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(57) ABSTRACT 

Novel [310 polypeptides and heterodirners thereof, and 
nucleic acid molecules encoding the same are disclosed. The 
invention also provides vectors, host cells, selective binding 
agents, and methods for producing [310 polypeptides and 
heterodirneric forrns thereof, speci?cally 0&2/[310 Also pro 
vided for are methods for the treatment, diagnosis, arnelio 
ration, or prevention of diseases With [310 polypeptides and 
(x2/[310 heterodirners or their respective binding agents. 
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FIG. 2A 
GAP OF: HUMAN TsH-B CHECK: 4247 FROM: 1 TO: 118 

TO: HUMAN B10 CHECK: 6611 FROM: 1 TO: 106 

SYMBOL COMPARISON TABLE: 
/GCGDISK/GCG10/GCGCORE/DATA/RUNDATA/BLOSUM62 .CMP 
COMPCHECK: 6430 

GAP WEIGHT: 8 AVERAGE MATCH: 2 . 912 
LENGTH WEIGHT: 2 AVERAGE MISMATCH: —2 . O03 

QUALITY: 140 LENGTH: 129 
RATIO: 1 .321 GAPS: 4 

PERCENT SIMILARITY: 47 .368 PERCENT IDENTITY: 36.842 

MATCH DISPLAY THRESHOLDS FOR THE ALIGNMENT(S) 1 
[ IDENTITY 
: 2 

1 

HUMAN TsH-B X HUMAN B10 

1 . . . . . . . . . .FCIPTEYTMHIERRECAYCLTINTTICAGYCMTRDINGKL 4O 

1 ASSGNLRTFVGCAVREFTFLAKKPGCR.GLRITTDACWGRCETWE. .KPI 47 

41 FLPKYALSQD.VCTYRDFIYRTVEIPGCPLHVAPYFSYPVALSCKCGKCN 89 
. . .. . 

. . .. .-. - - 

48 LEPPYIEAHHRVCTYNETKQVTVKLPNCAPGVDPFYTYPVAIRCDCGACS 97 

9O TDYSDCIHEAIKTNYCTKPQKSYLVGFSV 118 

98 TATTEC. .ETI . . . . . . . . . . . . . . . . . . 106 
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FIG. 2B 
GAP OF: HUMAN FsH-B CHECK: 8841 FROM: 1 TO: 111 

TO: HUMAN B10 CHECK: 6611 FROM: 1 TO: 106 

SYMBOL COMPARISON TABLE: 
/GCGDISK/GCG10/GCGCORE/DATA/RUNDATA/BLOSUM62.CMP 
COMPCHECK: 6430 

GAP WEIGHT: 8 AVERAGE MATCH: 2.912 
LENGTH WEIGHT: 2 AVERAGE MISMATCH: —2.003 

QUALITY: 156 LENGTH: 122 
RATIO: 1.472 GAPS: 3 

PERCENT SIMILARITY: 44.211 PERCENT IDENTITY: 35.789 

MATCH DISPLAY THRESHOLDS FOR THE ALIGNMENT(S): 
| IDENTITY 
: 2 

1 
II II II 

HUMAN FsH-B X HUMAN B10 

1 . . . . . . . ..NSCELTNITIAIEKEECRFCISINTTWCAGYCYTRDL.VYK 4O 

. O 

I - - - 

1 ASSGNLRTFVGCAVREFTFLAKKPGCR.GLRITTDACWGRCETWEKPILE 49 

41 DPARPKIQKTCTFKELVYETVRVPGCAHHADSLYTYPVATQCHCGKCDSD 9O 

5O PPYIEAHHRVCTYNETKQVTVKLPNCAPGVDPFYTYPVAIRCDCGACSTA 99 

91 STDC.TVRGLGPSYCSFGEMKE 111 

100 TTECETI . . . . . . . . . . . . . .. 106 
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FIG. 2C 
GAP OF: HUMAN LH-B CHECK: 5679 FROM: 1 TO: 121 

TO: HUMAN [310 CHECK: 6611 FROM: 1 TO: 106 

SYMBOL COMPARISON TABLE: 
/GCGDISK/GCG10/GCGCORE/DATA/RUNDATA/BLOSUM62 .CMP 
COMPCHECK: 6430 

GAP WEIGHT: 8 AVERAGE MATCH: 2 . 912 
LENGTH WEIGHT: 2 AVERAGE MISMATCH: —2 . O03 

QUALITY: 140 LENGTH: 125 
RATIO: 1 . 321 GAPS: 3 

PERCENT SIMILARITY: 44 . 118 PERCENT IDENTITY: 32.353 

MATCH DISPLAY THRESHOLDS FOR THE ALIGNMENT(S) ; 
| IDENTITY 
: 2 

1 

HUMAN LH~B x HUMAN [310 

1 . SREPLRPW. .CHPINAILAVEKEGCPVCITVNTTICAGYCPTMMR.VLQ 46 

1 ASSGNLRTFVGCAVREFTFLAKKPGCR.GLRITTDACWGRCETWEKPILE 49 

4'7 AVLPPLPQVVCTYRDVRFESIRLPGCPRGVDPVVSFPVALSCRCGPCRRS 96 

50 PPYIEAHHRVCTYNETKQVTVKLPNCAPGVDPFYTYPVAIRCDCGACSTA 99 

97 TSDCGGPKDHPLTCDHPQLSGLLFL 121 

100 TT CETI . . . . . . . . . . . . . . . . . . 106 
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FIG. 2D 
GAP OF: HUMAN CG-B CHECK: 2358 FROM: 1 TO: 145 

TO: HUMAN B10 CHECK: 6611 FROM: 1 TO: 106 

SYMBOL COMPARISON TABLE: 
/GCGDISK/GCG10/GCGCORE/DATA/RUNDATA/BLOSUM62 .CMP 
COMPCHECK: 6430 

GAP WEIGHT: 8 AVERAGE MATCH: 2 . 912 
LENGTH WEIGHT: 2 AVERAGE MISMATCH: —2 . O03 

QUALITY: 131 LENGTH: 149 
RATIO: 1 .236 GAPS: 3 

PERCENT SIMILARITY: 42 . 157 PERCENT IDENTITY: 31.373 

MATCH DISPLAY THRESHOLDS FOR THE ALIGNMENT(S) ; 
| IDENTITY 
: 2 

1 

HUMAN cG—B x ‘HUMAN B10 

1 . SKEPLRP. .RCRPINATLAVEKEGCPVCITVNTTICAGYCPTMTR.VLQ 46 
n - . . 

. - . - . 

1 ASSGNLRTFVGCAVREFTFLAKKPGCR.GLRITTDACWGRCETWEKPILE 49 

47 GVLPALPQVVCNYRDVRFESIRLPGCPRGVNPVVSYAVALSCQCALCRRS 96 

5O PPYIEAHHRVCTYNETKQVTVKLPNCAPGVDPFYTYPVAIRCDCGACSTA 99 

97 TTDCGGPKDHPLTCDDPRFQDSSSSKAPPPSLPSPSRLPGPSDTPILPQ 145 

100 TTECETI . . . . . . . . . . . . . . .‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
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FIG. 4 

BESTFIT of: human B10 check: 6611 from: 1 to: 106 

to: mouse B10 check: 7740 from: 1 to: 106 

Symbol comparison table: b1osum62.cmp CompCheck: 6430 
BLOSUM62 amino acid substitution matrix. / 
Reference: Henikoff, S. and Henikoff, J. G. (1992). Amino acid 

substitution matrices from protein blocks. Proc. Natl. Acad. 
Sci. USA 89: 10915-10919. 

Gap Weight: 8 Average Match: 2.912 
Length Weight: 2 Average Mismatch: —2.003 

Quality: 577 Length: 106 
Ratio: 5.443 Caps: 0 

Percent Similarity: 97.170 Percent Identity: 93.396 

Match display thresholds for the alignment(s): 
IDENTITY 

2 
1 

ll H II 

human B10 x mouse B10 

1 ASSGNLRTFVGCAVREFTFLAKKPGCRGLRITTDACWGRCETWEKPILEP 5O 

l SSSGNLHTFVGCAVREFTFMAKKPGCRGLRITTDACWGRCETWEKPILEP 5O 

51 PYIEAHHRVCTYNETKQVTVKLPNCAPGVDPFYTYPVAIRCDCGACSTAT lOO 

51 PYIEAYHRVCTYNETRQVTVKLPNCAPGVDPFYTYPMAVRCDCGACSTAT 100 

101 TECETI 106 

\lllll 
101 TECETI 106 
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BETA-LIKE GLYCOPROTEIN HORMONE 
POLYPEPTIDE AND HETERODIMER 

[0001] This application is a divisional of US. application 
Ser. No. 09/818,954, ?led Mar. 27, 2002, Which is a con 
tinuation-in-part of US. application Ser. No. 09/723,970, 
?led Nov. 27, 2000, Which claims the bene?t of US. 
Provisional Application Serial No. 60/ 199,211, ?led Apr. 24, 
2000, and US. Provisional Application Serial No. 60/192, 
654, ?led Mar. 28, 2000, Which are hereby incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a novel beta-like 
member (referred to herein as “beta-10” or “[310”) of the 
glycoprotein hormone family and nucleic acid molecules 
encoding same. The invention also relates to a novel het 
erodimeric glycoprotein hormone comprising beta-10 and 
alpha-2 as the subunits. The invention also relates to vectors, 
host cells, selective binding agents, such as antibodies, and 
methods for producing beta-10 polypeptides and the dis 
closed beta-10 heterodimer. Also provided for are methods 
for the use of beta-10 and the beta-10 heterodimer and 
selective beta-10 and beta-10 heterodimer binding agents, 
including methods for the diagnosis and treatment of disor 
ders associated With beta-10 or the beta-10 heterodimer. 

BACKGROUND OF THE INVENTION 

[0003] As generally accepted in the art, there are currently 
?ve knoWn glycoprotein hormone polypeptides produced in 
humans: alpha-subunit, TSH-(thyroid stimulating hor 
mone)-[3-subunit, FSH-(follicle stimulating hormone)-[3 
subunit, LH-(luteiniZing hormone)-[3-subunit, and 
CG-(chorionic gonadotropin)-[3-subunit; Thotakura and 
Blithe, Glycobiology, Volume 5, pages 3-10 (1995); Won 
disford et al. in Volume 1, Endocrinology (edited by L. 
DeGroot), pages 208-217, W. B. Saunders Company, Phila 
delphia, Pa. (1995); Moyle and Campbell, in Volume 1, 
Endocrinology (edited by L. DeGroot), pages 230-241, W. 
B. Saunders Company, Philadelphia, Pa. (1995). These 
polypeptides are produced by single genes, With the eXcep 
tion of the CG-[3-subunit Which is encoded by a multigene 
cluster composed of siX homologous sequences linked to the 
single LH-[3-subunit gene on chromosome 19; B0 and 
Boime, Journal of Biological Chemistry, vol. 267, pp. 3179 
3184 (1992). 

[0004] Monomeric alpha-subunit (FAS, or free alpha-sub 
unit) has hormonal activity and is secreted by the pituitary 
gland and the placenta. FAS has been found to play a role in 
the differentiation of prolactin producing cells in the pitu 
itary and placenta; see Begeot et al., Science, vol. 226, pp. 
566-568 (1984), Van-Bael and Denef, Journal ofNeuroen 
docrinology, vol. 8, pp. 99-102 (1996), and Moy et al., 
Endocrinology, vol. 137, pp. 1332-1339 (1996); and also to 
stimulate placental prolactin secretion; see Blithe et al., 
Endocrinology, vol. 129, pp. 2257-2259 (1991). 

[0005] Alpha-subunit also heterodimeriZes With each of 
the four beta-subunits to form four heterodimeric hormones 
(TSH, FSH, LH and CG). TSH, FSH and LH are produced 
in the pituitary, stored in secretion granules, and secreted 
When the appropriate releasing hormone is produced by the 
hypothalamus. CG is produced in the placenta and appears 
to be secreted constitutively (it is not stored in secretion 
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granules); see Wondisford et al. in Volume 1, Endocrinology 
(ed. L. DeGroot), pp. 208-217, above, and Hall and CroWley, 
Jr. in Volume 1, Endocrinology (ed. L. DeGroot), pp. 242 
258, W. B. Saunders Company, Philadelphia, Pa. (1995). 

[0006] TSH in?uences basal metabolism by regulating the 
production of thyroid hormones and is used clinically for 
enhancing the detection and treatment of thyroid carcinoma; 
see McEvoy, G.(ed.), AHFS Drug Information, pp. 2041 
2042, American Society of Health-System Pharmacists, Inc., 
Bethesda, Md. (1998). In addition, diagnostic tests for 
measuring TSH levels in the blood are commonly used for 
determining the functional status of the thyroid gland When 
thyroid gland disorder is suspected. 

[0007] FSH and LH play important roles in the mainte 
nance of reproductive function in males and females (i.e., 
gonadal maturation and gonadal steroid production). CG is 
involved in the maintenance of pregnancy by stimulating the 
corpus luteum to produce steroid hormones during the ?rst 
trimester. FSH, LH and CG are used clinically to treat 
infertility and also as reagents in assisted reproduction 
procedures such as in vitro fertiliZation (IVF); see McEvoy, 
G.(ed.),AHFS Drug Information, pp. 2564-2567, American 
Society of Health-System Pharmacists, Inc., Bethesda, Md. 
(1998). Diagnostic tests for measuring FSH, LH and CG 
levels are used for the diagnosis of fertility disorders, as Well 
as to test for pregnancy. 

[0008] Naturally occurring metabolites of the above men 
tioned glycoprotein hormone polypeptides have been 
described, such as the [3-core fragment Which is derived 
from the beta subunit of CG, but no function has yet been 
assigned to these metabolites; Moyle and Campbell in 
Volume 1 Endocrinology (ed. L. DeGroot) pp. 230-241, 
above. 

[0009] In 1994, the ?ve knoWn glycoprotein hormone 
polypeptides Were placed into the cystine-knot groWth factor 
structural superfamily, based on the crystal structure of 
human CG; Lapthorn et al., Nature, vol. 369, pp. 455-61 
(1994). This superfamily includes the TGF-[3 (transforming 
groWth factor beta), NGF (nerve groWth factor) and PDGF 
(platelet-derived groWth factor) gene families. The cystine 
knot is formed by three intramolecular disul?de bonds, has 
a very characteristic structure, and is responsible for the 
overall three-dimensional structure of all of the members of 
the superfamily; Isaacs, Current Opinion in Structural Biol 
ogy, vol. 5, pp. 391-395 (1995). A recently published patent 
application describes a novel member of the cystine-knot 
family (Zsig51); Sheppard and Lok,(1999) WIPO patent 
application WO99/41377. Zsig5 has in fact been determined 
to be a neW, alpha-like, member of the glycoprotein hormone 
family and Will thus be referred to here as “a2” or “alpha 
2”[PasZty et al. (2000) WIPO patent application WO 
00/78964]. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides, in part, an isolated 
secretable human polypeptide (SEQ ID NO: 1) Which is a 
novel beta-like member of the glycoprotein hormone family 
and is herein designated as “beta-10” or “[310”. 

[0011] The full length amino acid sequence of human [310 
in accordance With this invention is shoWn in FIG. 1. The 
N-terminal signal peptide predicted for the [310 polypeptide 
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is shown underlined. The asparagine (N) at position 87 of 
SEQ ID NO: 1 is located Within a classic NxT glycosylation 
motif (Where X denotes any amino acid except for proline 
and T denotes threonine) and is likely to be glycosylated. 
The signal peptide cleavage site in the [310 amino acid 
sequence is expected to be Within the region of eight amino 
acids shoWn boxed in FIG. 1. Signal peptide cleavage at the 
site Which is most likely to be the authentic in vivo cleavage 
site is re?ected in the sequence of the “mature”[310 polypep 
tide (SEQ ID NO: 3). 
[0012] The most likely “mature” form (i.e., processed in 
situ to remove the signal peptide) of [310 polypeptide Was 
run against the NonRedundant Protein database using the 
computer analysis program knoWn as BLAST to examine 
homologies (speci?cally, commonly occurring or “con 
served” amino acid residues) to knoWn proteins. The top 112 
“hits” Were found to be various glycoprotein hormone 
[3-subunits from various mammalian, bird and ?sh species. 
These homologies clearly indicated that [310 is a neW [3-like 
member of the glycoprotein hormone family. 

[0013] Further, GAP analysis indicated that the homology 
of [310 to the four knoWn human glycoprotein hormone 
[3-subunits (mentioned above) Was 31-37% identity and 
42-48% similarity (see FIG. 2A-D, referred to hereinbe 
loW). The mature forms of the four knoWn human [3 glyco 
protein hormone polypeptides contain tWelve cysteine resi 
dues, Which form six intramolecular disul?de bonds. The 
mature form of the human [310 polypeptide of the present 
invention contains ten cysteine residues, Which are likely to 
form ?ve intramolecular disul?de bonds. Using the disul?de 
bond cysteine pairing of CG-[3 as a model, the most likely 
disul?de bond cysteine pairing for the ?ve putative disul?de 
bonds in the [310 polypeptide of this invention is as folloWs: 
C12-C60, C26-C75, C36-C91, C40-C93 and C96-C103 of 
SEQ ID NO: 3 (see also FIG. 3). 
[0014] The full length amino acid sequence of mouse [310 
polypeptide is set forth in SEQ ID NO: 11 and the nucleotide 
sequence of the full coding region of the mouse [310 cDNA 
is set forth in SEQ ID NO: 12. Signal peptide cleavage at the 
site Which is most likely to be the authentic in vivo cleavage 
site is re?ected in the sequence of the “mature” form mouse 
[310 polypeptide (SEQ ID NO: 13). BestFit analysis indi 
cated that the amino acid homology of mature form human 
[310 polypeptide as compared to mature form mouse [310 
polypeptide Was 93.4% identity and 97.2% similarity (see 
FIG. 4, referred to herein beloW). 

[0015] Based on the logical inclusion of the [310 polypep 
tide of this invention in the glycoprotein hormone family, 
this polypeptide could be a monomer (analogous to FAS and 
[3-core fragment) and/or could form a heterodimer With one 
or more glycoprotein hormone family polypeptides (for 
example heterodimers ot/[310, [310/TSH-[310/LH-B). The 
[310 polypeptide could also form heterodimers With polypep 
tides Which are distinct from the knoWn glycoprotein hor 
mone polypeptides. Based on these various possibilities, the 
[310 polypeptide may form more than one hormone (i.e., the 
[310 hormones). 
[0016] A heterodimeriZation assay Was used to determine 
that human [310 forms a heterodimer With human (x2 
polypeptide, described in the above mentioned WO99/ 
41377 and WO 00/78964 patent applications, thus discov 
ering and de?ning a novel heterodimeric glycoprotein hor 
mone, ot2/[310. 
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[0017] The general principle of the heterodimeriZation 
assay for secreted proteins, such as the glycoprotein hor 
mones, is co-transfection of the tWo distinct genes into 
mammalian cells, collection of conditioned media, immu 
noprecipitation With an antibody that speci?cally binds to 
one of the gene products and Western blotting of the 
immunoprecipitate With an antibody that speci?cally binds 
to the other gene product. With the proper control experi 
ments in place, the presence of a band of the correct siZe on 
the Western Would indicate heterodimeriZation of the tWo 
gene products under the experimental conditions of the 
assay, Whereas the absence of a band of the correct siZe on 
the Western Would indicate that the tWo gene products did 
not heterodimeriZe under the experimental conditions of the 
assay. Because the knoWn heterodimeric glycoprotein hor 
mones (LH, FSH, TSH and CG) can readily be produced by 
co-transfection of mammalian cells With the appropriate 
genes, this type of mammalian cell based co-transfection 
heterodimeriZation assay is relevant for members of the 
glycoprotein hormone family. 

[0018] A human ot2-polyHis-tag mammalian expression 
vector and a human [310-FLAG-tag mammalian expression 
vector Were co-transfected into 293 cells and serum free 
conditioned media Was harvested after 72 hours. Immuno 
precipitation Was done using anti-FLAG M2-Agarose affin 
ity beads (Cat# A1205, Sigma, St. Louis, Mo.). A Western 
blot of this immunoprecipitate Was probed With affinity 
puri?ed anti-(x2 rabbit polyclonal antibodies (example 4) 
that had been conjugated to Horse Radish Peroxidase (Linx 
HRP Rapid Protein Conjugation Kit, cat# K8050-01, Invit 
rogen Corp., Carlsbad, Calif.). A strong ot2-polyHis-tag 
band Was observed using the ECL Western Blot detection kit 
(cat#RPN 2106, Amersham Pharmacia Biotech, PiscataWay, 
N.J Control experiments shoWed that the presence of the 
strong ot2-polyHis-tag band on the Western blot Was entirely 
dependent on co-transfection With the human [310-FLAG 
tag mammalian expression vector and the use of anti-FLAG 
M2-Agarose af?nity beads. No ot2-polyHis-tag band Was 
observed if either of these 2 components Was left out of the 
experiment or if plain agarose beads (i.e. Without anti-FLAG 
antibodies) Were used for the immunoprecipitation step. 

[0019] Similar to the knoWn heterodimeric glycoprotein 
hormones (TSH, FSH, LH and CG) ot2/[310 is a heterodimer 
of an alpha-like glycoprotein hormone polypeptide and a 
beta-like glycoprotein hormone polypeptide. 

[0020] These data also indicate that recombinant, secreted 
ot2/[310 heterodimer (Without polyHis and FLAG affinity 
tags) can be produced in mammalian cells for various 
therapeutic and diagnostic utilities as described further 
beloW. 

[0021] Heterodimeric glycoprotein hormones such as CG 
can also be assembled in vitro upon co-incubation of, for 
example, isolated alpha-subunit and isolated CG-[3 subunit 
under suitable conditions [see Blithe and Iles, Endocrinol 
ogy, volume 136, pages 903-910 (1995)]. ot2/[310 het 
erodimer could similarly be assembled in vitro upon co 
incubation of isolated (X2 polypeptide and isolated [310 
polypeptide. Such assembled ot2/[310 heterodimer could be 
used for various therapeutic and diagnostic utilities as 
described further beloW. 

[0022] Transgenic mice Were made that over expressed 
mouse (X2 alone, mouse [310 alone or the mouse ot2/[310 



US 2003/0207403 A1 

heterodimer (see example 6). Only those transgenics over 
expressing the (x2/[310 heterodimer showed distinct pheno 
typic differences as compared to control mice. The (x2/[310 
overexpressor transgenic mice exhibited a phenotype char 
acteriZed by bilateral thyroid enlargement With multiple 
follicular papillary adenomas and resulting hyperthyroid 
ism, as indicated by elevated serum T4 levels. Other phe 
notypic changes Were felt to be related to the systemic 
hyperthyroid state, and included moderate hepatomegaly, 
hepatocellular hyperplasia, and slightly decreased serum 
cholesterol levels, bilateral renal hypertrophy, and a mild to 
moderate leukocytosis With a predominance of lymphocytes 
(see example 6). Thus in a normal mouse setting (x2/[310 
clearly has a thyroid stimulating hormone (TSH) like activ 
ity. Due to the high level of amino acid conservation 
betWeen mouse (x2 and human (x2 [88.5% identity and 
90.4% similarity for the predicted mature forms (i.e. Without 
signal peptide)], the high level of amino acid conservation 
betWeen mouse [310 and human [310 [93.4% identity and 
97.2% similarity for the predicted mature forms (i.e. Without 
signal peptide)], and the very high level of similarity 
betWeen mouse thyroid gland biology and human thyroid 
gland biology, it is anticipated that human (x2/[310 het 
erodimer has the same thyroid stimulating hormone (TSH) 
like activity as that found for the mouse (x2/[310 heterodimer. 
In addition to TSH-like activity, (x2/[310 may have other, 
distinct, biological effects in different physiological settings 
(i.e., disease conditions), as described in greater detail 
further herein. 

[0023] TSH in?uences basal metabolism by regulating the 
production of thyroid hormones and is used clinically for 
enhancing the detection and treatment of thyroid carcinoma; 
see McEvoy, G.(ed.), AHFS Drug Information, pp. 2041 
2042, American Society of Health-System Pharmacists, Inc., 
Bethesda, Md. (1998). In addition, diagnostic tests for 
measuring TSH levels in the blood are commonly used for 
determining the functional status of the thyroid gland When 
thyroid gland disorder is suspected. It is likely that human 
(x2/[310 Will have similar clinical utilities as TSH and Will be 
useful for the treatment and diagnosis of thyroid gland 
related diseases and disorders. In addition, human (x2/[310 
may have other therapeutic and diagnostic uses Which are 
described herein. It is reasonable to surmise that human 
(x2/[310 selective binding agents, for example, antibodies, 
Will have similar clinical utilities to TSH selective binding 
agents and Will therefore be useful for the treatment and 
diagnosis of thyroid gland related diseases and disorders. In 
addition, human (x2/[310 selective binding agents may have 
other therapeutic and diagnostic uses as described herein. 

[0024] This invention also provides for an isolated nucleic 
acid molecule comprising a nucleotide sequence selected 
from the group consisting of: 

[0025] (a) the nucleotide sequence set forth in SEQ 
ID NO: 2; 

[0026] (b) a nucleotide sequence encoding the 
polypeptide set forth in SEQ ID NO: 1; 

[0027] (c) a nucleotide sequence Which hybridiZes 
under moderately or highly stringent conditions to 
the complement of (a) or (b), Wherein the encoded 
polypeptide, When heterodimeriZed to human (x2 
polypeptide, has an activity of the human 0L2/[310 
heterodimer; and 
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[0028] (d) a nucleotide sequence complementary to 
any of (a)-(c). 

[0029] The invention also provides for an isolated nucleic 
acid molecule comprising a nucleotide sequence selected 
from the group consisting of: 

[0030] (a) a nucleotide sequence encoding a polypep 
tide that is at least about 70, 75, 80, 85, 90, 95, 96, 
97, 98, or 99 percent identical to the polypeptide as 
set forth in SEQ ID NO: 1, Wherein the polypeptide, 
When heterodimeriZed to human (x2 polypeptide, has 
an activity of the human (x2/[310 heterodimer; 

[0031] (b) a nucleotide sequence encoding an allelic 
variant or splice variant of the nucleotide sequence 
set forth in SEQ ID NO: 2, Wherein the encoded 
polypeptide, When heterodimeriZed to human (X2 
polypeptide, has an activity of the human (x2/[310 
heterodimer; 

[0032] (c) a nucleotide sequence of SEQ ID NO: 2, 
(a), or (b) encoding a polypeptide fragment of at least 
about 25 amino acid residues, Wherein the polypep 
tide, When heterodimeriZed to human (X2 polypep 
tide, has an activity of the human (x2/[310 het 
erodimer; 

[0033] (d) a nucleotide sequence of SEQ ID NO: 2 or 
(a)-(c) comprising a fragment of at least about 16 
nucleotides; 

[0034] (e) a nucleotide sequence Which hybridiZes 
under moderately or highly stringent conditions to 
the complement of any of (a)-(d), Wherein the 
encoded polypeptide, When heterodimeriZed to 
human (x2 polypeptide, has an activity of the human 
(x2/[310 heterodimer; and 

[0035] a nucleotide sequence complementary to 
any of (a)-(d). 

[0036] The invention further provides for an isolated 
nucleic acid molecule comprising a nucleotide sequence 
selected from the group consisting of: 

[0037] (a) a nucleotide sequence encoding a polypep 
tide as set forth in SEQ ID NO: 1 With at least one 
conservative amino acid substitution, Wherein the 
polypeptide, When heterodimeriZed to human (X2 
polypeptide, has an activity of the human (x2/[310 
heterodimer; 

[0038] (b) a nucleotide sequence encoding a polypep 
tide as set forth in SEQ ID NO: 1 With at least one 
amino acid insertion, Wherein the polypeptide, When 
heterodimeriZed to human (x2 polypeptide, has an 
activity of the human (x2/[310 heterodimer; 

[0039] (c) a nucleotide sequence encoding a polypep 
tide as set forth in SEQ ID NO: 1 With at least one 
amino acid deletion, Wherein the polypeptide, When 
heterodimeriZed to human (x2 polypeptide, has an 
activity of the human (x2/[310 heterodimer; 

[0040] (d) a nucleotide sequence encoding a polypep 
tide as set forth in SEQ ID NO: 1 Which has a C 
and/or N-terminal truncation, Wherein the polypep 
tide, When heterodimeriZed to human (X2 polypep 
tide, has an activity of the human (x2/[310 het 
erodimer; 
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[0041] (e) a nucleotide sequence encoding a polypep 
tide as set forth in SEQ ID NO: 1 With at least one 
modi?cation selected from the group consisting of 
amino acid substitutions, amino acid insertions, 
amino acid deletions, C-terminal truncation, and 
N-terminal truncation, Wherein the polypeptide, 
When heterodimeriZed to human (x2 polypeptide, has 
an activity of the human (x2/[310 heterodimer; 

[0042] a nucleotide sequence of (a)-(e) compris 
ing a fragment of at least about 16 nucleotides; 

[0043] (g) a nucleotide sequence Which hybridiZes 
under moderately or highly stringent conditions to 
the complement of any of (a)-(f), Wherein the 
encoded polypeptide, When heterodimeriZed to 
human (x2 polypeptide, has an activity of the human 
(x2/[310 heterodimer; and 

[0044] (h) a nucleotide sequence complementary to 
any of (a)-(e). 

[0045] The invention also provides for an isolated 
polypeptide comprising the amino acid sequence selected 
from the group consisting of: 

[0046] (a) the mature amino acid sequence set forth 
in SEQ ID NO: 3, and optionally further comprising 
an amino-terminal methionine; 

[0047] (b) an amino acid sequence for an ortholog of 
SEQ ID NO: 3, Wherein the encoded polypeptide, 
When heterodimeriZed to human (x2 polypeptide, has 
an activity of the human (x2/[310 heterodimer; 

[0048] (c) an amino acid sequence that is at least 
about 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99 percent 
identical to the amino acid sequence of SEQ ID NO: 
3, Wherein the polypeptide, When heterodimeriZed to 
human (x2 polypeptide, has an activity of the human 
(x2/[310 heterodimer; 

[0049] (d) a fragment of the amino acid sequence set 
forth in SEQ ID NO: 3 comprising at least about 25 
amino acid residues, Wherein the polypeptide, When 
heterodimeriZed to human (X2 polypeptide, has an 
activity of the human (x2/[310 heterodimer; 

[0050] (e) an amino acid sequence for an allelic 
variant or splice variant of either the amino acid 
sequence as set forth in SEQ ID NO: 3, or at least one 
of (a)-(c) Wherein the polypeptide, When het 
erodimeriZed to human (x2 polypeptide, has an activ 
ity of the human (x2/[310 heterodimer. 

[0051] The invention further provides for an isolated 
polypeptide comprising the amino acid sequence selected 
from the group consisting of: 

[0052] (a) the amino acid sequence as set forth in 
SEQ ID NO: 3 With at least one conservative amino 
acid substitution, Wherein the polypeptide, When 
heterodimeriZed to human (X2 polypeptide, has an 
activity of the human (x2/[310 heterodimer; 

[0053] (b) the amino acid sequence as set forth in 
SEQ ID NO: 3 With at least one amino acid insertion, 
Wherein the polypeptide, When heterodimeriZed to 
human (x2 polypeptide, has an activity of the human 
(x2/[310 heterodimer; 
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[0054] (c) the amino acid sequence as set forth in 
SEQ ID NO: 3 With at least one amino acid deletion, 
Wherein the polypeptide, When heterodimeriZed to 
human (x2 polypeptide, has an activity of the human 
(x2/[310 heterodimer; 

[0055] (d) the amino acid sequence as set forth in 
SEQ ID NO: 3 Which has a C- and/or N-terminal 
truncation, Wherein the polypeptide, When het 
erodimeriZed to human (X2 polypeptide, has an activ 
ity of the human (x2/[310 heterodimer; and 

[0056] (e) the amino acid sequence as set forth in 
SEQ ID NO: 3, With at least one modi?cation 
selected from the group consisting of amino acid 
substitutions, amino acid insertions, amino acid dele 
tions, C-terminal truncation, and N-terminal trunca 
tion, Wherein the polypeptide, When heterodimeriZed 
to human (x2 polypeptide, has an activity of the 
human (x2/[310 heterodimer. 

[0057] Also provided are fusion polypeptides comprising 
the amino acid sequences of (a)-(e) above. 

[0058] The present invention also provides for an expres 
sion vector comprising the isolated nucleic acid molecules 
as set forth herein, recombinant host cells comprising 
recombinant nucleic acid molecules as set forth herein, and 
a method of producing a [310 polypeptide or an (x2/[310 
heterodimer of this invention comprising culturing the host 
cells and optionally isolating the [310 polypeptide or (x2/[310 
heterodimer so produced. 

[0059] A transgenic non-human animal comprising a 
nucleic acid molecule(s) encoding a [310 polypeptide or 
(x2/[310heterodimer of this invention is also encompassed by 
the invention. The nucleic acid molecules are introduced 
into the animal in a manner that alloWs eXpression and 
increased levels of [310 polypeptide or (x2/[310 heterodimer, 
Which may include increased circulating levels. The trans 
genic non-human animal is preferably a mammal. 

[0060] Also provided are derivatives of the [310 polypep 
tide or (x2/[310 heterodimer of the present invention. 

[0061] Additionally provided are selective binding agents 
such as antibodies and peptides capable of speci?cally 
binding the [310 polypeptide or (x2/[310 heterodimer of the 
invention. Such antibodies and peptides may be agonistic or 
antagonistic to an activity of the [310 polypeptide or (x2/[310 
heterodimer. 

[0062] Pharmaceutical compositions comprising the 
nucleotides, [310 polypeptide or (x2/[310 heterodimer, or 
selective binding agents of the present invention and one or 
more pharmaceutically acceptable formulation agents are 
also encompassed by the invention. The pharmaceutical 
compositions are used to provide therapeutically effective 
amounts of the nucleotides or polypeptides of the present 
invention. The invention is also directed to methods of using 
the nucleic acid molecules, [310 polypeptide, (x2/[310 het 
erodimer and selective binding agents. 

[0063] The nucleic acid molecules, [310 polypeptide, 
(x2/[310 heterodimer and selective binding agents of the 
present invention may be used to treat, prevent, ameliorate, 
and/or detect diseases and disorders, including those recited 
herein. 
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[0064] The present invention also provides a method of 
assaying test molecules to identify a test molecule Which 
binds to a [310 polypeptide or (x2/[310 heterodimer. The 
method comprises contacting the [310 polypeptide or (1.2/[310 
heterodimer With a test molecule and determining the extent 
of binding of the test molecule to the [310 polypeptide or 
(x2/[310 heterodimer. The method further comprises deter 
mining Whether such test molecules are agonists or antago 
nists of the [310 polypeptide or (x2/[310 heterodimer. The 
present invention further provides a method of testing the 
impact of molecules on the expression of the [310 polypep 
tide or (x2/[310 heterodimer or on the activity of the [310 
polypeptide or (1.2/[310 heterodimer. 

[0065] Methods of regulating expression and modulating 
(i.e., increasing or decreasing) levels of a [310 polypeptide or 
(1.2/[310 heterodimer of this invention are also encompassed 
by the invention. One method comprises administering to an 
animal a nucleic acid molecule(s) encoding such a [310 
polypeptide or (x2/[310 heterodimer. In another method, a 
nucleic acid molecule comprising elements that regulate or 
modulate expression of the [310 polypeptide or (x2/[310 
heterodimer of this invention may be administered. 
Examples of these methods include gene therapy, cell 
therapy, and anti-sense therapy as further described herein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0066] FIG. 1 depicts in linear array the full coding region 
of human [310 polypeptide in accordance With this invention 
(SEQ ID NO: 1). The predicted signal peptide region is 
underlined and the region containing the predicted signal 
peptide cleavage site is boxed. The asparagine (N) residue 
that is located Within the classic NxT glycosylation motif, 
and Which is very likely to be glycosylated, is shoWn in 
larger font. The corresponding nucleic acid sequence Which 
encodes this polypeptide (SEQ ID NO: 2) comprises nucle 
otides 1-390, inclusive, of the nucleic acid sequence shoWn 
in this Figure. 

[0067] FIG. 2A-2D illustrates the relatedness of the 
knoWn human glycoprotein hormone [3-subunit polypeptides 
(prior art) and the [310 polypeptide of this invention. The 
mature form of [310 used for these comparisons (SEQ ID 
NO: 3) most likely represents the authentic in vivo form of 
[310 polypeptide. FIGS. 2A-D comprise the GAP output 
shoWing the amino acid homology betWeen the mature form 
of [310 and respectively, TSH-(thyroid stimulating hor 
mone)-[3-subunit, FSH-(follicle stimulating hormone)-[3 
subunit, LH-(luteiniZing hormone)-[3-subunit, and 
CG-(chorionic gonadotropin)-[3-subunit. 
[0068] FIG. 3 shoWs the likely disul?de bond cysteine (C) 
pairs of the ?ve putative disul?de bonds in the most likely 
mature form of human [310 (SEQ ID NO: 3). The ten 
cysteine residues are shoWn in large font and the disul?de 
bonds are draWn as solid lines. The three disul?de bonds 

(C12-C60, C36-C91, C40-C93) that form the cystine-knot 
are draWn above the amino acid sequence, and the tWo 
additional disul?de bonds (C26-C75, C96-C103) are draWn 
beloW the amino acid sequence. 

[0069] FIG. 4 is the BestFit output shoWing the amino 
acid homology betWeen the mature form of human [310 and 
the mature form of mouse [310. The mature form of human 
[310 used for this comparison (SEQ ID NO: 3) most likely 
represents the authentic in vivo form of human [310 polypep 

Nov. 6, 2003 

tide. The mature form of mouse [310 used for this compari 
son (SEQ ID NO: 13) most likely represents the authentic in 
vivo form of mouse [310 polypeptide. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0070] The section headings used herein are for organiZa 
tional purposes only and are not to be construed as limiting 
the subject matter described. All references cited in this 
application are expressly incorporated by reference herein. 

De?nitions 

[0071] The terms “[310 gene” or “[310 nucleic acid mol 
ecule” or “polynucleotide” refers to a nucleic acid molecule 
comprising or consisting of a nucleotide sequence as set 
forth in SEQ ID NO: 2, a nucleotide sequence encoding the 
polypeptide as set forth in SEQ ID NO: 1, a nucleotide of the 
DNA insert in ATCC deposit no. PTA-1210, and nucleic acid 
molecules as de?ned herein. 

[0072] The term “[310 polypeptide” refers to a polypeptide 
comprising the amino acid sequence of SEQ ID NO: 3, and 
related polypeptides. Related polypeptides include: [310 
polypeptide allelic variants, [310 polypeptide orthologs, [310 
polypeptide splice variants, [310 polypeptide variants and 
[310 polypeptide derivatives. [310 polypeptides may be 
mature polypeptides, as de?ned herein, and may or may not 
have an amino terminal methionine residue, depending on 
the method by Which they are prepared. 

[0073] The term “[310 polypeptide allelic variant” refers to 
one of several possible naturally occurring alternate forms of 
a gene occupying a given locus on a chromosome of an 
organism or a population of organisms. 

[0074] The term “[310 polypeptide derivatives” refers to 
the polypeptide set forth in SEQ ID NO: 3, polypeptide 
allelic variants thereof, polypeptide orthologs thereof, 
polypeptide splice variants thereof, or polypeptide variants 
thereof, as de?ned herein, that have been chemically modi 
?ed. 

[0075] The term “[310 polypeptide fragment” refers to a 
polypeptide that comprises a truncation at the amino termi 
nus (With or Without a leader sequence) and/or a truncation 
at the carboxy terminus of the polypeptide set forth in SEQ 
ID NO: 3, polypeptide allelic variants thereof, polypeptide 
orthologs thereof, polypeptide splice variants thereof and/or 
a polypeptide variant thereof having one or more amino acid 
additions or substitutions or internal deletions (Wherein the 
resulting polypeptide is at least 6 amino acids or more in 
length) as compared to the [310 polypeptide amino acid 
sequence set forth in SEQ ID NO: 3. Polypeptide fragments 
may result from alternative RNA splicing or from in vivo 
protease activity. In preferred embodiments, truncations 
comprise about 10 amino acids, or about 20 amino acids, or 
about 50 amino acids, or about 75 amino acids, or about 100 
amino acids, or more than about 100 amino acids. The 
polypeptide fragments so produced Will comprise about 25 
contiguous amino acids, or about 50 amino acids, or about 
75 amino acids, or about 100 amino acids, or about 150 
amino acids, or about 200 amino acids. Such polypeptide 
fragments may optionally comprise an amino terminal 
methionine residue. It Will be appreciated that such frag 
ments can be used, for example, to generate antibodies to 
[310 polypeptide or (x2/[310 heterodimer. 
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[0076] The term “[310 fusion polypeptide” refers to a 
fusion of one or more amino acids (such as a heterologous 
peptide or polypeptide) at the amino or carboxy terminus of 
the polypeptide set forth in SEQ ID NO: 3, polypeptide 
allelic variants, polypeptide orthologs, polypeptide splice 
variants, or polypeptide variants having one or more amino 
acid deletions, substitutions or internal additions as corn 
pared to the [310 polypeptide amino acid sequence set forth 
in SEQ ID NO: 3. 

[0077] The term “[310 polypeptide ortholog” refers to a 
polypeptide from another species that corresponds to the 
[310 polypeptide amino acid sequence set forth in SEQ ID 
NO: 3. For example, mouse and human [310 polypeptides are 
considered orthologs of each other. 

[0078] The term “[310 polypeptide splice variant” refers to 
a nucleic acid molecule, usually RNA, Which is generated by 
alternative processing of intron sequences in an RNA tran 
script of the [310 polypeptide amino acid sequence set forth 
in SEQ ID NO: 3. 

[0079] The term “[310 polypeptide variants” refers to 
[310-like polypeptides cornprising amino acid sequences 
having one or more amino acid sequence substitutions, 
deletions (such as internal deletions and/or polypeptide 
fragrnents), and/or additions (such as internal additions 
and/or fusion polypeptides) as compared to the [310 polypep 
tide amino acid sequence set forth in SEQ ID NO: 3. 
Variants may be naturally occurring (e.g., [310-like polypep 
tide allelic variants, polypeptide orthologs and polypeptide 
splice variants) or arti?cially constructed. Such polypeptide 
variants may be prepared from the corresponding nucleic 
acid molecules having a DNA sequence that varies accord 
ingly from the DNA sequence set forth in SEQ ID NO: 2. In 
preferred embodiments, the variants have from 1 to 3, or 
from 1 to 5, or from 1 to 10, or from 1 to 15, or from 1 to 
20, or from 1 to 25, or from 1 to 50, or from 1 to 75, or from 
1 to 100, or more than 100 amino acid substitutions, inser 
tions, additions and/or deletions, Wherein the substitutions 
may be conservative, or non-conservative, or any combina 
tion thereof. 

[0080] The term “0&2/[310 heterodirner” refers to a het 
erodirner of the [310 polypeptide and the (X2 polypeptide. 

[0081] The term “antigen” refers to a molecule or a 
portion of a molecule capable of being bound by a selective 
binding agent, such as an antibody, and additionally capable 
of being used in an animal to produce antibodies capable of 
binding to an epitope of that antigen. An antigen may have 
one or more epitopes. 

[0082] The term “biologically active [310 polypeptides” 
refers to [310-like polypeptides that, When heterodirneriZed 
to human (X2 polypeptide, have an activity of the human 
(x2/[310 heterodirner. 

[0083] The terms “effective amount” and “therapeutically 
effective amount” each refer to the amount of a [310 nucleic 
acid molecule or a [310 polypeptide or (x2/[310 heterodirner 
of this invention used to support an observable level of one 
or more biological activities of the (x2/[310 heterodirner 
described herein. 

[0084] The term “expression vector” refers to a vector 
Which is suitable for use in a host cell and contains nucleic 
acid sequences Which direct and/or control the expression of 
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heterologous nucleic acid sequences. Expression includes, 
but is not limited to, processes such as transcription, trans 
lation, and RNA splicing, if introns are present. 

[0085] The term “host cell” is used to refer to a cell Which 
has been transformed, or is capable of being transformed 
With a nucleic acid sequence and then of expressing a 
selected gene of interest. The term includes the progeny of 
the parent cell, Whether or not the progeny is identical in 
morphology or in genetic rnake-up to the original parent, so 
long as the selected gene is present. 

[0086] The term “identity” as knoWn in the art, refers to a 
relationship betWeen the sequences of tWo or more polypep 
tide molecules or tWo or more nucleic acid molecules, as 
determined by comparing the sequences. In the art, “iden 
tity” also means the degree of sequence relatedness betWeen 
nucleic acid molecules or polypeptides, as the case may be, 
as determined by the match betWeen strings of tWo or more 
nucleotide or tWo or more amino acid sequences. “Identity” 
measures the percent of identical matches between the 
smaller of tWo or more sequences With gap alignrnents (if 
any) addressed by a particular mathematical model or corn 
puter prograrn (i.e., “algorithrns”). 

[0087] The term “similarity” is a related concept, but in 
contrast to “identity”, refers to a measure of similarity Which 
includes both identical matches and conservative substitu 
tion rnatches. If tWo polypeptide sequences have, for 
example, 10/20 identical amino acids, and the remainder are 
all non-conservative substitutions, then the percent identity 
and similarity Would both be 50%. If in the same example, 
there are 5 more positions Where there are conservative 
substitutions, then the percent identity rernains 50%, but the 
per cent sirnilarity Would be 75% (15/20). Therefore, in 
cases Where there are conservative substitutions, the degree 
of similarity betWeen tWo polypeptides Will be higher than 
the percent identity betWeen those tWo polypeptides. 

[0088] The term “isolated nucleic acid molecule” refers to 
a nucleic acid molecule of the invention that is free from at 
least one contarninating nucleic acid molecule With Which it 
is naturally associated Preferably, the isolated nucleic acid 
molecule of the present invention is substantially free from 
any other contarninating nucleic acid rnolecule(s) or other 
contaminants that are found in its natural environment Which 
Would interfere With its use in polypeptide production or its 
therapeutic, diagnostic, prophylactic or research use. 

[0089] The term “isolated polypeptide” refers to a 
polypeptide of the present invention that is free from at least 
one contarninating polypeptide or other contaminants that 
are found in its natural environment. Preferably, the isolated 
polypeptide is substantially free from any other contarninat 
ing polypeptides or other contaminants that are found in its 
natural environment Which Would interfere With its thera 
peutic, diagnostic, prophylactic or research use. 

[0090] The term “rnature [310 polypeptide” refers to a [310 
polypeptide lacking a leader sequence. A rnature [310 
polypeptide may also include other rnodi?cations such as 
proteolytic processing of the amino terminus (With or With 
out a leader sequence) and/or the carboxy terrninus, cleavage 
of a smaller polypeptide from a larger precursor, N-linked 
and/or O-linked glycosylation, and the like. 

[0091] The term “nucleic acid sequence” or “nucleic acid 
molecule” refers to a DNA or RNA sequence. The term 
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encompasses molecules formed from any of the known base 
analogs of DNA and RNA such as, but not limited to 
4-acetylcytosine, 8-hydroxy-N6-methyladenosine, aZiridi 
nyl-cytosine, pseudoisocytosine, 5-(carboxyhydroxylm 
ethyl) uracil, 5-?uorouracil, 5-bromouracil, 5-carboxym 
ethylaminomethyl-2-thiouracil, 5-carboxy 
methylaminomethyluracil, dihydrouracil, inosine, N6-iso 
pentenyladenine, 1-methyladenine, 1-methylpseudouracil, 
1-methylguanine, 1-methylinosine, 2,2-dimethyl-guanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
5-methylcytosine, N6-methyladenine, 7-methylguanine, 
5-methylaminomethyluracil, 5-methoxyamino-methyl-2 
thiouracil, beta-D-mannosylqueosine, 5-methoxycarbonyl 
methyluracil, 5-methoxyuracil, 2-methylthio-N6-isopente 
nyladenine, uracil-5-oxyacetic acid methylester, uracil-5 
oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiou 
racil, 5-methyluracil, N-uracil-5-oxyacetic acid methylester, 
uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocy 
tosine, and 2,6-diaminopurine. 

[0092] The term “naturally occurring” or “native” When 
used in connection With biological materials such as nucleic 
acid molecules, polypeptides, host cells, and the like, refers 
to materials Which are found in nature and are not manipu 
lated by man. Similarly, “non-naturally occurring” or “non 
native” as used herein refers to a material that is not found 
in nature or that has been structurally modi?ed or synthe 
siZed by man. 

[0093] The term “operably linked” is used herein to refer 
to an arrangement of ?anking sequences Wherein the ?ank 
ing sequences so described are con?gured or assembled so 
as to perform their usual function. Thus, a ?anking sequence 
operably linked to a coding sequence may be capable of 
effecting the replication, transcription and/or translation of 
the coding sequence. For example, a coding sequence is 
operably linked to a promoter When the promoter is capable 
of directing transcription of that coding sequence. A?anking 
sequence need not be contiguous With the coding sequence, 
so long as it functions correctly. Thus, for example, inter 
vening untranslated yet transcribed sequences can be present 
betWeen a promoter sequence and the coding sequence and 
the promoter sequence can still be considered “operably 
linked” to the coding sequence. 

[0094] The term “pharmaceutically acceptable carrier” or 
“physiologically acceptable carrier” as used herein refers to 
one or more formulation materials suitable for accomplish 
ing or enhancing the delivery of a [310 nucleic acid mol 
ecule, [310 polypeptide, (x2/[310 heterodimer or selective 
binding agents of the present invention as a pharmaceutical 
composition. 

[0095] The term “selective binding agent” refers to a 
molecule or molecules having speci?city for the [310 
polypeptide and/or (x2/[310 heterodimer of this invention. As 
used herein, the terms, “speci?c” and “speci?city” refer to 
the ability of the selective binding agents to bind to human 
[310 polypeptide and/or (x2/[310 heterodimer and not to bind 
to human non-[310 polypeptide and/or non-(x2/[310 het 
erodimer. It Will be appreciated, hoWever, that the selective 
binding agents may also bind orthologs of the polypeptide 
set forth in SEQ ID NO: 3, and/or orthologs of human 
(x2/[310 heterodimer, that is, interspecies versions thereof, 
such as mouse and rat polypeptides. 
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[0096] The term “transduction” is used to refer to the 
transfer of genes from one bacterium to another, usually by 
a phage. “Transduction” also refers to the acquisition and 
transfer of eukaryotic cellular sequences by retroviruses. 

[0097] The term “transfection” is used to refer to the 
uptake of foreign or exogenous DNAby a cell, and a cell has 
been “transfected” When the exogenous DNA has been 
introduced inside the cell membrane. A number of transfec 
tion techniques are Well knoWn in the art and are disclosed 
herein. See, for example, Graham et al., Wrology, 52:456 
(1973); Sambrook et al., Molecular Cloning, a laboratory 
Manual, Cold Spring Harbor Laboratories (NeW York, 
1989); Davis et al., Basic Methods in Molecular Biology, 
Elsevier, 1986; and Chu et al., Gene, 13:197 (1981). Such 
techniques can be used to introduce one or more exogenous 
DNA moieties into suitable host cells. 

[0098] The term “transformation” as used herein refers to 
a change in a cell’s genetic characteristics, and a cell has 
been transformed When it has been modi?ed to contain a 
neW DNA. For example, a cell is transformed Where it is 
genetically modi?ed from its native state. FolloWing trans 
fection or transduction, the transforming DNA may recom 
bine With that of the cell by physically integrating into a 
chromosome of the cell, may be maintained transiently as an 
episomal element Without being replicated, or may replicate 
independently as a plasmid. Acell is considered to have been 
stably transformed When the DNA is replicated With the 
division of the cell. 

[0099] The term “vector” is used to refer to any molecule 
(e.g., nucleic acid, plasmid, or virus) used to transfer coding 
information to a host cell. 

Relatedness of Nucleic Acid Molecules and/or 
Polypeptides 

[0100] It is understood that related nucleic acid molecules 
include allelic or splice variants of the nucleic acid molecule 
of SEQ ID NO: 2, and include sequences Which are comple 
mentary to any of the above nucleotide sequences. Related 
nucleic acid molecules also include a nucleotide sequence 
encoding a polypeptide comprising or consisting essentially 
of a substitution, modi?cation, addition and/or a deletion of 
one or more amino acid residues compared to the polypep 
tide in SEQ ID NO: 1. 

[0101] Fragments include nucleic acid molecules Which 
encode a polypeptide of at least about 25 amino acid 
residues, or about 50, or about 75, or about 100, or greater 
than about 100 amino acid residues of the polypeptide of 
SEQ ID NO: 1. 

[0102] In addition, related [310 nucleic acid molecules 
include those molecules Which comprise nucleotide 
sequences Which hybridiZe under moderately or highly 
stringent conditions as de?ned herein With the fully comple 
mentary sequence of the nucleic acid molecule of SEQ ID 
NO: 2, or of a molecule encoding a polypeptide, Which 
polypeptide comprises the amino acid sequence of SEQ ID 
NO: 1, or of a nucleic acid fragment as de?ned herein, or of 
a nucleic acid fragment encoding a polypeptide as de?ned 
herein. Hybridization probes may be prepared using the [310 
sequences provided herein to screen cDNA, genomic or 
synthetic DNA libraries for related sequences. Regions of 
the DNA and/or amino acid sequence of the [310 polypeptide 
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that exhibit signi?cant identity to known sequences are 
readily determined using sequence alignment algorithms as 
described herein and those regions may be used to design 
probes for screening. 

[0103] The term “highly stringent conditions” refers to 
those conditions that are designed to permit hybridiZation of 
DNA strands Whose sequences are highly complementary, 
and to exclude hybridiZation of signi?cantly mismatched 
DNAs. HybridiZation stringency is principally determined 
by temperature, ionic strength, and the concentration of 
denaturing agents such as formamide. Examples of “highly 
stringent conditions” for hybridiZation and Washing are 
0.015M sodium chloride, 0.0015M sodium citrate at 65-68° 
C. or 0.015M sodium chloride, 0.0015M sodium citrate, and 
50% formamide at 42° C. See Sambrook, Fritsch & Mania 
tis, Molecular Cloning: ALaboratory Manual, 2nd Ed., Cold 
Spring Harbor Laboratory, (Cold Spring Harbor, NY. 1989); 
Anderson et al., Nucleic Acid Hybridisation: a practical 
approach, Ch. 4, IRL Press Limited (Oxford, England). 

[0104] More stringent conditions (such as higher tempera 
ture, loWer ionic strength, higher formamide, or other dena 
turing agent) may also be used, hoWever, the rate of hybrid 
iZation Will be affected. Other agents may be included in the 
hybridiZation and Washing buffers for the purpose of reduc 
ing non-speci?c and/or background hybridiZation. Examples 
are 0.1% bovine serum albumin, 0.1% polyvinyl-pyrroli 
done, 0.1% sodium pyrophosphate, 0.1% sodium dodecyl 
sulfate (NaDodSO4 or SDS), ?coll, Denhardt’s solution, 
sonicated salmon sperm DNA (or other non-complementary 
DNA), and dextran sulfate, although other suitable agents 
can also be used. The concentration and types of these 
additives can be changed Without substantially affecting the 
stringency of the hybridiZation conditions. HybridiZation 
experiments are usually carried out at pH 6.8-7.4, hoWever, 
at typical ionic strength conditions, the rate of hybridiZation 
is nearly independent of pH. See Anderson et al., Nucleic 
Acid Hybridisation: a Practical Approach, Ch. 4, IRL Press 
Limited (Oxford, England). 

[0105] Factors affecting the stability of a DNA duplex 
include base composition, length, and degree of base pair 
mismatch. HybridiZation conditions can be adjusted by one 
skilled in the art in order to accommodate these variables 
and alloW DNAs of different sequence relatedness to form 
hybrids. The melting temperature of a perfectly matched 
DNA duplex can be estimated by the folloWing equation: 

[0106] Where N is the length of the duplex formed, [Na+] 
is the molar concentration of the sodium ion in the hybrid 
iZation or Washing solution, %G+C is the percentage of 
(guanine+cytosine) bases in the hybrid. For imperfectly 
matched hybrids, the melting temperature is reduced by 
approximately 1° C. for each 1% mismatch. 

[0107] The term “moderately stringent conditions” refers 
to conditions under Which a DNA duplex With a greater 
degree of base pair mismatching than could occur under 
“highly stringent conditions” is able to form. Examples of 
typical “moderately stringent conditions” are 0.015M 
sodium chloride, 0.0015M sodium citrate at 50-65° C. or 
0.015M sodium chloride, 0.0015M sodium citrate, and 20% 
formamide at 37-50° C. By Way of example, a “moderately 
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stringent” condition of 50° C. in 0.015 M sodium ion Will 
alloW about a 21% mismatch. 

[0108] It Will be appreciated by those skilled in the art that 
there is no absolute distinction betWeen “highly” and “mod 
erately” stringent conditions. For example, at 0.015M 
sodium ion (no formamide), the melting temperature of 
perfectly matched long DNA is about 71° C. With a Wash at 
65° C. (at the same ionic strength), this Would alloW for 
approximately a 6% mismatch. To capture more distantly 
related sequences, one skilled in the art can simply loWer the 
temperature or raise the ionic strength. 

[0109] A good estimate of the melting temperature in 1M 
NaCl* for oligonucleotide probes up to about 20 nucleotides 
is given by: 

Tm=2° C. per A-T base pair+4° C. per G-C base pair 

[0110] *The sodium ion concentration in 6x salt sodium 
citrate (SSC) is 1M. See Suggs et al., Developmental Biol 
ogy Using Puri?ed Genes, p. 683, BroWn and Fox (eds.) 
(1981). 
[0111] High stringency Washing conditions for oligonucle 
otides are usually at a temperature of 0-5° C. beloW the Tm 
of the oligonucleotide in 6><SSC, 0.1% SDS. 

[0112] In another embodiment, related nucleic acid mol 
ecules comprise or consist of a nucleotide sequence that is 
about 70 percent identical to the nucleotide sequence of SEQ 
ID NO: 2, or comprise or consist essentially of a nucleotide 
sequence encoding a polypeptide that is about 70 percent 
identical to the polypeptide of SEQ ID NO: 1. In preferred 
embodiments, the nucleotide sequences are about 70 per 
cent, 75 percent, 80 percent, or about 85 percent, or about 90 
percent, or about 95, 96, 97, 98, or 99 percent identical to the 
nucleotide sequence as shoWn in SEQ ID NO: 2, or the 
nucleotide sequences encode a polypeptide that is about 70 
percent, 75 percent, 80 percent, or about 85 percent, or about 
90 percent, or about 95, 96, 97, 98, or 99 percent identical 
to the polypeptide sequence as set forth in SEQ ID NO: 1. 

[0113] Differences in the nucleic acid sequence may result 
in conservative and/or non-conservative modi?cations of the 
amino acid sequence relative to the amino acid sequence of 
SEQ ID NO: 1. 

[0114] Conservative modi?cations to the amino acid 
sequence of SEQ ID NO: 1 (and the corresponding modi 
?cations to the encoding nucleotides) Will produce [310-like 
polypeptides in accordance With this invention having func 
tional and chemical characteristics similar to those of the 
naturally occurring [310 polypeptide hereof. In contrast, 
substantial modi?cations in the functional and/or chemical 
characteristics of the [310 polypeptide may be accomplished 
by selecting substitutions in the amino acid sequence of SEQ 
ID NO: 1 that differ signi?cantly in their effect on main 
taining (a) the structure of the molecular backbone in the 
area of the substitution, for example, as a sheet or helical 
conformation, (b) the charge or hydrophobicity of the mol 
ecule at the target site, or (c) the bulk of the side chain. 

[0115] For example, a “conservative amino acid substitu 
tion” may involve a substitution of a native amino acid 
residue With a nonnative residue such that there is little or no 
effect on the polarity or charge of the amino acid residue at 
that position. Furthermore, any native residue in the 
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polypeptide may also be substituted With alanine, as has 
been previously described for “alanine scanning mutagen 
esis.” 

[0116] Conservative amino acid substitutions also encom 
pass non-naturally occurring amino acid residues Which are 
typically incorporated by chemical peptide synthesis rather 
than by synthesis in biological systems. These include 
peptidomimetics, and other reversed or inverted forms of 
amino acid moieties. 

[0117] Naturally occurring residues may be divided into 
classes based on common side chain properties: 

[0118] 1) hydrophobic: norleucine, Met, Ala, Val, 
Leu, Ile; 

[0119] 2) neutral hydrophilic: Cys, Ser, Thr, Asn, 
Gln; 

[0120] 3) acidic: Asp, Glu; 

[0121] 4) basic: His, Lys, Arg; 

[0122] 5) residues that in?uence chain orientation: 
Gly, Pro; and 

[0123] 6) aromatic: Trp, Tyr, Phe. 

[0124] For example, non-conservative substitutions may 
involve the exchange of a member of one of these classes for 
a member from another class. Such substituted residues may 
be introduced into regions of the human [310 polypeptide 
that are homologous With non-human [310 polypeptide 
orthologs, or into the non-homologous regions of the mol 
ecule. 

[0125] In making such changes, the hydropathic index of 
amino acids may be considered. Each amino acid has been 
assigned a hydropathic index on the basis of their hydro 
phobicity and charge characteristics, these are: isoleucine 
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); 
cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); 
glycine (—0.4); threonine (—0.7); serine (—0.8); tryptophan 
(—0.9); tyrosine (—1.3); proline (—1.6); histidine (—3.2); 
glutamate (—3.5); glutamine (—3.5); aspartate (—3.5); aspar 
agine (—3.5); lysine (—3.9); and arginine (—4.5). 
[0126] The importance of the hydropathic amino acid 
index in conferring interactive biological function on a 
protein is understood in the art. Kyte et al., J. Mol. Biol., 
157:105-131 (1982). It is knoWn that certain amino acids 
may be substituted for other amino acids having a similar 
hydropathic index or score and still retain a similar biologi 
cal activity. In making changes based upon the hydropathic 
index, the substitution of amino acids Whose hydropathic 
indices are Within :2 is preferred, those Which are Within :1 
are particularly preferred, and those Within 10.5 are even 
more particularly preferred. 

[0127] It is also understood in the art that the substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity, particularly Where the biologically function 
ally equivalent protein or peptide thereby created is intended 
for use in immunological embodiments, as in the present 
case. The greatest local average hydrophilicity of a protein, 
as governed by the hydrophilicity of its adjacent amino 
acids, correlates With its immunogenicity and antigenicity, 
i.e., With a biological property of the protein. 
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[0128] The folloWing hydrophilicity values have been 
assigned to amino acid residues: arginine (+3.0); lysine 
(+3.0); aspartate (+3.0:1); glutamate (+3.0:1); serine 
(+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); 
threonine (—0.4); proline (—0511); alanine (—0.5); histidine 
(—0.5); cysteine (—1.0); methionine (—1.3); valine (—1.5); 
leucine (—1.8); isoleucine (—1.8); tyrosine (—2.3); phenyla 
lanine (—2.5); tryptophan (—3.4). In making changes based 
upon similar hydrophilicity values, the substitution of amino 
acids Whose hydrophilicity values are Within :2 is preferred, 
those Which are Within :1 are particularly preferred, and 
those Within 10.5 are even more particularly preferred. One 
may also identify epitopes from primary amino acid 
sequences on the basis of hydrophilicity. These regions are 
also referred to as “epitopic core regions.” 

[0129] Desired amino acid substitutions (Whether conser 
vative or non-conservative) can be determined by those 
skilled in the art at the time such substitutions are desired. 
For example, amino acid substitutions can be used to iden 
tify important residues of the [310 polypeptide or to increase 
or decrease the affinity of the [310 polypeptides or the 
ot2/[310 heterodimers described herein. 

[0130] Exemplary amino acid substitutions are set forth in 
Table I. 

TABLE I 

Amino Acid Substitutions 

Original Exemplary Preferred 
Residues Substitutions Substitutions 

Ala Val, Leu, Ile Val 
Arg Lys, Gln, Asn Lys 
Asn Gln Gln 
Asp Glu Glu 
Cys Ser, Ala Ser 
Gln Asn Asn 
Glu Asp Asp 
Gly Pro, Ala Ala 
His Asn, Gln, Lys, Arg Arg 
Ile Leu, Val, Met, Ala, Leu 

Phe, Norleucine 
Leu Norleucine, Ile Ile 

Val, Met, Ala, Phe 
Lys Arg, Arg 

1,4 Diaminobutyric 
Acid, Gln, 
Asn 

Met Leu, Phe, Ile Leu 
Phe Leu, Val, Ile, Ala, Leu 

Tyr 
Pro Ala Gly 
Ser Thr, Ala, Cys Thr 
Thr Ser Ser 
Trp Tyr, Phe Tyr 
Tyr Trp, Phe, Thr, Ser Phe 
Val Ile, Met, Leu, Phe, Leu 

Ala, Norleucine 

[0131] A skilled artisan Will be able to determine suitable 
variants of the polypeptides of SEQ ID NOs: 1 or 3 using 
Well knoWn techniques. For identifying suitable areas of the 
molecule that may be changed Without destroying activity, 
one skilled in the art may target areas not believed to be 
important for activity. For example, When similar polypep 
tides With similar activities from the same species or from 
other species are knoWn, one skilled in the art may compare 
the amino acid sequence of a [310 polypeptide to such similar 
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polypeptides With such a comparison, one can identify 
residues and portions of the molecules that are conserved 
among similar polypeptides. It Will be appreciated that 
changes in areas of a [310 polypeptide that are not conserved 
relative to such similar polypeptides Would be less likely to 
adversely affect the biological activity and/or structure of the 
[310 polypeptide or the (x2/[310 heterodimer. One skilled in 
the art Would also knoW that, even in relatively conserved 
regions, one may substitute chemically similar amino acids 
for the naturally occurring residues While retaining activity 
(conservative amino acid residue substitutions). Therefore, 
even areas that may be important for biological activity or 
for structure may be subject to conservative amino acid 
substitutions Without destroying the biological activity or 
Without adversely affecting the polypeptide structure. 

[0132] Additionally, one skilled in the art can revieW 
structure-function studies identifying residues in similar 
polypeptides that are important for activity or structure. In 
vieW of such a comparison, one can predict the importance 
of amino acid residues in a [310 polypeptide that correspond 
to amino acid residues that are important for activity or 
structure in similar polypeptides. One skilled in the art may 
opt for chemically similar amino acid substitutions for such 
predicted important amino acid residues of the [310 polypep 
tide. 

[0133] One skilled in the art can also analyZe the three 
dimensional structure and amino acid sequence in relation to 
that structure in similar polypeptides. In vieW of that infor 
mation, one skilled in the art may predict the alignment of 
amino acid residues of a [310 polypeptide With respect to its 
three dimensional structure. One skilled in the art may 
choose not to make radical changes to amino acid residues 
predicted to be on the surface of the protein, since such 
residues may be involved in important interactions With 
other molecules. Moreover, one skilled in the art may 
generate test variants containing a single amino acid sub 
stitution at each desired amino acid residue. The variants can 
then be screened using activity assays knoW to those skilled 
in the art. Such variants could be used to gather information 
about suitable variants. For eXample, if one discovered that 
a change to a particular amino acid residue resulted in 
destroyed, undesirably reduced, or unsuitable activity, vari 
ants With such a change Would be avoided. In other Words, 
based on information gathered from such routine experi 
ments, one skilled in the art can readily determine the amino 
acids Where further substitutions should be avoided either 
alone or in combination With other mutations. 

[0134] A number of scienti?c publications have been 
devoted to the prediction of secondary structure. See Moult 
1., Curr Op. in Bi0tech., 7(4):422-427 (1996), Chou et al., 
Biochemistry, 13(2):222-245 (1974); Chou et al., Biochem 
istry, 113(2):211-222 (1974); Chou et al., Adv. Enzymol. 
Relat. Areas M01. Bi0l., 47:45-148 (1978); Chou et al.,Ann. 
Rev. Biochem., 47:251-276 and Chou et al., Biophys. J., 
26:367-384 (1979). Moreover, computer programs are cur 
rently available to assist With predicting secondary structure. 
One method of predicting secondary structure is based upon 
homology modeling. For eXample, tWo polypeptides or 
proteins Which have a sequence identity of greater than 30%, 
or similarity greater than 40% often have similar structural 
topologies. The recent groWth of the protein structural data 
base (PDB) has provided enhanced predictability of second 
ary structure, including the potential number of folds Within 
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a polypeptide’s or protein’s structure. See Holm et al., Nucl. 
Acid. Res., 27(1):244-247 (1999). It has been suggested 
(Brenner et al., Curr. Op. Struct. Biol., 7(3):369-376 (1997)) 
that there are a limited number of folds in a given polypep 
tide or protein and that once a critical number of structures 
have been resolved, structural prediction Will gain dramati 
cally in accuracy. 

[0135] Additional methods of predicting secondary struc 
ture include “threading” (Jones, D., Curr Opin. Struct. Biol., 
7(3):377-87 (1997); Sippl et al., Structure, 4(1):15-9 
(1996)), “pro?le analysis” (BoWie et al., Science, 253:164 
170 (1991); Gribskov et al., Meth. Enzym, 183:146-159 
(1990); Gribskov et al., Proc. Nat. Acad. Sci., 84(13):4355 
4358 (1987)), and “evolutionary linkage” (See Home, supra, 
and Brenner, supra). 

[0136] Preferred [310 polypeptide or (x2/[310 heterodimer 
variants in accordance With this invention include glycosy 
lation variants Wherein the number and/or type of glycosy 
lation sites has been altered compared to the amino acid 
sequence set forth in SEQ ID NO: 1. In one embodiment, 10 
polypeptide or (x2/[310 heterodimer variants according to 
this invention comprise a greater or a lesser number of 
N-linked glycosylation sites than the amino acid sequence 
set forth in SEQ ID NO: 1. An N-linked glycosylation site 
is characteriZed by the sequence: Asn-X-Ser or Asn-X-Thr, 
Wherein the amino acid residue designated as X may be any 
amino acid residue eXcept proline. The substitution(s) of 
amino acid residues to create this sequence provides a 
potential neW site for the addition of an N-linked carbohy 
drate chain. Alternatively, substitutions Which eliminate this 
sequence Will remove an eXisting N-linked carbohydrate 
chain. Also provided is a rearrangement of N-linked carbo 
hydrate chains Wherein one or more N-linked glycosylation 
sites (typically those that are naturally occurring) are elimi 
nated and one or more neW N-linked sites are created. 

Additional preferred [310 polypeptide or (x2/[310 het 
erodimer variants include cysteine variants, Wherein one or 
more cysteine residues are deleted from or substituted for 
another amino acid (e.g., serine) as compared to the amino 
acid sequence set forth in SEQ ID NO: 1. Cysteine variants 
are useful When the [310 polypeptide or (x2/[310 heterodimer 
must be refolded into a biologically active conformation 
such as after the isolation of insoluble inclusion bodies. 
Cysteine variants generally have feWer cysteine residues 
than the native protein, and typically have an even number 
to minimiZe interactions resulting from unpaired cysteines. 

[0137] In addition, the polypeptide comprising the amino 
acid sequence of SEQ ID NO: 3 or a polypeptide variant 
thereof may be fused to a heterologous polypeptide, such as 
but not limited to (X2, to form a heterodimer. Heterologous 
peptides and polypeptides include, but are not limited to: an 
epitope to alloW for the detection and/or isolation of a [310 
fusion polypeptide or an (x2/[310 heterodimer; a transmem 
brane receptor protein or a portion thereof, such as an 
extracellular domain, or a transmembrane and intracellular 
domain; a ligand or a portion thereof Which binds to a 
transmembtane receptor protein; an enZyme or portion 
thereof Which is catalytically active; a polypeptide or pep 
tide Which promotes oligomeriZation, such as a leucine 
Zipper domain; a polypeptide With Which [310 normally 
dimeriZes, such as (X2; a polypeptide or peptide Which 
increases stability, such as an immunoglobulin constant 
region; and a polypeptide Which has a therapeutic activity 
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different from the polypeptide comprising the amino acid 
sequence set forth in SEQ ID NO: 3 or a polypeptide variant 
thereof. 

[0138] Fusions can be made either at the amino terminus 
or at the carboxy terminus of the polypeptide comprising the 
amino acid sequence set forth in SEQ ID NO: 3 or a 
polypeptide variant. Fusions may be direct With no linker or 
adapter molecule or indirect using a linker or adapter 
molecule. A linker or adapter molecule may be one or more 
amino acid residues, typically up to about 20 to about 50 
amino acid residues. A linker or adapter molecule may also 
be designed With a cleavage site for a DNA restriction 
endonuclease or for a protease to alloW for the separation of 
the fused moieties. It Will be appreciated that once con 
structed, the fusion polypeptides can be derivatiZed accord 
ing to the methods described herein. 

[0139] In a further embodiment of the invention, the 
polypeptide comprising the amino acid sequence of SEQ ID 
NO: 3 or a polypeptide variant is fused to one or more 
domains of an Fc region of human IgG. Antibodies comprise 
tWo functionally independent parts, a variable domain 
knoWn as “Fab”, Which binds antigen, and a constant 
domain knoWn as “Fc”, Which is involved in effector func 
tions such as complement activation and attack by phago 
cytic cells. An Fc has a long serum half-life, Whereas an Fab 
is short-lived. Capon et al., Nature, 337:525-31 (1989). 
When constructed together With a therapeutic protein, an Fc 
domain can provide longer half-life or incorporate such 
functions as Fe receptor binding, protein Abinding, comple 
ment ?xation and perhaps even placental transfer. Id. Table 
II summariZes the use of certain Fc fusions knoWn in the art. 

TABLE II 

Fc Fusion With Therapeutic Proteins 

Form of Fusion Therapeutic 
Fc partner implications Reference 

IgG1 N-terminus Hodgkin’s U.S. Pat. No. 
of CD30-L disease; 5,480,981 

anaplastic 
lymphoma; 
T-cell leukemia 

Murine IL-10 anti- Zheng et al. 
Fcy2a in?ammatory; (1995), J. 

transplant Immunol., 154: 
rejection 5590-5600 

IgG1 TNF septic shock Fisher et al. 
receptor (1996), N. 

Engl. J. Med., 
334: 1697-1702; 
Van Zee et al., 
(1996), J. Immunol., 
156: 2221-2230 

IgG, IgA, TNF in?ammation, U.S. Pat. No. 
IgM, or receptor autoimmune 5,808,029, 
IgE disorders issued 
(excluding Sep. 15, 1998 
the ?rst 

domain) 
IgG1 CD4 AIDS Capon et al. 

receptor (1989), Nature 
337: 525-531 

IgG1, N-terminus anti-cancer, Harvill et al. 
IgG3 of IL-2 antiviral (1995), 

Immunotech, 1: 95-105 
IgG1 C-terminus osteoarthritis; WO 97/23614, 

of OPG bone density published Jul. 3, 1997 
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TABLE II-continued 

Fc Fusion With Therapeutic Proteins 

Form of Fusion Therapeutic 
Fc partner implications Reference 

IgG1 N-terminus anti-obesity PCT/US 
of leptin 97/23183, ?led 

Dec. 11, 1997 
Human Ig CI‘LA-4 autoimmune Linsley (1991), 
cy1 disorders J. Exp. Med., 

174: 561-569 

[0140] In one example, all or a portion of the human IgG 
hinge, CH2 and CH3 regions may be fused at either the 
N-terminus or C-terminus of a [310 polypeptide of this 
invention using methods knoWn to the skilled artisan. The 
resulting [310-fusion polypeptide or (1.2/6 10-fusion polypep 
tide may be puri?ed by use of a Protein A af?nity column. 
Peptides and proteins fused to an Fc 10 region have been 
found to exhibit a substantially greater half-life in vivo than 
the unfused counterpart. Also, a fusion to an Fc region 
alloWs for dimeriZation/multimeriZation of the fusion 
polypeptide. The Fc region may be a naturally occurring Fc 
region, or may be altered to improve certain qualities, such 
as therapeutic qualities, circulation time, reduce aggrega 
tion, etc. 

[0141] Identity and similarity of related nucleic acid mol 
ecules and polypeptides can be readily calculated by knoWn 
methods. Such methods include, but are not limited to, those 
described in Computational Molecular Biology, Lesk, A. M., 
ed., Oxford University Press, NeW York, 1988; Biocomput 
ing: Informatics and Genome Projects, Smith, D. W., ed., 
Academic Press, NeW York, 1993; Computer Analysis of 
Sequence Data, Part 1, Griffin, A. M., and Grif?n, H. G., 
eds., Humana Press, NeW Jersey, 1994; Sequence Analysis 
in Molecular Biology, von Heinje, G., Academic Press, 
1987; Sequence Analysis Primer, Gribskov, M. and 
Devereux, J ., eds., M. Stockton Press, NeW York, 1991; and 
Carillo et al., SIAM J. Applied Math, 48:1073 (1988). 

[0142] Preferred methods to determine identity and/or 
similarity are designed to give the largest match betWeen the 
sequences tested. Methods to determine identity and simi 
larity are described in publicly available computer pro 
grams. Preferred computer program methods to determine 
identity and similarity betWeen tWo sequences include, but 
are not limited to, the GCG program package, including 
GAP (Devereux et al., Nucl. Acid. Res., 12:387 (1984); 
Genetics Computer Group, University of Wisconsin, Madi 
son, Wis.), BLASTP, BLASTN, and FASTA (Altschul et al., 
J. Mol. Biol., 215:403-410 (1990)). The BLASTX program 
is publicly available from the National Center for Biotech 
nology Information (NCBT) and other sources (BLAST 
Manual, Altschul et al. NCB/NLM/NIH Bethesda, Md. 
20894; Altschul et al., supra). The Well knoWn Smith Water 
man algorithm may also be used to determine identity. 

[0143] Certain alignment schemes for aligning tWo amino 
acid sequences may result in the matching of only a short 
region of the tWo sequences, and this small aligned region 
may have very high sequence identity even though there is 
no signi?cant relationship betWeen the tWo full length 
sequences. Accordingly, in a preferred embodiment, the 
selected alignment method (GAP program) Will result in an 
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alignment that spans at least ?fty (50) contiguous amino 
acids of the target polypeptide. 

[0144] For example, using the computer algorithm GAP 
(Genetics Computer Group, University of Wisconsin, Madi 
son, Wis), tWo polypeptides for Which the percent sequence 
identity is to be determined are aligned for optimal matching 
of their respective amino acids (the “matched span”, as 
determined by the algorithm). A gap opening penalty (Which 
is calculated as 3x the average diagonal; the “average 
diagonal” is the average of the diagonal of the comparison 
matrix being used; the “diagonal” is the score or number 
assigned to each perfect amino acid match by the particular 
comparison matrix) and a gap extension penalty (Which is 
usually 1/10 times the gap opening penalty), as Well as a 
comparison matrix such as PAM 250 or BLOSUM 62 are 
used in conjunction With the algorithm. A standard compari 
son matrix (see Dayhoff et al., Atlas of Protein Sequence and 
Structure, vol. 5, supp.3 (1978) for the PAM 250 comparison 
matrix; Henikoff et al., Proc. Natl. Acad. Sci USA, 
89:10915-10919 (1992) for the BLOSUM 62 comparison 
matrix) is also used by the algorithm. 

[0145] Preferred parameters for a polypeptide sequence 
comparison include the folloWing: 

[0146] Algorithm: Needleman et al., J. Mol. Biol., 
48:443-453 (1970); 

[0147] Comparison matrix: BLOSUM 62 from Heni 
koff et al., Proc. Natl. Acad. Sci. USA, 89:10915 
10919 (1992); 

[0148] Gap Penalty: 12 

[0149] Gap Length Penalty: 4 

[0150] Threshold of Similarity: 0 

[0151] The GAP program is useful With the above param 
eters. The aforementioned parameters are the default param 
eters for polypeptide comparisons (along With no penalty for 
end gaps) using the GAP algorithm. 

[0152] Preferred parameters for nucleic acid molecule 
sequence comparisons include the folloWing: 

[0153] Algorithm: Needleman et al., J. Mol Biol., 
48:443-453 (1970); 

[0154] Comparison matrix: matches=+10, mis 
match=0 

[0155] Gap Penalty: 50 

[0156] Gap Length Penalty: 3 

[0157] The GAP program is also useful With the above 
parameters. The aforementioned parameters are the default 
parameters for nucleic acid molecule comparisons. 

[0158] Other exemplary algorithms, gap opening penal 
ties, gap extension penalties, comparison matrices, thresh 
olds of similarity, etc. may be used, including those set forth 
in the Program Manual, Wisconsin Package, Version 9, 
September, 1997. The particular choices to be made Will be 
apparent to those of skill in the art and Will depend on the 
speci?c comparison to be made, such as DNA to DNA, 
protein to protein, protein to DNA; and additionally, Whether 
the comparison is betWeen given pairs of sequences (in 
Which case GAP or BestFit are generally preferred) or 
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betWeen one sequence and a large database of sequences (in 
Which case FASTA or BLASTA are preferred). 

Synthesis 
[0159] It Will be appreciated by those skilled in the art the 
nucleic acid and polypeptide molecules described herein 
may be produced by recombinant and other means. 

Nucleic Acid Molecules 

[0160] The nucleic acid molecules encode a polypeptide 
comprising the amino acid sequence of a [310 polypeptide of 
this invention can readily be obtained in a variety of Ways 
including, Without limitation, chemical synthesis, cDNA or 
genomic library screening, expression library screening and/ 
or PCR ampli?cation of cDNA. 

[0161] Recombinant DNA methods used herein are gen 
erally those set forth in Sambrook et al., Molecular Cloning: 
A Laboratory Manual, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY. (1989), and/or Ausubel et 
al., eds., Current Protocols in Molecular Biology, Green 
Publishers Inc. and Wiley and Sons, NY. (1994). The 
present invention provides for nucleic acid molecules as 
described herein and methods for obtaining the molecules. 

[0162] Where a gene encoding the amino acid sequence of 
a [310 polypeptide has been identi?ed from one species, all 
or a portion of that gene may be used as a probe to identify 
orthologs or related genes from the same species. The probes 
or primers may be used to screen cDNA libraries from 
various tissue sources believed to express the [310 polypep 
tide. In addition, part or all of a nucleic acid molecule having 
the sequence set forth in SEQ ID NO: 2 may be used to 
screen a genomic library to identify and isolate a gene 
encoding the amino acid sequence of a [310 polypeptide. 
Typically, conditions of moderate or high stringency Will be 
employed for screening to minimiZe the number of false 
positives obtained from the screen. 

[0163] Nucleic acid molecules encoding the amino acid 
sequence of a [310 polypeptide may also be identi?ed by 
expression cloning Which employs the detection of positive 
clones based upon a property of the expressed protein. 
Typically, nucleic acid libraries are screened by the binding 
of an antibody or other binding partner (e.g., receptor or 
ligand) to cloned proteins Which are expressed and displayed 
on a host cell surface. The antibody or binding partner is 
modi?ed With a detectable label to identify those cells 
expressing the desired clone. 

[0164] Recombinant expression techniques conducted in 
accordance With the descriptions set forth beloW may be 
folloWed to produce these polynucleotides and to express the 
encoded polypeptides. For example, by inserting a nucleic 
acid sequence Which encodes the amino acid sequence of a 
[310 polypeptide into an appropriate vector, one skilled in the 
art can readily produce large quantities of the desired 
nucleotide sequence. The sequences can then be used to 
generate detection probes or ampli?cation primers. Alterna 
tively, a polynucleotide encoding the amino acid sequence of 
a [310 polypeptide can be inserted into an expression vector. 
By introducing the expression vector into an appropriate 
host, the encoded [310 polypeptide may be produced in large 
amounts. 

[0165] Another method for obtaining a suitable nucleic 
acid sequence is the polymerase chain reaction (PCR). In 












































































