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(54) NOVEL MEMBRANE-SECRETED PROTEIN

(57) Three genes encoding membrane-secreted
proteins have been successfully isolated from osteob-
last-like cell lines by using a method for specifically clon-
ing membrane-secreted proteins. As the result of
subsequent analysis on one of these genes, it has been
found out that the protein encoded by this gene is a
novel receptor protein which has an extracellular region
alone, binds to cell membranes via a GPI anchor and
carries therein a cysteine-rich repetitive region con-
served in the TNF receptor super family. It has been
also found out that when this protein is largely
expressed in an osteoblast-like cell line, the proliferation
of the cells are suppressed, the cells are morphologi-
cally changed, and the alkaline phosphatase activity
which is one of the indications of the differentiation of
osteoblasts is elevated.
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Description

Technical Field

[0001] The present invention relates to a novel secretory membrane protein involved in differentiation of osteocytes,
a DNA encoding said protein, a vector comprising said DNA, a host cell carrying said vector, an antibody against said
protein, a method for screening a compound using said protein, and a compound obtainable by said screening method.

Background Art

[0002] Regeneration of bones by the action of osteoblasts, bone formation, is an important phenomenon in verte-
brates for maintaining a living body. Factors involved in bone formation include hormones such as estrogen, calcitonin,
and parathyroid hormone (PTH); growth factors such as bone morphologenic protein (BMP); and chemicals such as
active vitamin D, calcium preparations, and vitamin K2. Estrogen, calcitonin, active vitamin D, and calcium preparations
are used as medicine for controlling bone mass in osteoporosis or similar cases. Any of these drugs can be used to
prevent decreases of bone mass by inhibiting bone resorption, rather than for increasing bone mass. An effective rem-
edy for enhancing bone formation has thus not been developed yet.
[0003] BMP, which is expected to be a new medicine for treating bone disorders, is a unique cytokine that functions
as an ectopic formation signal. BMP is thought to effectively form bone (cartilaginous ossification) by replacing cartilag-
inous callus with new bone cells in repairing fractures or bone deficits (Duprez D. M., Coltey M., Amthor H., Brickell P.
M., Tickle, C. (1996) Dev. Biol. 174, 448-452, Bone morphogenetic protein-2 (BMP-2) inhibits muscle development and
promotes cartilage formation in chick limb bud cultures; Nakase, T., Nomura, S., Yashikawa, H., Hashimoto, J., Hirota,
S., Kitamura, Y., Oikawa, S., Ono, K., Takaoka, K. (1994) J. Bone Miner. Res. 9, 651-659, Transient and localized
expression of bone morphogenetic protein 4 messenger RNA during fracture healing).
[0004] There is no conclusive evidence to show that BMP is involved in bone formation caused in conjunction with
bone resorption during constant bone formation. Therefore, it is doubtful that BMP can be used as a medicine to pro-
mote bone formation by activating and promoting differentiation of osteoblasts that are essential for constant bone for-
mation. Factors involved in constant bone formation have not been reported yet.

Disclosure of the Invention

[0005] An objective of the present invention is to provide a novel protein involved in constant bone formation and a
gene encoding it. Another objective of the invention is to provide a vector in which the gene is inserted, a host cell car-
rying the vector, and an antibody that binds to the protein. Still another objective of this invention is to provide a method
for screening a compound that binds to the protein, such as a ligand, using the protein.
[0006] The present inventors investigated how best to achieve the above objectives and succeeded in isolating three
types of genes each encoding secretory membrane proteins from an osteoblast-like cell line by specifically cloning
genes encoding secretory membrane proteins. The analysis of one of the isolated genes revealed that a protein
encoded by the gene is a novel receptor protein with only the extracellular region, which binds to the plasma membrane
through a GPI anchor, and contains cysteine-rich, repetitive regions conserved in TNF receptor super family molecules.
Furthermore, the inventors found that high-level expression of the protein in the osteoblast-like cell line inhibited cell
proliferation, altered the cells morphologically, and enhanced alkaline phosphatase activity that is one of indicators of
the differentiation of osteoblasts. Based on this finding that the isolated protein is involved in the differentiation of oste-
ocytes, the inventors also found that a drug candidate compound for treating bone disorders can be screened using the
protein.
[0007] The present invention relates to novel secretory membrane proteins, genes encoding them, and a method for
screening a drug candidate compound using the proteins. More specifically, the invention relates to:

(1) a protein comprising the amino acid sequence of SEQ ID NO: 1 or 2, or the same sequence in which one or
more amino acids are replaced, deleted, or added, and having activity to induce differentiation of osteocytes;
(2) a protein encoded by a DNA hybridizing the DNA comprising the nucleic acid sequence of SEQ ID NO: 3, and
having activity to induce differentiation of osteocytes;
(3) a DNA encoding the protein of SEQ ID NO: 1 or 2;
(4) a vector in which the DNA of (3) is inserted;
(5) a host cell carrying the vector of (4);
(6) an antibody binding to the protein of (1) or (2);
(7) a method for screening a compound that binds to the protein of (1) or (2), wherein said method comprises the
steps of
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(a) bringing a test compound into contact with the protein of (1) or (2), and

(b) screening a compound that binds to the protein of (1) or (2);

(8) a method for screening a compound that promotes or inhibits the osteocyte differentiation-inducing activity of
the protein of (1) or (2), wherein said method comprises the steps of

(a) bringing a test compound into contact with the protein of (1) or (2) expressed on the cell surface,
(b) detecting the osteocyte differentiation inducing activity of the protein of (1) or (2), and
(c) screening a compound that promotes or inhibits the osteocyte differentiation inducing activity of the protein
of (1) or (2), in comparison with the assay in the absence of the test compound;

(9) a compound that binds to the protein of (1) or (2), wherein said protein is obtainable by the method of (7);
(10) a compound that promotes or inhibits the osteocyte differentiation inducing activity of the protein of (1) or (2),
wherein said protein is obtainable by the method of (8);
(11) the compound of (9) or (10), wherein said compound is naturally occurring;
(12) the compound of (9) or (10), wherein said compound is a ligand;
(13) the compound of (9) or (10), wherein said compound is an agonist; and
(14) the compound of (9) or (10), wherein said compound is an antagonist.

[0008] The present invention relates to a novel secretory membrane protein involved in constant bone formation. The
nucleotide sequence of mouse-derived cDNA isolated by the present inventors is shown in SEQ ID NO: 3; the amino
acid sequence of the protein encoded by the cDNA containing a signal peptide, in SEQ ID NO: 1; and the amino acid
sequence of the mature protein in which the N-terminal signal peptide is deleted, in SEQ ID NO: 2. The present inven-
tors designated the isolated clone "7F4." The 7F4 protein, which is one of the proteins of the present invention, contains
a cysteine-rich region conserved in the TNF receptor sub family and the hydrophobic region at the N-terminus (signal
sequence region) and the C-terminus. No protein having significant homology with the amino acid sequence of 7F4 pro-
tein was found in the database. Therefore, the 7F4 protein is assumed to be a novel protein belonging to the TNF recep-
tor super family (Beulter, B., and Huffel, C. V. (1994) SCIENCE 264, 667-668, Unraveling function in the TNF ligand and
receptor families) (refer to Figure 6).
[0009] When a transformant of a KUSA cell (which is derived from normal mouse bone marrow stroma, has hemat-
opoiesis indication potential, and causes the bone formation by inducing bone marrow during in vivo bone marrow
transplantation (Umezawa, A., Maruyama, T., Segawa, K., Shadduck, R. K., Waheed, A., and Hata, J. (1992) Multipo-
tent marrow stromal cell line is able to induce hematopoiesis in vivo, J. Cell Physiol. 151, 197-205)) and overexpressing
7F4 protein was treated with PI-specific phospholipase C, the quantity of the protein present on the cell surface was
lowered (Example 7). This suggested that the 7F4 protein does not exist in the intracellular region and is structurally
fixed on the cell surface mediated by a GPI anchor. Known GPI anchor-mediated membrane proteins include, for exam-
ple, the CNTF receptor. The intracellular regions of IL-6 and IL-11 receptors are extremely short and do not contain the
region involved in signal transduction after a ligand binds to the receptor. When these receptors bind to ligands, they
associate with gp130 and transmit the signals into the cell using gp130 as a signal transduction chain. Like many
cytokine receptors, 7F4 may transmit signals to a nucleus by associating with a signal transduction chain such as
gp130. In fact, when the 7F4 protein was overexpressed in KUSA cells, the cell morphology changed in correlation with
the expression level; the cell proliferation rate tended to decline (Example 6); and alkaline phosphatase activity, one of
the indicators of the differentiation of osteoblasts, increased (Example 8). These facts indicate that the 7F4 protein
relates to the differentiation signals of osteocytes. The 7F4 protein and compounds that bind to the protein could be
used to treat and prevent bone disorders as described below. Alternatively, 7F4 can be used in diagnosis as a marker
for osteocyte differentiation.
[0010] It was reported that the expression level of a bone formation marker increased and that the osteoblasts differ-
entiated by themselves when osteoblasts were cultured for a long time (Matsumoto, T., Igarashi, C., Takeuchi, Y.,
Harada, S., Kikuchi, T., Yamato, H., and Ogata, E. (1991) Stimulation by 1,25-dihydroxyvitamin D3 of in vitro minerali-
zation induced by osteoblast-like MC3T3-E1 cells, Bone 12, 27-32; Sudo, H., Kodama, H. A., Amagai, Y., Yamamoto,
S., and Kasai, S. (1983) In vitro differentiation and calcification in a new clonal osteogenic cell line derived from new-
born mouse calvaria, J. Cell Biol. 96, 191-198). BMP is known as a unique bone formation factor inducing bone tissues
by causing bone formation through cartilage formation. No cartilaginous cells are observed in bone formation in oste-
oblasts, especially in KUSA cells. This bone differentiation mechanism differs from that of BMP (Wozney, J. M., Rosen,
V., Celeste, A. J., Mitsock, L. M., Whitters, H. J., Kriz, R. W., Hewick, R. M., and Wang, E. A. (1988), Novel regulators
of bone formation: molecular clones and activities, Science 242, 1528-1534), suggesting the existence of unknown
bone formation factors. The 7F4 protein is a potential candidate for a new bone formation factor.
[0011] The present invention also relates to the proteins functionally equivalent to 7F4 protein. One method well
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known in the art for isolating proteins functionally equivalent to the 7F4 protein is to introduce mutagenesis in the pro-
teins. For example, one skilled in the art can prepare proteins functionally equivalent to the 7F4 protein by introducing
an appropriate mutation in the amino acid sequence of the 7F4 protein (SEQ ID NO: 1 or 2) by site-directed mutagen-
esis (Hashimoto-Gotoh, T., Mizuno, T., Ogasahara, Y., and Nakagawa, M. (1995), An oligodeoxyribonucleotide-directed
dual amber method for site-directed mutagenesis, Gene 152, 271-275; Zoller, M. J. and Smith, M. (1983) Oligo-nucle-
otide-directed mutagenesis of DNA fragments cloned into M13 vectors, Methods Enzymol. 100, 468-500; Kramer, W.,
Drutsa, V., Jansen, H. W., Kramer, B., Pflugfelder, M., and Fritz, H. J. (1984), The gapped duplex DNA approach to oli-
gonucleotide-directed mutation construction, Nucleic Acids Res. 12, 9441-9456; Kramer W. and Fritz H. J. (1987) Oligo-
nucleotide-directed construction of mutations via gapped duplex DNA Methods. Enzymol. 154, 350-367, Kunkel, TA
(1985) Rapid and efficient site-specific mutagenesis without phenotypic selection, Proc. Natl. Acad. Sci. USA. 82, 488-
492). Mutation of amino acids could occur in nature, too. The protein of the present invention includes those comprising
amino acid sequences of the 7F4 protein in which one or more amino acids are mutated and functionally equivalent to
the 7F4 protein. From the functional aspect, amino acids to be mutated are usually 30 residues or less, preferably 15
residues or less, more preferably 5 residues or less, and still preferably, 3 residues or less.

[0012] An alternative method known in the art to isolate functionally equivalent proteins is, for example, the method
using a hybridization technique (Sambrook, J. et al., Molecular Cloning 2nd ed. 9.47-9.58, Cold Spring Harbor Lab.
Press, 1989). One skilled in the art can readily isolate DNA having high homology with a whole or part of the DNA
sequence (SEQ ID NO: 3) encoding the 7F4 protein, and isolate functionally equivalent proteins to the 7F4 protein from
the isolated DNA. The proteins of the present invention include those encoded by DNA that hybridizes with a whole or
part of the DNA sequence encoding the 7F4 protein and functionally equivalent to the 7F4 protein. These proteins
include a homologue of mammals corresponding to the protein derived from mouse (for example, a protein encoded by
a human gene detected by Northern blotting described in Example 3). Generally, the proteins obtained by the hybridi-
zation technique show high homology with the 7F4 protein in the amino acid sequence. "High homology" means 40%
or more, preferably 60% or more, and more preferably 80% or more homology.
[0013] The term "protein functionally equivalent to 7F4 protein" used herein means proteins having the activity to
induce differentiation of osteocytes like the 7F4 protein. The term "activity to induce differentiation of osteocytes" used
herein means the activity to decrease the cell proliferation rate of osteocytes and alter the morphology of the cells. This
activity can be detected by, for example, morphological observation of osteocytes under a microscope and an assay of
alkaline phosphatase activity that is usually used as a marker for differentiation of osteocytes (N. C. Partrige, D. Alcorn,
V. P. Michelangeli, G. Ryan & T. J. Martin (1983) Cancer Res. 43, 4308-14, Morphological and biochemical characteri-
zation of four clonal osteogenic sarcoma cell lines of rat origin; J. K. Burns & W. A. Peck (1978) Science 199, 542-4,
Bone cells: a serum-free medium supports proliferation in primary culture). The alkaline phosphatase activity can be
measured by disrupting cells by, for example, ultrasonocation to obtain cell extract, incubating the extract with p-nitro-
phenyl phosphate which is a substrate of alkaline phosphatase, and measuring the quantity of p-nitrophenol produced
with a spectrophotometer. Alternatively, the activity can be determined by detecting indicators such as osteocalcine or
collagen type I.
[0014] The protein of the present invention can be prepared as recombinant proteins or natural proteins by methods
known in the art. For example, recombinant proteins can be prepared by expressing a part of the protein of the invention
excluding the region necessary for the protein to bind to the membrane, allowing cells to secrete the protein, recovering
the culture supernatant of these cells, concentrating the supernatant, and purifying the protein by chromatography uti-
lizing ion exchange, reverse phase, or gel filtration, or by affinity chromatography with a column in which the antibodies
against the protein of the present invention are fixed, or by combination thereof. Alternatively, the protein of the invention
can be prepared by expressing the protein in host cells (e.g., animal cells or E. coli) as a fusion protein with gultathione
S transpherase protein, or a recombinant protein with multiple histidine residues. The expressed protein can be purified
using a gultathione column or nickel column. Furthermore, if necessary, regions of the fusion protein excluding the
desired protein can be digested and removed with tronbin or factor Xa. The protein of the invention can be isolated in
the natural form by, for example, purifying the cell extract containing the protein of the invention with an affinity column
to which the antibody of the present invention described below is bound.
[0015] The present invention relates to DNA encoding the above-described protein of the invention. Any type of DNA,
such as cDNA synthesized from mRNA, genomic DNA or synthetic DNA, can be used as long as DNA encodes the pro-
tein of the present invention. The DNA of the present invention can be prepared by constructing a cDNA library from the
cells expressing the protein of the invention and conducting hybridization using a part of the DNA sequence of the
present invention (for example, DNA shown in SEQ ID NO: 3) as a probe. Alternatively, the DNA of the present invention
can be obtained by preparing RNA from the cells expressing the protein of the invention, synthesizing oligo-DNAs
based on the DNA sequence of the invention (for example, DNA sequence shown in SEQ ID NO: 3), and performing
PCR using the oligo-DNAs as primers to amplify cDNA encoding the protein of the invention. The DNA of the present
invention can be used for producing the protein of the invention as a recombinant protein. When the DNA encoding the
protein of the invention is defective, it can be applied to functional inhibition by antisense or gene therapy for replacing
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the defective gene with a normal one.

[0016] The present invention also relates to a vector into which the DNA of the present invention is inserted. The vec-
tor of the present invention is not particularly limited. When E. coli is a host cell and the vector is amplified and produced
in a large amount in E. coli (e.g., JM109, DH5α, HB101, or XL1Blue), the vector should have "ori" to be amplified in E.
coli and a marker gene for selecting transformed E. coli (e.g., a drug-resistance gene selected by a drug (e.g., ampicil-
lin, tetracycline, kanamycin, or chloramphenicol). For example, M13-series vectors, pUC-series vectors, pBR322,
pBluescript, pCR-Script, etc. can be used. pGEM4-T, pDIRECT, and pT7 can also be used for subcloning and extracting
cDNA as well as the vectors described above, when a vector is used to produce the protein of the present invention, an
expression vector is especially useful. For example, an expression vector to be expressed in E. coli should have the
above characteristics to be amplified in E. coli. When E. coli, such as JM109, DH5α, HB101, or XL1 Blue, are used as
a host cell, the vector should have a promoter (e.g., lac, T7) that can efficiently express the desired gene in E. coli.
Other examples of the vectors are pGEM, pEGFP, or pET (a host cell is BL21 expressing T7 RNA polymerase).
[0017] In order to express the vector in animal cells, such as CHO, COS, or NIH3T3 cells, the vector should have a
promoter necessary for expression in such cells (e.g., SV40, MMLV-LTR, EF1α, or CMV promoter) and preferably a
marker gene for selecting transformants (for example, a drug resistance gene selected by a drug (e.g., neomycin,
G418)). Examples of the vectors with these characteristics include pMAM, pDR2, pBK-RSV, pBK-CMV, pOPRSV, and
pOp13.
[0018] As a host-vector system for amplifying the copy number in cells, CHO cells deficient in nucleic acid synthetic
pathways are used as a host, and a vector (such as pCHOI) with a DHFR gene that compensates for the deficiency is
inserted in the cells. The vector can be amplified using methotrexate (MTX). For temporary expression, COS cells
which have SV40 T antigen on the chromosomes can be transformed with a vector (such as pcD) having SV40 replica-
tion origin.
[0019] The DNA of the invention can be expressed in animals by, for example, inserting the DNA of the invention into
an appropriate vector and introducing the vector into a living body by the retrovirus method, liposome method, cationic
liposome method, or adenovirus method. Any vector can be used without limitation. pAdexLcw or pZLPneo is preferably
used. General genetic manipulation, such as insertion of the DNA of the invention into a vector, can be performed by
conventional methods (Molecular cloning, 5.61-5.63).
[0020] The present invention relates to a host cell into which the vector of the present invention has been introduced.
The host cell into which the vector of the invention is introduced is not particularly limited. E. coli or various animal cells
can be used. Examples of E. coli are JM109, DH5α, and HB101; examples of animal cells are CHO cells, COS cells,
3T3 cells, and Hela cells. CHO cells are particularly preferable for high-level expression.
[0021] Various cells can be used for in vivo expression of the DNA of the invention without limitation. For gene therapy
of bone disorders, cells such as mesenchymal cells or osteoblasts collected from a living body are suitably used as tar-
get cells.
[0022] The vector can be introduced into the host cell by the calcium phosphate method, the DEAE-dextran method,
electroporation, or lipofection.
[0023] The present invention relates to an antibody that binds to the protein of the invention. The antibody of the inven-
tion can be used in any form, such as monoclonal or polyclonal antibodies, and includes antiserum obtained by immu-
nizing a rabbit with the protein of the invention, all classes of polyclonal and monoclonal antibodies, human antibodies,
and humanized antibodies produced by genetic recombination. For example, the antibody of the present invention can
be prepared as follows. Polyclonal antibodies can be prepared by immunizing small animals such as rabbits with the
protein of the invention to obtain serum, obtaining the fraction exclusively recognizing the protein of the invention using
an affinity column coupled with the protein of the invention, and purifying immunoglobulin G or M from the fraction using
a protein A or protein G column. Monoclonal antibodies can be prepared by immunizing small animals such as mice
with the protein of the invention, excising the spleen from the animal, homogenizing the organ into cells, fusing the cells
with mouse myeloma cells using a reagent such as polyethylene glycol, selecting clones that produce antibodies
against the protein of the invention from the fused cells (hybridomas), transplanting the obtained hybridoma into the
abdominal cavity of a mouse, and extracting ascites from the mouse. The obtained monoclonal antibodies can be puri-
fied by, for example, ammonium sulfate precipitation or by column chromatography using a protein A or protein G col-
umn, a DEAE ion exchange column, or an affinity column to which the protein of the invention is coupled. The antibody
of the invention can be used for purifying and detecting the protein of the invention. It can also be used for antibody ther-
apy of bone disorders. In antibody therapy, human antibodies or humanized antibodies are preferred to minimize immu-
nogenicity.
[0024] The present invention relates to a method for screening a compound that binds to the protein of the invention
and to a compound (such as a ligand, an agonist, or an antagonist) obtainable by this screening method.
[0025] One embodiment of the screening method comprises the steps of (a) bringing a test sample into contact with
the protein of the invention and (b) selecting a compound that binds to the protein of the invention. Any sample can be
used for this screening method without limitation. Examples are cell extract, culture supernatant, proteins, peptides, or
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synthetic low molecular compounds. The protein of the invention can be, for example, a purified protein, the expressed
form on the cell membrane, or a cell membrane fraction. Such a protein can be contacted with a test sample. The bind-
ing activity of the sample to the protein of the invention can be determined by, for example, methods known in the art
as described below.

[0026] Another embodiment comprises the steps of (a) bringing a test sample into contact with the protein of the
invention expressed on the cell surface, (b) detecting osteocyte differentiation inducing activity of the protein of the
invention, and (c) selecting a compound promoting or inhibiting osteocyte differentiation inducing activity of the protein
of the invention in comparison with the activity detected in the absence of a test sample. Cells which do not produce a
ligand binding to the protein of the invention are preferably used as the cells for expressing the protein of the invention.
The protein of the invention can be expressed on the cell surface by, for example, inserting the DNA encoding the pro-
tein of the invention into an appropriate vector and inserting the vector into a cell. The osteocyte differentiation inducing
activity of the protein of the invention can be measured by morphological observation of osteocytes under a microscope
or assay of alkaline phosphatase activity, which is generally used as an osteocyte differentiation marker (N. C. Partrige,
D. Alcorn, V. P. Michelangeli, G. Ryan & T. J. Martin (1989) Cancer Res. 43, 4308-14, Morphological and biochemical
characterization of four clonal osteogenic sarcoma cell lines of rat origin; J. K. Burns & W. A. Peck (1978) Science 199,
542-4, Bone cells; a serum-free medium supports proliferation in primary culture). The alkaline phosphatase activity
can be determined by, for example, disrupting cells by ultrasonication, obtaining cell extract, incubating the extract with
p-nitrophenol phosphate which is a substrate of alkaline phosphatase, and determining the quantity of p-nitrophenol
produced with a spectrophotometer. The activity can also be measured using Osteocalcine or collagen type I as an indi-
cator.
[0027] Specifically, the screening method can be performed as described below. A ligand to the protein of the inven-
tion can be isolated using the protein by preparing a cDNA library in phage vectors (such as λgt11 and ZAP) from the
cells, which is predicted to express ligands (e.g., osteoblast cell lines such as KUSA, ROS17/2.8, UMR106-01,
UMR106-06, MC3T3E1, HOS-TE85, MG63, SaOS2, UMR206, RCT1, and C3H10T1/2, or fibroblast cell lines such as
OP9, stroma cells, and NIH3T3), expressing the cDNA library on LB-agarose, fixing the expressed proteins on the filter,
and purifying the protein of the invention labeled with biotin or fused with GST protein. The purified protein is then
reacted with the above-described filter, and plaques expressing the protein binding to the filter are detected using
streptavidin or anti-GST antibody by the West Western blotting method (Skolnik, E. Y., Margolis, B., Mohammadi, M.,
Lowenstein, E., Fischer, R., Drepps, A., Ullrich, A., and Schlessinger, J. (1991) Cloning of PI3 kinase-associated p85
utilizing a novel method for expression/cloning of target proteins for receptor tyrosine kinases. Cell 65, 83-90). The lig-
ands of the present invention can also be prepared by the two hybrid system ("MATCHMARKER Two-Hybrid System"
(Clontech), "Mammalian MATCHMAKER Two-Hybrid Assay Kit" (Clontech), "MATCHMAKER One-Hybrid System"
(Clontech), or "HybriZAP Two-Hybrid Vector System" (Stratagene). References: "Dalton, S. and Treisman, R. (1992)
Characterization of SAP-1, a protein recruited by serum response factor to the c-fos serum response element. Cell 68,
597-612"). Namely, the protein of the invention is fused to the SRF binding region or GAL4 binding region and the fused
protein is expressed in yeast cells. A cDNA library is prepared from cells predicted to express a ligand so as to express
the ligand fused to the VP16 or GAL4 transcriptional activation region. The above cDNA library is introduced into the
above yeast cells. cDNA derived from the library is isolated from positive clones, introduced in E. coli cells, and
expressed in the cells (when a protein that binds to the protein of the present invention is expressed in yeast cells, the
binding of the two proteins activates the reporter gene to thereby detect positive clones). Alternatively, the ligand of the
invention can be prepared by the direct expression cloning method (Yokota, T., Otsuka, T., Mosmann, T., Banchereau,
J, DeFrance, T., Blanchard, D., De Vries, J. E., Lee, F., and Arai, K. (1986) Isolation and characterization of a human
interleukin cDNA clone, homologous to mouse B-cell stimulatory factor 1, that expresses B-cell- and T-cell-stimulating
activities, Proc. Natl. Acad. Sci. USA 83, 5894-5898). Namely, the protein of the invention is expressed in cells in which
no corresponding ligand is expressed. An expression cDNA library is constructed from cells that are predicted to
express a ligand and introduced into cells such as COS to obtain a culture supernatant. The resulting supernatant is
added to the above-described cells expressing the protein of the invention, and the ligand is detected by using some
changes of the cells as an indicator (e.g., proliferation rate, cell morphology, expression of alkaline phosphatase, etc.).
The ligand of the invention can also be prepared by applying the culture supernatant of cells that is expected to express
the ligand of the invention to an affinity column in which the protein of the invention is fixed to purify the protein that spe-
cifically binds to the column. DNA encoding the ligand can be prepared by analyzing the amino acid sewence of the
obtained protein (ligand), synthesizing oligo DNA based on the sequence, and screening a cDNA library using the oligo
DNA as a probe. The term "ligand" used herein means a protein, which binds to the protein of the present invention
expressed on the cell membrane to activate its function.
[0028] Using the protein of the present invention, an agonist and an antagonist to the protein of the invention can be
isolated by methods well known in the art, for example, by the method in which compounds, natural substance banks,
or a random phase peptide display library is contacted with the immobilized protein of the invention and the binding mol-
ecules are screened, or by the screening method using high-throughput based on combinatorial chemistry techniques
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(Wrighton, N. C., Farrell, F. X., Chang R., Kashyap A. K., Barbone F. P., Mulcahy L. S., Johnson D. L., Barrett R. W.,
Jolliffe L. K., and Dower W. J., Small peptides as potent mimetics of the protein hormone erythropoietin, Science
(UNITED STATES), Jul 26, 1996, 273 p458-64; Verdine G.L., The combinatorial chemistry of nature, Nature (ENG-
LAND), Nov 7, 1996, 384, p11-13; Hogan J. C. Jr., Directed combinatorial chemistry, Nature (ENGLAND) Nov 7, 1996,
384, p17-9). The term "agonist" used herein means a molecule that produces similar phenomena to those produced by
the binding of the protein of the invention to the ligand of the invention (activation of the protein of the invention) and that
can specifically bind to the protein of the invention. The term "antagonist" means a molecule that specifically binds to
the protein of the invention to inhibit its function.

[0029] Isolated ligands, agonists, and antagonists can be used as follows. Ligands, agonists, or antagonists may be
administered to induce proliferation and activation of osteoblasts, thereby increasing the quantity of bones and promot-
ing bone formation in osteoporosis or osteoarthropathy associated with aging. These substances can also be used in
anti-cancer therapy based on their regulatory function of osteocyte differentiation in osteosarcoma.

Brief Description of the Drawings

[0030]

Figure 1 shows the cDNA sequence comprising the open reading frame of clone 7F4 and its amino acid sequence.
The upper portion is the nucleotide sequence, and the lower is the amino acid sequence. Two hydrophobic regions
are underlined. Presumably, the N-terminus contains the signal sequence, and the C-terminus contains the region
that is substituted by the GPI linker.
Figure 2 compares the amino acid sequence of the extracellular region of 7F4 (upper) and that of mouse TNFR
(lower). The boxed letter indicates the consensus cysteine residues, and the other consensus amino acid residues
are underlined.
Figure 3 shows the electrophoretic pattern of the 7F4 gene expression in various mouse tissues analyzed by North-
ern blotting.
Figure 4 shows the electrophoretic patterns of the 7F4 gene expression in various human tissues analyzed by
Northern blotting.
Figure 5A shows the hydrophilicity of the 7F4 protein. The left side of the abscissa indicates the N-terminus of the
7F4 protein, and the right side shows the C-terminus. The ordinate indicates the degree of hydrophilicity. Figure 5B
shows the detected 7F4 protein on the surface of KUSA cells and the 7F4 protein on the cell surface of two clones,
in which the 7F4 protein is overexpressed and treated with PI-specific phospholipase C. The dotted lines show the
results in the untreated cells, and the solid lines show the results in the treated cells. The ordinate indicates the
number of cells, and the abscissa shows the fluorescence intensity.
Figure 6 shows the structure of molecules belonging to the TNF receptor super family. The cysteine-rich, repetitive
sequences are circled by ovals. Horizontal lines in the ovals indicate the location of the cysteine residues.
Figure 7 shows proliferation inhibition of KUSA cells by overexpression of the 7F4 gene. The proliferation rate of
KUSA cells in which 7F4 genes were overexpressed was measured by counting the number of cells with the pas-
sage of time.
Figure 8 shows the detected changes of alkaline phosphatase activity by the expression of 7F4 genes. Cell lysate
was prepared from KUSA cell transformants that overexpressed the 7F4 gene before the cells become confluent,
and intracellular alkaline phosphatase activity was measured.
Figure 9 shows the detected expression of 7F4 genes in CHO cells and transformants in which 7F4 genes were
introduced. Clones obtained by transforming CHO cells with the 7F4 expression vector were stained with the 7F4
antiserum, and the expression level was analyzed by ELITE.
Figure 10 shows the detected change of the proliferation rate of COS cells which expressed 7F4 genes. The pro-
liferation rate of COS cells which overexpressed 7F4 genes was measured by counting the number of cells with the
passage of time.

Best Mode for Implementing the Invention

[0031] The present invention will be explained in detail below with reference to examples, but is not to be construed
to be limited thereto.

Example 1 Cloning of 7F4 genes

[0032] A gene encoding the secretory membrane protein which is expressed in mouse osteoblasts KUSA was cloned
basically following the signal sequence trap (SST) method. First, pSRαTac, to be used as a vector for expressing a
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library, was constructed as follows. Plasmid pKCR.Tac-2A (purchased from RIKEN gene bank), in which a full-length
human IL-2 receptor gene is inserted, was digested with EcoRI and Eco47III to obtain the gene fragments coding the
full-length Tac. The SacI site was deleted from the expression vector for animal cells, pcD-SRα-EF (Takebe, Y., Seiki,
M., Fujisawa, J., Hoy, P., Yokota, K., Arai, K., Yoshida, M., Arai, N., Mol. Cell Biol. 8:466-472 (1988), SR alpha promoter:
an efficient and versatile mammalian cDNA expression system composed of the simian virus 40 early promoter and the
R-U5 segment of human T-cell leukemia virus type 1 long terminal repeat), and the resulting plasmid was digested with
EcoRI. The above gene fragment encoding full-length Tac was inserted into the above plasmid to construct pSRαTac.
(The Tac signal sequence region can be deleted in this plasmid by digesting with EcoRI and Sac I.) To prepare a 5'
enriched cDNA library, the first cDNA strand was synthesized from 5µg of mRNA prepared from KUSA cells using ran-
dom primers. The second strand was synthesized using primer 5'-GCGGCCGCGAATTCTGACTAACTGAC-(dG)17
(SEQ ID NO: 4) having the EcoRI site, and Taq DNA polymerase after the 5'-terminus of the primer was dc-tailed with
terminal nucleotidyl transferase. The strand was fragmented into an appropriate size by ultrasonication. The ends of the
fragment were blunted and SacI linkers were inserted into both ends (CCGCGAGCTCGATATCAAGCTTGTAC (SEQ ID
NO: 5) at the 5'-end and GGCGCTCGAGCTATAGTTCGAACATGGAG (SEQ ID NO: 6) at the 3'-end). PCR was then
performed to amplify the above cDNA fragment using the above fragment as a template and two primers (5'-GAGGTA-
CAAGCTTGATATCGAGCTCGCGG-3 (SEQ ID NO: 7) and 5'-GCCGCGAATTCTGACTAACTGAC-3' (SEQ ID NO: 8)).
After electrophoresis was performed on 1.5% agarose gel, the fragment of about 400 bp was extracted from the gel and
digested with EcoRI and SacI. This fragment was inserted between EcoRI and SacI sites of the expression vector
pSRα-TAC II prepared as described above. The resulting cDNA library was used to transform E. coli JM109, and some
pools, each pool being composed of 49 distinct clones, were prepared. Plasmids were prepared from each pool and
introduced into COS-7 cells using LipofectAMINE. The cells were detached with 0.05% EDTA/PBS after two days. The
cell surface was stained with mouse anti-IL2 receptor (Tac) IgG antibody as a first antibody and FITC-labeled goat anti-
mouse IgG antibody as a second antibody. Cells expressing the Tac protein on their surfaces were screened with flow
cytometer (ELITE). Tac-positive pools were further fractionated to prepare monoclones by repeating the above proce-
dure. Consequently, three novel clones containing the signal sequence were obtained. The first is a novel gene
"Entactin2" which shows high homology to entactin, a protein constructing the basement membrane protein. The sec-
ond is a membrane protein that penetrates five to seven times. The third is a novel protein containing cysteine repetitive
motif conserved in the TNF receptor super family (this clone is called "7F4" hereafter). Clone 7F4 is composed of only
about a 400 bp fragment.

Example 2 Cloning of whole cDNA and sequencing

[0033] To isolate longer fragments, the 7F4 gene was cloned again by plaque hybridization from a cDNA library of
KUSA cells using the above-obtained fragment as a probe. First, the KUSA cDNA library of oligo dT priming was pre-
pared from mRNA extracted from KUSA cells, following the ZAP-cDNA Synthesis Kit protocol (Stratagene). Phages to
be used for these 50,000 KUSA cDNA library clones were spread on plates and subjected to plaque hybridization using
a part of the cDNA fragment obtained by the SST method and labeled with α32P dCTP as a probe. The filter fixed with
the library was incubated in hybridization buffer (50% foramide, 5X SSPE, 5X Denhardt solution, 0.1% SDS, and 0.1
mg/ml herring sperm DNA) at 42°C for about 6 hours. The buffer was then replaced with a similar buffer but containing
the probe, and the filter was further incubated at 42°C overnight. The filter was washed in 2X SSC-0.1% SDS several
times and in 0.1X SSC-0.1% SDS twice at 60°C for 30 min to detect the label by autoradiography. The fragments
obtained from the positive clones were inserted in plasmid pBluescriptII using ExAssist helper phage (Stratagene). The
resulting plasmid contained a cDNA fragment of approximately 3 kbp in size comprising an initiation codon. The cDNA
sequence was determined by the dye termination method (with ABI PRISM sequencing kit) using primer walking. A
homology search based on the amino acid sequences deduced from the determined nucleotide sequence did not
detect any genes, showing the gene coding 7F4 is novel (Figure 1). Interestingly, clone 7F4 comprises three cysteine-
rich, repetitive motifs, which are commonly conserved in the TNF super family, following the signal sequence necessary
for expression on the membrane. These facts indicate that 7F4 is a novel membrane protein belonging to the TNF
receptor super family (Figure 2).

Example 3 Northern blotting

[0034] Mouse multiple northern (MTN) blot (CLONTECH) and human MTN blot (CLONTHEH) were used as a filter
for mice and humans, respectively. The regions comprising ORF of 7F4 cDNA (nucleotide number 120-480) were
labeled with α32P by multiprime labeling to be used as a probe for the hybridization. The filter for mice was incubated
in ExpressHyb Hybridization Sol' n (CLONTECH) at 68°C for approximately 2 hours, then washed in 2X SSC-0.1% SDS
for several times and in 0.1X SSC-0.1% SDS twice at 60°C. The filter for humans was incubated in ExpressHyb Hybrid-
ization Sol'n (CLONTECH) at 68°C for approximately 4 hours, and washed twice in 2X SSC-0.05% SDS at 42°C for 10
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min. The label was then detected using BAS2000 (Fuji Film). Localized expression of 7F4 was observed in all tissues
in mice (Figure 3). In humans, 7F4 was also locally expressed, and typically, at a high level specifically in skeletal mus-
cles and the heart (Figure 4). The bands were detected at about 5 kb in both mice and humans, revealing that the
mRNA of the gene is approximately 5 kb.

Example 4 Expression and preparation of GST fusion protein

[0035] The gene encoding the extracellular region of the 7F4 gene was amplified by PCR using, as a template, plas-
mid pBluescript-7F4 containing ORF of 7F4 cDNA and two primers shown in SEQ ID NO: 9 and 10. The amplified gene
was digested with BamHI-EcoRI and inserted at the downstream of the GST gene of pGEX-2T (Pharmacia). E. coli
JM109 was transformed with this plasmid and incubated in the presence of 0.5 mM IPTG to induce the GST fused pro-
tein. The cells were collected after 3 hours and suspended in sonication buffer (25 mM Tris pH 8.0, 10 mM EDTA, 1mM
PMSF) containing 1 mg/ml lysozyme. The suspension was allowed to stand in ice for 30 min, ultrasonicated, then cen-
trifuged to obtain the supernatant. The supernatant was applied onto a Glutathione Sepharose4G Column (Pharmacia)
of Bulk GST purification Module (Pharmacia), and the protein was eluted and purified following the attached protocol.
The protein was subjected to 10% SDS PAGE and stained with Coomassie Brilliant Blue (CBB). The protein was also
detected by Western blotting using an anti GST antibody.

Example 5 Preparation of antiserum

[0036] Purified 7F4-GST fusion protein was added to PBS buffer to immunize rabbits. The first immunization was per-
formed with 600 µg/head; the second and subsequent immunizations, with 200µg/head. Immunizations were performed
at intervals of 2 weeks. After the third immunization, a small amount of blood sample was collected, and the antibody
titer was evaluated by ELISA. After the antibody titer was confirmed to be sufficiently high, the final immunization was
performed and whole blood was collected from the heart.

Example 6 Establishment of cell lines expressing the 7F4 gene

[0037] The full-length ORF of the 7F4-containining gene was amplified by PCR using the primers shown in SEQ ID
NO: 11 and SEQ ID NO: 12. The amplified product was then digested with EcoRI-BamHI. The gene fragments were
inserted downstream of the EF1α promoter in the expression vector pCOSI containing a neomycin gene as a drug
selection marker (Sato, K., Tsuchiya, M., Saldanha, J., Koishihara, Y., Ohsugi, Y., Kishimoto, T., Bendig, M. M., (1994)
Mol. Immunol. 31, 371-381, Humanization of a mouse anti-human interleukin-6 receptor antibody comparing two meth-
ods for selecting human framework regions) to construct pCOSI-7F4. After 25µg of the plasmid was digested with PvuI,
the digested products were introduced into KUSA cells (7 X 106 cells) by electroporation (1.6 kv, 25 uF, time const 0.36).
The transformants were cultured in the medium (IMDM + 10% FCS) containing 480 µg/ml of G418 for several days to
select several tens of the grown clones. The cell surfaces of these clones were stained with antiserum (X 1000) and
FITC-labeled anti-rabbit IgG (H + L), and analyzed with a flow cytometer (ELITE, COULTER). Some clones that
expressed the 7F4 gene at a higher level than that in parental KUSA cell lines were selected.

Example 7 Detection of changes in 7F4 protein expression on cell surface with phosphatidylinositol-specific phosphol-
ipase C

[0038] Hydrophobicity analysis based on the 7F4 amino acid sequence was performed using hydrophobicity analysis
software (DNASIS), and hydrophobic regions were found at the C-terminus as well as the N-terminus that contains the
signal sequence. It was also found that ORF ended at the hydrophobic region at the C-terminus (Figure 5A). This amino
acid structure implies that this molecule does not comprise the intracellular region and is a protein binding to the cell
membrane through a glycosyl-phosphatidylinositol (GPI) anchor (Ikezawa, H., Yamanegi, M., Taguchi, R., Miyashita, T.,
and Ohyabu, T. (1976) Studies on phosphatidylinositol phosphodiesterase (phospholipase C type) of Bacillus cereus, I.
purification, properties and phophatase-releasing activity, Biochim. Biophys. Acta. 450, 154-164; Low, M. G. and
Finean, J. B. (1977) Release of alkaline phosphatase from membranes by a phosphatidylinositol-specific phospholi-
pase C, Biochem. 167, 281-284; Low, M. G. and Saltiel, A. R. (1988) Structural and functional roles of glycosyl-phos-
phatidylinositol in membranes, Science 239, 268-275). KUSA cell lines overexpressing 7F4 genes (KUSA-7F4#2 for
low-level expression and KUSA-7F4#5 for high-level expression) were established. These KUSA cell line cells as well
as the original KUSA cells were treated with phosphatidylinositol-specific phospholipase C. The 7F4 protein was
stained with antiserum to analyze the quantitative change of the protein on the cell surface with a flow cytometer
(ELITE). Specifically, the cells were washed with PBS and incubated in buffer (PBS + 1% FCS) with or without phos-
phatidylinositol-specific phospholipase C (2 U/ml; Funakoshi) at 37°C for 1 hour. The number of 7F4 protein positive
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cells was lowered in both cells treated with phosphatidylinositol-specific phospholipase C (Figure 5B). This demon-
strated that 7F4 molecules on the cell surface have a structure that is digestible with phosphatidylinositol-specific phos-
pholipase C. The result indicates that the 7F4 protein is a GPI-type membrane protein expressed on the cell surface
through binding of a GPI anchor to the cell surface.

Example 8 Detection of cell proliferation and differentiation by 7F4 protein overexpression and detection of the change
of alkaline phosphatase activity

(1) Establishment of 7F4 gene-expressing cell lines

[0039] The expression vector pCOSI-7F4 (25 ug) in which the 7F4 gene is controlled by the EF1α promoter was
digested with PvuI, and the digested products were introduced into KUSA (7 X 106 cells) or CHO cells by electropora-
tion (1.6 kv, 25uF, time const 0.36). The cells were cultured for several days in a medium (IMDM + 10% FCS or α-MEM
+ 10% FCS) containing 480 µg/ml of G418. Several tens of developed clones were collected. The cell surfaces of these
clones were stained with 7F4 antiserum (X 1000) and FITC-labeled anti-rabbit IgG (H + L) then analyzed with a flow
cytometer (ELITE). Some clones in which the expression of 7F4 was higher than that in parental KUSA or CHO cells
were selected. Transformant #2, in which pCOSI-7F4 was introduced and which weakly expressed the 7F4 protein, and
transformant #11, in which pCOSI-7F4 was introduced and which strongly expressed the protein, were obtained. The
morphology of these transformants was markedly changed after the continued culture. Parental KUSA cells are char-
acterized by the oval and fibroblast-like form. In contrast, transformants expanded and contained more projections.

(2) proliferation analysis

[0040] 5 X 103 KUSA cells and 1 X 103 CHO cells were cultured in each well of a 12-well plate. The cells were
detached from the plate in the course of time and counted. The expression level of exogenous 7F4 was the highest in
transformant #11, moderate in #8 and #5, and the lowest in #2. The proliferation rate of these transformants was low-
ered in correlation with the expression level of exogenous 7F4, compared to the parental cells (Figure 6). These results
revealed that high-level expression of 7F4 genes in KUSA cells induced the osteoblast form of the cells.

(3) Alkaline phosphatase activity assay

[0041] The cells were cultured in six wells, washed twice in PBS, and detached in 700 µl of sonication buffer (50 mM
Tris (pH 7.2), 0.1% Triton X-100). The cells were lightly disintegrated by ultrasonication and centrifuged at 15,000 rpm
for 15 min. The protein concentration was measured by a protein assay kit (Bio-Rad). Incubation buffer (0.1 M 2-amino-
2-methyl-1-propanol/HCl (pH 10.5), 2 mM MgCl2) containing 20 mM p-nitrophenolphosphate as a substrate was added
to 2 to 20 µg of the cell lysate in an equivalent amount, and the mixture was incubated at 37°C for 30 min. After NaOH
was added to 0.1 N to stop the reaction, the produced p-nitrophenol was colorimetrically determined at OD405. Paren-
tal KUSA and transformants #2 and #11 were cultured and, when the cells became about 80% confluent, namely at the
proliferation stage, cell lysate was prepared to determine intracellular alkaline phosphatase activity, which is a marker
for differentiation of osteoblasts. As a result, the alkaline phosphatase activity was increased in correlation with the
expression level of exogenous 7F4 (Figure 7).
[0042] The same experiment was conducted using CHO cells. Similar to KUSA cells, pCOSI-7F4 was introduced into
CHO cells, and several cell lines which overexpressed exogenous 7F4 were established (Figure 8). The effects of over-
expression of 7F4 on the proliferation rate of transformants were analyzed. Contrary to expectations, high expression
of the 7F4 gene did not affect proliferation of CHO cells at all (Figure 9). No change of cell morphology was observed.

Industrial Applicability

[0043] The present invention provides a novel secretory membrane protein which belongs to the TNF super family
and is thought to be involved in differentiation or the like phenomena of osteoblasts, a gene encoding said protein, a
vector into which said gene has been introduced, a host cell carrying said vector, and an antibody against said protein.
The invention also provides a method for screening a drug candidate using said protein. The proteins, genes, and anti-
bodies of the present invention and the compounds isolated by the screening method of the invention can be used as
medicines. The number of patients suffering from bone disorders, such as osteoporosis, is predicted to increase with
the aging of society. The proteins of the invention would be involved in differentiation and activation of osteoblasts,
which are important for bone formation. The proteins of the present invention, the antibodies, and ligands against the
proteins can thus contribute to treating bone disorders and to clarifying the mechanism of bone formation.
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Claims

1. A protein comprising the amino acid sequence of SEQ ID NO: 1 or 2, or the same sequence in which one or more
amino acids are replaced, deleted, or added, and having activity to induce differentiation of osteocytes.

2. A protein encoded by a DNA hybridizing the DNA comprising the nucleic acid sequence of SEQ ID NO: 3, and hav-
ing activity to induce differentiation of osteocytes.

3. A DNA encoding the protein of SEQ ID NO: 1 or 2.

4. A vector in which the DNA of claim 3 is inserted.

5. A host cell carrying the vector of claim 4.

6. An antibody binding to the protein of claim 1 or 2.

7. A method for screening a compound that binds to the protein of claim 1 or 2, wherein said method comprises the
steps of

(a) bringing a test compound into contact with the protein of claim 1 or 2, and
(b) screening a compound that binds to the protein of claim 1 or 2.

8. A method for screening a compound that promotes or inhibits the osteocyte differentiation-inducing activity of the
protein of claim 1 or 2, wherein said method comprises the steps of

(a) bringing a test compound into contact with the protein of claim 1 or 2 expressed on the cell surface,
(b) detecting the osteocyte differentiation inducing activity of the protein of claim 1 or 2, and
(c) screening a compound that promotes or inhibits the osteocyte differentiation inducing activity of the protein
of claim 1 or 2, in comparison with the assay in the absence of the test compound.

9. A compound that binds to the protein of claim 1 or 2, wherein said protein is obtainable by the method of claim 7.

10. A compound that promotes or inhibits the osteocyte differentiation inducing activity of the protein of claim 1 or 2,
wherein said protein is obtainable by the method of claim 8.

11. The compound of claim 9 or 10, wherein said compound is naturally occurring.

12. The compound of claim 9 or 10, wherein said compound is a ligand.

13. The compound of claim 9 or 10, wherein said compound is an agonist.

14. The compound of claim 9 or 10, wherein said compound is an antagonist.
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