu, Lys, Phe, Pro, Ser, or Val (preferably Leu or 
Ser); 
X6 is His, lle, Leu, Pro, Ser, or Thr (preferably Leu or Thr); 
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X7 is Arg, Gly, His, Leu, Lys, Met, or Thr (preferably Lys or 
Thr); 
X8 is Ala, Arg, Asn, lle, Leu, Lys, Met, or Thr (preferably 
Leu or Lys); 

X9 is Ala, Asn, Arg, Asp, Glu, Gly, His, Leu, Met, Ser, Trp, 
Tyr, or Val (preferably Met or Ser); 

X 10 is He, Leu, Phe, Ser, Thr, Trp, Tyr, or Val (preferably Thr 
or Leu); 

Xll is Ala, Arg, Gly, His, lle, Leu, Lys, Pro, Ser, Thr, Trp, 
Tyr, or Val (preferably Pro or Thr); and 

X12 is Arg, Asp, His, Leu, Lys, Met, Phe, Pro, Ser, Trp, Tyr, 
or Val (preferably Arg or Pro), 

[0017] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

Wherein 

X1 is Asp, Gln, Glu, Gly, His, Lys, Met, or Trp (preferably 
Glu, Lys); 
X2 is Arg, Gln, His, lle, Leu, or Pro (preferably His or Pro); 

X3 is Asp, Gly, lle, Lys, Thr, Tyr or Val (preferably Tyr); 

X4 is Asn, Asp, Gln, Glu, Met, Pro, Ser, or Tyr (preferably 
Asp or Gln); 

X5 is Asn, Asp, His, lle, Leu, Met, Pro, Thr or Val (preferably 
Asn or Thr); 

X6 is Asp, Glu, His, Leu, Lys, Pro, or Val (preferably Asp or 
Pro); 
X7 is Arg, Asn, Gln, His, lle, Leu, Met, Pro, or Thr 
(preferably He or Pro); 

X8 is Gln, Gly, His, Leu, Met, Ser, or Thr (preferably Leu or 
Thr); 
X9 is Asn, Gln, Gly, His, Leu, Lys, Ser, or Thr (preferably 
Lys); 

Xl0 is Ala, Gly, lle, Leu, Lys, Met, or Phe (preferably Gly 
or Met); 

Xll is Ala, Glu, His, lle, Leu, Met, Ser, Thr, Trp, Tyr, or Val 
(preferably Ala or Thr); 

Xl2 is Arg, Gln, Glu, Gly, His, lle, Lys, Tyr, or Val (pref 
erably Arg or His); and 

X13 is Arg, Asn, Glu, His, lle, Ser, Thr, Trp, or Val (prefer 
ably His), 
Wherein said polypeptide binds BLyS and/or BLyS-like 
polypeptides. 
[0018] Additional polypeptides useful in the methods of 
the invention include polypeptides comprising, or alterna 
tively consisting of, an amino acid sequence selected from 
H-L (SEQ ID NOsz8-l2): 
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Wherein 

X2 is Phe, Trp, or Tyr (preferably Tyr); and 

[0019] X4 is Pro or Tyr (preferably Pro); or 

Wherein 

X2 is Asp, lle, Leu, or Tyr (preferably Asp or Leu); 

X3 is Arg, Asp, Glu, His, lle, Leu, Lys, Phe, Pro, Tyr, or Val 
(preferably Glu or Leu); 

X4 is His, Leu, Lys, or Phe (preferably His or Leu); 

X5 is Leu, Pro, or Thr (preferably Thr or Pro); 

(SEQ ID NO:7) 

X6 is Arg, Asn, Gly, His, lle, Lys, Met, or Trp (preferably 
Lys); and 

[0020] X7 is Ala, Asn, Gln, Glu, Gly, His, lle, Leu, Met, 
Phe, Ser, Trp, Tyr, or Val; or 

Wherein 

X2 is Asn, Asp, Pro, Ser, or Thr (preferably Asp); 

X3 is Arg, Asp, lle, Leu, Met, Pro, or Val (preferably lle); 

X4 is Ala, lle, Leu, Pro, Thr, or Val (preferably Val or Leu); 

X5 is Asn, His, lle, Leu, Lys, Phe, or Thr (preferably Thr); 

X6 is Asn, Glu, Gly, His, Leu, Lys, Met, Pro, or Thr 
(preferably Leu); 

X7 is Arg, Asn, Asp, Gln, Glu, Gly, lle, Lys, Met, Pro, Ser, 
or Trp; 

[0021] X8 is Arg, Glu, Gly, Lys, Phe, Ser, Trp, or Tyr 
(preferably Ser); or 

Wherein 

X2 is Asp, Gln, His, lle, Leu, Lys, Met, Phe, or Thr; 

X3 is His, lle, Leu, Met, Phe, Pro, Trp, or Tyr; 

X4 is Asp, His, Leu, or Ser (preferably Asp); 

X5 is Ala, Arg, Asp, Glu, Leu, Phe, Pro, or Thr (preferably 
Glu or Pro); 

X6 is Ala, Arg, Asn, or Leu (preferably Leu); 

X7 is He, Leu, Met, Pro, Ser, or Thr (preferably Thr); 

X8 is Ala, Arg, Asn, Gly, His, Lys, Ser, or Tyr; 

[0022] X9 is Ala, Arg, Asn, Gln, Leu, Met, Ser, Trp, Tyr, 
or Val; or 
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wherein 

X2 is Arg, Asn, Gln, Glu, His, Leu, Phe, Pro, Trp, Tyr, or Val 
(preferably Trp, Tyr, or Val); 
X3 is Arg, Asp, Gln, Gly, Ile, Lys, Phe, Thr, Trp or Tyr 
(preferably Asp); 
X4 is Ala, Arg, Asp, Glu, Gly, Leu, Ser, or Tyr (preferably 
ASP); 

X5 is Asp, Gln, Glu, Leu, Met, Phe, Pro, Ser, or Tyr 
(preferably Leu); 

X6 is Asp, Leu, Pro, Thr, or Val (preferably Leu or Thr); 

X7 is Arg, Gln, His, Ile, Leu, Lys, Met, Phe, Thr, Trp or Tyr 
(preferably Lys or Thr); 

X8 is Ala, Arg, Asn, Gln, Glu, His, Leu, Lys, Met, or Thr 
(preferably Arg or Leu); 

X9 is Ala, Asn, Gln, Gly, Leu, Lys, Phe, Pro, Thr, Trp, or Tyr 
(preferably Thr or Trp); 

Xl0 is Ala, Arg, Gln, His, Lys, Met, Phe, Pro, Thr, Trp, or Tyr 
(preferably Met or Phe); 

Xll is Arg, Gln, Glu, Gly, His, Leu, Met, Phe, Pro, Ser, Thr, 
Tyr, or Val (preferably Val); 

Wherein said polypeptides bind BLyS and/or BLyS-like 
polypeptides. 

[0023] In preferred embodiments of the present invention, 
BLyS binding polypeptides are used Which comprise the 
following amino acid sequence M (SEQ ID NO1447): 

Wherein 

X2 is Asn, Ser, Tyr, Asp, Phe, Ile, Gln, His, Pro, Lys, Leu, 
Met, Thr, Val, Glu, Ala, Gly, Cys, or Trp (i.e., any amino acid 
except Arg; preferably Asn); 
X3 is Trp, Glu, Lys, Cys, Leu, Ala, Arg, Gly, or Ser 
(preferably Trp); 
X4 is Tyr, Phe, Glu, Cys, Asn (preferably Tyr); 
X6 is Pro, Ser, Thr, Phe, Leu, Tyr, Cys, or Ala (preferably Pro 
or Ser); 

X9 is Lys, Asn, Gln, Gly, or Arg (preferably Lys); 
Xll is Trp, Ser, Thr, Arg, Cys, Tyr, or Lys (preferably Trp); 
Xl2 is Leu, Phe, Val, Ile, or His (preferably Leu); 
Xl3 is Pro, Leu, His, Ser, Arg, Asn, Gln, Thr, Val, Ala, Cys, 
Ile, Phe, or Tyr (i.e., not Asp, Glu, Gly, Lys, Met, or Trp; 
preferably Pro); and 
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(SEQ ID NO:12) 

Xl4 is Asp, Glu, Asn, Val, His, Gln, Arg, Gly, Ser, Tyr, Ala, 
Cys, Lys, Ile, Thr or Leu (i.e., not Phe, Met, Pro, or Trp; 
preferably Asp, Val or Glu). 

[0024] Preferred methods Will utiliZe polypeptides com 
prising a core sequence of the formula N: 

(SEQ ID NO:448) 

Wherein 

X1 is Trp, Glu, Lys, Cys, Leu, Ala, Arg, Gly, or Ser 
(preferably Trp); 

X2 is Tyr, Phe, Glu, Cys, Asn (preferably Tyr); 

X4 is Pro, Ser, Thr, Phe, Leu, Tyr, Cys, or Ala (preferably Pro 
or Ser); 

X7 is Lys, Asn, Gln, Gly, or Arg (preferably Lys); 

X9 is Trp, Ser, Thr, Arg, Cys, Tyr, or Lys (preferably Trp); 
and 

X10 is Leu, Phe, Val, Ile, or His (preferably Leu). 

[0025] Especially preferred methods according to the 
invention Will utiliZe BLyS binding polypeptides Which 
comprise the core peptide Trp-Tyr-Asp-Pro-Leu-Thr-Lys 
Leu-Trp-Leu (SEQ ID NO1436). 

[0026] BLyS binding polypeptides used in the methods of 
the present invention may also have an amino terminal 
(N -terminal) capping or functional group, such as an acetyl 
group, Which, for example, blocks the amino terminal amino 
group from undesirable reactions or is useful in linking the 
BLyS binding polypeptide to another molecule, matrix, 

(SEQ ID NO:447) 

resin, or solid support. BLyS binding polypeptides may also 
have a carboxy terminal (C-terminal) capping or functional 
group, such as an amide group, Which, for example, blocks 
the C-terminal carboxyl group from undesirable reactions or 
provides a functional group useful in conjugating the bind 
ing polypeptide to other molecules, matrices, resins, or solid 
supports. Preferably, the N- and/or C-terminal capping 
groups are polypeptide linker molecules. An especially 
preferred C-terminal linker molecule that is useful for 
immobiliZing a BLyS binding polypeptide to a solid support 
or chromatographic matrix material comprises the amino 
acid sequence Pro-Gly-Pro-Glu-Gly-Gly-Gly-Lys (SEQ ID 
NOzl3). Another useful C-terminal linker, e.g., for ?uores 
ceinating peptides, is Gly-Gly-Lys (see Table 14). 

[0027] In the methods of the present invention, it may be 
advantageous to use BLyS binding polypeptides that have 
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been modi?ed, for example, to increase or decrease the 
stability of the molecule, While retaining the ability to bind 
BLyS and/or BLyS-like polypeptides. An example of a 
modi?ed BLyS binding polypeptide is a polypeptide in 
Which one of tWo cysteine residues is substituted With a 
non-naturally occurring amino acid that is capable of con 
densing With the remaining cysteine side chain to form a 
stable thioether bridge, thereby generating a cyclic BLyS 
binding polypeptide. Such cyclic thioether molecules of 
synthetic peptides may be routinely generated using tech 
niques knoWn in the art, e.g., as described in PCT publica 
tion WO 97/46251, incorporated herein by reference. 

[0028] Some of the methods provided herein utilize BLyS 
binding polypeptides that have been attached, coupled, 
linked or adhered to a matrix or resin or solid support. 
Techniques for attaching, linking or adhering polypeptides 
to matrices, resins and solid supports are Well knoWn in the 
art. Suitable matrices, resins or solid supports for these 
materials may be any composition knoWn in the art to Which 
a BLyS binding polypeptide could be attached, coupled, 
linked, or adhered, including but not limited to, a chromato 
graphic resin or matrix, such as SEPHAROSE-4 FF agarose 
beads, the Wall or ?oor of a Well in a plastic microtiter dish, 
such as used in an enzyme-liked immunosorbent assay 
(ELISA), or a silica based biochip. Materials useful as solid 
supports on Which to immobilize binding polypeptides for 
use in the methods include, but are not limited to, polyacry 
lamide, agarose, silica, nitrocellulose, paper, plastic, nylon, 
metal, and combinations thereof. A BLyS binding polypep 
tide may be immobilized on a matrix, resin or solid support 
material by a non-covalent association or by covalent bond 
ing, using techniques knoWn in the art. 

[0029] In certain embodiments of the present invention, it 
is preferred to utilize BLyS binding polypeptides or phage 
displaying such binding polypeptides that irreversibly bind 
the BLyS protein in its native, soluble trimeric form. 

[0030] In certain embodiments of the present, it is pre 
ferred to utilize BLyS binding polypeptides of the present 
invention or phage displaying such binding polypeptides 
that reversibly bind the BLyS protein in its native, soluble 
trimeric form. 

[0031] In further embodiments of the present invention, a 
method may call for the use of a composition of matter 
comprising isolated nucleic acids, preferably DNA, encod 
ing a BLyS binding polypeptide. In speci?c embodiments, 
nucleic acid molecules encode a BLyS binding polypeptide 
comprising the amino acid sequence of SEQ ID NOs:1-12, 
20-172, or 186-444. In additional embodiments, the nucleic 
acid molecules encode a polypeptide variant or fragment of 
a polypeptide comprising an amino acid sequence of SEQ 
ID NOsz1-12, 20-172, or 186-444. In a further additional 
embodiment, such nucleic acid molecules encode a BLyS 
binding polypeptide, the complementary strand of Which 
nucleic acid hybridizes to a polynucleotide sequence encod 
ing a polypeptide described in Tables 1-8 and 13 and in 
Examples 2, 5 and 6 (SEQ ID NOsz1-12, 20-172 and 
186-444), under stringent conditions, e.g., hybridization to 
?lter-bound DNA in 6x sodium chloride/sodium citrate 
(SSC) at about 450 C. folloWed by one or more Washes in 
0.2><SSC/0.1% SDS at about 50-650 C., under highly strin 
gent conditions, e.g., hybridization to ?lter-bound nucleic 
acid in 6><SSC at about 450 C. folloWed by one or more 
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Washes in 0.1><SSC/0.2% SDS at about 680 C., or under 
other stringent hybridization conditions Which are knoWn to 
those of skill in the art (see, for example, Ausubel, F. M. et 
al., eds., 1989, Current Protocols in Molecular Biology, Vol. 
1, Green Publishing Associates, Inc. and John Wiley & Sons, 
Inc., NeW York at pages 631-636 and 2.10.3). 

[0032] In further embodiments of the invention, recombi 
nant bacteriophage are utilized Which display BLyS binding 
polypeptides on their surfaces. Such phage may be routinely 
generated using techniques knoWn in the art and are useful, 
for example, as screening reagents and reagents for detecting 
BLyS. 

[0033] In other methods according to the invention, a 
BLyS binding polypeptide is used to detect or isolate BLyS 
or BLyS-like polypeptides in a solution. Such solutions 
include, but are not limited to, BLyS or BLyS-like polypep 
tides suspended or dissolved in Water or a buffer solution as 
Well as any ?uid and/or cell obtained from an individual, 
biological ?uid, body tissue, body cell, cell line, tissue 
culture, or other source Which may contain BLyS or BLyS 
like polypeptides, such as, cell culture medium, cell extracts, 
and tissue homogenates. Biological ?uids include, but are 
not limited to, sera, plasma, lymph, blood, blood fractions, 
urine, synovial ?uid, spinal ?uid, saliva, and mucous. 

[0034] Methods according to the present invention may 
advantageously utilize panels of BLyS binding polypeptides 
(including molecules comprising, or alternatively consisting 
of, BLyS binding polypeptide fragments or variants) 
Wherein the panel members correspond to one, tWo, three, 
four, ?ve, ten, ?fteen, tWenty, or more different BLyS 
binding polypeptides. Methods according to the present 
invention may alternatively use mixtures of BLyS binding 
polypeptides, Wherein the mixture corresponds to one, tWo, 
three, four, ?ve, ten, ?fteen, tWenty, or more different BLyS 
binding polypeptides. The present invention also provides 
methods of using compositions comprising, or alternatively 
consisting of, one, tWo, three, four, ?ve, ten, ?fteen, tWenty, 
or more BLyS binding polypeptides (including molecules 
comprising, or alternatively consisting of, BLyS binding 
polypeptide fragments or variants thereof). Alternatively, a 
method according to the invention may utilize a composition 
comprising, or alternatively consisting of, nucleic acid mol 
ecules encoding one or more BLyS binding polypeptides. 

[0035] The methods of the present invention also provides 
for the use of fusion proteins comprising a BLyS binding 
polypeptide (including molecules comprising, or altema 
tively consisting of, BLyS binding polypeptide fragments or 
variants thereof), and a heterologous polypeptide. A com 
position useful in methods of the present invention may 
comprise, or alternatively consist of, one, tWo, three, four, 
?ve, ten, ?fteen, tWenty or more fusion proteins capable of 
binding to BLyS. Alternatively, a composition useful in 
methods of the invention may comprise, or alternatively 
consist of, nucleic acid molecules encoding one, tWo, three, 
four, ?ve, ten, ?fteen, tWenty or more such fusion proteins. 

[0036] The present invention encompasses methods and 
compositions for detecting, diagnosing, prognosing, and/or 
monitoring diseases or disorders associated With aberrant 
BLyS or BLyS receptor expression or inappropriate BLyS or 
BLyS receptor function in an animal, preferably a mammal, 
and most preferably a human, comprising, or alternatively 
consisting of, use of BLyS binding polypeptides (including 
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molecules Which comprise, or alternatively consist of, BLyS 
binding polypeptide fragments or variants thereof) that 
speci?cally bind to BLyS. Diseases and disorders Which can 
be detected, diagnosed, prognosed and/or monitored With 
the BLyS binding polypeptides include, but are not limited 
to, immune system diseases or disorders (e.g., autoimmune 
diseases or disorders, immunode?ciencies, lupus, glomeru 
lar nephritis, rheumatoid arthritis, multiple sclerosis, graft 
vs. host disease, myasthenia gravis, Hashimoto’s disease, 
and immunode?ciency syndrome), proliferative diseases or 
disorders (e.g., cancer, premalignant conditions, benign 
tumors, hyperproliferative disorders, benign proliferative 
disorders, leukemia, lymphoma, chronic lymphocytic leu 
kemia, multiple myeloma, Hodgkin’s lymphoma, Hodgkin’s 
disease, T cell proliferative diseases and disorders, B cell 
proliferative diseases and disorders, monocytic proliferative 
diseases or disorders, acute myelogenous leukemia, mac 
rophage proliferative diseases and disorders, and carci 
noma), infectious diseases (e.g., AIDS), and in?ammatory 
disorders (e.g., asthma, allergic disorders, and rheumatoid 
arthritis). 

[0037] In speci?c embodiments, the present invention 
encompasses methods and compositions for detecting, diag 
nosing, prognosing and/or monitoring diseases or disorders 
associated With hypergammaglobulinemia (e.g., AIDS, 
autoimmune diseases, and some immunode?ciencies). In 
other speci?c embodiments, the present invention encom 
passes methods and compositions for detecting, diagnosing, 
prognosing and/or monitoring diseases or disorders associ 
ated With hypogammaglobulinemia (e.g., an immunode? 
ciency). 

[0038] The present invention further encompasses meth 
ods and compositions for preventing, treating and/or ame 
liorating diseases or disorders associated With aberrant BLyS 
or BLyS receptor expression or inappropriate BLyS or BLyS 
receptor function in an animal, preferably a mammal, and 
most preferably a human, comprising, or alternatively con 
sisting of, administering to an animal in Which such treat 
ment, prevention or amelioration is desired one or more 
BLyS binding polypeptides (including molecules Which 
comprise, or alternatively consist of, BLyS binding polypep 
tide fragments or variants thereof) in an amount effective to 
treat, prevent or ameliorate the disease or disorder. Diseases 
and disorders Which can be prevented, treated, and/or ame 
liorated With the BLyS binding polypeptides include, but are 
not limited to, immune system diseases or disorders (e.g., 
autoimmune diseases or disorders, immunode?ciencies, 
lupus, glomerular nephritis, rheumatoid arthritis, multiple 
sclerosis, graft vs. host disease, myasthenia gravis, Hash 
imoto’s disease, immunode?ciency syndrome, hypogamma 
globulinemia, and hypergammaglobulinemia), proliferative 
diseases or disorders (e.g., cancer, premalignant conditions, 
benign tumors, hyperproliferative disorders, benign prolif 
erative disorders, leukemia, lymphoma, chronic lympho 
cytic leukemia, multiple myeloma, Hodgkin’s lymphoma, 
Hodgkin’s disease, T cell proliferative diseases and disor 
ders, B cell proliferative diseases and disorders, monocytic 
proliferative diseases or disorders, acute myelogenous leu 
kemia, macrophage proliferative diseases and disorders, and 
carcinoma), infectious diseases (e.g., AIDS), and in?amma 
tory disorders (e.g., asthma, allergic disorders, and rheuma 
toid arthritis). 
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[0039] In speci?c embodiments, the present invention 
encompasses methods and compositions (e.g., BLyS binding 
polypeptides that antagonize BLyS activity) for preventing, 
treating and/ or ameliorating diseases or disorders associated 
With hypergammaglobulinemia (e.g., AIDS, autoimmune 
diseases, and some immunode?ciency syndromes). In other 
speci?c embodiments, the present invention encompasses 
methods and compositions (e.g., BLyS binding polypeptides 
that enhance BLyS activity) for preventing, treating or 
ameliorating diseases or disorders associated With hypoga 
mmaglobulinemia (e.g., an immunode?ciency syndrome). 

[0040] In speci?c embodiments, the present invention 
encompasses methods and compositions (e.g., BLyS binding 
polypeptides that antagonize BLyS activity) for preventing, 
treating and/or ameliorating immune system diseases or 
disorders, comprising, or alternatively consisting of, admin 
istering to an animal in Which such treatment, prevention, 
and/or amelioration is desired, a BLyS binding polypeptide 
in an amount effective to treat, prevent and/ or ameliorate the 
disease or disorder. 

[0041] In speci?c embodiments, the present invention 
encompasses methods and compositions (e.g., BLyS binding 
polypeptides that antagonize BLyS activity) for preventing, 
treating and/or ameliorating diseases or disorders of cells of 
hematopoietic origin, comprising, or alternatively consisting 
of, administering to an animal in Which such treatment, 
prevention, and/or amelioration is desired, a BLyS binding 
polypeptide in an amount effective to treat, prevent and/or 
ameliorate the disease or disorder. 

[0042] Autoimmune disorders, diseases, or conditions that 
may be detected, diagnosed, prognosed, monitored, treated, 
prevented, and/or ameliorated using the BLyS binding 
polypeptides include, but are not limited to, autoimmune 
hemolytic anemia, autoimmune neonatal thrombocytopenia, 
idiopathic thrombocytopenia purpura, autoimmune neutro 
penia, autoimmunocytopenia, hemolytic anemia, antiphos 
pholipid syndrome, dermatitis, gluten-sensitive enteropathy, 
allergic encephalomyelitis, myocarditis, relapsing polychon 
dritis, rheumatic heart disease, glomerulonephritis (e.g., IgA 
nephropathy), Multiple Sclerosis, Neuritis, Uveitis Oph 
thalmia, Polyendocrinopathies, Purpura (e.g., Henloch 
Scoenlein purpura), Reiter’s Disease, Stiff-Man Syndrome, 
Autoimmune Pulmonary In?ammation, myocarditis, IgA 
glomerulonephritis, dense deposit disease, rheumatic heart 
disease, Guillain-Barre Syndrome, insulin dependent diabe 
tes mellitis, and autoimmune in?ammatory eye, autoim 
mune thyroiditis, hypothyroidism (i.e., Hashimoto’s thy 
roiditis), systemic lupus erythematosus, discoid lupus, 
Goodpasture’s syndrome, Pemphigus, Receptor autoimmu 
nities such as, for example, (a) Graves’ Disease, (b) Myas 
thenia Gravis, and (c) insulin resistance, autoimmune 
hemolytic anemia, autoimmune thrombocytopenic purpura, 
rheumatoid arthritis, schleroderrna With anti-collagen anti 
bodies, mixed connective tissue disease, polymyositis/der 
matomyositis, pernicious anemia, idiopathic Addison’s dis 
ease, infertility, glomerulonephritis such as primary 
glomerulonephritis and IgA nephropathy, bullous pemphig 
oid, Sjogren’s syndrome, diabetes mellitus, and adrenergic 
drug resistance (including adrenergic drug resistance With 
asthma or cystic ?brosis), chronic active hepatitis, primary 
biliary cirrhosis, other endocrine gland failure, vitiligo, 
vasculitis, post-MI, cardiotomy syndrome, urticaria, atopic 



US 2007/0293434 A9 

dermatitis, asthma, in?ammatory myopathies, and other 
in?ammatory, granulomatous, degenerative, and atrophic 
disorders). 
[0043] lmmunode?ciencies that may be detected, diag 
nosed, prognosed, monitored, treated, prevented, and/or 
ameliorated using the BLyS binding polypeptides include, 
but are not limited to, severe combined immunode?ciency 
(SClD)-X linked, SClD-autosomal, adenosine deaminase 
de?ciency (ADA de?ciency), X-linked agammaglobuline 
mia (XLA), Bruton’s disease, congenital agammaglobuline 
mia, X-linked infantile agammaglobulinemia, acquired 
agammaglobulinemia, adult onset agammaglobulinemia, 
late-onset agammaglobulinemia, dysgammaglobulinemia, 
hypogammaglobulinemia, transient hypogammaglobuline 
mia of infancy, unspeci?ed hypogammaglobulinemia, 
agammaglobulinemia, common variable immunode?ciency 
(CVID) (acquired), Wiskott-Aldrich Syndrome (WAS), 
X-linked immunode?ciency With hyper lgM, non X-linked 
immunode?ciency With hyper lgM, selective lgA de?ciency, 
IgG subclass de?ciency (With or Without lgA de?ciency), 
antibody de?ciency With normal or elevated lgs, immuno 
de?ciency With thymoma, lg heavy chain deletions, kappa 
chain de?ciency, B cell lymphoproliferative disorder 
(BLPD), selective lgM immunode?ciency, recessive agam 
maglobulinemia (SWiss type), reticular dysgenesis, neonatal 
neutropenia, severe congenital leukopenia, thymic alympho 
plasia-aplasia or dysplasia With immunode?ciency, ataxia 
telangiectasia, short limbed dWar?sm, X-linked lymphopro 
liferative syndrome (XLP), NeZelof syndrome-combined 
immunode?ciency With lgs, purine nucleoside phosphory 
lase de?ciency (PNP), MHC Class II de?ciency (Bare 
Lymphocyte Syndrome) and severe combined immunode? 
ciency. 
[0044] The present invention further encompasses meth 
ods and compositions for inhibiting or reducing immuno 
globulin production, comprising, or alternatively consisting 
of, contacting an effective amount of BLyS binding polypep 
tide With BLyS, Wherein the effective amount of BLyS 
binding polypeptide inhibits or reduces BLyS mediated 
immunoglobulin production. 
[0045] The present invention further encompasses meth 
ods and compositions for inhibiting or reducing immuno 
globulin production, comprising, or alternatively consisting 
of, administering to an animal in Which such inhibition or 
reduction is desired, a BLyS binding polypeptide in an 
amount effective to inhibit or reduce immunoglobulin pro 
duction. 

[0046] The present invention further encompasses meth 
ods and compositions for inhibiting or reducing B cell 
proliferation, comprising, or alternatively consisting of, con 
tacting an effective amount of BLyS binding polypeptide 
With BLyS, Wherein the effective amount of BLyS binding 
polypeptide inhibits or reduces BLyS mediated B cell pro 
liferation. 

[0047] The present invention further encompasses meth 
ods and compositions for inhibiting or reducing B cell 
proliferation comprising, or alternatively consisting of, 
administering to an animal in Which such inhibition or 
reduction is desired, a BLyS binding polypeptide in an 
amount effective to inhibit or reduce B cell proliferation. 

[0048] The present invention further encompasses meth 
ods and compositions for inhibiting or reducing activation of 
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B cells, comprising, or alternatively consisting of, contact 
ing an effective amount of BLyS binding polypeptide With 
BLyS, Wherein the effective amount of BLyS binding 
polypeptide inhibits or reduces BLyS mediated B cell acti 
vation. 

[0049] The present invention further encompasses meth 
ods and compositions for inhibiting or reducing activation of 
B cells, comprising, or alternatively consisting of, adminis 
tering to an animal in Which such inhibition or reduction is 
desired, a BLyS binding polypeptide in an amount effective 
to inhibit or reduce B cell activation. 

[0050] The present invention further encompasses meth 
ods and compositions for decreasing lifespan of B cells, 
comprising, or alternatively consisting of, contacting an 
effective amount of BLyS binding polypeptide With BLyS, 
Wherein the effective amount of BLyS binding polypeptide 
inhibits or reduces BLyS regulated lifespan of B cells. 

[0051] The present invention further encompasses meth 
ods and compositions for decreasing lifespan of B cells, 
comprising, or alternatively consisting of, administering to 
an animal in Which such decrease is desired, a BLyS binding 
polypeptide in an amount effective to decrease B cell 
lifespan. 
[0052] The present invention further encompasses meth 
ods and compositions for inhibiting or reducing graft rejec 
tion, comprising, or alternatively consisting of, administer 
ing to an animal in Which such inhibition or reduction is 
desired, a BLyS binding polypeptide in an amount effective 
to inhibit or reduce graft rejection. 

[0053] The present invention further encompasses meth 
ods and compositions for killing cells of hematopoietic 
origin, comprising, or alternatively consisting of, contacting 
BLyS binding polypeptides With BLyS to form a complex; 
and contacting the complex With cells of hematopoietic 
origin. 
[0054] The present invention further encompasses meth 
ods and compositions for killing cells of hematopoietic 
origin, comprising, or alternatively consisting of, adminis 
tering to an animal in Which such killing is desired, a BLyS 
binding polypeptide in an amount effective to kill cells of 
hematopoietic origin. 
[0055] The present invention further encompasses meth 
ods and compositions for stimulating immunoglobulin pro 
duction, comprising, or alternatively consisting of, contact 
ing an effective amount of BLyS binding polypeptide With 
BLyS, Wherein the effective amount of the BLyS binding 
polypeptide stimulates BLyS mediated immunoglobulin 
production. 

[0056] The present invention further encompasses meth 
ods and compositions for stimulating immunoglobulin pro 
duction comprising, or alternatively consisting of, adminis 
tering to an animal in Which such stimulation is desired, a 
BLyS binding polypeptide in an amount effective to stimu 
late immunoglobulin production. 

[0057] The present invention further encompasses meth 
ods and compositions for stimulating B cell proliferation, 
comprising, or alternatively consisting of, contacting an 
effective amount of BLyS binding polypeptide With BLyS, 
Wherein the effective amount of BLyS binding polypeptide 
stimulates BLyS mediated B cell proliferation. 
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[0058] The present invention further encompasses meth 
ods and compositions for stimulating B cell proliferation, 
comprising, or alternatively consisting of, administering to 
an animal in Which such stimulation is desired, a BLyS 
binding polypeptide in an amount effective to stimulate B 
cell proliferation. 

[0059] The present invention further encompasses meth 
ods and compositions for increasing activation of B cells, 
comprising, or alternatively consisting of, contacting an 
effective amount of BLyS binding polypeptide With BLyS, 
Wherein the effective amount of BLyS binding polypeptide 
increases BLyS mediated activation of B cells. 

[0060] The present invention further encompasses meth 
ods and compositions for increasing activation of B cells, 
comprising, or alternatively consisting of, administering to 
an animal in Which such increase is desired, a BLyS binding 
polypeptide in an amount effective to increase B cell acti 
vation. 

[0061] The present invention further encompasses meth 
ods and compositions for increasing lifespan of B cells, 
comprising, or alternatively consisting of, contacting an 
effective amount of BLyS binding polypeptide With BLyS, 
Wherein the effective amount of BLyS binding polypeptide 
increases BLyS regulated lifespan of B cells. 

[0062] The present invention further encompasses meth 
ods and compositions for increasing lifespan of B cells, 
comprising, or alternatively consisting of, administering to 
an animal in Which such increase is desired, a BLyS binding 
polypeptide in an amount effective to increase lifespan of B 
cells. 

De?nitions 

[0063] In order that the invention may be clearly under 
stood, the folloWing terms are de?ned: 

[0064] The term “recombinant” is used to describe non 
naturally altered or manipulated nucleic acids, host cells 
transfected With exogenous nucleic acids, or polypeptide 
molecules that are expressed non-naturally, through manipu 
lation of isolated nucleic acid (typically, DNA) and trans 
formation or transfection of host cells. “Recombinant” is a 
term that speci?cally encompasses nucleic acid molecules 
that have been constructed in vitro using genetic engineering 
techniques, and use of the term “recombinant” as an adjec 
tive to describe a molecule, construct, vector, cell, polypep 
tide or polynucleotide speci?cally excludes naturally occur 
ring such molecules, constructs, vectors, cells, polypeptides 
or polynucleotides. 

[0065] The term “bacteriophage” is de?ned as a bacterial 
virus containing a nucleic acid core and a protective shell 
built up by the aggregation of a number of different protein 
molecules. The terms “bacteriophage” and “phage” are 
synonymous and are used herein interchangeably. 

[0066] The term “affinity ligand” is sometimes used herein 
and is synonymous With BLyS binding polypeptides. 

[0067] The term “BLyS protein” as used herein encom 
passes both the membrane (e.g., SEQ ID NOs:173 and 174) 
and soluble forms (e.g., amino acids 134-285 of SEQ ID 
NO:173) of BLyS. BLyS protein may be monomeric, 
dimeric, or trimeric or multivalent. Preferably, BLyS pro 
teins are homotrimeric. 
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[0068] The term “BLyS-like polypeptide” as used herein 
encompasses natural BLyS or full-length recombinant BLyS 
as Well as fragments and variants thereof, such as, a modi?ed 
or truncated form of natural BLyS or full-length recombi 
nant BLyS, Which BLyS and BLyS-like polypeptide retain a 
BLyS functional activity. BLyS or BLyS fragments that may 
be speci?cally bound by the compositions useful according 
to the invention include, but are not limited to, human BLyS 
(SEQ ID NOs:173 and/or 174) or BLyS expressed on human 
monocytes; murine BLyS (SEQ ID NOs:175 and/or 176) or 
BLyS expressed on murine monocytes; rat BLyS (either the 
soluble forms as given in SEQ ID NOs:177, 178, 179 and/or 
180 or in a membrane associated form, e.g., on the surface 
of rat monocytes); or monkey BLyS (e.g., the monkey BLyS 
polypeptides of SEQ ID NOS:181 and/or 182, the soluble 
form of monkey BLyS, or BLyS expressed on monkey 
monocytes) or fragments thereof. Preferably compositions 
useful according to the invention bind human BLyS (SEQ 
ID NOs:173 and/or 174) or fragments thereof. BLyS and 
BLyS-like polypeptides retain at least one functional activity 
of the natural or full-length BLyS, including but not limited 
to the folloWing activities: binding to BLyS receptor (e.g., 
TACI (GenBank accession number AAC51790), and BCMA 
(GenBank accession number NPi001183)), stimulating B 
cell proliferation, stimulating immunoglobulin secretion by 
B cells, stimulating the BLyS receptor signaling cascade 
and/or being bound by an anti-BLyS antibody or other BLyS 
binding polypeptide. Assays that can be used to determine 
the functional activities of BLyS or BLyS like polypeptides 
can readily be determined by one skilled in the art (e.g., see 
assays disclosed in Moore et al., 1999, supra) “BLyS-like 
polypeptides” also include fusion polypeptides in Which all 
or a portion of BLyS is fused or conjugated to another 
polypeptide. BLyS-like polypeptides that are fusion 
polypeptides retain at least one functional activity of BLyS, 
preferably the ability to stimulate B lymphocytes (see, for 
example, Moore et al., Science, 285: 260-263 (1999)), to 
bind the BLyS receptors (e.g., TACI or BCMA), and/or to be 
bound by an anti-BLyS antibody or other BLyS binding 
polypeptide. BLyS fusion polypeptides may be made by 
recombinant DNA techniques in Which a gene or other 
polynucleotide coding sequence for BLyS or a fragment 
thereof is ligated in-frame (recombined) With the coding 
sequence of another protein or polypeptide. The resulting 
recombinant DNA molecule is then inserted into any of a 
variety of plasmid or phage expression vectors, Which 
enable expression of the fusion protein molecule in an 
appropriate eukaryotic or prokaryotic host cell. BLyS fusion 
polypeptides may be generated by synthetic or semi-syn 
thetic procedures as Well. 

[0069] The terms “BLyS target” or “BLyS target protein” 
are sometimes used herein and encompass BLyS and/or 
BLyS-like polypeptides. Thus, the BLyS binding polypep 
tides used according to the methods of the invention bind 
“BLyS target proteins” and can be used to bind, detect, 
remove, and/or purify “BLyS target proteins.” 

[0070] The term “binding polypeptide” is used herein to 
refer to any polypeptide capable of forming a binding 
complex With another molecule, polypeptide, peptidomi 
metic or transformant. 

[0071] A “BLyS binding polypeptide” is a molecule that 
can bind BLyS target protein. Non-limiting examples of 
BLyS binding polypeptides useful in the methods of the 
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invention are the polypeptide molecules having an amino 
acid sequence described herein (see SEQ ID NOs:1-12, 
20-172, and 186-444). The term BLyS binding polypeptide 
also encompasses BLyS binding fragments and variants 
(including derivatives) of polypeptides having the speci?c 
amino acid sequences described herein (SEQ ID NOs:1-12, 
20-172, and 186-444). By “variant” of an amino acid 
sequence as described herein is meant a polypeptide that 
binds BLyS, but does not necessarily comprise an identical 
or similar amino acid sequence of a BLyS binding polypep 
tide speci?ed herein. BLyS binding polypeptides useful 
according to the invention Which are variants of a BLyS 
binding polypeptide speci?ed herein satisfy at least one of 
the following: (a) a polypeptide comprising, or alternatively 
consisting of, an amino acid sequence that is at least 30%, 
at least 35%, at least 40%, at least 45%, at least 50%, at least 
55%, at least 60%, at least 65%, at least 70%, at least 75%, 
at least 80%, at least 85%, at least 90%, at least 95% least 
99%, or 100% identical to the amino acid sequence of a 
BLyS binding polypeptide sequence disclosed herein (SEQ 
ID NOs:1-12, 20-172, and 186-444), (b) a polypeptide 
encoded by a nucleotide sequence, the complementary 
sequence of Which hybridiZes under stringent conditions to 
a nucleotide sequence encoding a BLyS binding polypeptide 
disclosed herein (e.g., a nucleic acid sequence encoding the 
amino acid sequence of SEQ ID NOs:1-12, 20-172, and 
186-444), and/or a fragment of a BLyS binding polypeptide 
disclosed herein, of at least 5 amino acid residues, at least 10 
amino acid residues, at least 15 amino acid residues, or at 
least 20 amino acid residues. BLyS binding polypeptides 
useful according to the invention also encompass polypep 
tide sequences that have been modi?ed for various applica 
tions provided that such modi?cations do not eliminate the 
ability to bind a BLyS target. Speci?c, non-limiting 
examples of modi?cations contemplated include C-terrninal 
or N-terminal amino acid substitutions or peptide chain 
elongations for the purpose of linking the BLyS binder to a 
chromatographic material or other solid support. Other sub 
stitutions contemplated herein include substitution of one or 
both of a pair of cysteine residues that normally form 
disul?de links, for example With non-naturally occurring 
amino acid residues having reactive side chains, for the 
purpose of forming a more stable bond betWeen those amino 
acid positions than the former disul?de bond. All such 
modi?ed binding polypeptides are also considered BLyS 
binding polypeptides so long as the modi?ed polypeptides 
retain the ability to bind BLyS and/or BLyS-like polypep 
tides, and therefore, may be used in one or more of the 
various methods described herein, such as, to detect, purify, 
or isolate BLyS or BLyS-like polypeptides in or from a 
solution. BLyS binding polypeptides also include variants of 
the speci?c BLyS binding polypeptide sequences disclosed 
herein (e.g., SEQ ID NOs:1-12, 20-172, and 186-444) Which 
have an amino acid sequence corresponding to one of these 
polypeptide sequences, but in Which the polypeptide 
sequence is altered by substitutions, additions or deletions 
that provide for molecules that bind BLyS. Thus, the BLyS 
binding polypeptides include polypeptides containing, as a 
primary amino acid sequence, all or part of the particular 
BLyS binding polypeptide sequence including altered 
sequences in Which functionally equivalent amino acid 
residues are substituted for residues Within the sequence, 
resulting in a peptide Which is functionally active. For 
example, one or more amino acid residues Within the 
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sequence can be substituted by another amino acid of a 
similar polarity Which acts as a functional equivalent, result 
ing in a silent alteration. Conservative substitutions for an 
amino acid Within the sequence may be selected from other 
members of the class to Which the amino acid belongs. For 
example, the nonpolar (hydrophobic) amino acids include 
alanine, leucine, isoleucine, valine, proline, phenylalanine, 
tryptophan and methionine. The polar neutral amino acids 
include glycine, serine, threonine, cysteine, tyrosine, aspar 
agine, and glutamine. The positively charged (basic) amino 
acids include arginine, lysine and histidine. The negatively 
charged (acidic) amino acids include aspartic acid and 
glutamic acid. Such BLyS binding polypeptides can be made 
either by chemical peptide synthesis or by recombinant 
production from a nucleic acid encoding the BLyS binding 
polypeptide Which nucleic acid has been mutated. Any 
technique for mutagenesis knoWn in the art can be used, 
including but not limited to, chemical mutagenesis, in vitro 
site-directed mutagenesis (Hutchinson et al., J. Biol. Chem, 
253:6551 (1978)), use of TABRTM. linkers (Pharmacia), 
etc. 

[0072] As used and understood herein, percent homology 
or percent identity of tWo amino acid sequences or of tWo 
nucleic acid sequences is determined using the algorithm of 
Karlin and Atschul (Proc. Natl. Acad. Sci. USA, 87: 2264 
2268 (1990)), modi?ed as in Karlin and Altschul (Proc. 
Natl. Acad. Sci. USA, 90: 5873-5877 (1993)). Such an 
algorithm is incorporated into the NBLAST and XBLAST 
programs of Altschul et al. (J. Mol. Bi0l., 215: 403-410 
(1990)). BLAST nucleotide searches are performed With the 
NBLAST program to obtain nucleotide sequences homolo 
gous to a nucleic acid molecule described herein. BLAST 
protein searches are performed With the XBLAST program 
to obtain amino acid sequences homologous to a reference 
polypeptide. To obtain gapped alignments for comparison 
purposes, Gapped BLAST is utiliZed as described in Alts 
chul et al. (NucleicAcids Res., 25: 3389-3402 (1997)). When 
utiliZing BLAST and Gapped BLAST programs, the default 
parameters of the respective programs (e.g., XBLAST and 
NBLAST) are used. See, http://WWW.ncbi.nlm.nih.gov. 
Alternatively, the percent identity of tWo amino acid 
sequences or of tWo nucleic acid sequences can be deter 
mined once the sequences are aligned for optimal compari 
son purposes (e.g., gaps can be introduced in the sequence 
of a ?rst amino acid or nucleic acid sequence for optimal 
alignment With a second amino acid or nucleic acid 
sequence). The amino acid residues or nucleotides at corre 
sponding amino acid positions or nucleotide positions are 
then compared. When a position in the ?rst sequence is 
occupied by the same amino acid residue or nucleotide at the 
corresponding position in the second sequence, then the 
molecules are identical at that position. The percent identity 
betWeen the tWo sequences is a function of the number of 
identical positions shared by the sequences (i.e., % identity= 
number of identical overlapping positions/total number of 
positions><100%). In one embodiment, the tWo sequences are 
the same length. 

[0073] The term “polypeptide”, as used herein, refers to a 
linear, branched, or cyclic (e.g., containing a loop structure) 
polymer of tWo or more amino acid residues linked With a 
peptide bond. The term “polypeptide” is not restricted to any 
particular upper limit of amino acid residues. Thus, the 
BLyS af?nity ligands that comprise an amino acid sequence 
described herein are properly referred to as “BLyS binding 
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polypeptides” because such binding polypeptides contain at 
least tWo amino acid residues held together by a peptide 
bond, even though such molecules may also contain one or 
more additional moieties or groups that are not amino acids, 
such as N-terminal and/ or C-terminal capping or functional 
groups, and that may or may not be involved in a peptide 
bond. The polypeptides may be monovalent, divalent, triva 
lent, or multivalent and may comprise one or more of the 
BLyS binding polypeptides having the amino acid sequence 
of SEQ ID NOs:1-12, 20-172, and 186-444 and/or fragments 
or variants thereof. The term “peptide” is used herein to have 
the same meaning as “polypeptide.” 

[0074] The term “antibody,” as used herein, refers to 
immunoglobulin molecules and immunologically active 
portions of immunoglobulin molecules, i.e., molecules that 
contain an antigen binding site that immunospeci?cally 
binds an antigen. As such, the term antibody encompasses 
not only Whole antibody molecules, but also antibody frag 
ments as Well as variants (including derivatives) of antibod 
ies and antibody fragments. Examples of molecules Which 
are described by the term “antibody” in this application 
include, but are not limited to: single chain Fvs (scFvs), Fab 
fragments, Fab' fragments, F(ab')2, disul?de linked Fvs 
(sdFvs), Fvs, and fragments comprising or alternatively 
consisting of, either a VL or a VH domain. The term “single 
chain Fv” or “scFv” as used herein refers to a polypeptide 
comprising a VL domain of antibody linked to a VH domain 
of an antibody. 

[0075] “Feed stream”: BLyS and BLyS-like polypeptides 
that are bound by a BLyS binding polypeptide of this 
invention may be produced by any method knoWn in the art, 
including, but not limited to, chemical synthesis; production 
in transformed host cells; secretion into culture medium by 
naturally occurring cells or recombinantly transformed bac 
teria, yeasts, fungi, insect cells, plant cells, and mammalian 
cells; production in genetically engineered organisms (for 
example, transgenic mammals); and production in non 
genetically engineered organisms. The solution, sample, or 
mixture that contains a BLyS or BLyS-like polypeptide as it 
is produced or is found present in a production solution Will 
sometimes be referred to as the “feed stream”. 

[0076] The term “binding” refers to the determination by 
standard techniques that a binding polypeptide recogniZes 
and binds to a given target. Such standard techniques 
include, but are not limited to, af?nity chromatography, 
equilibrium dialysis, gel ?ltration, enZyme linked immun 
osorbent assay (ELISA), FACS analysis, and the monitoring 
of spectroscopic changes that result from binding, e.g., using 
?uorescence anisotropy, either by direct binding measure 
ments or competition assays With another binder. 

[0077] The term “speci?city” refers to a binding polypep 
tide useful according to the invention that has a higher 
binding af?nity for one target over another. Thus, the term 
“BLyS target protein speci?city” refers to a molecule having 
a higher af?nity for BLyS target protein as compared With 
another molecule that is not a BLyS target protein. 

[0078] The term “epitopes” as used herein refers to por 
tions of BLyS having antigenic or immunogenic activity in 
an animal, preferably a mammal. An epitope having immu 
nogenic activity is a portion of BLyS that elicits an antibody 
response in an animal. An epitope having antigenic activity 
is a portion of BLyS to Which an antibody or BLyS binding 
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polypeptide speci?cally binds as determined by any method 
knoWn in the art, for example, by the immunoassays 
described herein. Antigenic epitopes need not necessarily be 
immunogenic. 
[0079] The term “fragment” as used herein refers to a 
polypeptide comprising an amino acid sequence of at least 
5 amino acid residues, at least 6 amino acid residues, at least 
7 amino acid residues, at least 8 amino acid residues, at least 
9 amino acid residues, at least 10 amino acid residues, at 
least 11 amino acid residues, at least 12 amino acid residues, 
at least 13 amino acid residues, at least 14 amino acid 
residues, at least 15 amino acid residues, at least 16 amino 
acid residues, at least 17 amino acid residues, at least 18 
amino acid residues, at least 19 amino acid residues, at least 
20 amino acid residues, at least 21 amino acid residues, at 
least 22 amino acid residues, at least 23 amino acid residues, 
at least 24 amino acid residues, or at least 25 amino acid 
residues of the amino acid sequence of BLyS, or a BLyS 
binding polypeptide (including molecules that comprise, or 
alternatively consist of, BLyS binding polypeptide frag 
ments or variants thereof). 

[0080] The term “fusion protein” as used herein refers to 
a polypeptide that comprises, or alternatively consists of, an 
amino acid sequence of a BLyS binding polypeptide and an 
amino acid sequence of a heterologous polypeptide (i.e., a 
polypeptide unrelated to the BLyS binding polypeptide). 

[0081] The term “host cell” as used herein refers to the 
particular subject cell transfected With a nucleic acid mol 
ecule and the progeny or potential progeny of such a cell. 
Progeny may not be identical to the parent cell transfected 
With the nucleic acid molecule due to mutations or environ 
mental in?uences that may occur in succeeding generations 
or integration of the nucleic acid molecule into the host cell 
genome. 

[0082] Other terms are de?ned as necessary in the text 
beloW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0083] The present invention provides methods and com 
positions for detecting, diagnosing, prognosing, and/or 
monitoring diseases or disorders associated With aberrant 
BLyS or BLyS receptor expression or inappropriate BLyS or 
BLyS receptor function in an animal, preferably a mammal, 
and most preferably a human, comprising, or alternatively 
consisting of, use of BLyS binding polypeptides (including 
molecules Which comprise, or alternatively consist of, BLyS 
binding polypeptide fragments or variants thereof) that 
speci?cally bind to BLyS. Diseases and disorders Which can 
be detected, diagnosed, prognosed and/or monitored With 
the BLyS binding polypeptides include, but are not limited 
to, immune system diseases or disorders (e.g., autoimmune 
diseases or disorders, immunode?ciencies, lupus, glomeru 
lar nephritis, rheumatoid arthritis, multiple sclerosis, graft 
vs. host disease, myasthenia gravis, Hashimoto’s disease, 
and immunode?ciency syndrome), proliferative diseases or 
disorders (e.g., cancer, premalignant conditions, benign 
tumors, hyperproliferative disorders, benign proliferative 
disorders, leukemia, lymphoma, chronic lymphocytic leu 
kemia, multiple myeloma, Hodgkin’s lymphoma, Hodgkin’s 
disease, T cell proliferative diseases and disorders, B cell 
proliferative diseases and disorders, monocytic proliferative 
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diseases or disorders, acute myelogenous leukemia, mac 
rophage proliferative diseases and disorders, and carci 
noma), infectious diseases (e.g., AIDS), and in?ammatory 
disorders (e.g., asthma, allergic disorders, and rheumatoid 
arthritis). 

[0084] The present invention further encompasses meth 
ods and compositions for preventing, treating and/or ame 
liorating diseases or disorders associated With aberrant BLyS 
or BLyS receptor expression or inappropriate BLyS or BLyS 
receptor function in an animal, preferably a mammal, and 
most preferably a human, comprising, or alternatively con 
sisting of, administering to an animal in Which such treat 
ment, prevention or amelioration is desired one or more 
BLyS binding polypeptides (including molecules Which 
comprise, or alternatively consist of, BLyS binding polypep 
tide fragments or variants thereof) in an amount effective to 
treat, prevent or ameliorate the disease or disorder. Diseases 
and disorders Which can be prevented, treated, and/or ame 
liorated With the BLyS binding polypeptides include, but are 
not limited to, immune system diseases or disorders (e.g., 
autoimmune diseases or disorders, immunode?ciencies, 
lupus, glomerular nephritis, rheumatoid arthritis, multiple 
sclerosis, graft vs. host disease, myasthenia gravis, Hash 
imoto’s disease, immunode?ciency syndrome, hypogamma 
globulinemia, and hypergammaglobulinemia), proliferative 
diseases or disorders (e.g., cancer, premalignant conditions, 
benign tumors, hyperproliferative disorders, benign prolif 
erative disorders, leukemia, lymphoma, chronic lympho 
cytic leukemia, multiple myeloma, Hodgkin’s lymphoma, 
Hodgkin’s disease, T cell proliferative diseases and disor 
ders, B cell proliferative diseases and disorders, monocytic 
proliferative diseases or disorders, acute myelogenous leu 
kemia, macrophage proliferative diseases and disorders, and 

carcinoma), infectious diseases (e.g., AIDS), and in?amma 
tory disorders (e.g., asthma, allergic disorders, and rheuma 
toid arthritis). 
BLyS Binding Polypeptides 
[0085] The methods of the present invention may be 
performed utiliZing neW polypeptides and families of 
polypeptides that speci?cally bind to B lymphocyte stimu 
lator protein (BLyS) and/or BLyS-like polypeptides. In 
particular, the invention encompasses diagnostic and thera 
peutic uses for polypeptides that speci?cally bind to a 
polypeptide or polypeptide fragment of human BLyS (SEQ 
ID NOs1173 and/or 174) or BLyS expressed on human 
monocytes; murine BLyS (SEQ ID NOs:175 and/or 176) or 
BLyS expressed on murine monocytes; rat BLyS (either the 
soluble forms as given in SEQ ID NOs:177, 178, 179 and/or 

180 or in a membrane associated form, e.g., on the surface 

of rat monocytes); or monkey BLyS (e.g., the monkey BLyS 
polypeptides of SEQ ID NOS:181 and/or 182, the soluble 
form of monkey BLyS, or BLyS expressed on monkey 
monocytes); preferably human BLyS. 
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[0086] In preferred embodiments, the BLyS binding 
polypeptides used according to the present invention 
(including molecules comprising, or alternatively consisting 
of, BLyS binding polypeptide fragments or variants thereof), 
speci?cally bind to BLyS and do not cross-react With any 
other antigens. In more preferred embodiments, the BLyS 
binding polypeptides speci?cally bind to BLyS and do not 
cross-react With TRAIL (Hahne et al., J. Exp. Meal, 
188(6):1185-90 (1998)), APRIL (Wilet et al., Immunity, 
3(6):673-82 (1995)), Endokine-alpha (KWon et al., J. Biol. 
Chem, 274(10):6056-61 (1999)), TNF-alpha, TNF-beta 
(NedWin et al., J Immunol, 135(4):2492-7 (1985)), Fas-L 
(Suda et al., Cell, 75(6):1169-78 (1993)), or LIGHT (Mauri 
et al., Immunity, 8(1):21-30 (1998)). 

[0087] Many BLyS binding polypeptides have been dis 
covered Which may be used in the methods of the present 
invention. Speci?c BLyS binding polypeptides for use in the 
present invention comprise, or alternatively consist of, an 
amino acid sequence selected from the group consisting of 
SEQ ID NOs:1-12, 20-172, and 186-444, preferably SEQ ID 
NOs:163-172 or 436-444 as referred to above and in Tables 

1-8, 13 and 14. In its broadest aspects, the methods of the 
present invention may be carried out using a polypeptide 
capable of binding to BLyS and comprising the polypeptide 
Asp-Xaa-Leu-Thr (SEQ ID NO1446), Where Xaa is Pro, Ser, 
Thr, Phe, Leu, Tyr, Cys, or Ala (preferably Pro or Ser). 

[0088] Additional polypeptides for use in the methods 
described herein include polypeptides With the potential to 
form a cyclic or loop structure betWeen invariant Cys 
residues comprising, or alternatively consisting of, an amino 
acid sequence selected from A-E (SEQ ID NOsz1-5): 

(SEQ ID NO:l) 

Wherein 

X1 is Ala, Asn, Lys, or Ser; 

X2 is Ala, Glu, Met, Ser, or Val; 

X3 is Ala, Asn, Lys, or Pro (preferably Lys); 

X5 is Phe, Trp, or Tyr (preferably Tyr); 

X7 is Pro or Tyr (preferably Pro); 

Xll is Ala, Gln, His, Phe, or Val; 

Xl2 is Asn, Gln, Gly, His, Ser, or Val; and 

X13 is Ala, Asn, Gly, Ile, Pro, or Ser, 

[0089] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

(SEQ ID NO:2) 

Wherein 

X1 is Ala, Asp, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe, 
Pro, Ser, Thr, Trp, Tyr, Val, or is absent; 
X2 is Ala, Asn, Asp, Gln, Gly, His, Ile, Leu, Lys, Met, Phe, 
Pro, Ser, Thr, Trp, Tyr, or Val; 
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X3 is Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, lle, Leu, Lys, 
Met, Phe, Pro, Ser, Trp, Tyr, or Val (preferably Asp); 

X5 is Asp, lle, Leu, or Tyr (preferably Asp or Leu); 

X6 is Arg, Asp, Glu, His, lle, Leu, Lys, Phe, Pro, Tyr, or Val 
(preferably Glu or Leu); 

X7 is His, Leu, Lys, or Phe (preferably His or Leu); 

X8 is Leu, Pro, or Thr (preferably Thr or Pro); 

X9 is Arg, Asn, Gly, His, lle, Lys, Met, or Trp (preferably 
Lys); 

Xl0 is Ala, Gln, Glu, Gly, His, lle, Leu, Met, Phe, Ser, Trp, 
Tyr, or Val; 
Xl2 is Asp, Gln, Glu, Gly, lle, Leu, Lys, Phe, Ser, Trp, Tyr, 
or Val; 

Xl3 is Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, Leu, Lys, Met, 
Phe, Pro, Ser, Thr, Trp, Tyr, or Val; and 
X14 is Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, lle, Leu, Lys, 
Phe, Pro, Trp, Tyr, Val, or is absent, 
[0090] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

Wherein 

X1 is Ala, Arg, Asn, Asp, Leu, Lys, Phe, Pro, Ser, or Thr; 

X2 is Asn, Asp, Gln, His, lle, Lys, Pro, Thr, or Trp; 

X3 is Ala, Arg, Asn, Gln, Glu, His, Phe, Pro, or Thr 
(preferably Ala); 

X5 is Asn, Asp, Pro, Ser, or Thr (preferably Asp); 

X6 is Arg, Asp, lle, Leu, Met, Pro, or Val (preferably lle); 

X7 is Ala, lle, Leu, Pro, Thr, or Val (preferably Val or Leu); 

X8 is Asn, His, lle, Leu, Lys, Phe, or Thr (preferably Thr); 

X9 is Asn, Glu, Gly, His, Leu, Lys, Met, Pro, or Thr 
(preferably Leu); 

Xl0 is Arg, Asn, Asp, Gln, Glu, Gly, lle, Lys, Met, Pro, Ser, 
or Trp; 

Xll is Arg, Glu, Gly, Lys, Phe, Ser, Trp, or Tyr (preferably 
Ser); 
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Xl3 is Gln, Glu, lle, Leu, Phe, Pro, Ser, Tyr, or Val (pref 
erably Val); 

Xl4 is Asn, Gly, lle, Phe, Pro, Thr, Trp, or Tyr; and 

X15 is Asn, Asp, Glu, Leu, Lys, Met, Pro, or Thr (preferably 
Glu or Pro), 

[0091] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

(SEQ ID NO:4) 

Wherein 

X1 is Asn, Asp, His, Leu, Phe, Pro, Ser, Tyr, or is absent 
(preferably Ser); 
X2 is Arg, Asn, Asp, His, Phe, Ser, or Trp (preferably Arg); 

X3 is Asn, Asp, Leu, Pro, Ser, or Val (preferably Asn or Asp); 

X5 is Asp, Gln, His, lle, Leu, Lys, Met, Phe, or Thr; 

X6 is His, lle, Leu, Met, Phe, Pro, Trp, or Tyr; 

X7 is Asp, His, Leu, or Ser (preferably Asp); 

(SEQ ID NO:3) 

X8 is Ala, Arg, Asp, Glu, Leu, Phe, Pro, or Thr (preferably 
Glu or Pro); 

X9 is Ala, Arg, Asn, or Leu (preferably Leu); 

Xl0 is He, Leu, Met, Pro, Ser, or Thr (preferably Thr); 

Xll is Ala, Arg, Asn, Gly, His, Lys, Ser, or Tyr; 

Xl2 is Ala, Arg, Asn, Gln, Leu, Met, Ser, Trp, Tyr, or Val; 

Xl4 is Asp, Gly, Leu, Phe, Tyr, or Val (preferably Leu); 

Xl5 is Asn, His, Leu, Pro, or Tyr (preferably His, Leu or 
Pro); and 

X16 is Asn, Asp, His, Phe, Ser, or Tyr, (preferably Asp or 
Ser), 
[0092] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

(SEQ ID NO:5) 

Wherein 

X1 is Arg, Asp, Gly, His, Leu, Phe, Pro, Ser, Trp, Tyr, or is 
absent (preferably Arg); 
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X2 is Ala, Arg, Asn, Asp, Gly, Pro, Ser, or is absent 
(preferably Asn, Asp, Gly, or Pro); 

X3 is Arg, Asn, Gln, Glu, Gly, Lys, Met, Pro, Trp or Val 
(preferably Gly or Met); 

X5 is Arg, Asn, Gln, Glu, His, Leu, Phe, Pro, Trp, Tyr, or Val 
(preferably Trp, Tyr, or Val); 

X6 is Arg, Asp, Gln, Gly, lle, Lys, Phe, Thr, Trp or Tyr 
(preferably Asp); 

X7 is Ala, Arg, Asp, Glu, Gly, Leu, Ser, or Tyr (preferably 
ASP); 

X8 is Asp, Gln, Glu, Leu, Met, Phe, Pro, Ser, or Tyr 
(preferably Leu); 

X9 is Asp, Leu, Pro, Thr, or Val (preferably Leu or Thr); 

Xl0 is Arg, Gln, His, lle, Leu, Lys, Met, Phe, Thr, Trp or Tyr 
(preferably Lys or Thr); 

Xll is Ala, Arg, Asn, Gln, Glu, His, Leu, Lys, Met, or Thr 
(preferably Arg or Leu); 

Xl2 is Ala, Asn, Gln, Gly, Leu, Lys, Phe, Pro, Thr, Trp, or Tyr 
(preferably Thr or Trp); 

Xl3 is Ala, Arg, Gln, His, Lys, Met, Phe, Pro, Thr, Trp, or Tyr 
(preferably Met or Phe); 

Xl4 is Arg, Gln, Glu, Gly, His, Leu, Met, Phe, Pro, Ser, Thr, 
Tyr, or Val (preferably Val); 

Xl6 is Arg, Asp, Gly, His, Lys, Met, Phe, Pro, Ser, or Trp 
(preferably Met); 
Xl7 is Arg, Asn, Asp, Gly, His, Phe, Pro, Ser, Trp or Tyr, 
(preferably Arg, His, or Tyr); and 

X18 is Ala, Arg, Asn, Asp, His, Leu, Phe, or Trp (preferably 
His or Asn), 

Wherein said polypeptide binds BLyS and/or BLyS-like 
polypeptides. 
[0093] Additional BLyS binding polypeptides that may be 
used in the methods of the present invention include linear 
polypeptides comprising, or alternatively consisting of, an 
amino acid sequence selected from F and G (SEQ ID NOs:6 
and 7): 

Wherein 

X1 is Ala, Arg, Gly, His, Leu, Lys, Met, Phe, Trp, Tyr, or Val 
(preferably Gly, Tyr, or Val); 
X2 is Ala, Arg, Gln, His, lle, Leu, Phe, Thr, Trp, or Tyr 
(preferably His or Tyr); 

X3 is Ala, Asp, Lys, Phe, Thr, Trp or Tyr (preferably Asp or 
Tyr); 
X4 is Arg, Asp, Gln, Lys, Met, Phe, Pro, Ser, Tyr, or Val 
(preferably Asp or Gln); 
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X5 is Asp, Leu, Lys, Phe, Pro, Ser, or Val (preferably Leu or 
Ser); 

X6 is His, lle, Leu, Pro, Ser, or Thr (preferably Leu or Thr); 

X7 is Arg, Gly, His, Leu, Lys, Met, or Thr (preferably Lys or 
Thr); 

X8 is Ala, Arg, Asn, lle, Leu, Lys, Met, or Thr (preferably 
Leu or Lys); 

X9 is Ala, Asn, Arg, Asp, Glu, Gly, His, Leu, Met, Ser, Trp, 
Tyr, or Val (preferably Met or Ser); 

X 10 is He, Leu, Phe, Ser, Thr, Trp, Tyr, or Val (preferably Thr 
or Leu); 

Xll is Ala, Arg, Gly, His, lle, Leu, Lys, Pro, Ser, Thr, Trp, 
Tyr, or Val (preferably Pro or Thr); and 

X12 is Arg, Asp, His, Leu, Lys, Met, Phe, Pro, Ser, Trp, Tyr, 
or Val (preferably Arg or Pro), 

[0094] Wherein said polypeptide binds BLyS and/or 
BLyS-like polypeptides; or 

(SEQ ID NO:7) 

Wherein 

X1 is Asp, Gln, Glu, Gly, His, Lys, Met, or Trp (preferably 
Glu, Lys); 

X2 is Arg, Gln, His, lle, Leu, or Pro (preferably His or Pro); 

X3 is Asp, Gly, lle, Lys, Thr, Tyr or Val (preferably Tyr); 

X4 is Asn, Asp, Gln, Glu, Met, Pro, Ser, or Tyr (preferably 
Asp or Gln); 

X5 is Asn, Asp, His, lle, Leu, Met, Pro, Thr or Val (preferably 
Asn or Thr); 

X6 is Asp, Glu, His, Leu, Lys, Pro, or Val (preferably Asp or 
Pro); 
X7 is Arg, Asn, Gln, His, lle, Leu, Met, Pro, or Thr 
(preferably He or Pro); 

X8 is Gln, Gly, His, Leu, Met, Ser, or Thr (preferably Leu or 
Thr); 
X9 is Asn, Gln, Gly, His, Leu, Lys, Ser, or Thr (preferably 
Lys); 

(SEQ ID NO:6) 

Xl0 is Ala, Gly, lle, Leu, Lys, Met, or Phe (preferably Gly 
or Met); 

Xll is Ala, Glu, His, lle, Leu, Met, Ser, Thr, Trp, Tyr, or Val 
(preferably Ala or Thr); 

Xl2 is Arg, Gln, Glu, Gly, His, lle, Lys, Tyr, or Val (pref 
erably Arg or His); and 

X13 is Arg, Asn, Glu, His, lle, Ser, Thr, Trp, or Val (prefer 
ably His), 
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wherein said polypeptide binds BLyS and/or BLyS-like 
polypeptides. 

[0095] Additional BLyS binding polypeptides that may be 
used in the methods of the present invention include BLyS 
binding polypeptides comprising, or alternatively consisting 
of, an amino acid sequence selected from H-L (SEQ ID 

NOsz8-l2): 

Wherein 

X2 is Phe, Trp, or Tyr (preferably Tyr); and 

[0096] X4 is Pro or Tyr (preferably Pro); or 

Wherein 

X2 is Asp, lle, Leu, or Tyr (preferably Asp or Leu); 

X3 is Arg, Asp, Glu, His, lle, Leu, Lys, Phe, Pro, Tyr, or Val 
(preferably Glu or Leu); 

X4 is His, Leu, Lys, or Phe (preferably His or Leu); 

X5 is Leu, Pro, or Thr (preferably Thr or Pro); 

X6 is Arg, Asn, Gly, His, lle, Lys, Met, or Trp (preferably 
Lys); and 

[0097] X7 is Ala, Asn, Gln, Glu, Gly, His, lle, Leu, Met, 
Phe, Ser, Trp, Tyr, or Val; or 

Wherein 

X2 is Asn, Asp, Pro, Ser, or Thr (preferably Asp); 

X3 is Arg, Asp, lle, Leu, Met, Pro, or Val (preferably lle); 

X4 is Ala, lle, Leu, Pro, Thr, or Val (preferably Val or Leu); 

X5 is Asn, His, lle, Leu, Lys, Phe, or Thr (preferably Thr); 

X6 is Asn, Glu, Gly, His, Leu, Lys, Met, Pro, or Thr 
(preferably Leu); 

X7 is Arg, Asn, Asp, Gln, Glu, Gly, lle, Lys, Met, Pro, Ser, 
or Trp; 

[0098] X8 is Arg, Glu, Gly, Lys, Phe, Ser, Trp, or Tyr 
(preferably Ser); or 
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Wherein 

X2 is Asp, Gln, His, lle, Leu, Lys, Met, Phe, or Thr; 

X3 is His, lle, Leu, Met, Phe, Pro, Trp, or Tyr; 

X4 is Asp, His, Leu, or Ser (preferably Asp); 

X5 is Ala, Arg, Asp, Glu, Leu, Phe, Pro, or Thr (preferably 
Glu or Pro); 

X6 is Ala, Arg, Asn, or Leu (preferably Leu); 

X7 is He, Leu, Met, Pro, Ser, or Thr (preferably Thr); 

X8 is Ala, Arg, Asn, Gly, His, Lys, Ser, or Tyr; 

[0099] X9 is Ala, Arg, Asn, Gln, Leu, Met, Ser, Trp, Tyr, 
or Val; or 

(SEQ ID NO:12) 

Wherein 

X2 is Arg, Asn, Gln, Glu, His, Leu, Phe, Pro, Trp, Tyr, or Val 
(preferably Trp, Tyr, or Val); 

X3 is Arg, Asp, Gln, Gly, lle, Lys, Phe, Thr, Trp or Tyr 
(preferably Asp); 

X4 is Ala, Arg, Asp, Glu, Gly, Leu, Ser, or Tyr (preferably 
ASP); 

X5 is Asp, Gln, Glu, Leu, Met, Phe, Pro, Ser, or Tyr 
(preferably Leu); 

X6 is Asp, Leu, Pro, Thr, or Val (preferably Leu or Thr); 

X7 is Arg, Gln, His, lle, Leu, Lys, Met, Phe, Thr, Trp or Tyr 
(preferably Lys or Thr); 

X8 is Ala, Arg, Asn, Gln, Glu, His, Leu, Lys, Met, or Thr 
(preferably Arg or Leu); 

X9 is Ala, Asn, Gln, Gly, Leu, Lys, Phe, Pro, Thr, Trp, or Tyr 
(preferably Thr or Trp); 

Xl0 is Ala, Arg, Gln, His, Lys, Met, Phe, Pro, Thr, Trp, or Tyr 
(preferably Met or Phe); 

Xll is Arg, Gln, Glu, Gly, His, Leu, Met, Phe, Pro, Ser, Thr, 
Tyr, or Val (preferably Val); 

Wherein said polypeptides bind BLyS and/or BLyS-like 
polypeptides. 

[0100] Additional BLyS binding polypeptides that may be 
used in the methods of the present invention include linear 

polypeptides comprise the folloWing amino acid sequence M 

(SEQ ID NO:447): 
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wherein 

X2 is Asn, Ser, Tyr, Asp, Phe, Ile, Gln, His, Pro, Lys, Leu, 
Met, Thr, Val, Glu, Ala, Gly, Cys, or Trp (i.e., any amino acid 
except Arg; preferably Asn); 

X3 is Trp, Glu, Lys, Cys, Leu, Ala, Arg, Gly, or Ser 
(preferably Trp); 

X4 is Tyr, Phe, Glu, Cys, Asn (preferably Tyr); 

X6 is Pro, Ser, Thr, Phe, Leu, Tyr, Cys, or Ala (preferably Pro 
or Ser); 

X9 is Lys, Asn, Gln, Gly, or Arg (preferably Lys); 

Xll is Trp, Ser, Thr, Arg, Cys, Tyr, or Lys (preferably Trp); 

Xl2 is Leu, Phe, Val, Ile, or His (preferably Leu); 

Xl3 is Pro, Leu, His, Ser, Arg, Asn, Gln, Thr, Val, Ala, Cys, 
Ile, Phe, or Tyr (i.e., not Asp, Glu, Gly, Lys, Met, or Trp; 
preferably Pro); and 

X14 is Asp, Glu, Asn, Val, His, Gln, Arg, Gly, Ser, Tyr, Ala, 
Cys, Lys, Ile, Thr or Leu (i.e., not Phe, Met, Pro, or Trp; 
preferably Asp, Val or Glu). 

[0101] Preferred BLyS binding polypeptides that may be 
used in the methods of the present invention include linear 
polypeptides comprising a core sequence of the formula N: 

Wherein 

X1 is Trp, Glu, Lys, Cys, Leu, Ala, Arg, Gly, or Ser 
(preferably Trp); 

X2 is Tyr, Phe, Glu, Cys, Asn (preferably Tyr); 

X4 is Pro, Ser, Thr, Phe, Leu, Tyr, Cys, or Ala (preferably Pro 
or Ser); 

X7 is Lys, Asn, Gln, Gly, or Arg (preferably Lys); 

X9 is Trp, Ser, Thr, Arg, Cys, Tyr, or Lys (preferably Trp); 
and 

X10 is Leu, Phe, Val, Ile, or His (preferably Leu). 

[0102] Especially preferred BLyS binding polypeptides 
that may be used in the methods of the present invention 
include linear polypeptides comprising the core peptide 
Trp-Tyr-Asp-Pro-Leu-Thr-Lys-Leu-Trp-Leu (SEQ ID 
NOz436). 
[0103] In performing certain methods according to the 
present invention, it is preferred that the BLyS binding 
polypeptides, or phage displaying such binding polypep 
tides, irreversibly bind the BLyS protein in its native, soluble 
trimeric form. 

[0104] In performing certain methods according to the 
present invention, it is preferred that the BLyS binding 
polypeptides of the present invention, or phage displaying 
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(SEQ ID NO:447) 

such binding polypeptides, reversibly bind the BLyS protein 
in its native, soluble trimeric form. 

[0105] In performing certain methods according to the 
invention, it may be advantageous for a BLyS binding 
polypeptide to bind BLyS target protein With high af?nity. In 
speci?c embodiments, BLyS binding polypeptides used in 
this invention Will bind BLyS target proteins With a disso 
cia’tZion constant or KD of less than or equal to 5x10“2 M, 
10 M, 5x10‘3 M, 10-3 M, 5x10‘4 M, 10-4 M, 5x10‘5 M, or 
10'5 M. More preferably, BLyS binding polypeptides used 
in the invention Will bind BLyS target proteins With a 
dissociation constant or KD less than or equal to 5x10‘6 M, 
10'6 M, 5><10_7 M, 10_7M, 5><10_8 M, or 10'8 M. Even more 
preferably, BLyS binding polypeptides used in the methods 
of the invention bind BLyS target proteins With a dissocia 
tion constant or KD less than or equal to 5x10‘9 M, 10-9 M, 
5x10‘1O M,10_1O M, 5x10‘ll M, 10-11 M, 5x10‘l2 M, 10-12 
M, 5x10‘l3 M, 10-13 M, 5x10‘l4 M, 10-14 M, 5x10‘l5 M, or 
10-15 M. 

[0106] In certain preferred embodiments, BLyS binding 
polypeptides reversibly bind BLyS and/or BLyS-like 
polypeptides and release bound BLyS protein in an active 
form, preferably in the native soluble trimeric form, under 
speci?c release conditions. In speci?c embodiments, BLyS 
binding polypeptides bind BLyS target proteins with off 

(SEQ ID NO:448) 

rates or kOff greater than or equal to 10'10 s_l, 5><10_9 s_l, 
i9 

[0107] Binding experiments to determine KD and off-rates 
can be performed in a number of conditions including, but 
not limited to, [pH 6.0, 0.01% TWeen 20], [pH 6.0, 0.1% 
gelatin], [pH5.0, 0.01% TWeen 20], [pH9.0, 0.1% TWeen 
20], [pH6.0, 15% ethylene glycol, 0.01% TWeen 20], 
[pH5.0, 15% ethylene glycol, 0.01% TWeen 20], and [pH9.0, 
15% ethylene glycol, 0.01% TWeen 20] The buffers in Which 
to make these solutions can readily be determined by one of 
skill in the art, and depend largely on the desired pH of the 
?nal solution. LoW pH solutions (<pH 5.5) can be made, for 
example, in citrate buffer, glycine-HCl buffer, or in succinic 
acid buffer. High pH solutions can be made, for example, in 
Tris-HCl, phosphate buffers, or sodium bicarbonate buffers. 
A number of conditions may be used to determine KD and 
off-rates for the purpose of determining, for example, opti 
mal pH and/or salt concentrations. 

[0108] In certain embodiments, BLyS binding polypep 
tides reversibly bind BLyS and/or BLyS-like polypeptides, 
preferably in the native soluble, trimeric form. 

[0109] In preferred embodiments, BLyS binding polypep 
tides reversibly bind only the native soluble, trimeric form 
of BLyS. 
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[0110] In certain embodiments, BLyS binding polypep 
tides irreversibly bind BLyS and/or BLyS-like polypeptides, 
preferably in the native soluble, trimeric form. 

[0111] In preferred embodiments, BLyS binding polypep 
tides irreversibly bind only the native soluble, trimeric form 
of BLyS. 

[0112] In some screening or assay procedures, it is pos 
sible and more convenient to use recombinant bacteriophage 
that display a particular BLyS binding polypeptide instead of 
using isolated BLyS binding polypeptide. Such procedures 
include phage-based ELISA protocols and immobilization 
of phage displaying a binding polypeptide to chromato 
graphic materials. Such screening assays and procedures are 
routine in the art and may be readily adapted for procedures 
using recombinant bacteriophage such as disclosed herein. 

[0113] Speci?c methods of the present invention contem 
plate the use of BLyS binding polypeptides that competi 
tively inhibit the binding of a BLyS binding molecule. 
Competitive inhibition can be determined by any suitable 
method knoWn in the art, for example, using the competitive 
binding assays described herein. In preferred embodiments, 
the polypeptide competitively inhibits the binding of a BLyS 
binding molecule to BLyS by at least 95%, at least 90%, at 
least 85%, at least 80%, at least 75%, at least 70%, at least 
60%, or at least 50%. In a more preferred embodiment, the 
BLyS binding polypeptide competitively inhibits the bind 
ing of a BLyS binding molecule to the native soluble 
trimeric form of BLyS, by at least 95%, at least 90%, at least 
85%, at least 80%, at least 75%, at least 70%, at least 60%, 
or at least 50%. 

[0114] BLyS binding polypeptides (including molecules 
comprising, or alternatively consisting of, BLyS binding 
polypeptide fragments or variants thereof) useful in the 
practice of the methods of the present invention may have 
one or more of the same biological characteristics as one or 

more of the BLyS binding polypeptides speci?cally 
described herein. By “biological characteristics” is meant, 
the in vitro or in vivo activities or properties of the BLyS 
binding polypeptides, such as, for example, the ability to 
bind to BLyS (e.g., the soluble form of BLyS, the mem 
brane-bound form of BLyS, the soluble form and mem 
brane-bound form of BLyS), and/or an antigenic and/or 
epitope region of BLyS), the ability to substantially block 
BLyS/BLyS receptor (e.g., TACI and BCMA) binding, the 
ability to substantially increase BLyS/BLyS receptor (e.g., 
TACI and BCMA) binding, the ability to block BLyS 
mediated biological activity (e.g., stimulation of B cell 
proliferation and immunoglobulin production), or, the abil 
ity to enhance or stimulate BLyS mediated biological activ 
ity (e.g., stimulation of B cell proliferation and immunoglo 
bulin production). Optionally, the BLyS binding 
polypeptides useful according to the invention Will bind to 
the same epitope as at least one of the BLyS binding 
polypeptides speci?cally referred to herein. Such epitope 
binding can be routinely determined using assays knoWn in 
the art. 

[0115] BLyS binding polypeptides (including molecules 
comprising, or alternatively consisting of, BLyS binding 
polypeptide fragments or variants thereof) useful in the 
practice of the methods of the present invention may be 
polypeptides that neutralize BLyS or a fragment thereof. By 
a BLyS binding polypeptide that “neutralizes BLyS or a 
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fragment thereof’ is meant a BLyS binding polypeptide that 
inhibits (i.e., is effective to reduce or abolish) or abolishes 
the ability of BLyS: to bind to its receptor (e.g., TACI and 
BCMA), to stimulate B cell activation, to stimulate B cell 
proliferation, to stimulate immunoglobulin secretion by B 
cells, to increase B cell lifespan, and/or to stimulate the 
BLyS receptor signalling cascade. 

[0116] BLyS binding polypeptides (including molecules 
comprising, or alternatively consisting of, BLyS binding 
polypeptide fragments or variants thereof) useful in the 
practice of the methods of the present invention may also be 
effective to inhibit or abolish BLyS-mediated B cell prolif 
eration as determined by any method knoWn in the art such 
as, for example, the assays described in the Examples, infra, 
said BLyS binding polypeptides comprising, or alternatively 
consisting of, a polypeptide having an amino acid sequence 
of any one of SEQ ID NOs:1-12, 20-172, and 186-444, 
preferably of SEQ ID NOs: 163-172 and 436-444, or a 
fragment or variant thereof. 

[0117] BLyS binding polypeptides (including molecules 
comprising, or alternatively consisting of, BLyS binding 
polypeptide fragments or variants thereof) useful in the 
practice of the methods of the present invention may also be 
effective to enhance the activity of BLyS or a fragment 
thereof, said BLyS binding polypeptides comprising, or 
alternatively consisting of, a polypeptide having an amino 
acid sequence of any one of SEQ ID NOs:1-12, 20-172, and 
186-444, preferably of SEQ ID NOs:163-172 or 436-444, or 
a fragment or variant thereof. By a BLyS binding polypep 
tide that “enhances the activity of BLyS or a fragment 
thereof ’ is meant a BLyS binding polypeptide that increases 
the ability of BLyS: to bind to its receptor (e.g., TACI and 
BCMA), to stimulate B cell proliferation, to stimulate 
immunoglobulin secretion by B cells, to activate B cells, to 
increase B cell lifespan and/or to stimulate a BLyS receptor 
signalling cascade (e.g., to activate calcium-modulator and 
cyclophilin ligand (“CAML”), calcineurin, nuclear factor of 
activated T cells transcription factor (“NF-AT”), nuclear 
factor-kappa B (“NF-kappa B”), activator protein-1 (AP-1), 
SRF, extracellular-signal regulated kinase 1 (ERK-l), polo 
like kinases (PLK), ELF-1, high mobility group I (HMG-I), 
and/or high mobility group Y (HMG-Y)). Nucleic acid 
molecules encoding these BLyS binding polypeptides are 
also encompassed by the invention. 

[0118] BLyS binding polypeptides (including molecules 
comprising, or alternatively consisting of, BLyS binding 
polypeptide fragments or variants thereof) useful in the 
practice of the methods of the present invention may also be 
effective to stimulate BLyS mediated B cell proliferation as 
determined by any method knoWn in the art, such as, for 
example, the assays described in the Examples, infra, said 
BLyS binding polypeptides comprising, or alternatively 
consisting of, a polypeptide having an amino acid sequence 
of any one of SEQ ID NOs:1-12, 20-172, and 186-444, 
preferably of SEQ ID NOs:163-172 or 436-444, or a frag 
ment or variant thereof. Nucleic acid molecules encoding 
these BLyS binding polypeptides are also encompassed by 
the invention. 

[0119] BLyS binding polypeptides (including molecules 
comprising, or alternatively consisting of, BLyS binding 
polypeptide fragments or variants thereof) useful in the 
practice of the methods of the present invention may include 
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polypeptides effective to speci?cally bind to the soluble 
form of BLyS, polypeptides that speci?cally bind to the 
membrane-bound form of BLyS, and polypeptides that 
speci?cally bind to both the soluble form and membrane 
bound form of BLyS. 

[0120] The methods of the present invention may also be 
carried out using mixtures of BLyS binding polypeptides 
(including molecules comprising, or alternatively consisting 
of, BLyS binding polypeptide fragments or variants thereof) 
that speci?cally bind to BLyS, Wherein the mixture contains 
at least one, tWo, three, four, ?ve or more different BLyS 
binding polypeptides. In particular, the invention provides 
for the use of mixtures of different BLyS binding polypep 
tides that speci?cally bind to the soluble form of BLyS, the 
membrane-bound form of BLyS, and/ or both the membrane 
bound form and soluble form of BLyS. In speci?c embodi 
ments, the methods of the invention utiliZe mixtures of at 
least 2, preferably at least 4, at least 6, at least 8, at least 10, 
at least 12, at least 15, at least 20, or at least 25 different 
BLyS binding polypeptides that speci?cally bind to BLyS, 
Wherein at least 1, at least 2, at least 4, at least 6, or at least 
10, BLyS binding polypeptides of the mixture are BLyS 
binding polypeptides. 

[0121] The methods of the present invention may also be 
carried out using panels of BLyS binding polypeptides 
(including molecules comprising, or alternatively consisting 
of, BLyS binding polypeptide fragments or variants thereof) 
that speci?cally bind to BLyS, Wherein the panel has at least 
one, tWo, three, four, ?ve or more different BLyS binding 
polypeptides. In particular, the invention provides for the use 
of panels of different BLyS binding polypeptides that spe 
ci?cally bind to the soluble form of BLyS, the membrane 
bound form of BLyS, and/or both the membrane-bound form 
and soluble form of BLyS. In speci?c embodiments, the 
invention provides for the use of panels of BLyS binding 
polypeptides that have different af?nities for BLyS, different 
speci?cities for BLyS, or different dissociation rates. The 
invention provides for the use of panels of at least 10, 
preferably at least 25, at least 50, at least 75, or at least 100 
BLyS binding polypeptides. Panels of BLyS binding 
polypeptides can be used, for example, in 96 Well plates for 
assays such as ELISAs. 

[0122] The methods of the present invention may also be 
carried out using compositions comprising one or more 
BLyS binding polypeptides (including molecules compris 
ing, or alternatively consisting of BLyS binding polypeptide 
fragments or variants). In one embodiment, a composition 
used in a method of the present invention comprises, one, 
tWo, three, four, ?ve, or more BLyS binding polypeptides 
that comprise or alternatively consist of, a polypeptide 
having an amino acid sequence of any one or more of the 
BLyS binding polypeptides contained in SEQ ID NOs:1-12, 
20-172, and 186-444 as disclosed in Tables 1-8 and 13, or a 
variant thereof. 

[0123] As discussed in more detail beloW, a composition 
useful in the methods of the invention may be used either 
alone or in combination With other compositions. The BLyS 
binding polypeptides (including molecules comprising, or 
alternatively consisting of BLyS binding polypeptide frag 
ments or variants of the present invention) may further be 
recombinantly fused to a heterologous polypeptide at the N 
or C-terminus or chemically conjugated (including 
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covalently and non-covalently conjugations) to polypeptides 
or other compositions. For example, BLyS binding polypep 
tides of the present invention may be recombinantly fused or 
conjugated to molecules useful as labels in detection assays 
and effector molecules such as heterologous polypeptides, 
polypeptide linkers, drugs, radionuclides, or toxins. See, 
e.g., PCT publications WO 92/08495; WO 91/14438; WO 
89/12624; US Pat. No. 5,314,995; and EP 0 396 387. 

Production and Modi?cation of BLyS Binding Polypeptides 

[0124] BLyS binding polypeptides useful in practicing the 
methods of the present invention may be produced by 
chemical synthesis, semi-synthetic methods, and recombi 
nant DNA methodologies knoWn in the art. 

[0125] In certain embodiments, BLyS binding polypep 
tides of the present invention are produced by chemical or 
semi-synthetic methodologies knoWn in the art (see, Kelley 
et al. in Genetic Engineering Principles and Methods, 
SetloW, J. K., ed. (Plenum Press, NY., 1990), vol. 12, pp. 
1-19; SteWart et al., Solid-Phase Peptide Synthesis, W.H. 
Freeman Co., San Francisco, 1989). One advantage of these 
methodologies is that they alloW for the incorporation of 
non-natural amino acid residues into the sequence of the 
BLyS binding polypeptide. 

[0126] In preferred embodiments, BLyS binding polypep 
tides are chemically synthesiZed (see, e.g., Merri?eld, J. Am. 
Chem. Soc., 85: 2149 (1963); Houghten, Proc. Natl. Acad. 
Sci. USA, 82: 5132 (1985)). For example, polypeptides can 
be synthesiZed by solid phase techniques, cleaved from the 
resin, and puri?ed by preparative high performance liquid 
chromatography (see, e.g., Creighton, Proteins: Structures 
and Molecular Properties (W.H. Freeman and Co., N.Y., 
1983), pp. 50-60). BLyS binding polypeptides can also be 
synthesiZed by use of a peptide synthesiZer. The composition 
of the synthetic polypeptides may be con?rmed by amino 
acid analysis or sequencing (e.g., the Edman degradation 
procedure; see Creighton, Proteins: Structures and Molecu 
lar Properties (W.H. Freeman and Co., N.Y., 1983), pp. 
34-49). Furthermore, if desired, BLyS binding polypeptides 
may contain non-classical amino acids or chemical amino 
acid analogs, Which can routinely be introduced during 
chemical synthesis as a substitution or addition into the 
BLyS binding polypeptides. Non-classical amino acids 
include, but are not-limited to, the D-isomers of the common 
amino acids, 2,4-diaminobutyric acid, alpha-aminoisobu 
tyric acid, 4-aminobutyric acid (4Abu), 2-aminobutyric acid 
(Abu), 6-aminohexanoic acid (epsilon-Ahx), 2-aminoisobu 
tyric acid (Aib), 3-amino propionic acid, ornithine, norleu 
cine, norvaline, hydroxyproline, sarcosine, citrulline, 
homocitrulline, cysteic acid, t-butylglycine, t-butylalanine, 
phenylglycine, cyclohexylalanine, beta-alanine (bAla), 
?uoro-amino acids, designer amino acids such as beta 
methyl amino acids, Calpha-methyl amino acids, Nalpha 
methyl amino acids, and amino acid analogs in general. 
Furthermore, the amino acid can be D (dextrorotary) or L 
(levorotary). 

[0127] Solid phase peptide synthesis begins at the carboxy 
(C) terminus of the putative polypeptide by coupling a 
protected amino acid to a suitable resin, Which reacts With 
the carboxyl group of the C-terminal amino acid to form a 
bond that is readily cleaved later, for example, a halomethyl 
resin such as chloromethyl resin, bromomethyl resin, 
hydroxymethyl resin, aminomethyl resin, benZhydrylamine 
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resin, or t-alkyloxycarbonyl-hydraZide resin. After removal 
of the ot-amino protecting group With, for example, tri?uo 
roacetic acid (TFA) in methylene chloride and neutralization 
With, for example TEA, the next cycle in the synthesis is 
ready to proceed. The remaining ot-amino and, if necessary, 
side-chain-protected amino acids are then coupled sequen 
tially in the desired order by condensation to obtain an 
intermediate compound connected to the resin. Alterna 
tively, some amino acids may be coupled to one another 
forming an oligopeptide prior to addition to the groWing 
solid phase polypeptide chain. 

[0128] The condensation betWeen tWo amino acids, or an 
amino acid and a peptide, or a peptide and a peptide can be 
carried out according to condensation methods knoWn in the 
art, including but not limited to, the aZide method, mixed 
acid anhydride method, DCC (dicyclohexylcarbodiimide) 
method, active ester method (p-nitrophenyl ester method, 
BOP [benZotriaZole-l-yl-oxy-tris (dimethylamino) phos 
phonium hexa?uorophosphate] method, N-hydroxysuccinic 
acid imido ester method), and WoodWard reagent K method. 

[0129] Common to chemical synthesis of peptides is the 
protection or capping (blocking) of the reactive side chain 
groups of the various amino acid residues With suitable 
protecting or capping groups at that site until the group is 
ultimately removed after the polypeptide chain has been 
completely assembled. Also common is the protection or 
capping of the ot-amino group on an amino acid or a 
fragment While that entity reacts at the carboxyl group 
folloWed by the selective removal of the ot-amino-protecting 
group to alloW subsequent reaction to take place at that 
location. Accordingly, during synthesis, intermediate com 
pounds are produced Which includes each of the amino acid 
residues located in the desired sequence in the peptide chain 
With various of these residues having side-chain protecting 
or capping groups. These protecting or capping groups on 
amino acid side chains are then removed substantially at the 
same time so as to produce the desired resultant product 
folloWing puri?cation. 

[0130] The typical protective, capping, or blocking groups 
for 0t— and e-amino side chain groups found in amino acids 
are exempli?ed by benZyloxycarbonyl (Z), isonicotinyloxy 
carbonyl (iNOC), O-chlorobenZyloxycarbonyl [Z(NO2)], 
p-methoxybenZyloxycarbonyl [Z(OMe)], t-butoxycarbonyl 
(Boc), t-amyioxycarbonyl (Aoc), isobomyloxycarbonyl, 
adamatyloxycarbonyl, 2-(4-biphenyl)-2-propyloxycarbonyl 
(Bpoc), 9-?uorenylmethoxycarbonyl (Fmoc), methylsulfo 
nyiethoxycarbonyl (Msc), tri?uoroacetyl, phthalyl, formyl, 
2-nitrophenylsulphenyl (NPS), diphenylphosphinothioyl 
(Ppt), dimethylophosphinothioyl (Mpt), and the like. 

[0131] Protective, capping, or blocking groups for the 
carboxyl group of amino acids include, for example, benZyl 
ester (OBZl), cyclohexyl ester (Chx), 4-nitrobenZyl ester 
(ONb), t-butyl ester (Obut), 4-pyridylmethyl ester (OPic), 
and the like. It is usually also desirable that side chain groups 
of speci?c amino acids such as arginine, cysteine, and 
serine, are protected by a suitable protective group as 
occasion demands. For example, the guanidino group in 
arginine may be protected With nitro, p-toluenesulfonyl, 
benZyloxycarbonyl, adamantyloxycarbonyl, p-methoxyben 
Zenesulfonyl, 4-methoxy-2,6-dimethylbenZenesulfonyl 
(Mds), l,3,S-trimethylphenysulfonyl (Mts), and the like. 
The thiol group in cysteine may be protected With p-meth 
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oxybenZyl, triphenylmethyl, acetylaminomethyl ethylcar 
bamoyl, 4-methylbenZyl, 2,4,6-trimethy-benZyl (Tmb), etc., 
and the hydroxyl group in the serine can be protected With 
benZyl, t-butyl, acetyl, tetrahydropyranyl, etc. 

[0132] After the desired amino acid sequence has been 
completed, the intermediate polypeptide is removed from 
the resin support by treatment With a reagent, such as liquid 
HF and one or more thio-containing scavengers, Which 
cleaves the peptide molecule from the resin and all the 
remaining side-chain protecting groups. Following HF 
cleavage, the protein sequence is Washed With ether, trans 
ferred to a large volume of dilute acetic acid, and stirred at 
pH adjusted to about 8.0 With ammonium hydroxide. Upon 
pH adjustment, the polypeptide takes its desired conforma 
tional arrangement. 

[0133] By Way of example but not by Way of limitation, 
polypeptides can be chemically synthesiZed and puri?ed as 
folloWs: Peptides can be synthesiZed by employing the 
N-alpha-9-?uorenylmethyloxycarbonyl or Fmoc solid phase 
peptide synthesis chemistry using a Rainin Symphony Mul 
tiplex Peptide Synthesizer. The standard cycle used for 
coupling of an amino acid to the peptide-resin groWing chain 
generally includes: (1) Washing the peptide-resin three times 
for 30 seconds With N,N-dimethylformamide (DMF); (2) 
removing the Fmoc protective group on the amino terminus 
by deprotection to With 20% piperdine in DMF by tWo 
Washes for 15 minutes each, during Which process mixing is 
effected by bubbling nitrogen through the reaction vessel for 
one second every 10 seconds to prevent peptide-resin set 
tling; (3) Washing the peptide-resin three times for 30 
seconds With DMF; (4) coupling the amino acid to the 
peptide resin by addition of equal volumes of a 250 mM 
solution of the Fmoc derivative of the appropriate amino 
acid and an activator mix consisting or 400 mM N-methyl 
morpholine and 250 mM (2-(1H-benZotriaZol-l-4))-l,l,3,3 
tetramethyluronium hexa?uorophosphate (HBTU) in DMF; 
(5) alloWing the solution to mix for 45 minutes; and (6) 
Washing the peptide-resin three times for 30 seconds of 
DMF. This cycle can be repeated as necessary With the 
appropriate amino acids in sequence to produce the desired 
peptide. Exceptions to this cycle program are amino acid 
couplings predicted to be dif?cult by nature of their hydro 
phobicity or predicted inclusion Within a helical formation 
during synthesis. For these situations, the above cycle can be 
modi?ed by repeating step 4 a second time immediately 
upon completion of the ?rst 45 minute coupling step to 
“double couple” the amino acid of interest. Additionally, in 
the ?rst coupling step in peptide synthesis, the resin can be 
alloWed to sWell for more ef?cient coupling by increasing 
the time of mixing in the initial DMF Washes to three 15 
minute Washes rather than three 30 second Washes. 

[0134] After peptide synthesis, the peptide can be cleaved 
from the resin as follows: (1) Washing the peptide-resin three 
times for 30 seconds With DMF; (2) removing the Fmoc 
protective group on the amino terminus by Washing tWo 
times for 15 minutes it 20% piperdine in DMF; (3) Washing 
the peptide-resin three times for 30 seconds With DMF; and 
(4) mixing a cleavage cocktail consisting of 95% tri?uoro 
acetic acid (TFA), 2.4% Water, 2.4% phenol, and 0.2% 
triisopropysilane With the peptide-resin for tWo hours, then 
?ltering the peptide in the cleavage cocktail aWay from the 
resin, and precipitating the peptide out of solution by addi 
tion of tWo volumes of ethyl ether. Speci?cally, to isolate the 
























































































































































































































































































































































