ANTIBODY TARGETING OSTEOCLAST-RELATED PROTEIN SIGLEC-15

[Technical Field]

The present invention relates to a substance useful as
a therapeutic and/or preventive agent for abnormal bone
metabolism, a method of screening a substance useful as a
therapeutic and/or preventive agent for abnormal bone
metabolism, a method of detecting abnormal bone metabolism,
and a method of treating and/or preventing abnormal bone

metabolism.

[Background Art]

Bone is known to be a dynamic organ which is continuously
remodelled by repeated formation and resorption so as to change
its own morphology and maintain blood calcium levels. Healthy
bone maintains an equilibrium between Dbone formation by
osteoblasts and bone resorption by osteoclasts, and the bone
mass 1s maintained constant. In contrast, when the
equilibriumbetween bone formation and bone resorption is lost,
abnormal bone metabolism such as osteoporosis occurs
(Endocrine Reviews, (1992) 13, pp. 66-80, Principles of Bone
Biology, Academic Press, New York, (1996) pp. 87-102,).

As factors which regulate bone metabolism, many systemic
hormones and local cytokines have been reported, and these
factors collaborate with one another to form and maintain bone

(Endocrine Reviews, (1992) 13, pp. 66-80,



Endocrinclogical Review, (1286} 17, pp. 308-332). As a change
in bone tissue due to aging, The cccurrence of osteoporosis
is widely known, but the mechanism of 1ts occurrence
encompasses various factors such as a decrease in secretion
of sex hormoneé and an abnormality in the receptors for the
hormenes, variation in cytokine expression locally in bone,
expression of aging genes, and osteoclast or csteoblast
differentiation failure cor dysfunction, and thus, it 1is
difficult to consider 1t as a simple age~related physioclogical
phenomenon. Primary ostecporosis i1s largely divided into
postmencpausal ostecoporosis due to a decrease in gsecretion of
estrogen and senile osteoporosis dus to aging, but advancement
of basic research on the mechanisms o©f regulation of bone
formation and bone resorption is essential to slucidate the
mechanism cf 1ts occurrence and to develop a therapeutic agent
therefor.

Osteoclasts are multinucieated cells derived from
nematopoietic stem cells, and by releasing chloride ions and
hydrogen ions onl a bone surface to which osteoclasts adhere,
ostecclasts acidify a gap between the bone surface and the
osteoclasts and alsc secrete cathepsin K which is an acid
protease or the like (American Journal of Physiology, (1891)
260, Cl1l315-Cl1324). This causes degradation of calcium
phosphate, activation of acidproteases and degradation of bone

matrix proteins, resulting in bone resorption.



Csteoclast precursor cells have been found to be
differentiated into ocostecclasts by stimulation with RANKL
(receptor activator of NF-xB ligand) expressed on the cell
membrane of osteoblasts/stromal cells present on the surface
of bone {Proceedings of the Naticonal Academy of Science of thes
United States of America, (1998) 85, pp. 3587-3602, Cell,
(1998) 93, pp. 165-176). It has been revealed that RANKL is
a membrane protein preduced by osteoblasts/stromal cells, its
expressicn being regulated by a bone resorption factor, RANKL
induces differentiation of cstecclast precursor cells into
multinucleated osteoclasts, and the like (Proceedings ¢f the
National Academy of Science of the United States of America,
(1998) 95, pp. 3597-3602, Journal of Bone and Mineral Research,
’(1998) 23, 8222y . Further, knockout mice devold of RANKL have
been found to develop an ostecpetrosis-like disease, and
therefore, RANKL has been proved to be a physiokoéical
osteoclast differentiation-inducing factor (Nature, {1899)
397, pp. 315-323).

As drugs for treating bone metabolism disesases or
shortening the duraticn of treatment, bisphosphonates, active
vitamifz D3, calcitenin and derivatives therecof, hormone
preparations such as estradicl, SERMs (selective estrogen
raeceptor modulators), ipriflavone, vitamin K: (menatetrenone),
PTH (parathyroid hormone) preparations, calcium preparations

and the like are used. However, these drugs do not alwavs
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exhibit a satisfactory therapeutic effect and the development
of an agent with a more potent therapeutic effect has been
demanded.

The cell membranes of Iimmune cells are covered with a
dense coating of various glycans, such as sialic acid, which
are reccgnized by  variocus glycan~binding proteins.
Sialic—acid—bindingimmunoglobulin—likelectins{hereiﬁafter
referred to as “siglecs”) are a family of type I membrane
proteins which recognize sialyiated glycans and bind thereto.
Many siglecs are expressed on the cell membranes of immune ¢cells
and recognize sialic acid similarly present on the cell
mempbranes of immune cells and regulate cell interaction or cell
function and are considersd to be invelved in tThe immune
response (Nature Reviewé Immunology, (2007) 7, pp. 255-266).
However, tThere are also a lot c¢f siglec molecules whose
physiolcegical functicns have not been elucidated vyet.
Siglec—-15 (Sizlic-acid binding immunoglobulin~-like lectin 15}
is a molecule which has been newly reported to belong to the
Siglecs (Glycobiclogy, (2007) 17, pp. B28-846) and is identical
tc a molecule called CD33L3 (CD33 molecule-like 3). This
molecule ishighly evelutionarily conserved from £ish to humans
and has been found to be strongly expressed in dendritic cells
and/or macrophages of numan spleen and lymph nedes. Further,
as a result of a binding test using a sialic acid probe, it

has alsc Dpeen found that human Siglec-l5 binds to



NeubAcaZ-6GalNAc, and that mouse Siglec-15 binds to
NeubAcuZ-3Galffl-4Glc in addition toe  NeubAcw2-6GalNAc
{(Glycobiology, (2007) 17, pp. 838-846). Until recently, the
physiological role of Siglec-15 was not revealed, however, it
has been repcrted that the expression of Siglec-15 increases
with the differentiation and maturation of osteoclasts, and
the differentiation of ostecclasts 1s inhibited by decreasing
the expression of Siglec~l1l5 by RNA interference (WO
2007/083042). However, the effect of an anti~Siglec-15

antibody on osteoclast differentiation has not been elucidated

yet.

[Disclosure of the Invention]
[Problems that the Invention 1s to Sclve]

An object of the invention is to provide: a gene which
is specifically expressed in various fbrms of abnormal bones
metabolism such as bone destruction which are =een in
osteoporosis, rheumatoid arthritis, cancer metastasis to bone
or the like; a substance which inhibits the differentiation
andmaturation ¢f osteoclasts and the activity thereof; a novel
method for screening a therapeutic and/or preventive agent for
abnormal bone metabolism; a substance which inhibits the
differentiaticn and maturation of osteoclasts and the activity
thereof; and a therapeuticand/or preventive agent for abnormal

bone metabolism.



[Means for Solving the Problems]

The present inventors studied to elucidate the mechanisn
of osteoclast differentiation, maturation and activation in
order to find a substance having a therapeutic and/or
preventive effect on abnormal bone metabolism. As a result,
they found that the expression of the Siglec-15 gene increases
with the differentiation andmaturation of ostecclasts and also
found that the differentiation of osteoclasts is inhibited by
an antibody which specifically binds to Siglec-15, and thus,
the invention has been completed.

That is, the inventicon includes the fellowing
inventions.

(1)Anantibodywhichspecificallyrecognizesoneorﬂmre
polypeptides comprising an amino acid sequence described in
any one of the following (a) to (i) and inhibits osteoclast
formationand/orosteoclasticboneresorption,cnfafunctional
fragment of the antibody:

(a} an amino acid sequence represented by SEQ ID NC: 2
in the Sequence Listing;

(b} an amino acid sequence consisting of amino acid
residues 21 to 328 of the amino acid sequence represented by
SEQ ID NO: 2 in the Sequence Listing;

(c) an amino acid sequence consisting of amino acid
residues 1 to 260 of the amino acid sequence represented by

SEQ ID NO:



2 in the Sequence Listing;

(d) an amino acid sequence consisting of amino acid
residues 21 to 260 of the amino acid seguence represented by
SEQ ID NO: 2 in the Sequence Listing;

{e) an amino acid sequence represented by SEQ ID NO: 4
in the Sequence Listing;

(f) an amino acid sequence consisting of amino acid
residues 21 to 341 of the amino acid sequence represented by
SEQ ID NO: 4 in the Sequence Listing;

(g} an aminc acid sequence consisting of amino acid
residues 1 to 258 of the aminc acld sequence represented by
SEQ ID NO: 4 in the Sequence Listing;

(h) an amino acid sequence consisting of amino acid
residues 21 to 258 of the aminc acid sequence represented by
SEQ ID NO: 4 in the Sequence Listing; and

{1} an amino acid seguence including substitution,
deletion or addition of one or several amino acid residues in
the amino acid sequence described in (a) to (h).

(2} An antibody which specifically recognizes cone or more
polypeptides comprising an amino acid sequence encoded by a
nucleotide sequence described in any one of the following (7)
to (n) and inhibits osteoclast formation and/or ostecclastic
bone resorption, or a functional fragment of the antibody:

(1) a nucleotide seqguence represented by SEQ ID NO: 1;

{k} & nucleotide sequence represented by SEQ ID NO: 3;



(1) a nucleotide seguence represented by SEQ ID NO: 19;
{m} a nucleotide seguence represented by SEQ ID NO: 43;
and |

(ny a nucleotide sequence of a polynucleotide which
hybridizes to a polynuclectide comprising a nucieotide
seguence complementary to the nucleotide seguence described
in (3) to (m) under stringent conditions.

(3) The antibody or a functional fragment of the antibody
according to (1) or (2} which inhibits the process of cell
fusion of ostecclasts.

(4) The antibody or a functiocnal fragment of the antibody
according to any cne of (1) to (3) which inhibits ostecclast
formation induced by TNF-o.

(5) The antibody or a functional fragment of the antibody

ccording to any one of (1) to (4) which inhibits in vitro
osteoclast formation at a concentration of 30 ug/ml or less.

{6; The antibody or a functional fragment of the antibedy
according to {(5) which inhibits in vitro costeoclast formation
at a concentration of 3 pg/ml or less.

{7} The antibody or a functional fragment of the antibody
according te (6) which inhibits in vitro ostecclast formation
at a concentration of 1 pg/ml or less.

(8) The antibody or a functional fragment of the antibody
according to (7) which inhibits in vitro osteoclast formaticon

at a concentration of from 63 ng/ml to 1 pg/ml.
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(9) The antibody or a functional fragment of the antibody
according te any one of (1) to {4) which inhibits osteoclastic
bone resorption.

{10) The antibody or a functional fragment of the
antibody according to (9) which inhibits in vitro ostecclastic
bone resorption at a concentration of 3 ug/ml or less.

{11} The antibody or a functional fragment of the
antibody according to (10} which inhibits in vitro osteoclastic
bone.resorptioneﬂ:a.concentrationcﬁ?fromCJQBHg/nd_tOZBNg/ml.

(12} The antibody or a functional fragment of the
antibody according to any cne of (1) to (11) which is obtained
by a method comprising the foliowing steps 1) and 2):

1) a step of producing an antibody which specifically
recognizes one or more polypeptides comprising an amino acid
sequence described in any one of the following (a) to (i}:

{a) an amino acid sequence represented by SEQ ID NO: 2
in the Sequence Listing;

(b) an amino acid sequence consisting of amino acid
residues 21 to 328 of the aminc acid seguence represented by
SEQ ID NC: 2 in the Sequence Listing;

(c) an amino acid sequence consisting of amino acid
residues 1 to 260 of the amino acid sequence represented by
SEQ ID NO: 2 in the Sequence Listing;

{d) an amino acid sequence consisting of amino acid
residues 21 to 260 of the amino acid sequence represented by

SEQ ID NO:
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2 in the Sequence Listing?

(e} an amino acid sequence represented by SEQ ID NO: 4
in the Seguence Listing;

(f} an amino acid sequence censisting of amine acid
residues 21 to 341 of the amino acid sequence represented by
SEQ ID NO: 4 in the Seguence Listing;

{g) an amino acid seguence consisting of amino acid
residues 1 to 258 of the amino acid sequence represented by
SEQ ID NO: 4 in the Sequence Listing;

{(h) an amino acid sequence consisting of amino acid
residues 21 to 258 of the amino acid sequence represented by
SEQ ID NO: 4 in the Seqﬁence Listing; and

(1) an amino acid sequence including substitution,
deletion or addition of one or several amino acid residues in
the amino acid sequence described in (a) to (h); and

2) & step of screening an antibody which exhibits an
inhibitory activity against osteoclast formation and/or an
inhibitory activity against bone resorption.

{13} The antibody or a functional fragment of the
antibody according to any one of (1) to {11) which is obtained
Ly a method comprising the following steps 1) and 2):

1) a step of producing an antibody which specifically
recognizes one or more polypeptides comprising an aminoc acid

sequence encoded by a nucleotide sequence described in any one

of the following (3) to (n):



(1) a nucleotide seguence represented by SEQ ID NO: 1;

nucleotide seguence represented by SEQ ID NO: 3;

o
oy

{1y a nucleotide seguence represented by SEQ ID NO: 19;

(m} a2 nucleotide segquence represented by SEQ ID NO: 43;
and

(n) a nucleotide sequence of a polynucleotide which
hybridizes to a polynucleotide comprising a nuclectide
seguence complementary To tThe nucleotide sequence described
in (3} te (m) under stringent conditions; and

2) a step of screening an antibody which exhibits an
inhibitory activity against osteoclast formation and/cr an
innhibitery activity against bone resorptiocn.

(14} The antibody or a functicnal fragment of fhe
antibody according to any one of (1} to {(13), characterized
in that the antibody is a moncclional antibody.

{15) The antibedy or a functional fragment of the
antibody according te (14}, characterized by having the same
epltope specificity as an antibody produced by hybridoma #32A1
(FERM BP-100999).

{16) The antibody or a functional fragment of the
antibody according to (14}, characterized by competing with
an antibody produced by hybridoma #32A1 (FERM BP-10899).

(17) The antibody or a functional £fragment of the
antibody according to (14), characterized in that the antibody

is an antibody produced by hybridoma #32A1 (FERM RP~10599).
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(18} The antibody or a functional fragment of the
antibody according to (14), characterized by having the same
epltope specificity as an antibody produced by hybridoma $#41B1
(FERM BP-11000).

(19) The antibody or a functiocnal fragment of the
antibody according to (14}, characterized by competing with
an antibody produced by hybridoma #41R1 (FERM BP-11000;.

(20) The antibody or a functional fragment of the
antibody according to (14), characterized in that the antibody
is an antibody produced by hybridoma #41B1 (FERM BP-11000).

(21} The antibody or a functional fragment of the
antibody according to any cne of (1) to (20), characterized
in that the antibody is & chimeric antibody.

(22) The antibody or a functional fragment of the
antibody according tc any one of {1) to (Z1), characterized
in that the antibody i; humanized.

(23) The antibody or a functional fragment of the
antibody accerding to any one of (1) to (16), (1B) and (19),
characterized in that the antibody i1s a human antibody.

(24} The antibody or a functiocnal Zfragment of the
antibody according to any one of (1) to (23}, characterized
in that the antibody is an IgG antibody.

(25) The functional fragment of the antibody according
to any one of (1) to (24) which is selected from the group

consisting of Fab, F(ab’)2, Fab’ and Fv.



{(Ze) The antibody according to any one of (1) to (16},
(18} and {19), characterized by being an scFv.

(27) A pharmaceutical composition characterized by
comprising at least one of the antibodies or funciicnal
fragments of the antibodies according te (1) to (26).

(28) The pharmaceutical composition according to (27},
characterized by.being'a therapeutic and/or preventive agent
Tor abnormal beone metabolism.

(29) A pharmaceutical composition for treating and/or
.px@venting abnormal bone metabolism characﬁerized by
cémpriSing at lezst one of the antibodies or functional
fragments of the antibodies according te (1) toc (26) and at

least one member selected from the group consisting of

I

bisphesphonates, active vitamin D3, calcitonin and derivative
Therecf, hormone preparations such as estradiol, SERMs
(selective estrogen receptor modulators), ipriflavons,
vitamin K {menatetrenone), calcium preparations, FTH
(parathyroid hormone) preparations, nonstercidal
anti-inflammatory agents, scluble TNI recepfor preparations,
antimTNFma antibodies or functicnal fragments of the
antibodies, anti-PTHrP (parathyroid hormone~related protein)
antibedies or functional fragments of the antibodies, IL-1
receptor antagonists, anti-IL-6 receptor antibodies or

functicnal fragments of the antibodies, anti~RANKL antibodies

or functional fragments of the antibeodies and OCIF
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(osteoclastogenesis inhibitory factor).

(30) The pharmaceutical composition according to (28)
or (29), wherein the abnormal bone metabolism is selected from
the group consisting of osteoporosis, bone destruction
accompanying rheumatoid arthritis, cancerous hypercalcemia,
bone destruction accompanying multiple myeloma or cancer
metastasis to bone, giant cell tumor, tooth loss due to
periodontitis, osteolysis around a prosthetic joint, bone
destruction in chronic osteomyelitis, Paget's disease of bone,
renal osteodystrophy and osteogenesis imperfecta.

(31) The pharmaceutical composition according to (30),
characterized in that the abnormal bone metabolism 1is
osteoporosis, bone destruction accompanying rheumatoid
arthritis or bone destruction accompanying cancer metastasis
to bone.

(32) The pharmaceutical composition according to (31),
characterized in that the osteoporosis 1is postmenopausal
osteoporosis, senile osteoporosis, secondary osteoporosis due
to the use of a therapeutic agent such as a steroid or an
immunosuppressant, or osteoporosis accompanying rheumatoid
arthritis.

(33) Amethod of treating and/or preventing abnormal bone
metabolism characterized by administering at least one of the
antibodies or functional fragments of the antibodies according

to (1) to (26).



(34) Amethedof treating and/or preventing abnormal bene
metabolism characterized by simultanecusly or successively
administering at least one of the antibodies or functional
fragments of the antibodiess according fto (1) to (26) and at
least one member selected from the group consisting of
bisphosphonates, active vitamin D, calcitonin and derivatives
therecf, hormone preparatlions such as estradiol, SERMs
(selective estrogen receptor medulators), ipriflavone,
Vitamin. K, (menatetrenocone), calcium preparations, PTH
(parathyroid hormoneg) preparations, nonstercidail
anti-infliammatory agents, soliuble TNF receptor preparations,
anti-TNF-o antibedies or functional fragments of the
antibodies, anti-PTHr? (parathyroid hormene-related protein)

antibedies or functional fragments of the antibodies, IL-1

4

aceptor antagonists, anti~-IL-6 receptor antibodies oz

functional fragments of the antibodies, anti~RANKL antiboedies

b

0]
h

unctiocnal fragments of the antibodies and OCIF
(ostecclastogenesis inhibitory factoer).

{35} The treatment and/or preventiocn method according
te (33) or (34), characterized in that the abnormal bone
metabolism is ostecporosis, bone destruction accompanying
rheumatoid arthritis or bone destruction accompanying cancesr

metastasis tTo bone.

——

30} The treatment and/or prevention method according

to {35, characterized in that the osteocoporcsis 1is
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postmenopausal osteoporosis, senile Osteoporosis, secondary
osteoporosis due to the use of a therapeutic agent such as a
stercild or an immunosuppressant, or ostecoporosis accompanying
rheumatoeid arthritis.

(37} Hybridoma #3ZA1 (FERM BP-10899).

(38) Hybridoma #41B1 (FERM BP-11000).

[Advantagse of the Invention!

According to the 1invention, & therapeutic and/or
prevenitive agent for abnormal bone metabolism whose mechanism
of action is tTo inhibit the differentiation and maturation of

£
7

cstecclasts ang the activity thereof can be obtained.

)
a
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Description of the Drawingsi
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Fig. 1 shows graphs depicting an expression profile
analysis for RANK, RANKL, cathepsin K, and TRAP genes in human

tumor tigsues.

'._.:

giant cel
[Fig. 2]
Fig. 2 shows a graph depicting an expression profile
analysis for the Siglec-15 gene 1in human giant cell tumor
tissues.
[Fig. 3]
Fig. 3 shows a graph depicting a change in the expression

level of the Siglec-15 gene when osteoclast differentiation

},_:



was induced from RAW Z64.7 or mouse bone marrow cells,
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Fig. 4 shows graphs depicting the expression of cathepsin
K and TRAPlgeneS accompanying csteoclast differentiaztion of
RAW 264.7 cells.

[Fig. 3]

Fig. 5 shows a graph depicting the expression of the
Siglec-15 gene accompanying osteoclast differentiation of RAW
264.7 cells.

[Fig. 6]

Fig. © shows the results of detecting a change in the
expression of mouse Siglec-15~His in 2393F cells with culture
time by SDS-polyacrylamide electrophoresis and Western

biotting using an anti-6-Hig-HRP antibody.

fr]

[Fig. 7]

Fig. 7 shows the results of detecting a change in the
expression of mouse Siglec-15-Fc in 283F cells with culture
time by SDS-pelyacrylamide electrophoresis and Western
blotting using an anti-human IgG-Fc-~HRP antibody.

{Fig. 8]

Fig. 8 shows the results of evaluating the purity of mouse
Siglec-15~His purified by HisTrap HP column chromatography and
Resource Q0 column chreomatography through 8DS-polyacrylamide

electrophoresis and silver staining.

[Fig. 9]
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Fig. Snoy th r it il Cin 0 bel i i
Fig. 9 shows the results of detecting the behavior of

mouse Siglec«leHis purified by HisTrap HP column
chromategraphy and Resource Q column chromatography through
SDSfpolyacrylamideelectfophoresis<andweSternblottingusing
an anti-V5-HRP antibody.
[Fig. 10]

Fig. 10 shows the results of evaluating the purity of
mouse Siglec-15-Fc purified by HiTrap Protein A column
chromatography through SDS-polyacrylamide electrophoresis

and silver staining.

Fig. 11 shows the results of confirming that a purified
anti-mouse Siglec-~15 polyclonal antibody binds not only to
Siglec-13-Fc but also to Siglec-15-His by SDS-polyacrylamide
glectrophoresis and Western blotting using an anti-mouse
Siglec-15 polycleonal antibody and an anti-rabbit IgG-HRP
antibody.

[Fig. 12]

Fig. 12 shows a chromatogram of an anti-mouse Siglec-15
polyclonal antibody purified with an affinity column having
mouse Siglec-15-Fc immobkilized thereon.

[Fig. 13]

Fig. 13 shows the results o¢f evaluating the purity of

mouse Siglec~15-Fc¢ purified by chromatography using an

affinity column having mouse Siglec-15-Fc immobilized



Thereon.
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rig. 14 shows chromatograms of anti-mouse Siglec~15

polyclonal antibodies purifiedwith a Superose 6 gel filtration

column.

[
1

[Fig.

FPig. 15 shows the resuits of testing the effect of th

[§33

h

-

addition of an affinity-purified anti-mouse Siglec-15

voicnal antibody on cstecclast differentiation

§4

po

T

(stimulation with RANKL) of mouse bone marrow nonadherent cells

ot

-
-
{e]
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Fig., 16 shows the results of testing the effect of th

U]

addition of & gel filtraticn-purified anti-mouse Siglec-15
polyclonal antibody on osteoclast differentiation
{stimulation with RANKL) of mouse bone marrow nonadherent cells

TRAP (N=3).

Hiy

based ¢on the enzymatic activity o

[Fig. 17)
Fig. 17 shows the results of testing neutralization by

an antigen o©f inhibition of osteoclast differentiation

{stimulaticn with RANKL} of mouse bone marrow nonadherent cells

by the addition of an anti-mouse Siglec-15 polyclonal antibody

based on the enzymatic activity cof TRAP (N=3).

[Fig. 18}

Fig. 18 shows the results of testing the effect of the
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aadition of an anti-mouse Siglec-15 polycleonal antibody on
osteoclast differentiation {stimuiation with TNF-a) of mouse
bone marrow nonadherent cells based on the enzymatic activity
of TRAP {N=3).

[Fig. 19]

fod

Fig. 19 shows photomicregraphs used for evaluating the
effect of the addition of arn anti~mouse 3iglec-~1% polycliconal
antibody on osteoclast differentiation (stimulation with
TNF-a) of mouse bone marrow nonadherent cells by TRAP staining.
[Fig. 20]

Fig. 20 shows graphs depicting, by the enzymatic activity
of TRAP, the inhibition of ostecclast differentiation
(stimulation with active vitamin D3} from mouse bone marrow
cells by the addition of an anti-mcuse Siglec~-15 polyclonal
antibody (N=6§).

[Fig. 21]

Fig. 21 shows photemicrographs depicting, by TRAP
staining, the inhibition of gilant osteoclast formation
{stimulaticon with active vitamin Ds;) from mouse bhone marrow

cells by the addition of an anti-mouse Siglec-15 polyclonal

antibody.
[Fig. Z2Z2]
Fig. 22 shows photomicrographns depicting, by TRAP

staining, the inhibition of giant osteocclast formation

{(stimulation with human RANKL) Irom mouse bone marrow cells



by the addition of an anti-mouse Siglec-15polyclicnal antibody.
[Fig. 23]

Fig. 23 shcws photomicrographs depicting, by TRAP
staining, the 4inhibition of giant osteocclast formation
(stimulation with human RANKL) from RAW 264.7 cells by the
additicn of an anti-mouse Siglec-15 polyclonal antibody and
cancellation of the inhikitory effect by soluble Siglec~15.
[Fig. 24]

Fig. 24 shows the results of testing the binding of a
rat anti-mouse Siglec~15 monoclonal antibody to a plate having
mouse Siglec-15-Fc immcobilized thereon by an ELISA method.
The symbol (#) denctes #1A1 antibody, the symbol (M} denotes
#3A1 antibody, the symbol (&) denotes #8A1 antiboedy, the symbol
(X) denotes #2441 antibody, the symbol (®) denotes #3241
antibody, the symbol (O} denotes #34Al antibody, the symbol
(+) denoctes #39A1 antibody, the symbol (-) denotes #4041
antibody, the symbol {—) denctes #41B1l antibody, the symbol
() denotes #61A1 antibody, and the symboel () denotes cohtrol
IgG.
iFig. 257}

Fig. 25 shows the results oI testing the effect of the
addition of an anti~-mouse Siglec—-15monoclonal antibody (#3A1,
#8821, or #32Al) on ostecclast differentiation (stimulation
with RANKIL) of mouse bone marrow nonadherent cells. The rat

control IgG in the figure is a negative contrcl common to Figs.
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2% and 26.
[Flg. 26]

Fig. 26 shows the results of testing the effect of the
addition of an anti-mouse Siglec~15menoclonal antibody (#3441,
#3921, or #40Al) on osteoclast differentiation {stimulation

ith RANKL) of mouse bone marrow nonadherent cells. The rabbit
anti-mouse Siglec-15 polyclonal antibody No. 3 in the figure
iz a positive control commen to Figs. 25 and 26.

fFrig. 27)

Fig. 27 shows graphs depicting a change in the expression
of cathepsin K, TRAP or the Siglec-15 gene when osteoclast

differentiation was 1induced from normal human osteocclast

precurscr cells,

fif

g, 28]

et

Fig. 28 shows the results of examining the purity of human
Siglec-15-His purified by HisTrap HP column chromatography and
Resource Q column chromatography through SDS-polvacrylamide
electropﬁoresis.

[Fig. 29]

Fig. 29 shows the results of examining the purity of human

Siglec~-15-Fc purified by Protein A column chromatography

through SDS-polyacrylamide electrophoresis.

Fig. 230 shows chromatograms o©If anti-human Siglec-15

polyclonal antibodies purified using an affinity column having
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human Siglec~15-Fc immebilized thereon.
[Fig. 31!

Fig. 31 shows photomiézographs  depicting, by TRAP
staining, the inhibition of glant cstecclast formation from
normal human osteoclast precursor cells by the addition of an
anti-human Siglec-15 polyclonal antibody.

[Fig. 32}

Fig. 32 shows the results of evaluating the effect of
the additicen ¢of an anti-human Siglec-15 polyclonal antibody
on multinucleated osteoclast formaticn from normal human
osteoclast precurscer cells by counting the number of
TRAP-pogsitive cells having 5 or more nuclel with an inverted
microscope.

[Fig. 331

Fig. 33 shows the results of testing the binding of a
rat anti-mouse Siglec-15 monoclonal antibody to a plate having
human Siglec-15-F¢ lmmchilized thereon by an ELISA method.
The symbol {#) denotes #1Al antibody, the symbol (M) denotes
#3A1 antibody, the symbol (&) denotes #8A1 antibody, the symbol
(X) denotes #24A1 antibody, the symbol (®) denotes #3241
anfibody, the symbol (O) denotes #34A1 antibody, the symbol
(+) denctes #3921 antibody, the symbol (-~ denctes #40A1
antibody, the symbol (—) denotes #41Bl antibody, the symbol
(&) denotes #6141 antibody, and the symbol () denctes control

IgG.
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[Fig. 34}

Fig. 34 shows photomicrographs depicting, by TRAP
staining, the inhibition ¢f giant ¢stecclast formation from
normal human costeoclast precursor cells by the additionsof a

rat anti-mouse Siglec-15 monoclonal antibody.

[—

[Fig. 35

1

T

Fig. 35 shows photomicrographs depicting, by TRAP

staining, the inhibition of giant ostecclast formation from

=

normal human csteoclast precurscor cells by the addition of a

rat anti-mouse Siglec-15 monccional antibody (#3201
antibody) .
(Fig. 36]

Fig. 36 shows a graph depicting the inhibition of the
bone resorption activity of normal human osteocclasts by the
addition of a rat anti-mouse Siglec-15 monoclonal antibody

(#32A1 antibody) (N=0).

[Rest Mode for Carrying Out the Invention]

The term “gene” as used herein includes not only DNA,

but also mRNA, cDNA and cRNA.

The term “polynucleotide” as used herein is used in the
same meaning as a nucleic acid and also includes DNA, RNA,

probes, cligonucleotides and primers.

The terms “polypeptide” and “protein” as used herein are

used without distinction.



The term “RNA fracticn” as used herein refers to a

lon containing RNA.
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The term “cell” as used herein alsc includes cells in
an animal individual and cultured cells.

The term “Siglec-15" as used herein is used in the same
meaning as Siglec~15 protein.

The term “osteoclast formation” as used herein is used
in the same meaning as “osteoclast differentiation” or
“osteoclast maturation”.

The term “functional fragment of an antibody” as used
herein refers toc a partial fragment of an antibody having an
antigen-binding activity and includes Fab, F(ab’)2, scfv and
the like. The termalso encompasses Fab’ which is a monovalent
fragment in a variable region of an antibedy obtained by
treating F(ab’ )2 under reducing conditions. However, the term
ig not limited to these nmolecules as long as the fragment has
a binding affinity for an antigen. Further, these functional
fragments include not only a fragﬁent cbtained by treating a
full-lengthmolecule of anantibody proteinwith an appropriate
enzyme, but alsc a protein produced in an appropriate host cell
using a geneticallv modified antibody gene.

The term “epitope” as used herein refers to a partial
peptide o0f Siglec~15 tTo which a specific anti-Siglec-15
aniibody binds. The above-mentionsd spitope which is a

tial peptide of Siglec-15 can be determined by methods well

]

Pa
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known to those skilled in the art such as an immuncassay.
Alternatively, for example, the following method can be
amployed. Various partial structures cof Siglec-15 aré
preduced. In the production of thepartial structures, a known
cligopeptide synthesis technigue can be. used. For example,
a series of polypeptides having appropriately reduced lengths
cbtained by seguentially shortening Siglec-15 freoem the C
terminus or N tTerminus are produced usging a genstic
recombination technique known to those skilled in the art.
Thereafter, the reactivity of an antibody against these
pclypeptides is examined and a recegnition site is roughly
determined. Then, peptides having shorter lengths are
synthesized and the reactivity with these peptides is examined,
whereby the epitcope can be determined. If a second
anti~Siglec~15 antibody binds to & partial peptide to which
a filirst anti-Siglec-15 antibody binds, it can be determined
that the first antibody and the second antibody share the same
epltope. Further, by confirming that the second
anti-Siglec-15 antibody competes with the first
anti~-Siglec~15 antibody for the binding to Siglec~15 (that is,

the second antibody inhibits the binding between Siglec-15 and

Fh

}..1 -
o

the first antibody), it can be determined that the rs
antibody and the second antibody share the same epitcpe even

if the gpecific epitope seguence has not been determined.

Further, when the first antibody and the second antibody bind
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to the same epitope and also the first antibody has a special

effect such as an antigen—-neutrallzing activity, the sescond

¢

an be expected to have the same activity.
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The phrase “hybridization is performed under stringent
conditions” as used herein refers to hybridization being

ormed under the conditions under which identification can

b4

per

h

be effected by performing hybridization at €8°C in a

0

t

commercially availlable hybridization sciution, ExpressHyb
Hybridization.Soiuticn manufactured by Clontech, Inc.) or
performing hybridization at 68°C in the presence of 0.7 to 1.0
M NaCl using a filter having DNA immebilized thereon, followed
by performing washing at 68°C using 0.1 to 2 x SSC solution
¥ 88C scgluticon is composed of 156 miM NaCl and 15 mM sodium

ciltrate) or under conditions eguivalent thereto.

1. Siglec-1&
The present inventors found that the Siglec-15 gene is

PR

pecifically expressed in gliant cell tumors and alse found that

03

the expression level of the Siglec~15 gene increases when &
monocyte-derived cell line differentiates into osteoclasts.

As for Siglec-15 to be used in the invention, Siglec-15
is directly purified from monocytes or bone marrow cells of
human, non~-human mammal (such as guinea pig, rat, mouse, rabbit,
pig, sheep, cattle or monkey) or chicken and used, or a cell

membrane fraction of the above-mentionesd cells is prepared and
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can be used. Further, Siglec-1° can be obtained by in vitro
synthesis thereof or production thereof in a host cell through
genetic engineering. In the genetic engineering,
specifically, Siglec~15 cCcDNA is iIntegrated intec & vector
capable of expressing Siglec-15 cDNA, and Siglec-15 is
gynthesized in a solution containing enzymes, substrates, and
energy substances reguired for transcription and translation,
or another prokarvotic or eucaryotic host cell is transformed
to express Siglec~15, wherepy the protein can be obtailned.

The nucleotide seguence of human Siglec-15 cDNA has been
reglstered in GenBank with an accession number of NM 213602

and lg represented by SEC ID NC: 1 in the Sequence LI

1
n
[
-
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(e

and its aminc acid seqguence is represented by SEQ ID NO: 2 in

ucleotide sgeguence of mouse

jn

The Seguence Listing. The

ed in GenBank with an accession

ky

Siglec—15 cDNA has been registe
number of XM 884636 and is represented by SEQ ID NO: 3 in the
Seqguence Listing, and its amino acld sequence ls represented
by SEQ IDNO: 4 in the Sequence Listing. 'Mature human Siglec-15
from which the signal seguence has been removed corresponds
to an amine acid sequence composed of amino acld residues 21
+to 328 of the aminc acid seguence represented by SEQ ID NO:
2. Further, mouse Siglec-15 from which the signal seqguence
has baen removed corresponds To an amine acid seguence composed
of amino acid residues 21 to 341 of the amince acid seguencs

repregented by SEQC ID NC: 4. Incidentally, Siglec-15 is
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sometimes called CD33 antigen-like 3, CD33 molecule-like 3,
CDh33-1ike 3 or CD331L3, and all of these repreéent the same
molecule.

Sigiec~15 cDNA can be cbtained by, for example, a
so-calied PCR method in which a polymerase chain reaction
(hereinafter referred to as “PCR"Y) is performed using a cDNA
library expressing Siglec—-15 <cDNA as a template and primers
which specifically amplify Siglec-15 cDNA (Saiki, R. X., et
al., Sclence, (1988) 239, 487-49).

Further, a polynuclectide which hybridizes to =z
polynucleotide compesed of a nucleoctide segquence
complementary to at least one nuclectide sequence selected fxrom
the nucleotide seguences represented by SEQ ID NOS: 1 and 3
in the Sequence listing under stringent conditions and which
encodes a proteln having a biological activity comparable to
that of Siglec-15 is alsc included in Siglec~15 ¢cDNA. Further,
a polynucleotide which is a splicing variant transcribed from
The human cr mouse Siglec—lS.locus or a polynucleotide which
hybridizes thereto under stringent conditions and encodes a
protein having a biological activity comparable to that of
Siglec-15 is also included in Siglec-1> cDNA.

Further, a protein which i1s composed of an amino acid
sequence including substitution, deletion or addition of one
or several amino acids in at least one amino acid seqguence

selected from the amino acid seguences represented by SEQ ID
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NOS: 2 and 4 in the Sequence Listing or the amino acid sequence
from which the signal sequence has been removed and has a
biological activity comparable to that of Siglec-15 is also
included in Siglec-15. Further, a protein which is composed
of an amino acid sequence encoded by a splicing variant
transcribed from the human or mouse Siglec-15 locus or an amino
acid sequence including substitution, deletion or addition of
one or several amino acids therein and has a biological activity

comparable to that of Siglec-15 is also included in Siglec-15.

2. Detection of abnormal bone metabolism

An analysis of the expression level of the Siglec-15 gene
in a group of test samples from various human bone tissues
showed that the expression level of the gene significantly
increases in giant cell tumor (GCT) which is a bone tumor with
a large number of osteoclast-like multinucleated giant cells
arising and is characterizedby clinical findings of osteolytic
bone destruction (Bullough et al., Atlas of Orthopedic
Pathology 2nd edition, pp. 17.6-17.8, Lippincott Williams &
Wilkins Publishers (1992)).

It was also found that the expression level of the
Siglec—-15 gene increases when a monocyte-derived cell line is
differentiated into osteoclasts.

Accordingly, Siglec-15 is considered to be associated

with human pathology such as GCT in which bone resorption is



increased. In other words, measurement of the expression
level of the Siglec~15 gene and/cr Siglec~15 ineachcell and/or

cach tissue enables determination of the state of abnormal bone

n

metabolism accompanied by overexpression of Siglec-15.
Examples of the abneormal bone metabolism as used herein include,
hut are not limited to, osteoporosis (postmencpausal

osteoporosis, senile osteoporosis, secondary osteoporosis due

to the use of a therapeutic agent such &s a steroid or an

immunosuppressant, o©or osteoporcesis accempanying rheumatoid
arthritis), bone destruction accompanying  rheumatoid
arthritis, cancerous hypercalilcemia, bone  destruction

accompanying multiple myeloma or cancer metastasls to bone,

glant cell tumor, tooth loss due to pericdontitis, osteolysis

around a prosthetic Jjoint, bone destruction in chronic
csteomyelitis, Paget's disease of bone, renal osteodystrophy
and osteocgenesis imperfecta.

En.the inventicn, the "test sample"” to be used for
examining the expression level of the Siglec-15 gene and/or
Siglec-15 refers to a sample froma tissue of bone marrow, bone,
prostate, testils, penis, bladder, kidney, oral cavity, pharynx,
lip, tongue, gingiva, nasopharynx, esophagus, stomach, small
intestine, large intestine, colon, liver, gallbladder,
pancreas, nose, lung, soft tissue, skin, breast, uterus, ovary,
brain, thyroid, lyvmph node, muscle, fat tissue or the like,

or blood, & body fluid or an excretion or the like, however,
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in the invention, blood or bone marrow 1is more preferred.

3. Method of screening substance which inhibits
differentiation intc csteoclasts

As one embodiment of the invention, a method of screening
a substance which inhibits differentiation intc osteoclasts
bv measuring the expression level of the 5iglec-15 gene and/or
Siglec-15 can be exemplified.

As ancther embodiment of the invention, a method of
screening a substance which has a therapeutic effect and/or
preventive effect on abnormal bone metabolism by identifying
a substance which inhibits the activity of Siglec-15 of
inducing differentiation into mature osteoclasts, can Dbe
exemplified.

The “testT substance” refers t¢ a substance to be used
for examining the activity of inhibiting differentiation into
osteoclasts by the screening method of +the invention.
Examples of the test substance include a compound, a microbial
metapelite, an extract from a plant or animal Tissue, a
derivative thereof, and amixture therecf. Further, z nucleicg
acld designed to decrease the expression level of Siglec-15
or aderivative therecf (such as an antisense oligonucleotide,
& ribozyme, dsRNA or siRNA) can also be used as the test
substance. The dose ¢r concentration of the test substance

may be appropriately set or a plurality of doses may be set
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by, for example, preparing dilution series thereof. The test
substance can be administered in an appropriate states such as
a solid or a liquid, and may be dissolved in an appropriats
buffer or a stabilizer or the like may be added thereto. In
the case of a sgresning method using cultured cells, the test
substance 1s added to 2 medium and cells can be culTured therein.
In the case where the test substance is added to a medium, thes
test substance may be added at the initiation of the culturing
or in the middle of the culturing, and the number of addition
operations is not limited to one. The period of culturing in
the presence cof a test substance may be appropriately set,
however, it is preferably from 30 minutes tc 2 weeks, more
preferably from 30 minutes to 72 hours. In the case where the
test substance 1s administered to a mammalian individual, the
route of administraticn, i1nciuding oral administration,

intravenous injection, intraperitonesl injection,

.

transdermal administration, subcutanecus injection and the
like, 1s suitably determined depending on the physical
roperties and the like of the test substance. Incidentally,
a sultable time until the test sample 1s obtained, after the
administration of the test substance, can be sgselected.
The cultured cells to be used Iin the screening method
of the invention may be normal cells, an established cell line,
or cells showing abnormal growth such as cancer cells as long

as they are mammalian cells expressing Siglec-15. Examples
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therecof include, but are not limited to, normal human
osteoclast precursor cells (Normal Human Natural Osteoclast
Precursor Cells, available from Sanko Junvaku Co., Ltd., Cat.
No. 2T-110), mouse monocyte-derived cells RAW 264.7 (ATCC Cat.
No. TIB~71), RAW 264 cells (ECACC Cat. No. 85062803), and mouse
bone marrow~derived primary cultured cells. As an animal
gspecies of the cultured cells, human, mouse, or other mammals
{guinea pig, rat, rabbilt, pig, sheep, cattle, monkey, etc.),
chicken and the like are preferred, but the species 1s not
limited thereto. Incidentally, as the cultured cells, it is
more preferred to use mammalian cells overexpressing Siglec-15
and for example, RAW 264.7 cells, RAW 264 cells, 293 cells,
CHO cells and COS7 cells modified by introducing the Siglec-15
gene along with the promoter region thereof to overexpress
Siglec-15, and the like can be exemplified.

The screening method of the invention also includes a
method of detecting the expression of the Siglec-15 gene in
cells of an organ or a tissue resected from a mammalian
individual after administering a test substance to the
mammalian individual without using cultured cells. The organ
or tissue to be used for detecting the expression of the gens
may be any as long as it expresses 51glec~15, however, a tissue
associated with abnormal bone metabolism is preferred, and a
bone tissue and bone marrow are more preferred. As a mammalian

species, a ncon-human mammal can be used, and mouse, rat or
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hamster is preferred, and mouse or rat is more preferred. As
an animal model having abnormal bone metabolism, an animal
having the ovary removed, an animal having the testicle removed
a cancer-bearing animal having tumor cells implanted under the
skin, into the skin, left wventricle, bone marrow, vein,
abdominal cavity or the like, an animal having a sciatic nerve
removed, an animal model of adjuvant arthritis, an animal model
of collagen-induced arthritis, an animal model of
glucocorticoid-induced csteoporosis, a
senescence-accelerated mouse (SAM P6 mouse, Matsushita et al.,
Am. J. Pathol. 125, 276-283 (1%86)), an animal having the
thyroid/parathyroid ramoved, an animal receiving & continuous
infusion of 2 parathyrold hormone-related peptide (FTHrPF), an
cstecoclastogenesis inhibitory fa;tor (CCIFY knockout mouse
(Mizuno et al., Biochem. Biophys. Res. Commun., {(1988) 247,
£10-£615), an animal with the adminlistration of soluble RANKL
or the like can be used. Further, an animal model with tooth
loss due tTo pericdontal disease or an animal modified to
overexpress Siglec-15 can alsc be used. Further, a test
substance selected by screening is administered to any of the
above-mentioned-animal models, and each parameter which can
be obtained by the measurement of the number of mature
ostecclasts in a bone tissue, a bone density, a bone strength
or a pbone morphology, bone metabolism parameters (CTx, NTx,

etc.) in blood and urine or parameters that vary due to abnormal
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bone metabolism such as blood calcium levels are measursad,
whereby the therapeutic effect and/or preventive effect of the
fest substance on zbnormal bone metabolism can be evaluated.

The cultured cells tTo be used in the method of the
invention may be cultured under any conditions as long as the
conditions enable the cultured cells to express Siglec-15
without the addition of a test substance. For example, there
are known culture conditions for the cultured cells, and when
the cells express Siglec-15 under the conditions, the cells
may be cultured under the conditicons. Further, in the case
where the expression of Siglec~1> in an organ or a tissus
resected from a mammalian individual 1is detected, rearing
conditions for the animal may be any as long as the conditions
enable the animal to express Siglec-15 without the addition

of a test substance.

h
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In order Lo examine the effect of a test substance on

b

the expression of Siglec-13, there are a method of measuring
the expression level of the Siglec-15 gene and a method cf
measuring the expression level of Siglec-15 which is a
translation product of the Siglec-15 gene. A test substance
which inhibits the expression of the Siglec-15 gene and/cr
Siglec-15 1s considered To be a substance having a therapeutic
effect and/or preventive effect on abnormal bone metabolism,
preferably osteoporosis, or bone destruction accompanying

rheumatoild arthritis and/or cancer metastasis to bone.
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The measurement of the expression level of the Siglec-15
gene or Siglec-15 in cultured cells can be perfcrmed by a
Northern analysls, a gquantitative PCR methed, an ELISA method
or the like. 1In the case where mammalian cultured cells are
used, an appropriate amount of RANKL, TNF-o, M-CSF, active
vitamin Ds, or the Ilike is added, as needed, to a medium along
with a test substance, and also in a control without the
addition of the test substance, an appropriate amount of RANKL,
TNE—-¢, M-CSF, active vitamin Ds, or the like is added.

Further, an experimental system Ifor measuring the
binding amount of an endogenous ligand to Siglec-15 1is
constructed, and whether or not the binding of the endogenous
ligand to Siglec~-15 is inhibited by the addition of a test
substance is evaluated, whereby screening of a substance which
inhibits differentiation into costeoclasis can be performed.

The respective screening methods will be described in
the following (1) to (3}.
{1} Method using Siglec~15 gene

As the screening method of the invention, for example,
there are amethed using mammalian cultured cells and a method
using mammalian individuals, which will be described below,
respectively.

(a) Method using mammalian cultured cells

(1) A method including the following steps a) to c):

a) a step of extracting total RNA frommammalian cultured
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cells cultured in a medium with the addition of a test
substance;

b) a step of detecting a difference in the expressicn
level of the Siglec-15 gene between the total RNA obtained in
a) and total RNA o¢btained from mammalian cultured cells
cultured without the addition of the test substance; and

cy a step of determining the <therapeutic and/or
preventive effect of the test substance on abnormal bons
metabolism by analyzing the difference in the expression level
of the gene described in b).

(ii) A method including the following steps a) to dj:

a2) a step of extracting total RNA frommammalian cultured
cells cultured in a medium with the addition of a test
substance;

b a step of extracting total RNA frommammalian cultured
cells cultured in a medium without the addition of the test
substance;

c; a step of measuring the expression level of the
Siglec-15 gene in the total RNA obtained in a) and in the total
RNA obtailned in b}, respectively; and

diy a step of determining the therapeutic and/or
preventive effect of the test substance on abnormal bone
metabolism by analyzing a difference in the expression level
of the gene measured in ¢ between the total RNA cobtained in

a) and the total RNA cobtained in b).
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(b} Method using mammalian individuals

(i) A method incliuding the folleowing steps {a) to {¢):

a) a step of extracting total RNA from a test sample
collected from & mammalian individual with the administration
of a test substance;

b) & step of detecting a difference in the expression
level of the Sigiec~15 gene between the total RNA obtained in
a) and total RNA obtzinsd from a test sample collected from
amammnalian individual without the administration of the test
substance; and

c) & step of determining the therapeutic and/or
preventive effect of the test substance on abnormal bone
metabolismby analyzing the difference in the expressiocon level
of the gene described in b).

(ii) A method including the followling steps a) to d):

a) a step of extracting total RNA from a test sample
collected from a mammalian individual with the administration
ci a test substance:

b) a step of extracting teotal RNA from a test sample
collected from a mammalian individual without the
administration of the test substance;

c} a step of measuring the expression level of the
Siglec-15 gene in the total RNA obtained in the step a) and
in the total RNA obtained in the step b), respectively; and

d) a step of determining the therapeutic and/or
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preventive effect of the tTest substance on abnormal bone
metabolism by analyzing & difference in the expression level
of the gene described in ).
(2} Method using Siglec-15

As the screening metheod utilizing the measurement of the
expression level of Siglec~15, there are a method using
mammalian cultured cells and a method using animal individuals
each of which includes the following steps.

(a) Method using mammallan cultured cells

(1) A method including the following steps a) and b):

a) a step of measuring the expression level of Siglec-15

in mammalian cultured cells cultured in z medium with the
addition of a Test substance; and

b) & step of determining the therapeutic effect and/or
preventive effect of the test substance on abnormal bcone
metabolism by analyzing a difference between the expression
level of the protein measured in a) and the expression level
of the protein in mammalian cultured cells cultured in a2 medium
without *the addition of the *test substance.

(1i) A method incliuding the following steps a) to c):

a) a step of measuring the expression level of Siglec~15
in mammalian cultured cells cultured in & medium with the
addition of a test substance;

D) a step of measuring the expressiocon level of the protein

described in a) Inmammalian culturedcells cultured in amedium



without the addition of the test substance; and

c) a step of determining the therapeutic effect and/or
preventive effect of the test substance on abnormal bone
metabolism by detecting a difference hetween the expression
level of the protein measured in a) and the expression level
of the protein measured in b).

(iii} A method including the following steps a) to c);

a) a step of immobilizing total protein cobtained from

mammalian cultured cells cultured ina medium with the addition

a test substance;

Fh

o)
b)- a step of measuring the expression level of 3iglec-15

n the immebilized protein; and

[

c) & step of determining the therapeutic effect and/or
preventive effect of the test substance on abnermal bone
metabolism by analyzing a difference between the expressicn
level of Siglec-15 detected in b) and the expression level of

al protein cbtained from mammalian cultured

ct

the protein in to
cells cultured in a medium without the addition of the rtest
substance.

{iv) A method including the following steps a) to e):

a) a step of immobilizing teotal protein obtained from
mammalian cultured ceils cultured in a medium with the addition
of a test substance;

b) a step of immobilizing tctal protein obtained from

mammalian cultured cells cultured in a medium without the
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addition of the test substance;

c) a step of measuring the expression level of Siglec-15
in the immeobilized protein described in the step a) using an
antibody or a ligand specifically binding to fthe protein;

d) a step of measuring the expression level of Siglec-15
in the immobilized protein described in the step b} using an
antibody or a ligand specifically binding to the protein; and

e) a step of determining the therapeutic effect and/or
preventive effect of the test substance on abnormal bone
metabelism by analyzing a difference between the expression
level of the protein measured in the step ¢) and the expression
level of the protein measured in the step d).

(b} Method using mammalian individuals

(1) B method including the following steps a) and b):

a) a step of measuring the expression level cof Siglec~15
in a test sample collected from a mammalian individual to whom
a test substance has been administered; and

b) a step of determining the therapsutic effect and/or
preventive effect of the test substance on abnormal bone
metabolism by analyzing a difference between the expression
level of Siglec~1b measured in the step a) and the expression
level of the proteln in & test sample collected froma mammalian
individual witheut the administration cf the test substance,

(ii) A method including the following steps a) to ¢j:

a) a step of measuring the expression level of Siglec~15



in a test sample collected from 2 mammalian individual, to whom
a test substance has been administered, using an antibody or
a ligand specifically binding to the protein;

b) a step of measuring the expression level of the protein
in a test sample collected from a mammalian individual without
the administration of the test substance; and

C) a step of determining the therapeutic effect and/or
preventive effect of the test substance onn abnormal bhons
metabolism by analyzing a difference between the expression
level of Siglec—15 measured in a) and the expression level of
the protein measured in b).

(iii) A method including the following steps a) to c¢):

&) a step of immokilizing total protein in a test sample
collected from a mammalian individual to whom 2 Test substance
has been administered;

b) a step of measuring the expression level of Siglec-15
in the immobilized protein; and

c) a step of determining the therapeutic and/or
preventive effect of the test substance on abnormal bone
metabolism by analyzing a difference between the expression
level cof Siglec-15 detected in b) and the expression level of
the protein in a test sample ccollected from a mammelian
individual without the administration of the test substance.

(iv) A method including the following steps a) to &):

a) a step of immobilizing total protein in a test sample



44

collected from a mammaliian individual fo whom a test substance
has been administered;

b) a step of immobilizing total protein in a test sample
cellected from a mammalian  individual without  the
administration of the test substance;

c) & step of detecting the expression level of Siglec-15
in the immobilized protein described in the step a) using an
antibody or a iigand spscifically binding to the protein;

d} a step of detecting the expressiocon level of Siglec-15
in the immobilized proteiln described in b) using an antibody
or a ligand specifically binding to the protein; and

e) a step of determining the therapeutic effect and/or
preventive effect of the test substance on abnormal bone
metabolism by analyzing a difference belween the expression
level of the protein detected in ¢ and the expression level
of the protein detected in dj.

(3} SBcreening method using endogenous ligand

Screening of a substance which inhibits differentiation
into osteoclasts can also be performed by okserving whether
or not the binding of an endogenous ligand to Siglec-15 is
inhibited by the addition of a test substance. Examples of
a gialylated glycan serving as an endogenous ligand for
Siglec-15 include NeubAcaZ-6GalNAc binding to human and mouss
Siglec-15 and NeubAcoZ-3Gal3l-4Glc binding to mouse Siglec~15.

However, the endogenous ligand for Siglec-15 is not limited
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tc these glycans as long as it has a binding affinity for
Siglec-15. These endogenous ligands can be labeled with an
appropriate tag, radioisoctope or fluorescent substance for the
purpcse of examining the binding therecf to Siglec-15. For
example, bkiotinylated polyacrylamide to which a sialylated
oligosaccharide such as NeudbAcoZ~6GalNAcC has been bound can
be used in screening as a probe binding to Siglec-15. Asg
Siglec-15 tc which an endcgencus ligand 1s bound,
Siglec-lo-expressing cells cr a membrane fraction prepared
fromthe cells can be used. Further, Sigiec-15 can be subjected
to screening after Siglec-15 is= isclated from
Siglec-15-expressing cells, followed by purification. As the
Sigliec-lb-expressing cells, any of a cultured cell line
expressing Siglec—-15, «cells caused to transisntly or
constantly express the Siglec~l5 gene by subjiecting
appropriate cultured cells to genetic engineering, and cells
expressing Siglec-15 obtained in vivo can be used. The
screening method using such an endogencus ligand can be
performed accerding to thé steps as described below.

(1} A method including the following steps a) and b):

a) a step of adding an endogenous ligand for Siglec-15
and a test substance to Siglec-15-expressing cells; and

h) a step of determining the therapsutic and/or
preventive effect of the test substance on abnormal bone

metabolism by comparing the binding amount of the endogenous
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ligand to the Siglec-1%-expressing cells between the case where
the test substance was added and tThe case where the test
substance was not added.

{ii) A method including the following steps a) to ¢):

a) a step of preparing a2 cell membrane fraction of

Sliglec-1l5-expressing cells;

n
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or Sig
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b) a step of adding an sndogenous ligand
and a tTest substance to the cell membrane fraction; and

c} a step of determining the therapeutic and/or
preventive effect of the test substance on abnormal bone

metabolism by comparing the binding amount of the endogenous

}t

igand to the cell membrane fraction between the case where
the test substance was added and the case where the test
substance was not added.

(111} A method including the following steps a) to c):

a) a step of preparing Siglec~15;

b) a step of adding an endocgenous ligand for Siglec-15
and a test substance to Siglec-15 in a): and

c} a step of determining the therapeutic and/or
preventive eiffect of the test substance on abnormal bone
metabolism by comparing the pinding amount of the endogenous
ligand to Siglec-15 between the cése where the test substance
was added and the case where the test substance was not added.
In the case where appropriate cells are caused to express

Siglec-15 by genetic engineering and the resulting Siglec-15
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is purified and subjected to screening, Siglec-15 to be
screened can be selected from polypeptides composed of the
amino acid sequences shown in the following {a) tco (i):

(a} an amino acid seguence represented by SEQ ID NO: 2
in the Sequence Listlng:

(b) an aminc acid sequence composed of amino acid
residues 21 to 328 of the amino acid seqguence represented by
SEC ID NO: 2 in the Sequence Listing:

{(c} an amino aclid seguence compesed of amino acid
residues 1 teo 260 of the amino acid seguence represented by
SEQ ID NO: 2 in the Seqguence Listing;

(d) an amino acid seguence compesed of amince acid
residues 21 to 260 of the amino acid seqguence represented by
SEQ ID NC: 2 in the Seguence Listing:;

{e} an aminc acid sequence represented by SEQ ID NO: {4
in the Sequence Listing;

{£) an amino acid ssguence conposed of amino acid
residues 21 to 341 of the amino acid sequence represented by
SEQ ID NC: 4 in the Seguence Listing;

(g} an aminc acid sequence compoesed of aminc acid
residues 1 to 258 of the amino acid sequence represented by
SEQ ID NC: 4 in the Seqguence Listing:

(h) an aminc acid sequence composed of amino acid
residues 21 to 258 of the amino aclid seguence represented by

SEQ ID NO: 4 in the Seguence Listing; and
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(i) an amino acid sequence including substitution,
deletion or addition of one or several amino acid residues in
the amino acid seguence described in (a) to (h).

Siglec-15> to be screened can also be selected from
polypeptides composed of aminc acid sequences encoded by the
nucleotide seguences shown in the following (J) to (n):

(1) & nucleotide sequence represented by SEQ ID NO: 1:

.

nuclectide seguence represented by SEQ ID NO: 3;

-
v

{1} a nucleotide sequence represented by 3EQ ID NO: 19;

2.,
-~

(m} & nucleotide seguence represented by SEQ ID NG: 4
and

(n} a nucleotide seguence oI a polyvnucleotide which
hybridizes to a polynucleotide composed of a nucleotide
sequence complementary to the nuclectide sequence described
in (3) to {m) under stringent conditions.

Further, it is alsoc possible to use a polypeptide
obtained by attaching an appropriste tag to any of thease
polypeptides, or a polypeptide fused with a different soluble
protein, as a target for screening. Incidentally, the
polypeptide composed of the amino acid residues 1 to 20 of the
amino acid sequence represented by SEQ ID NO: 2 in the Sequence
Listing corresponds to the signal peptide of numan Siglec-15,
and the polypeptide com?osed of the amino acid residues 21 to
260 thereof corresponds to the extracellular domain of the

mature protein of human Siglec—-15. Further, the polypeptide



composed of the amino acid residues 1 to 20 of the amino acid
sequence represented by 3EQ ID NO: 4 in the Seguence Listing
corresponds to the signal peptide of mouse Siglec-15, and the
polypeptide composed of the amino acid residues 21 to 258
thereof corresponds to the extracellular domain of the mature
protein of mouse Siglec-15. Further, the nucleotide sequence
represented by SEQ ID NO: 43 encodes the extracellular domain
of human Siglec-15 encoded by the nucleotide sequence
represented by SEQ ID NO: 1, and the nuclieotide seguence
represented by SEQ ID NO: 19 encodes the extracellular domain
of mouse Siglec~15 encoded by the nucleotide sequence
represented by SEQ ID NO: Z.

Candidate substances for a substance which inhibits

differentiation into osteoclasts selected by any of the

o

screening methods (1) to (3} can be secondarily evaluated by
using the inhibition of tartrate-resistant acid phosphatase
(TRAP) activity of ostecclasts as an index as shown in Examples
17, 19 and 20. Further, the secondary evaluatiocn thereof can
alsc be performed by using the inhibition of formation of
TRAP~-positive multinucleated osteoclasts, il.e., the
inhibition of cell fusion of osteociasts as an index as shown
in BExamples 19, 21, 22 and 35.
{4} Other methods

The incidence rate of abnormal bone metabolismover time,

the degree of abnormal bone metabolism, and/or the survival



rate, etc. are determined for the case where a2 test substance

e

was administered to & mammalian individual caused to
cverexpress Siglec-15 and the case where the test substance
was not administered therete. In the case where, in the mammal
with tThe administration of the test substance, the incidence
rate of abnormal bone metabolism is significantly decreased,
the degree of abnormal bone metabolism is significantly lower,
and/or the survival rate is increased by about 10% or more,
preferablyaboutBO%Gerre,morepreferabiYabout50%ornwre,
the test substance can be selected as 2 compcound having a

therapeutic and/or preventive effect on abnormal bone

metabolism.

4. Production of anti-Siglec-1% antibody
The antibody against Siglec~15 of the invention can be

obtained by immunizing an animal with Siglec~15or an arbitrary

polypeptide selected fromthe amino acid sequence of Siglec-15,
and ccllecting and purifying the antibody produced in vivo
according to a common procedure. The bioclcgical species of
Sigiec~13 to be used as an antigen is not limited to human,
and an animal can be immunized with Siglec-15 derived from an
animal other than human such as mcuse or rat. In this case,
by examining the cross~reactivity between an antibody binding
te the obtained heterologous Siglec-15 and human Siglec-15,

an antibody applicable to a human disease can be selected.
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Further, a monoclonal antibody can be obtained by fusing
antibody-producing cells which produce an antibody against
Siglec-l5withmyeloma cells to establish a hybridoma according
to a known method {(for example, Kohler and Milstein, Nature,
(1875) 256, pp. 495-497; Kennet, R. ed., Monoclonal Antibedy,
op. 365-367, Prenum Press, N.Y. (1980)).

Siglec-15 to be used s an antigen can be obtained by
genetlc engineering to cause a host cell to express the
Siglec-15 gene.

Specifically, the genetic engineering can be performed
as fellows. A vector capable of expressing the Siglec-15 gene
is produced, and the resulting vectcr is transfected into a
host cell to express the gene, and then, the expressed Sigiec-15
is purified. Hereinafter, a method of obtaining an antibody
against Siglec~15 will be specifically described.

(1) Preparation of antigen

Examples of the antigen tc be used for producing the
anti-Siglec-15 antibody include Siglec-15, a polypeptide
composed of apartial amino acid sequence consisting of at least
& consecutive aminc acid residues of Siglec-~15, and a
derivative obtained by adding & given amino acid seguence or
carrier Thereto. Further, 1inn the section “3. Method of
screening substance which inhibits differentiation into
csteoclasts”, Siglec-15 exemplified as a target for screening

can alszso be exemplified as an antigen to be used for producing
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the anti-Sigiec-15 antibody.

Siglec~15can be used after purifyving directly fromhuman
tumor tissues or.tumoz cells. Further, Siglec-1% can bs
obtained by synthesizing it in vitro or by causing a host cell
to produce it by genetic engineering.

In the genetic engineering, specifically, Siglec-15 cDNA
is integrated into a vector capable of expressing Siglec~15
cDNA and Siglec-15 1s synthesized in a solution containing
enzymes, substrates, and energy substances reguired for
transcription and translation, or ancther prokaryotic or
eucaryotic host cell is transformed to express Siglec-13,
whereby the arntigen can be obtained.

Evs

Further, the antigen can also be obtained as a secretory

e’

protein by expressing a fuslon protein obtained by ligatin
the extracellular domain of Siglec-15 which is a membrane
proteintx>theconstantregimaoftheantibody:ulanappropriate
host-vector system.

S3iglec~15 cDNA can be c¢btained by, for example, =&
so-called PC? method in which & polymerase chain reaction
{hereinafter referred to as “PCR"} is performed using a cDNA
library expressing Siglec—-15 ¢DNA as a template and primers
which specifically amplify Siglec-15 cDNA (see Saiki, R. K.,
et al., Science, (1988) 238, pp. 487~489).

As the in vitro synthesis system of the polypeptide, for

example, the Rapid Translation System (RTS) manufactured by
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Roche Diagnostics, Inc. can be exemplified, but it is not
ilimited thereto.
Fxamples of the prokaryotic host include Escherichia

oli and Bacilillus subtilis. In order to transform the host

[§]

ell with a target gene, the host cell is transformed using

9]

a plasmid vector containing a replicon, i.e., & replication
origin derived from 2 species compatible with the host, and
a regulator sequence. Further, the vector preferably has a
sequence capable of imposing phenctypic selectivity on the
transformed cell.

Examples of the eucaryotic host cell include vertebrate
cells, insect cells, and yeast cells. As the vertebrate cells,
for example, dihydrofolate reductase-deficient strains
{(Urlaub, G. and Chasin, L. A., Procc. Natl. Acad. Sci. USA (1880)
77, pp. 4126-4220) of simian CO08 cells (Gluzman, Y., Cell,
(1981 23, pp. 175-18Z2, ATCC CRL~1&50), murine fibrcblasts
NTH373 (ATCC No. CRL-1638), and Chinese hamster ovarian cells
{CHO cells; ATCC: CCL-61}; and the 1ike are often used, however,
it is not limited thereto.

The thus cbtained transformant can be cultured according
to a common procedure, and by the culturing of the transformant,
a target polypeptide 1is produced intracellularly or
extracellularly.

A sultable medium to be used for the culturing can be

selected from various commenly used culture media depending
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on the employed host cell., If Escherichia coli is employed,
an LB medium supplemented with an antibiotic such as ampicillin
or IPMG, i1f necessary, can be usead.

A recombinant protein produced intracellularly or
extracellularly by the transformant through the culturing can
be separated and purified by any of various known separation

methods utilizing a physical or chemical property of the

W

protein.

Specific examples of the methods include treatment with
a common protein precipitant, ultrafiltration, various types
of liguid chromatography such as molecular sieve
chromatography ({(gel filtration), adsorption chromatography,
ion exchange chromatography and affinity chromatography,
dialysis, and a combination thereof.

further, by attaching six histidine residues to a
recombinant protein to be expressed, the protein can be
efficiently purified with & nickel affinity column.
Alternatively, by attaching the IgG Fc region to a recombinant
protein to be expressed, the protein can be efficiently
purified with 2 protein A column.

By combining the above-mentioned methods, a large amount
of a target polypeptide can be sasily produced in high vield
and high purizty.

(2} Production cf anti-Siglec-15 monoclcnal antibody

Examples of the antibody specifically binding to



Siglec-15 incliude a monoclonal antibody specifically binding
to Siglec-15, and & method of obtaining the antibody is as
described below.

Production of a meonoclonal antibody generally requires
the following coperational steps of:

(a) purifying a bicpolymer to be used as an antigen;

(b) preparing antibody~-producing cells by immunizing an
animal by injectiocn ¢of the antigen, collecting the blood,
assaying 1its antibody Titer and determining when the spleen
is to he resected;

(¢} preparing myeloma cells (hereinafter referred to as
"myeloma"};

{d) fusing the antibody-producing cells with the
myeioma;

(e} screening a group of hybridomas producing a target

(f} dividing the hybridomas into single cell clones
{cloning):

(g} opticnally, culturing the hybridoma cr rearing an
animal dimplanted with the hybridema for producing a large
amount of a monoclonal antibody;

{h) examining the thus produced monoclonal antibody for
biclogical activity and binding specificity, or assaying the
same for properties with a labeled reagent; and the like.

Hereinafter, the method o¢f producing a monoclonal
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antibody will be described in detail following the above steps,
however, the method is not limited thereto, and, for example,
antibody-producing cells and myeloma other than spleen cells
may he used.
(a) Purification of antigen

Ag the antigen, Siglec-15 prepared by the method as

described above or a partial peptlide thersof can be used.

.

urther, a membrane fraction prepared from recombinant
cells expressing Siglec-15 or the recombinant cells expressing
Siglec—-15 themselves, and also a partial peptide of the protein
of the invention chemically synthesized by a method known to
those skilled in the art can also be used as the antigen.
(b) Preparation of antibody-producing cells

The antigen chtained in step {(a) 1smixedwith an adjuvant
such as Freund's complete or incomplete adjuvant, or aluminum
potassium sulfate and the resulting mixture is used as an
immunogen to immunize an experimental animal. As  the
experimental animal, any animal used Iin a2 known hvbridoma
production method <can be used ithout any trouble.
Specifically, for example, mouse, rat, goat, sheep, cattle,
horse or The like can be used. However, from the viewpoint
of ease of availability of myeloma cells to be fused with the
extracted antibody-producing cells, mouse or rat 1s preferably
used as the animal to be immunized.

Further, the gstrain of mouse or rat to be actually used
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mouse,
BA, CE,
RE,

and 1n the case of

BALB/c, BDP,

is not particularly limited,
various lines such as A, AKR,

aexample,
C3H,.57BL, C57BL, C57L, DBA, FL, HTH, HT1, LP, NZB, NZW,
and in the case of

R III, 8JL, SWR, WR, and 129 can be used,
rat, for example, Wistar, Low, Lewls, Sprague Dawley, ACI, BN,
like can be used.
Lrom

Fischer and the
Inc.

These mice and rats are commercially availlable
breeders/distributors of experimental animals, for example,
and Charles River Laboratories Japan,

Inc.
in consideration of fusing compatibility

CLEA Japan,

Among these,
with myeloma cells described below, in the case of mice, BALR/c
of rats, Wistar and Low lines are

and in the case

strain,
particularly preferred.
Further, in consideration of antigenic homology between

humans and mice, it 1s alsc preferred to use a mouse having
decreased biological function to remove autcantibodies, that

is, a mouse with an auvtoimmune disease.
The age of the mouse or rat at the time of immunization

is preferably 5 to 12 weeks of age, more preferably € to 8 weeks
a

with Siglec~15 or

of age.
In order to immunize an animal
recombinant thereof, for example, & known method is described

indetail in, for example, Weir, D. M., Handbook of Experimental

M. M.,

Tmmunology Vol. I. I, III., Rlackwell Scientific Publications,
Oxford (1987), Kakat, E. A. and Mavyer, Experimental
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Immunochemistry, Charles C Thomas Publisher Spigfield,
Illinois (1864}, or the like.

Among these immunization methods, a preferred specific
method in the invention i1s, for example, as follows.

That is, first, a membrane protein fraction serving as
the antigen or cells caused to express the antigen is/are
intradermally or intraperitoneally administered te an animal.

However, the comblnation of both routes of
administration is preferred for increasing the immunization
efficiency, and when intradermal administration is performed
in the first half and intraperitcneal administration is
performed in the latter half or only at the last dosing, the
immunization efficiency can be particularly increased.

The administration schedule of the antigen wvaries
depending on the type of animal tc be immunized, Individual
differences or the like. However, 1in general, the Irequency
of administration of the antigen is preferaply 3 to & times,
more preferably 3 to 4 times, and the dosing interval is
preferably Z to © weeks, more preferably 2 to 4 weeks.

Further, the dose of the antigen varies depending on the
type of animal tc be immunized, individuzal differences or the
like. However, the dose 1s generally set tce 0.03 to 5 mg,
preferably about 0.1 to 0.5 mg.

A booster immunization ig performed 1 to 6 waeks,

preferably 2 to 4 weeks, more preferakly Z to 3 weeks after
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the administration of the antigen as described zbove.
The dose of the antigen at the time of performing the

booster immunization varies depending on the type or size of

o

animal or the like, however, in the case of & mouse, the dose
is generally set to 0.05 to 5 mg, preferably 0.1 tc 0.5 mg,
more preferably about 0.1 to 0.2 mg.

Spleen cells orn lymphocytes including
antibody-producing cells are aseptically removed from the
immunized animal 1 to 10 days, preferably 2 to 5 days, more
preferably 2 to 3 days after the booster immunization.

At this time, The antibody titer is measured, and 1f an
animal having a sufficiently increased antibody titer i1s used
as =z supply scurce of the antibody-producing cells, the
subseguent procedure can be carried out more efficiently.

The method of measuring the antibody titer to be used
here includes, for example, an RIA method and an ELISA methed,
but 1s not limited thereto.

For example, if an ELISA method 1is employed, the
measurement ¢of the antibody titer in the invention can be
carried cut according to tThe procedures as described below.

First, a purified or partially purified antigen 1is
adsorbed on the surface of a solid phase such as a 96-well plate
for ELISA, and the surface of the solid phase having no antigen
adsorbed thereon is covered with a protelin unrelated to the

antigen such as bovine serum albumin (hereinafter referred to
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as "BSA"). After washing the surface, the surface is brought
into contact with a serially~diluted sample (for example, mouse
serum) as a primary antibody to allow the antibody contained
in the sample to bind to the antigen.

Further, a&s a secondary antibody, an antibody labeled
with an enzyme against a mecuse antibody 1s added and is alliowed
to bind to the mouse antibody. After washing, a substrate for
the enzyvme is added and the change in absorbance which occurs
due to color develcpment induced by degradation of the
substrate or the like is measured to calculate the antibody
titer.

The separation of the antibody-producing cells from the
spleen cells or lymphocytes can be carried cut according to
a known method (for example, Kohler et al., Nature (1975), 256,

1T .

p. 485; Kohler et al., EBur. J. Immuncl. ({1977), &6, p. 51i;

Milstein et al., Nature (18977}, 266, p. 550; Walsh, Nature
(1977), 266, p. 485).

For example, in the case of spleen cells, a general method
in which the antibody-producing cells are separated by
homogenizing the spleen toobtaincells through filtrationwith
a stainless steel mesh and suspending the cells in Fagle's
Minimum Essential Medium (MEM) can be employed.

{c) Preparation of myeloma cells (hereinafter referred to as
"myeloma')

The myeloma cells toc be used for cell fusion are not
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particularly limited and suitable cells can be selected from
known cell lines. Heowever, in consideration of convenience
when a hybridema is selected from fused cells, 1t is preferred
to  use an  HGPRT (hypoxanthine-guanine phosphoribosyl
transferase) defective strain whose selection procedure has
been estabklished.

More specifically, examples of the HGPRT defective
strain include X63-Ag8{X63), NS1-ANS/1(NS1),
P3X63-Ag8.U1(P3Ul), X63~-Ag8.653(X63.653), SP2/0-Aglé{3P2/0C),
MPC11-45.6TG1.7{45.6TG), FC, S149/5XX0 and RU.1 derived from
mice, 2Z10.RSY3.Ag.1.2.3(Y3) deriﬁed, from rats; and
U266AR (SKO-007y, GM1500.GTG-AL12 (GML500), Uci129-6,
LICR-LOW-HMyZ2 (HMyZ} and B8226AR/NIP4-1(NP41) derived from
humans.

These HGPRT defective strains are available from, for
exanple, the American Tvpe Culture Collection (ATCC) or the
like.

These cell strains are subcultured in an appropriate
medium such as an B-azaguanine medium [a medium cobtained by
adding 8«azaguanine to an RPMI-1640 medium supplemented with
glutamine, Z2-mercaptoethancl, gentamicin and fetal calf serum
(hereinafter referred fto -as "FCS8")]:; Iscove's Modified
Dulbecco's Medium (hereinafter referred to as "IMDM"), or
Dulbecco's Modified Eagle Medium (hereinafter referred to as

"DMEM"). In this case, 3 to 4 days before performing cell
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fusion, the c¢cells are subcultured in a normal medium [for
exanmple, an ASF104 medium (manufactured by Alinomoto Co., Ltd.}
containing 10% FCS] to obtain not less than 2 x 107 cells on
the day of cell fusion.

(d) Cell fusion

Fusicn between the antibody-producing cells and the
myeloma cells is appropriately performed according to a known
method {(Welr, D. M. Handbook of Experimental Immunology Vol.
I.I1I. II1., Blackwell Scientific Publications, Oxford (1887),
Kabat, E. A. and Mayer, M. M., Experimental Immuncchemistry,
Charies C Thomas Publisher, Springfield, Illincis (1%64),
etc.), under conditions such that the survival rate of cells
15 not excessively reduced.

Examples of the method include a chemical method in which
the antibody-producing c¢elils and the myveloma cells are mixed
in a high concentrationpolymer solution of polyethylene glycol
or the like, and a phvsical method using electric stimulation.

Among these methods, a specific example of the chemical
method is as described below.

That is, in the case where polyethylene glycol is used
for the high  concentration polymer sclution, the
antibody-producing cells and the myeloma cells arse mixed in
a solution of polyethylene glycel having a molecular weight
of 1500 to 6000, more preferably 2000 to 4000 at a temperature

of 30 to 40°C, preferably 35 to 38°C for 1 to 10 minutes,
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preferably 5 to 8 minutes.
(e} Selection of & group of hybridomas

The method of selecting hybridomas obtained by the
above-mentionad cell Ifusion i1is ncot particularly limited.
Usually, an HAT (hypoxanthine, aminopterin, thymidine)
selection method (Kohler et al., Nature (1975), 256, p. 455;
Milstein et al., Nature (1977}, 266, p. 550) is used.

This method is effective when hybridomas are obtained
using the myeloma cells of an HGPRT defective strain incapable
of surviving in the presence of aminopterin.

That is, by culturing unifused cells and hybridomas in
an HAT medium, only hybridcmas resistant to amincopterin are
selectively allowed to survive and proliferate.

(£} Division into single cell clone (cloning)

As a cloning method for hybridomas, a known method such
as a methylcellulose method, a soft agarcse method, or a
limiting dilution method can be used (see, Lor example, Barbara,
B. M. and Stanlsy, M. 8.: Selected Methods in Cellular
Immunology, W. H. Freeman and Company, San Franclsco (1980)).
Among these methods, particularly, a limiting dilution methed
is preferred.

In this method, a fibroblast cell strain derived from
a rat fetug or feeder cells such as noermal mouse spleen cells,
thymus gland cells, or ascites cells are seeded inamicroplate.

Meanwhile, hvbridomas are diluted in a medium to givs



-

a cell density of 0.2 to 0.5 ¢cellsper 0.2 ml. AC.I1mlaligquot
of the diluted hyvbridoma suspension is placed in each well and
culturing is continued for about 2 weeks while replacing about
1/3 0f the culture solutionwith a fresh mediumat predetermined
time intervals (for example, every 3 days), whereby hybridoma
clones can be proliferated.

The hybridomas in wells for which the antibody titer has

been confirmed are subjected to, for example, cloning by the

IA._J

limiting diluticn method repeatedly 2 to 4 times. A hybridoma
which has been confirmed to have a stable antibody titer is
selected as an anti-Siglec-15 monoclenal antiboedy- producing
hybridoma strain.

Examples cf the hybridoma strain thus cloned include
hybridoma #32A1 and hybridoma #41B1. Hybridoma #32AR1 and
hybridoma #41B1 were deposited at the International Patent
Organism Depositary of the National Institute of Advanced

-

Industrial Scilence and Technology (lcoccated at Central 6, 1-1-

et

Higashi, Tsukuba~shi, Iparakli-ken, 305~8506, Japan) on August
28, 2008. The hybridoma #32A1 has been given a deposition

wumber of FERM BP-108%% under the name of anti-Siglec-15

3

Hybridoema #32A1, and the hybridoma #41B1 has been glven a
deposition number of FERM BP-11000 under the name of
anti-Siglec-15 Hybridoma #41B1. In this description, the
antibody produced by the hvbridoma #32A1 1s represented by

“$32A1 antibody” or simply “#32AR1", and the antibody produced



221
1

by the hybridoma #41B1 is repreéented by “#41B1 antibody” or
simply “#41B1”. Further, antibodies obtained in the Examples
of this description other than £from hybridoma #32A1 and
nybridoma #41B1l are also represented by the antibody names in
The same manner.
(g} Preparation of moncclonal antibody by culturing hybridoma
By culturing the thus selected hybridoma, a monoclonal
antibody can be efficiently obtained. However, prior to the
culturing, 1t is preferred to perform screening of a hybridoma
which produces a target menoclonal antibody.

n the screening, a known method can be employed.

-

The measurement of the antibody titer in the invention
can be carried cut by, for example, an ELISA method explained
in item (b} described above.

The hybridoma obtained by the method as described above
canbe stored ina frozen staete in liguidnitrogenor ina freezer
at —-B80°C or below.

After completion of cloning, the medium 1s changed from
an HT medium to a normal medium, and the hybridema 1s cultured.

Large-scale culture is performed by rotation culture
using & large culture bottlie or by spinner culture.

From the supernatant chtained by the large-scale culture,
a meonoclonal antibody which specifically binds to the protein
of the invention can be obtained by purification using a method

known to those skilled in the art such as gel filtration.
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Further, the hvbridoma is injected into the abdominal
cavity of a mouse of the same strain as the hybridoma (for
example, the above-mentioned BALB/c) or a Nu/Nu mouse to
proliferate the hybridoma, whereby the ascites contalning a
large amount of the monoclonal antibody of the invention can
be obtained.

In the cass where the hybridoma is administered in the
abdominal cavity, if a mineral oil such as
2,6,10,14-tetramethyl pentadecane (pristine) is administered
3 to 7 days prior thereto, a larger amocunt of the ascites can
be cbtained.

For example, an immuncsuppressant 1s previocusly injected
into the abdominal cavity of a mouse of the same strain as the
nybridema to inactivate T cells. 20 days thereafter, 10° to
10’ hybridoma clone cells are suspended in a serum~free medium
(.5 ml), and the suspension is injected into the abdominal

cavity of the mouse. In general, when the abdomen is expanded

Hh

and filled with the ascites, the ascites 1s collected.

By this method, the monoclonal antibody can be cbtained
at a concentraticn about 100-fold higher than that of the
culture solution.

The monoclional antibody obtained by the above-mentioned
method can be purified by the method described in, for example,
Weir, D. M.: Handbook of Experimental Immunclogy Vol. I, IT,

III, Blackwell Scientific Publications, Oxford {(1878).
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That 13, examples of the method include an ammonium
sulfate precipitation method, gel filtration, ilon exchange
chromatography, and affinity chrematography.

As & simple purification method, a commercially
available monoclonal antibody purification kit (for example,
MARTrap GII kit manufactured by Pharmacia, Inc.) or the like
can also be used.

The thus obtained monocleonal antibody has high antigen
specificity for Siglec-15.

{(h) Assay of monoclonal antibody

The iscotype and subclass of the thus obtained monoclenal
antibody can be determined as follows.

First, examples of the identification method include the
Cuchterliony method, an ELISA method and an RIA method.

.

The Ouchteriony method is simple, but  when the
concentration of the monoclonal antibody is low, a condensation
operation is reguired.

Cn the other hand, when an ELISA method or an RIA method
is used, by directly reacting the culture supernatant with an
antigen-adsorbed solid phase and using antibodies
corresponding te variocus types of immunogleobulin isctypes and
subclasses as secondary antibodies, the isotype and subclass
of the moncclonal antibody can be identified.

In addition, as a simpler method, a commercially

available identification kit (for example, Mouse Typer kit
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manufactured by Bio-Rad Laboratories, Inc.) or the like can
also be used.

Further, quantitative determination cof a protein can be
performed by the Folin Lowry method and a method of calculation
based on the absorbance at 280 nm [1.4 (0D 280) = Immunoglobulin
1 mg/ml].

(3) Other antibodies

The antibody o0f the invention includes not only Tthe
above-mentioned monocleonal antibody against Siglec-15 but
alsc a recombinant antibody obtained by artificial
modification for the purpese of decreasing heterologous
antigenicity to humans such as a chimeric antibody, @ humanized
antibedy and a human antibody. These antibodies can be
produced using a known method.

As the chimeric antibody, an antibody in which antibody
variable and constant regions are derived from different
species, for example, a chimeric antikedy in which a
mouse-derived antibody variable region is connected to a
human-derived constant region can be exemplified (see Proc.
Natl. Acad. Sci. USA, 81, 6851-6855>, (1984)).

As the humanized antibody, an antibody obtained by
integrating only a complementarity determining region (CDR)
into a human-derived antibody (see Nature (1986) 321, pp.
522-525), and an antibody cobtained by graftling a part of the

amino acid residues ¢of the framework as well as the CDR ssguence
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into a human antibody by a CDR-grafting method (WO 390/07861)
can be exemplified.

Further, the antibody of the invention includes a human

j . An anti-Siglec~15 human antibody refers to a human

t
‘..J
o2
o}
(83
R

an
antibody having only a gene sequence of an antibody derived

rom a human chromosome. The anti-Siglec-15 human antibody
can be obtained by a method using & human antibody-producing
mouse having a human chromosome fragment containing H-chain
and L-chain genes of 2 human antibody (see Tomizuka, K. et al.,
Nature Genetics (1987) 16, pp. 133-143; Kuroiwa, Y. =t al.,
Nuc. Acids Res. (1888) 26, pp. 3447-3448; Yoshida, H. et al.,
Animal Cell Technology: Basic and Applied Aspects vol. 10, opp.
69-73 {Kitagawa, Y., Matuda, T. and Iijima, S. eds.), Kluwer
Academic Publishers, 199%9; Tomizuka, K. et al., Proc. Natl.
Acad. 8Sc¢i. USA (2000) 87, pp. 7Z22-727, etc.).

Such a transgenic animal can be created specifically as
follows. A genetically modified animal in which non-human
mamma lian endogenous immunoglobulin heavy and light chain gene
loci have been disrupted, and instead, human immuncglobulin
heavy and 1ight chain gene loci have been introduced via a yeast
artificial chromosome (YAC) vector or the like is created by
producing & knockout animal and 2 fransgenic animal and mating
these animals.

Further, according to a genetlc enginesering technigue,

by using cDNAs encoding such a heavy chain and a light chain
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of a2 human antibody, respectively, preferably a vector
containing the c¢DNAs, eukarvotic cells are tTransformad, and
a transformant which produces a recombinant human monoclonal
antibody is cultured, whereby the antibody can also be obtained
from the culture supernatant.

Here, as the host, for example, eukaryotic cells,
preferably mammalian cells such as CHO cellis, lymphocvtes or
myelicma cells can be used.

Further, a method of obtaining a phage display-derived
human antibody screened from a human antibody library (see
Wormstone, I. M. et al., Investigative Ophthalimoliogy & Visual
_Science. (2002) 43 (7)), pp. 2301-2308; Carmen, S. et al.,
Briefings in Functional Genomics and Proteomics (2002), 1 {2},
pp. 189-203; Siriwardena, D. et al., Opthalmology (2002) 108
(3), pp. 427-~431, etc.) 1is also known.

For example, a phage display method in which a variable
regicn of a human antibody is expressed on the surface of a
phage as & single-chain antibody (scFv), and a phage which binds

to an antigen is selected (Nature Biotechnology (2005), 23,

Pt

(9), pp. 1105-1116) can be used.

By analvzing the gene of the phage selected based on the
binding to an antigen, the DNA seqguence encoding the variable
region of a human antibody which kinds to an antigen can be
determined.

If the DNA seguence of scFv which binds to an antigen
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is determined, a human antibody can be obtained by preparing
an expression vector having the sequence and introducing the
vector into an appropriate host to express it (WO 92/01047,
WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438,
WO 95/15388, Annu. Rev. Immunol (1994) 12, pp. 433-455, Nature
Biotechnology (2005) 23 (9), pp. 1105-1116; .

in the case where an antibody is produced by once
isolating an antibody gene and then introducing the gene into
an appropriate host, a combination of appropriate host and
expression vector can be used.

In the case where eukaryotic cells are used as the host,
animal cells, plant cells andg eukaryotic microorganisms can
be used.

As the animal cells, mammalian cells, for example,
dihydrofolate reductase-deficient strains (Urlaub, G. and
Chasin, L. A., Proc. Natl. Acad. Sci. USA (1980) 77, op.
4126-4220) of simian COS cells (Gluzman, Y., Cell, (1981 23,
pp. 175-182, ATCC CRL-1650}), murine fibroblasts NIH3T3 {ATCC
No. CRL-1658), and Chinese hamster ovarian cells (CHO cells;
ATCC: CCL—61); can be exemplified.

In cases where prokaryotic cells are used, for example,
Escherichia coli and Bacillus subtilis can be exemplified.

By introducing a gene of a target antibody into these
cells through transformation, and culturing the thus

transformed cells in vitro, the antibody can be obtained.
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There is no limitation on isotype of the antibody of the
invention, and examples thereof include Ig& (IgGl, IgGZ, IgG3,
IgG4), IgM, IgA (Igal, IghZ), IgDh and IgE, and preferred
examples thereof include IgG and IgM.

Further, the antibody of the inventicn may be &
functional fragment of the antibody having an antigen-binding
site of the antibedy cor a modified fragment thereof. The
fragment of the antibody can be obtained by treating the
antibody with a protease such as papain or pepsin, cr modifying
the antibody gene according te a genetic engineering technigque
and expressing the modified gene in suitable cultured cellis
Bmong these antibody fragments, a fragment having all or part
of the functions of the full-length molecule of the antibody
can be called a2 functional fragment of the antibody. RAs the
functions o¢f the antibody, generally an antigen-binding
activity, an activity of neutralizing the activity of an
antigen, an activity of increasing the activity of an antigen,
an antibody-dependent cytctoxic activity, a
complement~dependent cytotoxic activity, and a
complement~dependent cellular cytotoxic activity can be
exemplified. The function of the functional fragment of the

e

antibedy according te the invention is preferably an activity
of inhibiting the formaticn of ostecclasts, more preferably

an activity of inhibiting the process of cell fusion of

csteoclasts.
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Examples of the fragment cof the antibody include Fab,
Fiab’ )2, Fv, single-chain Fv (sckFv) in which v mclecules of
the heavy chain and the light chain are ligated via an
appropriate linker, a diabody (diabodies), a linear antibody,
and a polyspecific antibody composed of the antibody fragment.
marther, Fab’ which 1s a monovalent fragment in z variable
region of an antibody obtained by treating F{ab’)2 under
reducing conditions is also included in the fragment of the
antiboedy.

Further, fthe antiboedy of the invention may bes a
pelyspecific antibedy with specificity for at least two
different antigens.

In general, such a molecule binds te two antigens {(that
is, bispecific antibody), however, the “polyspecific
antibody” as used herein 1includes an antibody having
specificity for two or more (for example, three) antigens.

The antibody of the invention may be a polyspecific
antibody composed of a full-length antibody or a fragment of
such an antibedy (for example, F{ab’)Z bispecific antibody).
The bispecific antiboedy can be produced by ligating the heavy
and light chains (HL pairs) of two types of antibodies, or can
also be produced by fusing hybridomas which produce different
menoclonal antibodies to prepare fused cells which produce the
bispecific antibody {Millstein et al., Nature (1983} 305, pp.

537-539).



The antibody of the invention may be a single-chain
antibody (alsc referre o as scEFvy. The single-chain
antibody can be obtained by ligating the V regions of the heavy
chain and the light chain of the antibody via a polypeptide
linker (Pluckthun, The Pharmacclogy of Monoclonal Antibodies,
113 {edited by Rosenburg and Moore, Springer Verlag, New York,
pp. 269-315 (1994), Nature Biotechnology (2005), 23, op.
1126-1136). Further, a BiscEFv fragment produced by ligating
twoe scFv molecules via a polypeptide linker can also be used
as the bispecific antibody.

A method of producing a single—-chain antibody is known
in this technical field (see, for example, US patent Nos.
4,946,778, 5,260,203, 5,091,513, 5,455,030, etc.). 1In this

scfv, the V regions of the heavy chain and the light chain are

ligated via a linker which does not forma conjugate, preferably

E_.l

via & polypeptide linker {Huston, J. S. et al., Prog. Nat
hcad., Sci. USA (1988), 85, pp. 5879-58832). In the scfv, the
V regions of the heavy chain and the light chain may be derived
from the same antibody or different antibodies. As the
polypeptide linker to be used for ligating the V regions, for
example, a given single-chain peptide composed of 12 to 18
residues is used.

DNA  encoding scFv can be obtained by performing
amplification using a partial DNA encoding the entire or a

desired amino acid sequence of a DNA selected from a DNA



encoding the heavy chain or the V region of the heavy chain

the above-mentioned antibody and a DNA encoding the light

I

s}

chain or the V region of the light chain thereof as a template
by a PCR method using a primer pailr that defines both ends
thereoi, and further performing amplification combining a DNA
encoding a polypeptide linker portion and a primer pair that

ines both ends thereof so 23 Lo ligate both the ends to the

h

de
heavy chain and the light chain, respectively.

Further, once DNA encoding scFv is produced, an
expression vector containing the same and a host transformed
by the expression vectoer can be obtained according to a common
procedure. Further, by using the resulting host, scFv can be
ocbtained according tc a common procedure.

An antibody fragment thereof cén be produced in a host
by obtaining a gene and,expzessing'the.gene in the same manner
as described above.

The antibody o©f the inventicon may be mulitimerized to

3

an., The antibody to be
Y

E_J.

increase the affinity for an ant

i

multimerized may be one type of antibody or a plurality of

antigen. As a method of multimerization of the antibody,
binding of the IgG CH3 domain to two scFv molecules, binding
to streptavidin, Introduction of a helix-turn-helix motif and
the like can be exemplified.

The antibody of the invention may be a polyclonal
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antibody which is a mixture of plural types of anti-Siglec-15
antibodies having different amino acid sequences. AS one
example of the polyciconal antibody, a mixture of plural types
of antibodies having different CDR can be exemplified. As such
a polyclonal antibody, a mixture of cells which produce
different antibodies is cultured, and an antiboedy purified from
the resulting culture can be used (ses WO 2004/061104).

As a modified antibedy, an antibody bound to any of
varicus types of molecules such as polyethylene glycol (PEG)
can also be used.

Further, the antibody of the invention may be in the form
of a conjugate formed between any of these antibodies and
another medicinal agent (immunoconjugate). Examples of suéh
an antibody include one in which the antibedy is conjugated
to. a ra&ioactive material or a compound having a

pharmacological action (Nature Biotechnelogy (2005) 23, pp.

The obtained antibody can be purified to homogeneity.
The separation and purificaticen of the antibody can bs
pverformed employing a conventional protein separation and
purification method.

For example, the antibody can be separated and purified

£z

by appropriately selecting and combining use of a

chromatography column, filter, ultrarfiltration, salt

precipitation, dialysis, preparative polyvacrylamide gel
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electrophoresis, i1scelectric focusing electrophoresis, and

-

the ike (Strategies for Protein Purification and
Characterization: A Laboratory Course Manual, Daniel R.
Marshak et al. eds., Cold Spring Harbor Laboratory Press
(1896} ; Antibodies: A Laboratory Manual. Ed Harlow and David
Lane, Cold Spring Harbor Labkoratcry (1988)), but the method
is npot limited thereto.

Examples of chromatography include affinity
chromatography, ion exchange chromatography, hydrophobic
chromatography, gel filtraticn chromatography, reverse phase
chromatography, and adscrption chromatography.

Such chromatography can be performed employing liguid
chromatography such as HPLC or FPLC.

As a column to be used in affinity chromatography, a
Protein A ceolumn and a Protein G column can be exemplified.

For example, as a column using a Protein A column, Hyper

D, POROS, Sepharose F. F. (Pharmacia; and the like can be

exemplified.

4

Further, by usinga carrier having an antigen immobilized
thereon, the antibody can also be purified utilizing the

binding property of the antiboedy to the antigen.

5. Medicine containing anti~-Siglec-15 antibody
From the anti~Siglec~15 antibodies obtained by the

method described in the above i1tem “4. Production of
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anti-Siglec-15 antibedy”, an antibody which neutralizes the
biological activity of Siglec-15 can be obtained. Such an
antibody which neutralizes the bioclogical activity of
Siglec—l5inhibitsiﬂﬂebiologioalactivity<xﬁ8igiec—15ijzvivo
i.e., the differentiation and/or maturatiocn of osteoclasts,
and therefore can be used as a therapeutic and/or preventive
agent for abnormal bone metabolism caused Dby abnormal
differentiation and/ormaturation of ostecclasts as a medicine.
The abnormal beone metabelismmay be any discerder characterized
by net bone loss (osteopenla or osteolysis). In general, the
treatment and/cr prevention by the anti~Siglec-15 antibody
are/ls applied to a case where inhibition of bone resorption
is reguired. Examples of the abnormal bone metabolism which
can be treated and/or prevented by the anti-Sigiec-15 antibody
include osteoporosis (postmenopausal osteoporosis, senile
ostecporosis, secondéry osteoporosis due to the use of a
therapeutic agent such as a sterold or an immunosuppressant,

or osteoporosis accompanying rheumatcid arthritis), bone
destructicn accompanying rheumatceid arthritis, cancexoué
hypercalcemia, bone destructicn accompanying multiple myeloma
or cancer metastasis to bone, glant cell tumor, tooth loss due
¢ periodontitis, osteolysis arcound a prosthetic Joint, bone
destruction in chronic ostecmyelitis, Paget's disease of bone,

renal osteodystrophy and osteogenesis imperfecta, however,

the abnormal bone metabolism 1s not limited thereto as long



75

as it 1s a disease accompanied by net bone loss caused by
osteoclasts. Examples of the anti-Siglec-15 antibody to be
used as the above-mentioned medicine include a chimeric
antibody and a humanized antibody produced from the #3221

¢

antibody cr #41B1 antibody by the method described in 4. (3)
“Orhner antibodies”. Fﬁrther,eachimericaﬂtibody,eahumanized
antibody and a human antipody sharing the same epitope as the
#3221 antibody or #41B1 antibody can also be used as a medicine.
Whether a certain anti-Siglec-15 antibody shares the same
epltope as the #32A1 antibody or #£41B1 antibody can be confirmed
by observing whether or not these antibodies bind to the same
specific partial peptide of Siglec~15. Further, it can alsco
be determined that if the certain anti-Siglec-15 antibody
competes with the #3241 antibody or #41BI1 antibody for binding
to Siglec-15, these antibodies share the same epitope.

The in vitro activity of the anti~Siglec-152 antibody of
neutralizing the biological activity of Siglec-~15 can.be
determined by, for example, the activity of inhibiting the
differentiation of the cells which overexpress Siglec-15 into
osteoclasts. For example, the anti-Siglec-15% antibody is
added te RAW 264.7 cells or Raw 264 cells which are s mouse
monocyte~derived cell line at various concentrations, and the
activity of inhibiting the differentiation into osteoclasts
by stimulation with RANKL or TNF-¢ can be determined. Further,

the anti-Siglec-15 antibody is added to bone marrow-derived
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primary cultured cells at various concentrations, and the
activity of inhibiting the differentiaticn into osteoclasts
by stimulation with RANKL, TNF-a or active wvitamin D3 can be
determined. Further, the anti-Siglec~15 antiboedy is added to
normal human osteoclast precursor cells (Normal Human Naturail
Osteoclast Precursor Cells, available from Sanko Junyaku Co.,
Ltd., Cat. No. 2T7-110) at varlous concentrations, and the
activity of inhibiting the differentiation intc osteoclasts
by stimulation with RANKL or M-CSF can be determined. Such
an iInhibiteory effect on osteoclast differentiation can be
determined by using the inhibition of tartrate-resistant acid
phosphatase (TRAP) activity of ostecclasis as an index as shown
in Examples 17, 19, 20 and 26. Further, the inhibitory effect
on osteoclast differentistion can also be determined by using
the inhibition of formation of TRAP-positive multinucleated
ostecclasts, 1i.2., the inhibitionof cell fusion ¢f osteocclagts
as an index as shown in Examples 192, 21, 22 and 35. The
antibodies of the invention exhibited an inhibitory effect on

usion at a concentration of 30 pg/ml or less in the

th

cell
above-menticoned test svystem for ostecclast differentiation,
and some antibodies exhibited the inhibitory effect even at
a concentration of 3 pa/mi or less or 1 ug/ml or less. Further,
in the case where the effect at a further lower concentration
was tested, it was found that a plurality of antibodies

exhibited an inhibitory effect on osteoclast differentiation



even at a concéntration range of from 63 ng/ml to 1 ug/ml.
urther, in an experiment of a pit assay (Takada et al., Bone
and Mineral, (19%%2) 17, 347-339) using femur~ and/or
tibia-derived cells, the in vitro activity of inhibiting the
bone resorpticon by osteoclasts can be determined by adding the
anti-Siglec-15 antibody to femur~ and/or tibia-derived cells
at various concentrations, and observing pit formation on a
dentine slice. 5As a system for determining the in wvitro
activity of inhibiting the bone rescrption by osteoclasts, as
shown in Example 37, it is also possible fo use a plate coated
with human collagen conjugated to eurcopium. In the
above-mentioned test system for bone resorption by osteoclasts
the antibody of the invention inhibited bone resorption at a
concentration of 3 ug/ml or less, that is, at a concentration
range of from 0.3 pg/ml to 3 pg/ml. The in vivo therapeutic
or preventive effect of the anti-Siglec~-15 antibody on abnormal
bone metabolism using an experimental animal can be confirmed
by administering the anti~Siglec-15 antibody to a model animal
of ostecporosis or a transgenic animal which overexpresses
siglec—15 and measuring a change in osteoclasts.

The thus obtained antibody which neutralizes the
biclogical activity of Siglec-15 1is useful as a medicine,
particularly as a pharmaceutical composition for treating or
preventing abnormal bone metabolism such as osteoporosis, bone

destruction accompanying rheumatold arthritis or bons
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destruction accompanying cancer metastasis to bone, or as an
antibody for immunological diagnosis of such a disease.

In the treatment of rheumatoid arthritis (RA), a major
problem is bone loss accompanying the occurrence of the disease.
It has been reported that in this bone loss accompanying RA,
osteoclasts play a primary role. The cytokines considered to
be most important for osteoclast induction {(differentiation
and maturation) and activation and the cause o0f bone
destruction in RA are RANKL and TNF-o {(Romas E. et al., Bone
30, pp. 340-346, Z002). As shown in Example 19 of this
description, OCIF/OPG which is a decoy receptor for RANKL can
inhibit osteocclast formation induced by RANKL but does not
inhibit osteoclast formation induced by TNF-o. On the other
hand, the anti-S8iglec-15% antibody according te the invention
effectively inhibited osteoclast formation induced by both
RANKL and TNF-o. Therefore, it i1s expected that the
anti-Siglec—15 antibody ¢of the inventicn can inhibit bone loss
and bone destruction induced by TNEF-a in RA or the like more
streoengly than an RANKIL, blocker (OCIF/0PG, an anti-RANKL

ke .

}_J
;»VJ

antibody or the

As one example, for the treatment or prevaention of
abnormal bone metabolism, the anti-Siglec~15 antibody can be
administered alone or along with at least one therapeutic agent
for a bone-related disease. As another example, tThe

anti-Siglec-15 antibody can be administered ailong with a
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Therapeutically effective amount of a therapeutic agent for
abnormal bone metabolism. Examples of the therapsutic agent
which can be administered along with the anti-Siglec-15
antibody include, but are ncot limited to, bisphosphonates,
active vitamin Dy, calcitonin and derivatives thereof, hormone
preparations such as estradiol, SERMs (selective estirogen
receptor modulateors), ipriflavone, vitamin K; (menatetrenone)
calciumpreparations, PTH (parathyroid hormone) preparations,
nonsteroidal anti-inflammatory agents, soluble TNF receptor
preparations, anti-TNF-o antibodies or functional fragments
of the antibodies, anti-PTHrP (parathyroid hormone-related
protein) antibodies or functional fragments of the antibodies,
IL-1 receptor antagonists, anti~IL-6 receptor antibodies or
functional fragments of the antibodies, anti-RANKL antibodies
or functicnal fragments o©f the antibedies and OCIF
(osteoclastogenesis inhibitory factor). Depending on the
state of abnormal bone metabolism or the intended degree of
The treatﬁent and/cr prevention, two or three, or more types
of medicinal ag@nﬁs can pe administered, and these medicinal
agents can be supplied all together by encapsulating them in
the same preparation. These medicinal agents and the
anti-Siglec-15 antibody can be supplisd all together by
encapsulating them in the same preparation. Further, these
medicinal agents can be supplied all together by encapsulating

them as a kit to be used for treatment and/or prevention.



Fﬁrther, these medicinal agents and the anti-Siglec-15
antibody can be supplied separately. In the case of
administration 1in gene therapy, & gene of a proteinous
therapeutic agent for a bone disease and a gene of the
anti-5iglec~15 antibody can be inserted downstream of the same
promoter region or different promoter regions, and can be
introduced into the same vector or different vectors.

By conijugating a therapeutic agent for a bone disease
to the anti-Siglec-13 antibody or a fragment tThersof, a
targeted drug conjugate as described in M. C. Garnet “Targeted
drug conjugates: principles and progress”, Advanced Drug
Delivery Reviews, (2001) 53, 171i-216 can be produced. For
achieving this purpose, other than the antibody molecule, any
antibody fragment can be applied as long as it does not
completely lose the ability to recognize ostecclasts, and
examples thereof include fragments such as Fab, Flab’)2, and
Fv. In the invention, the antibody and the fragment can be
used in the same manner. The conjugate formed by the
anti-Siglec~15 antibcedy or a2 fragment therecf and a therapsutic
agent for a bone disease can be any of various forms described
in M. C. Garnet “"Targeted drug conijugates: principles and
progress”, Advanced Drug Delivery Reviews, (2001) 53, 171-21¢,
G. T. Hermanson “Bioconjugate Technigues” Academic Press,
California (18296), Putnam and J. Kopecek “Polymer Conjugates

with Anticancer Activity” Advances in Polymer Science (1985}



122, 55—123 and the like. That ig, a conjugate form in which
the anti~-Siglec-15 antibedy and a therapeutic agent for a bone
disease are conjugated to each other chemically and directly
or via a spacer such as an olligopeptide and a coniugate form
via an appropriate drug carrier can be exemplified. EZxamples
of the drug carrier include a liposome and a water-soluble

-

polymer. More specificexamples of the conjugate form via such
a drug carrier include a conjugate form in which the antibody
and a therapeutic agent for a bone disease are incorporated
in a liposcme and the liposome and the antibody are conjugated
to each other, and a conjugate form in which a therapeutic agent
for a bone disease is conjugated to a water-soluble polymer
(a compound having a molecular weight of from about 1000 to
100000) chemically and directly or via a spacer such as an
cligopeptide and the antibody 1s conjugated to the
water—-soluble polymer. The conjugation of the antibody {or
a fragment therecf) to a therapeutic agent for a2 bone disease
or a drug carrier such as a liposome or a water-soluble polymer
can be effected by a method known to those skilled in the art
such as the methed described in G. T. Hermanson “Bioconjugate
Techniques” Academic Press, California (19%6), Putnam and J.
Keopecek “Polymer Conjugates with Anticancer Activity”
Advances 1in Polyvmer Science {1995y 122, 55~123. The
incorporation of a therapeutic agent for a bone disease in &

iliposcme can be effected by a method known to thoss skilled
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in the art such as the method described in D. D. Lasic
“Liposomes: From Physics te Applications” Elsevier Science
Publishers B. V., Amsterdam {(18%83) or the like. The
conjugation of a therapeutic agent for a bone disease to a
water-soluble polymer can be effected by a method known to theose
skilled in the art such as the method described in D. Putnam
and J. Kopecek “"Pelymer Conjugates with Anticancer Activity”
Advances in Polymer Science (1985) 122, 55-123. & conjugate
between the antibody (or a fragment thereof) and a proteinous
therapeutic agent for a bone disease (or a fragment therecf)
can be produced by a method known o theose skilled in the art
through genetic engineering other than the above-mentioned
method.

The invention also provides a pharmaceutical composition
containing a therapeutically and/or preventively effective
amount of the anti-Siglec~15 antibody and a pharmaceutically
acceptable diluent, carrier, solubilizing agent, emulsifying
agent, preservative and/or adjuvant.

The invention also provides a pharmaceutical composition
containing a therapeutically and/or preventively effective
amount of the anti-Siglec-15 antibody, a therapeutically
and/or preventively effective amount of at least one
therapeutic agent for a bone diseass, and 3 pharmaceutically
acceptable diluent, carrier, sclubilizing agent, emulsifying

agent, preservative and/or adjuvant. Examples of the
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therapeutic agent for a bone disease include, but are not
limited to, bisphosphonates, active vitamin D3, calciteonin and
derivatives thereof, hormone preparations such as estradiocl,
SERMs (selective estrogen receptor modulators), ipriflavone,
vitamin K (menatetrenone), calcium preparations, PTH
(parathyroid hormone) preparations, nensteroidal
anti-inflammatory agents, soluble TNF receptor preparations,
anti-TNF~a antibodies or functional fragments of the
antibodies, anti~PTHrP (parathyrold hormone~related protein)
antibodies or functional fragments of the antibodies, IL-1
receptor antagonists, anti-IL-6 receptor antibodies or
functional fragments of the antibodies, anti~RANKL antibodies
or functional fragments of the antibodies and OCIF
(csteoclastogeneslis inhibitory factor).

A substance to be used in a preparation acceptable in
a pharmaceutical composition according to the present
invention i1s preferably non-toxic to a person te which the
pharmaceutical composition is to be administered, in terms of
the dose and concentration.

The pharmaceutical composition of the invention can
contaln a substance for pharmaceutical use which is capable
of changingormaintaining the pH, osmotic pressure, viscosity,
transparency, celor, iscetoniclty, color, aseptic condition,
stability, solubility, release rate, absorption rate, and

permeability. Examples of the substance for pharmaceutical
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use include, but are not Iimited to, amino acids such as glycine,
alanine, glutamine, asparagine, arginine and lysine;

antimicrobial agents; antioxidants such as ascorbic acid,

phosphate, citrate, borate buffers, bicarbonate and Tris-HCL
solutions; fillers such as mannitol and glycine; chelating
agents such as ethylenediamine tetraacetate (EDTA);
complexing agents such as caffeine, polyvinylpyrrolidine,
p-cyclodextrin and hydroxypropyl-B-cyclodextrin; expanders
such as glucose, mannose and dextrin; other carbohydrates such
as monosaccharides and disaccharides; coloring agents;
flavors; diluents; emulsifying agents; hydrephilic polymers
such as polyvinylpyrrolidine; preservatives such as low
molecular weight polypeptides, base forming counter ions,
benzalkonium chloride, henzcate, salicvlic acid, thimercsal,
phenethyl alcohol, methylparaben, propylparaben,
chlorhexidine, sorbic acid, and hydrogen peroxide; sclvents
such as glycerin, propylene glycoel and polyethylene glycol;
sugar alcohecls such as mannitol and sorbitol; suspending
agents; surfactants such as sorbitan ester, polysorbates
including polyvsorbate 20 and polysorbate 80, Triton,
tromethamine, lecithin and cholestercl; stability enhancing
agents such as sucrose and sorbiltol; elasticity enhancing
agents such as sodiumchloride, potassiumchloride andmannitol

and sorbitel; transport agents; diluents; excipients; and/or



89

pharmaceutical adiuvants. The addition amcunt of thess
substances for pharmaceutical use 1s preferably from 0.01 to
100 times, particularly preferably from 0.1 to 10 times the
welght of the anti~-Siglec-15 antibody. Those skilled in the
art can appropriately determine a preferred formulation of the
pharmaceutical composition in a preparaticn depending on the
disease to be applied, the route of administration to be applied
or the like.

The excipient or carrier in the pharmaceutical
composition may be in the form of z liquid or a =solid. An
appropriate excipient or carrier may be 1njectable water,

an artificial cerebral spinal fluid or

foud
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phyvsiclogical sa
other substance commonly used for parenteral administration.
Further, neutral physiclogical saline or physiological salins
containing serum albumin can also be used as a carrier. The
pharmaceutical composition may contain a Tris buffer of pH 7.0
to 8.5 or an acetate buffer of pH 4.0 to 5.5 which may bs
supplemented with sorbitol or ancother compound. Examples of
the pharmaceutical composition of the invention incliude a
pharmaceutical composition containing the anti-Siglec~15
antibody and a pharmaceutical composition containing the
anti-Siglec-15 antibody and at least one therapeutic agent for
a bone disease. The pharmaceutical composition of the

invention is prepared in the form ¢f a lvophilized product or

a liguid as a medicinal agent having a selected composition
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and a reguired purity. The pharmaceutical composition
centaining the anti-Siglec-15 antibody and the pharmaceutical
composition containing the anti-Siglec-15 antibody and at
least one therapeutic agent for abnormal bone metabolism can
also be formed into a lyophilized product using an appropriate
excipient such as sucrose.

The pharmaceutical composition of the invention can be
prepared for parenteral administration or for
gastrointestinal absorption through oral administration. The
composition and concentration of a preparation can be
determined depending on the administration method. As the
affinity of the anti-Siglec-15 antibody contained in the
pharmaceutical composition of the invention for Siglec-15 is
nhigher, that is, as the dissociation constant (Kd value) for
Siglec~15 is lower, the anti-Siglec-15 antibody can exhibixt
its drug efficacy at a lower dose for humans, and therefore,
the dose of the pharmaceutical composition of the invention
for humans can aiso be determined based on this result. As
for the dose, in the case where a human anti~Siglec~10 antibody
is administered to humans, the antibody may be administeresd
at a dose of from about 0.1 to 100 mg/kg once per cne to 18C
days.

Examples of the desage form of ftThe vharmaceutical
compositicn of the invention include injections including

infusions, suppositories, *transnasal agents, sublingual



agents and percutaneocus abscrbents.

6. Search for directly interacting substance

Ancther embodiment of the invention includes a drug
design method based on the conformation of Siglec~13 for
obtaining a substance which inhibits the activity of Siglec-15.
Such a method 1s known as a rational drug design method and
is used for searching for a compound which efficiently inhibits
or activates the enzymatic activity or binding te a ligand,
a cofactor or a DNA. As an example of such z compound, a
protease inhibltor serving as an anti-HIV agent which has
already been placed on the market is well known. Also in &
three~dimensional structural analysis of Siglec~15 of the
invention, a generally well known method such as an X-ray
crystallographic analysis or a nuclear magnetic resonance
method canbe used. Further, insearching for a substance which
inhibits the Zfunction of Siglec-15, drug design utilizing
computer-aided drug design (CADD) can also be eifected. As
an exampie of this case, a low molecular weilght compound (WO
89%/58515) which inhibits the action of AP-1 and is expected
to be a novel genomic drug for treating rheumateid arthritis
and the iike are known. By virtue of such a method, it is
possible to cbtain a substance which inhibits the function of
Siglec-15 by directly binding te Siglec-15 c¢r by inhibiting

the interacticn between Siglec-15 and cther factors.



Further, ancther embodiment relates to a polypeptide
with which the Siglec-15 of the invention asscociates, in other
words, &a partner protein cof the Siglec-15. That is, the
invention relates to a method of screening a partner protein
which regulates the activity of Siglec-13.

One embodiment of this screening method includes a step
of bringing a test protein sampie into contact with Siglec-15
and selecting a protein which binds to Siglec-13. As such a
method, for example, a method in which purified Siglsc-15 is
uged and affinity purification of a protein binding thereto
is performed can be exemplified. One specific example of the
method will be described below. A seguence composed of szix
histidines as anaffinity tagis fusedwith 8iglec-15 toprepare
a fusion protein, and the resulting protein is incubated at
4°C for 12 hours aliong with a cell extract solution {(a fractiocn
passed through a nickel-zgarcse cclumn after charging the
column with & cell sclution). Then, another nickel-agarose
carrier 1s added to the mixture and The mixTure is incubated
at 4°C for 1 hour. After the nickel-agarose carrier 1is
sufficiently washed with a washing buffer, 100 mM imidazole
is added to the mixture to elute and purify a protein which
specifically binds to Siglec-15 in the cell extract solution.
Then, the purified protein is analyzed fTo determine its
structure. In this manner, a protein which directly binds to

Siglec-15 and a protein which does not have an activity of



binding to Siglec~15 but indirectly binds to Siglec-15 by
forming a complex with a protein as a subunit which directly
binds te Siglec-15 can be purified. As an alternative method,
it isalsoposzsible toperformcloning by a far-Western blotting
assay or a two-hybrid system assay using yeast or mammallan
cells, however, it is not limited tTo these methods.

If a cDNA of a partner protein which directly or
indirectliy interacts with 3iglec-15 is obtained in this manner,
the cDNA can be used in functional screening of a substance
which inhibits the interaction betwsen Siglec-15 and the
partner protein. Specifically, a fusion protein between
Siglec~15 and glutathione-S-transferase is prepared and bound
to a microplate covered with an
anti~glutathione-S~transferase antibody. Then, a
bictinyiated partner protein is brought into contact with the
fusion protein, and the binding of the partner protein with
the fusion protein is detected uzing streptavidin~conjugated
alkaline phosphétase. When the biotinylated partner protein
is added, a test stubstance is also added to select a substancs

hich promotes or inhibits the binding of the fusion protein

=

o+

to the partner protein. By this method, a substance which
directly acts on the fusion protein or a substance which
directly acts on the partner protein can be cobtained.

In the case where the fusicn protein binds indirectly

4

to the partner protein via another factor, the assay is
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performed in the presence of, for example, a cell extract
solution containing this factor. In this case, there is s
possibility that a substance which may act on the factor may
also be selected.

Further, in the case where the obtained partner protein
has the activity of promoting the function of Siglec-15, it
iz possible to screen a candidate substance useful as a
therapeutic and/or preventive agent for abnormal bone
metabolism, for example, a therapeutic and/or preventive agent
for osteoporosis according to a test method employing an
expression vector of the Siglec-15 gene as described above.
Further, in the case where the cobtained partner protein has
an activity of inhibiting the function of Siglec-15, it is
possibie To use a polynucleotide sncoding such an inhibitor
in gene therapy for abnormal bone metabolism.

Such a polynuclectide can be obtained by, for example,
analyzing the amino acid sequence of the identified inhibitor,
synthesizing an cligonucleotide probe encoding the amino acid
sequence, and performing screening of a cDNA library or a genome
library. Further, in the case where a polypeptide having the
activity of inhibiting the function of Siglec-15 is derived
from a randomly synthesized artificial peptide library, a DNA
composed of a nuclectide seguence encoding the amino acid
sequence c¢f the peptide is chemically synthesized.

In the gene therapy, the thus cbtained gene encoding the



inhibitor'ié integrated into, for example, a viral vector and
a patlient is infected with a virus (attenuated) having the
resultant recombinant viral vector. In the body of the patient
an anti-bone destruction factor is produced and functions to
inhibit osteoclast differentiation, and therefore, tresatment
and/or prevention of abnormal bone metabolism can be realized.

Az a method of introducing a gene therapeutic agent intco
a cell, either a gene transfer method using a viral vector or
a non-viral gene transfer method can be used.

Examples of the gene transfer method using a2 viral vector
include a methced of integrating a DNA enceding a Siglec~1E
inhibiltor or a mutant thereof into a DNA virus or an RNA virus
such as a retrovirus, an adencvirus, an adenc-associated virus,
a herpes virus, a vaccinia virus, a pox virus, a polio virus,
or a sindbis wvirus to effect gene transfer. Among them, a
method using a retrovirus, an adenovirus, an adenc-associated
virus, or & vaccinla virus 1s particularly preferred.
Examples of the non-viral gene transfer method include a method
of administering an expression plasmid directly into the muscle
(a DNA vaccination methed), a liposome method, a lipofection

method, a microlnjection method, a2 ¢alcium phesphate metheod,

foud

and an electroporation method. In -particular, & DNA
vaccination method and a liposome method are preferred.

Further, in order to actually use the gene therapeutic

agent as a medicinal agent, there are an in vivo method in which
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& DNA is directly introduced in the body and an ex vivo method
in which a certain type of cell is taken from a human and a
DNA is introduced into the cell ex vivo, and the cell is returnsd
in the body.

For example, in the case where the gene therapeutic agent
igs administered by the in vivo method, it is administered
through an appropriate administration route such as through
a vein or artery, under the skin, into the skin, or into the
muscle according to the disease, symptoms or the like. Further,
in the case where it is administered by the in vivo method,
the dgene therapeutic agent 1s generally formulated as an
injection, however, a commonly used carrier may be added as
needed. Further, in the case where it is formed into a 1iposome
or a membrane fusion liposome (such as Sendai virus liposome),

o

t can be formulated into a liposcome preparation such as a

'._J..

suspension, a lyophilized agent, or a centrifugally
concentrated and lyophilized agent.

A nucleotide sequence complementary to a full-length or
partial sequence of the nuclectide sequence represented by SEQ
IDNO: I or 3 in the Seguence Listing can be used for so~called
antlsense therapv. An antisense molecule can be used as a DNA
which is composed generally of from 15 to 30 nucleoetides and
is complementary to a part of a nuclectide sequence selected
from the nucleotide sequences represented by SEQ ID NCS: 1 and

3 in the Sequence Listing or a stable DNA derivative thereof
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such as a phosphorothioate, methylphosphonate, or morpholino
derivative thereof, or a stable RNA derivative such as
2’ -0-alkyl RNA. Such an antisense molecule can be introduced
into a cell by a method known in the technical field of the
invention, for example, by injecting an extremely small amount
of the antisense molecule, by forming the molecule into a
liposome capsule, or by expressing the molecule with the use
of a vector having an antisense sequence. Such antisense
therapy is useful for treating a disease caused by excessively
increasing the activity of a protein encoded by the nucleotide
sequence represented by Sequence ID NO: 1 or 3 in the Sequence
Listing.

Further, a method using a double-stranded short RNA
(siRNA) can also be exemplified (Genes and Developments,
January 15, 2001, vol. 15, No. 2, pp. 188-200). For example,
siRNA against Siglec-15 gene is prepared and introduced into
a cell according to the method described in the document,
whereby a therapeutic agent for a bone metabolic disease

accompanied by overexpression of Siglec-15 can be prepared.

[Examples]

Hereinafter, the invention will be more specifically
described with reference to Examples, however, the invention
is not limited thereto. Note that the respective operations

regarding gene manipulation in the following Examples were
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performed according to the methods described in "Moleculer
Cloning" (written by Sambrock, J., Fritsch, E. F. and Maniatis,
T., published by Cold Spring Harbor Laboratory Press in 1989),
or inthe case of using commercially available reagents or kXits,

performed according to the protocols attached thereto.

Fxample 1. Expression of human Siglec~15 gene 1in giant cell
tumor tissue

A glant cell tumor {(GCT) is histologically a bone tumor
with a large number of osteoclast-like multinucleated giant
cells arising and is characterized by clinical findings of
osteolytic bone destruction (Builcugh et al., Atlas of
Orthopedic Pathology 2nd edition, 17.6-17.8, Lippincott
Williams & Wilkins Publishers {(19%2}). An expression profile
analysis was performed for an EST probe (Affymetriz GeneChip
HG-UL33 probe 215856 at: manufactured by Affymetrix, Inc.)
having a nucleotide sequence partially overlapping with that
of human Siglec-15 gene in GCT tissues using the database
{Genesis 2006 Release 3.0) made by Gene Loglic, Inc. Further,
an expression profile analysis was also pericrmed for the EST
probes for RANK (Affymetrix GeneChip HG~ULl33 probe 207037 at,
manufactured by Affymetrix, Inc.}) and RANKL (Affymetrix
GeneChip HG-U133 probe 210643 at, manufactured by Affymetrix,
Enc.}whichplay51kéyxole:hldifferentiationintoosteoclasts,

and for cathepsin K (Affymetrix GeneChip HG-UL33 probe
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202450 s at, manufactured by Affymetrix, Inc.}) and TRAF
(Affymetrix GeneChip HG-Ul33 probe 204628 at, manufactured by
Affymetrix, Inc.) which are markers for differentiation into
osteoclasts in GCT tissues in the same manner.

When the expression levels were compared among 13 cases
of normal bone tissues, 12 cases of GCT tissues and 16 cases
of pone tumor tissues other than GCT, it was revealed that
transcription of RANK and RANXL 1s specifically increased in
the GCT tissues compared with in the normal tissues (Fig. 1-4A).
On the other hand, in the bone tumor tissues other than GCT
in which an increase in bone resorption is believed not to be
always caused, transcription of RANK and RANKL was lower than
in GCT, and thereiore, 1T was suggested that GCT preovides an
environment in which osteoclast formation and activation are
promoted. Further, when the expression levels ©f genes of
cathepsin K and TRAP were compared, the genes ware transcribed
at a high level in GCT (Fig. 1-B), and it was suggested that
a large number of osteoclasts having a bone resorptionactivity
arise. Similarly, when the transcription levels of Siglec~15
gene wers comparad, 1t was revealed that the gene was
transcribed at a2 high level specifically in GCT in the same
manner &as the respectilve RANK, RANKL, cathepsin K and TRAP genes
(Fig. 2). From these results, it was suggested that Siglec-15

is associated with human patholegy in which bone resorption

is 1ncreased as GCT.
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Example 2. Extraction of total RNA from mouse-derived mature
osteoclasts

a) Mouse monocyte~derived cells RAW 264.7 {ATCC Cat. No.
TIB-71) were prepared at 4.5 10" cells/ml in «~MEM medium
containing 10% fetal bovine serum. The resulting cell
preparation was put in a 75 cm® flask at 10 ml/flask, and human
RANKL (manufazctured by PeproTech Inc.) was added thereto to
give a final concentration of £0 ng/ml, and the cells wers
cultured for 3 days in a CO; incubator. Further, the culturing
without the addition of human RANKL was performed in the same
manner.

After completicon of the culturing, the total RNA was
extracted from RAW 264.7 cultured under the respeciive
conditions using =z total RNA extraction reagent (ISOGIN,
manufactured by Nippon Gene Co., Ltd.) according to the
protccol attached to the reagent. The colliected total RNA was
stored at -80°C.

D) When mouse bone marrow—derived primary cultured cells
are cultured in the presence of active vitamin D3, a large number
of TRAP-positive multinucleated ostecclasts arise (Takahashi
et al., Endocrinology, (1988) 122, 1373-1382).

A male dd¥Y mouse at the age of 8 weeks was euthanized
by cervical dislocaticn under ether anesthesia and the femur

and tibila were resected. After soft tissues were removed, both
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ends of the femur or tibia were cut off. Then, o-MEM medium

Jt

containing 10% fetal bovine serum was injected intc the bone
marrow using a syringe barrel with a Z25-gauge injection needle,
and bonemarrow cells were collected. AIfter the number of cells
was counted, the cells were prepared at 5 x 10° cells/ml in
o~MEM medium containing 10% fetal bovine serum. The resulting
cell preparation was plated in 60 wells of a 96-well plate at
100 ni/well, and active vitamin Dy {manufactured by Sigma Co.,
Ltd.) was added thereto to give a final concentraticn of 2 X
lOﬁD& and the cells were cultured for 8 dayvs in a C0, incubator.
Further, the culturing without the addition of active vitamin
Dy was perfcermed in the same manner. Incidentally, the medium
replacement and addition of active vitamin D; were periormed
on days 3 and 6.

Thereafter, the total RNA was extracted from the cells
cultured under the respective conditions using a2 total RNA
extraction reagent {(IS0GEN, manufactured by Nippon Gene Co.,

Ltd.) accoxding to the protocel attached to the reagent. The

collected total RNA was steored at -80°C until use.

Example 3. Acguisition cf sequence of open reading frame (ORF)
for mouse Siglec=~15
a) Synthesis of first strand cDNA

To 1 ug of the total RNA produced in a) of Example 2,

5

1 wl of 1 U/ul DNase I and 1 nil of 10 x DNase I buffer
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(manufactured by Invitrogen, Inc.} were added, and then, the
final volume was brought to 10 ul with H,0. After a reaction
was allowed to proceed at room temperature for 15 minutes, 1
pHi of 25 mM EDTA was added thereto and the resulting mixture
was heated at 65°C for 10 minutes. TFrom this solution, an 8§
rl aliquot was taken, and 1 pul of 50 pM oligo(dT) o primer and
Iplof 10mMdNTPs were added thereto, and the resulting mixture
was heated at 65°C for 5 minutes and then incubated in ice.
To this sclution, 2 ul of 10 x RT buffer (manufactured by
Invitrogen, Inc.), 4 pl of 25 mM MgCl,, 2 upui of 0.1 M

dithiothreitoel, 1 ul of RNase inhibitor (RNaseOUT, 40 U/ul,

—

manufactured by Invitrogen, Inc.}, and 1 pl of Superscript IIX
reverse transcriptase (200 U/ul, manufactured by Invitrogen,
Inc.}) were added and the total volume was brought te 20 pl.
After a reaction was allowed to proceed at 530°C for 50 minutes,
the mixture was heated at 85°C for 5 minutes and then incubated
in 1ce for 1 minute. Thereafter, the mixture was stored at
-20°C.
) PCR reaction

Oligonucleotides having the sequences of: 5’ ~agaattccac
cATGGAGGGE TCCCTCCAAC TC-3" (mSiglec-15-EccRI kozak-F: SEQ ID
NC: 5% in the Seguence Listing); and 5’ ~cgccactcga gTTATTTCTC
ATGGTGAATG AC-37 (mSiglec-15-XheI-R: SEQ ID NO: 6 in the

Seguence Listing) as primers for amplifving the OREF cDNA& for

mouse Siglec-15 by PCR were synthesized according to a common
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procedure. The PCR was performed using this combination of
primersandthecDNAproducedineﬂ and high fidelity polymerase
(manufactured by Invitrogen, Inc.) according to a common
procedure. The conditions for a thermal cycler were set as
follows: after heating at 94°C for 2 minutes, a temperature
cycle of ™“94°C for 0.5 minutes, 53°C for 0.5 minutes and 68°C
for 1.5 minutes” was repeated 35 times, followed by heating
at 68°C for 5 minutes and incubating at 4°C.

c) Cloning into pcDNA3.1 (+) vector

The PCR reaction solution obtained in b) and pcDNA3. 1 {+)
vector (manufactured by Invitrogen, Inc.) were treated with
restriction enzymes (EcoRI, Xhol), followed by column
purification, and then, a ligase reaction was performed
according to a common procedure. Escherichia coli DHSa~T1 was
transformed with the resulting vector and plated on a plate
containing ampicillin. From the thus obtained Escherichia
coli colonies, transformed Escherichia coli containing the
mouse Siglec-15/pcDNA3.1 (+) plasmid was isclated.

The entire nucleotide sequence of the ORF cDNA inserted
into the obtained plasmid was analyzed using a DNA sequencer,
and as a result, it was found to be the gsequence represented
by SEQ ID NO: 3 in the Sequence Listing. This nucleotide
sequence was the same ag an ORF coding region of a predicted
sequence registered in NCBI GenBank database as “mouse CD33L3"

{accession number: XM 864636), and further, the aminoc acid
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sequence (SEQ ID NO: 4 in the Secuence Listing) encoded by the
nucleotide sequence was 100% identical to the predicted amino

acid seguence of the mouse CD33L3.

Exanmple 4. Expression of mRNA for Siglec~15 accompanying mouse
osteoclast differentiation (reazi-time PCR analysis)

a) To 1l pg of the total RNA produced in a) ¢or b) of Example

b

2, 1 pl of 1 U/ul DNase I and 1 pl of 10 x DNase I buffer
(manufactured by Invitrogen, Inc.) were added, and then, the
final volume was brought to 10 pul with H,C. After a reaction
was allowed to proceed at room temperature for 15 minutes, 1
pl of 25 mM EDTA was added thereto and the resuliting mixture
was heated at 65°C for 10 minutes. From this solution, an 8
nl aliguot was taken, and 1 ul of 50 uM oligo (dT) 2 primer and
1pulefl0mMdNTPs were added thereto, and the resulting mixture
was heated at 65°C for 5 minutes and then incubated in ice.
To this sclution, 2 pl of 10 x RT buffer (manufactured by
Invitrogen, Inc.), 4 pl of 25 mM MgClz, 2 pnl of 0.1 M
dithiothreitel, 1 pl of RNase inhiblitor (RNaseOUT, 40 U/ul,
manufactured by Invitrogen, Inc.), and 1 pl of Superscript III
reverse transcriptase (200 U/ul, manufactured by Invitrogen,
Inc.) were added and the total volume was brought tco 20 pl.
After a reaction was allowed to proceed at 50°C for 30 minutes,
the mixture was heated at 85°C for > minutes and then incubated

in ice..
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By using the thus produced single~stranded cDNA,
real~time PCR was performed on a combination of the following
primers and fluorescently labeled probes (TagMan probe,

manufactured by Applied Bilosystems, Inc.).

Conditions for real-time PCR:

Primers for amplifying mouse Siglec—-15:

5" -tcaggctcag gagtccaatt at-37 (TgM-mSiglec-15-F: SEQ ID NO:
7 in the Seguence Listing)

and

5f ~ggtctagect ggtactgteoe ttt-37 (TgM-m3iglec-15-R: SEQ ID NO:
8 in the Sequence Listing)

TagMan prcbe for detecting mouse Siglec~15:

5/ —-Fam-atttgagcca gatgagtcct - ccaggcca-TAMRA-3'
(TaM-m3iglec-15-probe: SEQ ID NO: & in the Sequence Listing)
Primers for amplifying mouse L3Z ribosomal protein:

5f -aagaagttca tcaggcacca gt-37 {TgM-mL32-F: SEQ ID NO: 10 in
the Sequence Listing]

and

57 —cttgacatig tggaccagyga ac-3’ (TgM-mL3Z-R: SEC ID NO: 11 in
the Seguence Listing)

TzgMan probe for detecting mouse L32 ribosomal protein:

5" ~Fam-aaacccagadg gcattgacaa cagggtgc—TAMRA-3'

(TgM-mL3Z2-probe: SEQ ID NO: 12 in the Seqguence Listing)
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A real-time PCR analysis was performed using a real-time
PCR system (ABI Prism 7700 Sequence Detector, manufactured by
Perkin Elmer Japan Applied Biosystems Division) under the
following conditions. In the reaction, TagMan Universal PCR
Master Mixz {manufactured by Applied Biosystens, Inc.) was used.
First, distilled water was added to 25 pmol of sach primer,
8 ng of single-stranded cDNA and 10 pmol of TagMan probe to
bring the final volume to 23 ul, and then, 25 ul of TagMan
Universal PCR Master Mix was added thereto, whereby 50 ul of
a reaction solution was prepared. This reaction solution was
heated at 50°C for 2 minutes and then heated at 953°C for 10
minutes, and thereafter subjected tc 40 temperature cycles of
“g5°C for (.25 minutes and 60°C for 1 minute”, whereby &

real«time PCR analysis was performed. Incidentally, the

expression level of mRNA for mouse Siglec-13% was corrected by

h

the expression level of mRNA for L3Z ribosomal protein.

As a result, the expression level of the Siglec-1% gene
significantly increased in both cases where csteoclasts were
induced by adding RANKL Co RAW 264 .7 and where osteoclasts were
induced by adding active vitamin D; tomouse bone marrow-derived
primary cultured cells (Fig. 3).

L) RAW 264.7 was prepared at 4.5 10% cells/ml in o~MEM
medium containing 10% fetal bovine serum, and the resulting
cell preparation was put ina 75 cm® flask at 10 ml/flask, and

then, human RANKL (manufactured by PeproTech Inc.) was added
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thereto to give a final concentration of 40 ng/ml. The cells
were cultured for 0, 1, 2, and 3 days in a C0; incubator. Further,
the culturing without the addition of human RANKL was performed
in the same manner.

After completion of the culturing, the total RNA was
extracted from RAW Z64.7 cultured under the respective
conditions using a total RNA extraction reagent (ISOGEN,
manufactured by Nippon Gene Co., Ltd.) according to the
protocol attached to the reagent. The collected total RNA was
stored at -80°C.

To 1 pg of the thus collected total RNA, 1 pl of 1 U/ul
DNase I and 1 pl of 10 x DNzse I buffer {(manufactured by
Invitrogen, Inc.) were added, and then, the final volume was
brought teo 10 pl with H;0. After a reaction was allowed to
proceed at room temperature for 15 minutes, 1 pl of 25 mM EDTA
was added thereto and the resulfting mixture was heated at 65°C
for 10 minutes. From this sclution, an 8 pul aliguot was taken,
and 1 ul of 50 uM oligo(dT)zo primer and 1 ul of 10 mM dNTPs
were added thereto, and the resulting mixture was hesated at
6£5°C for Sminutes and then incubated in ice. To this solution,
2 pul of 10 = RT buifer (manufactured by Invitrogen, Inc.), 4
ul of 25 mM MgCl;, 2 ul of 0.1 M dithiothreitol, 1 pul of RNase
inhibiter {(RNaseOUT, 40 U/ul, manufactured by Invitrogen,

Inc.), and 1 pul of Superscript III reverse transcriptase {(200

U/pl, manufactured by Invitrogen, Inc.) were added and the
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total volume was brought to 20 ul. After a reaction was allowed
to proceed at 50°C for 50 minutes, the mixturs was heated at
85°C for 5 minutes and then incubated in ice.

By wusing the thus produced single-~stranded cDNA,
real-time PCR was performed on a compination of the following
primers and fluorescently labeled probes (TagMan probe,

manufactured by Applied Biosystems, Inc.).

Conditicns for real-time PCR:
Primers for amplifying mouse cathepsin K:
5" ~ggcatctitc cagttttaca go-37 (ToM-mcatK-F: SEQ ID NO: 13 in

the Sequence Listing)

and

5’ -—gttgttctta ttececgageca ag~-3" (TaoM-mcatK~R: SEQ ID NO: 14 in
the Seqguence Listing)

TagMan probe for detecting mouse cathepsin K:

5 -Fam-atgtgaacca tgoagtgttg gtggtguy-TAMRA-3

(TgM-mcatK-prebe: SEQ ID NO: 15 in the Seduence Listing)
Primers for amplifving mouse TRAP:

5 -gaacttccce agececttact ac-37 (TgM-mTRAP-F: SEQ ID NO: 1¢ in
the Sequence Listing)

and

5’ -aactgctitt tgagccagga ¢~37 (TgM-mTRAP-R: SEQ ID NO: 17 in
the Segquence Listing)

TagMan probe for detecting mouse TRAP:
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5" -Fam-ttgcoagica gcagcccaaa atgcocct-TAMRA~ 3/

(TgM-mTRAP-probe: SEQ ID WO: 18 in the Seguence Listing)
g

e

Primers for amplifying mouse Siglec-15:

5" -tcaggctcag gagtccaatt at-37 (TgM-m3Siglec-15~F: SEQ ID NC:
7 in the Seguence Listing)

and

5’ -ggtotageoct ggtactgtee tit-37 (TgM-mSiglec~15-R: SEQ ID NO:
8 in the Sequence Listing)

TagMan probe for detecting mouse Siglec~15:

Hf -Fam-atttgagcca gatgagtcct ccaggcca-TAMRA-3'
(TgM-mSiglec~15~probe: SEQ ID NO: 8 in the Seguence Listing)
Primers for amplifying mcuse L3Z riboscmal protsin:

5" -aagaagttca tcaggcacca gt-37 (TgM-mL3Z-F: SEQ ID NO: 10 in
the Sequence Listing)

and

5’ -cttgacattg tggaccagga ac-3" (TgM-mL3Z2-R: SEQ ID NO: 11 in
the Sequence Listing)

TagMan probe for detecting mouse L3Z riboscomal protein:

o' —~Fam~aaacccagad gcattgacaa cagggtgc-TAMRA~3'

(TagM-mL3Z2-probke: BEQ ID NO: 1Z in the Seguence Listing)

A real-time PCR analysis was performed using a real-time
PCR system (ABI Prism 7700 Sequence Detector, manufactured by
Perkin Elmer Japan Applied Riosystems Division) under the

following conditions. In the reaction, TagMan Universal PCR
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Master Mix (manufacturedby AppliedBlosystems, Inc.) was used.
First, distilled water was added to 25 pmol of each primer,
8 ng of single-stranded cDNA and 10 pmol of TagMan probe <o
bring the final veolume to 25 pl, and then, 25 ul of TagMan
Universal PCR Master Mix was added thereto, whereby 50 ul of
a reaction sclution was prepared. This reaction solution was
heated at 50°C for 2 minutes and then heated at 95°C for 10
minutes, and thereafter subjected to 40 temperature cycles of
“g5°C for 0.25 minutes and 60°C for 1 minute”, whereby a

real-time PCR analysis was performed. Incidentally, the

h

expression level of mRNA for each gene was correctsd by the
expression level c¢f mRNA for L3Z rikbosomal protein.

As a result, the expression levels of cathepsin K and
TRAP? genes which are known as marker molecules for osteoclasts
significantly increased from day 2 to day 3 after the addition
of RANKIL (Figs. 4-A, B). Similarly, the expression level of
the Siglec-15 gene also significantly increased from day 2 to
day 3 after the addition of RANKL {(Fig. 5}). Fromthese results,
it was revealed that the expression of the Siglec-15 gene

increases accompanying osteoclast differentiation, and

particularly, the Siglec-15 gene 1s expressed strongly at a

l__.J

ate differentiation stage.

Example 5. Production of soluble mouse Siglec-15 protein

expression construct



& partial nucleic acid sequsnce enceding the
extracellular domain of mouse Siglec~15 protein is represented
by SEQ ID NO: 19 in the Seguence Listing and the aminc acid
sequence thereof is represented by SEQ IDNO: 20 in the Sequence
Listing. By utilizing such a partial seguence, soluble mouse
Siglec-15 protein can be produced in a culture supernatant of
an animal cell or the like.

a) Amplification of scoluble mouse 3iglec-15 gene by PCR

Oligonucleotides having the segquences of: 5’ -ggggacaagt

ttgtacaaasa aagcaggectt caccATGGAG GGGTCCCTCC AACTC-37

=

(mSiglec—i5-ECD-F: SEQ IR NOC: 21 in the Seguence Listing):; and
5’ —ggggaccact ttgtacaaga aagctggdtc TCUGGGGEECGE CCETGGAAGC
GGAAC-37 (mSiglec~15-ECD~R: SEQ ID NC: Z2Z 1in the Seguencs
Listing) as primers £for amplifying the mouse Siglec-15
extracellular domain cDNA by PCR were syntheslzed according
to a commen procedure. Incidentally, these primers were
designed, as amplification primers for producing a gateway
entry clone, such that an attBl seguence 1s added to
mS8iglec-15-ECD-F and an attB2 seguence 1is added to
mSiglec-15-ECD-R. The PCR was performed using this
combination of primers and the mouse Siglec~15/pcDNA3.1(+)
plasmid produced in Example 3 as a template according to a
common procedure. The ceonditicons for a thermal cycler were
set as follows: after heating at 94°C for 2 minutes, a

temperature cycle of “84°C for 0.5 minutes, 55°C for 0.5 minutes



and 68°C for 1.5 minutes” was repeated 15 times, followed by
heating at 68°C for 5 minutes and incubating at 4°C.
b) Production of entry clone by Gateway BF reaction

An entry clone dintce which the mouse Siglec-15
extracellular domain cDNA was integrated by the Gateway
technology (Invitrogen, 1Inc.) employing a lambda phagse
site-specific recombination system was produced by the
following method. First, a BP reaction using BP Clonase was
perrfermed between the PCR product having an attB seguence at
poth ends produced in a) and pDNORZ2ZI (manufactured by

trogen, Inc.) which is a donor wvector having an attP

b
=

nv
seguence., By using this reaction solution, Escherichia coli
DH10B was transformed, and coiony PCR was performed for
drug-resistant clones, and the size of inserts was confirmed.
Then, for a clone confirmed to have an insert with a correct
size, a sequence analysis of the total DNA sequence o©f the
insert was performed. As a result, an entry clone which is
completely identical to the target nucleic acid sequence (SEQ
IDNC: 1¢ in the Seguence Listing) encoding the extracellular
domain of mouse Siglec-15 protein was obtained.
c) Preoduction of expression clone by Gateway LR reaction
An expression clone into which the mouse Siglec-15
extracellular doemain cDNA was integrated by the Gateway
technology (Invitrogen, Inc.) employving =z lambda phage

site-specific recombination system was produced by the
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following method. The entry clone produced in b) contains an
insert having an attl seguence at both ends. An LR reaction
using LR Clonase was performed between this entry clone and
two tTypes of destination vectors having an attR seqguence.
Incidentally, as the destinaticn wvectors, tTwo types of
destination vectors: pDONM designed such that a V3 epitope tag
and a & ¥ His tag are added to the C terminus of the insert;
and phIgFc designed such that a human Fc tag is added to the
C terminus of the insert were used. By using the reaction
sclution obtained by the LR reaction, Escherichia coli DHI10B
was transformed, and colony PCR was performed for the obtalned
drug-resistant clones, and the size of inserts was confiirmed.
Then, for a clone confirmed to have an insert with a correct
size, a seguence analysis of both ends from the insert side

to the vector side was performed.

Primer seguences for seguence analysis

5’ -tgecgtgaagg tgcagggcag-3' (mSiglec-15~ECD-seg-upstm: SEQ
ID NO: 23 in the Segusence Listing)

and

5’ ~cctegectgg tegggte-3' (mSiglec-15-ECD-seg-dnstm: SEQ ID

NO: Z4 in the Sequence Listing)

As a result of the seguence analysis, expression clones

{soluble mouse Siglec-15/pDONM and soluble mouse
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correct recombination cccurred
respectively. By

in which

Siglec-15/phIgfc)
were obtained for both pDONM and phlIgFc,
transfecting the soluble mouse Siglec-15/pDONM inteo an animal

the

or the like, mRNA having the base sequence represented
25 in the Sequence Listing is transcribed and
having

11

ceLL
by SEQ ID NO:
translated into a protein (mouse Siglec-15-His)
amino acid sequence represented by SEQ IDNO: 26 in the Sequence
soluble mouse

Further, by transfecting the
Siglec~15/phIg¥fc into an animal cell or the like, mRNA having

Listing.
the base seguence represented by SEQ ID NO: 27 in the Segquence
a protein {(mouse

Listing is transcribed and translated into
Siglec~15-Fc} having the amino acid seguence represented by

for producing

FV
C1mne

28 in the Seguence Listing.

SEQ 1D NO:
Example €. Examination of optimal culture
{soluble mouse

soluble mouse Siglec~15 protein

Expression of protein using 293-F cells
expression plasmids

types of
100 ug,

aj
Siglec-15/pDONM and soluble mouse Siglec-15/phlIgFc) obtained
amount cof about

The two
in an

in Example 5 were prepared
50 pug of each of the prepared plasmids was mixed

respectively.

Then,

with Opti-MEM (manufactured by Invitrogen, Inc.), followed by
64 pl of a2 transfection reagent
293fectin {manufactured by Invitrogen, Inc.) was added thereto,

filter sterilization.
and the resulting mixture was incubated at room temperature



for 25 minutes. Each of the thus obtained mixtures was added
to FreeStyle 293-F cells (manufactured by Invitrogen, Inc.)
cultured in a shake flask such that the cell density reached
1.0 x 10% cells/ml x 50 ml in FreeStyle 293 Expression Medium
{(manufactured by Invitrogen, ZInc.), and the cells were
subjected to rotary culture (125 rotations/min) at a CO-
concentration of 8.0% for 96 hours (4 days) at 37°C. A small
portion of the culture sclution was collected at 2Z4-houx
intervals (culture time: €, 24, 48, 72, 96 hours), and
centrifuged to prepare a culture supernatant. It is
considered that in the thus prepared culture supernatants, a
protein in which a V5 epitope tag and a 6 x His tag have been
added to the C-terminal side of the mouse Siglec~15
extracellular domain (mouse Siglec-15~His) and a protein in
which a human Fc¢ tag has been added to the C-terminal side of
the mouse Siglec-15 extracellular domain (mouse Siglec-15-Fc)
are expressed, respectively.
b) Change in expression level with culture time of mouse
Sliglec~l5~His-expressing Z93F cells

By using the culture solution (culture time: 0, 24, 48,
72, 96 hours) samples of mouse Siglec~l5-His~expressing 293F
cells prepared 1in a) and a cemmercially available His
tag-contalning protein, recombinant human
osteoprotegerin/his (OPG~Fe-His) (manufactured by R&D systems,

Inc.), the expression levels were analyzed by
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SDS-pelyacrylamide electrophoresis under reducing conditions
and Western blotting. That is, to 5 ul of a sample obtained
by concentrating each culture solution by 20-fold using
Microcon ¥YM~10 (manufactured by Millipore Co., Ltd.) or 5 ul
of an OPG-~Fe-His scluticn, an eguivalent amount of an
SDS5-treatment scoliution (16 mM Tris-HC1 buffer (pH B8.0)
containing I mM EDTA, 2.5% 505, 0.1% bromophencl blue, and 5%
Z-mercaptcethancl) was added, and tThe resultfing mixture was

heated at 93°C for 10 minutes. 0.8 pul of each of the thermally

treated samples was used for SDS-polyacrylamide
electrophoresis. As a gel for electrophoresis, an 8-25%

pelyacrylamide gradient gel (manufactured by Amersham

Biosciences, Inc.) was used, and the electreophoresis was
performed using PhastSystem (manufactured by Amersham
Bicsciences, Inc.). Further, asmolecular weight markers, ECL

DualVue Western Blotting Markers (manufactured by Amersham
Biosciences, Inc.) weres used. After completion of the
electrophoresis, the protein In the gel was transferred
(blottaed) to a PVDFE membrane (Hybond-P, manufactured by
Amersham Biosciences, Inc.) using PhastTransfer Semi-dry
Transfer Kit (manufactured by Amersham Biosciences, Inc.} and
PhastSystem. This PVDF membrane was transierred in 10 ml of
a blocking agent (BlockiAce, manufactured by Snow Brand Milk
Products, Co., Ltd.) containing 0.1% Tween 20 and gently shaken

at room temperature for 1 hour. To this blocking solution,
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5 ul of an S-protein HRP soluticon (ECL DualVue Western Rlotting
Markers, manufactured by Amersham Biosciences, Inc.) and 2 ul
of an anti-6-His-HRP antibody (PentaHis HRP Conjugate kit,
manufactured by Qiagen, Inc.) were added and the membrane in
the solution was gently shaken at room temperature for an
additional 1 hour. This PVDF membrane was washed 4 times by
gently shaking it in 50 mL of phosphate-buffered saline (BBES)
containing 0.01% Tween 20 for 5 minutes. After washing, the
PVDE membrane was treated according to the protocol attached
to an ECL detecticon kit (ECL Western blotting detection

reagents and analysis system, manufactured by Amersham

3

!,..J

Biosclences, Inc.) to develop the color of the bhand of the H
tag-containing protein, and the developed color was detected
using an ECL Mini-Camera (manufactured by Amersham Biosciences
Inc.) and Pclareid film (Pelapan 3200B, manufactured by
Polarcid, Inc.). The results are shown in Fig. €. From these
results, & 96-hour culture time was selected as the culture
time for 293F cells which produced the highest concentration
of a protein (mouse Siglec~15-His) which has amolecular weight
of about 35 kDa and reacts with an anti-6-His-HRP antibody.
¢} Change in expression level with culture ftime of mouss
Sigiec-15-Fc-expressing 293F cells

By using the culture solution (culture time: ¢, 24, 48,
72, 96 hours) samples c¢f mouse Siglec-153~Fc-expressing 29%3F

cells prepared in a; and human IgC (manufactured by Sigma Co.,



Ltd), the expression levels were analyzad by
§DS~polyvacrylamide electrophoresis under non-reducing
conditions and Western blotting. That is, to 5 ul of each
culture solution sample or 5 pul of a human IgG solution, an
eguivalent amount of an SDS-treatment solution was added, and
the resulting mixture was heated at 95°C for 10 minutes. In
the same manner as the method described in the above b) using
0.8 pl of each o©f the thermally treated samples,
SDS-peolyacrylamide electrophoresis, transfer (blotting) to a
PVDF membrane, and blocking of the PVDF membrane were performed.
To the PVDF membrane after blocking, 5 uyl of an S-protein HRF
solution (ECL DualVue Western Blottling Markers, manufactured
by Amersham Bilcsciences, Inc.) and 2 uli cof an anti-human
IgG-Fc~HRP antibody {Anti~Humam IgG (Fc¢ specific) Peroxidase
Conjugate, manufactured by Sigma Co., Ltd} were added and the
membrane in the sclution was gently shaken at room temperature
for an additional I hour. After washing was performed in the
game manner as the method described in the above b}, fhe
developed color ¢f the band of the Fc-containing proteln was
detected. The results are shown inFig. 7. From these results
a 96~hour culture time was selected as the culture time for
293F cells which produced the hichest concentration of =a
protein (mouse Siglec-15-Fc} which has a molecular weight of

about 110 kDa and reacts with an anti-~human Fc antibody.



119

Example 7. Large-scale preparation of cultur solution
containing scoluble mouse Siglec-15 protein using 293-F cells

The two types of expression plasmids (soluble mouss
Siglec-15/pDONM and soluble mouse Siglec-15/phiIgFc) obtained
in Example 5 were prepared in an amount of about 5 mg,
respectively. Incidentally, in the purification of plasmids
from Escherichia coli cultured on a large scale, Invitrogen
PureLink HiPure Plasmid Gigaprep Kit {(manufactured by
Invitrogen, Inc.) was used. The thus prepared plasmids were
mixed with Opti-MEM (manufactured by Invitrogen, Inc.),
followed by Ifilter sterilization. Then, 10 ml of a
transfecticn reagent 293fectin (manufactured by Invitrogen,
Inc.) was added thereto, and the resulting mixture was
incubated at room temperature for 20 minutes. Each of the thus
obtained mixtures was added o FreeStyle 293-F ¢ells
(manufactured by Invitrcgen, Inc.) cultured in Erienmeyer
flasks such that the cell density reached 1.1 x 10°% cells/ml
x 5L (1 L/flask x5 flasks) in FreeStyle 293 Expression Medium
fmanufactured by Invitrogen, Inc.). After the cells were
subjected to rotary culture (125 rotations/min) at a COs
concentration of 8.0% for 86 hours (4 days) at 37°C, the culture
golution was collected and centrifuged to prapare a culture
supaernatant. It is considered that in the thus prepared
culture supernatants, a protein in which a V9 epitope tag and

a ¢ % His tag have been added to the C-terminal side of the
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mouse Siglec~15 extracellular domain (mouse Siglec~15-His)
and a protein in which a human Fc fTag has been added to the
C-terminal side of the mouse Siglec-15 extracellular domain

(mouse Siglec-15-F¢c) are expressed, respectively.

Example 8. Purification of mouse Siglec-15-His
&) HisTrap HP column chromatography

To 2 L of the culture sclution of mouse Siglec-15~-His-
eXpressing 293F cells prepared in Example 7, 225 miL of 10 x
puffer (500 mM Tris, 1.5 M NaCl, 200 mM imidazole, pE 8.0) was
added, and the resulting mixture was stirred well and filtersd
through a Sterivex-GV filter (manufactured by Millipore Co.,
Ltd.) This culture solution was applisd o a column which
comprised three HisTrap HP 5 ml columns (manufactured by
Amersham Bilosciences, Inc.) connected in series and was
previously treated with a pyrogen removing agent PyroCLEAN
(manufactured by ALerCHEK, Inc.) and washed with distilled
water for injectionat a flowrate of 2ml/min. After the column
was washed with 60 ml of 50 mM Tris-HCL1 buffer (pH 8.0)
containing 300 mM NaCl at a flow rate of 1 ml/min, a protein
adsorbed onto the column was eluted with 50 ml of 50 mM Tris-HCl
buffer (pH 8.0) containing 300 mM NaCl and 500 mM imidazcle
at a flow rate of 1 ml/min. The eluate was fractionated at

1 ml per fraction inte mini-scorp tubes (manufactured by Nuncg,

i,_l

563}

Inc.) to which 10 pul of 10% Tween 20 had previously been added.
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After about 20 mi c¢f a scolution obtained by combining the
fractions (fractions 14 to 20) containing the eluted protein
was concentrated fto 2.5 ml with =2 centrifugal membrans
goncentrator Amicon Ultrz-15 (manufactured by Millipcre Co.,
Ltd.), the concentrate was applied to a PD-10 desalting column
(manufactured by Amersham Bilosciences, Inc.) which was
previously egulllibrated with phosphate-buffersd salins
containing 0.01% Tween 20 (T-PBS), followed by elution with
T-PBS, whereby 3.5 ml of a sample whose sclvent was replaced
with T-PBS was obtained.
b Resource  column chromatography

To 3.5 ml of the sample which was purified by HisTrap
HP column chromatography and whose solvent was replaced with

} containing

wn

TBS-F, 22.5 ml of 50 mM Tris-HCI buffer (pH 7.

[

0.1% CHAPS was added and the resulting mixture was stirred.

Then, the mixture was centrifuged at 4°C for 30 minutes at 3, 000

rem and the precipitate was removed. After the resulting

I

supernatant was filtered through &z Millex-GV ilter
(manufactured by Millipore Co., Ltd.), the filtrate was applied
to a Resource (Q € ml column {(manufactured by Amersham
Biosclences, Inc.} which was previcusly squilibrated with 50
mM Tris-HCl buffer (pH 7.53) containing 0.1% CHAPS at a flow
rate of 1 mi/min. Thereafter, the column was washed with this

buffer at a flow rate of 1 ml/min and a protein fraction which

was not adsorbed onto The column was gollected. A vprotein
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adsorped ocnto the column was eluted with 50 mM Tris-HCLl buffer

G
t=h

{(pH 7.5) containing 0.1% CHAPS and 1 M NaCl at & flow rate
Imi/min. After 26.5ml of the fraction which was not adsorbed
ontc the column was concentrated to 2.0 ml with a centrifugal
membrane concentrator Amicon Ultra-15 (manufactured by
Millipore Co., Ltd.), the concentrate was centrifuged at 4°C
for 10 minutes at 3,000 rpm and the precipitate was removed.
The supernatant after centrifugaticon was cryopreserved at
-80°C until use. The above-mentioned purification procedure
(HigsTrap HP column chromatography and Rescurce ¢ column
chromatography) was performed twice by repeating it.
¢} Detection and purity assay of purified mouse Siglec-15~His
By using a sample prepared by the above-mentioned
purificaticn procedure (HisTrap HP column chromatography and
Rescource (¢ column chromatography), SDS-polyacrylamide
electrophoresis under reducing conditions and silver staining
were perzormed. That is, to5ul of eachof the samples purified
by the respective purification steps, an eguivalent amount of
an SDS-treatment solution was added, and the resulting mixture
was thermally treated at 95°C for 10 minutes. 0.3 ul of each
of the thermally treated samples was used for
SDS-polvacrylamide electrophoresis. The electrophcoresis
procedure was performed 1in the same manner as in the
above-mentioned b} of Example & except that Rainbow Molecular

Weight Markers (manufactured by Rmersham Biosclences, Inc.)
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were used as the molecular weight markers. After completion
of the electrophoresis, silver staining was performed using
PhasgtGel Silver Kit {(manufactured by Amersham Bioscilences,
Inc.) and PhastSystem. The results arxe shown in Fig. 8. It
was shown that a protein having a molecular weight of about
35 kDe {(mouse Siglec-15-His} was efficiently purified and
concentrated in the protein fraction which was not adsorbed
onte the Respource { column.

Electrophoresis was performed under the same conditions
except that ECL DualVue Western Blot;ingﬂ%arkers {manufactured
by Amersham Bicsciences, Inc.} were used as the molescular
welght markers, and the protein in the gel was transferred
{(blotted) to a PVDF membrane (Hybond-P, manufactured by
Amersham Biosclences, Inc.} using PhastTransfer Semi-dry
Transfer Kit {(manufactured by Amersham Bicscliences, Inc.) and
PrhastSystem. This PVDF membrane was gently shaken in 10 ml
of a blocking agent {BlocklAce, manufactursed by Snow Brand Milk
Products, Co., Ltd.}) containing 0.1% Tween 20 at room
temperature for 1 hour. To this blocking solution, 10 pul of
S-protein HRP (manufactured by Amersham Biosciences, Inc.) and
i0 upl of an anti-V5-HRF antibody {Monoclconal Antibody to
Px-TAG-HRP, manufactured by Acris Antibodies GmbH) were added
and the membrane in the solution was gently shaken at rocom
temperature for an additional 1 hour. The PVDF membrane was

-
—

washed 4 times Dy gently shaking i1 in 50 mi, of



phosphate-buffered saline (PR3) containing 0.01% Tween 20 for
5 minutes. After washing, the PVDF membrane was treated
according to the protocel attached To an ECL detection kit
(manufactured by Amersham Bicosciences, Inc.) to develcp the
color of the band of the pretein, and the developed color was
detected using an ECL Mini-~Camera (manufactured by Amersham
Biosciences, Inc.) and Pclarcid film (Polapan 32008,
manufacturedkgz?blaroidq Inc.). The results are shown in Fig.
9. Also from these results, it could be confirmed that a
protein which has a molecular weight of about 35 kDa (mouse
Siglec-15-His) and reacts with an anti~V5L-HRP antibody was
efficiently purified and concentrated in the protein fraction
which was not adsorbed onteo the Resource ¢ column.
d} Measurement of protein concentration of purified mouse
Siglec-15-His

For the purified mouse Siglec~15-His (the protein
fraction which was not adsorpbed onto the Resource ¢ column),
the protein concentration was measured with a DC-Protein Assay
kit (manufactured by Blc-Rad Laboratories, Inc.} using bovine
serwm albumin as a standard sample. As shown in Table 1, a
total of 1.66 mg of purified mouse Siglec~15-His protein was

obtained by performing the purification procedurs twice.

Table 1
' Protein Conc, (ma/mi) Sample Vol. (mf} jotal protein (mg)
1st 0.475 20 0.95
2nd 0.354 2.0 0.71
Total 1.66
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Example 9. Purification of mouse Siglec-15~FcC
a}) HiTrap Protein A column chromatography

1.8 L of the culture solution of mouse Siglec-15~Fo-
expressing 293F cells prepared 1in Example 7 was filtered
through a Sterivex-GV filter (manufactured by Millipore Co.,
Ltd.), and then, the filtrate was applied to a HiTrap Protein
A 5 ml column (manufactured by Amersham Bioscilences, Inc.)
which had previously been eguilibrated with Dulbecco’s PBS
(D-PBS, manufactured by Invitrogen, Inc.) at a flow rate of
5 ml/min. After the column was washed with D-PBS at a flow
rate of S ml/min, a protein adsorbed onte the column was eluted
with 50 ml of 0.1 M sodium citrate buffer (pH 3.0) at & flow
rate of 5 mi/min. The eluate was ZIZractionated at 5 ml per
fraction inte mini-scorp tubes (manufactured by Nungc, Inc.;},
and immediately thereafter, 1.3 ml of 1 MTris was added thereto
to neutralize the eluate. After a sgolution obtained by

1

ons 1 and 2) in which the eluted

|.J.

combining the fracticns (fract
protein was detected was concentrated to 2.5 ml with &

rifugal membrans concentrator Emicon Ultra-15

1
H

C

0

nt
(manufactured by Millipecre Coc., Ltd.), the concentrate was
applied to a PD-10 desalting column {manufactured by Amersham
Biosciences, Inc.) which was previcusly equilibrated with
Ot suka Physiological Saline for Injection {TO~85,

manufactured by Otsuka Pharmaceutical Co., Ltd.) containing



¢.01% Tween 20, followed by elution with TC~83, whereby 3.5
ml of a sample whose solvent was replaced with TC-3S was
obtained. This sample was crvopreserved at -80°C until use.
By using 2.9 L of a culture solution of 2893F cells, the same
purification procedure was performed once again by repeating
it.
b} Detection and purity assay of purified mouse Siglec-15-F¢
By using a sample prepared by the above-mentioned
purification procedure, SDS~polyacrylamide electrophcresis
under reducing conditions and silver staining were performed.
That is, to 5pl of each of the samples purifiedby the respective
purification steps, an eguivalent amount of an SDS-treatment

solution was added, and the resulting mixture was heated at

895°C for 10 minutes. ul of a2 sample cbtained by diluting

o]
L)

1]
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each of the thermally treated samples to 1/300 or 1/900 wit
a half concentration of the SDS-treatment solution was used
for SDS~polyacrylamide electrophoresis. The electrophoresis
and silver staining were performed in the same manner as the
purity assay of mouse Siglec-15-His described in ¢} of Example
8. The results are shown in Fig. 10 alcong with the results
of examining preiiminary purification conditions on a small
scale (the pH of the applied culture solution was §.% or 7.0).
It was shown that a protein having a molecular weight of about
55 kDa (mouse Siglec~15-Fg¢) was efficiently purified and

concentrated in the protein fracticn which was eluted from the
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HiTrap Protein A column.
c) Measurement of proteiln concentration of purified mouse
Siglec~15-Fc

For the purified mouse Siglec~15-Fc (the protein
fraction eluted from the PD~10 desalting cclumn), the protein
concentration was measured with a DC-Protein Assay kit
(manufactured by Bio-Rad Laboratories, Inc.) using bovine
serum albumin as a standard sample. As shown in Table 2, a
total ¢f S92 mg of purified mouse Siglec-15-Fc protein was

obtained by performing the purification procedurs twice.

Table 2
J Protein Conc. (mo/mi) Sampte Vol. (mh) ‘ Total protein (mg)
st | 8.0 3.5 28
2nd 18.5 35 B4
Total ; | 82
Example 10. Production of rabbit anti-mouse Siglec-15

polyclonal antibody (immunization of rabbit)
a) Preparaticn of antigen

The mouse Siglec~-15-Fc proteln produced in Example 2 was
prepared at 100 upug/C.5 ml, and an eguivalent amocunt of an
adiuvant was added thereto and an emulsion was produced using
a glass syringe. As the adiuvant, Freund’'s complete adjuvant
(FCA, Manufactured by Difco Laboratories, Inc.} was used only
for the first immunization, and Freund’s incomplete adjuvant
(FICA, Manufactured by Difco Laboratories, Inc.) was used for

the second and subsequent immunizations.
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b) Immunization of rabbit

Three rabbits (Japanese white female rabbits with a body
weight of 3 kg) were used as immunized animals. Incidentally,
the blood was collected before immunization, and 1 ml of
pre-immune serum was obtained per rabbilt. The emulsion
obtained in a) was injected subcutaneocusly and intradermally
using & 27 G injecticon needie at 1 ml/rabbit. Immunization
was performed a total of 8§ times every 14 days after the first
immunization. The whole blood was collected after 7 days from
the date of 8th immunization, and 76 to 79 ml of antiserum was
obtained per rabbii. The antibody titers in the pre-immune
serum and the antiserum were confirmed by an ELISA method using
an immobilized antigen. As a result, an increasse in antibody
titer in the antiserum was confirmed in all the three rabbits.

The antiserum was stored at —-20°C until use.

Example 11. Purification of anti-mouse Siglec~15 polyvclonal
antibody
a) HiTrap Protein A column chromatography

To 20 ml of each of the three rabbit antiserum lots
prepared in Example 10, 20 ml of Dulbecco’s PBS {D-PBS,
manufactured by Invitrogen, Inc.) was added and mixed, and the
resulting mixture was filtered through a Sterivex-GV filter
(manufactured by Millipcre Co., Ltd.}). Then, the filtrate was

applied to a HisTrap Proteln A 5 ml column (manufactured by
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Amersham Biosciences, Inc.) which had previocusly been

eguilibrated with D-PBS at a flow rate of 2 mi/min. After the

a1

column was washed with 37.5 ml of D~PRS at a flow rate of 2.5
mi/min, a protein adsorbed onto the column was eluted with 50
ml of 0.1 M sodium citrate buffer (pH 3.0) at a flow rate of
2.5ml/min. The eluate was fractiocnated at 2.5 ml per fraction
inte mini=-gorp tTubes (manufactured by Nunc, Inc.), and
immediately thereafter, 0.65 ml of 1 M Tris was added thereto
to neutralize the eluate. After about 10 ml of a solution
obtained by combining the fractions (fracticons 2 to 5)
containing the eluted protein was concentrated to 2.5 ml with
a centrifugal membrane concentrater Amicon  Ultra-15

fmanufactured by Millipore Co., Ltd.}), the concentrate was

fot

0]

applied to a PD-10 desalting column {(manufactured by Amersham
Bioscilences, Inc.) which had previously been equilibrated with
Otsuka Physiological Saline for Injection (T0-3S3) containing
0.01% Tween 20, follcowed by elution with TC-3S5, whereby 3.5
ml of a sample whose solvent was repiaced with TC0-85 was

obtained. The thus prepared sample was cryopreserved at —-80°C

until use.

}-

b} Detection and purity assay of anti-mouse Siglec-15
polyclonal antibody

By using the samples ({(three lots, Nos. 1, 2, and 3)
prepared by the purification procedure described in the above

al, SDS-polyacrylamide electrophoresis under reducing
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conditions and silver staining were performed. That is, ©

o]

1l of each of the samples purified by the respective

(23

purification steps, an eguivalent amount of an SDS-treatment
solution (10 mM Tris-HCI buffer (pH 8.0} containing 1 mM EDTE,
2.5% 58D5, 0.1% bromophenol blue, and 5% Z-mercaptosthancl) was
added, and the resulting mixture was heated at 85°C for 10
minutes. 0.3 ul of a sample obtained by diluting sach of the

1y treated samples to 1/100, 1/300 or 1/900 with a half

|-

therma
concentration of fthe SDS-treatment solution was used for
SDS-polvacrylamide electrophoresis. The electrophoresis and
silver staining were performed in the same manner as the purity
assay of mouse Siglec—15-His described in ¢) of Example 8. It
was shown that an IgG protein composed of 2 heavy chain having
a molecular weight of about 45 kDa and a light chain having
a molecular weight of about 21 kDa was efficiently purified
and concentrated in the protein fraction which was eluted from
the PD-10 desalting column.
C) Measurement of protein concentration of purified anti-mouse
Siglec-15 polyclonal antibody

For the purified anti-mouse Siglec~15 polyclonal

on eluted from the PD-10 de=salting

-

antibody (the protein fract
column), the protein ccncentration was measured with a
DC~Protein Assay kit {(manufactured by Bio-Rad Laboratories,
Inc.) using bovine IgG as a standard sample. As shown in Table

3, 106 te 170 mg of the anti-mouse Siglec-15polyclonal antibody



could be purified in each of the lots, Nos. 1 to 3.

Table 3
[ Protein Conc. {mg/mi) Sampie Vol {mi) Total protein (mg)
| No. ! i 388 | 3.5 140
No.2 | 28.8 f 3.5 ? 100
No, 3 | 487 | 3.5 | 170

d) Examination of reactivity of purified anti~mcouse Siglec-15
polyvclonal antibody To Siglec-15 extracellular domain

A test for confirming that the anti-mouse Siglec-1E
pelycleonal antibody prepared in the above item a) binds not
only to an Fc tag but alsc to the extracellular domain of
Siglec-15 protein was performed. To 5 pl of the purified mouse
Siglec~15-His sample (Example 8) or 5 ul of the purifisd mouse
Siglec—15-Fc sample, an equivalent amount of an SDS-treatment
solution (with or without the addition of 5% Z-mercaptoethanol)
was added, and the resulting mixture was heated at 85°C for
10 minutes. 0.3 pl of each of the thermally treated samples
was used for SDS-polyacrylamide electrophcoresis, and
electrophoresis and transfer (blotting, to a PVDEF membrane were
performed in the same manner as the method described in the
above b) of Example 6. 7This PVDF membrane was gently shaken
in 8 ml of a blocking agent (BlockAce, manufactured by Snow
Brand Milk Products, Co., Ltd.} containing 0.1% Tween 20 at

room temperature for 1 hour. To this blocking solution, 1.6

i..._

3
s
o
m

nl of the anti-mouse Siglec-15 polyclonal antibody No. 1

3) was added, and the PVDF membrane in the solution was gently
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shaken at room temperature for an additional 1 hour. This PYDF
memorane was washed 4 times by gently shaking it in 50 mL of
PBS containing 0.01% Tween 20 for 5 minutes. The washed PVDF
membrane was immersed in 8 ml of Antibody Diluent ECL Advance
Blocking Agent (ECL Advance Western Blotting Detection Kit,
manufactured by Amersham Biosciences, Inc.), and anti-rabbit
IgG-HRP {(manufactured by Amersham Biosciences, Inc.) was added
thereto to give a final concentration of 1/200,000. Then, 0.8
ul of an S-protein HRP solution (ECL DualVue Western Blotting
Markers,1nanufacturedkanmershanaaiosciences, Inc.) was added
thereto, and the membrane in the solution was gently shaken
at room temperature for an additional 1 hour. This PVDF
membrane was washed 4 times by gently shaking it in 50 mL of
PBS containing 0.01% Tween 20 for 5 minutes. After washing,
the PVDF membrane was treated according to the protocol
attached to ECL Advance Western Blotting Detection Kit
(manufactured by Amersham Biosciences, Inc.), and the
developed color of the band of the protein was detected using
an ECL Mini-Camera (manufactured by Amersham Biosciences,
Inc.) and Polaroid film (Polapan 3200B, manufactured by
Polaroid, Inc.). The results are shown in Fig. 11. From these
results, it was shown that the purified anti-mouse Siglec~15
polyclonal antibody also binds to mouse Siglec-15-His, and it
could be confirmed that the anti-mouse Siglec-15 polyclonal

antibody binds not only to an Fc tag but also to the
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extracellular domain of the Siglec-15 protein. The same test
was performed by repeating it, and it was confirmed that the
anti-mouse Siglec-15 polyclonal antibodies No. 2 and No. 3 also

bind to mouse Siglec~15-His.

Example 12, Purificaticn of pre-immune rabbit IgG
Blood had previously been collected from each of the

three rabblts used in Example 10, bkefore initiation of

(811

immunizetion with mouse Siglec-15-F¢, and pre~immune serum was
prepared therefrom. After a2 0.8 ml aliquot of sach of these
serum samples was mixed with one another, 2.4 ml of Dulbecco’s
PBES (D~PBS, manufactured by Invitrogsen, Inc.) was added thereto
and the resulting mixture was filtered through a Millex-GV
filter (manufactured by Millipore Co., Ltd.). Then, the
resulting serum sample was applied to a HiTrap Protein A 5 ml
coiumn {manufactured by Amersham Biocsciences, Inc.) which had
previously been equilibrated with D-PBS at a flow rate of 1
ml/min. After the column was washed with 50 mi cf D-PBS at
a flow rate of 2.5 ml/min, a protein adscrbed onto the column
was eluted with 50 ml of 0.1 M sodium citrate buifer (pH 3.0)
at a flow rate of 2.5 ml/min. The eluate was fractionated at
Z.5ml per fraction into mini~sorp tubes (manufactured by Nunc,
Inc.), and immediately thereafter, 0.65ml cf 1 M Tris was added

thereto to neutralize the eluate. After a solution obtained

by combining the fractilons {(fracticng 2 to 4) containing the
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eluted protein was concentrated to 2.5 ml with & centrifugal
membrane concentrator Amicen Ultra-1l5 (manufactured by
Millipore Co., Ltd.), the concentrate was applied to a PD-10
desalting column (manufactured by Amersham Bicosciences, Inc.)
which was previously equilibrated with Otsuka Physiclogical
Saline for Injection (TC0~38) containing 0.01% Tween 20,
folliowed by elution with T0-88, whereby 3.5 ml of a sample whose
solvent was replaced with TO-3%5 was obtained. The thus
purified pre-immune rabbit IgC sample was subjected tc
polyacrylamide electrophoresis and silver staining by the
method described in the above ¢) of Example 8 to confirm that
the IgG protein was sufficiently purified, and then the protein

concentration was measured. The thus purified sample was

rycpreserved at —-80°C until use.

Exampie 13. Preparation of affinity column having mouse
Siglec-15-Fc immecbilized therecon

After 0.54 ml of the solvent of the 18.5 mg/ml purified
mouse Siglec-15-Fc¢ sclution described in Example 9 (a total
of 10 mg of protein;) was replaced with a coupling buffer (0.2

M NaHCO;, 0.5 M Nall, pH 8.3) using a PD-10 desalting column,

the resulting solution was concentrated to 1 ml using a
centrifugal membrane concentrator Amicon Ultra-4
(manufactured by Millipore Co., Ltd.). After iscopropancl in

an NHS~activated HiTrap column (L ml, manufactursed by Amersham
K Y



Biosciences, Inc.; was replaced with 1 mM hydrochloric acid,
1mlof acouplingbuffer containing 10 mg/ml mouse Siglec-15-FcC
was injected into the column using a syringe. After a reaction
was allowed to proceed at room temperature for 30 minutes, in
order to inactivate excess active groups, ¢ ml of a blocking
buffer (an ethanolamine puffer containing 0.5 M NaCl, pH 8.3),
6 mi of a washing buffer (a sodium acetate buffer containing
0.5MNaCl, pH4.0), and 6 ml of theblockingbuffer were injectad
in segquence according to the protocol of Amersham Biosciences,

Inc., and then, the column was left at room temperature for

by

30 minutes. Thereafter, 6 ml of the washing buffer, 6 ml o
the blocking buffer, and ¢ ml of the washing buffer were
injected into the column in sequence again, and finally, the
buffer in the cclumn was replaced with 20 mM Tris-HCL buffer
(pH 7.0) containing 1 M NaCl and $.01% Tween 20. This column

was stored at 4°C until use.

Example 14. Purification of anti-mouse Siglec-15 polycleonal
antibody with affinity column
a) Affinity column chromatography

To Z ml of sach of the purified anti-mouse Siglec-15
polyclonal antibodies Nos. 1, 2 and 3 prepared in Example 11,
8 ml of an Apply Buffer (10 mM Tris-HCL buffer containing ©.15
MNaCl, pH 7.2) was added, and the resulting mixture was applisd

to the affinity column (Example 13) which had previously been
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equilibrated with the Apply Buffer at a flow rate of 0.25ml/min.
After the column was washed with 5 ml of the Apply Buffer at
a flow rate of 0.25 m1l/min, first, a protein adsorbed onte the
column was eluted with 5 ml of 0.1 M glycine hydrochloride

puffer (pH 2.7) containing 0.5 M NaCl at a flow rate of 0.25

o

ml/min, and subsequently, a protein adsorbed onto the column
was eluted with 5 ml of 0.1 M scodium citrate buffer (pH 2.0)
containing 0.5 M NaCl at a flow rate of 0.25 ml/min. The
chromatogram of the anti-mouse Siglec-15 polyclonal antibody
No. 3 purified with the affinity column is shown in Fig. 12.
The eluate was fractionated at 0.5 ml per fraction into
mini-sorp tubes {(manufactured by Nunc, Inc.), and immedlately
thereafter, 16 ul of 1 MTris was added to 0.5 ml of each fraction
eluted with the glycine hydrochloride buffer, and 150 ul of
1 M Tris was added to 0.5 ml of each fraction eluted with the
sodium cltrate buifer to neutralize the eluate. Most of the
anti-mouse Siglec-15 polyclonal antiboedy was elutéd,with the
0.1 M glycine hydrochloride buffer (pH 2.7) containing 0.5 M
NaCl. About 2.5 ml of a solution, cbtained by combining the
fractions (fracticns 3 to 7) in which the IgG protein eluted
with the glycine hydrochloride buffer was detected for each
lot, was applied to a PD~10 deszalting column (manufactured by
Amersham Bioscilences, Inc.} which had previously been
equilibrated with Otsuka Physiclogical Saline for Injection

(TO-58) containing 0.01% Tween 20, followed by elution with
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TO-33, whereby 3.5 ml of a sample whosze solvent was replaced
with TO-8S was obtalned. With respect to the IgG protein
fractions (fractions 16 to 19) eluted with the sodium citrate
huffer in an amcunt of about 2.5 ml, the fractions for all the
three lots were combined and the resuliting solution was
concentratedto 2.5ml with a centrifugal membrane concentrator
Amicon Ultra-4 (manufactured by Millipore Co., Ltd.). Then,
the concentrate was applied to a PD-10 desalting column
(manufactured by Amersham Bioscliences, Inc.) which was
previously equilibrated with TC-5S, felliowed by elution with
TO-55, whereby 3.5 ml of a sample (Citrate-E) whose solvent
was replaced with TO-55 was obtained. The thus prepared
samples were cryopreserved at -80°C until use.
b) Measurement of protein concentration of affinity-purified
anti-mouse Siglec—-15 polyclonal antibody

For the purified anti-mcuse Siglec~-15 polyclonal
antibody samples (the protein fractions eluted from the PD-10
desalting column), the protein concentration was measured with
a DC-Protein Assay kit (manufactured by Bio-Rad iaboratories,
Inc.} using bovine IgG as a standard sample. The samples in
wnich the protein concentration was measured were prepared such
that the antibody concentraticon was 15 or 50 pg/ml, and
subjected to electrophoresis and silver staining in the same
manner as in b) of Example 11. The results are shown in Fig.

13. It was shown that an IgG protein composed of a heavy chain



having a molecuiar weight of abcut 45 kDa and a light chain
having a molecular weight of about 21 kDa was efficlently
purified and concentrated in the protein fractions eluted from
the PD-10 column. As shown in Table 4, about 2.3 to 7.4 mg

cf an affinity-purified anti-mouse Siglec~15 polyclonal

antibody could be prepared in esach of lot Nos. 1 to 3 or as
Citrare-E fraction.
" Table 4
i Protein Conc. {mg/ml} i Sample Vol {mi) | Total protein {mg) \
Ne.t | 0,681 35 ‘ 2.31 |
No. 2 1715 35 8,00 J
NO. 3 2,112 3.5 738 i
Citrate-E 1,158 35 4,04 !

Example 15. Purification of affinity-purified anti-mouse
Siglec~15 polyclonal antibody with gel filtration column
a) Supercse 9 column chromatography

Inorder to completely remove endotoxin and lowmolecular
welght impurities from the affinity-purified anti-mouse

Siglec-15 polyclonal antibody prepared 1n Example 14,

purificationwas further performedwith agel filtration column.

I ml of each of the affinity-purified anti-mouse Siglec-15
polycleonal antibodies Nes. 2 and 3 was applied to a Superose
& HR 10/30 column {(manufactured by Amersham Biosciences, Inc.)
which was previously treated with a pyrogen removing agent
PyroCLEAN (manufactured by ALerCHEK, Inc.) and eguilibrated
with Dulbecco’s PBS (D-PBS, manufactured by Invitrogen, Inc.)

containing 0.01% Tween 20, followed by elution with D-PBS
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centaining 0.01% Tween 20 at a flow rate of 0.4 ml/min. The
chromatograms therecf are shown in Fig. 14. The eluate was
fractionated at C.5 ml per fraction into mini-sorp tubes
{(manufactured by Nunc, Inc.), and 2.0 ml of a gel

ied anti~mouse Siglec-15 polyclonal antibody

th

filtration-puri

sample {(fractions 28 to 31} was obtained. The thus prepared

sample was cryopreserved at -80°C until use.

) Measurement of protein concentration of rabbit IgG purified

i

with gel filtration column

Also for the gel £filtraticn-purifie anti-mouse
Siglec-15 polyclonal antibody sample (the protein fractions
eluted from the Superose § column), the protein concentration
was measured. As shown in Table 5, the gel filtration-purified
anti-mouse Siglec-15 pelycleonal antibody in an amount of 2.25

mg and 3.34 mg could be prepared in lot Nes. 2 and 3,

respectively.
Table 5
Protein Conc. {mg/mi) Sample Vol. {ml) Total protein (mg)
No. 2 (.643 3.5 2.25

No. 3 0.855 3.5 3.34

Example 16. Preparation of mouse bone marrow nonadherent cells

The femur and tibla were resected from a male ddY mouse
at the age of 5 to 8 weeks and soft tissues were removed. Both
ends of the femur or tibia were cut off, and D-FBS was injected

using a syringe with a 25-gauge injection needle to push out

bone marrow cells, which were collected in a centrifugal tube.




140

Centrifugation was performed at room temperature for 5 minutes

-
L

pellet,

fos

at 100 g, and the supernatant was removed. To the ce

1 ml of a hemolytic buffer (Red Blcod Cell Lysing Buffer,

manufactured by Sigma Co., Ltd.) was added to suspend it, and

the resulting suspension was left at room temperature for &

minutes. 20 ml of D-PBS was added thereto, and the suspension
=

was centrifuged at room temperature for - minutes at 100 g,

and the supernatant was removed. To the cell pelliet, 10 ml

0

of MEM—o medium (manufactured by Invitrogen, Inc.) containin

!—.,l
(]
o

5 ng/ml of M-CSF (manufactured by R&D systems, Inc.) and
fetal bovine serum (FBS) was added to suspend it. Then, the
resulting suspension wag passed through a cell strainer (40
pm Nylen, manufactured by BD Falcon) tc remove aggregates. The
resulting cells were transferred to a 75 cm®-T £lask (for the
use of adherent ¢ells) and cultured overnight in a 0, incubator.
After the overnight culture, the cells which did not adhere

to the T-flask were recovered and used as mouse bone marrow

nonadherent cells.

Example 17. Effect of addition of anti-mouse Siglec-15
polyclonal antibody on osteoclast differentiaticon of mouse
bone marrow nonadherent cells (stimulation with RANKL)

By using the anti-mouse Siglec-15 polyclonal antibodies
produced in Examples 14 and 15, an effect on ostecclast

differentiation of mouse bone marrow nonadherent cells was

-



|
iy
[

studied. Mouse bone marrow nonadherent cells preparsd by the

above-mentioned method in Example 16 were prepared at 1.5 x
10° cells/ml in o-MEM medium containing 10% FBS and 10 ng/ml

of M-C5F (manufacturedby R&D systems, Inc.), and the resulting
ceil preparation was seeded in each well of a 96-well plate
in an amount of 200 Ul and the cells were cultured for 2 days

in a CO» incubatcr. The old culture solution in the 86-well
plate was removed, and 100 pl of MEM-o medium containing 10%
FBS to which human RANKL {(RANKL, manufactured by Peprotech,

Inc.) and M-CSF were added to give final concentrations of 20
ng/ml and 10 ng/ml, respectivély, was added to each well., To
the cell culture solution, theaffinity-purifiedNo. 3 antibody,
Citrate~E antibody, gel filtration-purified No. 2 antibody,

gel filtration-purified No. 3 antibody, pre-immune rabbit IgG
{(produced in Examples 12, 14, and 15), or commercially
available rabbit control Igé (Non-immune Rabbit IgG CLRBOO,

manufactured by Cedarlane Laboratories Ltd.) was added at a
concentration of from 30 to 1,000 ng/ml, and the cells were
cultured for an additional 3 days in a COz incubator. After
completion of the culturing, the activity of
tartrate-resistant acid phesphatase (TRAP) of the formed
The

i

osteoclasts was measured by the following procedure.

ate was removed

}_..MJ

culture solution in each well ¢f the 86-well p

by suction, and 50 pl of 50 mM sodium citrate buffer (pE 6.1)

i

containing 1% Triton X-100 was added tc each well. Then, the
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pliate was shaken for 5 minutes on a plate shaker to lyse the
cells. Toeachwell, 50 ul of a2 substrate solution (50 mM sodiumn
citrate buffer (pH 6.1) containing 5 mg/ml p-nitrophenyl

phosphate and 0.46% sodium tartrate) was added, and the plate

ct
(b

was incubated at room temperature for 5 minutes. After
incubation, 50 pl of a 1 N scdium hydroxide solution was added
to each well of the 86~-well piate to stop the enzymatic reaction.
After stopping the enzymatic reactlon, an absorbance of each
well at 405 nm was measured, and the measurement was used as
an index of TRAP activity. The results are shown in Figs. 15
and 16. A sgignificant inhibition cf TRAP activity was not
observed in the cases cof the pre-lmmune rabbit IgG and the
commercially available rabbit control IgG. On the other hand,
a significant inhibition of TRAP activity was observed in the
cases of the affinity-purified No. 3 antibody at 30 ng/ml or
higher and the Citrate-E antiboedy at about 130 ng/ml or higher
(Fig. 15}). Also in the case of the gel filtration—~purified
No. 3 antibody, a significant inhibition of TRAP activity was
observed at 30 ng/ml or higher. Moreover, a more potent
inhibitory activity was observed Iin the case of the gel
filtration-purified No. 2 antibody than in the case of the gel
filtration-purified Neo. 2 antibody (Fig. 16). Since the
activity of inhibiting ostecclast formation was observed also
in the gel filtration-purified antibody, it was shown that the

activity of inhibiting osteoclast fTormation observed in the



anti-mouse Siglec-15 polyclonal antibody is not attributed to
endotoxin or low molecular welght impurities contained in the
antibody sample, but i1s attributed to the activity of the
antibody molecule itself. Fromthe above results, it was shown
that the anti-mouse Siglec-15 pelyclonal antibody has a potent
inhibitory effect on ostecclast formation (osteoclast

differentiation and maturation).

Example 18. Neutralization by antigen of inhibition of
osteoclast differentiation of mouse bone marrow nonadherent
cells by addition of anti~mouse S8iglec-15 polyciconal antibody
(stimulation with RANKL)

Tt was confirmed that the effect of the anti-mouse
Siglec-15 polyclonal antibody depends on the binding thereof
toan antigen by previocusly adding the antigen to the anti-mouse
Siglec-15 pelyclenal antibody to form an immune precipltate.
To 10 pg/ml of the affinity-purified No. 3 antibody produced
inExample 14, the mouse Siglec-15-His or Siglec-15-Fc prepared
in Example 8 or 9 was added at a concentration of 10, 30, 100
or 300 pg/ml, and the resulting mixture was incubated at 37°C
for 2 hours. After the incubatlon, the mixture was centrifuged
for 5 minutes by Chibitan, and the resulting supernatant was
sterilized by filtration through a Millex-GV filter
(manufactured by Millipore Co., Ltd.). Mouse bone marrow

nonadherent cells prepared by the method in Example 16 were



144

seeded in a 8¢~well plate at 200 pl/well, and the cells were
cultured for 2 days in a CO; incubator. The old culture
sclution in the 96-well plate was removed, and 100 ul of MEM-o
medium containing 10% FBS to which human RANKL (RBNKL,
manufactured by Peprotech, Inc.) and M-CSF were added to give
final concentrations of 20 ng/ml and 10 ng/ml, respectively,
was added to sach well., To the csll culture solution, each
oL the test samples prepared in the above was added at 1/200
(v/v), and the cells were cultured for an additional 3 days
in a CO; incubator. After completion of the culturing, the
activity of tartrate-resistant acid phosphatase (TRAP) of the
foermed csteoclasts was measured by the method described in
Example 17. The results are shown in Fig. 17. 1In both cases

where Lhe antibody was neutrallized by Siglec-15~His and where

93}

the antibody was neutralized by Siglec-15-F¢, the effect of
the antibeody was neutralized azand lost. These results
demonstrated that the inhibitory effect of the anti-mouse
Siglec-15 polyclonal antibody on osteoclast formation is dus

to binding thereof to Siglec-15 protein and blocking of its

function.

Example 19. Effect of addition of anti-mouse Siglec-15
polyclonal antibody on ostecoclast differentiation of mouse
bone marrow nonadherent cells (stimulation with TNF)

By using the anti-mcuse Siglec-15 polyclonal antibody,



an effect on osteoclast differentiation of mouse bone marrow
nonadherent cells by stimulaticn with TNF was studied. Mouse
bone marrow nonadherent cells prepared by the method in Example
16 were preparedat 1.5x 10° cells/ml in o~MEM medium containing
10% fetal bovine serum (FBS), 10 ng/ml of M-CSF and 2 ng/ml
of TGF~P (manufactured by R&D systems, Inc.), and the resulting
cell preparation was seeded in each well of a %6~well plate
in an amount cf Z00 pl and the cells were cultured for 2 days
in a C0, incubator. The old culture sclution in the 96-well
plate was remcved, and 100 pl of MEM-o medium containing 10%
FBS to which human recombinant TNEF-a (manufactured by R&D
systems, Inc.) and M-CSE were added tTo give final
concentrations of 30 ng/ml and 10 ng/ml, respectively, was
added to =ach well. To the cell culture solution, the

pre-immune IgG produced 1in  Example 12 or the gel

h

iltration-purified anti-mouse Siglec-15 Nc. 3 antibody
produced in Example 15 was added at a concentration of from
30 to 1,000 ng/ml, and the cells were cultured for an additional
3 days in a CO; incubator. t the same time, a well in which
the cells were cultured by adding human recombinant OCIF/0PG
prepared by the method described in the description of Patent
No. WO 96/26217 at a concentration of from 3 to 100 ng/ml was
also prepared. After completion of the culturing, the

i

activity of tartrate~resistant acid phosphatase (TRAP) of the
Y

formed osteoclasts was measured by the method described in
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Example 17. The results are shown in Fig. 18. In the cases

ion

(8

of the pre-immune IgG and OCIF/OPG, a significant inhib
of TRAP activiiy was not cbhserved. On The other hand, in the
case of the gel filtration-purified anti-mouse Siglec-15 No.
3 antibody, about 50% inhibiticn of TRAP activity was observed
at a concentration of 250 ng/ml or hicgher. Fromthese results,
it was shown that the antli-mouse Siglec—~15 polyclional antibody
can inhibilt also TNF~induced osteoclast formation {osteoclast
differentiation and maturaticn) which cannot be inhibited by
QCIF/0PG.

For sach well of a 96-well plate prepared by performing
culturing in the same manner 2s described above, TRAP stalning
was performed using & Leukocyte Acid Phosphatase kit
(manufactured by Sigme Co., Ltd.) according to the protocol
attached to the kit, and the formation of TRAP-positive
multinucleated osteoclasts was observed. As a result, the
formation of TRAP-positive giant multinucleated osteociasts
was inhibited by the addition of the anti-mouse Siglec~15
polyclonal antibody (Fig. 19). Since moncnuclear csteoclasts
were formed even in the case where the anti-mouse $Siglec-15
pelyclonal antibody was added, it was shown that the anti-mouse
Siglec-1% polyclonal antibedy strongly inhibits the process
of cell fusion in osteoclast differentiation and maturation

induced by TNF.



Rifect of additien of anti-mouse Siglec-15
polyclonal antibody on osteoclast differentlation of mouse
bone marrow-derived primary cultured cells (TRAP activity)

2 male dd¥ mouss at the age of 7 weeks was euthanized
by cervical dislocaticn under ether anesthesia and the femur
and tibia were resected. After soft tissues were removed, both
ends of the femur or tiblia were cut off. Then, o-MEM medium
containing 10% fetal bovine serum was injected into the bons
marrow using a syringe barrel with a Zb-gauge injection needle,
and bonemarrow cells were collected. After the number of cells
was counted, the cells were prepared at > x 10° cells/ml in
o~MEM medium containing 10% fetal bovine serum. The resulting
cell preparation was plated in a 96-well plate at 100 pl/well,
and active vitamin D: (manufactured by Sigma Co., Ltd.) was
added thereto to give a final concentration of 2 x 107 M. To
this «cell culture supernatant, the affinity-purified
anti-mouse Siglec-15 No. 3 antibody produced in Example 14 or
the pre-immune rabbit IgG produced in Example 12 was added to
give a final concentrationof 4.57, 13.7, 41.2, 123, 370, 1,111,
3,333, or 10,000 ng/ml, and the cells were cultured for 8 days
in a C0; incubator. Incidentally, the medium replacement and
addition of a test substance were performed on days 3 and &.
The culture supernatant was removed on day 8 of culture, and
10% neutral formalin was added to f£fix the cells., After fixing

the cells, the cells were washed twice with distilled water,
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and a TRAP substrate soluticon (15 mM p-nitrophenyl phosphate,
50 mM sodium tartrate, 0.1 M sodium acetate buffer (pH 5.0);
was added thereto at 100 ul/well, and a reaction was allowed
to proceed at room temperature for 30 minutes. Then, 1 N NaOH
was added thereto at 50 unl/well to stop the reaction, and an
absorbance at 405 nm was measured using a microplate readerx,
whereby the TRAP activity in the cells was evaluated. As a
result, the TRAP activity was inhibited depending on the doss
of the added anti-mouse Siglec-15 polyclonal antibody (Fig.
20-A). ©On the other hand, in the case where the pre-immune
I1gG was added, a decrease in the TRAP activity was not observed
(Fig. 20-B). Inthismanner, it was revealed that the formation
of TRAP-positive osteoclasts from mouse bone marrow cells
induced by active wvitamin Dy iz inhibited by the antibody

specifically binding to Siglec-15.

Example 21. Effect of addition of anti-mouse Siglec-15
polyclonal antibody on cell fusicon of gsteoclasts from mouse
bone marrow-derived primary cultured cells (TRAP Staining)

A male ddY mouse at the age of 7 weeks was euthanized
by cervical dislocation under ether anesthesia and the femur
and tiblia were resected. After soft tissues were removed, both
ends of the femur or tibkila were cut off. Then, o-MEM medium

bovine serum was injected into the bone

Fl

containing 10% feta

marrow 23ing a syringe barrel witha 25-gauge injection nesedle,
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and bonemarrcw cells were collected. After the number of cells
was counted, the cells were prepared at 5 x 10° cells/ml in
o-MEM medium containing 10% fetal bovine serum. The resulting
cell preparation was plated in a 96-well plate at 100 pl/well.
Bv adding active vitamin D3 (manufactured by Sigma Co., Ltd.)
at a final concentration of 2 = 10°® M or human RANKL
(manufactured by PeproTech Inc.) at a final concentration of
80 ng/ml to this culture supernatant as an osteoclast
differentiation-inducing factor, cell culture supernatants
were prepared. To each of these cell culture supernatants,
the affinity-purified anti-mouse Siglec-15 No. 3 antibody
produced in Example 14 was added to give a final concentration
of 370 or 3,333 ng/ml, or the pre-immune rabbit IgG produced
in Example 12 was added to give a £inal concentration of 3,333
ng/ml. In the <culture system of inducing osteoclast
differentiation by active vitamin D;, thes cells were cultured
for 8 davs in a COp incubator, and in the system of inducing
the differentiation by human RANKL, the cells were cultured
for & days in a CO; Zincubatecr. Incidentally, the medium
replacement and addition of a test substance were performed
on days 3 and 6. After the culturing, the supernatant was
removead, and 10% neutral formalin was added To fix the cells,.
After fixing the cells, the cells were washed twice with
distilledwater, and a TRAP staining solution {(0.27 mM narhthol

4

AS~MX phosphate {manufactured by Sigma Co., Ltd.), 1.6 mM fast
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red viclet LB salt {(manufactured by Sigma Co., Ltd.), 1
dimethylformamide, 50 mM sodium tartrate, 0.1 M sodium acetate
buffer (pH 5.0)) was added at 100 ul/well, and a reacticn was
allowed to proceed at room temperature for 5 minutes. Then,
the cells were washed twige with distilled water, and then,
observed by microscopy. As a result, 1in the case where
ostecclast differentiation was induced by either active
vitamin Dy (Fig. 21) or human RANKL (Fig. 22), c¢ell fusion of
osteoclasts was inhibited by the addition of the anti-mouse
Siglec-15 polyclconal antibody, and the fermation of giant
osteoclasts was not observed. On the other hand, in the case
where the pre-immune IgG was added, such inhibition of cell
fusion of cstecclasts was not observed. In this mannsr, it
was révealed that multinucleation and cell fusion of
TRAP-positive osteoclasts from mouse bonemarrow cells induced
by active vitamin D; or human RANKL are inhibited by the antibody

specifically binding to Siglec-15.

Example 22. Effect of addition of anti-mouse Siglec-15
pelyclonal antibody on cell fusion of ostecclasts from RAW
264.7 cells {TRAP Staining)
a}) Production of antigenic protein-absorbed anti-mouse
Siglec-15 polyclonal antibody

Five mixed solutions (A to E} were prepared using D-PBS

(manufactured by Invitrogen, Inc.] containing CG.01% Tween 20,



such that the respactive concentrations of the
affinity-purified anti-mouse Siglec-15 No. 3 antibody
produced in Example 14, the mcuse Siglec-15~His protein and
the mouse Siglec~15-Fc protein produced in Examples 8 and 9
were as shown in Table 6. These mixed solutions were incubated
at 37°C for 2 hours and centrifuged at 20,000 x g for 10 minutes.
The resulting supernatants were used as 20-Ifold concentration

test samples.

Table 6
A B C D E
anti-Sigiec-15 antibody 20 20 20 20 20
Sigtec-15-Fc 0 20 200 0 0
Sigtec-15-His 0 i 0 0 20 200
{Unit; ng/mi)

b) Evaluation using RAW 264.7 by TRAP staining

RAW 264.7 was prepared at 2.25 x 10% cells/ml in o-MEM
medium ceontaining 10% fetal bovine serum, and the resulting
cell preparation was plated in a 96~well plate at 200 pul/well,
and human RANKL {(manufactured »y PeproTech Inc.) was added
thereto to give a final concentration of 40 ng/ml. To this
cell culture supernatant, each of the test samples A to E
produced in a) was added at a final concentration of 1/20, and
the cells were cultured for 3 days in a C0O; incubator. After
the culturing, the supsernatant was removed, and 10% neutral
formalin was added to fix the cells. After fixing the cells,
the cells were washed twice with distilled water, and z TRAP

staining solution (0.27 mM naphthol AS3S-MX phosphate




{(manufactured by Sigma Co., Ltd.), 1.6 mM fast red violet LB
salt {(manufactured by Sigma Co., Ltd.}, 1% dimethylformamide,
5C mM scodium tartrate, 0.1 M sodium acetate buffer (pH 5.0})
was added at 100 pi/well, and a reaction was allowed to proceed
at room temperature for 5 minutes. Then, the cells were washed
twice with distilled water, and then, cbserved by microscopy.
As a result, by adding the anti-mouse Siglec-15 polyclonal
antibedy, c¢ell fusion of ostecclasts was significantly
inhibited (Fig. 23-A) as compared with the case of the control
(Fig. 22-0) without the addition of the test sample. However,
by abscrbing the anti-mouse Siglec-15 pelyclonal antibody in
the mouse Siglec~15~Fc¢ protein used as the Immunizing antigen,
the inhibitory effect of the anti-mouse Siglec-15 polyclonal
antikbody on cell Ifusicn of osteoclasts was cancelled (Figs.
23-B, C). Further, alsc by absorbing the anti-mouse Siglec-15
polyvcleonal antibody in the mouse Siglec-i5-His protein, the
inhibiteory effect of the anti-mouse Siglec-15 polyclonal
gntibody on cell fusion of ostecclasts was cancelled in the
same manner (Figs. 23-D, E). From these results, i1t was
revealed that multinucleation and cell fusion of TRAP-positive
osteoclasts from RAW 264.7 cells induced by human RANKL are
inhikbited by the antibody specifically binding to Siglec-15.
Incidentally, the results represented by the symbols A to E

in Fig. 23 correspond to the test samples A to E in Table g,

respectively.



Example 23. Establishment of rat anti-mouse Siglec-15
monociocnal antibody~preducing hybridoma
a) Preparation oI antigen

The mouse Siglec-15-His protein preduced in Exanple 8
was prepared at 100 pg/0.5 mi, and an equivalent amount of an
adiuvant was added thereto and an emulsion was produced using
a glass syringe. As the adjuvant, Freund’'s complete adjuvant
(FCA, Manufactured by Difco Laboratories, Inc.) was used only

for the first immunization, and Freund'’s incomplete adjuvant

m

(FICA, Manufactured by Difco Laboratories, Inc.) was used for
the secend and subsegquent immunizations.
b} Immunization of rat

Four rats (Wistar, female, 6 weeks of age, purchased from
CLEA Japan, Inc.) were used as immunized animals. The emulsion
cbhtained in a) was injected subcutanecusly and intradermally
usinga 27 Ginjection needle such that the amount of the antigen
was 50 ug per rat. Immunization was performed a total of 4
timesevery'?daysafﬁerthefirsﬁimmunization. Asmall amount
(200 pl) of the blood was collected from the tail vein after

7 days from the date of the 4th immunization, and an antiserum

-y

was prepared. In order to confirm the antibody titer of the
antiserum, ELISA using dimmobilized mouse Siglec-15-His

protein used as the antigen, the mouse Siglec~15-Fc¢ protein

produced in Example 9, or bovine serum albumin (BSA) was
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performed. As a result, the reactivity with the mouse
Siglec-15-His protein and mouse Siglec~15-Fc¢ proteln was
observed in all four rats {rat Nos. 1 to 4). OCn the other hand,
the reactivity with BSA was not observed. From these results,
it was confirmed that the antibody titer in the serum of each
of the immunized rats increased, and therefore, the No. 2 rat
which showed the highest antibody titer was subjected to a cell
fusion procedure.
¢y Cell fusion

Cell fusion was performed accoerding to a commorn method
of fusing mouse (rat) spleen cells with myeloma cells. The
whole blood was collected from the heart of the rat under ether
anesthesia and the rat was euthanized, and then, the spleen
was resected. The collected splsen cells and P3X63AgH. 653
cells (ATCC CRL 1580} which are mouse myeloma cells were
subjected to cell fusion using polvethylene glycol (PEG). The
resulting cells were seeded in a %6-well plate, and a medium
containing hypoxanthine (H), aminopterin (A) and thymidine (T}
(HAT selesction medium) was added thereto, and then, the cellis
were cultured for 7 to 10 days. The culture supernatant was
collected from 61 wells in which the survival of hybridcomas
obtained by cell fusion was confirmed. Then, the antibody
riter was evaluated by ELISA using immcbilized mouse
Siglec~15-His protein, mouse Siglec—~15-Fc protein produced in

Example 8, or BSA as the antigen, and anti-mouse Siglec-15



monocleonal antibody-producing hybridomas were screened. From
the results of the screening, 12 wells showing a high antibody
titer‘were selected.and the hybridomas contained in the wells
were subjected to a cloning procedure.
dy Cloning of hybridoma

For the thus selected hybridomas, first cloning was
performed by a limiting dilution method. After limiting
dilution, the hybridomas were cultured for 2 weeks, and the
antibody titer in the culture supernatant was confirmed by
ELISA using immobllized mouse Siglec~15-Fc protein produced
in Example 3 ﬁr BSA. For 11 clones which were confirmed to
be positive clones, seccnd cleoning was performed (in the same
manner as the £first cloning), whereby 10 clones of the
anti-mouse Siglec-15 monccional antibody-producing
hybridomas (#1A1, #3R1, #8A1, #2427, #32A1, #34A1, #3981, #4027,
#4181, #61A1) were established in the end. Incidentally, the
hybridomas #32A1 and #41B1 were deposited at the International
Patent Organism Depositary of the National Institute of

Advanced Industrial Science and Technology {(located at Central

6, 1-1-1 Higashi, Tsukubz-shi, Ibaraki-ken, 305-856¢, Japan)
on August 28, 2008. The hybridoma #32ZA1 has been gilven a
deposit number of FERM BP-105%% under the name of
anti-Siglec-15 Hybridoma #3221, and the hybridoma #41B1l has

been given a deposit number of FERM BP-110C00 under the name

of anti-Siglec-15 Hybridome #41B1.
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Example 24. Preparation of rat anti-mouse Siglec~15 monoclonal
antibody
a) Preparation of nude mouse asciltes

The hybridomas established in Example 23 were cultured
using TIL Media I (manufactured by Immuno~bilological

~

Laboratories Co., Lod.) medium containing 10

o0

FCS.
Subculturing of the cells was carried out by performing =z
procedure in which the culture sclution was diluted to about
one—-fourth every two to three days by using the time point when
the cells were grown to about 5 x 10° cells/ml as a guide. Each
thus cultured hybridoma was intraperitoneally implanted in a

nude mouse to which pristane had previocusly Dbeen

j—
-

intraperitoneally administered (0.2 ml/mouse) at 1 x 10’ cells
per mouse., In the implantation, three nude mice were used for
each of the 10 clones of hybridomas. After the implantation,
the ascites was collected at the time when sufficient
accunmulation of ascites was observed, which was combined with
those collected from the other twomice implanted with the same
hybridoma and the amount of the ascites thus combined was
measured, and the ascites was crycpreserved until purification

of the antibody. The amounts of the collecteaed ascites for the

regpective hybridomas were summarized in Table 7.



Table 7
Hybridoma | Amount of collected ascites (ml) Hybridoma Amount of collected ascites (ml)
#1A1 2 12.5 #3I4A1 8.2
#IA1 | 5.0 #39A1 14.5
#3A1 8.0 #40A1 20.3
T #24M 7.8 | #41B1 10.5
#3241 5.5 | #51A1 12.3

by Purification of antibody

The total amcocunt of the ccllected ascites was subjected
to IgGpurificationusing a 20 ml Protein Gcolumn (manufactured
by GE Healthcare, Co., Lid.). The purified IgG was assaved
for purity by a gel filtration analysis (Superdex 200 column
chromatography) ., and some of the antibodles were subijected to
centrifugal membranes concentration. That 1is, 9 types of
antibodies except for the #24A1 antibody were concentrated to
about one-sixth to one-eighth of the original volume by
centrifuging the antibodies at 3,000 rpm for 30 to 60 minutes
at 4°C using a centrifugal membrane concentrateor Amicon
Ultra-15 {(manufactured by Millipore Co., Ltd.). Subsequently,
for the #24A1 antibody and the other concentrated 9 types of
antibodies, the protein concentration was measured with e
DC-Protein Assay kit (manufactured by Bio-Rad Laboratories,
Inc.) using bovine serum albumin (BSA) as a standard sample.
By the above-mentioned procedure, the anti-mouse Siglec-15

monoclonal antibody was prepared.

Example 25. Evaluation of binding property of rat anti-mouse
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Siglec~15 monocleonzal antibody fo mouse Siglec-15 protein
The binding property of the rat anti-mouse Siglec-15
monoclonal antibody te mouse Siglec-15 protein waé evaluated
by an ELISA method. The mouse Siglec-15-Fc¢ protein produced
in Example 9 was diluted to 5 pg/ml with 0.1 M sodium carbonate
buffer (pH 8.5), and the resulting soluticon was added to a
96-well plate (manufactured by Nalge Nunc International, Inc.,
Cat. No. 430341 at 100 pul/well. ALfter the plate was left at
room temperature for 1 hour, the solution was removed and a
washing puffer (phosphate-buffered saline containing 0.05%
Tween 20) was added at 300 pl/well and removed. After this
washing procedure was performed cne more time,
phosphate~bufferesd saline containing 25% BlockAce
(manufactured by Dainippon Sumitomoe Pharma Co., Ltd.) was added
at 200 pl/well, and the plate was left at room temperature for
1 hour, whereby blocking was effected. The liquidwas removed,
and the plate was washed twice with 300 ul/well of washing

buffer. Then,eachoftjmafatanti—mouseSiglechSHmnoclonal
antibodies prepared 1in Example 24 or rat control Igs
(manufactured by R&D systems, Inc.) was diluted to a final
concentration of from 1.28 to 20,000 ng/ml (5-fold diluticn
seriesg) with an ELISA buffer (phosphate-buffered saline
containing 12.5% BlockAce and 0.053% Tween 20), and the

resulting diluted antibody scluticn was added to the plate at

100 ul/well. After the plate was left at room temperature for
L o]



iguid was removed, and the plate was washed tThree

}41

1l hour, the
times with 300 pl/well of washing buffer. Subsequently, HRP
(horseradish peroxidase)-labeled geat anti-rat IgG antibkody
{manufactured by Beckman Coulter, Inc.; diluted to 1,000-fold

with the ELISA buffer was added at 100 nl/well, and the plate

th

wag left at room temperature for 1 hour. The liguidwas removed
and the plate was washed three times with 300 ul/well of washing
buffer, and then, by using a color develioping kit for peroxidase
(manufactured by Sumitomo Bakelite Co., Ltd.), the coler was
developed according to the protocol attached to the kit. After
developing the colcer, the absorbance at 482 nm was measured
using a microplate reader (manufactured by Mclecular Devices
Corporation, Japan). As a result, i1t was confirmed that all
the 10 test substances of the rat anti-mouse Siglec-15
monocional antibodies examined bind to the mouse Siglec-15
protein in an antibody concentration-dependent manner (Fig.
Z24). On the other hand, in the case of the rat control IgG,

binding to the mouse Siglec-1: protein was not observed.

Example 26. Evaluationof biological activity of rat anti-mouse
Siglec—-1ib monoclonal antibody based on test for mouse
ostecclast formation

By using ail the 10 test substances of the anti-mousse
Siglec-15 monoclonal antibodies produced in Example 24, an

effact on ostecclast differentiation of mouse hone marrow



nonadherent cells was examined. Mouse bone marrow nonadherent
cells prepared by the methed in Examplie 16 were prepared at

s/ml in o-MEM medium contalning 10% FBS and 10

[

1.5 x 10° cel
ng/ml of M~CSF (manufactured by R&D systems, Inc.), and the
resulting cell preparation was seeded in eachwell of a 96-well
plate in an amount of 200 pi and the cells were cultured for
2 days in a CO; incubator. The old culture solution in the
96~well plate was removed, and 100 ul of MEM-a medium containing
1C% FBS to which human RANKL (RANKL, manufactured by Peprotech,
Inc.}) and M-CSF were added to give final concentrations of 20
ng/ml and 10 ng/ml, respectively, was added to each well. To
the cell culture solution, each of the rat anti-mouse Siglec-15
monoclonal antibodies produced in Example 24, a sample cbhtained
by removing sodium azide from commercially awvailable rat
control IgG (purified rat IgG, manufactured by R&D systems,
inc.} or the rabbit anti-mouse Siglec-15 polyclonal antibody
(No. 3) produced in Example 14 was added at a concentration
of from 32 to 1,000 ng/ml, and the cells were cultured for an
additiconal 3 days in a C0p incubatcr. After compieticon of the
culturing, thes activity of tartrare-resistant acid
phosphatase {TRAP) of the formed ostecclasts was measured by
the method described in Example 17. After stopping the
enzymatic reactiocn, the absorbance ¢f each well at 405 nm was

measured, and the measurement was used as an index of TRAP

activity. The results are shown 1in ¥Figs. 25 and 26. A
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significant inhibition of TRAP activity was not observed in
the case of the commerclally avallable rat control IgG. On
the cther hand, a significant inhibition of TRAP activity was
ocbserved in the cases of the #32A1 antibody in the range of
from 32 ng/ml toe 1000 ng/ml, the #%#B8Al antibody and the
affinity-purified rabbit polyclional No. 3 antibody in the range
of from 63 ng/ml to 1000 ng/ml. Also in the cases of the #3A1
antibody, #3441 antibody, and #39A1 antibody, a2 dose~dependent
inhibition of TRAP activity was cbserved at a relatively higher
concentration of 500 ng/ml or higher. The inhibition of mouse
osteoclast formation by the other antibodies was not ocbzerved.
From the above results, antibodies which strongly inhibit mouse
osteoclast formation (osteoclast differentiation and
maturaticn) were found among the prepared rat anti-mcuse
Siglec~1> monoclonal antibodies. Further, as a property
common to the #3A1 antibody, #B8A1 antibody, #3221 antibody,
#3427 antibody, and #38A1 antibody, an activity of inhibiting
osteoclast formation at a concentration of 1000 ng/mi, i.e.,

-
i

1 ug/ml or less can be exemplified.

Example 27. Extraction of total RNA from human-derived mature
osteoclasts

When normal human osteoclast precursor cells (Normal
Human Natural Osteoclast Precurscr Cells, purchased from Sanko

Junvaku Co., Litd., Cat. No. 2T-110) are cultured in a minimal
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essential medium for osteoclast precursor cells (CPBRM,
purchased from Sanko Junyaku Cc., Ltd., Cat. No. PT-8201)
supplemented with an OPGM supplement set {(Osteocclast
SingleQuot™ Kit, purchased from Sanko Junyaku Co., Ltd., Cat.
NO . PT-8501% containing fetal novine serum (final
concentration: 10%), human RANKL, human M-CSF and the like,
a large number of TRAP-positive multinucleated osteoclasts
arise after 3 to 7 days. By using this cell culturing system
according to the protocol attached to the kit, human-derived
mature ostecclasts were produced.

a) The normal human osteoclast precursor cells wers

bt

. . - . 4
seeded in 60 wells of a S6-well plate at x 10% cells/well,

and human RANKL was added thereto to give a final concentration
of 66 ng/ml, and the cells were cultured for 4 days in a CO
incubator. Then, the total RNA was extracted from the
multinucleated c¢steoclasts using a total RNA extraction
reagent (ISOGEN, manufactured by Nippon Gene Co., Ltd.)
according te the protocel attached to the reagent. The
collected total RNA was stored at -80°C until use.

b) The normal human ostecclast precursor cells were

bt

seaded in 84 wells of each of two %96~well plates at 1 x 10°
cells/well, and human RANKL was added to each well of cne of
the plates to give a final concentration of 53.2 ng/ml, and

human RANKL was not added to the other plate, and the cells

were cultured for 3 dayvs in a C0; incubator. Then, the total



RNA was extracted from the cells using a total RNA extraction
reagent (ISOGEN, manufactured by Nippon Gene Co., Ltd.)
according to the protcoccol attached to the reagent. The

collected total RNA was stored at -80°% until use.

Example 28. Acguisition of sequence of open reading frame {ORF)
for human Siglec-15
a) Synthesis of first strand cDNA

By using the total RNA produced in a) of Example 27 as

—~

a template, synthesis of c¢DNA was performed using olige{dT

L

primer (manufactured by Invitrogen, Inc.) and Superscript I

reverse transcriptase {(manufactured by Invitrcgen, Inc.).
The procedure was performed according to the protocoel attached
to the enzyme.
I} PCR reaction

Oligonucleotides having the sequences of: 5’ —attaagcttc
accATéGAAA AGTCCATCTG GCTEC-37 (hSiglec-15-HindIIT kozak-F:
SEQ ID NO: 2% in the Seguence Listing); and 5'-agtggatccT
CACGGTGACGC ACATGGTGEGC~3" (hSiglec-15-BamHI-R: SEQ ID NO: 30
in the Seguence Listing) as primers for amplifying the ORF cDNA

Q

ot
o

for human Siglec-15 by PCR were synthesized according
commoen procedure. The PCR was performed using this
combination of primers and the cDNA produced in a) according
to & common procedure. The resulting PCR reaction solution

was purified using Purelink PCR Purification Kit (manufactured
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by Invitrogen, Inc.).
c) Cloning into pcDNA3.1l{+}) wvector

The purified PCR reaction solution ckitained in b) and
pcDﬁA3.l(+) vector (manufactured by Invitrogen, Inc.) were
treated with restriction enzyvmes (BamHMHi, HindIII!, followed
by gel cutting and purification, and then, a ligase reaction
was performed according to a common procedure. Escherichia
coli TOPLO was transformed, and colony PCR was performed for
the resulting drug-resistant clones. The entire nuclectide
seguence 0f the ORF ¢DNA inserted into a plasmid was analvzed
using a DNA sequencer for a clone in which an amplified product
with a predicted size was obtained, and as a result, 1T was
found to be the seguence represented by SEQ ID NO: 1 in the
Sequence Listing. This nucleotide sequence was the same as
the ORF coding region of the seguence registered in NCBI
GeneBank database as Thuman Siglec-15" {accession number:
NM 21360Z2), and further, the amino acid sequence (SEQ ID NO:
2 in the Seguence Listing) encoded by the nucleotide sequence
was 100% identical to the amine acid sequence of human

Siglec~15.

Example 29. Expression of mRNA for human Siglec~-15 accompanying
human csteoclast differentiation (real-time PCR analysis)
To 1 pwg of the total RNA produced in b) of Example 27,

1 pl of 1 U/pl DNase I and 1 upl of 10 x DNase I buffer



(manufactured by Invitrogen, Inc.) were added, and then, the
final volume was brought to 10 ul with H;O. RARfter 2 reaction
was allowed to proceed at room temperature for 15 minutes, 2
ul of 25 mM EDTA was added thereto and the resulting mixture
was heated at €5°C for 10 minutes. From this solution, an 8
Ml aliquot was taken, and I pl of 50 uM oligo(dT) o primer and
1pl of 10mM dNTPs were added thereto, and the resulting mixture
was heated at 65°C for 5 minutes and then incubated in ice.
To this solution, 2 pul of 10 x RT buffer (manufactured by
Invitrogen, Inc.), 4 ul of 25 mM McgCl,, 2 pl of 0.1 ¥
dithiothreitol, 1 pl of RNase inhibitor (RNaseOUT, 40 U/pl,
manuiactured by Invitrogen, Inc.), and 1 ul of Superscript ITI
reverse transcriptase (200 U/pl, manufactured by Invitrogen,
Inc.} were added and the total volume was brought to 20 pl.
After a reaction was allowed to proceed at 50°C for 50 minutes,
the mixture was heated at 85°C for 5 minutes and then incubated
in lce.

By using the thus produced single-stranded cDNA,
real-time PCR was performed using a combination of the
following primers apd fltorescently labeled probes (TagMan

probe, manufactured by Applied Biosystems, Inc.).

Conditicons for real-time PCR:
Primers for amplifying human cathepsin K:

5’ -ccgeagtaat gacacccttt-37 (TgM-hcatK-F: SEQ ID NO: 21 in the
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Segquence Listing)

and

3" -aaggcatigg tcatgtagec—37 {(TgM-hcatK~R: SEQ ID NO: 3Z in the
Saguence Listing

TagMan probe foxr detecting human cathepsin K:
5'-Fam~tcagggtcag tgtggttcct gttgggct-TAMRA-3'
(TgM~hcatK-probe: SEQ ID NO: 33 in the Sequence Listing)
Primers for amplifying human TRAP:

5’ -ctgtecctggc tcaagaaaca-3" (TgM-hTRAP-F: SEQ ID NO: 34 in the
Sequence Listing)

and

5’ -ccatagtgga agegecagata-37 (TagM-hTRAP-R: SEQ ID NO: 35 in the
Seguence Listing)

TagMan probe for detecting numanTRAP:

Sf-Fam-tgagaatggce ghtgggctacy tgectgagt-TAMRA-3/
(TgM-hTRAP-prcobe: SEQ ID NO: 36 in the Seguence Listing)
Primers for amplifying human 3Siglec-15:

57 -cagccaccaa catccattte-37 (TgM-hSiglec-15-F: SEQ ID NO: 37
in the Sequence Listing)

and

5’ ~cogctcaaget aatgegtgta~-3’ (TgM-hSiglec~15~R: SEQ ID NO: 38
in the Seguence Listing)

TagMan probe for detecting human Siglec-—15

5/ -tam-aagaacaaag gccagtagcga gocttgge-TAMRA-3

(TgM~-hSiglec-1i5-probe: SEQ ID NO: 3% in the Seguence Listing)
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Primers for amplifying human L32 riboscmal protein:

5’ ~gagatcgcetce acaatgttte ct~-37 (TgM-hL3Z2-F: SEQ ID NG: 40 in
the Seguence Listing)

and

5’ ~-gatgccagat ggcagttitt ac-3"7 {TgM-nL3Z-R: STQ ID NO: 41 in
the Sequence Listing)

TagMan probe for detecting human L32 ribosomal protein:

5/ ~Fam-accgcaaagc catcgtggaa agagctg~-TAMRA- 3/

{(TgM-hL3Z~prcbe: SEQ ID NO: 42 in the Seguence Listing)

L real-time PCR analysis was performed using a real-time
PCR system (ABI Prism 7700 Seguence Detector, manufactured by
Perkin Elmer Japan Applied Biocosystems Division) under the
following conditiong. In the reaction, TagMan Universal PCR
Master Mix (manufacturedby Applied Biosystems, Inc.) was used.
First, distilled water was added to 25 pmol of sach primer,
8 ng of single-stranded cDNA and 10 pmocl of TagMan probe to
bring the final volume to 25 pl, and then, 25 pl of TagMan
Universal PCR Master Mix was added thereto, whereby 50 ul of
a reaction sclution was prepared. This reaction solution was
heated at 50°C for 2 minutes and then heated at 95°C for 10
minutes, and thereafter subjected to 40 temperature cycles of
“95°C for (.25 minutes and 60°C for 1 minute”, whershy a
real~time PCR analvyvsis was performed. Incidentally, the

expression level of mRNA for each gene was corrected by the
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expression level of mRNA for L32 ribosomal protein.

As a result, 1t was revealed that the expression level
of the Siglec~15 gene significantly increased in the case where
human osteoclast differentiaticon was ilnduced by adding RANKIL
in the same manner as cathepsin K and TRAP denes which are known

as marker molecules for osteoclasts (Fig. 27).

Example 30. Producticn of soluble human Siglec-15 protein
expression construct

A  partial nucleic acid seguence encoding the
extracellular domain of human Siglec~15 protein 1s represented
by SEQ ID NC: 43 in the Seguence Listing and the aminc acid
gsequence thereof is represented by SEQ IDNC: 44 in the Sequence
Listing. By utilizing such a partial sequence, soluble human

Siglec~15 protein can be produced in a culture supernatant of

t

i1ke,

FJ

an animal cell or the

ion of soluble human Siglec-15 gene by PCR

ot

ica

I

a; Ampli

Oligonuclectides having the seguences of: 5’ —gygggacaagt
ttgtacaaaa aagcaggcett caccATGGAR  AAGTCCATCT  GGCTGC-37
(hSiglec-15~ECD-F: SEQ ID NO: 45 in the Sequence Listing); and
5" —ggggaccact tigtacaaga aagctgggtc CCCGCTGGCE CCATGEARGC
GG-3" (hSiglec-15-ECD-R: SEQ IDNO: 46 in the Sequence Listing)
as primers for amplifyving the human Siglec-15 extracellular
domain cDNA by PCR were synthesized according to a commén

procedure. Incidentally, these primers were designed, as
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amplificationprimers for producing a gateway entry clone, such
that an attBl sequence is added to nSiglec-15-ECD~F and an attB2
sequence 1s added to hSiglec-15-ECD-R. The PCR was performed
using this combination of primers and the  human
Siglec—-15/pcDNA3 .1 {+) plasmid produced in Example 28 as a
template according to a commen procedure. The resulting PCR
reaction solution was purified using PurelLink PCR Purification
Kit {manufactured by Invitrogen, Inc.}.
b) Production of entry clone by Gateway BP reaction

An entry clone intce which the human Siglec-15
extracellular domain <¢DNA was integrated by the Gateway
technology {Invitrcgen, Inc.) employing a lambda phage
site~specific recombination system was produced in the
foliowing method. First, a BP reactiocon using BP Clconase was
performed between the PCR product having an attB seguence at
both ends produced in a) and pDNOR221 (manufactured by
Invitrogen, Inc.) which is a donor vector having an attp
sequence. By using this reaction solution, Escherichia colil
TOPLI0 was transformed, colony PCR was performed for
drug-resistant clones, and the size of inserts was confirmed.
Then, for a clone confirmed To have an insert with a correct
size, a sequence analysis of the total DNA seguence of the
insert was performed. As a2 result, an entry clone which is
completely identical tc the target nucleic acid seguence (SEQ

ID NO: 43 in the Seguence Listing) encoding the extracellular
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domain of human Siglec-15 protein was obtained.
c) Production of expressicn clone by Gateway LR reactiocn

An expression clone intc which the human Siglec-13
extracellular domain cDNA was integrated by the Gateway
technology (Invitrogen, Inc.) employing & lambda phage
site-specific recombination system was produced by the
feollowing method. The entry clone produced in b) contains an
insert having an attl seguence at both ends. An LR reaction
using LR Clonase was performed between this entry clone and
two types of destination vectors having an attR seguence.
Incidentally, as the destination vectors, two tTypes of
destination vectors: pDONM designed such that a V5 epitope tag
and a © x His tag are added to the C terminus of the insert;
and phigFc designed such that a human Fc tag 1s added to the
C terminus of the insert were used. By using the reaction
solution obtained by the LR reaction, Escherichia coli TOP1O
was transformed, and a sequenée analysis was performed for the
resulting drug-resistani clones to confirm whether correct
recombination cccurred.

As a result of the seqguence analysis, expression clones
(soluble human Siglec-15/pDCONM and scluble human
Siglec~15/phlIgFc) in which correct recombination occurred
were obtained for both pDONM and phlgfc, respectively. By
transfecting the soluble human Siglsec-15/pDONM inte an animal

cell or the like, mRNA having the base sequence represented
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by SEQ ID NC: 47 in the Seguence Listing is transcribed and

it

ranslated into a protein thuman Siglec-15-His) having the
amino acid seguence represented by SEQ IDNO: 48 in the Seguence
Listing. Further, by transfecting the soluble human
Siglec—-13/phIgFc into an aninmal cell or the like, mRNA having
the base seguence represented by SEQ ID NO: 49 in the Sequence
Listing is transcribed and translated into a protein (human

Siglec-15-Fc) having the amino acid sequence represented by

SEQ ID NO: 50 in the Seguence Listing.

Example 31. Large-scale preparation of culture soclution
containing soluble human Siglec-1% protein using 293-F cells
a} Preparation of culture scliutlion containing human
Siglec—-15-His

The soluble human Siglec-15/pDONM obtained in Example
30 was prepared in an amount of about 25 mg. Incidentally,
in the purification of a plasmid £rom Escherichia coll cultured
on a large scale, Invitrogen Purelink HiPure Plasmid Gigaprep
Kit (manufactured by Invitrogen, Inc.) was ussd. The thus
prepared plasmid was mixed with Cpti-MEM (manufactured by
Invitrogen, Inc.}, and 50 ml of a transfectiocn reagent
283fectin (manufacturedby Invitrogen, Inc.) was added thereto,
and the resulting mixture was incubated at room temperature
for 20minutes. Thismixtures was added to FreeStyle 293-Fcells

(manufactured by Invitrogen, Inc.) cultured in Free3tyle 283
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Expression Medium (manufactured by Invitrogen, Inc.)
containing 1% penicillin-streptomycin such that the cell
density reached 1.0t0 3.4 x 10° cells/ml using a 25 L bioprocess
culture apparatus (WAVE Bioreacter). After the cells wers
subjected to spinner culture (30 rotatlons/min} at a CC;
concentration of from € te 12% for 96 hours (4 days) at 37°C,
the culture scluticn was collected and centrifuged to prepare
a culture supernatant. It 1s considered that in the thus
prepared culture supernatant, a protein in which a V5 epitops
tag and a 6 x His tag have been added to the C-terminal side
of the human Siglec-15 extracellular domain {human
Siglec~1b5-His) 1s expressedgd.
b) Preparaticn of culture solution containin human
Siglec-15-Fc

The scoluble human Siglec-15/phIgFc obtained in Example
30 was prepared in an amount of about > mg. Incidentally, in
the purification of plasmid from Escherichia coll cultured on
a large scale, Invitrogen Purelink HiPure Plasmid Gigaprep Kit
(manufactured by Invitrcogen, Inc.) was used. The thus
prepared plasmid was mixed with Opti-MEM {(manufaciured by
Invitrogen, Inc.), followed by filter sterilization. Then,
10 ml of a tﬁansfection reagent 2%3fectin (manufactured by
Invitrogen, Inc.) was added thereto, and the resulting mixture

was incubated at room temperature for 20 minutes. Thismixture

was added to FreeStyle 283-Fcells (manufacturedby Invitrogen,
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Inc.} cultured in Erlenmeyer flasks such that the cell density
reached 1.0 to 3.0 x 10° cells/ml x 5 L (1 L/flask x 5 flasks)
in FreeStyle 293 Expression Medium {(manufactured by Invitrogen
Inc.). After the cells were sublected to rotary culture (125

for 96 hours (4

o

rotations/min) at a CO; concentration of 8.0
days) at 37°C, the culture solution was collected and
centrifuged to prepare a culture supernatant. It is
considered that in the thus prepared culture supsrnatant, a
protein in which a human Fc tag has been added to the C-terminal
side of the human Siglec-15 extracellular domailn {(human

Siglec~15-Fc) 1s expressed.

Example 32. Purification of soluble human Siglec-15 protein
a) Purification of scluble human Siglec~15-His
a-1) HisTrap HP column chromatography

Tc 12 L of the culture sclution of 293F cells expressing

of

3:4!

human Siglec-15~His prepared in a) of Example 31, 1350 m
10 x buffer {500 mM Tris, 1.5 M NaCl, 200 mM imidazole, pH §.0)
was added, and the resulting mixture was stirred well and
filtered through a MilliPak-460 filter (manufactured by
Millipore Co., Ltd.). This culture scluticn was applied to
a Ni-Sepharose HF (manufactured by Amersham Bicsclences, Inc.)
100 ml column which hed previously been washed with pure water

=
A

ow rate of 10 mi/min. After the column

F..J

Milli-Q water) at &

wag washed with 400 ml of 50 mM Tris-HCl buffer (pH 8.0)



containing 300 mM NaCl at a flow rate of 8 mL/min, & protein
adsorbed onto the column was eluted with 200 ml of 50 mM Tris-HC1
buffer (pH 8.0} containing 300 mM NaCl and 500 mM imidazole
at a flow rate of 2.5 ml/min, and the eluate was fractionated
into mini-sorp tubes (manufactured by Nunc, Inc.);. In order
to prevent precipitation of the protein, 8 ml of 2 3 M NaCl
solution was added tc abeout 40 ml of a fraction containing the
eluted protein, followed by stirring, and then, the resulting
mixture was concentrataed tc about 20 ml with a centrifugal
membranse concentrator Amicon Ultra-15 (manufactured by
Millipore Co., Ltd.). Insoluble matter generated during the
concentration was removed by centrifugatvion at 3000 rpm for
30 minutes at 4°C, and 2.5 ml of the resulting supernatant was
applied to a PD~10 desalting column (manufactured by Amersham
Biosclences, Inc.) which was previously equilibrated with
phosphate~buffered saline containing 1 M NaCl (N-PBS),
followed by elution with N-FBS, whereby 3.5ml of a sample whose
solvent was replaced with N—PBS was obtained. This procedure
was performed 7 more times by repeating it, and about 28 ml
of a sclution of partially purified human Siglec-15-His was
obtained.
a-ii} Resource ¢ column chromatography

12 ml of the sample which was purified by Ni-Sepharose
HP column chromatography and whose solvent was replaced with

N-PBS was dialyzed overnight at 4°C against 50 mM Tris-HCl
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buffer (pH 7.3) containing 0.1% CHAPS (1 L, three timess) and
the resulting dialysate was centrifuged at 2,000 rpm for 30
minutes at 4°C, and the precipitate was removed. BAfter the
resulting supernatant was filtered through a Millex-GV filter
(manufactured by Millipore Co., Ltd.}, the filtrate was applisd
to a Resourcse Q ©6 ml column (manufactured by Amersham

¢

€3]

Bicsciences, Inc.) which was previously eguilibrated with

J

=

mM Tris~HCL buffer (pH 7.5) containing 0.1% CHAPS at a f£lo
rate of 1 ml/min. Thereafter, the column was washed with this
buffer at a flow rate of 1 ml/min and a protein fraction which
was not adscrbed contoe the column was collected. A protein
adsorbed onto the column was eluted with 30 mM Tris-HCl buffer
{(pH 7.5) containing 0.1% CHAPS and 1 M NaCl at a flow rate of
I ml/min. After 26.5ml of the fraction which was not adsorbed
onte the column was concentrated to 3.0 ml with 2 centrifugal
membrane concentrator Amicon Ultra-15 (manufactured by
Millipore Co., Ltd.), the concentrate was centrifuged at 3,000
rpm for 10 minutes at 4°C and the precipitate was removed. 2.5
ml of the resulting supernatant was applied toa PD-10 desalting
column (manufactured by Amersham Biosciences, Inc.) which had
previously been equilibrated with phosphate-buffered saline
containing 50 mM arginine hydrochloride (pH 7.0, A-PBS),
followed by elution with A-PBS, whereby 2.5 ml of 2 sample whose

solvent was replaced with A-PBRS was obtained. The arginine

hydrochloride in the sclvent of the prepared sample was added



for preventing soluble human Siglec-15-His from precipitating.
The supernatant after centrifugation was cryopreserved at
-80°C until use. The akove-menticned purification procedure
(Rescurce Q column chromatography) was performed twice by
repeating it.

Fag

a-1iii} Detection and purity assay of purified human
Siglec-15-His

By using & sample prepared by the above-mentioned
purification procedure (Ni-Sepharose HP column chromatography
and Resource ¢ cclumn chromatography), SDS-polvacrylamide
electrophoresis under reducing conditicns and silver staining

were performed. That is, to b ul of each of the samples purified

spective purification steps, an eguivalent amount of

@

by the r
an SDE-treatment sclution was added, and the resulting mixture
was thermally treated at 95°C for 10 minutes. 0.3 pl of each
Of the Tthermally treated samples was used for
SD3-polvacrylamide electrophoresis. The electrophoresis
procedure was performed in the same manner as the method
described in Example 8 except that Rainbow Molecular Weight
Markers (manufactured by Amersham Biosciences, Inc.) were used
as the molecular weight markers. After completion of the
electrophoresis, silver staining was performed using PhastGel
Silver Kit {manufactured by Amersham Bicscilences, Inc.) and

PhastSystem. The results are shown in Fig. 28. It was shown

that a protein having a molecular weight of about 35 kDa (human
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Siglec-15-His) was efficiently purified and concentrated in
the protein fraction which was not adsorbed onto the Resource
¢ ceclumn.
a-1iv) Measurement cof protein ccncentration of purified human
Siglec-15—-His

For the purified human 3Siglec-15-His (the protein
fraction which was not adsorbed onto the Resource Q column),
the protein concentration was measured with & DC~Protein Assay
kit (manufactured by Bio-Rad Laboratories, Inc.) using bovine

serum albumin as a standard sample. By performing the

h

purification procedure twice, a total of 1.66 mg of purified
human Siglec-15-His was obtainead.

b} Purification of scoluble human Siglec~15-Fc

+

b-1i} HiTrap FProtein A column chromatography

of the culture solution of 253F cells expressing

ot
&3]
=
-

human Siglec-15~Fc prepared in b) of Example 31 was filtered
through a Sterivex-GV filter {(manufactured by Millipors Co.,
Ltd.}, and then, the filtrate was applied tc a HiTrap Protein
A 5 ml column (manufactured by Amersham Rilosciences, Inc.)
which was previously eguilibrated with Dulbecco’s PBS (D-FBS,

1

manufactured by Invitrogen, Inc.) at a flow rate of 5 ml/mi

5

After the column was washed with 70 ml of D-PRS at a flow rate
cof 5mi/min, a protein adsorbed conte the column was eluted with
24 ml of 0.1 M sodium citrate buffer (pH 3.0) at a flow rate

of 1.2 ml/min. The eluate was fractionated at 1.2 ml per
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fraction intc mini-sorp tubes (manufactured by Nunc, Inc.),
and immediately Thereafter, 0.31 ml of 1 M Tris was added
thereto to neutralize the eluate. A 2.5 ml aliguot of a
solution f(about 7.5 ml) cbtained by combining the eluted
protein fractions (fractions 5 to 8) was applied to a PD~10
desalting column (manufactured by Amersham Blosciences, Inc.)
which had previously been equilibrated with
phosphate-buiffered saline containing 50 mM  arginine
hydrcchleride {(pH 7.0, A-PBS), rtollowed by elution with A-PES,
whereby 3.5ml of a sample whose solvent was replaced with A-PRS3
was obtained. Thils procedure was performed twice by repeating
it. The arginine hydrochloride in the solvent was added to
prevent scluble human Siglec-15~Fc from precipitating. 2.5
ml of the remaining solution of the eluted protein fractions
(fracticons 5 to 2) was applied to a PD-10 desalting column

(manufactured by Amersham Bicsclences, Inc.) which had

previously been eguilibrated with phosphate-~buffered szlins
containing 1 M NaCl (pH 6.7, N-PBS), follcwed by elution with
N~PRBS, whereby 3.5 ml of a2 sample whose solvent was replaced
with N-PBS was obtained. NaCl in the solwvent in the prepared
sample was added to prevent soluble human Siglec-15-Fc from
precipitating without adding an amino group-containing

Eml
B

compound such as arginine. The human Siglec-15-Fc sampl

D

whose solvent was replaced with N-PBS was used only when an

immobllized column was prepared in the following ¢} of Example
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34, and in a1l the other Examples, human Siglec-15-Fc¢ whose
solvent was replaced with A-PBS was used. The samples prepared
by the above-mentioned procedure were cryopreaserved at -80°C

use.

ct
l.J
|_|

un
b-1i) Detectionandpurity assay of purifiedhuman Siglec-13-Fc¢

By using the samples prepared by the above-mentioned
purification procedure, SDS-polyacrylamide electrophoresis
under reducing conditions and silver staining were performed.
That is, to 5 ul of each of the samples purifiedby the respective
purification steps, an equivalent amount of an SDS-treatment
solution was added, and the resulting mixture was heated at
95°C for 10 minutes. 0.3 ul of a sample cbtained by diluting
each of the thermally treated samples to 1/100 or 1/300 with
a half concentration of the 5DS-treatment solution was used
for SDS-polyacrylamide electrophoresis. The electrophoresis
and silver staining were performed in the same manner as the
purity assay of human Siglec-15-His described in a-iii). The
resuits areshown inFig. 22. It was shown that aproteinhaving
a molecular weight of about 55 kDa (human 3iglec~15-Fc) was
efficiently purified and concentrated in the protein fraction
which was eluted from the HiTrap Protein A column.
b-iii} Measurement of protein concentraticn of purified human
Siglec-15~Fc

For the purified human Siglec~15-F¢ (the protein

fraction eluted from the PD-10 desalting column), the protein
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concentration was measured with a DC-Preotein Assay kit
{manufactured by Bio-Rad Laboratories, Inc.) using bovine
serum albumin as a standard sample. As shown in Table B, a

total of 25.2 mg of purified human Siglec-~15-Fc was obtained

by performing the purification procedure twice.

Table 8
Protein Conc. (ma/mi) Sample Vol. (ml) Total protein {mg)
Arg-containing solvent 2.3 7.0 18.1
NaCl-containing solvent 2.8 ; 3.5 8.1
Total | | | 252
Example 33. Production of rabbit anti-human Siglec-153

polvclonal antibody (immunization of rabbit)
a) Preparaticn of antigen

The human Siglec-15-Fc protein produced in b) of Example
32 was prepared at 100 ug/0.5 ml, and an egquivalent amount of
an adjuvant was added thereto and an emulsion was preoduced using
a glass syringe. As the adjuvant, Freund’s complete adjuvant
(FCA, Manufactured by Difco Laboratories, Inc.) was used only
for the first immunization, and Freund’s incomplete adjuvant
(FICA, Manufactured by Difco Labcecratories, Inc.) was used for
the second and subseguent ilmmunizations.
b) Immunizaticon of rabbit

Three rabblts (Japanese white female rabbits with a body
welght of 3 kg) were used as immunized animals. Incidentally,
blood was collected before Immunization, and 10 ml of

pre-immune serum was obtained per rabbit. The emulsion
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obtained in a) was injected subcutaneocusly and intradermally
usinga 27 G injection needle such that the amount of the antigen
was 50 pug per rabbit. Immunizaticn was performed a total of
B times every 14 days after the first immunization. The whole
blood was collected affter 7 days from tThe date of 8th

immunization, and 74.4 to 74.9 mi of antiserum was obtained

per rabbit. The antibody titers in the pre-immune serum and
the antiserum were confirmed by an ELISA method using an
immobilized antigen. As a result, an increase in antibody

titer in the antiserum was confirmed in 2ll the three rabbits.

The antiserum was stored at -20°C until use.

Example 34. Purificaticon of rabkit anti-human Siglec-15
polyclonal antibody
a) HiTrap Protein A column chromatography

To 40 ml of each ©of the three rabbit antiserum lots
prepared in b) of Example 33, 490 ml of Dulbecco’s PBS (D-PBS,
manufactured by Invitrogen, Inc.) was added and mixed, and the
resulting mixture was filtered through a Sterivex-GV filter
(manufactured by Millipore Co., Ltd.}. Then, the filtrate was
applied tc a2 column which comprised two HiTrap Protein A 5 ml
columns (the two columns were connected in series, manufactured
by Amersham Bioscilences, Inc.} and had previously been
eguilibrated with D-PBS at a flow rate of Z ml/min. After the

column was washed with 25 ml of D-PBES at a flow rate of 2 ml/min,



a protein adscrbed onto the column was eluted with 50 ml of
0.1 M sodium citrate buffer (pH 3.0) at a flow rate of 1 ml/min.
The eluate was fractionated at 2.2 ml per Ifraction into
mini~sorp tubes (manufactured by Nunc, Inc.), and immediately
thereafter, 0.6 ml of 1 M Tris was added thereto To neutralize
the eluate. After about 15.5 ml of a solution obtained by
combining the fractions (fractions 3 to 7) containing the
eluted protein was concentrated tce 5 ml with a centrifugal
membrane concentrator Amicon Ultra-15 (manufactured by
Millipore Co., Ltd.), & 2.5 ml aliguot of the concentrate was
applied to a PD-10 desalting column {(manufactured by Amersham
Biosciences, Inc.) which had previously been equilibrated with
Otsuka Physiclogical Saline for Injection (TO-8S) containing

Tween 20, followed by elution with TO-~35, whereby 3.&

o

0.01
ml of a sampie whose sclvent was replaced with T0-55 was
obtained. This procedure was performed twice by repeating it.
The thus prepared samples were cryopreserved at -80°C until
use.
b} Purification of pre-immune rabbit IgG

Blocd had previously been collected from the three
rebbits used in Example 33, before initiation of immunization
with human Siglec-15-Fc¢, and pre-immune serum was prepared.
After 5 ml zligquots of sach of these serum samples wers mixed

with one ancther, 15 ml of D~PBS was added thereto, and the

resulting mixture was filtered through a Millex-GV filter
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(manufactured by Millipore Co., Ltd.}. Then, the resultin
gserum sample was applied to a celumn which comprised two HiTrap
Protein A 5 ml columns (manufactured by Amersham Blosciences,
Inc.) and had previously been equilibrated with D-PBS at a flow
rate of 1 ml/min. After the column was washed with 3% ml of
D-PRS at a flow rate of 1 ml/min, & protein adsorbed onto the
column was eluted with 50 ml of 0.1 M sodium citrate buffer
(PE32.0) ataflowrateof Iml/min. The eluate was fractionated
at 2.5 ml per fraction intc mini-sorp tubes (manufactured by
Nunc, Inc.), and immediately thereafter, 0.6 ml of I M Tris
was added thereto to neutrallze the eluate. After a sclution
cbtained by combining the <£fractions (fractiocns 4 to 6

contalining the eluted protein was concentrated to 2.5 ml with

[

a centrifugal membrane concentrator Amiceon Ultra-l
(manufactured by Millipore Co., Ltd.}, the concentrates was
applied to a PD-10 desalting column (manufactured by Amersham
Biosciences, Inc.) which had previcusly been equilibrated with
Otsuka Physioclogical Saline for injection {TO~SS) containing
0.01% Tween 20, followed by elution with TO-383, whereby 3.5
ml of z sample whose solvent was replaced with TO-55 was
obtained. The thus purified pre-immune rabbit IgC sample was
subjected to polyacrylamide electrophoresis and silver
staining by the methoed described in Example 8 to confirm that
the IgG protein was sufficiently purified, and +then, fthe

protein concentration was measured. The <thus purified
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pre-immune rabbit IgG sample was cryopreserved at —-80°C until
use.
c) Preparation of affinity column having human Siglec~15-Fc

immepilized thereon

b Y

of the purified human Siglec-15-Fc whose solvent

Fd

3m
was replaced with N-PBS produced in b) of Example 32 {2 total
cof 7.8 mg of protein}) was concentrated to Z ml using a
centrifugal membrane concentrator Amicon Ultra—-4
(manufactured by Millipore Co., Ltd.). Tc the concentrate,
a coupling buffer {0.2 M NaHCO;, 0.5 M NaCl, pH 8.3) was added
to bring the final volume to 2.5ml, and the sclvent was replaced
with 3.5 ml of the coupling buffer using a PD-10 desalting
column. After isopropancl in an NHS-activated HiTrap column
{1ml, manufactured by Amersham Biosciences, Inc.) was replaced
with 1 mM hydrochloric acid, 3 mi of the prepared human
Siglec-15-Fc was injescted into the column using 2 syringe, and
the ligquid was alternately injected thereinto using another
syringe connected to the outlet of the column to effect a
coupling reaction. After the reaction was allowed to proceed
at room temperature for 30 minutes, in order to inactivate
excess active groups, 6ml of a blocking buffer {an ethanclamine
buffer containing 0.5 M NaCl, pEH 8.3}, 6 ml of a washing buffer
(a sodium acetate buffer containing 0.5 M NaCl, pH 4.0}, and
6 ml of the blocking buffer were Iinjected in sequence according

to the protocel of Amersham Blosciences, Inc., and then, the



colunn was left at room temperature for 30 minutes. Thereafter,
& ml of the washing buffer, ¢ ml of the blocking buffer, and
6 ml of the washing buffer were injected into the column in
seguence again, and finally, the buffer in the column was
replaced with 10 mM Tris-HCI buffer (pH 7.2) containing 0.15
M NaCl. This column was stored at 4°C until use.
d} Purification of rabbit anti-human Siglec-15 polycicnal
antibody with affinity column
d-i} Affinity column chromatography

After 7 ml of each of the purified anti-human Siglec-15
polyclonal antibodies (Nos. 1, 2 and 3) prepared in a) was
filteredthrougheaMiélexMGVfilter(manufacturedknfMil;ipore
Co., Ltd.), the resulting filtrate was applied to the column
produced in c¢) which had the human Siglec-15-Fc immobilized
tnerecon and had previously been equilibrated with the Apply

Buffer at a flow rate of 0.25 ml/min. After the column was

t

washed with 5 mli of the Apply Buffer at a flow rate of 0.25
ml/min, a protein adsorbed onto the column was eluted with 5
ml of 6.1 M glyvcine hydrochloride buffer (pH 2.7) containing
0.5 M NaCl at a flow rate of 0.25 ml/min. The chromatograms
of the anti-human Siglec-15 polyclonal antibodies (Nos. 1, 2
and 3) purified with the affinity celumn are shown in Fig. 30.
The eluate was fracticnated at 0.5 ml per fraction into
mini-sorp tubes (manufactured by Nunc, Inc.}, and immediately

thereafter, 16 ul of 1 M Tris was added theretc to neutralize
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the eluate., About 2.5 ml of a solution obtained by combining
the IgG protein fractions (fractions 3 to 7) eluted with the
glycine hydrochloride buffer for each antibody was applied to
aPleodesaltingcolumn(manufacturedkfomershmnBiosci@nces,
Inc.) which had previously been equilibrated with Dulbecco’s
phosphate-buffered saline containing 0.01% Tween 20 (T-PRS),
followedknfelutionwithT—PBS,wh@reby3.5rmiofaasamplewhose
The thus

sclvent was replaced with T-PRS was obtained.

prepared samples were cryopreserved at -80°C until use.

d-1ii) Measurement of protein concentration of
affinity-purified rabbit anti-human Siglec-15 polyclonal
antibody

For the purified rabbit anti-human Siglec-15 polyclonal
antibody samples (the protein fractions eluted from the PD-~10
desaltingcoiumn),theproteinconcentrationwaSH@asur@jwith
a DC-Protein Assay kit (manufactured by Bio-Rad Laboratories,
Inc.) using bovine IgG as a standard sample. As shown in Table
9, about 9.1 to 11.9 mg of the affinity-purified anti-human

Siglec-15 polyclonal antibody could be prepared in each of lot

Nos. 1 to 3.

Table 9
Protein Conc. (mg/mi) Sample Vol. {ml) Total protein (mg)
No, 1 3.0 35 10.5
No. 2 28 3.5 9.1
No.3 | 34 35 119
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Example 35. Effect of addition of rabbit anti~human Siglec-15

poliycleonal antibody on cell fusion of normal human ostecclast

precurscor cells (TRAP Staining)
{(Normal Human

Normal human osteoclast precursor cells
purchased from Sanko

Natural Ostecclast Precursor Cells,
Junvaku Co., Ltd., Cat. No. 2T7-110) were seeded in a 96-well
plate at 1 x 10* cells/well according to the protocol attached

a minimal essential medium for

As the medium,

to the celils.
osteoclast precursor cells (OPBM, purchased from Sanko Junyaku
OPGM

stupplemented with an

Co., Ltd., Cat. No. PT-8201)
supplement set (Osteoclast SingleQuot™ Kit, purchased from
Ltd., Cat. No. PT-9501) containing fetal
RANKIL {(final

human

Sanko Junyaku Co.,
10%),

bovine serum (final concentration:
69 ng/ml), human M~-CSF {(final concentration:
To the resulting culture

Siglec-15 No.

concentration:

33 ng/ml) and the
supernatant, the affinity~purified anti-human

like was used.

& Tinal concentration

o3

2 antibody produced in d) of Example 34 at
of 3 or 30 ug/ml, or the pre-immune rabbit IgG produced in b)

of Example 34 at a final concentration of 30 pg/ml was added,
After

and the cells were cultured for 5days in a CO; incubator.
and 10% neutral

the culturing, the supernatant was removed,
After fixing the cells

formalin was added to fix the cells.
and & TRAP

the cells were washed twice with distilled water,
mM naphtheol AS-M¥X phosphate

(0.27
1.6 mM fast red viclet LR

staining solution

{manufactured by Sigma Co., Ltd.),
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salt (manufactured by Sigma Coc., Ltd.), 1% dimethylformamide,
50 mM sodium tartrate, 0.1 M sodium acetate buffer (pH 5.0))
was added at 100 ul/well, and a reacticon was allowed to proceed
at room temperature for 5 minutes. Then, the cells were washed
twice with distilled water, and then, observed by microscopy
{(Fig. 31). As a result, the formation of gilant ostecclasts
resulting from a high degree of cell fusion was significantly
innibited by the addition of the anti~human Siglec-15
pelyclonal antibody. On the other hand, in the case where the
pre-immune IgG was added, such inhibition of osteoclast cell
fusion was not observed. The number of TRAP-pcsitive
multinucleated cells in which the nunber of nuclei is 5 or mors
was countedwith an invertedmicroscope (Fig. 32). BAsaresult,
a significant inhibition of multinucleated osteoclast
formation was observed in the well o which the
affinity~purified anti-human Siglec~15 No. 2 antibody was
added at a final concentration of 30 ug/ml. Also in the case
where the pre-immune IgG was added at 30 pug/ml, a tendency of
inhibition of mnmultinucleated csteoclast formation was
observed. However, when comparison was made with such wells,
it was shown that multinuclieated ostecclast formation was
significantly inhibited by the addition of the anti-human
Siglec—-15No. 2 antibody. In thismanner, 1t was revealed that
multinucleation and cell fusion of TRAP-positive osteoclasts

from normal human osteoclast precurscor cells are inhibited by



188

the antibody specifically binding to Siglec-15.

Example 36. Evaluation of binding property of rat anti-mouse
Siglec~-15 monoclonal antibody to human Siglec-13 protein
The binding property of the rat anti-mouse Siglec-15
monocional antibody to human Siglec-15 protein was evaluated
by an ELISA method. The human Sigiec—-15-Fc protein produced
in b) of Example 32 was diluted To 5 pg/ml with 0.1 M sodium
carbcnate buffer {pE 9.5), and the resulting sclution was added
to a 96-well plate {(manufactured by Nalge Nunc International,
Inc., Cat. No. 430341) at 100 pul/well. After the plate was
left at room temperature for 1 hour, the sclution was removed
and a washing buffer (phosphate-buffered saline containing
0.05% Tween 20) was added at 300 pl/well and removed. After
this washing procedure was performed one more time,
rhosphate-buffered saline containing 25% BlockAce
(manufactured by Dainippon Sumitome Pharma Co., Ltd. ) was added
at 200 pl/well, and the plate was left at room temperature for
1 hour, whereby blocking was effected. The liquid was removed,
and the plate was washed twice with 300 pul/well of washing
puffer. Then, each of the rat anti-mouse Siglec-15 monoclonal
antibodies prepared in Example 24 or rat control 1IgG
(manufactured by R&D systems, Inc.) was diluted to a finzal
concentration of from 1.28 to 20,000 ng/ml (5—fold dilution

series) with an ELISA buiffer (phosphate-buffered saline
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containing 12.5% BRlockAce and 0.05% Tween 20), and the
rasulting diluted antibody scluticon was added to the plate at
100 pl/well. After the plate was left at rcom temperature for
1 hour, the liquid was removed, and the plate was washed three
times with 300 nul/well of washing buffer. Subsequently, HRP
(horseradish peroxidase)-labeled goat anti-rat IgG antibody
(manufactured by Beckman Coulter, Inc.) diluted to 1,000-fold
with the ELISA buffer was added at 100 pl/well, and the plate
was left at room temperature for 1 hour. The liguidwas removed
and the plate was washed three times with 300 pul/well of washing
puffer, and then, by using a color developing kit for peroxidase
(manufactured by Sumitomo Bakelite Ce., Ltd.), the color was
developed according to the protocel attached to the kit . After
developing the color, the absorbance at 492 nm was measured
using a micreplate reader {manufactured by Nihcon Molecular
Devices Corporation). As a result, it was confirmed that all
the 10 test substances of *the rat anti-mouse Siglec-18
monocclonal antibodies examined bind to the human Siglec-15
protein in an antibody concentration-dependent manner (Fig.
33). Inparticular, the binding activity of b test substances:
#1A1, #3A1, #2421, #3271, and #6131, was high, and the binding
activity of 3 test substances: #8A1, #34A1, and #38A1, was low.
On the other hand, in the case of the rat control IgG, binding
to the human Sigiec~15protein was not observed. Fromthe above

results, 1t was shown that the rat anti-mouse Siglec-15
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monoclonal antibodies prepared in Example 24 bind not only to
meuse Siglec-15, but alsc to human Siglec-15, and moreover,
it was found that some antibodies strongly bind te human

ec-15.

—

Sig

Example 37. Effect of addition of rat anti-mouse Siglec-15
monocleonal antibody oncell fusion and bone resorption activity
of normal human osteoclast precursor cells (evaluation cf in
vitro biclogical activity)

Since it was confirmed that the rat anti-mouse Siglec-15
monoclonal antibodies bind also to human Siglec-15 in Example
36, the effects of these antibodies on human ostecclast

e

formation and bone rescrption activity were examined.

h

addition of rat anti-mouse Siglec-15 monoclional

h

a) Effect o
antiboedy on cell fusion of ostecclasts from normal human
osteoclast precursor cells (TRAFP Staining)

Normal human osteoclast precurscr cells (Normal Human
Natural Osteoclast Precursocr Cells, purchased from Sanko
Junyaku Co., Ltd., Cat. No. 27-110) were seeded in a S96-well
plate at 1 x 10% cells/well according to the protocol attached
to the cells. As the medium, a minimal essential medium for
osteoclast precurscor cells (CPBM, purchased from Sanke Junvaku
Co., Ltd., Cat. No. PT-5201) supplemented with an OPGM

supplement set (Osteoclast SingleQuot™ Kit, purchased from

Sanko Junyaku Co., Ltd., Cat. No. PT~9501) containing fetal
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bovine serum (final concentration: 10%}, human RANKL {final
concentration: 66 ng/ml), human M-CSF (final concentration:
33 ng/ml) and the like was used. To the resulting culture
supernatant, each of the rat anti-mouse Siglec-15 monoclicnal
antibodies prepared 1in Example 24 o¢or rat control IgG
(manufactured by R&D systems) was added tce give a final
concentration of 30 ug/ml, and the cells were cultured for 4

davs 1n a CC,; incubator. Affter the culturing, the supernatant
was ramoved, and 10% neutral formalin was added to fix the cells.
After fixing the cells, the cells were washed twice with
distillied water, and a TRAP stalining solution {0.27 mM naphthol
AS-MX phosphate {manufactured by Sigma Co., Ltd.), 1.6 mM fast

1%

red viclet LB salt (manufactured by Sigma Cc., Ltd.),
dimethylformamide, 50 mM sodium tartrate, 0.1 M sodium acetate
buffer (pH 5.0)) was added at 100 pl/well, and a reaction was
allowed to proceed at room temperature for & minutes. Then,
the cells were washed twice with distilled water, and then,
opservad by microscopy {(Fig. 34). As a result, the formation
of glant ostecclasts resulting froma high degree of cell fusion
was almost completely inhibited by the addition of the #3221
antibody. Further, also in the case of the #41Bl antibody,
the formation of giant ostecclasts resulting froma high degree
of cell fusicnwas significantly inhibited. On the other hand,
in the case of the other rat anti-mouse Siglec-15 monoclonal

antibodies (such as the #1Al antibody) and the rat control IgG,



such a significant inhibition of osteoclast cell fusion was
not observed. In this manner, it was revealed that
multinucleation and cell fusion of TRAP-pcsitive csteoclasts
from normal human osteoclast precursor cells are inhibited by
the monoclonal antibedy specifically binding to the Siglec-15
protein.

D) Effect of addition of rat anti-mouse Siglec-15 menoclonal
antibody (#32A1) on cell fusion of osteocclasts from normal
human ostecclast precurscr cells (TRAP Staining)

Normal human csteoclast precurscr cells (Normal Human
Natural Osteoclast Precursor Cells, purchased from Sanko
Junvaku Ceo., Ltd., Cat. No. 27-110) were seeded in a 86-well
plate at 1 x 10° cells/well according to the protocol attached
To the cells. As the medium, a minimal essential medium for
osteocclast precursor cells (OFBM, purchased from Sanko Junyaku
Ce., Ltd., Cat. No. PT-8201) supplemented with an OPGM
supplement set (Osteoclast SiﬁgleQuotm Kit, purchased from
Sanko Junyaku Co., Ltd., Cat. Ne. PT-9501) containing fetal
bovine serum (final concentraticon: 10%), human RANKL (final
ceoncentration: 68.4 ng/ml), human M~-C3F {final concentration:
33 ng/ml} and the like was used. To the resulting culture
supernatant, the rat anti~-mouse Siglec-15 monoclonal antibody
(#3221) prepared in Example 24 was added to give a final
concentration of 0.1, 0.3, 1, or 3 ug/ml, and the cells were

cultured for 3 days in a C0; incubator. After the culturing,
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the supernatant was removed, and 10% neutral formalin was added
to fix the cells. After fixing the cells, the cells were washed
twice with distillied water, and a2 TRAP staining solution (0.27
mM naphthol AS-MX phosphate (manufactured by Sigma Co., Ltd.),
l.6mM fast red viclet LB salt {(manufactured by Sigma Co., Lizd.)
1% dimethylformamide, 50 mM scodium tartrate, 0.1 M sodium
acetate buffer (pH 5.0)) was added at 100 pl/well, and a
reaction was allowed to preoceed at room temperature for 5
minutes. Then, the cells were washed twice with distilled
water, and then, cbservedbymicroscopy {(Fig. 353). Asaresult,
the formation of TRAP-pesitive multinucleated ovstecclasts was
inhibited in a #3231 antiboedy concentration-dependent manner
within the range of from 0.3 pg/ml to 3 pg/ml.

¢} Efifect of additicn of rat antl-mouse 5iglec~1S moncclional

antibody (#32A1) on bone resorption activity of normal human

costecclast precurscr cells (Evaluaticon using collagen- coated

It is known that ostecclasis release a protease such as
cathepsin K and degrade tType I collagen which iz &
constitutional component of bone tissue. OUsteolyse Assay Kit
(manufactured by Lonza, Inc., Cat. No. PA~1500) provides a
96-well plate coated with eurcpium-conjugated human collagen
(86~well Osteolyse cell culture plate), and it is possible to
evaluate the bone resorption activity of osteoclasts in vitro

by measuring the amount cf fluorescent collagen fragments
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released in the supernatant when osteocclasts are cultured in
the plate.

Normal human ostecclast precursor cells (Normal Human
Natural Ostecclast Precursor Cells, purchased from Sanko
Junyaku Co., Ltd., Cat. No. 27-110) were seeded in a 96-well
Osteolyse cell culture plate at 1 x 10% cells/well according
to the protocol attached to the cells. As the medium, a minimal
essential medium for osteoclast precursor cells (OPRBRM,
purchased from Sanko Junyaku Co., Ltd., Cat. No. PT-8201)
supplemented with an OPGM supplement set (Osteocclast
SingleQuot™ Kit, purchased from Sanko Junyaku Co., Ltd., Cat,
No. PT-950G1) containing fetal bovine serum (final
concentration: 10%), human RANKL (final concentration: 68.4
ng/ml), human M-CSF (final concentration: 33 ng/ml) and the
like was used. To the resulting C;lture Supernatant, the rat
anti-mouse Siglec-15 monoclonal antibody (#32A1 antibody)
prepared in Example 24 was added to give a final concentration
of 0.1, 0.3, 1, or 3 ug/ml, and the cells were cultured for
3 days in a CO; incubator. A 10 ul aliquot of the culture
supernatant was collected, and 200 ul of Fluorophore Releasing
Reagent included in the OstecLyse Assay Kit was added thereto,
and a fluorescence intensityfwaszneasured,{Excitatioﬂ: 340 nm,
Emission: 615 nm) using a fluorescence plate reader (ARVO MX,
manufactured by Perkin Elmer Inc.), whereby the amount of free

fluorescent collagen fragments released in the culture
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supernatant was determined (Fig. 36). As a result, the amount
of fluorescent collagen fragments increased by the addition
of RANKL was reduced by the #32A1 antibody in a
concentration-dependent manner within the range of from 0.3
ug/ml to 3 ug/ml. From this result, it was revealed that the
bone resorption activity of human osteoclasts is inhibited by
the monoclonal antibody specifically binding to the Siglec~15

protein.

Examplie 38. Preduction of mouse anti-human Siglec-105
moneclonal antibody

It is possible to produce an anti-human Siglec-15
antibody by the steps described below.
(1) Immunization

The soluble human Siglec-15 protein obtained in Examples
0 to 32 1s intraperitoneally administered to a female BALB/cC
mouse at the age of 4 Lo 10 weegks. After Z weeks, the same
membrane fraction solution is intraperitoneally administered
to the mouse for booster immunization.
(2} Cell fusion

The spleen is resected from the mouse on three days after
the booster immunization, placed in a serum-free medium and
crushed on & mesh with & spatula. The cell suspension passed
through the mesh is centrifuged to precipitate the sgpleen

cells.
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Cnn the other hand, myelcocma cells NS1 (American Type
Culture Collecticon TIBR-18) are washed with a serum-free mediunm
and suspended in the same manner.

By using the thus obtained Siglec-10-expressing cells
and myeloma cells, cell fusion is performed according to a
common procedure.

{3) Screening

Anti~human Siglec~15 antibody-producing fused cells can

be screened by a method using cell-ELISA and a method using

& flow cytometer.

=]

{4) Cloning

For a group of cells screened in the above (3}, a series
of steps comprising the method using cell~ELISA and the method
using a flow cytometer described in (3) 1s repeated 5 times,
whereby several clones of hybrdomas capable of producing a
single antibody which binds to human Siglec-15-expressing
cells, but does not bind to the cells before transfection can
be obtained.
(5] Purification of antibody

A mouse-mouss hybridoma produced through steps (1) to
(47 is cultured, and the resulting supernatant is collected.
After the obtained gsupernatant 1is collected and dialvyzed,
partial purification of the antibody is performed using a high

erformance liguid chromatography apparatus. The anti-human

gel

Siglec-15 antibody titer in each fraction of chromatography



198

is assayed by an ELISAmethod using the human Siglec-15 protein.

Fractions having a high antibody titer are collected and
applied to an antibody affinity purification column. After
the inside of the column is washed with a column equilibration
buffer, the antibody is eluted with a column elution buffer.

Immediately after completion of the elution, each eluate 1is
applied to the top of a centrifugal ultrafilter and centrifuged.
After the filtrate collected 1n the bottom cf the filter 1is
removed, washing is performed 5 times by adding PBS to the top.

The liguid remaining on the top of the filter is used as an

anti~human Siglec~1> antibody sample.

Example 392. Production of rat anti-human Siglec~15 menoclenal
antibody

A rat anti-human Siglec-15 monoclonal antibody can be
produced using the soluble human Siglec~15 protein cbtained
in Examples 30 to 22 by the method described in Exampies 23

and 24.

Example 40. Effect of anti-human Siglec-15 monoclional antibody
on osteoclast differentiation

By using the anti-~human Siglec-15 monoclonal antibody
obtained in Example 38 or 39, the.inhibitory effect of the
antibody on osteoclast formation can be tested. For testing

the effect on mouse osteoclast formation, the method of Example
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17, 19, 20, 21, 22 or 26 can be used. For testing the inhibitory
effect on human ostecclast formation, the method of Example

35 or 37 can be used.

[Industrial Applicability

[—

The anti-3iglec~13 antibody oi the invention has the
ability to inhibit osteoclast differentiation or bone
rescorption activity, and a pharmaceutical composition
containing the anti-Siglec~15 antibedy can be a2 therapeutic

or preventive agent for a disease of abnormal bone metabolism.

Sequence Listing]
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CLAIMS

1. A monoclonal antibody which specifically recognizes
one or more polypeptides consisting of an amino acid
sequence described in any one of the following (a) to (i)
and inhibits osteoclast formation and/ocr osteoclastic bone
resorption, or a functional fragment of the antibody:

(a) an amino acid seguence represented by SEQ ID NO: 2
in the Sequence Listing;

(b) an amino acid sequence consisting of amino acid
residues 21 to 328 of the amino acid seguence represented
by 8EQ ID NO: 2 in the Sequence Listing;

(¢) an amino acid seguence consisting of amino acid
residues 1 to 260 of the amino acid sequence represented by
SEQ ID NO: 2 in the Sequence Listing;

(d) an amino acid sequence consisting of amino acid
regidues 21 to 260 of the amino acid seguence represented
by SEQ ID NO: 2 in the Seguence Listing;

{e) an amino acid sequence represented by SEQ ID NO: 4
in the Segquence Listing;

(£) an amino acid sequence congisting of amino acid
residues 21 to 341 of the amino acid seguence represented
by SEQ ID NO: 4 in the Sequence Listing;

{g) an amino acid seguence consisting of amino acid
residues 1 to 258 of the amino acid seguence represented by
SEQ ID NO: 4 in the Sequence Listing;

(h) an amino acid sequence consisting of amino acid
residues 21 to 258 of the amino acid sequence represented
by SEQ ID NO: 4 in the Seguence Listing; and

(i} an amino acid sequence including substitution,
deletion or addition of one amino acid residue in the amino

acid sequence described in (a) to (h).
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2. A monoclonal antibody which sgpecifically recognizes
one or more polypeptides consisting of an amino acid
sequence encoded by a nucleotide sequence described in any
one of the following {(j) to (n) and inhibits osteoclast
formation and/or osteoclastic bone resorption, or a
functional fragment of the antibody:

(i) a nucleotide sequence represented by SEQ ID NO: 1;

(k) a nucleotide sequence represented by SEQ ID NO: 3;

(1Y a nucleotide sequence represented by SEQ ID NO:

19;
(m} a nucleotide sequence repres@nted by SEQ ID NO:

43; and

(n) a nucleotide sequence of a polynuclectide which
hybridizes to a polynucleotide consisting of a nuclectide
sequence complementary to the nucleotide sequence described

in () to (m) under stringent conditions.

3. The monoclonal antibedy or a functional fragment of
the monoclonal antibody according to claim 1 or 2 which

inhibits the process of cell fusion of osteoclasts.

4. The monoclonal antibody or a functional fragment of

the monoclonal antibody according to any one of claims 1 to

3 which inhibits osteoclast formation induced by TNF-a.

5. The monoclonal antibody or a functional fragment of

the monoclonal antibody according to any one of claims 1 to

4 which inhibits in vitro osteoclast formation at a

concentration of 30 ug/ml or less.

6. The monoclonal antibody or a functional Efragment of

the monoclonal antibody according to claim 5 which inhibits

in vitro osteoclast formation at a concentration of 3 pg/ml
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or less.

7. The monoclonal antibody or a functional fragment of

the monoclonal antibody according to claim 6 which inhibits
in vitro osteoclast formation at a concentration of 1 pg/ml

or less.

8. The monoclonal antibody or a functional fragment of
the monoclonal antibody according to claim 7 which inhibits

in vitro osteoclast formation at a concentration of from &3

ng/ml to 1 pg/ml.

9. The monoclonal antibody or a functional fragment of
the monoclonal antibody according to any one of c¢laims 1 to

4 which inhibits osteoclastic bone resorption.

10. The monoclonal antibody or a functicnal fragment of
+he monoclonal antibody according to claim 9 which inhibits

in vitro osteoclastic bone resorption at a concentration of

3 pg/ml or less.

11. The monoclonal antikody or a functional fragment of
the monoclonal antibody according to claim 10 which

inhibits in vitre osteoclastic bone resorption at a

concentration of from 0.3 pg/ml to 3 ug/ml.

12. The monoclonal antibody or a functional fragment of the
monoclonal antibody according to any one of claims 1 to 11,
characterized by having the same epitope gpecificity as an

antibody produced by hybridoma #32A1 (FERM BP-10899) .
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13. The monoclonal antibody or a functional fragment of the
monoclonal antibody according to any one of claims 1 to 11,
characterized by competing with an antibody produced by

hybridoma #3221 (FERM BP-10999).

14 . The monoclonal antibody or a functional fragment of the
monoclonal antibody acceording to any one of claims 1 to 11,
characterized in that the antibody is an antibody produced

by hyvbridoma #32A1 (FERM BP-10999;).

15, The monoclonal antibody or a functional fragment of the
monoclonal antibody acceording to any one of claims 1 to 11,
characterized by having the same epitope specificity as an

antibody produced by hybridoma #41B1 (FERM BP-11000).

16. The monoclonal antibody or a functional fragment of the
monoclonal antibody according to any one of claims 1 to 11,
characterized by competing with an antibody produced Dby

hybridoma #41B1 (FERM BF-11000C} .

17. The monoclonal antibody or a functional fragment of the
moniocional antibody according to any one of claims 1 to 11,
characterized in that the antibody is an antibody produced

by hybridoma #41B1 {(FERM BP-11000).

18. The monoclonal antibody or a functional fragment of the
monoclenal antibody according to any one of claims 1 to 17,

characterized in that the antibody is a chimeric antibody.

19. The monoclonal antibody or a functional fragment of the
menoclonal antibody adcording to any one of claims 1 to 18,

characterized in that the antibody is humanized.
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50. The monoclonal antibody or a functional fragment of the
monoclonal antibody according to any one of ¢laims 1 tc 13,

15 and 16, characterized in that the antibody is a human

antibody.

21. The monoclonal antibody or a functional fragment of the
monoclonal antibody according to any one of claims 1 to 20,

characterized in that the antibody is an IgG antibody.

22, The functional fragment of the monoclonal antibody
according to any one of claims 1 to 21 which 1is selected

from the group consisting of Fab, F{ab’)2, Fab’ and Fv.

53 . The monoclonal antibody according to any one of claims

1 to 13, 15 and 16, characterized by being an scFv.

24. A method of producing the monoclonal antibody or a
functional fragment of the monoclonal antibody according to
any one of claims 1 to 23 wherein the method comprises Lhe
following steps 1) and 2):

1) a step of producing a monoclonal antibody which
specifically recognizes one oOr more polypeptides consisting
of an amino acid sequence described in any one of the

following (a) to (i):

(a) an aminc acid sequence represented by SEQ ID NO: 2
in the Sequence Listing;

(b) an amino acid sequence consisting of amino acid
residues 21 to 228 of the amino acid seguence represented
by SEQ ID NO: 2 in the Seguence Listing;

(¢) an amino acid seguence consisting of amino acid
residues 1 to 260 of the amino acid sequence represented by
SEQ ID NO: 2 in the Sequence Listing;

(d) an amino acid sequence consisting of amino acid
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residues 21 to 260 of the amino acid sequence represented
by SEQ ID NC: 2 in the Seguence Listing;

(e) an amino acid sequence represented by SEQ ID NO: 4
in the Sequence Listing;

(f) an amino acid sequence consisting of amino acid
residues 21 to 341 of the amino acid seqguence represented
by SEQ ID NO: 4 in the Sequence Listing;

{g) an amino acid seguence consisting of amino acid
residues 1 to 258 of the amino acid seguence represented by
9EQ ID NO: 4 in the Seguence Listing;

(h) an amino acid sequence consisting of amino acid
residues 21 to 258 of the amino acid sequence represented
by SEQ ID NO: 4 in the Sequence Listing; and

- {i) an amino acid sequence including substitution,
deletion or additicn of one amino acid residue in the amino
acid sequence described in (a) to (h); and

2) a step of screening a monoclonal antibody which
exhibits an inhibitory activity against osteoclast

formation and/or an inhibitory activity against bone

resorption.

25. A method of producing the monoclonal antibody or a
functional fragment of the monoclonal antibody according to
any one of claims 1 to 23 wherein the method comprises the
following steps 1) and 2):

1) a step of producing a monoclonal antibody which
specifically recognizes one dr more polypeptides consisting
of an amino acid sequence encoded by a nucleotide sequence
described in any one of the following (i) to (n):

(3} a nucleotide sequence represented by SEQ ID NO: 1;

(k) a nucleotide se@uence represented by SEQ ID NO: 3;

(1} a nucleotide sequence represented by SEQ ID NO:

19;
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(m) a nucleotide sequence represented by SEQ ID NO:
43;: and

(n) a nucleotide sequence of a polynucleotide which
hybridizes to a polynucleotide congisting of a nucleotide
sequence complementary to the nucleotide sequence described
in {3J) to {(m) under stringent conditions; and

2) a step of screening a monoclonal antibody which
exhibits an inhibitory activity  against ogteoclast

formation and/or an inhibitory activity against bone

resorption.

26. A pharmaceutical composition characterized by
comprising at least one of the antibodies or functional

fragments of the antibodies according to claims 1 To 23.

27. The pharmaceutical composition according to claim 26,
characterized by being a therapeutic and/or preventive

agent for abnormal bone metabolism.

28. A pharmaceutical composition for treating and/or
preventing abnormal Dbone metabolism characterized Dby
comprising the following A) and B):
A) at least one antibody or functional £ragment thereof
which specifically recognizes one or more polypeptides
consisting of an amino acid sequence described in any one
of the following (a) to (i} and inhibits osteoclast
formation and/or osteoclastic bone resorption, or a
functional fragment of the antibody:

(a) an amino acid sequence represented by SEQ ID NO: 2
in the Sequence Listing;

(b} an aminc acid sequence consisting of amino acid
residues 21 to 328 of the amino acid seguence represented

by SEQ ID NC: 2 in the Sequence Listing;
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(¢) an amino acid sequence consisting of amino acid
residues 1 to 260 of the amino acid sequence represented by
SEQ ID NO: 2 in the Segquence Listing;

(d) an amino acid sequence consisting of aminc acid
residues 21 to 260 of the amino acid sequence represented
by SEQ ID NO: 2 in the Sequence Listing;

(e) an amino acid sequence represented by SEQ ID NC: 4
in the Seguence Listing;

(f) an amino acid sequence consisting of amino acid
residues 21 to 341 of the amino acid seguence represented
by SEQ ID NO: 4 in the Seqguence Listing;

(g) an amino acid sequence consisting of amino acid
regidues 1 to 258 of the amino acid sequence represented by
SEQ ID NO: 4 in the Sequence Listing;

(h) an amino acid seguence congisting of amino acid
residues 21 to 258 of the amino acid sgequence represented
by SEQ ID NO: 4 in the Seguence Listing; and

(i) an amino acid sequence including substitution,
deletion or addition of one amino acid residue in the amino
acid sequence described in {a) to (h); and
B) at least one member selected from the group consisting
of bisphosphonates, active vitamin Dj;, calcitonin and
derivatives therect, hormone preparations such asg
estradicl, SERMs (selective estrogen receptor modulators) ,
ipriflavone, vitamin Ky (menatetrenone} , calcium
preparations, PTH {(parathyroid hormone) preparations,
nonsteroidal anti-inflammatory agents, soluble TNF receptor
preparations, anti-TNF-o antibodies or functional
fragments of the antibodies, anti-PTHrP (parathyroid
normone-related protein) antibodies or functional fragments
of the antibodies, IL-1 receptor antagonists, anti-IL-6
receptor antibodies or functional fragments of the

antibodies, anti-RANKL antibodies oxr functional fragments
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of the antibodies and OCIF (osteoclastogenesis inhibitory

factor) .

29. The pharmaceutical composition for use according to
claim 28, wherein the antibody or functicnal fragment
thereof which inhibits osteoclast formation and/or
osteoclastic bone resorption is a monoclonal antibody or a

functional fragment thereof in accordance with any one cf

claims 1 to 23.

30. The pharmaceutical composition according to any one of
claims 27 to 29, wherein the abnormal bone metabolism is
selected from the group consisting of costeoporosis, bone
destruction accompanying zrheumatoid arthritis, cancerous
hypercalcemiza, pone destruction accompanying multiple
myeloma or cancer metastasis to bone, giant cell tumor,
tooth loss due to periodontitis, osteclysis around a

prosthetic joint, bone destruction in chronic
osteomyelitis, Paget's disease of bone, renal

osteodystrophy and osteogenesis imperfecta.

31. The pharmaceutical composition according to claim 30,
characterized in that the abnormal bone metabolism 1is
osteoporosis, bone destruction accompanying rheumatoeid

arthritis or bone destruction accompanying cancer

metastasis to bone.

32. The pharmaceutical composition according to c¢laim 31,
characterized in that the osteoporosgis is postmenopausal
osteoporosis, senile osteoporosis, secondary osteoporosis
due to the use of a therapeutic agent such as a steroid or

an immunosuppressant, or osteoporosis accompanying

rheumatoid arthritis.
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33. Use of at least one antibody or functional fragment
thereof for the manufacture of a medicament for treating
and/or preventing abnormal bone metabolism, wherein the
antibody or functicnal fragment thereof gpecifically
recognizes one or more polypeptides consisting of an amino
acid seguence described in any one of the following {a) to
(1) and inhibits osteoclast formation and/cr osteoclastic
bone resorption, or a functional fragment of the antibody:

(a) an amino acid sequence represented by SEQ ID NO: 2
in the Segquence Listing;

(b) an amino acid segquence consisting of amino acid
regidues 21 to 328 of the amino acid seguence represented
by SEQ ID NO: 2 in the Sequence Listing;

(¢} an amino acid sequence consisting of amino acid
residues 1 to 260 of the amino acid segquence represented by
SEQ ID NO: 2 in the Sequence Listing;

(d) an amino acid segquence consisting of amino acid
residues 21 to 260 of the amino acid seguence represented
by SEQ ID NC: 2 in the Seguence Listing;

(e) an amino acid sequence represented by SEQ ID NO: 4
in the Sequence Listing;

(f) an amino acid seguence consisting of amino acid
residues 21 to 341 of the amino acid sequence represented
by SEQ ID NO: 4 in the Sequence Listing;

(g) an aminc acid sequence consisting of amino acid
regidues 1 to 258 of the amino acid sequence represented by
SEQ ID NO: 4 in the Sequence Listing;

(h) an amino acid seguence consisting of amino acid
residues 21 to 258 of the aminc acid sequence represented
by SEQ ID NO: 4 in the Seguence Listing; and

(i) an aminc acid sequence including substitution,
deletion or addition of one amino acid residue in the amino

acid sequence described in {(a) to (hj.
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34. Use according to claim 33 wherein the antibody or
functional fragment therecf 1is a monoclonal antibody or
functional fragment thereof in accordance with any one of

claims 1 to 23.

35. Use of at least one antibody or functional fragment
thereof for the manufacture of a medicament for treating
and/or preventing abnormal bone metabolism characterized by
the sgimultaneous or successive administration of said at

least one antibody or functional fragment and at least one

member selected from the group consisting of
bisphosphonates, active vitamin Dy, calcitonin and
derivatives thereof, hormone preparations such as

estradicl, SERMs (selective estrogen receptor modulators) ,
ipriflavone, vitamin Ko (menatetrenone) , ‘calcium
preparations, PTH (parathyroid hormone; preparations,
noneteroidal anti-inflammatory agents, soluble TNF receptor
preparations, anti-TNF~o antibodies or functional
fragments of the antibodies, anti-PTHr? {(parathyroid
hormone-related protein) antibodies or functional fragments
of the antibodies, IL-1 receptor antagonists, anti-IL-6
receptor antibodies or functional fragments of the
antibodies, anti-RANKL antibodies or functional fragments
of the antibodies and OCIF {osteoclastogenesis inhibitory
factor), wherein said at least omne antibody or functional
fragment thereof specifically recognizes one Or moOre
polypeptides censisting of an amino acid sequence described
in any one of the following (a) to (i) and inhibits
osteoclast formation and/or osteoclastic bone resorption,
or a functiocnal fragment of the antibody:

(a) an amino acid seguence represented by SEQ ID NO: Z

in the Seguence Listing;

(b) an amino acid sequence consisting of amino acid
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residues 21 to 328 of the amino acid sequence represented
by SEQ ID NO: 2 in the Seguence Listing;

(¢) an aminc acid seguence consisting of aminoc acid
residues 1 to 260 of the amino acid sequence represented by
SEQ ID NO: 2 in the Sequence Listing;

(d) an amino acid seguence consisting of amino acid
regidues 21 to 260 of the amino acid sequence represented
by SEQ ID NO: 2 in the Sequence Listing;

(e) an amino acid sequénce represented by SEQ ID NO: 4
in the Sequence Listing;

(f) an amino acid sequence consisting of amino acid
regsidues 21 to 2341 of the amino acid sequence represented
by SEQ ID NO: 4 in the Sequence Listing;

(g) an aminc acid seguence consisting of amino acid
residues 1 to 258 of the amino acid sequence represented by
SEQ ID NO: 4 in the Sequence Listing;

(h) an amino acid sequence consisting of amino acid
residues 21 to 258 of the amino acid sequence represented

by SEQ ID NO: 4 in the Sequence Listing; and

(i) an aminc acid seqguence including substitution,
deletion or addition of one amino acid residue in the amino

acid sequence described in (a) to (h).

36. Use according to claim 35 wherein said at least one
antibody or functional fragment thereof is a monoclonal
antibody or functional fragment thereof in accordance with

any one of claims 1 to 23.

37. Use according to any one of claims 33 to 36,
characterized in that the abnormal bone metabolism 1s
osteoporosis, Dbone destruction accompanying rheumatoid

arthritis or bone destruction accompanying cancer

metastasis to bone.
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38. Use according to claim 37, characterized in that the
osteoporosis is postmenopausal osteoporosis, senile
osteoporosis, secondary osteoporosis due to the use of a

therapeutic agent such as a steroid oxr an

immuncsuppressant, or osteoporosis accompanying rheumatoid

arthritis.
39. Hybridoma #32A1 (FERM BP-10999}.

40. Hybridoma #41B1 (FERM BP-11000}.





