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(57) ABSTRACT

Disclosed is a method for measuring a level of pyridinoline
and/or deoxypyridinoline in a sample. In the method, a
non-hydrolyzed sample containing one or more peptide-
bound collagen pyridinium crosslinks selected from the
group consisting of pyridinoline, deoxypyridinoline, or both,
is contacted with a protease reagent under conditions effec-
tive for the protease reagent to cleave the crosslinks from
attached collagen amino acids and peptides, so that peptide-
bound forms are converted to native, peptide-free pyridino-
line and deoxypyridinoline. After proteolysis, the level(s) of
native, peptide-free pyridinoline and/or deoxypyridinoline
are measured. Preferably, proteolysis is effective to ensure
that at least 80% of total pyridinium crosslinks are present
as the native, peptide-free forms. The method is particularly
useful in screening or monitoring collagen degradation
activity. Kits and reagents for use in the method are also
disclosed.

11 Claims, No Drawings



US 6,716,593 B1
Page 2

OTHER PUBLICATIONS

Pratt, D.A., et al., “Automated Analysis of the Pyridinium
Crosslinks of Collagen in Tissue and Urine Using Solid—
Phase Extraction and Reversed—Phase High—Performance
Liquid Chromatography” Anal Biochem 207:168-175
(1992).

Robins, S.P, “Turnover and cross-linking of collagen”
Collagen in Health and Disease, Weiss and Jayson (eds),
Churchill Livingstone, Edinburgh, Scotland, pp. 160-178
(1982).

Robins, S.P, et al., “Direct measurement of free hydroxy—
pyridinium crosslinks of collagen in urine as new markers of
bone resportion in osteoporosis” Osteoporosis 1990, Chris-
tiansen and Overgaard (eds), Osteopress ApS, Copenhagen,
pp. 465-468 (1990).

Stivers, C.R., et al., “Development of a Urine Deoxypyri-
dinoline Assay for the Abbott Imx System” Clinical Chem-
istry 43(6):S173 abstract #303 (1997).

* cited by examiner



US 6,716,593 B1

1
PYRIDINIUM CROSSLINKS ASSAY

This application claims priority to U.S. Provisional
Patent Application No. 60/115,098 filed Jan. 7, 1999, which
is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to methods, reagents, and
kits for measuring levels of total pyridinoline and/or deoxy-
pyridinoline in fluid samples, after proteolytic digestion to
remove attached amino acid residues. The invention also
relates to diagnostic methods for assessing collagen degra-
dation rates in mammals, particularly humans, and to the
diagnosis and monitoring of medical conditions associated
with abnormal collagen metabolism.
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BACKGROUND OF THE INVENTION

Disease conditions associated with elevated rates of col-
lagen breakdown, especially in bone and cartilage, are
responsible for considerable medical expenditures on the
elderly and result in significant pain, impaired mobility, and
other reductions in quality of life. Among the more common
disease conditions are osteoporosis, osteoarthritis, rheuma-
toid arthritis, Paget’s disease, metabolic bone disease, and
conditions related to the progress of benign and malignant
tumors in bone tissue. Other conditions associated with
elevated collagen breakdown rates include osteomalacial
diseases, rickets, abnormal growth in children, renal
osteodystrophy, and drug-induced osteopenia. Abnormali-
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ties in bone metabolism are also often side effects of thyroid
treatment and thyroid conditions per se, such as primary
hypothyroidism, thyrotoxicosis and Cushing’s disease.

The prevalence of collagen-related diseases of bone and
cartilage has motivated a search for biochemical methods for
detecting and monitoring such diseases. Various methods for
diagnosing abnormalities of bone and cartilage degradation
have been proposed. For example, hydroxyproline is a major
constituent of the helical regions of collagens and was an
early target for study as a potential marker for collagen
synthesis and degradation. However, decades of study have
failed to demonstrate much utility for this metabolite, in part
because of substantial metabolism of hydroxyproline in the
liver.

More recently, a number of assays have been proposed
based on measuring certain 3-hydroxypyridinium crosslink-
ing species known as pyridinoline (Pyd) and deoxypyridi-
noline (Dpd), that are excreted in urine in peptide-free and
peptide bound forms. These crosslinking species are formed
in collagen by condensation of the side chains derived from
either three hydroxylysyl residues (for pyridinoline), or two
hydroxylysyl residues and one lysyl residues (for
deoxypyridinoline) (Robins, 1982, Eyre, 1984a; Eyre,
1987).

Crosslinking sites have been identified in collagen types
I, II and III, and for collagen type I include lysyl/
hydroxylysyl residues at positions 9N (in the N-telopeptide),
16C (in C-telopeptide), and helical residues 87, 930(c.1(1))
and 933(02(D)) (Bonde et al., 1994; Hanson and Eyre, 1996;
Knott and Bailey, 1998). For example, in type I collagen,
pyridinium crosslinks have been reported to occur between
(i) an N-telopeptide al(l) site (9N position) in a first
collagen fibril, (ii) an N-telopeptide a2(I) site (9N position)
from a second collagen fibril, and (iii) an internal helical site
from a third collagen fibril (930H or 933H); and also
between two C-telopeptide sites (16C from different chains)
and another helical site (87H) (Hanson et al., 1992).

The relative abundances of Pyd and Dpd are tissue-
dependent. Pyd has been found in cortical bone, trabecular
bone, invertebral disc, articular cartilage, aorta, and ligament
tissues. Dpd is present in trace quantities in articular carti-
lage and absent from invertebral disc, but is present in the
other tissues just mentioned, albeit at lower frequencies than
Pyd. Pyd and Dpd are absent from the collagens in normal
skin, and from immature and newly synthesized collagens
(Robins et al., 1990). Thus, although Pyd and Dpd are both
useful in assays for measuring bone collagen degradation,
Dpd appears to be more specific with respect to bone
collagen (e.g., Knott et al., 1998), while Pyd may be
preferred for assessing breakdown of cartilage, e.g., in
rheumatoid arthritis.

For nearly 20 years, total levels of Pyd and Dpd have been
measured as indicators of collagen degradation using the
acid hydrolysis method of Gunja-Smith and Boucek (1981).
This method utilizes an acid hydrolysis step to separate the
crosslinking moieties from attached collagen polypeptide
chains, followed by measurement of the hydrolysed Pyd or
Dpd. Although effective to convert myriad peptide frag-
ments to discrete peptide-free forms, the acid hydrolysis step
is inconvenient, particularly for automated testing, due to the
lengthy sample preparation and caustic conditions employed
(e.g., 3 to 12 N HCI for up to 20 hours).

Others have investigated assays based on measuring
telopeptides of collagen. For example, PCT Publications No.
WO 89/04491 and WO 91/08478 (Eyre) disclose a method
of detecting collagen degradation by quantitating certain
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3-hydroxypyridinium-containing peptides derived from the
N- and C-terminal telopeptides of type I collagen. PCT Pub.
No. WO 95/08115 (Osteometer) discloses an assay for
collagen fragments in a biological fluid based on the mea-
surement of collagen-derived peptides which contain poten-
tial pyridinium crosslinking sites. PCT Pub. No. WO
94/14844 (Baylink) discloses an immunoassay method for
assessing bone collagen degradation. The method employs
antibodies raised against an 18 amino acid peptide consist-
ing of residues 5 through 22 of the a1 C-telopeptide region,
with the requirement that the antibodies bind to a contiguous
sequence of at least six amino acids.

One difficulty with the foregoing telopeptide assays is that
the measured peptides can be excreted as a spectrum of
peptide variants, rather than as a single, discrete species,
potentially reducing the precision of the assay. Second, it has
been found that the levels of peptides can vary significantly
over time in the same patient and among different patients,
hindering assay reliability. Third, these methods do not
distinguish Pyd from Dpd-containing fragments.

In PCT Publication WO 91/10141, it was disclosed that
Pyd and Dpd are surprisingly present in peptide-free form as
a substantial portion of excreted pyridinium crosslinks in
biological fluids such as urine and serum, and that the levels
of these native (i.e., non-hydrolysed) peptide-free forms are
useful as indicators of collagen degradation rates in humans
for a number of collagen disorders. Despite the absence of
collagen peptides, the peptide-free crosslinks are specific for
collagen degradation because the pyridinium crosslinks do
not occur outside of collagen. Thus, in contrast to collagen
peptide based assays, this method provides discrete metabo-
lites that can be measured readily by various methods.
Furthermore, the need for lengthy acid hydrolysis is
avoided. However, the method does not measure crosslinks
in the larger, peptide-bound forms, and therefore does not
detect all crosslinks that are released into the blood and
urine.

Accordingly, it is an object of the present invention to
provide a method for measuring the level of Pyd and/or Dpd
in a fluid sample that avoids the need for acid hydrolysis.

A further object is to provide a method that converts
peptide-bound pyridinium crosslinks to their peptide-free
forms, which simplifies detection and analysis.

A further object is to provide a method that measures total
Pyd and/or Dpd crosslinks in a fluid sample using a protease
reagent to cleave attached amino acid and polypeptide
residues.

SUMMARY OF THE INVENTION

The present invention is based in part on the discovery by
the applicants of protease compositions effective to convert
peptide-bound pyridinium crosslinks to peptide-free forms,
without requiring harsh conditions or time-consuming steps.

The present invention includes, in one aspect, a method
for measuring a level of pyridinoline and/or deoxypyridi-
noline crosslinks in a sample. In the method, a fluid sample
containing one or more peptide-bound collagen pyridinium
crosslinks selected from the group consisting of
pyridinoline, deoxypyridinoline, or both, is contacted with a
protease reagent under conditions effective for the protease
reagent to cleave the crosslinks from one or more attached
collagen amino acids and peptides, so that peptide-bound
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forms are converted to native, peptide-free pyridinoline and
deoxypyridinoline. After proteolysis, the levels of native,
peptide-free pyridinoline and/or deoxypyridinoline are mea-
sured.

In one embodiment, the method is effective to produce a
pyridinium crosslink mixture in which at least 80% of total
pyridinium crosslinks are present as the native, peptide-free
forms. Preferably at least 90%, and more preferably, at least
95% of the pyridinium crosslink mixture after proteolysis
comprises native, peptide-free forms (N-Pyd and/or N-Dpd).

The selected native, peptide-free pyridinium crosslinks
are measured by any method available in the art. In one
embodiment, the crosslinks are measured by immunoassay
using suitably specific antibodies. The antibodies may be
monoclonal or polyclonal, or can be provided as Fc frag-
ments or the like. In other exemplary embodiments, the
crosslinks are measured chromatographically, by capillary
electrophoresis, or by chemical derivatization followed by
spectrophotometric or fluorescence detection. The sample is
preferably a body fluid sample, and more preferably is
non-hydrolysed urine or serum.

In another aspect, the invention includes a method of
screening for or monitoring bone and/or cartilage collagen
degradation activity in a human subject. In the method, a
non-hydrolysed body fluid sample is contacted with a pro-
tease reagent under conditions effective for the protease
reagent to cleave peptide-bound pyridinium crosslink spe-
cies from one or more attached collagen amino acids and
peptides. After proteolysis, the level of native, peptide-free
pyridinium crosslinks selected from the group consisting of
native, peptide-free pyridinoline and/or deoxypyridinoline,
is measured, wherein a measured level that is above that
characteristic of normal subjects indicates the presence of an
elevated rate of bone or cartilage collagen degradation in the
subject.

In another aspect, the invention includes a kit for mea-
suring collagen pyridinium crosslinks in a sample. The kit
preferably includes a protease reagent capable of cleaving
pyridinoline and/or deoxypyridinoline from attached col-
lagen amino acids and peptides, and a binding partner that
is immunospecific for said pyridinoline and/or deoxypyri-
dinoline. The kit may additionally include a predetermined
amount of peptide-free pyridinium crosslinks selected from
the group consisting of native, peptide-free pyridinoline
(N-Pyd), deoxypyridinoline (N-Dpd), or both, for use as
standards. The kit is particularly useful for practicing meth-
ods described above.

DETAILED DESCRIPTION OF THE
INVENTION

I. Definitions

As used herein, the terms below have the following
meanings unless indicated otherwise:

“Pyd” or “pyridinoline” or “peptide-free, non-
glycosylated pyridinoline” refers to the compound shown at
I below, where the pyridinium ring nitrogen derives from the
e-amino group of a hydroxylysyl residue.

“Dpd”, “deoxypyridinoline” or “peptide-free deoxypyri-
dinoline” refers to the compound shown at II below, where
the pyridinium ring nitrogen derives from the €-amino group
of a lysyl residue.
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CH,CHNH,COOH

HOOCH,NCHCH,CH,

CHNH,COOH

i
CH,CHNH,COOH

HOOCH,NCHCH,CH, OH

x

CHNH;COOH

“Free crosslinks” refers to compound I, compound II, or
both, i.e., pyridinoline and/or deoxypyridinoline crosslink
species, free from covalently attached amino acids, peptides,
and glycosyl groups.

“Glycosylated pyridinoline” or “glyco-Pyd” refers to gly-
cosylated forms of compound I, which may be peptide-free
or peptide-bound, wherein glycosyl groups are covalently
bound to the aliphatic hydroxyl group. Two exemplary
glyco-Pyd compounds are Gal-Pyd and Gle-Gal-Pyd.

“N-Pyd” refers to native (non-hydrolysed), non-
glycosylated, peptide free Pyd. “N-Dpd” refers to native
(non-hydrolysed), peptide free Dpd.

“Pyd-peptides” refers to peptide-containing forms of
compound I, which may or may not contain glycosylated
forms of Pyd, in which one or more of the three Pyd amino
acid moieties are linked by peptide linkages to additional
amino acid residues from collagen. Similarly, “Dpd-
peptides” refers to peptide-bound forms of compound II, in
which one or more of the three Dpd amino acid moieties are
linked via peptide linkages to additional amino acid resi-
dues.

“Pyridinium-peptides” and “peptide-bound forms” refer
to Pyd-peptides and/or Dpd-peptides.

“Pyd crosslinks” refers to 3-hydroxypyridinium com-
pounds which contain compound I either in peptide-free or
peptide-bound form. Pyd crosslinks include Pyd, glycosy-
lated Pyd and Pyd-peptides. Similarly, “Dpd crosslinks”
refers to pyridinium crosslinks which contain compound I1
in peptide-free or peptide-bound form. “Dpd crosslinks”
include Dpd and Dpd-peptides.

“Pyridinium crosslinks™ refers to pyridinium crosslinks
which contain compounds I and/or II in peptide-free and/or
peptide-bound forms.

“Total Pyd” or “T-Pyd” refers to the total quantity (or
concentration) of Pyd crosslinks, ie., peptide-free plus
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peptide-bound forms, with and without O-glycosylation.
Similarly, “total Dpd” or “T-Dpd” refers to the total quantity
of Dpd crosslinks present.

As used herein, “mammal” has its standard meaning, and
includes humans, dogs, cats, horses, cows, sheep, pigs,
rabbits, rats, and mice, for example.

“Body fluid” refers to any body fluid that contains com-
pounds I and/or II in peptide-free or peptide-bound form.
Exemplary body fluids include blood, serum, plasma, urine,
saliva, synovial fluid, cerebrospinal fluid, and sweat, which
may be subjected to one or more purification steps prior to
proteolysis or analysis.

“Bone resorption abnormality” or “bone resorption con-
dition” refers to a condition characterized by an elevated
level of bone degradation (resorption) in a mammalian
subject. Bone resorption conditions include osteoporosis,
osteoarthritis, rheumatoid arthritis, primary
hyperparathyroidism, hyperthyroidism, Paget’s disease,
bone cancers (e.g., metastases in bone), osteomalacia,
rickets, renal osteodystrophy, and drug-induced osteopenia,
for example.

II. Proteolysis Method

In one aspect, the invention includes a method of mea-
suring the level (e.g., concentration or amount) of pyri-
dinium crosslinks which are present in a sample. As noted
above, pyridinium crosslinks from collagen occur in body
fluids as heterogeneous mixtures of peptide-free and
peptide-bound forms, wherein the latter may contain a
variety of attached amino acid residues and polypeptide
chains of varying lengths and compositions. Previous meth-
ods have been directed to measuring naturally occurring
peptide-free forms or peptide-bound forms, or their sum
after acid-hydrolysis of the sample. However, the significant
heterogeneity of the crosslink-containing fragments has
effectively prevented measurement of peptide-free and
peptide-bound forms together without an acid-hydrolysis
step.

For example, the antibodies described in PCT Pub. No.
WO 91/08478 for binding N-telopeptides bind an epitope
containing two telopeptide chains. The antibodies do not
bind significantly to the separate telopeptide chains alone,
and binding affinity for the dipeptide epitope is apparently
not affected by photolytic ring-opening of the pyridinium
ring. Apparently, the antibodies do not distinguish between
Pyd and Dpd. Conversely, PCT Pub. No. WO 94/03814
(Cerelli et al.) describes antibodies that are highly specific
for the native, peptide-free forms of Pyd and Dpd, but which
do not cross-react significantly with peptide-bound forms
having molecular weights greater than 1000 daltons.

The present invention provides an alternative method
wherein peptide-bound pyridinium species are converted to
corresponding native, peptide-free forms using a protease
reagent that is capable of cleaving pyridinoline and deoxy-
pyridinoline from attached collagen amino acids and
polypeptide chains. Proteolysis is effective to increase the
levels of native, peptide-free crosslinks (N-Pyd and N-Dpd)
in the sample. (Note that the measurement of N-Pyd may
optionally also include peptide-free glycosylated forms,
which are typically present as about 10% of total Pyd
crosslinks, although this is not essential.) The resultant
peptide-free crosslinks can then be measured readily and
conveniently by methods that do not require acid-hydrolysis.
Preferably, the proteolysis step affords a resultant crosslink
mixture that comprises at least 80%, more preferably 90% or
95%, native, peptide-free crosslinks. Most preferably, the
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resultant crosslink mixture comprises from 98 to 100% of
the native, peptide-free forms.

The present invention can be used with any sample that is
suspected of containing one or more peptide-bound collagen
pyridinium crosslinks, i.e., pyridinoline, deoxypyridinoline,
or both. Also, the sample should be free of substances that
block the enzyme activity of the protease reagent. The
sample is preferably a body fluid sample, such as urine,
blood (e.g., serum or plasma), or saliva, for example. Other
body fluids, such as synovial fluid, cerebrospinal fluid, and
sweat are also contemplated. The sample need not be
subjected to caustic chemical hydrolysis. In addition, the
method may also be used with tissue and cell samples, such
as from bone, cartilage, and muscle.

The protease reagent of the invention can be any protease
that is capable of catalytically cleaving peptide bonds that
link the ai-amino and a-carbonyl groups of pyridinoline and
deoxypyridinoline to amino acids and peptides derived from
collagen. Numerous proteases have been characterized in
the art with respect to substrate specificities, kinetic
parameters, pH optima, cofactor requirements, and the like,
and are commercially available or can be isolated by known
methods. With regard to substrate specificity, the protease
reagent is preferably selective for cleaving residues imme-
diately adjacent to the o.-carbons which link the
3-hydroxypyridinium crosslinks to the source collagen
chains, by virtue of recognizing at least a portion of the
3-hydroxypyridinium moiety. Alternatively, the protease
reagent can be nonspecific with respect to substrate amino
acid sidechains, provided that it cleaves the pyridinium
crosslinks from attached collagen amino acid residues.
Exemplary non-specific or low specificity proteases include
bromelain, papain, subtilisin, pepsin, proteinase K, human
cathepsin S, and thermolysin. Proteolysis conditions and
commercial sources for such enzymes are well known (e.g.,
Barrett, 1995; Bond, 1989; Worthington Enzyme Catalog
1997-98, Sigma Catalog, 1998). It is also contemplated that
the protease reagent may contain two or more proteases
which together provide the required cleavage properties.

The protease reagent may be obtained from any suitable
source, usually from a biological or commercial source.
Preferred mammalian tissue sources include kidney and
liver tissues which preferably are prepared from an organ
such as kidney or liver from pig, sheep, cow, dog, guinea
pig, rat, mouse, or human. The source tissue is preferably
homogenized carefully using a standard homogenizer
device, followed by optional passage through cheese cloth
or like material to remove large size debris. The homog-
enized material may be pelleted by centrifugation to remove
cells and other particulate matter, vielding a protease-
containing supernatant. The supernatant may be frozen for
storage and also to precipitate additional components from
the mixture. The supernatant can be dialyzed to remove
small molecules such as endogenous peptide-free Pyd and
Dpd.

The protease reagent can also be obtained from appropri-
ate cell cultures, such as mammalian renal and hepatic cell
lines which are readily available from the American Type
Culture Collection (ATCC) located at 10801 University
Blvd., Manassas, Va. 20110-2209. If necessary, the cells are
lysed by standard methods, e.g., sonication or exposure to
detergent, to release the proteases from the cells. The
protease reagent may be used as an extract or may be further
purified if desired. In addition, the reagent may further
include one or more glycosidases to convert any glycosy-
lated forms of Pyd to the aglycone form.

In practicing the proteolysis method of the invention, the
sample in which the Pyd and/or Dpd crosslinks are to be
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measured is reacted with the protease reagent under condi-
tions effective for the protease reagent to cleave such
crosslinks from one or more attached collagen amino acids
and peptides. The protease reagent may be added as a stock
solution or as a dried reagent. For example, a urine or serum
sample is reacted with an appropriate amount of protease
reagent sufficient to achieve the desired level of proteolysis
of pyridinium-containing peptides, ¢.g., by mixing the
sample with an approximately equal volume of protease
reagent solution. The pH of the reaction mixture is prefer-
ably adjusted to promote proteolysis at a pH optimum of the
protease reagent. This may be accomplished by including an
appropriate buffer, such as a phosphate/citrate buffer, which
may be titrated further by adding an appropriate amount of
acid or base. The pH optimum can be readily determined by
measuring the extent of proteolysis of pyridinium peptides
under a range of different pH conditions, as illustrated in
Example 2. Thus, for the kidney protease preparation
described in Example 1, the pH of the buffer is preferably
between 2 and 9, more preferably between 4 and 7, and more
preferably still is about 5.

The sample proteolysis conditions may additionally
include one or more cofactors that promote the activity of
the protease reagent. Such cofactors include metal ions such
as zinc ion, for metalloproteinases, thiols such as
2-mercaptoethanol and dithiothreitol, for cysteine proteases,
and ATP for ATP-dependent proteases. One or more protease
inhibitors may also be included during initial stages of
purification to inhibit endogenous proteases other than those
of interest. Such protease inhibitors are well known and are
commercially available individually or as mixtures (e.g.,
Worthington Catalog or Sigma Catalog, supra).

Since Pyd and Dpd crosslinks are light-sensitive,
crosslink-containing samples and reaction mixtures are pref-
erably protected from light until measurement is complete,
e.g., using amber-colored containers and low light
conditions, to minimize photo-degradation of the pyridinium
moieties.

Proteolysis is complete when the desired amount of
cleavage has occurred. The duration of proteolysis can be
selected according to prior experiments to determine the rate
of cleavage for the selected sample type and proteolytic
conditions, by incubating the sample with protease reagent
and withdrawing aliquots periodically to measure the levels
of peptide-free pyridinium crosslinks as a function of time.
Preferably, proteolysis is allowed to occur for between 30
minutes and 24 hours, depending on the level of protease
activity used and the degree of cleavage desired, although
longer and shorter time periods are also contemplated. Also,
it may also be advantageous to add the protease reagent to
the sample in two or more aliquots at selected time intervals.
For example, after reaction with a first protease aliquot for
one to eight hours, a second aliquot can be added for
incubation for an additional period of time.

After proteolysis, the level(s) of the selected native,
peptide-free pyridinium crosslinks are measured by any
suitable technique, such as immunoassay, chromatography,
or capillary electrophoresis.

For example, N-Pyd and N-Dpd may be measured by
immunoassay techniques employing antibodies specific for
N-Pyd, N-Dpd, or both. The antibodies may be monoclonal
or polyclonal, as described further below. With regard to
specificity, the antibodies should be sufficiently specific for
the selected crosslinks (N-Pyd and/or N-Dpd) to avoid
spurious results due to binding other components in the
sample.
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Screening and selection for such antibodies may be based
on affinity for N-Pyd or N-Dpd alone, where an antibody
showing an affinity for N-Pyd and/or N-Dpd of greater than
about 107/molar, preferably greater than about 10%/molar, is
usually specific enough for the purposes of the invention.
Binding affinity can be determined by known methods, €.g.,
by Scatchard analysis using an ELISA assay (Campbell,
1991; Segel, 1976). Accordingly, in one embodiment, the
antibody has a binding affinity constant for the selected free
crosslink species of greater than about 1x107/molar, and
preferably greater than about 1x10%/molar.

In addition, the screening process for antibodies may be
based on additional binding criteria, such as low affinities for
amino acids, polypeptides, and/or other possible sample
components. For this purpose, it is convenient to measure
the binding affinities of the antibodies with respect to certain
pyridinium peptide forms that are obtainable from urine,
such as pyridinium peptides having molecular weights
greater than about 1000 MW prepared by dialysis as
described in Example 2 of PCT Pub. No. WO 94/03814. A
high affinity for the selected free crosslinks (N-Pyd and/or
N-Dpd) in combination with a relatively low affinity for
N-Pyd or N-Dpd peptide forms (e.g., a binding affinity ratio
of less than about 3:1, preferably less than about 5:1, for
free:peptide forms) is thus one additional criterion that can
be used in the screening process. Accordingly, in one general
embodiment, the antibodies have a ratio of reactivity toward
the selected native free pyridinium crosslink and urinary
pyridinium peptides larger than 1,000 daltons in molecular
weight, of greater than about 3:1, more preferably greater
than about 5:1.

As another binding criterion, the antibodies can be tested
for cross-reactivity with free amino acids. For this purpose,
an amino acid mixture comprising all 20 standard amino
acids at selected concentrations can be used, such as the
amino acid mixture employed in Example 10 of WO
94/03814.

The antibodies for use in the invention may be specific for
N-Pyd, N-Dpd, or both, including antibodies which are
specific for one and have moderate crossreactivity (e.g.,
40%) with the other. In a more specific embodiment, where
the antibody is highly specific for N-Pyd, the antibody
preferably has a ratio of reactivity toward native free pyri-
dinoline and native free deoxypyridinoline of greater than
about 5:1, preferably greater than about 20:1, and more
preferably greater than about 100:1. Where the antibody is
for binding N-Dpd, the antibody preferably has a ratio of
reactivity toward native free deoxypyridinoline and native
free pyridinoline of greater than about 5:1, preferably greater
than about 25:1, and more preferably greater than about
100:1. Where the antibody is for binding both native free
pyridinoline and native free deoxypyridinoline, the antibody
preferably has a ratio of reactivity toward native free pyri-
dinoline and native free deoxypyridinoline of between about
2:1 and 1:2. Antibodies having such properties, and methods
for preparing them, are disclosed in PCT Pub. Nos. WO
96/27134 (Kung et al.), WO 96/07906 (Winterbottom et al.),
WO 94/14072 (Kung et al.), WO 94/03814 (Cerelli et al.),
and WO 91/10141 (Robins), all of which are incorporated
herein by reference.

Reaction of sample with specific antibodies can be carried
out by any of a variety of immunoassay configurations
known in the art, including homogeneous and heterogeneous
assay formats. Any appropriate technique for detection can
be used, such as radioimmunoassay, coupled enzymes,
UV-VIS absorbance, fluorescence, chemiluminescence, or
an EMIT configuration. One preferred reporter is alkaline
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phosphatase, which can react with a p-nitrophenylphosphate
substrate to produce a colored product having a strong
absorption peak at 405 nm. It will be appreciated that
various other detection modes may be employed, such as a
biotin-labeled second antibody in combination with a
reporter-labeled streptavidin.

In an exemplary embodiment of the assay method, a
known volume, typically 10—50 L., of sample is added to an
immunogen-coated solid support, €.g., the wells in a microti-
tre plate, and sample addition is followed by addition of a
known volume, typically 50-200 ul, of immunogen-
specific antibody of a known dilution. The mixture on the
solid support surface is then incubated, preferably under
conditions effective to achieve equilibrium between the
antibody binding to sample crosslinks and surface-bound
immunogen (e.g., overnight at 2-8° C. or at room tempera-
ture for several hours).

After the incubation, the solid support is washed several
times to remove antibody not specifically bound to the
support, and is then incubated with an enzyme-labeled
anti-IgG antibody effective to bind specifically to support-
bound antibody. For example, where the immunogen-
specific antibody is a rabbit polyclonal antibody, the
enzyme-labeled antibody can be goat anti-rabbit IgG con-
Jugated with alkaline phosphatase. For a mouse monoclonal
antibody reagent, the enzyme-labeled antibody can be a goat
anti-mouse IgG derivatized with alkaline phosphatase.

After a short incubation time, the support is again washed
to remove non- specifically bound material, and the level of
enzyme bound to the support is determined by addition of
enzyme substrate, with spectrophotometric determination of
converted substrate.

For calibration of the assay, standards containing a range
of immunogen concentrations are added in duplicate to some
of the wells, to generate a standard curve. Up to 40 samples
are then added in duplicate to remaining wells, and the wells
are then assayed as above.

Preferably, the immunoassay utilizes a competitive, het-
erogeneous immunoassay format in which the reporter label
for detection of the immunocomplex is directly attached to
either a competitor immunogen or to the immunogen-
specific antibody.

Thus, in one preferred configuration, the immunogen-
specific antibodies are immobilized on a solid support, and
enzyme-labeled immunogen is added to compete with
peptide-free crosslinks in the sample, for binding to the
immobilized antibodies. The enzyme label can be alkaline
phosphatase or horse-radish peroxidase, for example. In a
second preferred configuration, immunogen is immobilized
on a solid support to compete with peptide-free crosslinks in
the sample for binding to non-immobilized enzyme-labeled
antibody. In addition, the crosslinks can be measured using
an automated immunoassay cassette, as described in PCT
Pub. No. WO 98/37416 (Jones).

In other embodiments, the crosslinks can be measured by
fluorescence detection based on their intrinsic fluorescence
properties. N-Pyd and N-Dpd strongly fluoresce with peak
emission at 390-400 nm when subjected to an excitation
source at about 297 nm. Chromatographic (Black et al,
1988; Eyre et al.,, 1984b, James et al., 1993) and capillary
electrophoresis techniques (James et al., 1991) for fluori-
metrically measuring Pyd and Dpd have been described. The
crosslinks may also be measured based on UV-absorbance
properties as described by Colwell et al. (1992).

Where the sample fluid tested is urine, the level of
measured crosslinks may be normalized using a measured
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level of creatinine or any equivalent thereof, by conventional
methods. Blood samples may be converted to serum or
plasma by known methods, and may be subjected to further
pre-processing if desired. For example, serum can be passed
through a spin-filter having a defined molecular weight
cutoff to remove proteins of a selected size from the sample
prior to assay.

The proteolysis method of the invention can be adapted to
a method of screening for or monitoring bone and/or carti-
lage collagen degradation activity in a human subject. In the
method, a non-hydrolysed body fluid sample is contacted
with a protease reagent as described above under conditions
effective for the protease reagent to cleave peptide-bound
pyridinium crosslink species from one or more attached
collagen amino acids and peptides. After proteolysis, the
level of native, peptide-free pyridinium crosslinks selected
from the group consisting of native, peptide-free pyridino-
line and/or deoxypyridinoline, is measured, wherein a mea-
sured level that is above that characteristic of normal sub-
jects indicates the presence of an elevated rate of bone or
cartilage collagen degradation in the subject.

In practicing this aspect of the invention, it is usually
necessary to ascertain an average level or range of the
selected free crosslinks which is characteristic of normal
subjects for the particular mode of sample collection
selected, to provide a standard against which levels mea-
sured in test subjects may be compared. Thus, free crosslink
levels will ordinarily be measured in samples from control
subjects who are in good health. The makeup of the control
group may be tailored according to the characteristics of the
population to be tested. For example, the control group may
be limited to a particular age group, e.g. 25-55 year old
males, or 25-44 year old premenopausal females, to obtain
baseline levels. Other parameters of interest may include the
subjects weight, race, or gender for example. The deter-
mined average or range of free crosslinks in the normal
subjects is then used as a benchmark for detecting above-
normal levels indicative of an abnormally elevated rate of
collagen degradation. In a related embodiment, the invention
can also be applied as a prognostic indicator for likelithood
of bone fracture, such that the likelihood of fracture
increases in proportion to the degree of elevation of the
measured crosslink level.

III. Crosslink Proteolysis Kit

The invention also includes a kit for measuring collagen
pyridinium crosslinks in a sample. The kit preferably
includes a protease reagent as described above, which is
capable of cleaving pyridinoline and/or deoxypyridinoline
from attached collagen amino acids and peptides, and a
binding partner, such as an antibody or any equivalent
thereof, that is immunospecific for said pyridinoline and/or
deoxypyridinoline. The kit may additionally include a pre-
determined amount of peptide-free pyridinium crosslinks
selected from the group consisting of native, peptide-free
pyridinoline, deoxypyridinoline, or both, for generating a
standard curve. Thus, for immunoassay formats, the kit may
include an antibody of the type described above, and any
other suitable reagents for carrying out the assay. The assay
format may be heterogeneous or homogeneous, and can
have a competitive or non-competitive format such as dis-
cussed above. The kit may further include instructions for
conducting the steps of an assay method for the selected
crosslinks.

IV. Utility

The method of the invention is especially useful for
converting heterogeneous pyridinium crosslink mixtures to
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a more homogeneous form (i.e., peptide-free) in which
pyridinium crosslinks are easier to quantify. When a sub-
stantial proportion (greater than about 80%) of the crosslinks
is provided in the native, peptide-free form, the method
provides a useful measure of the total level of the selected
pyridinium crosslinks in the sample.

The invention thus also provides a method of screening
for or monitoring bone and/or cartilage collagen degradation
activity in a human subject. The method may be used in a
screening embodiment or to detect (diagnose) non-
invasively the presence of a bone or cartilage disorder
characterized by above-normal collagen degradation. Exem-
plary disorders for which the invention may be used include
osteoporosis, osteoarthritis, rheumatoid arthritis, and condi-
tions related to the progress of benign and malignant tumors
of bone, and metastatic cancers that have migrated to bone
cells from elsewhere in the body, e.g., from prostate or breast
initial tumors. Other conditions of interest include osteoma-
lacial diseases, rickets, abnormal growth in children, renal
osteodystrophy, and drug-induced osteopenia.

The method may also be used to monitor the progress of
an ongoing bone collagen disorder over time, or to monitor
a subject’s response to therapeutic treatment. A number of
anti-resorptive therapies are now under development or are
already available for which the invention will be useful, such
as alendronate and pamidronate-based therapeutic regimens.
Similarly, the method may be used in the context of meta-
static cancer conditions, to determine whether a primary
cancer has spread to the subject’s bone tissue, and whether
a subject is responding to treatment.

It will be appreciated that the method may also be used
with other diagnostic methods, such as radiographic
techniques, ultrasound, and assays directed to other indica-
tors of bone resorption and/or formation status, to provide a
fuller picture of the subject’s status.

From the foregoing, it will be appreciated how various
objects and features of the invention are met. The invention
provides a simple method for converting peptide-bound
pyridinium crosslinks in a sample to peptide-free forms
without requiring caustic acid hydrolysis. The complexity of
pyridinium crosslinks in the sample is reduced by trans-
forming many peptide-bound forms to the discrete, peptide-
free species, N-Pyd and N-Dpd, which can be conveniently
measured by known methods. The invention thus provides a
simple way of measuring total pyridinium crosslinks in a
sample.

The invention may be further understood in light of the
following examples, which are not intended to limit the
scope of the invention.

EXAMPLE 1

Isolation of Protease Activity

Pig kidneys were obtained from a local abattoir. After
dissection, cortex tissue (240 g wet weight) was homoge-
nised in a buffer of 0.5 mM Tris-HCI, pH 7.4, containing
0.25 M sucrose (final volume 300 mL). Undisrupted cells
and connective tissue were pelleted by centrifugation at
1000xg for 2 min. The supernatant was frozen at —80° C.
The supernatant was thawed and dialysed against two
changes of phosphate buffered saline (PBS, containing 10
mM sodium phosphate, 140 mM NaCl, pH 7.4, 1liter per
dialysis) to remove endogenous Pyd and Dpd. HPLC analy-
sis indicated that the two dialysis steps were effective to
reduce the concentration of endogenous N-Pyd in the homo-
genate supernatant from 3.5 gM to 0.11 uM, and N-Dpd
from 0.6 uM to 0.02 uM, respectively.
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EXAMPLE 2

Characterization of Protease Activity

Dialysed supernatant from Example 1 (100 ul) was
incubated with human urine samples (100 u#L, non-
hydrolysed) and 400 uL of buffer having a pH of 5, 6, or 7;
prepared by titrating 100 mM sodium citrate with an appro-
priate volume of 100 mM disodium hydrogen phosphate.
Boiled homogenate was used as a negative control. The
incubation mixtures were incubated at 37° C. overnight,
after which the sample was acidified to pH 2 with HCl. Any
sediment was removed by centrifugation. The supernatant
was passed through CF1 cellulose powder (Whatman Bio-
systems Ltd., UK) using an ASPEC system as described in
Pratt et al. (1992).

The purified samples were analysed by HPLC to measure
the levels of N-Pyd and N-Dpd. The results showed that for
each buffer, proteolytic cleavage occurred, leading to
increased levels of N-Pyd and N-Dpd. Further, proteolytic
activity increased in proportion to buffer acidity, with the
greatest level of activity being observed at pH 5. Incubation
at pH 5 afforded N-Dpd at a level that was 93% of total Dpd
in the sample, and N-Pyd at a level that was approximately
75% of total Dpd.

Although the invention has been described with respect to
particular embodiments, it will be appreciated that various
modifications can be made without departing from the
invention.

What is claimed:

1. A method for measuring a level of pyridinoline and/or
deoxypyridinoline crosslinks in a fluid sample, said method
comprising

providing a fluid sample that contains one or more

peptide-bound collagen pyridinium crosslinks selected
from the group consisting of pyridinoline,
deoxypyridinoline, or both,

w
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contacting the sample with a protease reagent under
conditions effective for the protease reagent to cleave
said crosslinks from one or more attached collagen
amino acids and peptides, to form native, peptide-free
pyridinium crosslinks and

after said contacting, measuring a level of said native,
peptide-free pyridinium crosslinks selected from the
group consisting of native, peptide-free pyridinoline
and/or native, peptide-free deoxypyriinoline, in the
sample.

2. The method of claim 1, wherein the measured level is
at least 80% of the total level of the selected collagen
pyridinium crosslinks in the sample.

3. The method of claim 1, wherein the measured level is
at least 90% of the total level of the selected collagen
pyridinium crosslinks in the sample.

4. The method of claim 1, wherein said selected crosslinks
are native, peptide-free deoxypyridinoline.

5. The method of claim 1, wherein said selected crosslinks
are native, peptide-free pyridinoline.

6. The method of claim 1, wherein said selected native,
peptide-free crosslinks are measured by immunoassay using
antibodies specific for the selected native, peptide-free
crosslinks.

7. The method of claim 6, wherein said antibodies are
monoclonal antibodies.

8. The method of claim 6, wherein said antibodies are
polyclonal antibodies.

9. The method of claim 1, wherein said selected native,
peptide-free crosslinks are measured chromatographically.

10. The method of claim 1, wherein said sample is a
non-hydrolysed urine sample.

11. The method of claim 1, wherein said sample is a
non-hydrolysed blood sample.
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