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Means and methods for assessing bone disorders

The present invention pertains to the field of diagnostics for bone disorders and toxicological as-
sessments for risk stratification of chemical compounds. Specifically, it relates to a method for di-
agnosing a bone disorder. It also relates to a method for determining whether a compound is capa-
ble of inducing such a bone disorder in a subject and to a method of identifying a drug for treating a
bone disorder. Furthermore, the present invention relates to a device and a kit for diagnosing a
bone disorder.

Bone consists of 35 % organic matrix and 65 % minerals, predominantly hydroxyapatite. The or-
ganic matrix is made up to 90 % of type 1 collagen and up to 10 % of non-collagenous proteins.
About half of the non-collagenous proteins comprises osteocalcin (bone Gla protein), osteonectin
and osteopontin as well as bone sialo-protein with equal shares (Marcus et al, 1996).

In adults 5-10 % of the skeleton is remodeled per year, kept in balance by bone formation estab-
lished by osteoblasts and bone resorption which is performed by osteoclasts. Osteoblasts derive
from mesenchymal stem cells. They are synthesizing the non-collagen as well as the type 1 colla-
gen proteins and they manage the calcification of the organic matrix. The multi-nucleated osteo-
clasts originate from hemapoietic stem cells. They initiate the demineralization of bone tissue by
excretion of hydrogen ions followed by degradation of the exposed organic bone matrix by proteo-
lytic enzymes of this cell type (Bilezikian et al, 1996).

Osteoporosis (i.e., loss of bone mass) affects more than 75 million people in Europe, Japan and
USA. It is three times more common in women than in men. A substantial bone loss is usually be-
ginning in 65 years old men and 50 year old women (Rizzoli and Bonjour, 1999). In Europe the
number of women older than 50 years is projected to increase by 30-40% between 1990 and 2025.
This trend is even more marked in other areas of the world. In 1990, an estimated 1.3-1.7 million
hip fractures occurred worldwide, mainly as a consequence of osteoporosis. This number is ex-
pected to increase at least to 3 million in 2025 (Cooper et al., 1992; Gullberg et al., 1997).

Bone metabolism disorders can be divided according to its cause in (i) primary mineralization defi-
ciencies and {ii) loss of organic bone matrix:

(i} Skeleton mineralization is diminished by nutritional deficiencies of calcium or phosphate as well
as decreased synthesis of calcitriol due to a lack of vitamin D because of reduced exposure of the
skin to sun light. The disease is called rickets {rachitis) in children and osteomalacia in adults. De-
mineralization of the bones can be caused also by increased activity of the parathyroid hormone
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(PTH). The hyperparathyroidism (HPT) may be due to neoplasms in the parathyroidal glands (pri-
mary HPT) or as feedback to decreased intestinal absorption or increased renal loss of calcium
(secondary HPT). A long-lasting secondary HPT may result in a hyperplasia of the parathyroid tis-
sue with autonomous PTH secretion (tettiary HPT).

(i} The main causes of systemic ostecporosis are estrogen or androgen deficiencies in menopau-
sal women and men (Greendale et la., 1997; Slemenda et al., 1997). Other endocrine reasons for
osteoporosis may be increased thyroid hormone activities (Britto et al., 1994) and high concentra-
tions of iatrogen administered or endogen glucocorticoids (Cushing's Syndrome) (Adinoff and Hol-
lister, 1983; Canalis, 1996). Low protein intake as well as high protein loss beca.use of renal insuffi-
ciency are also factors aggravating osteoporosis (Bonjour et al., 1997) as well as administration of
some drugs (cholestyramine (Iipid-lowerihg drug; Compston and Horton, 1978), cyclosporine {(im-
munosuppressant drug; Shane et al., 1993), phencbarbitone and carbamazepin (antiepileptic
drugs; Weinstein et al., 1984), etc.) as well as high consumption of ethanol and cigarettes.

Diagnosis of bone metabolism disorders in humans can be established by measuring bone mineral
density with clinical methods like conventional radiography as well as single or dual energy X-ray
absorptiometry (SXA, DXA or DEXA) as well as quantitative computed tomography (QCT) and
quantitative ultrasound (QUS) (WHO, 2003).

Measuring clinical pathology parameters in blood and urine may help to find the reason for bone
mass loss. They can also be applied as a diagnostic screening tool and for the monitoring of an
anti-osteoporotic therapy (Delmas et al., 2000}).

The clinical pathology parameters can be divided in (i) bone formation and (ii) bone resorption
markers as well as (i) mineralization parameters.

(i) Bone formation markers are bone specific alkaline phosphatase, osteocalcin (= bone gla protein;
intact or N-mid fragment), type I collagen propeptides (PINP and PICP).

(i) Bone resorption parameters are urinary hydroxyproline, pyridinoline and deoxypyridinoline, hy-
droxylysin (and its glycosids), type | collagen telopeptides (NTX, CTX, ICTP), bone sialoprotein,
tartrate- resistant acid phosphatase type 5b (Bone TRAP).

(iii) Bone mineralization markers are urinary calcium and phosphate, parathyroid hormone (PTH}),
calcitonin, 25 Hydroxy-vitamin D, 1,25 Dihydroxy-vitamin D.

Some but not all mentioned parameters can be measured in humans as well as in rodents.
Presently, a panel of clinical pathology parameters mentioned above have o be measured in sub-

sequent test runs in serum/plasma and urine at several time points in order to estimate the influ-
ence of a compound on bone metabolism. A simple and sensitive technique is necessary to give
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answers on the influence on bone metabolism with a single routine measurement (see Adinoff,
A.D., Hollister, J.R. (1983) Steroid-induced fractures and bone loss in patients with asthma. N Engl|
J Med, 309, 265-268; Bilezikian, J.P., Raisz, L.G., Rodan, G.A., {eds.) Principles of bone biclogy,
San Diego, CA, Academic Press, 1996; Bonjour, J.P., Schuerch, M.A_,, Chevalley, T., Ammann, P.,
Rizzoli, R. (1897) Protein intake, IGF-1 and osteoporosis. Osteoporosis International, 1997, 7
(suppl 3}, $36-342; Britto, J.M.. Fenton, A.J:, Holloway, W.R., Nicholson G.C. (1994) Osteoblasts
mediate thyroid hormone stimulation of osteoclastic bone resorption. Endocrinology, 134, 169-176;
Canalis, E. (1996) Mechanisms of glucocorticoid action in bone: implications to glucocorticoid-
induced osteoporosis. Clin Endocrinol Metab, 81, 3441-3447; Compston, J.E., Horton, L.W. (1978)
Oral 25-hydroxyvitmain D3 in treatment of osteomalacia associated with ileal resction and cholesty-
ramine therapy. Gastroenterology, 74, 900-202; Cooper, C., Campion, G., Melton L.J. (1992) Hip
fractures in the elderly: a worldwide projection. Osteoporosis International, 2, 285-289; Delmas,
P.D., Eastell, R., Garnero, P., Seibel, M.Jd., Stepan, J. (2000), The use of biochemical markers of
bone turnover in osteoporosis. Osteoporosis International, Suppl 6, S2-817; Greendale, G.A.,
Edelstein, S., Barrett-Connor, E. (1997) Endogenous sex steroids and bone mineral density in older
women and men: the Rancho Bernardo study, Journal of Bone & Mineral Research, 12, 1833-1843;
Gullberg, B., Johnell, O., Kanis, J.A. (1997) Worldwide projections for hip fracture. Osteoporosis
international, 7, 407-413; Marcus, R., Feldman, D., Kelsey, J. (eds.) Osteoporosis, San Diego, CA,
Academic Press, 1996; Rizzoli, R., Bonjour, J.P. (1999) Determinants of peak bone mass and
mechanisms of bone loss. Osteoporosis International, 9 (suppl. 2), S17-823; Shane, E., Rivas,
M.D.C., Silverberg, S.J., Kim, T.S., Staron, R.B., Bilezikian, J.P. (1993) Osteoporosis afler cardiac
transplantation. Am J Med, 94 (3), 257-264; Slemenda, C.W., Longcope, C., Zhou, L., Peacock, M.,
Johnston, C.C. (1997) Sex steroids and bone mass in older men. Positive associations with serum
estrogens and negative associations with androgens., J Clin Invest, 100 {7), 1755-1759; Weinstein,
R.S., Bryce, G.F., Sappington, L.J., King, D.W:, Gallagher, B.B. (1984) Decreased serum fonized
calcium and normal vitamin D metabolite levels with anticonvulsant drug treatment. J Clin Ende-
crinol Metab, 58 (6), 1003-1009; WHO Technical Report Series No. 921 Prevention and Manage-
ment of Osteoporosis, Geneva, 2003).

Sensitive and specific methods for determining efficiently and reliably bone disorders and, in partic-
ular, the early onset thereof are not available but would, nevertheless, be highly appreciated. The
importance of bone disorders may become apparent if one considers its consequences on hemato-
poiesis including lymphopoiesis. Mareover, chemical compounds which are used in any kind of
industry in the European Community, e.g., will now need to comply with REACH (Registration,
Evaluation and Authorisation of Chemicals). In other countries, similar toxicological risk assess-
ments need to be done, e.g., the Material Safety Data Sheets (MSDS) in the US. It will be under-
stood that the potential of a chemical compound to induce bone disorders with regards to minerali-
zation will be deemed as a high risk for the compound and, consequently, the compound will be
available only for limited applications and when obeying high security standards.
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Sensitive and specific methods for assessing the toxicological properties of a chemical compound
and, in particular, bone disorder, in an efficient and retiable manner are not yet available but would,
nevertheless, be highly appreciated.

Thus, the technical problem underlying the present invention could be seen as the provision of
means and methods for complying with the aforementioned needs. The technical problem is solved
by the embodiments characterized in the claims and described herein below.

Accordingly, the present invention relates to a method for diagnosing a bone disorder comprising:
(a) determining the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c,
1d, 23, 2b, 2c, or 2d in a test sample of a subject suspected to suffer from a bone disorder, and

{b) comparing the amounts determined in step (a) to a reference, whereby the bone disorder is to
be diagnosed.

In a particular embodiment of the method of the invention, a method is provided for diagnosing a
bone disorder comprising:

(a) selecting a male or female subject suspected to suffer from a bone disorder;

(b} obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d)y determining the amount of at least cne biomarker selected from any one of Tables 1a, 1b, 1c,
1d, 2a, 2b, 2c, or 2d in said test sample, and

(e} comparing the amounts determined in step (d) tc a reference; and

()  based on the comparison of step (e), diagnose a bone disorder by monitoring, confirmation or
classification of the a bone disorder or its symptoms.

In a preferred embodiment of the aforementioned method said subject has been brought into con-
tact with a compound suspected {o be capable of inducing bone disorder.

The present invention also relates to a method of determining whether a compound is capable of
inducing bone disorder in a subject comprising:

(a) determining in a sample of a subject which has been brought into contact with a compound
suspected to be capable of inducing bone disorder the amount of at least one biomarker selected
from any one of Tables 1a, 1b, 1c, 1d, 2a, 2b, 2¢, or 2d; and

(b} comparing the amounts determined in step (a) to a reference, whereby the capability of the
compound to induce bone disorder is determined.
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In a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing a bone disorder in a subject comprising:

(a1} (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing a
bone disorder, or

(a2) selecting a male or female subject brought into contact with a compound capable of inducing
a bone disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c,
1d, 2a, 2b, 2c, or 2d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

(f) based on the comparison of step (e}, identifying whether the compound is capable of inducing
a bone disorder, or not.

In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon)
and Calcium carbonate.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suffers from bone disorder or (i) a subject or group of
subjects which has been brought into contact with at least one compound selected from the group
consisting of: Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium carbonate. In
a more preferred embodiment of said method essentially identical amounts for the biomarkers in
the test sample and the reference are indicative for bone disorder.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects known to not suffer from bone disorder or (ii) a subject or
group of subjects which has not been brought into contact with at least one compound selected
from the group consisting of: Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calci-
um carbonate. In a more preferred embodiment of said methods amounts for the biomarkers which
differ in the test sample in comparison to the reference are indicative for bone disorder.

In yet another embodiment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a population of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for bone disorder.
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The present invention also contemplates a method of identifying a substance for treating bone dis-
order comprising the steps of;

(a) determining in a sample of a subject suffering from bone disorder which has been brought
into contact with a candidate substance suspected {0 be capable of treating bone disorder the
amount of at least one biomarker selected from any one of Tables 1a, 1b, 1¢, 1d, 2a, 2b, 2¢, or 2d;
and

(b) comparing the amounts determined in step (&) to a reference, whereby a substance capabie
of treating bone disorder is to be identified.

In a particular embodiment of the method of the invention, a method is provided for identifying a
substance for treating a bone disorder comprising:

a1ty {iy selecting a male or female subject;

(i) bringing said subject into contact with a compound suspected to be capable of inducing a
bone disorder such that a bone disorder is elicited, or

(a2) selecting a male or female suffering from a bone disorder;

(b} obtaining a test sample from said selected subject;

{c) pre-treating said sample in preparation for analysis;

(d)y determining the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c¢,
1d, 23, 2b, 2c, or 2d in said test sample, and

{e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (e), identifying and selecting the substance for treating a
bone disorder.

In a preferred embodiment of the aforementioned method said reference is derived from (i) a sub-
ject or group of subjecis which suffers from bone disorder or (ii} a subject or group of subjects
which has been brought into contact with at least one compound selected from the group consisting
of: Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon} and Calcium carbonate. In a more
preferred embodiment of said method amounts for the biomarkers which differ in the test sample
and the reference are indicative for a substance capable of treating bone disorder.

In another preferred embodiment of the aforementioned method said reference is derived from (i) a
subject or group of subjects known to not suffer from bone disorder or (ii) a subject or group of sub-
jects which has not been brought into contact with at least one compound selected from the group
consisting of. Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium carbonate. in
a more preferred embodiment of the said methods essentially identical amounts for the biomarkers
in the test sample and the reference are indicative for a substance capable of treating bone disor-
der.
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In yet another preferred embodiment of the aforementioned method said reference is a calculated
reference for the biomarkers in a population of subjects. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating bone disorder.

The present invention also relates to the use of at least one biomarker selected from any one of
Tables 1a, 1b, 1¢, 1d, 23, 2b, 2¢, or 2d or a detection agent for the said biomarker for diagnosing
bone disorder in a sample of a subject.

Moreover, the present invention relates to a device for diagnosing bone disorder in a sample of a
subject suspected to suffer therefrom comprising:

(a2} an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 1a, 1b, 1c, 1d, 2a, 2b, 2¢, or 2d which allows for determining the amount of the said
biomarker present in the sample; and, operatively linked thereto,

(b) an evaluation unit comprising a stored reference and a data processor which aliows for com-
paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby bone disorder is diagnosed.

In a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known to suffer from bone disorder or a subject or group
of subjects which has been brought into contact with at least one compound selected from the
group consisting of Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium car-
bonate, and said data processor executes instructions for comparing the amount of the at least one
biomarker determined by the analyzing unit to the stored reference, wherein an essentially identical
amount of the at least one biomarker in the test sample in comparison to the reference is indicative
for the presence of bone disorder or wherein an amount of the at least one biomarker in the test
sample which differs in comparison to the reference is indicative for the absence of bone disorder.

In another preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from bone disorder or a subject or
group of subjects which has not been brought into contact with at least one compound selected
from the group consisting of Sodium perchlorate, Sodium fluoride, Calcitonin {Salmon) and Calcium
carbonate, and said data processor executes instructions for comparing the amount of the at least
one biomarker determined by the analyzing unit to the stored reference, wherein an amount of the
at least one biomarker in the test sample which differs in comparison to the reference is indicative
for the presence of bone disorder or wherein an essential identical amount of the at least one bi-
omarker in the test sample in comparison to the reference is indicative for the absence of bone dis-
order.
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Further, the present invention relates to a kit for diagnosing bone disorder comprising a detection
agent for the at least one biomarker selected from any one of Tables 1a, 1b, 1c¢, 1d, 2a, 2b, 2¢, or
2d and standards for the at least one biomarker the concentration of which is derived from a subject
or a group of subjects known to suffer from bone disorder or derived from a subject or a group of
subjects known to not suffer from bone disorder.

In particular, the present invention relates to a method for diagnosing impaired bone mineralization
comprising:

(a) determining the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c,
or 1d in a test sample of a subject suspected to suffer from impaired bone mineralization, and

(b) comparing the amounts determined in step (a) to a reference, whereby impaired bone miner-
alization is to be diagnosed.

In a particular embodiment of the method of the invention, a method is provided for diagnosing im-
paired bone mineralization comprising:

(a) selecting a male or female subject suspected to suffer from impaired bone mineralization;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c,
or 1d In said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

(i  based on the comparison of step (e}, diagnose impaired bone mineralization by monitoring,
confirmation or classification of the impaired bone mineralization or its symptoms.

In a preferred embodiment of the aforementioned method said subject has been brought info con-
tact with a compound suspected to be capable of inducing impaired bone mineralization.

The present invention also relates to a method of determining whether a compound is capable of
inducing impaired bone mineralization in a subject comprising:

(a) determining in a sample of a subject which has been brought into contact with a compound
suspected to be capable of inducing impaired bone mineralization the amount of at least one bi-
omarker selected from any one of Tables 1a, 1b, 1¢, or 1d; and

(b) comparing the amounts determined in step (a) to a reference, whereby the capability of the
compound to induce impaired bone mineralization is determined.

In a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing impaired bone mineralization in a subject comprising:
(at) (i) selecting a male or female subject;
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(i)  bringing said subject into contact with a compound suspected to be capable of inducing im-
paired bone mineralization, or

(a2) selecting a male or female subject brought into contact with a compound capable of inducing
impaired bone mineralization,

(b} obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c,
or 1d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (e), identifying whether the compound is capable of inducing
impaired bone mineralization, or not.

In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: Sodium perchlorate and Sodium fluoride.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suffers from impaired bone mineralization or (i) a sub-
ject or group of subjects which has been brought into contact with at least one compound selected
from the group consisting of: Sodium perchlorate and Sodium fluoride. In a more preferred embod-
iment of said method essentially identical amounts for the biomarkers in the test sample and the
reference are indicative for impaired bone mineralization.

In ancther preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects known to not suffer from impaired bone mineralization or (i) a
subject or group of subjects which has not been brought into contact with at least one compound
selected from the group consisting of: Sodium perchlorate and Sodium flucride. In a more preferred
embodiment of said methods amounts for the biomarkers which differ in the test sample in compar-
ison to the reference are indicative for impaired bone mineralization.

In yet another emboediment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a population of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for impaired bone mineralization.

The present invention also contemplates a method of identifying a substance for treating impaired
bone mineralization comprising the steps of:

(a) determining in a sample of a subject suffering from impaired bone mineralization which has
been brought into contact with a candidate substance suspected to be capable of treating impaired
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bone mineralization the amount of at least one biomarker selected from any one of Takles 1a, 1b,
1¢, and 1d; and

(b) comparing the amounts determined in step (a) to a reference, whereby a substance capable
of treating impaired bone mineralization is to be identified.

In a particular embodiment of the method of the invention, a method is provided for identifying a
substance for treating impaired bone mineralization comprising:

(a1) (Y selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing im-
paired bone mineralization such that impaired bone mineralization is elicited, or

(@2) selecting a male or female suffering from impaired bone mineralization;

(b} obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c,
ot 1d in said test sample, and

{e) comparing the amounts determined in step (d) to a reference; and

(i  based on the comparison of step (e), identifying and selecting the substance for treating im-
paired bone mineralization.

In a preferred embodiment of the aforementioned method said reference is derived from (i) a sub-
ject or group of subjects which suffers from impaired bone mineralization or (i) a subject or group of
subjects which has been brought into contact with at least one compound selected from the group
consisting of. Sodium perchlorate and Scdium fluoride. In a more preferred embodiment of said
method amounts for the biomarkers which differ in the test sample and the reference are indicative
for a substance capable of treating impaired bone mineralization.

In another preferred embediment of the aforementioned method said reference is derived from (i) a
subject or group of subjects known to not suffer from impaired bone mineralization or (ii) a subject
or group of subjects which has not been brought into contact with at least one compound selected
from the group consisting of: Sodium perchlorate and Sodium flucride. In a more preferred embod-
iment of the said methods essentially identical amounts for the biomarkers in the test sample and
the reference are indicative for a substance capable of treating impaired bone mineralization.

In yet another preferred embodiment of the aforementioned method said reference is a calculated
reference for the biomarkers in a population of subjects. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating impaired bone mineralization.
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The present invention also relates to the use of at least one biomarker selected from any one of
Tables 1a, 1b, 1c, or 1d or a detection agent for the said biomarker for diagnosing impaired bone
mineralization in a sample of a subject.

Moreover, the present invention relates to a device for diagnosing impaired bone mineralization in a
sample of a subject suspected to suffer therefrom comprising:

(a) an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 1a, 1b, 1¢, or 1d which allows for determining the amount of the said biomarker pre-
sent in the sample; and, operatively linked thereto,

(b) an evaluation unit comprising a stored reference and a data processor which allows for com-
paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby impaired bone mineraliiation is diagnosed.

In a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known to suffer from impaired bone mineralization or a
subject or group of subjects which has been brought into contact with at least one compound se-
lected from the group consisting of Sodium perchlorate and Sodium fluoride, and said data proces-
sor executes instructions for comparing the amount of the at least one biomarker determined by the
analyzing unit to the stored reference, wherein an essentially identical amount of the at least one
biomarker in the test sample in comparison to the reference is indicative for the presence of im-
paired bone mineralization or wherein an amount of the at least one biomarker in the test sample
which differs in comparison to the reference is indicative for the absence of impaired bone minerali-
zation.

In another preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from impaired bone mineralization
or a subject or group cf subjects which has not been brought into contact with at least one com-
pound selected from the group consisting of Sodium perchlorate and Sodium fluoride, and said
data processor executes instructions for comparing the amount of the at least one biomarker de-
termined by the analyzing unit to the stored reference, wherein an amount of the at least one bi-
omarker in the test sample which differs in comparison to the reference is indicative for the pres-
ence of impaired bone mineralization or wherein an essential identical amount of the at least one
biomarker in the test sample in comparison to the reference is indicative for the absence of im-
paired bone mineralization.

Further, the present invention relates to a kit for diagnosing impaired bone mineralization compris-
ing a detection agent for the at least one hiomarker selected from any one of Tables 1a, 1b, 1¢, and
1d and standards for the at least one biomarker the concentration of which is derived from a subject
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or a group of subjects known to suffer from impaired bone mineralization or derived from a subject
or a group of subjects known to not suffer from impaired bone mineralization.

In particular, the present invention relates to a method for diagnosing inhibition of osteoblast activity
comprising:

{a) determining the amount of at least one biomarker selected from any one of Tables 2a, 2b, 2Zc,
and 2d in a test sample of a subject suspected to suffer from inhibition of osteoblast activity, and

(b} comparing the amounts determined in step (a) o a reference, whereby inhibition of osteoblast
activity is fo be diagnosed.

In a particular embodiment of the method of the invention, a method is provided for diagnosing in-
hibition of ostecblast activity comprising:

(a) selecting a male or female subject suspected to suffer from inhibition of osteoblast activity;
(b) obtaining a test sample from said selected subject;

(¢} pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 2a, 2b, 2c¢,
or 2d in said test sample, and

(e) comparing the amounts determined in step (d}) to a reference; and

() based on the comparison of step (), diagnose inhibition of osteoblast activity by monitoring,
confirmation or classification of the inhibition of osteoblast activity or its symptoms.

In a preferred embodiment of the aforementioned method said subject has been brought into con-
tact with a compound suspected fo be capable of inducing inhibition of osteoblast activity.

The present invention also relates to a method of determining whether a compound is capable of
inducing inhibition of csteoblast activity in a subject comprising: |

(a) determining in a sample of a subject which has been brought into contact with a compound
suspected to be capable of inducing inhibition of osteoblast activity the amount of at least one bi-
omarker selected from any one of Tables 2a, 2b, 2¢, and 2d; and

(b) comparing the amounts determined in step (a) to a reference, whereby the capability of the
compound to induce inhibition of osteoblast activity is determined.

In a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing inhibition of osteoblast activity in a subject comprising:
(a1) (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing inhi-
bition of osteoblast activity, or
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(a2) selecting a male or female subject brought into contact with a compound capable of inducing
inhibition of osteoblast activity;

(b) obtaining a test sample from said selected subject;

(c} pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 2a, 2b, 2c,
or 2d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (e}, identifying whether the compound is capable of inducing
inhibition of ostecblast activity, or not.

In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: Calcitonin (Salmon) and Calcium carbonate.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suffers from inhibition of osteoblast activity or (ii) a sub-
ject or group of subjects which has been brought into contact with at least one compound selected
from the group consisting of: Calcitonin (Salmon) and Calcium carbonate. In a more preferred em-
bodiment of said method essentially identical amounts for the biomarkers in the test sample and the
reference are indicative for inhibition of osteoblast activity.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects known to not suffer from inhibition of osteoblast activity or (if)
a subject or group of subjects which has not been brought into contact with at least one compound
selected from the group consisting of: Calcitonin (Salmon) and Calcium carbonate. In a more pre-
ferred embodiment of said methods amounts for the biomarkers which differ in the test sample in
comparison to the reference are indicative for inhibition of osteoblast activity.

In yet another embodiment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a population of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for inhibition of ostecblast activity.

The present invention also contemplates a method of identifying a substance for treating inhibition

of osteoblast activity comprising the steps of:

(a) determining in a sample of a subject suffering from inhibition of osteoblast activity which has

been brought into contact with a candidate substance suspected to be capable of treating inhibition
of osteoblast activity the amount of at least one biomarker selected from any one of Tables 2a, 2b,

2¢, and 2d; and
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(b) comparing the amounts determined in step (a) to a reference, whereby a substance capable
of treating inhibition of osteoblast activity is fo be identified.

In a particular embodiment of the method of the invention, a method is provided for identifying a
substance for treating inhibition of osteoblast activity comprising:

(a1) (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing inhi-
bition of osteoblast activity such that inhibition of osteoblast activity is elicited, or

(a2) selecting a male or female suffering from inhibition of osteoblast activity;

(b) obtaining a test sample from said selected subject;

(c) -pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 2a, 2b, 2c,
or 2d in said test sample, and '

(e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (e), identifying and selecting the substance for treating inhi-
bition of osteoblast activity.

In a preferred embodiment of the aforementioned method said reference is derived from (i) a sub-
ject or group of subjects which suffers from inhibition of osteoblast activity or (ii) a subject or group
of subjects which has been brought into contact with at least one compound selected from the
group consisting of: Calcitonin (Salmon) and Calcium carbonate. In a more preferred embodiment
of said method amounts for the biomarkers which differ in the test sample and the reference are
indicative for a substance capable of treating inhibition of cstecblast activity.

In another preferred embodiment of the aforementioned method said reference is derived from (i} a
subject or group of subjects known to not suffer from inhibition of osteoblast activity or (ii) a subject
or group of subjects which has not been brought into contact with at least one compound selected
from the group consisting of: Calcitonin (Salmon) and Calcium carbonate. In a more preferred em-
bodiment of the said methods essentially identical amounts for the biomarkers in the test sample
and the reference are indicative for a substance capable of treating inhibition of osteoblast activity.

In yet another preferred embodiment of the aforementioned method said reference is a calculated
reference for the biomarkers in a population of subjects. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating inhibition of osteoblast activity.

The present invention also relates to the use of at least one biomarker selected from any one of
Tables 2a, 2b, 2¢, or 2d or a detection agent for the said biomarker for diagnosing inhibition of os-
teablast activity in a sample of a subject.
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Moreover, the present invention relates to a device for diagnosing inhibition of osteoblast activity in
a sample of a subject suspected to suffer therefrom comprising:

(a) an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 2a, 2b, 2¢, or 2d which allows for determining the amount of the said biomarker pre-
sent in the sample; and, operatively linked thereto,

(b) an evaluation unit comprising a stored reference and a data processor which allows for com-
paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby inhibition of osteoblast activity is diagnosed.

In a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known to suffer from inhibition of osteoblast activity or a
subject or group of subjects which has been brought into contact with at least one compound se-
lected from the group consisting of Calcitonin (Salmon) and Calcium carbonate, and said data pro-
cessor executes instructions for comparing the amount of the at least one biomarker determined by
the analyzing unit to the stored reference, wherein an essentially identical amount of the at least
one biomarker in the test sample in comparison to the reference is indicative for the presence of
inhibition of osteoblast activity or wherein an amount of the at least one biomarker in the test sam-
ple which differs in comparison to the reference is indicative for the absence of inhibition of osteo-
blast activity.

In ancther preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from inhibition of osteoblast activi-
ty or a subject or group of subjects which has not been brought into contact with at least one com-
pound selected from the group consisting of Calcitonin (Salmon) and Calcium carbonate, and said
data processor executes instructions for comparing the amount of the at least one biomarker de-
termined by the analyzing unit to the stored reference, wherein an amount of the at least one bi-
omarker in the test sample which differs in comparison to the reference is indicative for the pres-
ence of inhibition of osteoblast activity or wherein an essential identical amount of the at least one
biomarker in the test sample in comparison to the reference is indicative for the absence of inhibi-
tion of ostecblast activity.

Further, the present invention relates to a kit for diagnosing inhibition of osteoblast activity compris-
ing a detection agent for the at least one biomarker selected from any one of Tables 2a, 2b, 2¢, or
2d and standards for the at least one biomarker the concentration of which is derived from a subject
or a group of subjects known to suffer from inhibition of osteoblast activity or derived from a subject
or a group of subjects known to not suffer from inhibition of osteoblast activity.
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In particular the present invention contemplates also the following specific methods, uses, devices
and kits.

The following definitions and explanations apply mutatis mutandis to all the previous embodiments
of the present invention as well as the embodiments described in the following.

The methods referred to in accordance with the present invention may essentially consist of the
aforementioned steps or may include further steps. Further steps may relate to sample pre-
treatment or evaluation of the diagnostic results obtained by the methods. Preferred further evalua-
tion steps are described elsewhere herein. The methods may partially or entirely be assisted by
automation. For example, steps pertaining to the determination of the amount of a biomarker can
be automated by robotic and automated reader devices. Likewise, steps pertaining to a comparison
of amounts can be automated by suitable data processing devices, such as a computer, comprising
a program code which when being executed carries out the comparison automatically. A reference
in such a case will be provided from a stored reference, e.g., from a database. It is to be under-
stood that the method is, preferably, a method carried out ex vivo on a sample of a subject, i.e. not
practised on the human or animal body.

The term "diagnosing” as used herein refers to assessing the probability according to which a sub-
ject is suffering from a condition, such as infoxication, disease or disorder referred to herein, or has
a predisposition for such a condition. Diagnosis of a predisposition may sometimes be referred to
as prognosis or prediction of the likelihood that a subject will develop the condition within a prede-
fined time window in the future. As will be understood by those skilled in the art, such an assess-
ment, although preferred to be, may usually not be correct for 100% of the subjects to be diag-
nosed. The term, however, requires that a statistically significant portion of subjects can be identi-
fied as suffering from the condition or having a predisposition for the condition. Whether a portion is
statistically significant can be determined without further ado by the person skilled in the art using
various well known statistic evaluation tools, e.g., determination of confidence intervals, p-value
determination, Student’s t-test, Mann-Whitney test, etc.. Details are found in Dowdy and Wearden,
Statistics for Research, John Wiley & Sons, New York 1883. Preferred confidence intervals are at
least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 95%. The p-values are,
preferably, 0.2, 0.1, 0.05.

Diagnosing according to the present invention also includes monitoring, confirmation, and classifi-
cation of a condition or its symptoms as well as a predisposition therefor. Monitoring refers to keep-
ing track of an already diagnosed condition or predisposition. Monitoring encompasses, ¢.g., de-
termining the progression of the condition or predisposition, determining the influence of a particular
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treatment on the progression of the condition or the influence of prophylactic measures such as a
prophylactic treatment or diet on the development of the condition in a subject having a predisposi-
tion. Said treatment, prophylactic measure or diet may be adjusted and the influence of the adjust-
ment may be investigated as an aspect of the monitoring. Moreover, if progression of the condition
or a predisposition therefor is monitored, said monitoring may also include determining a monitoring
frequency and to recommend and/or carry out additional monitoring measures such as measure-
ment of additional biochemical or other health parameters. Confirmation relates to the strengthen-
ing or substantiating a diagnosis of the condition or a predisposition for the condition already de-
termined using other indicators or markers. Confirmation may also include in an aspect the admin-
istration or adaptation of therapeutic measures based on the confirmed condition or predisposition
therefor. Classification relates to (i) allocating the condition into different classes, e.g., correspond-
ing to the strength of the symptoms accompanying the condition, or (i} differentiating between dif-
ferent stages, disease or disorders accompanying the condition. Classification may also include in
an aspect the administration or adaptation of therapeutic measures based on the classified condi-
tion, symptoms or predisposition therefor. A predisposition for the condition can be classified based
on the degree of the risk, i.e. the probability according to which a subject will develop the condition
later. Moreover, classification also, preferably, includes allocating a mode of action to a compound
to be tested by the methods of the present invention. Specifically, the methods of the present inven-
tion aliow for determination of a specific mode of action of a compound for which such mode of ac-
tion is not yet known. This is, preferably, achieved by comparing the amount determined for the at
least one biomarker or a biomarker profile representative for said compound to the amount of the
biomarker or biomarker profile determined for a compound for which the mode of action is known
as a reference. The classification of the mode of action allows an even more reliable assessment of
toxicity of a compound because the molecular targets of the compound are identified. The methods
of the present invention aiming at diagnosing a disease or condition may be used for screening
compounds for toxicological effects and reporting thereon as well as in compound development,
e.g., in increasing safety or in developing drugs or identifying effective concentrations.

In accordance with the present invention, a compound can also be identified as being capable of
inducing a bone disorder. Such identification, preferably, also includes making suggestions for the
manufacture, handling, storage and/or transport of the compound and its applications. Such sug-
gestions include establishing safety protocols for manufacture, handling, storage, fransport and/or
application, labelling the compound according to its toxicity potential, limiting exposure to humans,
animals and/or to the environment. Moreover, if a compound is identified as el'iciting a bone disor-
der, safety levels such as LD50/L.C50 and/or EDS0/ECS0 values and derived thresholds are, pref-
erably, determined.

The term "bone disorder” as used herein relates to any disorder of the bone affecting the compact
or spongy bone tissue. Bone tissue as used herein, preferably, is a ridgid type of connective tissue
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and cartilage with inclusions of minerals, in particular, carbonated hydroxyapetite. Most bones
comprise compact bone tissue forming a dense outer shaft as well as trabecullar bone tissue which
forms an inner spongy network of bone rod- and plate-like structures. Three cell types are pivotally
invioved in the formation of bones, i.e. osteoblasts, osteocyies and osteoblasts. Ostecblasts are
mesenchymal precursor ceils of osteocytes. Osteocytes are mature cells in the mineralized bone
tissue. Osteoclasts are macrophage-like cells which are caopable of demineralizing mineralized
bone tissue (bone resorption) and which are, therefore, involved in bone growth and restructuration.
Mineralization processes within the growing bones as well as the mature bones are goverend by
various endogenous and exogenous factors. An impaired mineralization process, either due to im-
paired osteblast maturation or activity, impaired mineralization and/or impaired osteoclast activity
results in various bone disorders also called osteopathies. The bone disorder referred to herein is,
preferably, accompanioed by impaired mineralization and/or inhibition of osteoblast activity and/or
maturation. A preferred and prominent bone disorder with impaired mineralization is osteoporosis.
Osteoporosis is associated with a reduced bone mineral density (BMD) and deteriorated bone ar-
chitecture. Another preferred disorder with impaired mineralization is osteopenia. Osteopenia is
also accompanied with a reduced BMD. Moreover, further bone metabolic disorders with impaired
mineralization include Padget’s disease of the bones, osteomalacia, hypophosphatasia, or osteitis
fibrosa cystica. Bone disorders as referred to herein encompass impaired bone mineralization and
the symptoms and consequences associated therewith as well as inhibition of osteoblast activity in
the bones.

Preferably, a bone disorder as used herein is induced by or is the result of the administration of a
chemical compound or drug, i.e. so-called toxin-induced bone disorder.

The symptoms and clinical signs of the aforementioned manifestations of bone disorder are well
known to the person skilled in the art and are described in detail in standard books of toxicology,
e.g., H. Marquardt, S. G. Schafer, R. O. McClellan, F. Welsch (eds.), “Toxicology”, Chapter 13: The
Liver, 1999, Academic Press, London.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 1a, 1b, tc, and 1d if the bone disorder is accompanied by impaired
mineralization.

Also preferably, the at least one biomarker to be determined by the methods of the present inven-
tion is selected from any one of Tables 2a, 2b, 2c¢, and 2d if the bone disorder is accompanied by
inhibition of osteoblast activity and/or maturation.

It was found in accordance with the present invention that a combination of more than one of the
biomarkers listed in the Tables further strengthen the diagnosis since each of the biomarkers is an



10

15

20

25

30

35

WO 2013/121382 PCT/IB2013/051228
19

apparently statistically independent predictor for the diagnosis. Moreover, the specificity for bone
disorder is also significantly increased since influences from other tissues on the marker abun-
dance are counterbalanced. Thus, the term “at least one” as used herein, preferably, refers to a
combination of at least 2, at least 3, at least 4, at least 5, af least 6, at least 7, at least 8, at least 9
or at least 10 of the biomarkers referred to in any one of the accompanying Tables. Preferably, all
biomarkers recited in any one of the Tables are to be determined in combination in accordance with
the methods of the present invention.

In the following, preferred biomarkers and groups of biomarkers are specified for the bone disor-
ders and subjects referred to in the Tables, below.

Tables 1a and 1b (impaired Bone mineralisation): Phenylalanine, myo-Inositol-2-phosphate, Lyso-
phosphatidylcholine (C17:0), Eicosaenoic acid (C20:1) No 02 or Glucose.

Tables 1c and 1d (impaired Bone mineralisation): TAG No 07, Pyruvate, Heptadecanoic acid
(C17:0), TAG (C18:1,C18:2) or Hippuric acid.

Tables 2a and 2b (Bone osteoblast inhibitors): Isoleucine, Ketoleucine, Leucine, Dodecanol or
Phosphate (inorganic and organic phosphates).

Tables 2¢ and 2d (Bone osteoblast inhibitors): TAG (C16:0,C18:1,C18:3), Cholesterolester No 01,
Threonine, 18-Hydroxy-11-deoxycorticosterone or TAG (C16:0,C18:2).

Thus, preferably, the at least one biomarker is at least one biomarker selected from the aforemen-
tioned group or the at least one biomarker is a combination of biomarkers consisting or comprising
the aforementioned group of biomarkers. The aforementioned biomarkers and combinations of bi-
omarkers have been identified as key biomarkers having a particular high diagnostic value as de-
scribed in more detail in the accompanying Examples.

Furthermore, other biomarkers or clinical parameters including known metabolites, genstic muta-
tions, transcript and/or protein amounts or enzyme activities may still be determined in addition.
Such, additional clinical or biochemical parameters which may be determined in accordance with
the method of the present invention are well known in the art.

The term “biomarker” as used herein refers to a chemical compound whose presence or concentra-
tion in a sample is indicative for the presence or absence or strength of a condition, preferably,
hone disorder as referred to herein. The chemical compound is, preferably, a metabolite or an ana-
lyte derived therefrom. An analyte is a chemical compound which can be identical to the actual me-
tabolite found in an organism. However, the term also includes derivatives of such metabolites
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which are either endogenously generated or which are generated during the isolation or sample
pre-treatment or as a result of carrying out the methods of the invention, e.g., during the purification
and/or determination steps. In specific cases the analyte is further characterized by chemical prop-
erties such as solubility. Due to the said properties, the analyte may occur in polar or lipid fractions
obtained during the purification and/or determination process. Thus, chemical properties and, pref-
erably, the solubility shall result in the occurrence of an analyte in either polar or lipid fractions ob-
tained during the purification andfor determination process. Accordingly, the said chemical proper-
ties and, in particular the solubility taken into account as the occurrence of an analyte in either polar
or lipid fractions obtained during the purification and/or determination process shall further charac-
terize the analyte and assist in its identification. Details on how these chemical properties can be
determined and taken intc account are found in the accompanying Examples described below.
Preferably, the analyte represents the metabolite in a qualitative and quantitative manner and, thus,
allows inevitably concluding on the presence or absence or the amount of the metabolite in a sub-
ject or at least in the test sample of said subject. Biomarker, analyte and metabolite are referred to
herein in the singular but also include the plurals of the terms, i.e. refer to a plurality of biomarker,
analyte or metabolite molecules of the same molecular species. Moreover, a biomarker according
1o the present invention is not necessarily corresponding to one molecular species. Rather, the bi-
omarker may comprise sterecisomers or enantiomers of a compound. Further, a biomarker can
also represent the sum of isomers of a biclogical class of isomeric molecules. Said isomers shall
exhibit identical analytical characteristics in some cases and are, therefore, not distinguishable by
various analytical methods including those applied in the accompanying Examples described be-
low. However, the isomers will share at least identical sum formula parameters and, thus, in the
case of, e.g., lipids an identical chain length and identical numbers of double bonds in the fatty acid
and/or sphingo base moieties

The term “test sample” as used herein refers to samples to be used for the diagnosis of bone disor-
der by the methods of the present invention. Preferably, said {est sample is a biological sample,
Samples from biological sources (i.e. biological samples) usually comprise a plurality of metabo-
lites. Preferred biological samples to be used in the method of the present invention are samples
from body fluids, preferably, blood, plasma, serum, saliva, bile, urine or cerebrospinal fluid, or sam-
ples derived, e.g. by biopsy, from cells, tissues or organs, preferably from the liver. More preferably,
the sample is a biood, plasma or serum sample, most preferably, a plasma sample. Biological
samples are derived from a subject as specified elsewhere herein. Techniques for obtaining the
aforementioned different types of biological samples are well known in the art. For example, blood
samples may be obtained by blood taking white tissue or organ samples are to be oblained, e.g. by
biopsy.

The aforementioned samples are, preferably, pre-treated before they are used for the methods of
the present invention. As described in more detail below, said pre-treatment may include treat-
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ments required to release or separate the compounds or to remove excessive material or waste.
Suitable techniques comprise centrifugation, extraction, fractioning, ultra-filtration, protein precipita-
tion followed by filtration and purification and/or enrichment of compounds. Moreover, other pre-
treatments are carried out in order to provide the compounds in a form or concentration suitable for
compound analysis. For example, if gas-chromatography coupled mass spectrometry is used in the
method of the present invention, it will be required to derivatize the compounds prior to the said gas
chromatography. Suitable and necessary pre-treatments depend on the means used for carrying
out the method of the invention and are well known to the person skilled in the art. Pre-treated
samples as described before are also comprised by the term “sample” as used in accordance with
the present invention.

The term “subject” as used herein relates to animals, preferably to mammals such as mice, rats,
guinea pigs, rabbits, hamsters, pigs, sheep, dogs, cats, horses, monkeys, or cows and, also prefer-
ably, to humans. More preferably, the subject is a rodent and, most preferably, a rat. Other animals
which may be diagnosed applying the methods of the present invention are fishes, birds or reptiles.
Preferably, said subject was in or has been brought into contact with a compound suspected to be
capable of inducing bone disorder. A subject which has been brought into contact with a compound
suspected to induce bone disorder may, e.g., be a laboratory animal such as a rat which is used in
a screening assay for, e.g., toxicity of compounds. A subject suspected to have been in contact
with a compound capable of inducing bone disorder may be also a subject to be diagnosed for se-
lecting a suitable therapy. Preferably, a compound capable of inducing bone disorder as used here-
in is Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium carbonate.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 1a or 1b if the subject is a female.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 1c¢, 1d, 2a, 2b, 2¢, or 2d if the subject is a male.

The term “determining the amount” as used herein refers to determining at least one characteristic
feature of the biomarker, i.e. the metabolite or analyte. Characteristic features in accordance with
the present invention are features which characterize the physical and/or chemical properties in-
cluding biochemical properties of a biomarker. Such properties include, e.g., molecular weight, vis-
cosity, density, electrical charge, spin, optical activity, colour, fluorescence, chemoluminescence,
elementary composition, chemical structure, capability to react with other compounds, capability to
elicit a response in a biological read out system (e.g., induction of a reporter gene) and the like.
Values for said properties may serve as characteristic features and can be determined by tech-
niques well known in the art. Moreover, the characteristic feature may be any feature which is de-
rived from the values of the physical and/or chemical properties of a biomarker by standard opera-
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tions, e.g., mathematical calculations such as multiplication, division or logarithmic calculus. Most
preferably, the at least one characteristic feature allows the determination and/or chemical identifi-
cation of the biomarker and its amount. Accordingly, the characteristic value, preferably, also com-
prises information relating to the abundance of the biomarker from which the characteristic value is
derived. For example, a characteristic value of a biomarker may be a peak in a mass spectrum.
Such a peak contains characteristic information of the biomarker, i.e. the m/z (mass to charge ratio)
information, as well as an intensity value being related to the abundance of the said biomarker (i.e.
its amount) in the sample.

As discussed before, the at least one biomarker to be determined in accordance with the methods
of the present invention may be, preferably, determined quantitatively or semi-quantitatively. For
quantitative determination, either the absolute or precise amount of the biomarker will be deter-
mined or the relative amount of the biomarker will be determined based on the value determined for
the characteristic feature(s) referred to herein above. The relative amount may be determined in a
case were the precise amount of a biomarker can or shall not be determined. In said case, it can be
determined whether the amount in which the biomarker is present is enlarged or diminished with
respect to a second sample comprising said biomarker in a second amount. Quantitatively analys-
ing a biomarker, thus, also includes what is sometimes referred to as semi-quantitative analysis of
a biomarker.

Moreover, determining as used in the methods of the present invention, preferably, includes using a
compound separation step prior to the analysis step referred to before. Preferably, said compound
separation step yields a time resolved separation of the at least one biomarker comprised by the
sample. Suitable techniques for separation to be used preferably in accordance with the present
invention, therefore, include all chromatographic separation techniques such as liquid chromatog-
raphy (LC), high performance liquid chromatography (HPLC), gas chromatography {GC), thin layer
chromatogréphy, size exclusion or affinity chromatography. These techniques are well known in the
art and can be applied by the person skilled in the art without further ado. Most preferably, LC
and/or GC are chromatographic techniques to be envisaged by the methods of the present inven-
tion. Suitable devices for such determination of biomarkers are well known in the art. Preferably,
mass spectrometry is used in particular gas chromatography mass spectrometry (GC-MS), liquid
chromatography mass spectrometry (LC-MS), direct infusion mass spectrometry or Fourier trans-
form ion-cyclotrone-resonance mass spectrometry (FT-ICR-MS), capillary electrophoresis mass
spectrometry (CE-MS), high-performance liquid chromatography coupled mass spectrometry
{HPLC-MS), quadrupole mass spectrometry, any sequentially coupled mass spectrometry, such as
MS-MS or MS-MS-MS, inductively coupled plasma mass spectrometry (ICP-MS), pyrolysis mass
spectrometry (Py-MS), ion mobility mass spectrometry or time of flight mass spectrometry (TOF).
Most preferably, LC-MS and/or GC-MS are used as described in detail below. Said techniques are
disclosed in, e.g., Nissen 1995, Journal of Chromatography A, 703: 37-57, US 4,540,884 or US
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5,397,894, the disclosure content of which is hereby incorporated by reference. As an alternative or
in addition to mass spectrometry techniques, the following techniques may be used for compound
determination; nuclear magnetic resonance (NMR), magnetic resonance imaging (MRI), Fourier
transform infrared analysis (FT-IR), ultraviolet (UV) spectroscopy, refraction index (RI), fluorescent
detection, radiochemical detection, electrochemical detection, light scattering (LS), dispersive Ra-
man spectroscopy or flame ionisation detection (FID). These techniques are well known to the per-
son skilled in the art and can be applied without further ado. The method of the present invention
shall be, preferably, assisted by automation. For example, sample processing or pre-treatment can
be automated by robotics. Data processing and comparison is, preferably, assisted by suitable
computer programs and databases. Automation as described herein before allows using the meth-
od of the present invention in high-throughput approaches.

Moreover, the biomarker can also be determined by a specific chemical or biological assay. Said
assay shall comprise means which allow for specifically detecting the biomarker in the sample.
Preferably, said means are capable of specifically recognizing the chemical siructure of the bi-
omarker or are capable of specifically identifying the biomarker based on its capability to react with
other compounds or its capability to elicit a response in a biological read out system (e.g., induction
of a reporter gene). Means which are capable of specifically recognizing the chemical structure of
a biomarker are, preferably, detection agents which specifically bind to the biomarker, more prefer-
ably, antibodies or other proteins which specifically interact with chemical structures, such as re-
ceptors or enzymes, or aptameres. Specific antibodies, for instance, may be obtained using the
biomarker as antigen by methods well known in the art. Antibodies as referred to herein include
both polyclonal and monoclonal antibodies, as well as fragments thereof, such as Fv, Fab and
F(ab). fragments that are capable of binding the antigen or hapten. The present invention also in-
cludes humanized hybrid antibodies wherein amino acid sequences of a non-human donor anti-
body exhibiting a desired antigen-specificity are combined with sequences of a human acceptor
antibody. Moreover, encompassed are single chain antibodies. The donor sequences will usually
include at least the antigen-binding amino acid residues of the donor but may comprise other struc-
turally and/or functionally relevant amino acid residues of the donor antibody as well. Such hybrids
can be prepared by several methods well known in the art. Suitable proteins which are capable of
specifically recognizing the metabolite are, preferably, enzymes which are involved in the metabolic
conversion of the said biomarker. Said enzymes may either use the biomarker, e.g., a metabolite,
as a substrate or may convert a substrate into the biomarker, e.g., metabolite. Moreover, said anti-
bodies may be used as a basis to generate oligopeptides which specifically recognize the bi-
omarker. These oligopeptides shall, for example, comprise the enzyme’s binding domains or pock-
ets for the said biomarker. Suitable antibody and/or enzyme based assays may be RIA (radioim-
munoassay), ELISA (enzyme-linked immunosorbent assay), sandwich enzyme immune tests, elec-
trochemiluminescence sandwich immunoassays (ECLIA), dissociation-enhanced lanthanide fluoro
immuno assay (DELFIA) or solid phase immune tests. Aptameres which specifically bind to the
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biomarker can be generated by methods well known in the art (Ellington 1990, Nature 346:818-822;
Vater 2003, Curr Opin Drug Discov Devel 6(2): 253-261). Moreover, the biomarker may also be
identified based on its capability to react with other compounds, i.e. by a specific chemical reaction.
Further, the biomarker may be determined in a sample due to its capability to elicit a response in a
biological read out system. The biclogical response shall be detected as read out indicating the
presence and/or the amount of the metabolite comprised by the sample. The biological response
may be, e.g., the induction of gene expression or a phenotypic response of a cell or an organism.

The term “reference” refers to values of characteristic features of the at least cne biomarker and,
preferably, values indicative for an amount of the said biomarker which can be correlated to bone
disorder.

Such references are, preferably, obtained from a sample derived from a subject or group of sub-
jects which suffer from bone disorder or from a sample derived from a subject or group of subjects
which have/has been brought into contact with Sodium perchlorate, Sodium fluoride, Calcitonin
(Salmon) or Calcium carbonate. A subject or group of subjects may be brought into contact with the
said compounds by each topic or systemic administration mode as long as the compounds become
bioavailable.

Preferably, the aforementioned compounds can be administered to the subject or the indiividuals of
the group of subjects from which the reference is derived as described in the accompanying Exam-
ples and Tables below.

In particular, Sodium perchlorate or Sodium fluoride as referred to herein are compounds capable
of inducing impaired mineralization while Calcitonin {(Salmon) and Calcium carbonate shall be ca-
pable of inducing inhibition of osteoblast activity and/or maturation.

Alternatively, but nevertheless also preferred, the reference may be obtained from sample derived
from a subject or group of subjects which has not been brought into contact with Sodium perchlo-
rate, Sodium fiucride, Calcitonin (Salmon}) or Calcium carbonate or a healthy subject or group of
such subjects with respect to bone disorder and, more preferably, other diseases as well.

The reference may be determined as described hereinabove for the amounts of the biomarkers. In
particular, a reference is, preferably, obtained from a sample of a group of subjects as referred to
herein by determining the relative or absolute amounts of each of the at least one biomarker(s) in
samples from each of the individuals of the group separately and subsequently determining a me-
dian or average value for said relative or absolute amounts or any parameter derived therefrom by
using statistical techniques referred to elsewhere herein. Alternatively, the reference may be, pref-
erably, obtained by determining the relative or absolute amount for each of the at least one bi-
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omarker in a sample from a mixture of samples of the group of subjects as referred to herein. Such
a mixture, preferably, consists of portions of equal volume from samples obtained from each of the
individuals of the said group.

Moreover, the reference, also preferably, could be a calculated reference, most preferably the av-
erage or median value, for the relative or absolute amount for each of the at least one biomarker
derived from a population of individuals. Said population of individuals is the population from which
the subject to be investigated by the method of the present invention originates. However, it is {o be
understood that the population of subjects to be investigated for determining a calculated reference,
preferably, either consist of apparently healthy subjects (e.g. untreated) or comprise a number of
apparently healthy subjects which is large enough to be statistically resistant against significant
average or median changes due to the presence of the test subject(s) in the said population. The
absolute or relative amounts of the at least one biomarker of said individuals of the population can
be determined as specified elsewhere herein. How to calculate a suitable reference value, prefera-
bly, the average or median, is well known in the art. Other techniques for calculating a suitable ref-
erence inciude optimization using receiver operating characteristics (ROC) curve calculations which
are also well known in the art and which can be performed for an assay system having a given
specificity and sensitivity based on a given cohort of subjects without further ado. The population or
group of subjects referred to before shall comprise a plurality of subjects, preferably, at least 5, 10,
50, 100, 1,000 or 10,000 subjects up to the entire population. More preferably, the group of sub-
jects referred to in this context is a group of subjects having a size being statistically representative
for a given population, i.e. a statistically representative sample. It is to be understood that the sub-
ject to be diagnosed by the methods of the present invention and the subjects of the said plurality of
subjects are of the same species and, preferably, of the same gender.

More preferably, the reference will be stored in a suitable data storage medium such as a database
and are, thus, also available for future diagnoses. This also allows efficiently diagnosing predisposi-
tion for bone disorder because suitable reference results can be identified in the database once it
has been confirmed (in the future) that the subject from which the corresponding reference sample
was obtained {indeed) developed bone disorder.

The term “comparing” refers to assessing whether the amount of the qualitative or quantitative de-
termination of the at least one biomarker is identical to a reference or differs therefrom.

In case the reference results are obtained from a sample derived from a subject or group of sub-
jects suffering from bene disorder or a subject or group of subjects which has been brought into
contact with Sodium perchlorate, Sodium fluoride, Calcifonin (Salmon) or Calcium carbonate, bone
disorder can be diagnosed based on the degree of identity or similarity between the amounts ob-
tained from the test sample and the aforementioned reference, i.e. based on an identical qualitative
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or quantitative composition with respect to the at least one biomarker. ldentical amounts include
those amounts which do not differ in a statistically significant manner and are, preferably, within at
least the interval between 1st and 99th percentile, 5th and 95th percentile, 10th and 90th percentile,
20th and 80th percentile, 30th and 70th percentile, 40th and 60th percentile of the reference, more
preferably, the 50th, 60th, 70th, 80th, 20th or 95th percentile of the reference. A reference obtained
from a sample derived from a subject or group of subjects suffering from bone disorder or a subject
or group of subjects which has been brought into contact with Sodium perchlorate, Sodium fluoride,
Cailcitonin (Salmon) or Calcium carbonate, can be applied in the methods of the present invention
in order to diagnose bone disorder or for determining whether a compound is capable of inducing
bone disorder in a subject. In such a case, preferably, an amount of the at least one biomarker
which is essentially identical to the reference will be indicative for the presence of bone disorder or
a compound which is capable of inducing bone disorder, while an amount of the at least one bi-
omarker which differs from the reference will be indicative for the absence of bone disorder or a
compound which is not capable of inducing bone disorder.

Moreover, a reference obtained from a sample derived from a subject or group of subjects suffering
from bone disorder or a subject or group of subjects which has been brought info contact with So-
dium perchlorate, Sodium fluoride, Calcitonin (Salmon) or Calcium carbonate, can be applied for
identifying a substance for treating bone disorder. In such a case, preferably, an amount of the at
least one biomarker which differs from the reference will be indicative for a substance suitable for
treating bone disorder, while an amount of the at least one biomarker which is essentially identical
to the reference will be indicative for a substance which is not capable of treating bone disorder.

In case the reference results are obtained from a sample of a subject or group of subjects which
has not been brought into contact with Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) or
Calcium carbonate or which does not suffer from bone disorder, said bone disorder can be diag-
nosed based on the differences between the test amounts obtained from the test sample and the
aforementioned reference, i.e. differences in the qualitative or quantitative composition with respect
to the at least one biomarker.

The same appiies if a calculated reference as specified above is used.

The difference may be an increase in the absolute or relative amount of the at least one biomarker
(sometimes referred to as up-regulation of the biomarker; see also Examples) or a decrease in ei-
ther of said amounts or the absence of a detectable amount of the biomarker (sometimes referred
to as down-regulation of the biomarker; see also Examples). Preferably, the difference in the rela-
tive or absolute amount is significant, i.e. outside of the interval between 45" and 55t percentile,
40t and 60t percentile, 30 and 70" percentile, 20t and 80t percentile, 10 and 90™ percentile, 5t
and 95% percentile, 1¢t and 99" percentile of the reference.
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A reference obtained from a sample derived from a subject or group of subjects which has not been
brought into contact with Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) or Calcium car-
bonate or which does not suffer from bone disorder can be applied in the methods of the present
invention in order to diagnose the bone disorder or for determining whether a compound is capable
of inducing bone disorder in a subject. In such a case, preferably, an amount of the at least one
biomarker which differs from the reference will be indicative for the presence of bone disorder or a
compound which is capable of inducing bone disorder, while an amount of the at least one bi-
omarker which is essentially identical to the reference will be indicative for the absence of bone
disorder or a compound which is not capable of inducing bone disorder. Moreover, a reference ob-
tained from a sample derived from a subject or group of subjects which has not been brought into
contact with Sodium perchlorate, Sodium fluoride, Calcitonin {(Salmon} or Calcium carbonate, or
which does not suffer from bone disorder can be applied for identifying a substance for treating
bone disorder. In such a case, preferably, an amount of the at least one biomarker which is essen-
tially identical to the reference will be indicative for a substance suitable for treating bone disorder,
while an amount of the at least one biomarker which differs from the reference will be indicative for
a substance which is not suitable for treating bone disorder.

Preferred references are those referred to in the accompanying Tables or those which can be gen-
erated following the accompanying Examples. Moreover, relative differences, i.e. increases or de-
creases in the amounts for individual biomarkers, are preferably, those recited in the Tables below.
Moreover, preferably, the extent of an observed difference, i.e. an increase or decrease, is prefera-
bly, an increase or decrease according to the factor indicated in the Tables, beiow.

Preferably, the at least one biomarker when selected from Tables 1a, 1c, 2a, or 2¢ is increased with
respect to a reference obtained from a sample derived from a subject or group of subjects which
has not been brought into contact with Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) or
Calcium carbonate or a sample obtained from a healthy subject or group of subjects as indicated in
the said Tables.

Preferably, the at least one biomarker when selected from Tables 1b, 1d, 2b or 2d decreased with
respect to a reference obtained from a sample derived from a subject or group of subjects which
has not been brought into contact with Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) or
Calcium carbonate or a sample obtained from a healthy subject or group of subjects as indicated in
the said Tables.

The comparison is, preferably, assisted by automation. For example, a suitable computer program
comprising algorithm for the comparison of two different data sets (e.g., data sets comprising the
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values of the characteristic feature(s)) may be used. Such computer programs and algorithm are
well known in the art. Notwithstanding the above, a comparison can also be carried out manually.

The term “substance for treating bone disorder” refers to compounds which may directly interfere
with the biological mechanisms inducing bone disorder referred to elsewhere in this specification.
Alternatively, but also preferred the compounds may interfere with the development or progression
of symptoms associated with the bone disorder. Substances to be identified by the method of the
present invention may be organic and inorganic chemicals, such as small molecules, polynucleo-
tides, oligonucleotides including siRNA, ribozymes or micro RNA molecules, peptides, polypeptides
including antibodies or other artificial or biological polymers, such as aptameres. Preferably, the
substances are suitable as drugs, pro-drugs or lead substances for the development of drugs or
pro-drugs. Thus, in an aspect of the invention, the method may further include a step comprising
identifying and/or confirming the identified and selected substance a drug, pro-drug or drug or pro-
drug candidate for further clinical development. Such clinical development may, preferably, includes
pharmacological studies of the substance, toxicological determinations of the substance, animal
and human drug testing, including clinical trials of all phases.

It is to be understood that if the methods of the present invention are fo be used for identifying
drugs for the therapy of bone disorder or for toxicological assessments of compounds (i.e. deter-
mining whether a compound is capable of inducing bone disorder), test samples of a plurality of
subjects may be investigated for statistical reasons. Preferably, the metabolome within such a co-
hort of test subjects shall be as similar as possible in order to avoid differences which are caused,
e.g., by factors other than the compound to be investigated. Subjects to be used for the said meth-
ods are, preferably, laboratory animals such as rodents and more preferably rats. It is to be under-
stood further that the said laboratory animals shall be, preferably, sacrificed after completion of the
methods of the present invention. All subjects of a cohort test and reference animals shall be kept
under identical conditions to avoid any differential environmental influences. Suitable conditions
and methods of providing such animals are described in detail in W02007/014825. Said conditions
are hereby incorparated by reference.

Accordingly, the methods of the invention aiming at identifying a substance for treating bone disor-
ders and, in particular, impaired bone mineralization and the symptoms and consequences associ-
ated therewith and/or inhibition of osteoblast activity, preferably, include additional steps. Prefera-
bly, further steps include carrying out preclinical studies with the substance in order to identify
pharmacological and/or toxicological parameters thereof, such as EDS0/EC50 and/or LD30/LC30
thresholds, carrying out clinical trials, e.g., for determining therapeutic efficacy and safety of the
substance and the formulation of the identified substance in a pharmaceutically acceptable form.
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The substance can, preferably, be formulated for topical or systemic administration. Conventionally,
a drug will be administered intra-muscular or, subcutaneous. However, depending on the nature
and the mode of action of a substance, it may, however, be administered by other routes as well.
The substance is, preferably, formulated for administration in conventional dosage forms and pre-
pared by combining the identified substance with standard pharmaceutical carriers according to
conventional procedures. These procedures may involve mixing, granulating, and compression, or
dissolving the ingredients as appropriate to the desired preparation. It will be appreciated that the
form and character of the pharmaceutical acceptable carrier or diluent is dictated by the amount of
active ingredient with which it is to be combined, the route of administration, and other well-known
variables. A carrier must be acceptable in the sense of being compatible with the other ingredients
of the formulation and being not deleterious to the recipient thereof. The pharmaceutical carrier
employed may include a solid, a gel, or a liquid. Without being limiting, examples for solid carriers
are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid
and the like. Without being limiting, exemplary of liquid carriers are phosphate buffered saline solu-
tion, syrup, oil, water, emulsions, various types of wetting agents, and the like. Similarly, the carrier
or diluent may include time delay material well known to the art, such as glyceryl mono-stearate or
glyceryl distearate alone or with a wax. Said suitable carriers comprise those mentioned above and
others well known in the art, see, e.g., Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pennsylvania. A diluent is selected so as not to affect the biological activity of
the combination. Without being limiting, examples of such diluents are distilled water, physiological
saline, Ringer's solutions, dextrose solution, and Hank's solution. In addition, the pharmaceutical
composition or formulation may also include other carriers, adjuvants, or non-toxic, non-therapeutic,
non-immunogenic stabilizers and the like. [t is to be understood that the formulation of a substance
as a drug takes place under GMP standardized conditions or the like in order to ensure quality,
pharmaceutical security, and effectiveness.

The methods of the present invention can be, preferably, implemented by the device of the present
invention. A device as used herein shall comprise at least the aforementioned units. The units of
the device are operatively linked to each other. How to link the units in an operating manner will
depend on the type of units included into the device. For example, where means for automatically
qualitatively or quantitatively determining the at least one biomarker are applied in an analyzing
unit, the data obtained by said automatically operating unit can be processed by the evaluation unit,
e.g., by a computer program which runs on a computer being the data processor in order to facili-
tate the diagnosis. Preferably, the units are comprised by a single device in such a case. However,
the analyzing unit and the evaluation unit may also be physically separate. In such a case operative
linkage can be achieved via wire and wireless connections between the units which allow for data
transfer. A wireless connection may use Wireless LAN (WLAN) or the internet. Wire connections
may be achieved by optical and non-optical cable connections between the units. The cables used
for wire connections are, preferably, suitable for high throughput data transport
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A preferred analyzing unit for determining at least one biomarker comprises a detection agent, such
as an antibody, protein or aptamere which specifically recognizes the at least one biomarker as
specified elsewhere herein, and a zone for contacting said detection agent with the sample {o be
tested. The detection agent may be immcebilized on the zone for contacting or may be applied to the
said zone after the sample has been loaded. The analyzing unit shall be, preferably, adapted for
qualitatively and/or quantitatively determine the amount of complexes of the detection agent and
the at least one biomarker. It will be understocd that upon binding of the detection agent to the at
least one biomarker, at least one measurable physical or chemical property of either the at least
one biomarker, the detection agent or both will be altered such that the said alteration can be
measured by a detector, preferably, comprised in the analyzing unif. However, where analyzing
units such as test stripes are used, the detector and the analyzing units may be separate compo-
nents which are brought together only for the measurement. Based on the detected alteration in the
at least one measurable physical or chemical property, the analyzing unit may calculate an intensity
value for the at least one biomarker as specified elsewhere herein. Said intensity value can then be
transferred for further processing and evaluation to the evaluation unit. Most preferably, the amount
of the at least one biomarker can be determined by ELISA, EIA, or RIA based techniques using a
detection agent as specified elsewhere herein. Alternatively, an analyzing unit as referred to herein,
preferably, comprises means for separating biomarkers, such as chromatographic devices, and
means for biomarker determination, such as spectrometry devices. Suitable devices have been
described in detail above. Preferred means for compound separation to be used in the system of
the present invention include chromatographic devices, more preferably devices for liquid chroma-
tography, HPLC, and/or gas chromatography. Preferred devices for compound determination com-
prise mass spectrometry devices, more preferably, GC-MS, LC-MS, direct infusion mass spectrom-
etry, FT-ICR-MS, CE-MS, HPLC-MS, quadrupole mass spectrometry, sequentially coupled mass
spectrometry (including M3-MS or MS-MS-MS), ICP-MS, Py-MS or TOF. The separation and de-
termination means are, preferably, coupled to each other. Most preferably, LC-MS and/or GC-MS is
used in the analyzing unit referred to in accordance with the present invention.

The evaluation unit of the device of the present invention, preferably, comprises a data processing
device or computer which is adapted to execute rules for carrying out the comparison as specified
eisewhere herein. Moreover, the evaluation unit, preferably, comprises a database with stored ref-
erences. A database as used herein comprises the data collection on a suitable storage medium.
Moreover, the database, preferably, further comprises a database management system. The data-
base management system is, preferably, a network-based, hierarchical or object-oriented database
management system. Furthermore, the database may be a federal or integrated database. More
preferably, the database will be implemented as a distributed {federal) system, e.g. as a Client-
Server-System. More preferably, the database is struciured as to allow a search algorithm to com-
pare a test data set with the data sets comprised by the data collection. Specifically, by using such
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an algorithm, the database can be searched for similar or identical data sets being indicative for
bone disorder (e.g. a query search). Thus, if an identical or similar data set can be identified in the
data collection, the test data set will be associated with bone disorder. The evaluation unit may also
preferably comprise or be operatively linked to a further database with recommendations for thera-
peutic or preventive interventions or life style adaptations based on the established diagnosis of
bone disorder. Said further database can be, preferably, automatically searched with the diagnostic
result obtained by the evaluation unit in order to identify suitable recommendations for the subject
from which the test sample has been obtained in order to treat or prevent bone disorder.

In a preferred embodiment of the device of the present invention, said stored reference is a refer-
ence derived from a subject or a group of subjects known to suffer from bone disorder or a subject
or group of subjects which has been brought into contact with at least one compound selected from
the group consisting of Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) or Gaicium car-
bonate, and said data processor executes instructions for comparing the amount of the at least one
biomarker determined by the analyzing unit to the stored reference, wherein an essentially identical
amount of the at least one biomarker in the test sample in comparison to the reference is indicative
for the presence of bone disorder or wherein an amount of the at least one biomarker in the test
sample which differs in comparison to the reference is indicative for the absence of bone disorder.

In another preferred embodiment of the device of the present invention, said stored reference is a
reference derived from a subject or a group of subjects known not to suffer from bone disorder or a
subject or group of subjects which has not been brought into contact with at least one compound
selected from the group consisting of 1 Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon}
or Calcium carbonate, and said data processor executes instructions for comparing the amount of
the at least one biomarker determined by the analyzing unit to the stored reference, wherein an
amount of the at least one biomarker in the test sample which differs in comparison to the reference
is indicative for the presence of bone disorder or wherein an essentially identical amount of the at
least one biomarker in the test sample in comparison to the reference is indicative for the absence
of bone disorder.

The device, thus, can also be used without special medical knowledge by medicinal or taboratory
staff or patients, in particular when an expert system making recommendations is included. The
device is also suitable for near-patient applications since the device can be adapted to a portable
format.

The term “kit” refers to a collection of the aforementioned components, preferably, provided sepa-
rately or within a single container. The container also comprises instructions for carrying out the
method of the present invention. These instructions may be in the form of a manual or may be pro-
vided by a computer program code which is capable of carrying out the comparisons referred to in
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the methods of the present invention and to establish a diagnosis accordingly when implemented
on a computer or a data processing device. The computer program code may be provided on a
data storage medium or device such as an optical or magnetic storage medium (e.g., a Compact
Disc (CD), CD-ROM, a hard disk, optical storage media, or a diskette) or directly on a computer or
data processing device. A “standard” as referred fo in connection with the kit of the invention is an
amount of the at least one biomarker when present in solution or dissolved in a predefined volume
of a solution resembles the amount of the at least one biomarker which is present (i) in a subject or
a group of subjects known to suffer from bone disorder or a subject or group of subjects which has
been brought into contact with at least one compound selected from the group consisting of Sodium
perchlorate, Sodium fluoride, Caicitonin (Salmon) or Calcium carbonate or (i) derived from a sub-
ject or a group of subjects known to not suffer from therefrom or a subject or group of subjects
which has not been brought into contact with at least one compound selected from the group con-
sisting of Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) or Calcium carbonate.

Advantageously, it has been found in the study underlying the present invention that the amount of
at least one biomarker as specified herein allows for diagnosing bone disorder, specifically bone
disorder induced by Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) or Calcium car-
bonate. The specificity and accuracy of the method will be even more improved by determining an
increasing number or even all of the aforementioned biomarkers. A change in the quantitative
and/or qualitative composition of the metabolome with respect to these specific biomarkers is indic-
ative for bone disorder even before other signs of the said toxicity are clinically apparent. The mor-
phological, physiological as well as biochemical parameters which are currently used for diagnosing
bone disorder are less specific and less sensitive in comparison to the biomarker determination
provided by the present invention. Thanks to the present invention, bone disorder of a compound
can be more efficiently and reliably assessed. Moreover, based on the aforementioned findings,
screening assays for drugs which are useful for the therapy of bone disorder are feasible. In gen-
eral, the présent invention contemplates the use of at least one biomarker in a sample of a subject
selected from any one of the Tables 1a, 1b, 1c, 1d, 2a, 2b, 2¢, or 2d or a detection agent for said
biomarker for diagnosing bone disorder, for determining whether a compound is capable of induc-
ing bone disorder or for identifying a substance capable of treating bone disorder. Further, the pre-
sent invention, in general, contemplates the use of the at least one biomarker in a sample of a sub-
ject or a detection agent therefor for identifying a subject being susceptible for a treatment of bone
disorder. Preferred detection agents to be used in this context of the invention are those referred to
elsewhere herein. Moreover, the methods of the present invention can be, advantageously, imple-
mented into a device. Furthermore, a kit can be provided which allows for carrying out the methods.

The present invention also relates to a data collection comprising characteristic values for the bi-
omarkers recited in any one of Tables 1a, 1b, 1¢, 1d, 2a, 2b, 2¢, or 2d. The term “data collection”
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refers to a collection of data which may be physically and/or logically grouped together. According-
ly, the data collection may be implemented in a single data storage medium or in physically sepa-
rated data storage media being operatively linked to each other. Preferably, the data collection is
implemented by means of a database. Thus, a database as used herein comprises the data collec-
tion on a suitable storage medium. Moreover, the database, preferably, further comprises a data-
base management system. The database management system is, preferably, a network-based,
hierarchical or object-oriented database management system. Furthermore, the database may be a
federal or integrated database. More preferably, the database will be implemented as a distributed
(federal) system, e.g. as a Client-Server-System. More preferably, the database is structured as to
allow a search aigorithm to compare a test data set with the data sets comprised by the data collec-
tion. Specificaily, by using such an algorithm, the database can be searched for similar or identical
data sets being indicative for bone disorder (e.g. a query search). Thus, if an identical or similar
data set can be identified in the data collection, the test data set will be associated with bone disor-
der. Consequently, the information obtained from the data collection can be used to diagnose bone
disorder based on a test data set obtained from a subject.

Moreover, the present invention pertains to a data storage medium comprising the said data collec-
tion. The term “data storage medium” as used herein encompasses data storage media which are
based on single physical entities such as a CD, a CD-ROM, a hard disk, optical storage media, or a
diskette. Moreover, the term further includes data storage media consisting of physically separated
entities which are operatively linked to each other in a manner as to provide the aforementioned
data collection, preferably, in a suitable way for a query search.

The present invention also relates to a system comprising

(a) means for comparing characteristic values of at least one biomarker of a sample operatively
linked to

(b) the data storage medium of the present invention.

The term “system” as used herein relates to different means which are operatively linked to each
other. Said means may be implemented in a single device or may be implemented in physically
separated devices which are operatively linked to each other. The means for comparing character-
istic values of the biomarker operate, preferably, based on an algorithm for comparison as men-
tioned before. The data storage medium, preferably, comprises the aforementioned data collection
or database, wherein each of the stored data sets being indicative for bone disorder. Thus, the sys-
tem of the present invention allows identifying whether a test data set is comprised by the data col-
lection stored in the data storage medium. Conseqguently, the system of the present invention may
be applied as a diagnostic means in diagnosing bone disorder. In a preferred embodiment of the
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system, means for determining characteristic values of biomakers of a sample are comprised. The
term “means for determining characteristic values of biomarkers” preferably relates to the afore-
mentioned devices for the determination of biomarkers such as mass spectrometry devices, ELISA
devices, NMR devices or devices for carrying out chemical or biological assays for the analytes.

All references referred to above are herewith incorporated by reference with respect to their entire
disclosure content as well as their specific disclosure content explicitly referred to in the above de-
scription.

The following Examples are merely for the purposes of illustrating the present invention. They shall
not be construed, whatsoever, to limit the scope of the invention in any respect.

EXAMPLES
Example: Biomarkers associated with bone disorder

A group of each 5 male and female rats was dosed once daily with the indicated compounds (see
Table 10, below for compounds, applied doses and administeration details) over 28 days.

Each dose group in the studies consisted of five rats per sex. Additional groups of each 5 male and
female animals served as controls. Before starting the freatment period, animals, which were 62-64
days old when supplied, were acclimatized to the housing and environmental conditions for 7 days.
All animals of the animal population were kept under the same constani temperature (20-24 £ 3 °C}
and the same constant humidity (30-70 %). The animals of the animal population were fed ad libi-
tum. The food to be used was essentially free of chemical or microbial contaminants. Drinking wa-
ter was also offered ad libitum. Accordingly, the water was free of chemical and microbial contami-
nants as laid down in the European Drinking Water Directive 98/83/EG. The illumination period was
12 hours light followed by 12 hours darkness (12 hours light, from 6:00 to 18:00, and 12 hours
darkness, from 18:00 to 6:00). The studies were performed in an AAALAC-approved laboratory in
accordance with the German Animal Welfare Act and the European Council Directive 86/609/EE.
The test system was arranged according to the OECD 407 guideline for the testing of chemicals for
repeated dose 28-day oral toxicity study in rodents. The test substances (compounds) in the Tables
1 to 9 below were dosed and administered as described in the Table 10 above.
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In the morning of day 7, 14, and 28, blood was taken from the retroorbital venous plexus from fast-
ad anaesthetized animals. From each animal, 1 ml of blood was collected with EDTA as anticoagu-
lant. The samples were centrifuged for generation of plasma. All plasma samples were covered
with a N atmosphere and then stored at —80°C until analysis.

For mass spectrometry-based metabolite profiling analyses plasma samples were extracted and a
polar and a non-polar (lipid) fraction was obtained. For GC-MS analysis, the non-polar fraction was
treated with methanol under acidic conditions to yield the fatty acid methyl esters. Both fractions
were further derivatised with O-methyl-hydroxyamine hydrochloride and pyridine to convert Oxo-
groups to O-methyloximes and subsequently with a silylating agent before analysis. In LC-MS anal-
ysis, both fractions were reconstituted in appropriate solvent mixtures. HPLC was performed by
gradient elution on reversed phase separation columns. Mass spectrometric detection which allows
target and high sensitivity MRM (Multiple Reaction Monitoring) profiling in parallel to a full screen
analysis was applied as described in WO2003073464.

Steroids and their metabolites were measured by online SPE-LC-MS (Solid phase extraction-LC-
MS). Catecholamines and their metabolites were measured by online SPE-LC-MS as described by
Yamada et al.. (Yamada 2002, Journal of Analytical Toxicology, 26(1): 17-22))

Following comprehensive analytical validation steps, the data for each analyte were normalized
against data from pool samples. These samples were run in parallel through the whole process to
account for process variability. The significance of treatment group values specific for sex, treat-
mentduration and metabolite was determined by comparing means of the treated groups to the
means of the respective untreated control groups using WELCH-test and quantified with treatment
ratios versus control and p-values.

The indentification of the most important biomarkers per toxicity pattern was done by a ranking of
the analytes in the tables below. Therefore the metabolic changes in reference treatments of a giv-
en pattern (shown in the table) were compared with changes of the same metabaolite in other unre-
lated treatments. For each metabolite T-values were obtained for the reference and control treat-
ment and compared by the Welch test to asses whether these two groups are significantly different.
The maximum absolute value of the respective TVALUE was taken to indicate the most important
metabolite for the pattern.

The changes of the group of plasma metabolites being indicative for bone disorders after treatment
of the rats are shown in the following tables:
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Claims

1. A method for diagnosing bone disorder comprising:
(a) determining the amount of at least one biomarker selected from any one of Tables 1a,
1b, 1c, 1d, 2a, 2b, 2c, or 2d in a test sample of a subject suspected to suffer from bone disor-
der, and
{(b) comparing the amounts determined in step (a) to a reference, whereby bone disorder is
to be diaghosed.

2. The methed of claim 1, wherein said subject has been brought into contact with a compound
suspected to be capable of inducing bone disorder.

3. A method of determining whether a compound is capable of inducing bone disorder in a sub-
ject comprising:
(a) determining in a sample of a subject which has been brought into contact with a com-
pound suspected to be capable of inducing bone disorder the amount of at least one bi-
omarker selected from any one of Tables 1a, 1b, 1¢, 1d, 2a, 2b, 2¢, or 2d hematopoietic and
(b) comparing the amounts determined in step (a) to a reference, whereby the capability of
the compound to induce bone disorder is determined.

4. The method of claim 2 or 3, wherein said compound is at least one compound selected from
the group consisting of: Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calci-
um carbonate.

5.  The method of any one of claims 1 to 4, wherein said reference is derived from (i) a subject or
group of subjects which suffers from bone disorder or (i) a subject or group of subjects which
has been brought into contact with at least one compound selected from the group cons'isting
of: Sodium perchlorate, Sodium fluoride, Calcitonin (Saimon) and Calcium carbonate.

6. The method of claim 5, wherein essentially identical amounts for the biomarkers in the test
sample and the reference are indicative for bone disorder.

7.  The method of any one of claims 1 to 4, wherein said reference is derived from (i) a subject or
group of subjects known {0 not suffer from bone disorder or (i) a subject or group of subjects
which has not been brought into contact with at least one compound selected from the group
consisting of; Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium car-
bonate.
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The method of any one of claims 1 to 4, wherein said reference is a calcutated reference for
the biomarkers for a population of subjects.

The method of claim 7 or 8, wherein amounts for the biomarkers which differ in the test sam-
ple in comparison to the reference are indicative for bone disorder.

A method of identifying a substance for treating bone disorder comprising the steps of:

(a) determining in a sample of a subject suffering from bone disorder which has been
brought into contact with a candidate substance suspected to be capable of treating bone
disorder the amount of at least one biomarker selected from any one of Tables 1a, 1b, 1c, 14,
2a, 2b, 2c, or 2d; and o |

(b) comparing the amounts determined in step (a) to a reference, whereby a substance
capable of treating bone disorder is to be identified.

The method of claim 10, wherein said reference is derived from (i} a subject or group of sub-
jects which suffers from bone disorder or (i} a subject or group of subjects which has been
brought into contact with at least one compound selected from the group consisting of. Sodi-
um perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium carbonate.

The method of claim 11, wherein amounts for the biomarkers which differ in the test sample
and the reference are indicative for a substance capable of treating bone disorder.

The method of claim 10, wherein said reference is derived from (i) a subject or group of sub-
jects known to not suffer from bone disorder or (ii) a subject or group of subjects which has
not been brought into contact with at least one compound selected from the group consisting
of: Sodium perchlorate, Scdium flucride, Calcitonin (Salmon) and Calcium carbonate.

The method of claim 10, wherein said reference is a calculated reference for the biomarkers
in a population of subjects.

The method of claim 13 or 14, wherein essentially identical amounts for the biomarkers in the
test sample and the reference are indicative for a substance capable of treating bone disor-
der.

Use of at least one biomarker selected from any one of 1a, 1b, 1c, 1d, 2a, 2b, 2¢, or2d or a
detection agent for the said biomarker for diagnosing bone disorder in a sample of a subject.

A device for diagnosing bone disorder in a sample of a subject suspected to suffer therefrom
comprising:
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an analyzing unit comprising a detection agent for at least one biomarker selected from any

one of Tables 1a, 1b, 1¢, 1d, 2a, 2b, Z¢, or 2d which allows for determining the amount of the said
biomarker present in the sample; and, operatively linked thereto,

(b)

an evaluation unit comprising a stored reference and a data processor which allows for com-

paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby bone disorder is diagnosed.

18.

19.

20.

The device of claim 17, wherein said stored reference is a reference derived from a subject or
a group of subjects known to suffer from bone disorder or a subject or group of subjects
which has been brought into contact with at least one compound selected from the group
consisting of Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium car-
benate and said data processor executes instructions for comparing the amount of the at
least cne biomarker determined by the analyzing unit to the stored reference, wherein an es-
sentially identical amount of the at least one biomarker in the {est sample in comparison to
the reference is indicative for the presence of bone disorder or wherein an amount of the at
least ocne biomarker in the test sample which differs in comparison to the reference is indica-
tive for the absence of bone disorder.

The device of claim 17, wherein said stored reference is a reference derived from a subject or
a group of subjects known to not suffer from bone disorder or a subject or group of subjects
which has not been brought info contact with at least one compound selected from the group
consisting of Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon) and Calcium car-
bonate and said data processor executes instructions for comparing the amount of the at
least one biomarker determined by the analyzing unit to the stored reference, wherein an
amount of the at least one biomarker in the test sample which differs in comparison to the
reference is indicative for the presence of bone disorder or wherein an essentially identical
amount of the at least one biomarker in the test sample in comparison to the reference is in-
dicative for the absence of bone discrder.

A kit for diagnosing bone disorder comprising a detection agent for the at least one biomarker
selected from any one of Tables 1a, 1b, 1c, 1d, 2a, 2b, 2c, or 2d and standards for the at
least one biomarker the concentration of which is derived from (i) a subject or a group of sub-
jects known to suffer from bone disorder or a subject or group of subjects which has been
brought into contact with at least one compound selected from the group consisting of Sodi-
um perchlorate, Sodium flucride, Calcitonin (Salmon) and Calcium carbonate or derived (ii)
from a subject or a group of subjects known to not suffer from bone disorder or a subject or
group of subjects which has not been brought into contact with at least one compound se-
lected from the group consisting of Sodium perchlorate, Sodium fluoride, Calcitonin (Salmon)
and Calcium carbonate.
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