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METHOD OF DIAGNOSING METABOLIC
BONE DISEASES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 09/308,800, filed May 24, 1999, now U.S. Pat. No.
6,693,175 which is a national phase under 35 U.S.C. § 371
of International Application No. PCT/JP98/03421, filed Jul.
31, 1998, incorporated herein by reference, which claims
priority to Japanese Application No. 276475/1997, filed Sep.
24, 1997.

TECHNICAL FIELD

The present invention relates to a method of diagnosing
metabolic bone diseases, especially osteoporosis and arthral
diseases. In addition, the present invention relates to mono-
clonal antibodies used in the diagnosis and kits for diagnosis
using the monoclonal antibodies. The present invention is
useful as a method of diagnosing metabolic bone diseases,
especially osteoporosis and arthral diseases, or as assay
reagents for research use thereof.

BACKGROUND ART

Bone metabolism depends on integrated activity of osteo-
blasts that form bone and osteoclasts that resorb bone. In a
healthy adult, the balance of bone formation and bone
resorption is kept and the bone mass is maintained constant.
Metabolic bone diseases are thought to develop by losing
this balance. As metabolic bone diseases, osteoporosis,
hypercalcemia, Pajet’s disease, renal osteodystrophy, rheu-
matoid arthritis and osteoarthritis etc. are known.
Osteoporosis is exemplified as a typical metabolic bone
disease. Osteoporosis is thought to be a disease accompa-
nied with decrease in bone mass and shows clinical symp-
toms, such as bone fracture or bone pain (lumbago and/or
dorsalgia) caused by decrease in bone mass. Decrease in
bone mass is induced by various causes such as aging after
growing period, bone metastasis, or hyperthyroidism. As a
method of diagnosing osteoporosis, bone mineral mass
and/or bone density are determined by an apparatus to
measure physical bone mass, such as X-ray diffraction (MD
method), DPA (Dual photon absorptiometry), DEXA (Dual
energy X-ray absorptiometry), CXD (Computed X-ray Den-
sitometry) and low-frequency supersonic waves. The crite-
rion of osteoporosis using these diagnostic methods is
always rectified depending on technical revolution.

The risk of bone fracture in future might be surely
predicted by decrease in bone mineral mass and/or bone
density. However, decrease in bone mineral mass and/or
bone density is not a sole risk factor of bone fracture and risk
of bone fracture is thought to increase by phenomena
accompanying with aging such as decrease in elasticity of
collagen fiber, qualitative deterioration of bone structure,
lowered muscular strength. At presentrisk factor except
lowered muscular strength can not be measured non-inva-
sively and non-invasive measurement is an important object
to be solved in future. Further, decrease in bone mineral
mass and/or bone density is just a result of losing the balance
of bone metabolism and neither a cause of the disease or a
diagnostic parameter thereof.

As supplement covering these defects of measurement of
bone density, measurement of serum level and/or urinary
excretion of factors regulating bone metabolism (parathy-
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roid hormone (PTH), active form of vitamin D, and calci-
tonin etc.), various kinds of factor released from bone tissue
accompanying with bone remodeling (bone alkaline phos-
phates, acid phosphatase, pyridinoline, deoxypyridinoline,
type-I procollagen peptide, osteocalcin etc.) are tried to use
to diagnose the disease. These factors would reflect of bone
metabolic state at the time of measurement and are expected
as an early parameter of bone loss and the extent thereof.
However, as for these markers of bone metabolism, there are
still problems, for example, they do not express local bone
metabolic change, they can be affected by diet or circadian
rhythm, so that changes in the level of these above factors
do not necessarily reflect specific changes in bone metabo-
lism. From these situations, development of highly specific
and precise measurement of a novel marker involved in bone
metabolism is expected for establishment of methods of
suitable diagnosis, prevention and treatment of various kinds
of metabolic bone diseases such as osteoporosis.

The present inventors found that osteoclastgenesis inhibi-
tory factor (OCIF) was present in a culture medium of
human fetal lung fibroblasts, IMR-90 (ATCC CCL186) and
succeeded in 1solation thereof. In addition, the inventors also
succeeded in cloning of ¢cDNA encoding this protein and
confirmed the usefulness thereof as an agent for improving
bone metabolism by evaluating pharmacological effect of
recombinant OCIF (rOCIF) in vitro and in vivo (WO
96/26217). Further, the present inventors confirmed that
administration of rOCIF significantly improved bone den-
sity and bone strength in various kinds of animal model of
metabolic bone disease and that administration of a large
amount of rOCIF also significantly increased bone mass and
bone volume in a normal animal without was not any
side-effect in the examination of various organs other than
osseous tissue, hematology and clinical biochemistry and
hemolytic cell. From the results of in vivo experiment, it was
found that OCIF is a highly tissue-specific cytokine having
an action only on osseous tissue. In addition, the present
inventors confirmed that, in an animal cell, OCIF was
secreted as homodimer form of OCIF with a molecular
weight of about 120 kDa and the homodimer type of OCIF
was converted into monomer form of OCIF with a molecular
weight of about 60 kDa by protease processing. And as it
was confirmed that both types of OCIF were present in a
culture medium of human cell line (Tsuda etal. :Biochem.
Biophys. Res. Commun. 234, 137-142)(1997)), it is
expected that both types of OCIF are present in humor of
mammal including human being.

Accordingly, for elucidating whether or not OCIF can be
a novel marker of bone metabolism, it is necessary to study
precisely the correlation between various kinds of metabolic
bone diseases and the level of each type of OCIF or total
concentration of both types of OCIF in one of patients with
metabolic bone diseases. Therefore, an antibody recognizing
equally both types of OCIF and an antibody recognizing
only homodimer are required for the above purpose. Any
anti-OCIF monoclonal antibody having such features has
not been obtained yet.

DISCLOSURE OF THE INVENTION

Considering these situations, the present inventors eagerly
studied and found monoclonal antibodies with markedly
high affinity (dissociation constant thereof was less than
10° M) recognizing equally both of monomer- and
homodimer-types of OCIF and monoclonal antibodies rec-
ognizing specifically homodimer type of OCIF. Further, the
inventors constructed a highly sensitive enzyme immunoas-
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say kit (sandwich ELISA) using these antibodies. As the
results of measurement of serum concentration of OCIF in
young adults, the aged, patients with osteoporosis, hyper-
thyroidism and various kinds of disease including cancer
using the sandwich ELISA, a high inverse-correlation was
found between serum concentration of OCIF and bone
density. As the results of measurement of the concentration
of OCIF in synovial fluid of patients with arthrosis such as
rheumatoid arthritis, osteoarthritis, trauma and gouty seizure
ete., OCIF concentration in synovial fluid of a patient with
progressed joint destruction was found to be significantly
low.

OCIF was found to be useful as a novel diagnostic marker
of metabolic bone discase, because the determination of
OCIF in serum and synovial fluid by the present sandwich
ELISA makes it to precisely predict the dynamics of bone
density and the progress of joint disruption, respectively, and
thereby predict the decrease in bone mass and joint disrup-
tion at early stage of these bone decreases. Accordingly, an
object of the present invention is to provide a method of
diagnosing metabolic bone disease, especially osteoporosis,
and joint destruction caused by rheumatism, characterized
by determination of the concentration of human osteoclast-
genesis inhibitory factor and monoclonal antibodies used
therein and a kit for measurement of OCIF using the
antibodies.

The present invention relates to a method of diagnosing
metabolic bone discase by determination of the concentra-
tion of osteoclastgenesis inhibitory factor (OCIF) in sample
humor.

The diagnosis of the present invention is especially useful
for diagnosis of osteoporosis and arthrosis. As humor, serum
or synovial fluid can be used. Diagnosis of osteoporosis can
be carried out by determination of serum concentration of
OCIF. And diagnosis of arthrosis can be carried out by
determination of the concentration of OCIF in synovial
fluid. Diagnosis by the present invention is especially useful
for diagnosing osteoporosis. As a humor, serum or synovial
fluid can be used.

In addition, the present invention relates to monoclonal
antibodies used in the diagnosis. As monoclonal antibodies,
a monoclonal antibody recognizing equally both of mono-
mer- and dimer-types of OCIF and an antibody recognizing
selectively only dimer type of OCIF can be exemplified.
Further monoclonal antibodies include high affinity antibod-
ies recognizing a different epitope and having dissociation
constant of less than 2x1077 M with antigen.

Further, the present invention relates to a kit for OCIF
determination comprising these monoclonal antibodies. The
diagnostic method of the present invention can be carried
out by taking humor such as blood (serum), synovial fluid
from an object of diagnosis and measuring OCIF by a kit for
OCIF determination using the above monoclonal antibodies.

The monoclonal antibodies can be obtained by the method
described below. That is, as an antigen for immunization
being necessary for preparation of anti-OCIF monoclonal
antibody, human OCIF isolated from culture medium of
human embryonic lung fibroblasts, IMR-90 according to a
method described in W096/26217 can be also used. Recom-
binant human OCIF can be also used. Recombinant human
OCIF can be obtained by inserting cDNA of human OCIF
into an expression vector in a conventional manner and
expressing it in animal cell such as CHO cell, BHK cell and
Namalwa cell etc., or insect cell followed by purification.
According to the method of Tsudaet al. (Biochem. Biophys.
Res. Common. 234, 137-142 (1997)), monomer- and dimer-
types of OCIF can be purified by reverse-phase chromatog-
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raphy, respectively. Further, both types of OCIF can be
respectively purified by a combination of SP-Sepharose,
sulfated Cellurofine and resource S column chromatography
in replace of reverse-phase chromatography. Spleen cells
prepared from mammal immunized with the antigen or
lymphocytes immunized in vitro can be fused with myeloma
cell line to make a hybridoma. Using highly purified mono-
mer- and homodimer-types of OCIF as antigens and culture
media of the above hybridoma, the cell line can be estab-
lished by screening hybridoma producing an antibody rec-
ognizing equally both types of OCIF or an antibody recog-
nizing specifically only homodimer type of OCIF followed
by cloning the hybridoma. Further, the aimed antibodies can
be obtained by culturing the established and stable hybri-
doma.

When mammal is immunized for preparation of hybri-
doma, though animal species is not limited, small animal
such as mice or rat is generally used. In immunization, OCIF
as an antigen can be diluted in physiological saline solution
to suitable concentration and the solution thereof can be
administered intravenously or intraperitoneally, if necessary,
Freund’s complete adjuvant can be administered therewith,
generally, 3—4 times at 1-2 weeks intervals in animal. On
preparation of high affinity anti-OCIF monoclonal antibody
(dissociation constant thereof is less than 2x1077), immu-
nization can be carried out 3 times at intervals of one week
and, further, immunization with antigen together with Fre-
und’s incomplete adjuvant can be carried out another 4 times
at intervals of one week in order to obtain the aimed
monoclonal antibody easily and to enhance titer of OCIF in
blood as much as possible. Immunized animals described
above can be anatomized 3 days after the final immunization
and spleen can be dissected. Splenocytes can be used as
immunized cell. As myeloma cell lines derived from mice to
be hybridized with the immunized cell, p3/x63-Ag8, p3-Ul,
NS-1, MPC-11, SP-2/0, FO, p3x63 Ag8, 653 and S194 can
be exemplified. Further, as a cell line derived from rat,
R-210 can be exemplified.

To produce human antibody, human lymphocytes can be
immunized in vitro and cell-fused with human myeloma
cells or a human lymphocyte cell line transformed by EB
virus. Fusion of immunized cells with myeloma cell line can
be carried out according to a conventional method, for
example, the method of Koehler and Milstein et al. (Koehler
et al., Nature, 256, 495-497, 1975) but electric pulse method
can be also used. Immunized lymphocytes and a myeloma
cell line can be mixed at a usual rate in cell number and
polyethylene glycol can be added to cell culture media used
generally (not including Fetal calf serum, FCS) to carry out
cell fusions and fused cells (hybridoma) can be selected by
culturing in HAT selective medium containing FCS.

Hybridomas producing a monoclonal antibody recogniz-
ing equally both of monomer- and homodimer-types of
OCIF and an antibody recognizing selectively homodimer
type of OCIF can be selected according to a method of
detecting antibody such as ELISA, plaque assay, ouchter-
lony method or agglutination method. ELISAs using puri-
fied monomer- and homodimer-types of OCIF can detect the
object antibody very easily and precisely. It was difficult to
obtain high affinity antibody (dissociation constant is less
than 2x107~’M) by usual solid phase ELISA. That is, when
usual solid phase is used, culture media of hybridoma
(50-100 1) is placed into 96 well immunoplates coated with
antigen (Nunc) to proceed the primary reaction and, then,
enzyme labeling, for example, peroxidase (POD) labeled
anti-mouse IgG antibody is added to proceed the secondary
reaction. Then, the solution of enzyme substrate (50-100 ul)
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is added to each well in the immunoplates to complete
enzymatic reaction and absorbance in each well is deter-
mined. Culture media of hybridoma showing high absor-
bance can be thought not only to produce a large amount of
low affinity antibody but also to produce a high affinity
antibody even if productivity of the antibody is low. It is not
possible to determine which case is true.

Therefore, in the present invention, in order to recognize
hybridoma producing a high affinity antibody, usual solid
phase ELISA was improved as described below. That is, to
each well of in 96 well immunoplates coated with an
antigen, human serum or bovine serum was added, followed
by the addition of a small amount of culture media of
hybridoma to each well to proceed the primary reaction
under the presence of about 80-90% of serum. Under such
conditions, hybridomas producing antibodies with low affin-
ity for the antigen, even if producing of the antibodies are
high, can be excluded. Thus, the modified solid ELISA made
it possible to selectively screen by hybridomas producing
antibodies with high affinity for the antigen. Using the
improved solid phase ELISA, hybridomas producing anti-
bodies recognizing equally both of monomer- and
homodimer-types of OCIF as antigens and another hybri-
domas producing antibodies recognizing specifically
homodimer type of OCIF can be selected and stable hybri-
doma producing each antibody can be established by cloning
3-5 times by limited dilution method. Hybridoma estab-
lished like this can be subcultured by culturing method
usually used and preserved by freezing, if necessary. Hybri-
doma can be cultured by usual method and antibody can be
recovered from the culture media. Further, antibody can be
recovered from ascites derived from mammal in which
hybridoma is implanted intraperitoneally. Antibody in cul-
ture media or in ascites can be purified by usual method of
purifying antibody such as salting out, ion exchange or gel
permeation chromatography, protein A or G affinity chro-
matography. Obtained antibody is an antibody recognizing
equally both of monomer- and homodimer-types of OCIF
and an antibody recognizing selectively homodimer type of
OCIF. Each antibody can be used for measurement of the
amount of OCIF (monomer type of OCIF+homodimer type
of OCIF) and the amount of homodimer type of OCIF. These
antibodies can be labeled by radioactive isotope or enzyme
and used in radioimmunoassay (RIA) or enzymeimmunoas-
say (ELISA) to determine the amount of OCIF (the amount
of monomer type of OCIF+homodimer type of OCIF) or the
amount of homodimer type of OCIF only. Especially, the
antibody of the present invention recognizing selectively
homodimer type of OCIF can make it clear that there are
different epitope (s) in monomer- and homodimer-types of
OCIF and recognize the epitope present only in homodimer
type of OCIF which is absent in monomer type of OCIF.

The amount of OCIF and the amount of homodimer type
of OCIF can be determined by using an antibody obtained by
the present invention recognizing equally both ofmonomer-
and homodimer-types of OCIF as a solid phase antibody,
and by using radioactive isotope or enzyme-labeled labeling
antibody recognizing equally both of monomer- and
homodimer-types and antibody recognizing selectively only
homodimer type of OCIF with radioactive isotope or
enzyme as secondary antibody, respectively.

Further, when only the amount of homodimer type of
OCIF is wanted to determine, as a solid phase antibody,
0I-26 antibody recognizing selectively homodimer type of
OCIF as described in example 6 (table 1) and, as labeled
antibody, OI-19 or OI-4 antibody recognizing equally both
of monomer- and homodimer-types of OCIF can be also
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used. By using these assay systems, the amount of OCIF or
only that of homodimer type of OCIF in body fluids such as
blood, urine and synovial fluid etc. or in cell culture media
can be determined.

A kit of the present invention comprises (i)any one of
primary antibody and secondary antibody is OI-19 or OI-26
anti body, and (ii) the other antibody is OI-4 antibody and
usual combination of reagents used in usual sandwich
method. That is, an immunoassay kit comprises (1) primary
antibody immobilized on insoluble carrier, (2) labeled sec-
ondary antibody, (3) solubilizer, (4) washing agent, and (5)
substrate andreaction stopping reagent to determine enzy-
matic activity in the case of enzyme labeling. As insoluble
carrier, polystyrene, polyethylene, polypropylene, polyester,
polyacryronitrile, fluorinated resin, crosslinked dextran,
polysaccharide, latex, latex polymer containing magnetic
particles plated with metal etc., paper, glass, metal, agarose
and combination of the above carries can be exemplified. As
the shape of insoluble carrier, tray, sphere, fiber, stick, plate,
container, cell, test tube, porous filter can be used. Further,
as labeling materials used for preparation of labeled anti-
body, enzymes, fluorescent substances, luminescent sub-
stances and radioactive substances can be advantageously
used. As enzymes, peroxidase, alkaline phosphatase, $-D-
galactosidase, glucose oxidase, malate dehydrogenase, glu-
cose-0-phosphate dehydrogenase, invertase can be used. As
fluorescent substances, fluorescein isothiocyanate and phy-
cobili-protein can be used. As luminescent substances, isolu-
cinol and lucigenin can be used. And, as radioactive sub-
stances, I'*, I'**, C**, H® can be exemplified. These above
examples are merely examples and anything used in immu-
noassay can be used.

When a labeling material is enzyme, substrate and, if
necessary, color developer can be used to determine enzy-
matic activity. When peroxidase is used as an enzyme, H,0,
is used as a substrate and, as color developer, 2,2'-azinodi
[3-ethylbenzthiazoline sulfonic acid] ammonium salt
(ABTS), 5-aminosalicylic acid, o-phenylenediamine, 4-ami-
noantipyrine, 3,3',5,5'-tetramethylbenzidine,
homocevadillinic acid, and tyramine can be used.

And when alkaline phosphatase is used as an enzyme,
o-nitrophenylphosphate and 4-methylumbelliferylphosphate
can be used as a substrate. When 3-D-galctosidase is used as
an enzyme, fluoroscein-di-(B-D-galctopyranoside), 4-me-
thylumbelliferyl-f-D-galctopyranoside can be used as a
substrate.

As a solubilizer disclosed in (3) in the above immunoas-
say kit, any one used usually in immunoassay can be used,
and for example, phosphate buffer solution, tris-HCl buffer
solution, acetic acid buffer solution with pH of 6.0-8.0 can
be respected as appropriate examples. Further, as a washing
agent disclosed in (4), any one used generally in immunoas-
say can be used. For example, physiological saline solution,
phosphate buffer solution, tris-HCl buffer solution and
mixed solution thereof can be exemplified. Further, to the
above washing agent, nonionic surfactant such as Triton
X-100, Tween 20 or Brij 35 or ionic surfactant such as
sodium dodesyl sulfate or CHAPS can be added.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows standard curve of ELISA using OI-19
antibody and OI-4 antibody in example 7.

(Explanation of Code)
o: homodimer type of OCIF
+: monomer type of OCIF
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FIG. 2 shows the calibration of ELISA using OI-26
antibody and OI-4 antibody in example 7.

(Explanation of Code)

o: homodimer type of OCIF

+: monomer type of OCIF

FIG. 3 shows the blood concentration of OCIF in patients
with osteoporosis and in healthy persons in example 8.

FIG. 4 shows the correlation between the urine concen-
tration of pyridinoline and the blood concentration of OCIF
in example 8.

FIG. § shows the correlation between the urine concen-
tration of deoxypyridinoline and the blood concentration of
OCIF in example 8.

FIG. 6 shows the concentration of OCIF in synovial fluid
of patients with arthrocele in example 9.

(Explanation of Code)
RA: rheumatoid arthritis
OA: osteoarthritis
Tr: trauma
G: gouty seizure

BEST MODE FOR PRACTICE OF THE
INVENTION

The present invention will be described in more detail by
showing examples. However, these are merely examples and
the scope of the present invention will not be limited by
these examples.

EXAMPLE 1

Purification of Monomer Type of OCIF or Homodimer Type
of OCIF as an Antigen

OCIF-producing CHO cells described in W096/26217
were seeded in EX-CELL 301 medium (JRH Bioscience) at
a cell density of 1x10° cells/ml and cultured at 37° C. for 7
days using a jar for cell culture (2 liters container). To the
obtained culture medium, CHAPS (3-[(3-cholamidopropyl)-
dimethylammonio-]-1-propanesul fonate, Sigma) was added
to a concentration of 0.1%. After pH of the medium was
adjusted to 6.0 by acetic acid, the medium was filtered
through 0.22 um filter (milidisk, Millipore). The culture
medium was loaded on a SP sepharose HP column (2.6x10
cm, Pharmacia) equilibrated with 50 mM bis-tris-HCI buffer
solution containing 0.1% CHAPS. After washing the col-
umn with the same buffer solution, the column was devel-
oped with a linear gradient from 0 to 1 M NaCl for 100
minutes at a flow rate of 4 ml/min. and the elute was
fractionated into 8 ml each. According to the method
described in W096/26217, OCIF activity in each fraction
was determined, so that OCIF fraction was obtained. After
the OCIF fraction was diluted 10-fold with 50 mM bis-tris-
HCl buffer solution, pH 6.0 containing 0.1% CHAPS, it was
loaded on a sulfate-cellurofine column (2.6x10 cm, Seika-
gaku-kogyo) equilibrated with 50 mM bis-tris-HCI buffer,
pH 6.0. The column was washed with 50 mM bis-tris-HCl
buffer solution at pH 6.0 containing 0.1% CHAPS, followed
by developing with linear gradient from 0 to 1.5 M NaCl for
100 minutes at flow rate 4 ml/ min. and fractionating into 8
ml each. OCIF activity in each fraction was determined as
described above.

A portion of each fraction was subjected to SDS-PAGE
under non-reducing conditions and fractions having OCIF
activity and molecular weight of 60 kDa were collected and
the OCIF pool was named fraction 1. In addition, fractions
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having OCIF activity and showing molecular weight of 120
kDa under non-reducing conditions were collected and the
OCIF pool was named fraction 2. Fraction 1 and fraction 2
were diluted 10-foled with 50 mM tris-HCI buffer, pH 7.0,
containing 0.1% CHAPS, respectively and each fraction was
loaded on a RESOURCE S column (0.64x3 cm, Pharmacia)
equilibrated with 50 mM tris-HCl buffer, pH7.0, containing
0.1% CHAPS. After washing the column with 10 mM
sodium phosphate buffer, pH 7.0 containing 0.01% polysor-
bate, the column was developed with a linear gradient from
0to0 0.6 M NaCl for 15 minutes at flow rate of 1 ml/min. and
fractionating into 0.5 ml each. OCIF activity in each fraction
of fraction 1 and fraction 2 was determined as described
above and fractions having OCIF activity were collected, so
that monomer type of OCIF from fraction 1 and homodimer
type of OCIF from fraction 2 were obtained.

EXAMPLE 2

Immunization of Mice and Preparation of Hybridoma

Monomer- and homodimer-types of OCIF purified as
described in example 1 were dissolved in physiological
saline solution to concentration of 100 ug/ml, respectively.
To a mixture each containing equal amount of both types of
OCIF prepared as above, the same volume of Freund’s
complete adjuvant was added. The mixed solution was
emulsified well and administered intraperitoneally (200
ul/mouse) to Balb/c mice 3 times at intervals of one week to
immunize mice. Then, to a mixture containing 25 yg/ml of
each both types of OCIF, the same volume of Freund’s
incomplete adjuvant was added to make an emulsion, 200 ul
of which was administered per mouse to the above Balb/c
mice 4 times at intervals of one week.

One week after the 4th booster immunization, 100 ul of a
mixed solution containing 100 gg/ml of each both types of
OCIF was intravenously administered to Balb/c mice. Three
days after the final immunization, spleen was dissected and
spleen cells were isolated and fused with mouse myeloma
cells, P3%x63-AG8.653 (ATCC CRL-1580), according to the
conventional method (Koehler,G. and Milstein, C., Nature,
256.495 (1975)). After cell fusion, cell suspension was
cultured in HAT medium containing hypoxanthine, aminop-
terin and thymidine for 10 days. After hybridoma appeared
in replace of myeloma cells, cell culture was kept on
culturing by changing culture medium into HT medium
excluding aminopterin from HAT medium.

EXAMPLE 3

Selection and Cloning of Hybridoma

Ten days after the cell fusion, hybridomas appeared.
Hybridoma producing high affinity antibody recognizing
equally both of monomer- and homodimer-types of OCIF
and hybridomas producing antibody recognizing selectively
homodimer type of OCIF were screened. That is, monomer-
and homodimer-types of OCIF were dissolved in 0.1 M
sodium bicarbonate (pH 9.6) to a concentration of 5 ug/ml,
respectively and 50 ul of each antigen solution was added to
each well in 96 well immunoplates (Nunc) and the plates
were kept at 4° C. overnight to coat each well with each
antigen. Antigen solution in each well was discarded and
each well was washed with phosphate buffered saline con-
taining 0.1% polysorbate 20 (PBS-P) and 40 ul of bovine
fetal serum was added to each well.

Then, 10 gl of conditioned medium of hybridoma was
added to each well and then the plates were incubated under



US 6,998,242 B2

9

80% serum concentration at room temperature for 2 hours.
After the incubation, plates were washed with PBS-P and 50
ul of peroxidase labeled anti-mouse IgG (KPL) diluted
5000-fold with physiological saline solution containing 25%
BLOCKAGE was added to each well and the plates were
incubated at room temperature for 2 hours. After washing
the plates with PBS-P, 50 ul of enzyme substrate solution
(tetramethylbenzidine (TMB), ScyTek) was added to each
well for color developing. Subsequently the enzymatic reac-
tion was terminated by adding 50 ul of stopping reagent,
(ScyTek). Hybridomas producing antibodies were screened
by determing absorbance at 450 nm of each well using
microplate reader (an immunoreader NJ2000, Nihon-in-
termed). Hybridomas showing high absorbance and produc-
ing antibody recognizing equally both of monomer- and
homodimer-types of OCIF, and hybridomas showing high
absorbance and producing antibody recognizing selectively
homodimer type of OCIF were screened, respectively.
Stable hybridoma clone producing hybridoma cell line was
established by repeating cloning 3-5 times from each hybri-
doma by limiting dilution method. Among hybridomas
producing antibodies, hybridomas with high productivity of
the object antibodies were selected.

Thus, the hybridomas, OI-19 and OI-4 which produced
the antibodies, OI-19 and OI-4, respectively, recognizing
equally both of monomer- and homodimer-types of OCIF
were obtained. In addition, the hybridoma, OI-26 which
produced OI-26 antibody, OI-26, recognizing selectively
homodimer type of OCIF was obtained. These hybridomas
were deposited at National Institute of Bioscience and
Human-Technology Agency of Industrial Science and Tech-
nology and the deposit number for OI-4, OI-19 and OI-26
was FFERM BP-6419, FERM BP-6420 and FERM
BP-6421, respectively.

EXAMPLE 4

Production and Purification of Monoclonal Antibody

Hybridoma producing high affinity antibody recognizing
equally both of monomer- and homodimer-types of OCIF
and hybridoma producing antibody recognizing selectively
homodimer type of OCIF obtained in example 3 were
cultured, respectively, and 1x10° cells of hybridoma per
mouse were intraperitoneally administered to Balb/c mice in
which pristine (Aldrich) had been administered. Two weeks
after administration, accumulated ascites containing mono-
clonal antibody of the present invention was collected.
Purified antibody was obtained by protein A column (Phar-
macia) chromatography.

EXAMPLE 5

Determination of Dissociation Constant (Kd Value) of
Monoclonal Antibody

According to the method of Betrand Friguet (Journal of
Immunological Methods, 77, 305-319, 1986), dissociation
constant of monoclonal antibody was determined. That is,
purified antibody obtained in example 4 was diluted in 0.2
M tris-HCl pH 7.4 (first buffer) containing 40% BlockAce
(Snow Brand Milk Products) and 0.1% polysorbate 20 to a
concentration of 5 ng/ml. To the above solution, the same
volume of 6.25 ng/ml-10 pg/ml of purified monomer type of
recombinant OCIF or homodimer type of recombinant OCIF
which was obtained in example 1, diluted with the first
buffer was mixed and the mixture was kept it at 4° C. for 15
hours, so that OCIF bound to monoclonal antibody. At 15

10

15

20

25

30

35

40

45

50

55

60

65

10

hours after then, dissociation constant of monoclonal anti-
body against monomer type of OCIF or homodimer type of
OCIF was determined by measuring antibody unbound to
OCIF using solid phase ELISA in which monomer type of
rOCIF or homodimer type of rOCIF (10 pg/ml, 100 ul/well)
was immobilized.

EXAMPLE 6

Assay of Class and Subclass of Monoclonal Antibody

The class and the subclass of monoclonal antibody of the
present invention was assayed using immunoglobulin class
and subclass assay kit (Amersham). The assay was carried
out according to the protocol directed in a kit. The results
obtained in example 5 and 6 were shown in table 1.

TABLE 1
Dissociation dissociation
constant constant
Antibody subclass (for monomer) (for dimer)
OI-4 IgG, (k) 73 x 10710 9.9 x 1072
QI-19 IgG, (k) 7.0 x 1070 12 x 107
0I-26 IgG, (k) — 1.5%x 1077

From these results, the antibodies, OI-4 and OI-19, were
found to be antibody recognizing equally both of monomer-
and homodimer-types of OCIF and antibody OI-26 was
found to be antibody recognizing selectively only
homodimer type of OCIF. Further, all antibodies belonged to
IgG1 and were found to be antibodies with extremely high
affinity having dissociation constant of less than 2x10~7 M
for monomer- and homodimer-types of OCIF.

EXAMPLE 7

Determination of OCIF by ELISA

Sandwich ELISA was constructed by using 3 kinds of
antibody obtained as described above, that is, antibody OI-4,
OI-26 and OI-19 as immobilized antibody and labeled
antibody. Labeling antibody was carried out using maleim-
ide activated peroxidase kit(Pias). The Antibody, OI-19 as a
primary antibody in the case of ELISA measuring both of
monomer- and homodimer-types of OCIF or the antibody,
OI-26 as a primary antibody in the case of ELISA measuring
selectively homodimer type of OCIF was dissolved in 0.1 M
sodium bicarbonate (pH 9.6) to a concentration of 10 ug/ml,
respectively, 100 ul of which was added to each well in 96
well immunoplates (Nunc) and the plates were kept at 4° C.
overnight to immobilize antibody onto each well. The solu-
tion in each well was discarded and 300 ul of 50% BlockAce
(Snow Brand Milk Products) was added to each well to
block at room temperature for 2 hours. After blocking, plates
were washed with phosphate buffered saline (PBS-P) con-
taining 0.1% polysorbate 20. Monomer- and homodimer-
types of OCIF were dissolved in 0.2 M tris-HCl (pH 7.4)
containing 40% BlockAce (Snow Brand Milk Products) and
0.1% polysorbate 20 (primary buffer), respectively, and then
diluted to prepare each type of OCIF solutions with various
concentrations.

To each well, 100 ul of the solutions of monomer type or
homodimer type of OCIF with various concentrations was
added to react at room temperature for 2 hours. Two hours
after, plates were washed with PBS-P and POD-labeled OI-4
antibody diluted in 0.1 M Tris-HCl (pH 7.4) containing 25%
BLOCKACE and 0.1% polysorbate was added to each well
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in the plates as an antibody recognizing equally both of
monomer- and homodimer-types of OCIF and the plates
were allowed to stand at room temperature for 2 hours.
Plates were washed with PBS-P and 100 ul of enzyme
substrate solution (tetramethylbenzidine (TMB), ScyTek)
was added to each well. After developing, 100 ul of stopping
reagent, (ScyTek) was added to each well to stop enzymatic
reaction. Absorbance at 450 nm of each well was determined
using a microplate reader. The results in the case of using the
antibody, OI-19, recognizing equally both of monomer- and
homodimer-types of OCIF as a primary antibody was shown
in FIG. 1 and the results in the case of using the antibody,
0I-26, recognizing selectively homodimer type of OCIF as
a primary antibody was shown in FIG. 2.

As a result, as shown in FIG. 1, detection sensitivity of
sandwich ELISA was about 25 pg/ml and found to be able
to determine extremely small amount of OCIF when the
antibody, OI-19 recognizing equally both of monomer- and
homodimer-types of OCIF was used as an immobilized
antibody and the antibody, OI-4 recognizing equally both
types of OCIF was used as a POD-labeled antibody. Further,
as shown in FIG. 2, detection sensitivity of sandwich ELISA
was 50 pg /ml and found to be able to detect selectively
homodimer type of OCIF with high sensitivity when the
antibody, OI-26, recognizing selectively homodimer type of
OCIF was used as an immobilized antibody and the anti-
body, OI-4, recognizing equally both of monomer- and
homodimer-types of OCIF was used as a POD-labeled
antibody.

EXAMPLE §

Determination of Serum OCIF in Healthy Persons and in
Patients with Osteoporosis

Serum concentration of OCIF in healthy persons and in
patients with osteoporosis (based on the criterion made by
Japanese Society for Bone and Mineral Research) was
determined using a partly improved ELISA system of OCIF
(monomer type of OCIF+homodimer type of OCIF)
described in example 7. That is, for determination of OCIF
(monomer type of OCIF+homodimer type of OCIF), the
antibody, OI-19, recognizing equally both types of OCIF
was immobilized onto 96 well immunoplate as described in
example 7 and 50 ul of the first buffer (0.2 M tris-HCI, pH
7.4 containing 40% BlockAce and 0.1% polysorbate 20)
containing 20 ug/ml purified mouse IgG was added to each
well. Subsequently, 50 ul of human serum diluted 4-fold
with the first buffer was added to each well and the plates
were allowed to stand at room temperature for 2 hours. After
the plates were washed with PBS-P 6 times, 100 ul of the
solution of POD-labeled antibody, OI-4, recognizing equally
both types of OCIF diluted 3000 times with secondary buffer
(0.1 M tris-HCL, pH 7.4 containing 25% BlockAce and 0.1%
polysorbate 20) containing 10 ug/ml purified mouse IgG was
added to each well and the plates were allowed to stand at
room temperature for 2 hours. The plates were washed 6
times with PBS-P and 100 ul of enzyme substrate solution
(TMB, SciTech) was added to each well. The plates were
allowed to stand at room temperature for 20 minutes to
proceed enzymatic reaction and the reaction was stopped by
adding 100 ul of stopping reagent (ScyTek) to each well.
Absorbance at 450 nm of each well was determined using a
microplate reader. As for the first buffer containing the
known amount of OCIF, the same procedure as the above
was taken and standard curve of OCIF was made as in FIG.
1. Serum concentration of OCIF was determined from
absorbance of serum sample.
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The results of determination of serum concentration of
OCIF (monomer type of OCIF +homodimer type of OCIF)
in healthy persons and that in patients with osteoporosis
were shown in FIG. 3. Statistical analysis of significant
difference of the results in FIGS. 3-5 was carried out by
Student’s non-paired t test. As the results, there was a
significant difference between serum concentration of OCIF
(monomer type of OCIF+homodimer type of OCIF) in
healthy persons and that in patients with osteoporosis.
Serum concentration of OCIF in patients with osteoporosis
was higher than that in healthy persons. Accordingly, OCIF
was found to be a novel marker of diagnosing osteoporosis
because pathogenesis of osteoporosis could be followed by
determination of serum concentration of OCIF.

In addition, relationships between serum OCIF (monomer
type of OCIF+homodimer type of OCIF) and urine pyridi-
noline concentrations, and between serum OCIF and urine
deoxypyridinoline concentrations in healthy volunteers and
patients with osteoporosis are shown in FIGS. 4 and 5,
respectively. Pyridinoline concentration of 42 pmol/umol Cr
(the amount of pyridinoline pmol per creatinine 1 mol) and
deoxipyridinoline concentration of 6.2 pmol/umol Cr are the
upper limit of normal level in Japanese.

From the results, serum concentration of OCIF in patients
showing higher concentration of pyridinoline and/or deoxy-
pyridinoline was significantly higher. Pyridinoline and
deoxypyridinodine are cross-linked molecules of collagen,
produced in bone substrate after incorporation of collagen
into bone substrate, and released by bone destruction which
is caused by bone resorption. These molecules are thought,
to be a highly specific marker of bone resorption and used
widely for evaluation of clinical object. Since correlation
between OCIF concentration and the two marker was rec-
ognized, serum concentration of OCIF was found to be
useful as a marker of bone metabolism.

EXAMPLE 9

Determination of OCIF Concentration in Synovial Fluid of
Patients with Arthrocele

Synovial fluid samples were taken from patients with
rheumatoid arthritis (RA, 43 cases), osteoarthritis (OA, 6
cases), Trauma (Tr, 3 cases) and gouty seizure (G, 6 cases)
who visited hospital for treatment of arthrosis, were diag-
nosed as clear arthrocele and agreed with informed consent.
OCIF concentration in the synovial fluid was measured by a
partly improved method of ELISA system of OCIF (mono-
mer type of OCIF+homodimer type of OCIF) described in
example 8. That is, after synovial fluid was diluted 16-fold
with the first buffer, 50 ul of which was added to each well
in 96 well immunoplates immobilized antibody OI-19.
Other procedures than the above were the same as those in
example 8.

Examination results of OCIF (monomer type of
OCIF+homodimer type of OCIF) concentration in synovial
fluid of patients with arthrocele were shown in FIG. 6. For
statistical analysis of data shown in FIG. 6, Kruskal-Wallis
Test and Mann-Whitney Test were carried out. From the
results, OCIF concentration in synovial fluid of patient with
rheumatoid arthritis was significantly lower than that of
patient with gouty seizure (p=0.0023). Further, while the
lowest value of OCIF concentration in synovial fluid of
patients with osteoarthritis (6 cases) was 4.79 ng/ml, the
number of patients with rheumatoid arthritis showing less
than 4.0 ng/ml of OCIF concentration in synovial fluid was
15 cases among 43 cases.
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From these results, it was suggested that deficiency of
OCIF could not suppress formation and activity of osteo-
clasts in patients with rheumatoid arthritis showing lower
OCIF concentration in synovial fluid. OCIF-ELISA was
found to be useful for diagnosis of pathogenesis rheumatoid
arthritis (RA), osteoarthritis (OA), Trauma (Tr), gouty sei-
zure (G).

EXAMPLE 10

Correlation between OCIF Concentration in Knee Joint
Humor of Patient with Rheumatoid Arthritis(RA) and Patho-
genesis

In order to study the correlation between OCIF concen-
tration in synovial fluid and progress of joint destruction,
retrospective cohort study was carried out in 2 patients with
rheumatoid arthritis.

Case 1, 66 Years Old, Male

He had subjective symptom of multiarticular pain at his
50 years old in 1982. In 1983, he visited a hospital and was
diagnosed as RA based on classification criterion of RA of
American College of Rheumatology. After that, since it
remitted by administration of anti-theumatoid agent (Mer-
captase), administration the an anti-rheumatoid agent was
stopped. In 1990, because RA recurred, administration of the
anti-rheumatoid agent was restarted. On Mar. 18, 1992, his
right knee joint swelled and synovial fluid was taken by
puncture. The OCIF concentration in synovial fluid was 23.6
ng/ml, which was high level (The median value of OCIF
concentration of 43 RA patients was 6 ng/ml). Plasma CRP
at that time was 5.4 mg/dl, which clearly suggested that he
had also inflammation. CRP did not become negative and
kept around 3 mg/dl until 1997. Knee X-p was observed
from 1983 to 1997 and main symptom was osteoarthritis.
Bone erosion was not observed in digit joint of hand and
hand joint.

Case 2, 60 Years Old, Female

She had subjective symptom of multiaricular pain in 1987
(49 years old). On Aug. 17, 1993, she visited a hospital and
was diagnosed as RA based on classification criterion of RA
of American College of Rheumatology. At that time, her
right knee joint swelled and synovial fluid was taken by
puncture. OCIF concentration in synovial fluid was 3.0
ng/ml, which was low level and plasma CRP was 13.7
mg/dl, which showed that she had inflammation. Since then,
CRP gradually decreased by administration of anti-rheuma-
toid agent (Methotrexate) to a level of 4.1 mg/dl on Mar. 18,
1994 and to a level of 1.1 mg/dl on 27th June in the same
year. However, according to Laresen classification (Laresen
A. et al., Acta Radiol. Diag. 18, 481491, 1977), knee X-p
become worse and worse, that is, grade Il on 1 Sep. in 1993,
grade IV on 18 Mar. in 1994 and grade V on 27th June in the
same year, which showed that joint destruction progressed
clearly. And operation of replacing artificial joint on 4 Oct.
in 1994 was carried out.

From the results of determination of OCIF concentration
in synovial fluid of the above 2 cases, that is, one with mild
progress of joint destruction and another with advanced joint
destruction, determination of OCIF concentration in syn-
ovial fluid was found to be useful for evaluation of risk rate
of joint destruction by rheumatism and evaluation of thera-
peutic effect on joint destruction.
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EXAMPLE 11

Assay Kit for Determination of Monomer- and Homodimer-

Types of OCIF (80 Samples)

1) 96 well plate immobilized the antibody, OI-19 and
subsequently blocked with BlockAce according to the
method described in example 7: one plate

2) OI-4 antibody labeled with POD according to the method
in example 7:10 ul (1000-fold dilution)

3) standard recombinant OCIF (monomer type):0.5 ng/ml
400 ul

4) solution for dilution of sample (0.01% Tween 20 and 0.2
M tris-HCl buffer containing 40% BlockAce, pH 7.4): 10
ml

5) solution for dilution of labeled antibody (0.1 M tris-HCI
buffer containing 0.01% Tween 20 and 25% BlockAce,
pH 7.4): 10 ml

6) solution for washing 96 well plate (PBS(-) containing
0.1% Tween 20): 1 liter

7) substrate solution for measurement of labeled enzyme
activity (TMB solution) and reaction stopping reagent
(TMB stop reagent): 10 ml, each

Assay Kit for Determination of Dimer Type of OCIF (80

Samples)

1) 96 well plate immobilized the antibody, OI-26 and
subsequently blocked with BlockAce according to the
method described in example 7: one plate

2) OI-4 antibody labeled with POD according to the method
in example 7:10 gl (1000-fold dilution)

3) standard recombinant OCIF (dimer type):0.5 ng/m1 400 ul

4) solution for dilution of sample (0.01% Tween 20 and 0.2
M tris-HCl buffer containing 40% BlockAce, pH 7.4): 10
ml

5) diluted solution of labeled antibody (0.1M tris-HCl buffer
solution containing 0.01% Tween 20 and 25% BlockAce
pH 7.4): 10 ml

6) solution for washing 96 well plate (PBS(-) containing
0.1% Tween 20): 1 liter

7) substrate solution for measurement of labeled enzyme
activity (TMB solution). and reaction stopping reagent
(TMB stop reagent): 10 ml, each

Assay Method (Kit 1 and Kit 2)

To each well in the plate 1), 100 ul of sample diluted with
the solution 4) and 100 ul of serially diluted standard
recombinant human OCIF 3) with the solution 4) are added,
respectively. After it is kept at room temperature for 2 hours,
each well is washed 5-6 times with 300 4l of the solution 6).
For this washing procedure, an automatic plate washer can
be used. To each well in the plate after washing, 100 ul of
POD-labeled OI-4 antibody 2) diluted 1000-fold with the
solution 5) is added, and the plate is kept at room tempera-
ture for 2 hours. Each well in the plate is washed 5-6 times
with the solution 6). For this washing procedure, an auto-
matic plate washer can be used. To each well, 100 ul of
enzyme substrate solution 7) is added, and the plate is kept
at room temperature for 20-30 minutes. Subsequently, the
enzymatic reaction is stopped by the addition of 100 ul of
reaction stopping reagent 7).

Absorbance at 450 nm of each well is determined by a
microplate reader. Using absorbance at 450 nm in the case
of adding standard recombinant human OCIF 3) diluted
serially to each well, standard curve of recombinant human
OCIF is made. OCIF concentration of each sample can be
determined using this standard curve.
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INDUSTRIAL UTILITY

By determining the concentration of human osteoclast-
genesis inhibitory factor in humor (blood, synovial fluid,
etc.) according to the method of the present invention,
diagnosis of metabolic bone discases, especially osteoporo-
sis and arthrosis can be carried out easily and precisely. For
diagnosis of the present invention, because the aforemen-
tioned monoclonal antibodies and assay kits for OCIF using
the monoclonal antibodies are used, diagnosis of metabolic
bone diseases, especially osteoporosis and arthrosis can be
carried out easily and precisely as mentioned above. The
present invention is useful for a method of diagnosing
metabolic bone diseases, especially osteoporosis and arthro-
sis or for an assay reagent for research thereof.

REFERENCE TO MICROORGANISM

Name and address of depository authority to which said
organisms of the present invention were deposited
Name: National Institute of Bioscience and Human-Tech-
nology
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

Address: 1-3, Higasi 1-chome, Tsukuba-shi, Ibaraki-ken,
Japan

Date of deposition thereof to the depository authority:
16 Oct., 1997

Depository Number Given by the Depository Author:
FERM BP-6419

Name and address of depository authority to which said
organisms of the present invention were deposited
Name: National Institute of Bioscience and Human-Tech-
nology
Agency of Industrial Science and Technology
Ministry of International Trade and Industry
Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken,
Japan
Date of deposition thereof to the depository authority:
Oct. 16, 1997
Depository Number Given by the Depository Author:
FERM BP-6420

Name and address of depository authority to which said
organisms of the present invention were deposited
Name: National Institute of Bioscience and Human-Tech-
nology
Agency of Industrial Science and Technology
Ministry of International Trade and Industry

Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken,
Japan

Date of deposition thereof to the depository authority:
16 Oct., 1997

Depository Number Given by the Depository Author:
FERM BP-6421

What is claimed:

1. Amethod of detecting a highly specific marker for bone
resorption associated with osteoporosis in a mammal, the
method comprising:

measuring the concentration of non-administered osteo-

clastogenesis inhibitory factor protein in a test blood
sample isolated from said mammal,

comparing the concentration of non-administered osteo-

clastogenesis inhibitory factor protein in said test blood
sample with a concentration of osteoclastogenesis
inhibitory factor protein in a normal subject blood
sample, wherein a higher concentration of said non-
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administered osteoclastogenesis inhibitory factor pro-
tein in said test blood sample relative to said normal
subject blood sample, is indicative of bone resorption
associated with osteoporosis.

2. The method of claim 1, wherein said test blood sample
is a test serum sample and said normal subject blood sample
is a normal subject serum sample.

3. The method of claim 1, wherein the step of measuring
the concentration of non-administered osteoclastogenesis
inhibitor factor protein in a test blood sample further com-
prises:

contacting the test blood sample isolated from said mam-

mal with at least one monoclonal antibody that binds
specifically to an osteoclastogenesis inhibitory factor
protein to produce an antibody-osteoclastogenesis
inhibitory factor protein complex; and

determining the concentration of said antibody-osteoclas-

togenesis inhibitory factor protein complex in said test
sample.

4. The method of claim 3, wherein measuring the con-
centration of non-administered osteoclastogenesis inhibitor
factor protein in a test blood sample further comprises:

comparing the concentration of said antibody-osteoclas-
togenesis inhibitory factor protein complex in said test
blood sample to a standard protein curve to determine
the concentration of osteoclastogenesis inhibitory fac-
tor protein.

5. The method of claim 1, wherein said concentration of
osteoclastogenesis inhibitory factor protein in a normal
subject blood sample is a concentration of osteoclastogen-
esis inhibitory factor protein referenced for normal subjects.

6. The method of claim 1, wherein said normal subject
blood sample is derived from a subject with a normal
pyridinoline concentration.

7. The method of claim 1, wherein said normal subject
blood sample is derived from a subject with a normal
deoxypyridinoline concentration.

8. The method of claim 6, wherein said normal pyridino-
line concentration is less than 42 pmol/umol creatine in
urine.

9. The method of claim 7, wherein said normal deoxy-
pyridinoline concentration is less than 6.2 pmol/umol cre-
atine in urine.

10. A method of detecting a highly specific marker for
bone resorption associated with osteoporosis in a mammal in
need thereof, the method comprising:

measuring the concentration of non-administered osteo-
clastogenesis inhibitory factor protein in a test blood
sample isolated from said mammal;

comparing the concentration of non-administered osteo-
clastogenesis inhibitory factor protein in said test blood
sample with a concentration of osteoclastogenesis
inhibitory factor protein in a normal subject blood
sample, wherein a higher concentration of said non-
administered osteoclastogenesis inhibitory factor pro-
tein in said test blood sample relative to said normal
subject blood sample, is indicative of bone resorption
associated with osteoporosis.

11. A method of detecting a highly specific marker for
bone resorption associated with osteoporosis in a mammal,
the method comprising:

measuring the concentration of osteoclastogenesis inhibi-

tory factor protein in a test blood sample isolated from
said mammal;
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comparing the concentration of osteoclastogenesis inhibi- said test blood sample relative to a normal subject
tory factor protein in said test blood sample with a blood sample, is indicative of said bone resorption in
concentration of osteoclastogenesis inhibitory factor said mammal.
protein in a normal subject blood sample, wherein a 13. A method for prognosis of joint destruction in a

higher concentration of said osteoclastogenesis inhibi- 5 rheumatoid arthritis patient comprising:
tory factor protein in said test blood sample relative to
said normal subject blood sample, is indicative of bone
resorption associated with osteoporosis in said mam-
mal.

12. A method of detecting in a mammal in need thereof a 10
highly specific marker for bone resorption, the method
comprising:

measuring the concentration of non-administered osteo-

clastogenesis inhibitory factor protein in a test blood
sample isolated from said mammal,

comparing the concentration of non-administered osteo-

clastogenesis inhibitory factor protein in said test blood
sample with a concentration of osteoclastogenesis 15. The method of claim 13, wherein said patient is under
inhibitory factor protein in a normal subject blood ~ going therapeutic treatment on joint destruction.

sample, wherein a higher concentration of non-admin- 20

istered osteoclastogenesis inhibitory factor protein in ok k% %

measuring the concentration of an osteoclastogenesis
inhibitory factor protein in a test synovial fluid sample
obtained from said patient; and
determining whether said osteoclastogenesis inhibitory
factor protein concentration is lower than a median
concentration of osteoclastogenesis inhibitory factor
protein found in synovial fluid samples obtained from
rheumatoid arthritis patients.
14. The method of claim 13, wherein said determining
further comprises the step of evaluating risk rate of joint
destruction by rheumatism.
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