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(57) ABSTRACT 

The amino acid and nucleic acid sequence of a protein 
expressed by monocytes and macrophages, called TALL-1, 
are disclosed. Homologues, mimetics and antibodies that 
bind to TALL-1 are disclosed. Also disclosed is the TALL-1 
receptor, and homologues of such receptor. The invention 
includes methods for regulating the interaction betWeen 
TALL-1 and its receptor and for identifying compounds 
capable of such regulation. The invention also includes 
methods for regulating B lymphocyte proliferation, activa 
tion, and/or survival. 
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TALL-1 NUCLEIC ACID MOLECULES, PROTEINS, 
RECEPTORS AND METHODS OF USE THEREOF 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119(e) from US. Provisional Application Serial No. 
60/132,892, ?led May 6, 1999, entitled, “TNF-Family 
TALL-1 Proteins, Nucleic Acid Molecules and Uses 
Thereof.” This application also claims priority under 35 
U.S.C. §119(e) from US. Provisional Application Serial 
No. , Which is also identi?ed as Attorney Docket No. 
2879-72PROV, ?led May 1, 2000, entitled “TALL-1 Nucleic 
Acid Molecules, Proteins, Receptors and Methods of Use 
Thereof”. The entire disclosures of US. Provisional Appli 
cation Serial No. 60/132,892 and US. Provisional applica 
tion Ser. No. (Attorney Docket No. 2879-72prov) 
are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to ligand involved in 
B lymphocyte activation and proliferation, TALL-1, and to 
its receptor, TALL-1 receptor. More particularly, the present 
invention relates to TALL-1 and TALL-1 receptor, to homo 
logues of such proteins, to nucleic acid molecules encoding 
such proteins, and to methods of making and using such 
proteins. 

BACKGROUND OF THE INVENTION 

[0003] Members of the tumor necrosis factor (TNF) ligand 
family play important roles in various physiological and 
pathological processes, including cell proliferation, differ 
entiation, apoptosis, modulation of immune response and 
induction of in?ammation (Smith et al., (1994), Cell 76:959 
962; GreWal et al., (1996), The role of CD40 ligand in 
immunity and auto-immunity. Page 125-134. In Immune 
Tolerance, editors: J. Banchereau, B. Dodet, R. SchWartZ, E. 
Trannoy. Elsevier Press: Paris.; Nataga, (1997), Cell 88:355 
365; Baker et al., (1998), Oncogene 17:3261-3270; Ash 
kenaZi et al., (1999), Curr: Opin. Cell Biol. 11:255-260). At 
least siXteen members of the TNF ligand family have been 
identi?ed. These include TNF, FasL, LymphotoXin-ot, Lym 
photoXin-B, TRAIL/APO-2L, CD27L, CD30L, CD40L, 
4-1BBL, OX40L, TRAN CE/RANKL, LIGHT, TWEAK, 
TL1,APRIL/TALL-2 and TALL-1 (Smith et al., (1994), Cell 
76:959-962; GreWal et al., (1996), The role of CD40 ligand 
in immunity and auto-immunity. Page 125-134. In Immune 
Tolerance, editors: J. Banchereau, B. Dodet, R. SchWartZ, E. 
Trannoy. Elsevier Press: Paris.; Nataga, (1997), Cell 88:355 
365; Baker et al., (1998), Oncogene 17:3261-3270; Ash 
kenaZi et al., (1999), Curr: Opin. CellBiol. 11:255-260; Shu 
et al., (1999),]. Leukocyte Biology 65:680-683; Schneider et 
al., (1999), J. Exp. Med. 189:1747-1756; Moore et al., 
(1999), Science 285:260-263; Mukhopadhyay et al., (1999), 
J. Biol. Chem. 274:15978-15981). Most TNF family mem 
bers are synthesiZed as type II transmembrane precursors. 
Their extracellular domains can be cleaved by metallopro 
teinases to form soluble cytokines. The soluble and mem 
brane-bound TNF ligand family members bind to receptors 
belonging to the TNF receptor family, Which are type I 
transmembrane proteins With characteristic cysteine rich 
motifs (Smith et al., (1994), Cell 76:959-962; Nataga, 
(1997), Cell 88:355-365; Baker et al., (1998), Oncogene 
17:3261-3270; AshkenaZi et al., (1999), Curr: Opin. Cell 
Biol. 11:255-260). 
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[0004] Members of the TNF family interact With their 
cognate receptors either through cell-cell interactions or as 
soluble proteins after their extracellular domains are cleaved 
by metalloproteinases (Smith et al., (1994), Cell 76:959 
962; Nataga, (1997), Cell 88:355-365). The TNF receptor 
family contains about 20 members. Stimulation of TNF 
receptor family members by their ligands triggers overlap 
ping and divergent intracellular signal transduction path 
Ways, including those that lead to apoptosis, NF-KB and API 
activation (Smith et al., (1994), Cell 76:959-962; Nataga, 
(1997), Cell 88:355-365). Therefore regulation of TNF 
family members that speci?cally affect immune responses is 
desirable. 

[0005] AWide variety of medical treatments require regu 
lation of the immune response in a patient. Such treatments 
include, for eXample, vaccinations, treatments for autoim 
mune diseases, immunode?ciency diseases, immunoprolif 
erative diseases, and treatments involving the transplanta 
tion of organs and skin. Traditional reagents and methods 
used to regulate a subj ect’s immune response often results in 
unWanted side effects. For eXample, immunosuppressive 
reagents such as cyclosporin A, aZathioprine, and prednisone 
are used to suppress the immune system of a patient With an 
autoimmune disease or patients receiving transplants. Such 
reagents, hoWever, suppress a patient’s entire immune 
response, thereby crippling the ability of the patient to 
mount an immune response against infectious agents not 
involved in the original disease. Due to such harmful side 
effects and the medical importance of immune regulation, 
reagents and methods to regulate speci?c parts of the 
immune system have been the subject of study for many 
years. 

[0006] The present invention can be used to overcome 
traditional problems With immunoregulatory reagents by 
more speci?cally regulating cells, ligands and receptors of 
the immune system in vivo. 

SUMMARY OF THE INVENTION 

[0007] The present invention generally relates to TALL-1 
nucleic acid molecules, proteins (including homologues), 
antibodies, and methods of making and using the same. The 
present invention also relates to TALL-1 receptor nucleic 
acid molecules, proteins (including homologues), antibod 
ies, and methods of using the same. In particular, the present 
invention relates to methods of regulating the interaction 
betWeen TALL-1 and the TALL-1 receptor to regulate 
monocyte, macrophage and B lymphocyte mediated 
immune responses. 

[0008] One embodiment of the present invention relates to 
an isolated TALL-1 protein. Preferably, the isolated TALL-1 
protein comprises an amino acid sequence selected from the 
group of: (a) SEQ ID NO:2; and (b) a homologue of SEQ ID 
NO:2. The homologue comprises an amino acid sequence 
selected from the group of: an amino acid sequence that 
is at least about 40% identical to SEQ ID NO:2 over at least 
175 amino acids of SEQ ID NO:2; and, (ii) an amino acid 
sequence that is at least about 40% identical to SEQ ID 
NO:2 over positions 134-285 of SEQ ID NO:2. In a more 
preferred embodiment, the protein comprises an amino acid 
sequence selected from the group of: (a) an amino acid 
sequence that is at least about 60% identical to SEQ ID 
NO:2 over at least 175 amino acids of SEQ ID NO:2; and, 
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(b) an amino acid sequence that is at least about 60% 
identical to SEQ ID NO:2 over positions 134-285 of SEQ ID 
NO:2. In an even more preferred embodiment, the protein 
comprises an amino acid sequence selected from the group 
of: (a) an amino acid sequence that is at least about 80% 
identical to SEQ ID NO:2 over at least 175 amino acids of 
SEQ ID NO:2; and, (b) an amino acid sequence that is at 
least about 80% identical to SEQ ID NO:2 over positions 
134-285 of SEQ ID NO:2. In an even more preferred 
embodiment, the protein comprises an amino acid sequence 
selected from the group consisting of: (a) an amino acid 
sequence that is at least about 90% identical to SEQ ID 
NO:2 over at least 175 amino acids of SEQ ID NO:2; and, 
(b) an amino acid sequence that is at least about 90% 
identical to SEQ ID NO:2 over positions 134-285 of SEQ ID 
NO:2. 

[0009] In another embodiment, the isolated TALL-1 pro 
tein of the present invention has an amino acid sequence 
comprising at least about 30 contiguous amino acids of SEQ 
ID NO:2. Preferably, the protein has an amino acid sequence 
comprising at least about 50 contiguous amino acids of SEQ 
ID NO:2, and more preferably, at least about 130 contiguous 
amino acids of SEQ ID NO:2. In a particularly preferred 
embodiment, the protein comprises amino acid residues 134 
through 285 of SEQ ID NO:2. In another particularly 
preferred embodiment, the protein comprises an amino acid 
sequence represented by SEQ ID NO:2. 

[0010] In another embodiment, the isolated TALL-1 pro 
tein of the present invention is encoded by a nucleic acid 
molecule comprising a nucleic acid sequence that hybridiZes 
under loW stringency conditions, and preferably, moderate 
stringency conditions, and more preferably, high stringency 
conditions, to the complement of a nucleic acid sequence 
represented by SEQ ID NO:1. In a particularly preferred 
embodiment, the protein is encoded by a nucleic acid 
molecule comprising a nucleic acid sequence represented by 
SEQ ID NO:1. In another particularly preferred embodi 
ment, the protein is encoded by a nucleic acid molecule 
comprising a nucleic acid sequence represented by nucle 
otide positions 402 through 855 of SEQ ID NO:1. 

[0011] In one embodiment of the present invention, an 
isolated TALL-1 protein is soluble. In another embodiment, 
the isolated TALL-1 protein is a membrane protein. Prefer 
ably, the isolated TALL-1 protein of the present invention 
has TALL-1 biological activity. Such biological activities 
include, but are not limited to: (a) binding to a TALL-1 
receptor; (b) costimulation of B lymphocyte proliferation; 
(c) costimulation of B lymphocyte activation; and/or (d) 
support of B lymphocyte survival. Preferably, the isolated 
TALL-1 protein binds to a TALL-1 receptor. In one embodi 
ment, a TALL-1 protein binds to an activates a TALL-1 
receptor. In another embodiment, the TALL-1 protein is a 
TALL-1 homologue that does not activate a TALL-1 recep 
tor. 

[0012] Yet another embodiment of the present invention 
relates to an isolated antibody that speci?cally binds to the 
isolated TALL-1 protein of the present invention. 

[0013] Another embodiment of the present invention 
relates to an isolated nucleic acid molecule comprising a 
nucleic acid sequence encoding a protein comprising an 
amino acid sequence selected from the group of: (a) SEQ ID 
NO:2; and, a homologue of SEQ ID NO:2. The homologue 
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comprises an amino acid sequence selected from the group 
consisting of: an amino acid sequence comprising at least 
130 contiguous amino acids of SEQ ID NO:2; and, (ii) an 
amino acid sequence comprising at least positions 134-285 
of SEQ ID NO:2. Preferably, the homologue comprises an 
amino acid sequence comprising at least 150 contiguous 
amino acids of SEQ ID NO:2, and even more preferably, the 
homologue comprises an amino acid sequence comprising at 
least 175 contiguous amino acids of SEQ ID NO:2. In a 
particularly preferred embodiment, the nucleic acid 
sequence encodes a protein comprising an amino acid 
sequence represented by SEQ ID NO:2, or a protein com 
prising an amino acid sequence comprising amino acids 
134-285 of SEQ ID NO:2. 

[0014] Preferably, the isolated nucleic acid sequence com 
prises at least 390 contiguous nucleotides of SEQ ID NO:1. 
In another aspect, the nucleic acid sequence hybridiZes 
under loW stringency conditions, and preferably, moderate 
stringency conditions, and more preferably, high stringency 
conditions, to the complement of a nucleic acid sequence 
SEQ ID NO:1. In a particularly preferred embodiment, the 
nucleic acid sequence comprises SEQ ID NO:1, or the 
nucleic acid sequence comprises nucleotides 402 through 
855 of SEQ ID NO:1. 

[0015] One embodiment of the present invention relates to 
an isolated nucleic acid molecule as set forth above, opera 
tively linked to a transcription control sequence. Another 
embodiment of the present invention relates to a recombi 
nant cell comprising an isolated nucleic acid molecule as set 
forth above, Wherein the cell eXpresses the recombinant 
nucleic acid molecule. Yet another embodiment of the 
present invention relates to a recombinant virus, comprising 
an isolated nucleic acid molecule as set forth above. 

[0016] Yet another embodiment of the present invention 
relates to a recombinant nucleic acid molecule comprising 
an eXpression vector operatively linked to a nucleic acid 
molecule comprising a nucleic acid sequence encoding a 
protein having TALL-1 biological activity. The protein com 
prises an amino acid sequence selected from the group of: 
(a) SEQ ID NO:2; and, (b) a homologue of SEQ ID NO:2, 
Wherein the homologue comprises an amino acid sequence 
selected from the group of: an amino acid sequence that 
is at least about 40% identical to SEQ ID NO:2 over at least 
175 amino acids of SEQ ID NO:2; and, (ii) an amino acid 
sequence that is at least about 40% identical to SEQ ID 
NO:2 over positions 134-285 of SEQ ID NO:2. 

[0017] Another embodiment of the present invention 
relates to a method to produce a TALL-1 protein. Such a 
method includes the step of culturing an isolated cell to 
express any of the recombinant nucleic acid molecules 
described above, under conditions Whereby a TALL-1 pro 
tein encoded by the recombinant nucleic acid molecule is 
produced. 

[0018] Yet another embodiment of the present invention 
relates to an isolated TALL-1 receptor homologue, Wherein 
the homologue comprises an amino acid sequence that is: (a) 
at least about 40% identical to SEQ ID NO:11 over at least 
35 amino acids of SEQ ID NO:11; and, (b) less than 100% 
identical to an amino acid sequence selected from the group 
of SEQ ID NO:11 and SEQ ID NO:17. In a preferred 
embodiment, the TALL-1 receptor homologue is at least 
about 65% identical to SEQ ID NO:11, and more preferably, 
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the homologue is at least about 75% identical to SEQ ID 
NO:11, and more preferably, the homologue is at least about 
90% identical to SEQ ID NO:11. In one embodiment of the 
present invention, the homologue is less than about 95% 
identical to the amino acid sequence selected from the group 
of SEQ ID NO:11 and SEQ ID NO:17; in another embodi 
ment, the homologue is less than about 90% identical to the 
amino acid sequence selected from the group consisting of 
SEQ ID NO:11 and SEQ ID NO:17. 

[0019] In one embodiment, the TALL-1 receptor homo 
logue encoded by a nucleic acid molecule comprising a 
nucleic acid sequence that hybridiZes under moderate strin 
gency conditions to the complement of SEQ ID NO:10, and 
more preferably, the homologue is encoded by a nucleic acid 
molecule comprising a nucleic acid sequence that hybridiZes 
under high stringency conditions to the complement of SEQ 
ID NO:10. 

[0020] In one embodiment, the TALL-1 receptor homo 
logue binds to TALL-1. In one embodiment, the homologue 
is a soluble TALL-1 receptor. In another embodiment, the 
homologue does not bind to TALL-1. In another embodi 
ment, the homologue activates NF-KB in a cell expressing 
the homologue through a TRAF5, TRAF6, NIK, IKKO. and 
IKKB dependent pathWay. In one embodiment, the homo 
logue costimulates B lymphocyte proliferation in a B lym 
phocyte expressing the homologue. 

[0021] Yet another embodiment of the present invention 
relates to an isolated nucleic acid molecule comprising a 
nucleic acid sequence encoding a TALL-1 receptor homo 
logue. The homologue comprises an amino acid sequence 
that is: (a) at least about 40% identical to SEQ ID NO:11 
over at least 35 amino acids of SEQ ID NO:11; and, (b) less 
than 100% identical to an amino acid sequence selected 
from the group of SEQ ID NO:11 and SEQ ID NO:17. 

[0022] Another embodiment of the present invention 
relates to a composition comprising: (a) a compound; and 
(b) a pharmaceutically acceptable carrier. The compound of 
(a) is selected from the group of: an isolated TALL-1 
protein; (ii) an isolated antibody that selectively binds to the 
TALL-1 protein of (i); (iii) an isolated TALL-1 receptor; 
and, (iv) an isolated antibody that selectively binds to the 
TALL-1 receptor of (iii). 

[0023] In one aspect of the composition of the present 
invention, the compound is an isolated TALL-1 protein. 
Such a TALL-1 protein can be any heretofore described 
TALL-1 protein, including a protein comprising an amino 
acid sequence selected from the group of: (a) SEQ ID NO:2; 
and, (b) a homologue of SEQ ID NO:2, Wherein the homo 
logue comprises an amino acid sequence selected from the 
group of: an amino acid sequence that is at least about 
40% identical to SEQ ID NO:2 over at least 175 amino acids 
of SEQ ID NO:2; and, (ii) an amino acid sequence that is at 
least about 40% identical to SEQ ID NO:20 over positions 
134-285 of SEQ ID NO:2. In one embodiment, the isolated 
TALL-1 protein is encoded by a nucleic acid sequence that 
hybridiZes under moderate stringency conditions to the 
complement of a nucleic acid sequence encoding SEQ ID 
NO:2. In another embodiment, the isolated TALL-1 protein 
comprises an amino acid sequence represented by SEQ ID 
NO:2. 

[0024] In another aspect of he composition of the present 
invention, the compound is an isolated TALL-1 receptor. In 
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one embodiment, the receptor is a soluble TALL-1 receptor. 
In another embodiment, the receptor comprises an amino 
acid sequence selected from the group of: (a) SEQ ID 
NO:11; and, (b) a TALL-1 receptor homologue comprising 
an amino acid sequence that is: at least about 40% 
identical to SEQ ID NO:11 over at least 35 amino acids of 
SEQ ID NO:11; and, (ii) less than 100% identical to an 
amino acid sequence selected from the group of SEQ ID 
NO:11 and SEQ ID NO:17. 

[0025] Yet another embodiment of the present invention 
relates to a method to activate a TALL-1 receptor, compris 
ing contacting a TALL-1 receptor With a TALL-1 protein. 
Preferably, the TALL-1 protein comprises an amino acid 
sequence selected from the group of: (a) SEQ ID NO:2; and, 
(b) a homologue of SEQ ID NO:2, Wherein the homologue 
comprises an amino acid sequence selected from the group 
of: an amino acid sequence that is at least about 40% 
identical to SEQ ID NO:2 over at least 175 amino acids of 
SEQ ID NO:2; and, (ii) an amino acid sequence that is at 
least about 40% identical to SEQ ID NO:2 over positions 
134-285 of SEQ ID NO:2. 

[0026] Another embodiment of the present invention 
relates to a method to regulate B lymphocyte proliferation, 
activation, and/or survival, comprising regulating the bio 
logical activity of a TALL-1 receptor expressed by a B 
lymphocyte. In one aspect, the step of regulating comprises 
inhibiting the biological activity of the TALL-1 receptor. For 
example, the step of regulating can include inhibiting the 
interaction of TALL-1 With the TALL-1 receptor. In one 
aspect of this embodiment, the step of inhibiting comprises 
contacting TALL-1 expressed by a monocyte or macrophage 
With a compound that inhibits binding of the TALL-1 to the 
TALL-1 receptor. Such a compound can include, but is not 
limited to: (a) an antibody that selectively binds to TALL-1 
and inhibits the binding of TALL-1 to the TALL-1 receptor; 
(b) a soluble TALL-1 receptor; and, (c) a TALL-1 receptor 
homologue, Wherein the homologue comprises an amino 
acid sequence that is at least about 40% identical over at 
least 35 amino acids to SEQ ID NO: II, Wherein the 
homologue binds to TALL-1, and Wherein the receptor does 
not activate NF-KB When expressed by a cell. In one aspect, 
the compound is preferably a soluble TALL-1 receptor. 

[0027] In another aspect of this embodiment, the step of 
inhibiting comprises contacting the TALL-1 receptor With a 
compound that inhibits the interaction of TALL-1 With the 
TALL-1 receptor. Such a compound can include, but is not 
limited to: (a) an antibody that selectively binds to the 
TALL-1 receptor and inhibits the binding of the TALL-1 
receptor by TALL-1; and/or (b) a TALL-1 homologue, 
Wherein the homologue comprises an amino acid sequence 
selected from the group of: an amino acid sequence that 
is at least about 40% identical to SEQ ID NO:2 over at least 
175 amino acids of SEQ ID NO:2; and, (ii) an amino acid 
sequence that is at least about 40% identical to SEQ ID 
NO:2 over positions 134-285 of SEQ ID NO:2. In this 
aspect, the homologue binds to the TALL-1 receptor but 
does not activate the TALL-1 receptor. 

[0028] In another aspect of the method of the present 
invention, the step of regulating comprises stimulating the 
biological activity of the TALL-1 receptor. In one aspect, the 
method includes the step of contacting the TALL-1 receptor 
With a compound that increases TALL-1 receptor activity. 
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Such a compound can include, but is not limited to: (a) an 
isolated TALL-1 protein; and, (b) an antibody that selec 
tively binds to the TALL-1 receptor and activates the recep 
tor. Preferably, the isolated TALL-1 protein comprises an 
amino acid sequence selected from the group of: (a) SEQ ID 
NO:2; and, (b) a homologue of SEQ ID NO:2, Wherein the 
homologue comprises an amino acid sequence selected from 
the group of: an amino acid sequence that is at least about 
40% identical to SEQ ID NO:2 over at least 175 amino acids 
of SEQ ID NO:2; and, (ii) an amino acid sequence that is at 
least about 40% identical to SEQ ID NO:2 over positions 
134-285 of SEQ ID NO:2. 

[0029] In one aspect of the method of the present inven 
tion, the regulation of B lymphocyte proliferation, activation 
and/or survival by the method is effective to regulate a 
B-lymphocyte immune response in an animal. In another 
aspect of the method of the present invention, the inhibition 
of B lymphocyte proliferation, activation and/or survival by 
the method is effective to inhibit a B lymphocyte-associated 
autoimmune disease. 

[0030] Yet another embodiment of the present invention 
relates to a method to inhibit a B lymphocyte immune 
response in a patient, comprising inhibiting the interaction 
of TALL-1 With a TALL-1 receptor in the patient. Another 
embodiment of the present invention relates to a method to 
inhibit a B lymphocyte-associated autoimmune disease in a 
patient, comprising inhibiting the interaction of TALL-1 
With a TALL-1 receptor in the patient. 

[0031] Yet another embodiment of the present invention 
relates to a method to identify compounds that regulate the 
interaction betWeen TALL-1 and a TALL-1 receptor. Such a 
method includes the steps of: (a) contacting a TALL-1 
receptor With a putative regulatory compound; (b) contact 
ing the TALL-1 receptor With a TALL-1 protein comprising 
an amino acid sequence selected from the group of: SEQ 
ID NO:2; and, (ii) a homologue of SEQ ID NO:2, Wherein 
the homologue comprises an amino acid sequence selected 
from the group of: (1) an amino acid sequence that is at least 
about 40% identical to SEQ ID NO:2 over at least 175 amino 
acids of SEQ ID NO:2; and, (2) an amino acid sequence that 
is at least about 40% identical to SEQ ID NO:2 over 
positions 134-285 of SEQ ID NO:2 or a homologue of 
TALL-1; and (c) detecting Whether the putative regulatory 
compound regulates the TALL-1 receptor. The TALL-1 
protein binds to and activates the TALL-1 receptor in the 
absence of the putative regulatory compound. In one aspect, 
the step of detecting comprises detecting Whether the puta 
tive regulatory compound inhibits the binding of the 
TALL-1 protein to the TALL-1 receptor. In another aspect, 
the step of detecting comprises detecting Whether the puta 
tive regulatory compound inhibits the activation of the 
TALL-1 receptor as compared to in the absence of the 
putative regulatory compound. 

BRIEF DESCRIPTION OF THE FIGURES OF 
THE INVENTION 

[0032] FIG. 1A is an amino acid sequence alignment of 
human TALL-1 and human TALL-2/APRIL. 

[0033] FIG. 1B is an amino acid sequence alignment of 
full-length human TALL-1 and TALL-2/APRIL With other 
TNF family members. 
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[0034] FIG. 2A is a digitiZed image of a Northern blot 
analysis shoWing Tall-1 gene expression in human tissues. 

[0035] FIG. 2B is a digitiZed image of an RT-PCR analy 
sis shoWing Tall-1 mRNA expression in isolated primary 
leukocytes. 

[0036] FIG. 3 is a digitiZed image of a Northern blot 
analysis shoWing Tall-1 gene expression in U937 and Jurkat 
cells treated With various stimulatory agents. 

[0037] FIG. 4 is a digitiZed image of a Western blot 
shoWing detection of TALL-1 protein in U937 cells. 

[0038] FIG. 5A is a digitiZed image of a Western blot 
shoWing expression of Flag-sTALL-1. 

[0039] FIG. 5B is a digitiZed image of a Western blot 
indicating puri?cation of Flag-sTALL-1. 

[0040] FIG. 6A is a digitiZed image of a Western blot 
shoWing that BCMA interacts With sTALL-1 but not With 
sTRAIL. 

[0041] FIG. 6B is a digitiZed image of a Western blot 
shoWing that sTALL-1 does not bind to TRAIL receptors. 

[0042] FIG. 7A is a flow cytometry histogram shoWing 
TALL-1 receptor expression in various cell lines detected by 
Flag-sTALL-1. 

[0043] FIG. 7B is a flow cytometry histogram shoWing 
that BCMA is targeted to plasma membrane Where it can 
bind to sTALL-1. 

[0044] FIG. 7C is a flow cytometry histogram shoWing 
that sBCMA blocks the binding of sTALL-1 to its receptor. 

[0045] FIG. 8 is a bar graph demonstrating inhibition of 
TALL-1 triggered B cell co-stimulation by sBCMA. 

[0046] FIG. 9 is a bar graph shoWing that BCMA activates 
NF-kB and that the activation is potentiated by sTALL-1 

[0047] FIG. 10A is a bar graph and digitiZed image 
shoWing the effects of various dominant negative mutants on 
BCMA-mediated NF-KB activation. 

[0048] FIG. 10B is a digitiZed image of a Western blot 
shoWing that BCMA interacts With TRAFS and TRAF 6 but 
not TRAF2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] The present invention generally relates to isolated 
nucleic acid sequences encoding TALL-1, to isolated nucleic 
acid molecules comprising nucleic acid sequences encoding 
TALL-1 (including recombinant nucleic acid molecules), to 
homologues of such nucleic acid sequences, to TALL-1 
proteins and fusion proteins and homologues thereof, to 
polyclonal and monoclonal antibodies that speci?cally bind 
to TALL-1 and/or homologues or mimetics thereof, and to 
methods of using such nucleic acid molecules, proteins and 
antibodies. The present invention also includes receptors 
that are bound by TALL-1, referred to herein as TALL-1 
receptors. Also included in the present invention are homo 
logues and mimetics of TALL-1 that bind to and regulate 
(upregulate or doWnregulate) the activity of a TALL-1 
receptor, as Well as TALL-1 receptor homologues. 
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[0050] The present invention also includes methods Which 
use nucleic acid sequences encoding TALL-1, TALL-1 
proteins (including TALL-1 homologues), TALL-1 antibod 
ies, and TALL-1 receptors (including TALL-1 receptor 
homologues) and TALL-1 receptor antibodies as therapeutic 
reagents and/or diagnostic tools. As such, one embodiment 
of the present invention relates to a method to identify 
regulators of TALL-1 by identifying putative regulatory 
compounds Which increase or decrease the action (i.e., 
expression and/or biological activity) of TALL-1 proteins or 
nucleic acid molecules and/or TALL-1 receptor proteins or 
nucleic acid molecules. Another embodiment of the present 
invention relates to a method to regulate biological pro 
cesses, including immune processes, that are mediated by 
monocytes, macrophages, and/or B lymphocytes. Another 
embodiment of the present invention relates to a method to 
identify regulators of biological processes, including 
immune processes, that are mediated by monocytes, mac 
rophages, and/or B lymphocytes. Yet another embodiment of 
the present invention relates to therapeutic compositions 
comprising one or more of TALL-1 proteins, nucleic acid 
molecules comprising nucleic acid sequence encoding 
TALL-1, antibodies that speci?cally bind to TALL-1, inhibi 
tors of TALL-1 proteins, TALL-1 receptor proteins, nucleic 
acid molecules comprising nucleic acid sequence encoding 
TALL-1 receptor, antibodies that speci?cally bind to 
TALL-1 receptor, and/or inhibitors of TALL-1 receptor, that 
are useful in a method of regulating biological processes, 
including immune processes, that are mediated by mono 
cytes, macrophages, and/or B lymphocytes. Yet another 
embodiment relates to a method to diagnose disorders 
related to the biological activity and/or expression (or dis 
regulation thereof) of TALL-1. 
[0051] TALL-1 is a novel TNF family member identi?ed 
by the present inventors (Shu et al., (1999), J. Leukocyte 
Biology 651680-683) and subsequently published by three 
other groups (Schneider et al., (1999), J. Exp. Med. 
18911747-1756; Moore et al., (1999), Science 2851260-263; 
Mukhopadhyay et al., (1999), J. Biol. Chem. 274115978 
15981). Unlike most members of the TNF family Which are 
expressed by activated immune cells, TALL-1 is constitu 
tively expressed by monocytes and macrophages (Shu et al., 
(1999), J. Leukocyte Biology 651680-683; Schneider et al., 
(1999), J. Exp. Med. 18911747-1756). FloW cytometry 
analysis indicates that the receptor for TALL-1 is expressed 
only by peripheral B lymphocytes or B lymphocyte-derived 
cell lines, but not by peripheral T lymphocytes, monocytes, 
and non-B lymphocyte-derived cell lines (Schneider et al., 
(1999), J. Exp. Med. 18911747-1756; Moore et al., (1999), 
Science 2851260-263). Functional studies indicate that 
soluble TALL-1 (sTALL-1) co-stimulates B lymphocyte 
proliferation in vitro and administration or overexpression of 
sTALL-1 causes lymphocytic disorders and autoimmune 
manifestations in mice (Moore et al., (1999), Science 
2851260-263; Macky et al., (1999), J. Exp. Med. 19011697 
1710). These data suggest that TALL-1 plays an important 
role in monocyte/macrophage-driven B lymphocyte activi 
ties. 

[0052] The present inventors have also identi?ed the 
receptor for TALL-1 (e.g., the TALL-1 receptor). The 
present inventors have discovered that B cell maturation 
factor, or BCMA, a previously described member of the 
TNF receptor family of unknoWn function Which is speci? 
cally expressed by B lymphocytes, is the receptor for 
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TALL-1. The present inventors have additionally discovered 
that BCMA can activate the transcription factor NF-KB 
through a TRAF5, TRAF6, NIK, IKKO. and IKKB depen 
dent pathWay. The identi?cation of BCMA as the TALL-1 
receptor is quite unexpected because, prior to the present 
invention, investigators studying BCMA reported that the 
factor Was enriched in the Golgi apparatus, but failed to 
detect BCMA on the plasma membrane (Gras et al., (1995), 
International Immunology 711093-1106). In addition, prior 
sequence analysis suggested that BCMA had no recogniZ 
able signal peptide at its N-terminus (Laabi et al., (1992), 
EMBO J. 1113897-3904; Laabi et al., (1994), Nucleic Acids 
Research 2211147-1154; Gras et al., (1995), International 
Immunology 711093-1106) and therefore, it Would not be 
expected to be inserted into the plasma membrane. The 
discovery of TALL-1 and of the ligand-receptor relationship 
betWeen TALL-1 and BCMA (i.e., TALL-1 receptor) as Well 
as the biological activities resulting from such a relationship, 
leads to methods of using both TALL-1 and BCMA, as Well 
as homologues thereof, Which Were not previously possible 
or realiZed. 

[0053] Various embodiments of the present invention are 
described beloW initially With regard to an isolated TALL-1 
protein of the present invention. It is to be understood, 
hoWever, that the general de?nitions of terms and methods 
are intended to apply to the discussion of an isolated TALL-1 
receptor, also discussed beloW, unless otherWise modi?ed 
Within the speci?c discussion of the TALL-1 receptor. 

[0054] Accordingly, one embodiment of the present inven 
tion relates to an isolated TALL-1 protein. As used herein, 
reference to an isolated protein, including an isolated 
TALL-1 protein, includes full-length proteins, fusion pro 
teins, or any homologue of such a protein. In one embodi 
ment, an isolated TALL-1 protein is a membrane protein. In 
another embodiment, an isolated TALL-1 protein is a 
soluble protein (sTALL-1). An amino acid sequence for 
soluble TALL-1 spans from amino acid positions 134 to 285 
of SEQ ID NO12. It is noted that investigators Who published 
proteins having the same amino acid sequence as TALL-1 
subsequent to the ?ling of the priority application for the 
present invention have given the TALL-1 proteins different 
names, including: B lymphocyte stimulator (Blys)(Moore et 
al., July 1999, Science 2851260-263), tumor necrosis factor 
like protein ZTNF4 (Submitted to GenBank on Sep. 14, 
1999, by Biomolecular Informatics, Zymogenetics; released 
on Jan. 13, 2000), THANK (Mukhopadhyay et al., 1999, J. 
Biol. Chem. 274115978-15981), and B-cell activating factor 
(BAFF) (Schneider et al., June 1999, J. Exp. Med. 18911747 
1756). According to the present invention, a homologue of 
a TALL-1 protein (i.e., a TALL-1 homologue) includes 
TALL-1 proteins in Which at least one or a feW, but not 
limited to one or a feW, amino acids have been deleted (e.g., 
a truncated version of the protein, such as a peptide or 
fragment), inserted, inverted, substituted and/or derivatiZed 
(e.g., by glycosylation, phosphorylation, acetylation, myris 
toylation, prenylation, palmitation, amidation and/or addi 
tion of glycosylphosphatidyl inositol). Preferably, a TALL-1 
homologue has TALL-1 biological activity. TALL-1 biologi 
cal activity is de?ned herein as at least one of: an ability to 
bind to a TALL-1 receptor; an ability to costimulate B 
lymphocyte proliferation; an ability to costimulate B lym 
phocyte activation; and/or an ability to support B lympho 
cyte survival. In one embodiment, a TALL-1 homologue 
comprises a portion of a Wild-type TALL-1 protein suf?cient 



US 2003/0148445 A1 

to form [3 strands. Such portions are illustrated, for example, 
in FIG. 1B. In another embodiment, a TALL-1 homologue 
comprises at least the amino acid residues (in the equivalent 
positions) Which are identical in the C-terminal region of 
several TNF family proteins as illustrated in FIG. 1B. Such 
a homologue also preferably binds speci?cally to a TALL-1 
receptor, preferably such that the TALL-1 receptor is acti 
vated. It is noted that reference to a TALL-1 protein is 
intended to encompass variants of the TALL-1 sequence, 
including truncated TALL-1 proteins, in Which conservative 
amino acid deletions, additions or substitutions are alloWed 
Which do not substantially change the biological activity of 
the TALL-1 protein With regard to at least one or more of the 
biological activities of TALL-1 as described above. Using 
the guidance provided herein, it is Within the ability of one 
of skill in the art to make modi?cations in the nucleic acid 
and/or amino acid sequence of Wild-type TALL-1 (e.g., SEQ 
ID NOs:1 or 2) and to test homologues having such modi 
?cations for one or more biological activities of TALL-1. 
For example, methods for determining binding of TALL-1 to 
TALL-1 receptor are described in detail in the Examples 
section and beloW With regard to the description of assays 
for evaluating regulators of the interaction betWeen TALL-1 
and TALL-1 receptor. In addition, biological and molecular 
assays for determining the activation of a TALL-1 receptor 
as a result of ligation, including B cell proliferation assays, 
NFKB activation and activation of other intracellular mol 
ecules is described in the Examples section. More speci? 
cally, methods of detecting and measuring TALL-1 biologi 
cal activity include, but are not limited to measurement of 
transcription of TALL-1, measurement of translation of 
TALL-1, measurement of secretion of soluble TALL-1 
(sTALL-1), measurement of binding of TALL-1 to a 
TALL-1 receptor, measurement of an increase in B cell 
proliferation, measurement of an increase in B cell activa 
tion, measurement of B cell survival. In another embodi 
ment, a TALL-1 homologue may or may not have measur 
able TALL-1 activity, but is used for the preparation of 
antibodies or the development of oligonucleotides useful for 
identifying other TALL-1 proteins, or for use in diagnostic 
assays (described beloW). In one embodiment of the present 
invention, a TALL-1 homologue that is useful in a method 
of the present invention binds to, but does not activate, a 
TALL-1 receptor, and therefore serves as a competitive 
inhibitor of a Wild-type TALL-1 protein. 

[0055] In one embodiment, a TALL-1 protein (e.g., a 
TALL-1 protein homologue) comprises an amino acid 
sequence that is at least about 40% identical to SEQ ID 
NO:2 over at least about 175 contiguous amino acids of SEQ 
ID NO:2. In another embodiment, a TALL-1 protein com 
prises an amino acid sequence that is at least about 40% 
identical to SEQ ID NO:2 over positions 134-285 of SEQ ID 
NO:2. Preferably, a TALL-1 protein comprises an amino 
acid sequence that is at least about 50%, and more prefer 
ably, at least about 60%, and more preferably, at least about 
70%, and more preferably at least about 80%, and more 
preferably at least about 90%, and even more preferably at 
least about 95% identical to SEQ ID NO:2 over at least 
about 175 amino acids of SEQ ID NO:2, and more prefer 
ably over at least about 200 amino acids, and more prefer 
ably over at least about 225 amino acids, and more prefer 
ably over at least about 250 amino acids, and even more 
preferably over 275 amino acids of SEQ ID NO:2. In 
another embodiment, a TALL-1 protein comprises an amino 
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acid sequence that is at least about 50%, and more prefer 
ably, at least about 60%, and more preferably, at least about 
70%, and more preferably at least about 80%, and more 
preferably at least about 90%, and even more preferably at 
least about 95% identical to SEQ ID NO:2 over positions 
134-285 of SEQ ID NO:2. 

[0056] As used herein, unless otherWise speci?ed, refer 
ence to a percent (%) identity refers to an evaluation of 
homology Which is performed using: (1) a BLAST 2.0 Basic 
BLAST homology search (http://WWW.ncbi.nlm.nih.gov/ 
BLAST) using blastp for amino acid searches and blastn for 
nucleic acid searches With standard default parameters, 
Wherein the query sequence is ?ltered for loW complexity 
regions by default (described in Altschul, S. E, Madden, T. 
L., Schaaffer, A. A., Zhang, J., Zhang, Z., Miller, W. & 
Lipman, D. J. (1997) “Gapped BLAST and PSI-BLAST: a 
neW generation of protein database search programs.” 
Nucleic Acids Res. 25:3389-3402, incorporated herein by 
reference in its entirety); (2) a BLAST 2 alignment (using 
the parameters described beloW) (http://WWW.ncbi.nlm.nih 
.gov/BLAST); or (3) both BLAST 2.0 and BLAST 2. It is 
noted that due to some differences in the standard parameters 
betWeen BLAST 2.0 Basic BLAST and BLAST 2, tWo 
speci?c sequences might be recogniZed as having signi?cant 
homology using the BLAST 2 program, Whereas a search 
performed in BLAST 2.0 Basic BLAST using one of the 
sequences as the query sequence may not identify the second 
sequence in the top matches. Therefore, it is to be under 
stood that percent identity can be determined by using either 
one or both of these programs. 

[0057] TWo speci?c sequences can be aligned to one 
another using BLAST 2 sequence as described in Tatusova 
and Madden, (1999), “Blast 2 sequences—a neW tool for 
comparing protein and nucleotide sequences”, FEMS Micro 
biol Lett. 174:247-250, incorporated herein by reference in 
its entirety. BLAST 2 sequence alignment is performed in 
blastp or blastn using the BLAST 2.0 algorithm to perform 
a Gapped BLAST search (BLAST 2.0) betWeen the tWo 
sequences alloWing for the introduction of gaps (deletions 
and insertions) in the resulting alignment. For purposes of 
clarity herein, a BLAST 2 sequence alignment is performed 
using the standard default parameters as folloWs. For blastn, 
using 0 BLOSUM62 matrix: 

[0058] ReWard for match=1 

[0059] Penalty for mismatch=—2 

[0060] Open gap (5) and extension gap (2) penalties 

[0061] gap x_dropoff (50) expect (10) Word siZe (11) 
?lter (on) 

[0062] For blastp, using 0 BLOSUM62 matrix: 

[0063] Open gap (11) and extension gap (1) penalites 

[0064] gap x_dropoff (50) expect (10) Word siZe (3) 
?lter (on). 

[0065] In one embodiment of the present invention, a 
TALL-1 homologue is less than 100% identical to SEQ ID 
NO:2. In another embodiment, a TALL-1 homologue is less 
than about 95% identical to SEQ ID NO:2, and in another 
embodiment, is less than about 90% identical to SEQ ID 
NO:2, and in another embodiment, is less than about 80% 
identical to SEQ ID NO:2, and in another embodiment, is 
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less than about 70% identical to SEQ ID NO:2, and in 
another embodiment, is less than about 60% identical to 
SEQ ID NO:2, and in another embodiment, is less than about 
50% identical to SEQ ID NO:2. 

[0066] ATALL-1 protein can also include proteins having 
an amino acid sequence comprising at least 30 contiguous 
amino acid residues of SEQ ID NO:2, (i.e., 30 contiguous 
amino acid residues having 100% identity With 30 contigu 
ous amino acids of SEQ ID NO:2). In a preferred embodi 
ment, a homologue of a TALL-1 amino acid sequence 
includes amino acid sequences comprising at least 50, and 
more preferably at least 75, and more preferably at least 100, 
and more preferably at least 115, and more preferably at 
least 130, and more preferably at least 150, and more 
preferably at least 200, and even more preferably, at least 
250, contiguous amino acid residues of SEQ ID NO:2. A 
TALL-1 protein homologue can include proteins encoded by 
a nucleic acid sequence comprising at least 90, and prefer 
ably at least 150, and more preferably at least 225, and more 
preferably at least 300, and more preferably at least 345, and 
more preferably at least 390, and more preferably at least 
450, and more preferably at least 600, and even more 
preferably at least 750, contiguous nucleotides of SEQ ID 
NO:1. In a preferred embodiment, a TALL-1 protein homo 
logue has measurable TALL-1 biological activity (i.e., has 
biological activity). 
[0067] According to the present invention, the term “con 
tiguous” or “consecutive”, With regard to nucleic acid or 
amino acid sequences described herein, means to be con 
nected in an unbroken sequence. For eXample, for a ?rst 
sequence to comprise 30 contiguous (or consecutive) amino 
acids of a second sequence, means that the ?rst sequence 
includes an unbroken sequence of 30 amino acid residues 
that is 100% identical to an unbroken sequence of 30 amino 
acid residues in the second sequence. Similarly, for a ?rst 
sequence to have “100% identity” With a second sequence 
means that the ?rst sequence eXactly matches the second 
sequence With no gaps betWeen nucleotides or amino acids. 

[0068] In another embodiment, a TALL-1 protein, includ 
ing a TALL-1 protein homologue, includes a protein having 
an amino acid sequence that is sufficiently similar to a 
natural TALL-1 amino acid sequence that a nucleic acid 
sequence encoding the homologue is capable of hybridiZing 
under loW, moderate or high stringency conditions 
(described beloW) to (i.e., With) a nucleic acid molecule 
encoding the natural TALL-1 protein (i.e., to the comple 
ment of the nucleic acid strand encoding the natural TALL-1 
amino acid sequence). Preferably, a homologue of a TALL-1 
protein is encoded by a nucleic acid molecule comprising a 
nucleic acid sequence that hybridiZes under loW, moderate, 
or high stringency conditions to the complement of a nucleic 
acid sequence that encodes a protein comprising an amino 
acid sequence represented by SEQ ID NO:2. Even more 
preferably, a homologue of a TALL-1 protein is encoded by 
a nucleic acid molecule comprising a nucleic acid sequence 
that hybridiZes under loW, moderate, or high stringency 
conditions to the complement of SEQ ID NO:1. Such 
hybridiZation conditions are described in detail beloW. A 
nucleic acid sequence complement of nucleic acid sequence 
encoding a TALL-1 protein of the present invention refers to 
the nucleic acid sequence of the nucleic acid strand that is 
complementary to the strand Which encodes TALL-1. It Will 
be appreciated that a double stranded DNA Which encodes 
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a given amino acid sequence comprises a single strand DNA 
and its complementary strand having a sequence that is a 
complement to the single strand DNA. As such, nucleic acid 
molecules of the present invention can be either double 
stranded or single-stranded, and include those nucleic acid 
molecules that form stable hybrids under stringent hybrid 
iZation conditions With a nucleic acid sequence that encodes 
the amino acid sequence SEQ ID NO:2, and/or With the 
complement of the nucleic acid sequence that encodes an 
amino acid sequence SEQ ID NO:2. Methods to deduce a 
complementary sequence are knoWn to those skilled in the 
art. It should be noted that since amino acid sequencing and 
nucleic acid sequencing technologies are not entirely error 
free, the sequences presented herein, at best, represent 
apparent sequences of a TALL-1 protein of the present 
invention. 

[0069] TALL-1 protein homologues can be the result of 
natural allelic variation or natural mutation. TALL-1 protein 
homologues of the present invention can also be produced 
using techniques knoWn in the art including, but not limited 
to, direct modi?cations to the protein or modi?cations to the 
gene encoding the protein using, for eXample, classic or 
recombinant DNA techniques to effect random or targeted 
mutagenesis. A naturally occurring allelic variant of a 
nucleic acid encoding TALL-1 is a gene that occurs at 
essentially the same locus (or loci) in the genome as the gene 
Which encodes an amino acid sequence SEQ ID NO:2, but 
Which, due to natural variations caused by, for eXample, 
mutation or recombination, has a similar but not identical 
sequence. Natural allelic variants typically encode proteins 
having similar activity to that of the protein encoded by the 
gene to Which they are being compared. One class of allelic 
variants can encode the same protein but have different 
nucleic acid sequences due to the degeneracy of the genetic 
code. Allelic variants can also comprise alterations in the 5‘ 
or 3‘ untranslated regions of the gene (e.g., in regulatory 
control regions). Allelic variants are Well knoWn to those 
skilled in the art and Would be eXpected to be found Within 
a given bacterial species since the genome is haploid and/or 
among a group of tWo or more bacterial species. 

[0070] TALL-1 proteins also include eXpression products 
of gene fusions (for eXample, used to overeXpress soluble, 
active forms of the recombinant protein), of mutageniZed 
genes (such as genes having codon modi?cations to enhance 
gene transcription and translation), and of truncated genes 
(such as genes having membrane binding domains removed 
to generate soluble forms of a membrane protein, or genes 
having signal sequences removed Which are poorly tolerated 
in a particular recombinant host). It is noted that TALL-1 
proteins and protein homologues of the present invention 
include proteins Which do not have TALL-1 activity. Such 
proteins are useful, for eXample, for the production of 
antibodies and for diagnostic assays. 

[0071] An isolated TALL-1 protein of the present inven 
tion, including full-length proteins, truncated proteins, other 
homologues, and fusion proteins, can be identi?ed in a 
straight-forWard manner: (1) by the protein’s ability to: bind 
to a TALL-1 receptor; costimulate B lymphocyte prolifera 
tion; costimulate B lymphocyte activation; and/or support B 
lymphocyte survival such as is illustrated in the Examples; 
(2) by the biochemical properties of the protein (e.g., 
molecular Weight, tertiary structure, primary structure); (3) 
by the protein’s selective binding to an antibody against a 
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TALL-1 protein; and/or (4) by homology of the protein With 
other TALL-1 amino acid and nucleic acid sequences such 
as to TALL-1 amino acid and nucleic acid sequence from 
other proteins. The minimum siZe of a protein and/or homo 
logue of the present invention is a siZe suf?cient to have 
TALL-1 biological activity or, When the protein is not 
required to have such activity, suf?cient to be useful for 
another purpose associated With a TALL-1 protein of the 
present invention, such as for the production of antibodies 
that bind to a naturally occurring TALL-1 protein. As such, 
the minimum siZe of a TALL-1 protein or homologue of the 
present invention is a siZe suitable to form at least one 
epitope that can be recogniZed by an antibody, and is 
typically at least 8 to 30 amino acids in length, With 
preferred siZes depending on Whether full-length, multiva 
lent (i.e., fusion protein having more than one domain each 
of Which has a function), or functional portions of such 
proteins are desired. There is no limit, other than a practical 
limit, on the maximum siZe of such a protein in that the 
protein can include a portion of a TALL-1 protein (including 
TALL-1 homologues) or a full-length TALL-1. 

[0072] Similarly, the minimum siZe of a nucleic acid 
molecule of the present invention is a siZe suf?cient to 
encode a protein having TALL-1 biological activity, suf? 
cient to encode a TALL-1 protein comprising at least one 
epitope Which binds to an antibody, or sufficient to form a 
probe or oligonucleotide primer that is capable of forming a 
stable hybrid With the complementary sequence of a nucleic 
acid molecule encoding a natural TALL-1 protein (e.g., 
under loW, moderate or high stringency conditions). As such, 
the siZe of the nucleic acid molecule encoding such a protein 
can be dependent on nucleic acid composition and percent 
homology or identity betWeen the nucleic acid molecule and 
complementary sequence as Well as upon hybridiZation 
conditions per se (e.g., temperature, salt concentration, and 
formamide concentration). The minimal siZe of a nucleic 
acid molecule that is used as an oligonucleotide primer or as 
a probe is typically at least about 12 to about 15 nucleotides 
in length if the nucleic acid molecules are GC-rich and at 
least about 15 to about 18 bases in length if they are AT-rich. 
There is no limit, other than a practical limit, on the maximal 
siZe of a nucleic acid molecule of the present invention, in 
that the nucleic acid molecule can include a portion of a 
TALL-1 encoding sequence, a nucleic acid sequence encod 
ing a full-length TALL-1 protein (including a TALL-1 gene), 
or multiple genes, or portions thereof. 

[0073] The present invention also includes a fusion protein 
that includes a TALL-1-containing domain (including a 
homologue of a TALL-1 protein) attached to one or more 
fusion segments. Suitable fusion segments for use With the 
present invention include, but are not limited to, segments 
that can: enhance a protein’s stability; provide other desir 
able biological activity (e.g., a cytokine); and/or assist With 
the puri?cation of a TALL-1 protein (e.g., by af?nity chro 
matography). A suitable fusion segment can be a domain of 
any siZe that has the desired function (e.g., imparts increased 
stability, solubility, action or biological activity; and/or 
simpli?es puri?cation of a protein). Fusion segments can be 
joined to amino and/or carboxyl termini of the TALL-1 
containing domain of the protein and can be susceptible to 
cleavage in order to enable straight-forWard recovery of a 
TALL-1 protein. Fusion proteins are preferably produced by 
culturing a recombinant cell transfected With a fusion 
nucleic acid molecule that encodes a protein including the 
fusion segment attached to either the carboxyl and/or amino 
terminal end of a TALL-1-containing domain. 
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[0074] The present invention also includes a mimetic of a 
TALL-1 protein. As used herein, the term “mimetic” is used 
to refer to any peptide or non-peptide compound that is able 
to mimic the biological action of a naturally occurring 
peptide, often because the mimetic has a basic structure that 
mimics the basic structure of the naturally occurring peptide 
and/or has the salient biological properties of the naturally 
occurring peptide. Mimetics can include, but are not limited 
to: peptides that have substantial modi?cations from the 
prototype such as no side chain similarity With the naturally 
occurring peptide (such modi?cations, for example, may 
decrease its susceptibility to degradation); anti-idiotypic 
and/or catalytic antibodies, or fragments thereof; non-pro 
teinaceous portions of an isolated protein (e.g., carbohydrate 
structures); or synthetic or natural organic molecules, 
including nucleic acids and drugs identi?ed through com 
binatorial chemistry, for example. 

[0075] Such mimetics can be designed, selected and/or 
otherWise identi?ed using a variety of methods knoWn in the 
art. Various methods of drug design, useful to design mimet 
ics or other therapeutic compounds useful in the present 
invention are disclosed in Maulik et al., 1997, Molecular 
Biotechnology: Therapeutic Applications and Strategies, 
Wiley-Liss, Inc., Which is incorporated herein by reference 
in its entirety. A TALL-1 mimetic can be obtained, for 
example, from molecular diversity strategies (a combination 
of related strategies alloWing the rapid construction of large, 
chemically diverse molecule libraries), libraries of natural or 
synthetic compounds, in particular from chemical or com 
binatorial libraries (i.e., libraries of compounds that differ in 
sequence or siZe but that have the similar building blocks) or 
by rational, directed or random drug design. See for 
example, Maulik et al., supra. 

[0076] In a molecular diversity strategy, large compound 
libraries are synthesiZed, for example, from peptides, oligo 
nucleotides, carbohydrates and/or synthetic organic mol 
ecules, using biological, enZymatic and/or chemical 
approaches. The critical parameters in developing a molecu 
lar diversity strategy include subunit diversity, molecular 
siZe, and library diversity. The general goal of screening 
such libraries is to utiliZe sequential application of combi 
natorial selection to obtain high-af?nity ligands for a desired 
target, and then to optimiZe the lead molecules by either 
random or directed design strategies. Methods of molecular 
diversity are described in detail in Maulik, et al., ibid. 

[0077] Maulik et al. also disclose, for example, methods of 
directed design, in Which the user directs the process of 
creating novel molecules from a fragment library of appro 
priately selected fragments; random design, in Which the 
user uses a genetic or other algorithm to randomly mutate 
fragments and their combinations While simultaneously 
applying a selection criterion to evaluate the ?tness of 
candidate ligands; and a grid-based approach in Which the 
user calculates the interaction energy betWeen three dimen 
sional receptor structures and small fragment probes, fol 
loWed by linking together of favorable probe sites. 

[0078] According to the present invention, TALL-1 pro 
teins can be derived from any animal, and particularly, from 
any animal in the Vertebrate class, Mammalia. Preferred 
TALL-1 proteins include isolated TALL-1 proteins from 
human, mouse, rat, coW, pig, baboon, and other primates. A 
particularly preferred isolated TALL-1 protein is a human 






























































