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1. Introduction

In its present draft form this paper represents 'work in progress' that represents
the author's viewpoint and a consensus of the responses (solicited by the author)
from a number of investigators (see Acknowledgements) who share a common
and critical interest in this topic. The opinions of these authors have been
acknowledged (names shown in brackets in text) where appropriate. This is a
paper and not a review. It should be considered as "work in progress" and, at this
stage, as a draft document.

2. Biomarkers: definitions and opportunities

We should speak of biomarkers (BM) rather than markers since they reflect a
biological entity. That these BM may, for example, indicate or reflect a specific
biological or pathological process, or an identifiable consequence of a process,
or a pharmacologic response to therapeutic intervention. A surrogate biomarker
would be one that is intended to substitute for a clinical endpoint. A clinical
endpoint is a characteristic or variable that measures how a patient feels,
functions or survives. These definitions were formulated at the April 1999
Conference on Markers at National Institutes of Health (information supplied by
S. Lohmander).
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The Roche Group suggests that we classify BM. For example, 'direct' BM are
those that specifically identify a known molecular process within a given tissue
(such as cartilage or bone or synovium) and 'indirect' BM reflect a more general
change which is not so clearly definable and which may represent contributions
from several events and tissues. The latter may be represented by matrix
metalloproteinases (MMPs), cytokines, growth factors, and inflammation
markers, such as c-reactive protein (CRP). These indirect BM may thus
represent cell to cell or cell to matrix signalling (through cytokines, growth factors
or degradative mechanisms (MMPs). Where possible it would help to identify
prognostic BM that may predict the rate of disease progression, define
susceptibility or response to therapy, or define specific catabolic or anabolic
processes. Those BM that have value in identifying drug dosage and a response
to therapy (response to therapy BM) may prove to be surrogates for a clinical
endpoint(s). Side-effect or toxicity BM could help identify changes that are drug-
related and identify compound or biologic specific organ toxicity or toxicity which
may involve the immune response.

We must decide whether BM can be diagnostic of a disease such as
osteoarthritis (OA) or of osteoporosis (OP). The consensus is that there does not
appear to be any evidence for this. Can anybody convince us otherwise? BM are
more likely to be of prognostic value with regard to disease progression or of
response to therapy or of toxicity. Since there will probably not be a disease
specific BM, they are therefore likely to be of value in different types of arthritis
such as OA and rheumatoid arthritis (RA) where joint pathology is the common
denominator. Detection of systemic effects of cytokines on skeletal turnover may
extend their value to other inflammatory diseases.

BM are likely to be of value in helping identify and classify genetically different
patients in clinical trials to ensure uniformity of populations that can then be used
to better define change and responses to therapy in relationship to clinical
endpoints-such as rate of disease progression. Combined with genetic typing,
the use of BM may offer the potential to identify patient subsets in a manner not
possible clinically, except perhaps retrospectively based upon a clinical
response. Thus screening of patient populations with BM could provide improved
opportunities for the definition of more homogeneous patient groups and the use
of smaller trial populations. This would also have the advantage of offering more
value in the use and assessment of BM as potential surrogates.

The identification of populations 'at risk' for OA (and RA) may be possible. An
important aspect of identifying disease progression with BM is that they could
provide a more rational molecular basis for the justification of patient care and



therapy (Vignon).

BM offer opportunities to more critically define the disease process: for example,
is it continuous or phasic. Does it involve a significant contribution of cytokines
and how does this relate to skeletal turnover and synovitis? Is synovitis a
contributory factor in accelerated progression of idiopathic disease or
posttraumatic disease? How do turnover and pathobiology, as defined by BM,
compare in those with primarily large joint OA to those with small joint OA,
compared to those with multiple large and small joint disease. Are these
genetically identifiable distinctions and which can be complemented with BM? |
think that the integration of BM analyses with genetic analyses should be
included in future studies.

For maximal interpretation of the results of studies involving BM it is essential
that each BM accurately reflects an identifiable and defined molecular process
within a specific tissue or tissues-such as the synthesis or degradation of a
matrix molecule: that the part or parts of the molecule that are measured or the
cleavage site be known (Eyre). It would be important to see if we can identify BM
that represent the amelioration of OA, be it symptomatologic or the regression of
lesions. BM of pain (e.g., serotonin) should be included in our studies (Sowers).

The value of BM for specific indications may be greatest at a specific stage in
disease development and/or its progression. Thus marked changes in cartilage
degradation may more clearly detected during a critical phase of the disease
(Schnitzer). Irreversible events that contribute to disease progression should be
identifiable and quantified using BM.

3. Goals for the study of BM usage in OA

(Some of these notes are based on OA BM Subcommittee 6/24/99 meeting at
The Homestead, Va.)

In the long term BM should be used to expedite OA clinical trials enabling more
rapid and less costly identification of novel, disability-preventing (or lessening)
treatments. In the medium term it is important to establish whether BM can act as
surrogates for OA status, improvement or slowing of progression, such as in
response to therapy. In the short term we should establish a comprehensive
understanding of available and candidate BM and the criteria we should use to
select and prioritize BM. They must be assessed primarily in longitudinal clinical
studies over a period where clinical change can be clearly defined e.g., by joint
space narrowing. BM assays must be identified, established, and validated with
appropriate reference standards. Suitable clinical material (from archival sources,



NIH, industry, academia, National Arthritis Networks, as in Canada) must be
identified which has been sufficiently well characterized clinically (this must be
very clearly defined). Patient populations of adequate size (to ensure power for
statistical analyses of data), their homogeneity (identified in part by prior BM
classification - see above) are considered essential. To date these issues have
often been ignored in work with BM. If disease load (joint involvement) is not
well-defined it would probably not be possible to accurately assess these BM
(Moskowitz). How should this be described? Poorly defined patient populations
can negate clear outcomes from clinical trials. One cannot assume that all
patients suffer from the same disease process, although they may share clinical
characteristics and have a common end point, represented by the loss of
articular cartilage in a signal joint. The use of BM to first stratify, classify and
define patient populations-both normal (for pharmacodynamic studies) and
diseased, may be essential prior to subsequent effective assessment of these
BM in clinical studies and therapeutic trials. Based on experience with OP,
placebo controlled trials of disease modifying drugs in OA are most likely to be of
the greatest value in assessment of BM usage in determining clinical outcome
following therapy (Delmas).

The careful pre-clinical study of experimental animal models of OA, such as
cruciate ligament section in the guinea pig, rabbit and dog, offers an opportunity
for proof of concept of a BM by using uniform 'patient' populations and more
carefully controlled conditions leading to the programmed development of OA
pathology: such studies also offer staging of treatment. In view of the perceived
importance of such preclinical studies in drug development we should consider
placing part of our initial emphasis on animal studies whilst we define, identify
and organize, as suggested above, appropriate human study populations for
longitudinal investigations. This would have the added advantage of helping to
facilitate drug discovery by better defining the preclinical strategy.

Similarly, in human studies the study of genetically-defined familial OA patient
populations (Moskowitz) offers an opportunity to examine precocious OA during
and immediately after onset of OA. We know fairly well when the disease is
initiated and that it then progresses (Moskowitz).

4. The development and use of BM in clinical studies in osteoporosis (OP) -- a
paradigm for OA?

Bone markers for OP are now being used as validated secondary end points in
Phase Il clinical trials for OP (Delmas). They have demonstrated value to predict
rates of bone loss (Garnero et al., 1999), to predict fractures and thereby identify



patients at-risk (Garnero et al., 1996) and to monitor treatment efficacy (Garnero
et al., 1994). This group has shown that in prospective studies (of 2 and 5 years
duration) increased levels of some BM are associated with a 2-fold increased
fracture risk independently of bone mineral density. When the diagnostic tests
were combined, it was possible to identify a subgroup of women with low bone
mass and high bone resorption, with a very high risk of fracture. For monitoring
antiresorptive treatment, the decrease of bone markers after 3 to 6 months
(which is dose dependent) is correlated with a gain of bone mass observed by
dual x-ray absorptiometry at 2-3 years. By using measurements at baseline and
within 3-6 months, BM have proved very powerful instruments with which to
identify individual responders to treatment and non-responders when change in
bone mineral density at 2-3 years is taken as a reference. This has accelerated
drug development, identification and effective dosage in Phase 2 (Delmas). We
should ask how useful were preclinical animal studies in OP in BM development
and assessment. Would these OP researchers change the way in which BM
were developed for OP? They should identify a process that we could follow,
based on their experiences.

5. Clinical and other end points and body fluids in studies involving BM.
a) End points

These should be carefully defined, especially for OA. The end points must be
relevant and appropriate. Are pain, disability, function, joint replacement and
maintenance of joint structure all definable? The integration of use and
development of BM with imaging (MRI and X-ray) is considered essential. The
two approaches should complement each other as new knowledge and
understanding of the significance and value of BM and of MRI at the level of
cartilage, bone and synovitis are acquired. How these relate to X-ray change (in
bone and cartilage) and synovitis needs to be described. With the general lack of
evidence for 'joint repair' in OA, the maintenance of structure (prevention of
progression of degenerative change) should be the first priority, both
therapeutically and for a BM.

b) Which body fluids should be analysed: the whys and wherefores

The easiest and most practical body fluid to analyse is urine since it does not
involve an invasive procedure. Then the question that must be asked is what
type of urine sample. Twenty four hour collections are perhaps ideal but they are
not practical. The first or second morning void appear of equal value with respect
to their relationship to clinical change in studies of OP (Garnero, Delmas, Eyre).



However, since BM may exhibit circadian rhythms and in bone these BM can
peak at night, (although at different times) should their measurement involve the
first morning void? The recommendation is that we use either the first or second
void. At present we have no reported evidence for diurnal rhythms for soft tissue
BM, such as those from cartilage. Analyses of circadian rhythms for all BM
should be made before final decisions are taken (see below).

Urine can only be used for BM which survive and are detectable therein. These
are known to include collagen cross-links and telopeptides and neoepitopes of
collagen triple helical cleavage by collagenase (I. Otterness, T. Woodworth et al.;
L. Atley, D. Eyre et al.; A.R. Poole, R.C. Billinghurst, M. lonescu, et al.,
unpublished). BM content should always be related to creatinine using a
standard commercial assay. It should be remembered that what is measured in
urine reflects what is not removed by tissues such as the liver and kidneys.
Therefore we must ask whether this is always truly representative of that which is
released into body fluids. Urine may contain a sub-set of breakdown products
which more clearly, less clearly or as clearly reflects a molecular process (usually
degradation) that has taken place within a tissue. The demonstrated value of
analyses of bone cross-links in urine clearly establishes urine as an essential
body fluid in the analyses of at least some BM.

Blood is the body fluid that is routinely examined in clinical chemistry. It is logical
therefore that standard analyses of blood chemistry be accompanied by selected
analyses of BM, particularly since some of these may already be routinely
assayed, such as an acute phase protein. Whether serum or plasma should be
analysed must be established for each BM. So far there are no published
indications for skeletal BM that analyses of plasma give results that are different
to those from serum analyses: this may be an issue in the study of proteinases.
The majority of investigators prefer serum. Sampling sites should be
standardized. For example, if some patients have joint disease in their hands
then this could influence BM concentrations in the venous drainage. This
conclusion is based on experimental work in which remote and draining blood
vessels from damaged joints were analyzed (Rayan et al., 1998).

The body fluid that bathes and is closest to the pathology and which should best
reflect disease activity in OA is unquestionably synovial fluid (SF). Blood and
urine measurements probably reflect more systemic metabolism. Data is
therefore not so easy to obtain since in the adult the synovial joints may
represent only about 10 percent of the total mass of cartilage including
intervertebral discs (Attencia et al., 1989) (Thonar). Thus blood and urine are
likely to be more reflective of systemic change unless the 'OA load' is sufficient to



be detectable and recognizable (Moskowitz). SF should more clearly reveal what
is happening within that joint. This is often indicated when a joint-derived BM is
analyzed. It may be much more concentrated in SF than in serum. Examples are:
the 846 epitope of aggrecan (mean 40 fold; Poole et al., 1994); cartilage
oligomeric protein (mean 10 fold; Saxne and Heinegard, 1992). The degradation
products in SF more clearly reflect those that are released from cartilage.
Drainage of molecules from SF via regional lymphatics can result in a reduction
in size (Fraser and Laurent, 1989) and removal of content (D. Heinegard,
R.Fraser, A.R. Poole, unpublished) of BM. Therefore, comparable analyses of SF,
serum and urine (where appropriate) should be made in initial investigations to
clearly establish the relative concentrations and presence (in urine) of BM in
these different compartments, and whether clinical changes with time may be
more clearly reflected in one or more of these compartments (Eyre).

Synovial fluid is more difficult to obtain but its great potential value in BM
evaluations is obvious. There is general agreement on this. To ensure recovery of
sufficient joint fluid from a knee it is possible to lavage the joint with a fixed
volume under defined conditions to ensure recovery of diluted SF. A standardized
regimen involving injection of 20 ml sterile saline into a knee with immediate
flexion/extension ten times followed by rapid aspiration of joint fluid has proved to
be of practical value in longitudinal studies of the knee in OA. This avoided
problems with 'dry' joints (A.R. Poole, J. Shiroky, unpublished).

The issue of SF dilution can be addressed by examining marker ratios until we
have an acceptable dilution marker. The latter should be identified: it must be
measurable with a convenient assay. Lavaging a joint may influence joint
metabolism (Thonar) although we have no convincing evidence for this in
longitudinal equine studies where repeated lavages were used (Robion et al.,
2000). How long this effect (if any) has on subsequent measurements must
depend upon when these are made. Thus the effect of lavaging should be
investigated for each BM, starting perhaps with preclinical studies in animals.

The same rationale for sampling of body fluids should be used in pre-clinical
studies in animals. These are more feasible in larger animals such as the guinea
pig, rabbit, and dog where SF can be obtained. Consideration of SF volume has
proved very important in studies in the dog (J. Matyas, A.R. Poole unpublished).
Catheterization of animals can be used to obtain urine samples at defined times.
Again, the same issues concerning diurnal rhythms apply to animal work. Animal
studies offer the opportunity to obtain and analyse some BM in articular
cartilages from the same joints that are analyzed for SF. This permits a careful
comparison of changes in articular cartilage and an assessment of whether these



are reflected in SF, serum or urine. Studies of this kind have been made in
patients who are already scheduled for arthroplasty of the knee, whereby
undiluted SF and fresh cartilage are both obtained at surgery (R. Leff, I. Elias,
A.R. Poole et al., in preparation).

In any studies of this kind it is essential to determine half-lives of BM in SF and
peripheral blood. Otherwise data interpretation is difficult. Usually half lives in
blood are expected to be shorter because there usually exists a very efficient
hepatic and/or renal clearance route. The tissues through which these BM are
cleared should be identified. The amino propeptide of type Il procollagen is
cleared by receptor- mediated endocytosis in the liver endothelial cells
(Smedsrod, 1988). In the case of nonglycosylated collagen fragments this usually
involves the kidney, as is the case for osteocalcin (Price et al., 1981). For
proteoglycans and hyaluronan (hyaluronic acid) the liver is involved where
receptors for glycosaminoglycans reside on sinusoidal endothelial cells. In blood
the half life may be as short as 2-5 min for hyaluronic acid (Fraser and Laurent,
1989). The presence of synovitis may accelerate clearance rates of BM from the
joint (Myers et al., 1995, 1996) although there was no evidence for differences in
proteoglycan aggrecan clearance in rabbits with and without synovitis (Page-
Thomas et al., 1987). Little is known of the effects of inflammation on other
markers but these should be investigated.

The basement membranes of the kidney can lead to selective filtration of
markers, as do the lymphatics. Thus glycosaminoglycans with their high negative
charge may not readily penetrate these membranes (Thonar) although
glycosaminoglycans such as chondroitin 4- or 6-sulfate are detectable in urine
(Lee and Tieckelmann, 1981). Keratan sulfate can lose its antigenicity relatively
quickly for reasons that remain unclear (Thonar).

6. Factors that may influence BM levels other than disease.

a) Circadian rhythms. These have been examined for only some BM. In the
case of bone there is a circadian rhythm with a nocturnal peak for osteocalcin
(Gundberg et al., 1985) and at about 8:00 a.m. for collagen cross-links (Gertz et
al., 1998). In patients with RA the cytokine interleukin-6 (IL-6) reaches a
nocturnal peak earlier than osteocalcin (Arvidson et al., 1994). This is of interest
in view of the involvement of IL-6 in inflammation and in bone physiology. In
contrast, TNFa shows no evidence for a circadian rhythm (Arvidson et al., 1994).
But what about its receptors? We should ask if there is evidence for circadian
rhythms for cartilage markers. We have no evidence for this in RA (A.R. Poole, R.
Hallgren, unpublished).



b) Peristalsis. Hyaluronic acid is synthesized by synovial cells (and many other
cells) and is potential marker of synovitis in OA as in RA. However, it is most
concentrated in the draining lymphatics of the intestine (Engstrom-Laurent,
1989). Not surprisingly circulating levels are increased following a meal
(Pharmacia, unpublished). Therefore it is important to avoid sampling of
peripheral blood within a period of about 3 hrs following a meal. Does peristalsis
influence other markers? We should ask these questions.

c) Physical activity. Early morning activity following overnight bed rest leads to
an increase in circulating hyaluronan (Engstrom-Laurent and Hallgren, 1985b)
and MMP-3 and keratan sulfate epitope (Manicourt, et al., 1999) in healthy
persons. This is much more pronounced in those with RA. This increase
correlates with RA clinical status and represents a valuable research tool but is a
less practical method of analysis.

d) Hepatic and renal disease. Since the clearance of BM occurs predominantly
via the liver and/or kidneys, any disease involving these tissues will influence BM
levels in serum and urine. Hepatic disease (e.g., cirrhosis) causes marked
elevations in serum hyaluronan (Engstrom-Laurent, 1989) and would likely also
influence the removal of glycosaminoglycan-rich molecules such as
proteoglycans. Renal disease would influence osteocalcin levels. Thus there
should be awareness of these issues in patient studies.

e) Age and sex. Growth is accompanied by elevated serum skeletal BM as a
consequence of growth plate activity. This is clearly reflected in the peripheral
circulation and in urine for aggrecan and type Il collagen (Thonar, et al., 1988;
Carey et al., 1997). Thus analyses of BM in growing children in studies of arthritis
is complicated by the growth component. Since fracture repair usually occurs via
the same process of endochondral ossification, (the basis of skeletal growth) this
must be taken into consideration in studies of patients with OA.

Age-related increases are commonly seen in BM. For example, significantly
higher values for cartilage (Poole et al., 1990) and bone (del Pino et al., 1991)
BM are found in adult males compared to females. Changes may also occur at
menopause and in post-menopausal populations such as in the case of bone
markers. BM often increase with ageing in adult populations possibly reflecting
preclinical degeneration in OA. Hence populations must be carefully matched
and defined with respect to age and sex.

f) Surgery. This can also influence BM levels. These effects can last several
weeks (Thonar et al., A.R. Poole et al., unpublished) (Eugene Thonar to



complete reference).
7. Collection, preparation and storage of samples.

Some molecules, such as osteocalcin, are labile at -20° C but stable at -70° C.
They may, however, also be labile on freezing and thawing. Hence it is
recommended that all samples be aliquoted; rapidly frozen and stored at -70° C
following centrifugation (at least 600 g 3000 rpm for 10 min) to remove particulate
material and any clots. Samples must be labelled in a standardized fashion and
in such a way that labels do not detach. There should be a central storage
repository for body fluids. All methods of collection, processing and storage must
be standardized. It is perhaps appropriate that NIH be responsible for this 'library’
of samples. As in the case of the assay laboratory (preferably the same for all
asays) this storage site must also be a GLP facility.

Sample volume and management is of very great importance since these
collections will represent extremely valuable archival material for future studies. It
should be carefully identified based on assay sensitivities and sample volume
requirements. Since some existing assays may require up to 100 ml per sample
per assay, assays in triplicate therefore represent a requirement for about 325 ml.
Clearly collections of 20 ml blood providing at least 10 ml serum will provide
opportunities for only a limited number of assays (1 ml for 3 different assays x 10,
represents about 30 different assays). Thus we must ask ourselves whether 20
ml clotted blood is sufficient. Twice this volume is probably more appropriate for
studies of this kind. Plasma will provide larger volumes but poor mixing of
anticoagulants at the level of sample collection can often result in problems of
clot formation following frozen storage and sample thawing.

The recovery of SF does not ordinarily require anticoagulants. Clots can be
permitted to form over 1 hr at room temperature, prior to centrifugation. However,
in view of the high viscosity (due to presence of hyaluronic acid and difficulties
therefore in accurately pipetting such samples) it is usually necessary and
recommended that these samples be treated with hyaluronidase (e.g.,
Streptomyces, protease-free) prior to assay. A convenient protocol is to use the
hyaluronidase at pH 5.0 and incubate overnight at 37° C with proteinase
inhibitors to prevent any epitope degradation by proteinases. This should be
standardized and performed in a central laboratory prior to aliquoting samples
(but this will represent two cycles of freeze and thaw i.e., collection, freezing,
shipping to central laboratory, thawing, digestion, aliquoting, freezing, possible
shipping to another assay laboratory, thawing, assay). This requires careful
discussion. Urines and sera/plasma should be shipped frozen on dry ice for



storage. For unstable molecules, such as osteocalcin, aliquots should be created
at the collection site to avoid another cycle of freezing/thawing.

The regularity with which samples should be taken, and which body fluids are
required (and this depends upon the assay and study) also needs careful
attention. It is suggested that we debate a single versus two baseline samples
(one only for joint fluid?) and at what intervals apart, and then the regularity of
sampling according to the study (indication) or the clinical trial. Decisions for
baselines should be based upon exploratory studies of BM variability over time in
patients with OA. In shorter term 3-6 month Phase Il studies, samples should
perhaps be taken at baseline and then at monthly intervals. Synovial fluid
samples taken only at the end of the study would avoid any possible effects
caused by prior joint penetration on sampling. However, this would prevent an
opportunity for individual longitudinal studies of prognostic value which may be
more valuable in BM assessment and validation than cross-sectional group
analyses. Personally | would suggest that joint fluid analyses be performed at the
start and conclusion of a study for maximal data retrieval and simplicity of
incorporation of joint analyses in a clinical trial. The indication for this would be to
address change in individual patients as opposed to differences between patient
populations. To determine whether early BM changes are prognostic of outcome
following therapy we also need to take samples after 1 month from
commencement of treatment to permit assessment of early response to therapy.

In longer term Phase Il studies, where the principal end point is joint space
narrowing (x-ray), samples should perhaps be taken after 1 month (for prognostic
indications) and then at 3 and 6 months and every 6 months thereafter until the
conclusion of the study. This would address issues related to prognosis,
therapeutic effects and disease progression.

8. The sensitivity, accuracy and reproducibility of assays, and variations over time

Requirements for assay sensitivity are determined by the concentration of the
antibody-reactive material epitope(s) to be measured in the sample. For
convenience sensitivity should be set so that samples can be measured in as
small as volume as possible which can be accurately pipetted. This conserves
precious samples and expands the number of assays that can be performed in
BM selection studies. Defined conditions of sample dilution should be identified
as sample volume in total assay volume. Approximately half-maximal inhibition
should be attempted for assays to ensure good reproducibility. Parallelity of
immunoreactivity (of sample inhibition) with that of standard inhibition curves
should be demonstrated to reflect reactivity that is related to concentration of the



epitope(s) and is not influenced by other molecules present in the sample. To
confirm the latter, 'spiking studies' are necessary demonstrating accurate
recovery of added epitope(s) or standard comparable in concentration to that
present in the sample being assayed. The coefficient of variation of an assay
should be no more than 5% intraassay and 10% interassay.

Are these coefficients of variation acceptable, based on power analyses of group
sizes? Clearly the more accurate the assay the greater the opportunity to
minimize patients population sizes. Other such opportunities are offered by
stratification and selection of populations by prescreening with BM, ideally with
genetic analyses to help rationalize differences in BM on healthy populations.

Understanding BM variability in healthy persons and in patients in longitudinal
studies is important, if we are to be able to address changes in disease activity
revealed by BM. An example of such a study is that by Lohmander et al (1998).

9. Which molecular events should be measured, in which tissues and for what
indications?

a) General.

Before we examine the measures let us first consider the indications. What do
we want to measure? Perhaps a BM may offer insights at an early stage of the
disease or provide evidence of secondary changes in established disease (e.g.,
osteophytic formation or development of a synovitis). Some BM may have more
power to detect changes in disease activity caused by therapy or as part of a
phasic disease process whereby disease activity may vary. Other BMs could be
of value prognostically. Therefore these issues should be carefully considered
since it is likely that various BM will provide very different indications. Hence we
should classify them according to the indications which we identify (Witter). The
Roche group has suggested that we identify

(a) "Stratification" BM that mark disease progression and susceptibility to therapy,
(b) "Response" BM that indicate changes in the rate of disease progression in
response to medication (c) "Side-effect" BM. Here animal studies would again be
of value. (d) BM may prove useful for screening for patient BM homogeneity and
for establishing dosages (Witter).

We must identify any markers that can identify or predict structural damage. We
should be able to measure well characterized molecular and tissue changes that
are reflected clinically and by imaging. A better understanding of the significance
of MRI and BM should result from a comparative study of BM with MRI by



analyses of SF. Cartilage volume, loss (joint space narrowing), subchondral bone
changes and synovitis are parameters that can be addressed by imaging. We
should determine how much correlation we can expect between a BM or a group
of markers and a structural endpoint (Witter) such as that reflected by x-ray or
imaging. This may be a transient correlation because of a critical change in
disease activity (Schnitzer) at a specific period of time following commencement
of therapy. Or it may be a lasting change (Witter). Again, the general consensus
is that we should learn our lessons from work on OP. Let's avoid mistakes of the
past and develop testable hypotheses for BM evaluation and validation. But first,
what were these mistakes-if any? Generation of data from analyses of potential
surrogate BM may at this stage be of greatest value so we can start to see if
there are correlations with specific endpoints, such as in a longitudinal study of
the knee.

b) The types of measurements that BM may represent and the patient
populations that we should examine.

Osteoarthritis is characterized by the degeneration of articular cartilage. This
results from a direct attack on matrix molecules resulting in their cleavage,
damage to these molecules and their loss: it is accompanied by a response of
the tissue to this damage which involves enhanced matrix synthesis and
turnover. The most direct evidence of pathology is cartilage degradation. A
secondary more indirect indication would therefore be cartilage matrix synthesis.
The amount of synthesis in relationship to degradation may prove of great
importance in determining disease progression. Thus biosynthesis and its
relationship to damage at the level of a single molecule may offer valuable
indications. If we are studying cartilage-related events it is important that these
BM be cartilage-specific or as specific as possible. Thus type Il collagen and the
cartilage proteoglycan aggrecan, which are principally found in hyaline cartilages,
(type Il collagen is also present in the vitreous of the eye), are perhaps ideal
candidate molecules for the specific study of cartilage pathology, just as
osteocalcin and bone specific cross-links of type | collagen are used successfully
as BM of bone turnover.

The turnover of matrix molecules in OA involves not only accelerated processes
but also the initiation of events that are not ordinarily encountered in healthy
articular cartilage, perhaps not even as part of an ageing process. Thus
molecules that are principally synthesized in fetal tissues (such as tenascin and
fibronectin, and probably cartilage oligomeric protein), make their reappearance
in increased amounts in diseased cartilage. Some of these are, of course, not
tissue specific and may therefore be of more limited value.



The cleavages of major cartilage matrix molecules have been more clearly
defined, in part as a result of the development and use of anti-neoepitope
antibodies that recognize carboxytermini and aminotermini generated by
proteinase cleavages. This has proved possible for type Il collagen (Billinghurst
et al., 1997; Song et al., 1999; Huebner et al., 1998; L. Atley and D. Eyre,
unpublished) and for aggrecan core protein (Lark et al., 1995a, 1997; Hughes et
al., 1995). The use of such cleavage markers should be of much value in
assessment of disease progression and of responsiveness to therapy designed
to arrest such degradative processes. Likewise since the excessive matrix
synthesis and the presence of degradative proteinases, such as
metalloproteinases (MMPs), is closely associated with this damage we have
other potential although less direct BM of tissue damage.

The use of assays that measure the synthesis and the appearance or
reappearance of cartilage matrix molecules will probably reflect more the
development of OA and the progression of the disease rather than the response
to therapy designed to slow or arrest damage. Depending upon how cleavage
and synthesis are coupled, so one might also see responses to therapy at the
biosynthetic level. We still know little of how these different processes are
interrelated. So we should keep an open mind until we can make evidence-
based interpretations of these analyses.

Early changes in OA have been shown to involve significant changes in bone
turnover. This has been recorded by scintigraphy (Dieppe et al., 1993; McCarthy
et al., 1994; Hutton et al., 1986). Osteocalcin is increased in patients with OA
(Campion et al., 1989; A.R. Poole, P. Dieppe et al., unpublished). Early changes
in bone turnover in the onset of OA are also indicated by a reduction in serum
osteocalcin in ageing female populations (Sowers et al., 1999). Bone and
cartilage BM in SF correlate with scintigraphic scans in OA (Sharif et al., 1995c).
It remains to be seen how useful measurements of bone type | collagen turnover
at the level of cross-link (resorption) or propeptide (synthesis) analyses prove to
be in OA. The contrasting increases in osteocalcin observed in early
osteoporosis (del Pino et al., 1991) and in established OA clearly signify different
types of bone changes in early disease to those seen in early OA. Reductions in
osteocalcin may result from a subchondral inflammatory process causative of the
increased bone turnover, since reductions in serum osteocalcin are seen in RA
(Kroger et al., 1993).

Whether changes that may clinically involve only one or two large joints are really
detectable systemically (urine and serum) remains to be established. With a
small disease 'load' (Moskowitz) it may be difficult to detect such changes in



these body fluids. Systemic changes in serum or urine BM may in fact reflect
differences in skeletal turnover that are either more generalized or reflect
preclinical OA. Thus we must recognize the fact that BM may reflect changes that
are not clinically identifiable at this time. Moreover, alterations in knee joints can
be rapidly identified by SF analyses of BM following injury (Lohmander). But are
changes in a single knee reflected in blood or urine? Do we know this? A
systematic analysis may help us resolve the issue of whether individual joint
changes are reflected systemically. When there is no other identifiable pathology.
We can better detect systemic changes where multiple joints are involved
(clinically and sub-clinically) in the case of familial (genetically determined) OA
(Moskowitz; Bleasel et al., 1999). Such populations provide us with a reference
point for more systemic changes in cartilage metabolism.

But are these changes that we measure only restricted to joints? How do they
influence bone metabolism since the defect is in the cartilage? Do these changes
also involve non-articular changes? All this needs to be established. We could
examine cartilage matrix protein (matrilin-1) which is absent from healthy adult
articular cartilages (Paulsson and Heinegard, 1982) although it reappears in
articular cartilage in OA (Okimura et al., 1997).

BM outliers, observed in in a subset of persons in 'healthy' control populations,
such as seen for a keratan sulfate epitope (Thonar et al., 1985), may reflect
patients 'at risk' or 'resistant' to the development of OA. Since these cases were
first identified in the mid-80's perhaps we can soon ask whether these differences
correlate with any clinical outcomes. Those people in 'healthy' populations who
share BM features seen in OA may be those at risk for OA. An example of this is
the reduction in c-propeptide of type Il collagen in OA. Some healthy persons
also exhibit a low serum c-propeptide comparable to that in OA (Nelson, et al.,
1998).

Since patients with OP do not usually develop OA, (Dequeker et al., 1985;
Hamerman, 1997) it would be helpful to examine these patients to identify their
BM profiles which may then reflect characteristics of patients less likely to
develop OA.

Synovitis is commonly observed in established OA but it is usually limited
(Goldenberg et al., 1982; Gordon et al., 1984). This is an inflammatory process
that involves upregulation of hyaluronic acid synthesis by synovial cells caused
by increased production of cytokines such as interleukin-1a, b, tumor necrosis
factor-a and transforming growth factor-b (Hamerman and Wood, 1984; Butler et
al., 1988; Haubeck et al., 1994). There is evidence for a general upregulation of



synthesis of some of these and other cytokines in OA cartilage, (Melchiorri et al.,
1998) as well as of their receptors (Poole and Howell, 2000; Webb et al., 1997).
In RA serum hyaluronic acid upregulation correlates with synovitis (Keyszer et
al., 1999; Poole, et al., 1990; Poole and Dieppe, 1994). Serum hyaluronic acid
may therefore offer opportunities to study synovitis in OA.

Matrix metalloproteinases (MMP) and their inhibitors (TIMPs) are upregulated in
SF and serum RA (Ishiguro et al., 1996; Manicourt et al., 1995; Yoshihara et al.,
1995) and in OA (Lohmander et al., 1993). They probably originate from
synovium and cartilage. This probably also results from cytokine or growth factor
activation (Poole et al., 1995). Cartilage oligomeric protein (COMP) is
synthesized by synovial cells, as well as by chondrocytes, especially on
activation with transforming growth factor b (Recklies et al., 1998; Dodge et al.,
1998). Thus COMP, MMPs, and hyaluronic acid may provide insights into
synovitis as well as cartilage pathology. There is also upregulation of synthesis of
type lll collagen (as amino propeptide) in inflamed synovia in RA and OA (Sharif
et al., 1996). This increased synthesis of type Il collagen almost certainly reflects
synovitis, whereas type | collagen synthesis can also upregulated when bone
matrix turnover is increased (Christenson, 1997) and may more clearly reflect
bone changes.

Markers of systemic inflammation, such as the acute phase c-reactive protein,
have value in studies of OA (Sharif et al., 1997). BM of pain such as serotonin
(Sowers) and muscle activity (for mobility indications) should be included to link
with clinically defined function. It is clearly important wherever possible to
rigorously rationalize the selection of known BM at a tissue and molecular basis,
and to do the same in the selection, identification and search for new BM,
identifying the specific indication(s) for which each BM may be best suited and
the requirements where BM are not presently available for a specific indication.

10. Analyses of results

The analysis of data comparing two or more BM offers advantages, especially
with respect to the analyses of synthesis versus degradation of molecules such
as type Il collagen or aggrecan, and for comparing changes in bone and cartilage
(Eyre). The balance between two key events in matrix turnover may have more
predictive or indicative value than analysis of a single event alone. It may be
possible to establish a predictive equation of a process in OA using a
combination of markers (Witter). This is being done for RA using linear multiple
regression analyses (A. Fraser, P. Emery, A.R. Poole, D. Veale et al, in
preparation)



Analyses of results employing discriminant analyses using backward elimination
of non-informative variables provides opportunities to identify markers that can
discriminate patients with OA (Otterness et al., 1995). Analyses of this kind can
help understand how a proteinase marker may associate with a disease and
relate to a specific tissue or event or the sort of indication(s) a new BM may
reflect. These analyses are of real value in selecting and classifying markers. It
would be helpful for example, to see if an MMP, such as stromelysin (MMP-3),
derived from synovium and/or cartilage, relates to events such as synovitis (how
does it compare to hyaluronic acid) or cartilage degradation (collagen Il or
aggrecan cleavage).

Integration of time-related changes (A.R. Poole, T. Saxne, D. Heinegard, R.
Eastell et al., unpublished) can provide valuable insights into changes over time.
Correlations between BM can provide valuable investigative insights into
pathology and will help in prioritizing and classifying BM for specific indications.

Logarithmic conversion of data can be an effective way of dealing with a non-
uniform distribution of data thereby permitting analyses with more standard
statistical tests (Dieppe, Otterness). Otterness identified standard statistical
forumla for defining the number of patients that would be required to reject a null
hypothesis (i.e., hypothesis of no difference) with given alpha (p value, typically
0.05) and beta (type Il error toleration, typically 0.8 or 0.9). The formula is:

N = 9(s12 + $22)(Z1-a/2 + Z-1--b)2 / (m1- m2)2

where s1 and s2 are the standard deviations and m1 and m2 are the mean
values of the control and the OA populations, and Z is the normal probability
distribution function for 1-a/2 and 1-b, respectively. The formula is multiplied by 9
to determine the population size that would be required to detect a 33%
improvement in the marker. (That value is chosen somewhat arbitrarily, but is
based on the concept that most treatments will not bring the marker back to
baseline (Otterness).

The services of statisticians in planning and interpreting these studies are
essential.

11. The need for positive controls in the assessment of BM: a further case for RA
studies.

It is obvious that we need to perform experiments with therapeutic agents that
can knowingly reduce disease activity in arthritis and skeletal damage. Arguably,
therefore, it may be wise to consider that some BM assessments be made in



patients with RA where there is more effective therapy available which can be
used to reduce disease activity and potentially provide measurable changes in
skeletal damage and synovitis. Low dose methotrexate treatment has been
shown to be effective as well as TNFa inactivation. Therefore longitudinal studies
in RA which would be shorter may help in identifying and selecting BM of
inflammation and skeletal change if analyses are made of body fluids from
patients where a reduction in joint space narrowing and/or synovitis has been
demonstrated. The bone crosslink deoxypyridinoline has been shown to be
reduced following treatment of RA with methotrexate (Yasser et al., 1998).

12. Specific assays of BM Tissue and molecular specificities:
Cartilage: type Il collagen degradation (indication: cartilage degradation)

There is a general consensus that the measurement of the degradation of
cartilage macromolecules, such as of type Il collagen, offer clear opportunities to
detect and measure cartilage degradation, especially since assays for type |l
collagen degradation are now available. Type Il collagen cleavage by
collagenase and its denaturation is upregulated in OA (Hollander et al., 1994;
Billinghurst et al., 1987; Dahlberg et al., 2000). None of these assays have yet
been described in detail in full peer-reviewed publications.

David Eyre has developed a urine assay that employs a monoclonal antibody to
measure a cross-link epitope in the c-telopeptide that includes a carboxyterminus
generated by cleavage of this telopeptide (2B4 antibody). The telopeptide
sequence provides specificity for this type Il molecule. Other related assays are
in development for serum and SF (7H3 antibody). The 2B4 assay has been used
to study cartilage damage in patients with OA and after joint injury (Moskowitz et
al., 1999; Atley et al., 1998a, b; Lohmander et al., 200a; Atley et al., 2000).

A monoclonal antibody to a c-telopeptide epitope has been used in a urine assay
developed by the group of C. Christiansen (Christgau et al., submitted). Ivan
Otterness has produced a monoclonal antibody to the primary collagenase
cleavage site in type Il collagen of the kind described by Billinghurst et al (1997).
This recognizes the c-terminal neoepitope of the a chain TCA piece. In
combination with an antibody to a type Il collagen specific intrachain epitope N-
terminal to this cleavage site, an ELISA sandwich assay (TIINE) has been
established for urine (Saltarelli et al., 1999; Woodworth et al., 1999). These
assays have reported the increased presence of epitope in urine in OA.

Poole and colleagues have developed an ELISA assay (C2C or COL2-3/4CLong
mono) for the primary collagenase cleavage site in type Il collagen employing a



monoclonal antibody that recognizes a collagenase-generated conformational
epitope that has sequence specificity for type Il collagen. The serum assay has
been used to study cartilage erosions in experimental inflammatory arthritis and
their treatment (Song et al., 1999). In experimental OA the cleavage of type Il
collagen by collagenase is markedly increased as revealed by analyses of SF (J.
Matyas, A.R. Poole, et al., unpublished; Q. Chu, M. Markel, A.R. Poole et al.,
unpublished) in dogs and serum (J. Matyas, A.R. Poole et al., unpublished) and
in SF in rabbits (L. Killar, A.R. Poole et al., unpublished). Significant increases in
urine have been detected by these assays in arthritis: serum elevations in RA
have been observed which are related to disease activity (A.R. Poole, M.
Fitzcharles, R.C. Billinghurst, E. Keystone, unpublished; A. Fraser, D. Veale, P.
Emery, unpublished). Similar results have been obtained for early RA in SF
analyses showing a relationship between articular cartilage damage and
synovitis (A.R. Poole, unpublished).

Cartilage: type Il collagen synthesis: c-propeptide (indication: cartilage synthesis)

This molecule is synthesized as a procollagen which contains amino and carboxy
propeptides. These are removed extracellularly by single cleavages of amino-
and carboxy (C) proteinases as collagen is incorporated into the fibril. Their half
life is about 18 hr (Nelson et al., 1998). The c-propeptide content and release
from the cartilage is directly correlated with collagen synthesis (Nelson et al.,
1998). Serum assays were described, first by Hinek et al, (1987, 1988) and then
by Shinmei et al (1993). The latter is a bead-based assay (Teijin Co., Japan)
whereas the other was originally a radioimmunoassay (Mansson et al 1995).
These assays were used to demonstrate increases in c-propeptide content in SF
following knee injury and in primary OA (Lohmander, et al., 1996), a decrease in
serum in OA (Nelson et al., 1998) and an increase in serum in RA (Nelson et al.,
1998; Mansson et al., 1995). How these assays compare is not known. An ELISA
assay is presently under commercial development employing monoclonal
antibodies (E. Diamendes, unpublished).

Cartilage proteoglycan aggrecan: core protein (indication: cartilage turnover)

This was one of the first molecules to be studied as a BM following the earlier
work of Ziff et al (1956) on elevated urinary hydroxyproline in children and in RA.
Heinegard et al (1985) used polyclonal antibodies to aggrecan to detect its
elevation in serum in an animal model of OA. These polyclonal antibodies have
since been used extensively by Heinegard and Saxne et al and by Lohmander et
al.



Cartilage proteoglycan aggrecan: core protein epitope (indication: cartilage
turnover)

An I-F21 monoclonal based ELISA assay detects an epitope outside the G1
domain (Mgller et al., 1994). It is increased in SF in post-traumatic knee injury
and primary OA (Lohmander et al., 1999). It is valuable when used in
combination with the chondroitin sulfate 846 epitope assay of aggrecan to
establish ratios of these epitopes.

Cartilage proteoglycan aggrecan: keratan sulfate (KS) epitopes (indication:
cartilage turnover)

The elevation of a KS epitope in sera of patients with OA (Thonar et al., 1985;
Sweet et al., 1988) was observed using a monoclonal antibody (Caterson et al,
1983). These elevations have not always been observed using the same or other
antibodies, presumably because of assay and epitope differences (Poole et al.,
1994, Spector et al., 1992). Serum KS epitope is elevated during developing of
experimental OA in the dog (Manicourt et al., 1991). Proteoglycan aggrecan
fragments detected in SF are also elevated in OA (Thonar et al., 1993; Saxne,
Heinegard, 1995). They are generally larger in size in OA than RA (Witter et al.,
1987) and contain mostly both non-functional G1 domain (cannot bind to
hyaluronic acid to form aggregates) and the KS epitope rich region. The changes
observed in serum epitope content can vary. Maximally they are of the order of
about 30-40%.

KS epitope content is increased in SF in experimental OA (Campion et al., 1991).
Most recent work on KS epitopes has been by Thonar et al., who have shown in
serum studies in RA that KS epitope content is inversely related to TNFa content
(Manicourt et al., 1993). These epitopes also show inverse relationships to serum
acute phase protein in RA (Poole et al., 1990). In OA joint fluid the KS epitope is
inversely related to polymorph content (Poole et al., 1994). These observations
may reflect the inhibitory effect of inflammation on aggrecan synthesis. For
example, if such epitopes reside on newly synthesized molecules, the synthesis
of which can be inhibited by upregulation of cytokines such as interleukin-1 and
TNFa, in inflammation, then this could account for the inverse relationship to
inflammation related BM.

Cartilage proteoglycan aggrecan: 846 and 3B3 and other chondroitin sulfate
epitopes (indication: cartilage turnover/synthesis)

The 846 epitope was originally identified in human fetal cartilages using an IgM
monoclonal antibody isolated by Glant et al (1986). Aimost absent in healthy



adult articular cartilage, it reappears in OA (Rizkalla et al., 1992). Recent work
has revealed that the release of this epitope from cartilage in culture is correlated
with proteoglycan synthesis(H. Jugessur, A.R. Poole unpublished). The epitope is
present on the largest molecules that in healthy cartilage show complete
aggregation with hyaluronic acid (Rizkalla et al., 1992). This suggested that it is
present on intact molecules in normal and OA cartilages. Confirmation of this has
come from rotary shadowing analyses of antibody binding to aggrecan (M.
Morgelin, A.R. Poole, B. Mansson, D. Heinegard, unpublished) which reveal that
it is detected in healthy fetal human aggrecan it is present in close proximity to
the G3 domain as originally suggested by Rizkalla et al (1992). This epitope is
increased in content in SF following injury (Lohmander et al., 1999) and in SF in
primary OA (Poole et al., 1994) where its mean ratio to serum represents an
approximately 40 fold increase in content in SF reflecting its origin from OA
cartilage where it is concentrated. It is more elevated earlier in the disease
(Ishiguro et al., 1999). It is also increased in serum in chronic RA (Poole et al.,
1994) but suppressed in content in early rapid progressive RA (Mansson et al.,
1995) possibly reflecting impaired aggrecan synthesis in this acute inflammatory
condition as discussed above for the KS epitope. It is elevated in SF in
experimental OA in rabbits (L. Killar, A.R. Poole et al., unpublished) and exhibits
an inverse correlation to KS epitope content in OA SF (Poole et al., 1994). In
serum analyses, this epitope, together with COMP and the TNFa p-75 receptor,
can discriminate OA patients from normals (Otterness et al., 1995). This assay
has recently been converted to an ELISA assay and will be available
commercially (HDM Diagnostics, Toronto).

Another native chondroitin sulfate epitope (3B3) is elevated in SF in early
experimental OA, reflecting the upregulation of this epitope in degenerate
cartilage (Ratcliffe et al., 1993). 3B3 is also elevated following knee injury
together with another chondroitin sulfate epitope 7D4 (Hazell et al., 1995). Both
3B3 and 7D4 monoclonals were isolated by B. Caterson et al. One of the
concerns when measuring these epitopes is there the influence of epitope
density on antibody reactivity. This can be largely overcome in the KS assay by
use of monovalent antibody fragments (Fab) (Poole et al., 1989; Poole et al.,
1994).

Cartilage proteoglycan aggrecan core protein cleavage neoepitopes (indication:
cartilage degradation)

There are two principle cleavage sites in the G1-G2 interglobular domain of
aggrecan: the MMP and the aggrecanase cleavage sites (Poole et al., 1995).
Anti-neoepitope antibodies have been prepared to both the carboxy and amino



terminal neoepitopes that are generated in these two cleavage sites (Hughes et
al., 1992; Hughes et al., 1995; Lark et al., 1995; Fosang et al., 1995). Assays are
being developed to these and other aggrecan cleavage epitopes for commercial
use (HDM, Toronto). These assays should be of comparable value to the type I
collagen degradation assays, especially since aggrecan is actively degraded and
synthesized in diseased cartilage to replace that which is lost.
Immunohistochemical studies of OA and RA cartilages have revealed the
presence of both cleavage sites (Lark et al., 1997) as in the case of experimental
models of arthritis (Van Meurs et al., 1999).

Cartilage oligomeric protein (COMP) (indication: abnormal cartilage turnover
and/or cartilage/synovial cell activation?)

This thrombospondin is increased in content and degraded in degenerate OA
cartilage (DiCesare et al., 1996) and levels are increased in SF following joint
injury and in primary OA (Lohmander et al., 1994). There is a significant increase
in serum in COMP in OA patients with higher Kellgren-Lawrence grades and
more joint involvement (Clark et al., 1999). An increase in serum COMP was also
seen in two OA studies of patients exhibiting more rapid disease progression
(Sharif et al., 1995b; Petersson et al., 1998a). Such patients also show an
elevated serum hyaluronic acid content (Sharif et al., 1995a). Serum COMP also
correlates with joint space width at entry and with yearly mean joint space
narrowing (Conrozier et al., 1998). Increased serum COMP is one of a number of
BM changes that are seen in patients with a type |l collagen mutation in type |l
collagen that develops a familial OA (Bleasel et al., 1999).

Whether the majority of the COMP detected in body fluids originates from
cartilage has not as yet been clearly established. Since activated synovial cells,
especially those exposed to TGFb, upregulate COMP gene expression and
synthesis (Recklies et al., 1998; Dodge, et al., 1998) and COMP serum levels are
elevated in rats with experimental inflammatory arthritis with synovitis (Vingsbo-
Lundberg et al., 1998; Larsson et al., 1997), elevated COMP may also reflect a
synovitis. This remains to be clearly determined. Polyclonal and monoclonal
assays are available in these research laboratories.

Cartilage matrix protein (matrilin-1) (indication: cartilage turnover.)

This molecule is not ordinarily detected in healthy adult articular cartilages
although it is present in non-articular cartilages (Paulsson et al., 1982). It
reappears, however, in articular cartilage in OA (Okimura et al., 1997). It can be
detected by immunoassay and is increased in content in serum in inflammatory



arthritis (Saxne and Heinegard, 1989). Further studies in OA are needed.
GP-39/YKL-40 (indication: cartilage turnover and synovitis?)

This is a glycoprotein which is a member of the chitinase family. It is a secretory
product of activated chondrocytes and synovial cells (Hakala et al., 1993). It is
upregulated in OA cartilage (Volck et al., 1999). Elevated serum levels have been
reported in OA using a commercial assay (Chondrex, Novadex, Inc., San Diego;
Harvey et al., 1998).

Pentosidine (indication: general collagen breakdown)

This is an age-related advanced glycation end product found on a number of
molecules, in particular collagens. It can be detected by HPLC assays (Miyata et
al., 1998). Pendosidine content is elevated in blood in RA (Miyata et al., 1998;
Rodriguez-Garcia et al., 1998) but not in OA (Miyata et al., 1998). Its content
correlates with inflammation markers such as c-reactive protein (Miyata et al.,
1998) and may therefore reflect more systemic changes in collagen degradation
induced by inflammation

Synovium: type Il collagen amino (N) propeptide (indication: synovitis and soft
tissue repair)

This assay is used to study type Il collagen synthesis. The propeptide is
upregulated in inflamed synovium. Thus the increase seen in OA (Sharif et al.,
1996) suggests the presence of synovitis since studies in RA of elevated serum
N-propeptide of type Il reveal an association with progression of bone erosions
(Harslev-Petersen et al., 1986) as in the case of hyaluronic acid (see Poole and
Dieppe, 1994 for review). Commercial assays for the N-propeptide of type Ili
procollagen (inflammation/synovitis) as RIAs are available from Orion
Diagnostica, Oulunsalo, Finland and Farmos Diagnostica, Turku, Finland (see
papers by L. Risteli and J. Risteli).

Bone: type | collagen N- and C (Carboxy) propeptides (indication: bone and soft
tissue collagen repair)

Serum assays for type | collagen N- (ELISA) and C-propeptides have been used
to study bone formation. They seem to be inferior to serum osteocalcin and bone
alkaline phosphatase in studies of metabolic bone disease (Ebeling et al., 1992).
These collagen assays are not, however, specific for bone although they have
been used to study bone turnover. Commercial assays are available from Orion
and Farmos



Bone: type | collagen C-telopeptide (indication: bone and soft tissue resorption)

The serum and urine Crosslaps assay (Osteometer, Herlev, Denmark) employs
two monoclonal antibodies in an ELISA sandwich which detects a linear epitope
in the C-telopeptide of type | collagen a1 chain (Christagau et al., 1998). The
assays show good correlations between serum and urine and reflect bone
resorption.

Bone: type | collagen cross-links (indication: bone resorption).

This area was pioneered by Robins et al (1986, 1994) using HPLC and by Eyre
and his group. A number of urine immunoassays for type | collagen cross-links
have been marketed. These assays are usually restricted to urine. There is an
ELISA cross-link (XL) assay for the C-telopeptide a1 (1) (Crosslaps, Osteometer,
Denmark); an RIA for 3 cross-linked fragments of the a1 (I) C-telopeptide (Orion,
Finland/Incstar Stillwater, Mn., USA); an NTX ELISA assay for a2(1) and a1 (1)
amino telopeptide cross-links (Ostex, Seattle); an ELISA for deoxypyridinoline
cross-links (Metra Biosystems, Los Angeles). These assays have been compared
in RA (St. Clair et al., 1998) and in OP (Delmas and Garnero, 1998). These
assays have predictive value for therapeutic outcome in the treatment of OP
(Greenspan et al., 1998), predicting hip fracture (Garnero et al., 1996) and bone
loss (Garnero et al., 1999). Comparisons have been made between assays
(Garnero et al., 1994).

In view of the marked changes in bone turnover that have been observed in OA
and (as in RA) are accompanied by increases in urinary deoxypyridinoline cross-
links (Seibel et al., 1989) assays of this kind should have value in the study of
bone turnover in OA. Already cross-links have provided indications of disease
development and progression (Thompson et al., 1992). They may help in
identifying and stratifying/classifying patient populations in view of the marked
changes in bone turnover in OA (MacDonald et al., 1994; Otterness et al., 1995).

Bone: osteocalcin (indication: bone assembly/turnover)

This is also used to study bone turnover in OP. In established OA serum
osteocalcin is increased (Campion, et al., 1989; A.R. Poole, P. Dieppe,
unpublished) whereas a decrease is associated with OA onset in an ageing
female population (Sowers et al., 1999). The indications for osteocalcin for
studying bone turnover would be expected to be similar to these for type |
collagen cross links. Both may be of value in detecting early changes and
alterations in the progression of OA. The formation of osteophytes involves
endochondral ossification and new bone formation which should be reflected by



osteocalcin measurement. It may be helpful to ask of the OP studies whether it is
osteocalcin or cross-links, which are of most value for any specific indications
and whether ratios of these BM may be of value.

Bone: sialoprotein (BSP) (indication: bone assembly/turnover)

BSP is another molecule which is predominantly found in bone although it can be
synthesized as a splice variant in some tumors. An ELISA assay can detect
elevations in BSP in patients who previously presented with chronic knee pain
and with abnormal bone scans (Petersson et al., 1998a). Serum BSP is
increased in OA patients with bone scan abnormalities (Petersson et al., 1998b)
but at baseline serum BSP is not related to OA progression. It does, however,
correlate inversely with osteophyte grade and sclerosis (Conrozier et al., 1998).
This protein should be evaluated with other specific bone proteins or components
thereof. The literature to date mainly concerns elevations of BSP in RA where
bone erosions are very much a feature of the pathology (Saxne et al., 1995).

C-reactive protein (CRP) (indication: systemic inflammation)

That limited systemic inflammation is a feature of OA is demonstrated by the
small but significant elevation of serum CRP (Sharif et al., 1997; Otterness et al.,
1995). The value of this assay in relationship to disease activity and progression
is unclear. It may be of more value in classifying patients.

Hyaluronic acid (HA) (indication: synovitis)

This is synthesized by many cells. In RA elevations in serum HA, can be
detected by different assays including those that employ the G1 domain of
aggrecan and link protein (that bind specifically to HA) (Lindqvist et al., 1992).
Serum HA shows significant correlations with joint counts, and joint inflammation
(pain, tenderness and swelling), (for review, see Poole and Dieppe, 1994). It
correlates with disease progression in RA (Paimela et al., 1991). Persistently
elevated HA is seen in OA patients with more rapid disease progression (Sharif
et al., 1995a). Elevations are often seen in OA (Goldberg et al., 1991) and in
experimental OA (Myers and Brandt, 1987; Manicourt et al., 1995). As in RA they
probably reflect a synovitis. Their current availability of commercial assays
remains unclear.

Cytokines (indication: inflammation)

The normal and pathological turnover of skeletal tissues is regulated by autocrine
and paracrine signalling which involves cytokines such as interleukin-1a1, b,



interleukin-6 and tumor necrosis factor-a. In OA there is upregulation of
expression of these cytokines in chondrocytes and of their receptors (see review
Poole and Howell, 2000). Moreover, synovitis results in further metalloproteinase,
cytokine and growth factor generation (Firestein et al., 1991; Ritchlin et al., 1994,
Miyosaka et al., 1988; Okamoto et al., 1997). These cytokines are regulated in
part by natural soluble scavenger receptors. Therefore analyses of these
molecules (ligand and especially the receptor) can provide valuable insights into
disease activity. Stimulation of c-reactive protein synthesis in the liver results
from IL-6 activation. In RA IL-6 has been shown to correlate with changes in
aggrecan levels (Manincourt et al., 1993). TNFa p55 and p75 receptor levels also
correlate with disease activity and inflammation, including IL-6, in JRA (Gattorno
et al., 1996). Serum TNFa p75 (type Il) receptor is capable of discriminating OA
patients from normals (Otterness et al., 1995). Thus it would make sense to
include these extracellular signalling molecules and their regulators in studies of
BM in OA.

Matrix Metalloproteinases (MMPs) and their inhibitors (TIMPs) (indication:
cartilage damage and/or synovitis)

These MMPs, which are involved in the degradation of cartilage, include
collagenase-1 (MMP-1) and stromelysin-1 (MMP-3) are upregulated in OA (Poole
et al., 1995; Poole and Howell, 2000). Tissue inhibitors of MMPs (TIMPs) are
also upregulated. These originate from fibroblasts, synovial cells and
chondrocytes exposed to cytokines such as IL-1 or TNFa (Poole et al., 1995;
Poole 1997). Thus upregulation of an MMP is indicative of cytokine activation.
MMP-3 is upregulated in SF of OA patients, averaging 15-45 times that of the
healthy reference group (Lohmander et al., 1993). This elevation is also seen
following joint injury. Elevations of TIMP-1, one of the inhibitors of MMPs, are
also observed but to a lesser degree MMP-1 is increased but less than MMP-3.
The assays used to detect these proteinases can influence the result. Whereas
Lohmander et al (1993) used a combined monoclonal/polyclonal sandwich ELISA
to recombinant enzyme (pro or active), others have used polyclonal antisera to
detect MMP-3 (pro or active?) and show higher elevations in RA and more MMP-
3 in serum than synovial fluid in the inflammatory arthritis (Taylor et al., 1994).

Serum MMP-1 is elevated in OA as much as RA whereas MMP-3 is only elevated
in RA (Keyszer et al., 1999). Changes in TIMP-1 were not observed in either RA
or OA. The complex of MMP-1 and TIMP-1 is increased more in RA than OA.
Levels of these BM in SF are independent of the stage of OA (Ishiguro et al.,
1999).



Assays for Pain
These should be considered. Serotonin is an example (Sowers).
Concluding Remarks

This document is intended to serve as a basis for discussion and guide for the
assessment of the value of BM in the study and treatment of OA: in particular
their value in clinical trials as surrogates. It seeks to address the issues that we
must deal with, to identify the criteria which we should be looking for in a BM by
addressing the pathology of OA, the processes that we need to track and treat.
The BM may provide a surrogate for future clinical trials and studies in this
disease. But don't let us reinvent the wheel. Our colleagues in OP research have
done so much to bring BM to a point of respectability and value. They have
carefully demonstrated what they can do in BM development. We should draw
from their experience. Let's make sure that we know what we are measuring and
how this may be influenced, for example, by circadian rhythms, clearance rates
of BM from body fluids, sex, age and therapy. In OA we have arguably the
greatest challenge - much greater than RA or osteoporosis-because of the
generally slow progression of the disease, clinical diversity and often very much
less skeletal disease "load" than in RA and OP. Clinical heterogeneity is a real
challenge. We should use BM to address this in pretrial assessments. We must
link imaging to BM development to clinical trials. Remember that academics,
industry, the Food and Drug Administration and the National Institutes of Health
all have much to offer. But we need each other to make it possible. That's why
progress has been very slow, spotty and somewhat disorganized to date in OA
and RA BM research and development. So often the academic lacks the access
to or awareness of clinical material and vice versa. So if we do this well, get the
right people involved, and think longitudinally then we should indeed have much
to offer the management of OA by developing new tools to aid and accelerate
drug development and eventually control this crippling disease.
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