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Abstract

The metabolism of the cartilage proteoglycan aggrecan was
studied in patients with osteoarthritis (OA, n = 83), rheu-
matoid arthritis (RA, n = 127), and in controls (n = 117)
using monoclonal antibody-based radioimmunoassays for
glycosaminoglycans in the serum and synovial fluid (SF) to
detect epitope 846 on chondroitin sulfate (probably only on
recently synthesised molecules) and a keratan sulfate (KS)
epitope AN9PI, present on intact and degraded molecules.

Epitope 846 levels were always elevated in SF over serum
(mean 38-fold in OAand 8.6-fold in RA) being highest in
OApatients with the longest disease duration and greatest
loss of cartilage, and lowest in RAjoints with high leucocyte
counts. Serum levels were more often elevated in RA (56%)
than in OA(19%) and probably reflect increased aggrecan
synthesis in diseased joints. KS levels were higher in SF
than in serum in 69% of patients (up to 2.3-fold); levels
were inversely (OA) and directly (RA) related to SF leuco-
cyte counts. Serum KS was reduced in both diseases and in
RA was inversely related to both systemic and joint in-
flammation markers. SF 846 levels were inversely related
to SF KS in both diseases.

These epitopes may provide a measure of the balance
between cartilage synthesis and degradation in these dis-
eases. (J. Clin. Invest. 1994. 94:25-33.) Key words: carti-
lage aggrecan rheumatoid arthritis osteoarthritis

Introduction

Destruction and remodeling of articular cartilage are features
of both rheumatoid arthritis (RA) ' and osteoarthritis (OA) ( 1 ).
In OA, where there is relatively little synovial inflammation,
the cartilage matrix degradation is usually accompanied by en-
hanced synthesis of proteoglycans. This has been demonstrated
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1. Abbreviations used in this paper: CS, chondroitin sulfate; ECP, eo-
sinophil cationic protein; KS, keratan sulfate; MPO, myeloperoxidase;
OA, osteoarthritis; PMN, polymorphonuclear leucocytes; RA, rheuma-
toid arthritis; SF, synovial fluid.

in both the human disease (1, 2) and in experimental models
(3, 4). In contrast, intra-articular inflammation is a major feature
of RA, resulting in polymorphonuclear (PMN)-rich cellular
exudates in the joints. But relatively little is known about carti-
lage proteoglycan changes in this disease, or what influence the
inflammation and the effects PMNproducts may have on matrix
synthesis. In RA there is excessive production of cytokines
such as interleukin la and 13 (5, 6), and these may stimulate
chondrocyte-mediated matrix degradation (7-9). There is both
in vivo (10) and in vitro (11-14) evidence that these same
cytokines can act as potent inhibitors of matrix synthesis, at
concentrations at least an order of magnitude less than those
required to stimulate degradation ( 11).

The extensive extracellular matrix of hyaline cartilage con-
tains a dense network of composite collagen fibrils composed
mainly of type II, together with type IX and XI collagens (9).
Contained within this network are large proteoglycans (called
aggrecan) many of which can aggregate with hyaluronic acid.
In adult cartilage, these molecules contain a relatively large
proportion of the glycosaminoglycan keratan sulfate (KS) in
addition to chondroitin sulfate (CS) (15). Proteoglycans iso-
lated from adult articular cartilage consist of partially degraded
molecules containing the KS rich region of aggrecan (16, 17).

Previous studies of aggrecan from fetal, immature, and adult
articular cartilage revealed that an epitope identified by a mono-
clonal antibody called 846 (which is chondroitin ABC lyase
labile), is most concentrated in the fetus (18). This CS-related
epitope disappears progressively with aging, alongside a relative
increase in the amount of KS in cartilage; the 846 epitope is
almost absent from mature adult cartilage (17, 18). However,
in OA this epitope is usually present in increased content, lo-
cated on the largest of the aggrecan molecules (17). It may be
confined to the most intact and recently synthesized aggrecan
molecules, and may therefore be a marker of aggrecan synthesis.
Related native CS epitopes also appear in the articular cartilage
of dogs with experimental OA( 19), and in human OAcartilage
(20). These CS epitopes, including the 846 epitope, have not
been detected in other adult tissues (Poole, A. R., and A. Reiner,
unpublished results).

Using antibodies to core protein and KS epitopes on ag-
grecan, we and others have shown that degradation products
can be found in synovial fluids (SF) and sera of patients with
a variety of different types of arthritis (21-30). KS-containing
fragments, measured by ELISA, have been shown to be present
in increased amounts in the SF, and possibly in the serum, of
patients with OA (22-25), although they may be unchanged
or decreased in content in the sera of patients with RA (29,
30). Our previous studies using an immunoassay which detects
relatively large PGfragments containing KS (31 ), revealed that
there was an inverse correlation between the content of these
molecules and the acute phase reactant orosomucoid in the sera
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of patients with RA (29). A similar observation has since been
recorded by another group using a different KS assay (30).
More recently an inverse correlation has been observed between
serum KS (32) and TNFa levels, indicating an effect of in-
flammation on systemic cartilage metabolism. However,
changes in the content of KS-rich degradation products in arthri-
tis could also result from differences in the reactivity of antibod-
ies to KS in large and small fragments, as a result of changes
in epitope density, an effect that can be minimized by the use
of monovalent Fab fragments (31).

In the present study, we have studied patients with RA and
OA, as well as a group of subjects without arthritis. Wehave
shown that proteoglycan fragments bearing the CS epitope 846,
as well as KS, are detectable in sera and SFs. Wedemonstrate
significant differences in the levels of these fragments in patients
with OAand RA. The 846 epitope is strikingly elevated in sera
of patients with RAin contrast to reduced KS levels. In SF the
846 epitope also shows marked elevations in this case over
serum levels, and especially in OA. Wehave specifically inves-
tigated the hypothesis that the SF concentration of these ag-
grecan fragments will be related to the degree of local inflam-
mation and severity of joint damage, whereas serum levels will
relate to the degree of systemic disease activity.

Methods

Subjects. After obtaining local ethics committee approval for the study,
serum samples were collected from 117 ambulatory subjects attending
a blood donor center, none of whom had any evidence of arthritis or
any other inflammatory disease. This control group comprised 63 women
and 54 men (Table I). Serum and SF samples were also collected from
patients with knee arthritis requiring withdrawal of SF for diagnostic
or therapeutic reasons, the serum sample being collected at the same
time that the joint was aspirated. Patients were excluded if they had
had a steroid injection into the index knee joint within three months of
the study; other therapy was not taken into account. There were 127
patients with active RA and synovitis of the knees (88 women, and 39
men [Table I]) and 83 patients with OAof the knee and an effusion (61
womenand 22 men). All patients had been referred to the Department of
Rheumatology at the Bristol Royal Infirmary; RA was diagnosed by
ACRcriteria (33) and OAon the basis of use-related pain in the index
joint, combined with radiological features of OA, including definite joint
space narrowing. The patient groups were further divided into three
groups, according to disease duration; 58% of the RA patients had had
the disease for more than 10 yr, 39% for 2-10 yr, and only 3% (four
subjects) for less than 2 yr. 60% of those with OA had suffered for
more than 10 yr, 36% for 2-10 yr, and 4% (three subjects) for less
than 2 yr.

Clinical assessments. The joint from which SF was obtained was
assessed for pain and evidence of local inflammation at the time of the
aspiration. Pain was measured on a 0-1-2-3 scale (none, mild, moder-
ate, severe), and the size of any effusion, as well as local heat and
tenderness on 0-1-2 scales (absent, present, severe). The presence or
absence of ligamentous instability was also recorded.

Synovial fluid analyses. All SFs were aspirated from the suprapatella
pouch of the knee joint using a 23 gauge needle. They were immediately
transferred into sterile containers containing no anticoagulant or preser-
vatives. The initial examination and separations were carried out within
2 h of collection. A few drops of the fluid were used to estimate the
total and differential leucocyte counts, which were divided into three
categories each as follows: (a) total leucocyte counts < 1 x 105/ml;
2. 1 x 105 - 1 x 106/ml; 3. > 1 X 106/ml; or mainly lymphocytes
and few PMN; (b) approximately equal numbers of PMNand mononu-
clear cells; and (c) predominantly PMN. The remaining fluid was centri-
fuged at 2,000 g for 10 min and the supernatants aliquoted in 1-ml
samples for storage at -700C before estimation of proteoglycan frag-
ments and inflammatory markers.

Table 1. Details of Patient Groups Examined

Non-arthritic
Age normals Osteoarthritis Rheumatoid arthritis

20-30 2 2
30-40 2 - 8
40-50 25 5 7
50-60 25 23 34
60-70 34 21 44
70-80 12 27 30
80-90 16 7 2
Total 117 83 127

Radiographs. A radiograph of the knee joint from which SF had
been aspirated was obtained within three months of the time of aspira-
tion. Different radiographic features, including joint space narrowing,
erosions, and osteophytosis were scored on a 0-1-2 scale (absent,
present, severe).

Total joint score. These were determined as previously described
(34). Scores for each affected joint are totaled.

Inflammation markers. In addition to assays of total and differential
leucocyte counts in the SF, immunoassays of PMNand eosinophil de-
granulation were used. Both eosinophilic cationic protein (ECP) and
myeloperoxidase (MPO) levels were estimated with assay kits obtained
from Pharmacia Diagnostics (Uppsala, Sweden). In addition, serum
orosomucoid levels were measured (29) to provide an index of systemic
inflammation.

Immunoassays of glycosaminoglycan epitopes of the cartilage pro-
teoglycan aggrecan. KS was assayed using a solution phase competition
radioimmunoassay described for serum by Poole et al (29). Weused
a mouse monoclonal IgGi antibody AN9P1which recognizes KSpresent
in the proteoglycan aggrecan or fragments thereof (16). The antibody
was used, either as IgG, which preferentially recognizes larger fragments
of aggrecan core protein bearing multiple KS chains, or monovalent
Fab (prepared from IgG with papain digestion) which recognizes both
large fragments and small fragments of core protein containing single
KS chains or doublets (31). These assays both utilize human adult
aggrecan radiolabeled with 125I as the tracer and unlabeled aggrecan as
the standard. The assays employ second step antibodies (anti-mouse
IgG or anti-mouse IgG Fab) as described previously (29, 31 ). All assays
were performed in triplicate. The percentage coefficient of variation
(standard deviation/mean concentration of replicate values x 100) for
interassay variation of the KS Fab' assay of serum was 12.9±8.1%
(mean±standard deviation, n = 52) and intraassay variation was
6.7±3.8% (mean±standard deviation, n = 25). Spiking experiments of
sera involving addition up to 6.25 mg/ml of fetal human aggrecan
revealed good recoveries of 100.3±3.9% (mean±standard deviation, n
= 22). Similar results were observed for SFs. Comparison of inhibition
curves for sera and SFs with those for aggrecan revealed very good
parallelity ensuring accurate epitope measurement (Fig. 1). The KS
IgG assay gave very similar results for these analyses (data not shown).

Mouse monoclonal IgM antibody 846 (17, 18) was used in a similar
radioimmunoassay to that for KS using "uI-labeled human fetal ag-
grecan, except that for body fluids a pig anti-rabbit IgM serum was used
instead of Protein A-bearing Staphylococcus aureus, which is normally
used for tissue samples (17). All assays were performed in triplicate
with 50 ul of serum per assay tube. The coefficient of variation for
interassay variation of the 846 assay of serum was 9.9±6.5% (n = 29)
and intraassay variation was 4.8±5.1% (n = 30). Spiking experiments
of sera involved addition up to 6.25 mg of fetal human aggrecan with
good recoveries (mean 109.4±23.8% n = 34). Similar results were

observed for SF. Due to the low content of the 846 epitope in sera,
samples were assayed undiluted. Comparison of inhibition curves for
sera and SF with those for aggrecan revealed very good parallelity
(Fig. 1).

26 A. R. Poole, M. Ionescu, A. Swan, and P. A. Dieppe



Kwaytn Sulfat

Ali*-

I

I

I

I

chandroin Suffae Eptopi 846

pia -

10 100 .01 .1 1 10

HAMOTbgftI A-@ HPO(mQ .-.

Figure 1. Comparison of inhibition curves for assays of 846 and KS
Fab epitopes in sera (s) and synovial fluids (SF) of patients with OA
and RA. Human adult (HAPG) and fetal (HFPG) aggrecan standard
curves are shown for reference.

Statistical analyses. Means±standard deviations were recorded.
Mann Whitney analyses of significance were performed when compar-
ing groups. Spearman rank analyses of correlation were used to relate
aggrecan markers to each other and to inflammation markers. Correla-
tion coefficients (r), levels of significance (P), and means±standard
deviations are shown.

Results

It was not possible to perform all assays on each of the samples
obtained, explaining some variation in numbers available for
each category of the results.

Concentrations of aggrecan epitopes in sera and SFs
Serum and SFKS. Using the IgG immunoassay to detect primar-
ily the large KS-containing aggrecan core protein fragments,
no difference was found between serum levels in the normal
control subjects and in those with OA. However, levels in pa-
tients with RA were significantly lower than in either of the
two groups (Table II). Use of the Fab reagent in the immunoas-
say, which also detects small KS-bearing fragments, resulted in
significantly higher KS serum levels in all groups (especially
the control) when compared with the IgG assay of larger frag-
ments (p < 0.001), (Table II, Fig. 2). With this Fab assay, we
found that serum levels were significantly less in both the OA
and RA groups when compared to the normal control subjects.
A greater proportion of RA patients (32%) than OApatients
(10%) had Fab KS levels that were well below the lower limit
of normal (Table II). Correlations between the two assays were
significant in the serum in all three patient populations, but were
higher in RA (r = 0.74, n = 116) and OA(r = 0.74, n = 89)
than in the normal controls (r = 0.49, n = 113) where the
differences between the two assays were most apparent, due to
the presence of smaller KS-containing fragments of core protein
in serum. At present there is no indication that these differences
could relate to differences in KS chain length.

SF levels of KS were often higher than those in the serum,
irrespective of which of the two assays was used, or whether
the patients had RAor OA(Table II and III, Fig. 3). In addition,
excellent correlations (p = 0.0001) between the two assays
were observed in both patients with RA (r = 0.94, n = 131)
and OApatients (r = 0.85, n = 64) (Table II). The ratios of
KS levels in the two body fluids in individual patients were
also determined (Table III). These ratios were similar in both
diseases, and with both assays, the majority of patients having
higher KS levels in the SF than in the serum.

There were no significant correlations between serum and
SF levels of KS for each individual assay but serum KS mea-
sured by the IgG assay showed a weak correlation with SF KS
determined by the Fab assay in OA and the IgG assay in RA
(Table IV).

Serum and SF chondroitin sulfate epitope 846. As shown
in Table II and Fig. 2, serum levels were slightly higher in OA
patients than in normal controls, but much higher in the RA
patients. SF levels were very much higher than serum levels in
both patient groups, the relative mean ratio between serum and

Table IL Concentrations of Cartilage Proteoglycan Epitopes in Sera and Synovial Fluids

Concentration Ag/ml, (n)

Body fluid Epitope/assay Normal Osteoarthritis Rheumatoid arthritis

Serum KS IgG 3.16±1.32 (116) 2.84±1.12 (89) 2.47±1.12 (122)*
KS Fab' 4.30±1.13 (113) 3.24±1.56 (89)1 3.10±1.83 (116)1
846 0.09±0.06 (88) 0.11±0.12 (72)§ 0.33±0.40 (50)l
Ratio 846/KS 0.023±0.020 (88) 0.036±0.032 (50)§ 0.132±0.137 (62)'

Synoval fluid KS IgG 6.76±4.82 (71) 5.34±5.70 (135)
KS Fab' - 5.89±4.82 (64) 5.42±5.83 (131)
846 1.45±0.89 (55) 1.63±1.15 (91)
Ratio 846/KS 0.68±1.05 (38) 1.35±2.78 (76)

Means±standard deviations. Significantly different compared with normal serum or OA synovial fluid. * P 5 0.05, § P 5 0.01; 1l P 5 0.001;
I P < 0.0001. All the KS Fab values are significantly larger (P = 0.001) than the corresponding KS IgG values for each serum group. Ratios of
846/KSFab' are shown as Ag/gg.
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Figure 2. Contents of cartilage aggrecan epitopes in sera of different
patients with rheumatoid arthritis (RA), osteoarthritis (OA) and non-

arthritic (Normal) persons. The means (solid lines) and twice the stan-
dard deviations (2SD, broken lines) are indicated. The percentage of
patients with values greater (846) or less than (KS) twice the SD of
the normal group are indicated in parentheses.

SF being greater in OApatients (38) than in RA (8.6) (Table
III). Furthermore, every patient in which concurrent serum and
SF levels were assayed, showed a higher level of 846 in the SF
than in the serum. There was no significant correlation between
the serum and SF levels of 846.

Correlations between KS and 846 assays

Correlations were observed between the KS and 846 epitope
levels in both sera and SF (Table IV). A weak but statistically
significant positive correlation between serum KS levels, mea-

sured by the IgG assay (larger fragments), and serum 846 levels
was observed in the sera of patients with OAand in the normal
controls but not in RA. Yet the ratio of 846/KS (Fab assay)
epitopes was significantly higher than in the normal ratio in
patients with RA (Table II) mainly because of the common

increase in serum of 846 epitope and the decrease in KS Fab'
in these patients. SF levels of KS, measured by the Fab assay

(smaller fragments) and the 846 epitope levels were inversely
related in RA and, to a much greater extent, in OA. When the

ratio of the 846 epitope to the KS (Fab assay) epitope was
examined in SF of these patients, the ratio was higher in RA
than OA but this difference was not significant due to wide
variations (Table II).

A direct relationship was also observed in RAbetween se-
rum KS (measured as IgG or Fab assays) and SF 846 epitope.

Correlations between serum aggrecan assays and assays
of systemic and joint inflammation
These are illustrated in Table IV, which demonstrates how well
one parameter followed another. In patients with RA there was
a significant inverse relationship between serum KS (Fab assay)
and the acute phase protein orosomucoid. Serum KS (Fab
assay) was also inversely correlated with SF MPO(Fig. 4).
Moreover, where joint leucocyte count was increased KS levels
were reduced (Fig. 5). In contrast, no correlations between KS
and acute phase protein were apparent in patients with OA. In
RA serum KS (Fab assay) was also indirectly correlated with
total joint score. Total joint score also correlated with the ratio
of RA serum epitope 846 to KS (Fab assay) epitope in RA
showing that the decrease in serum KS and increase in serum
846 are related to joint disease (Fig. 6). Thus serum KS is
reflective of both systemic and local (joint) inflammation.

Correlations between synovial fluid aggrecan assays and
measures of local joint inflammation
The data were examined for evidence of correlations between
the KS (Fab assay) and 846 epitope levels in the SF and the
local measures of inflammation, including clinical evidence of
pain, warmth, swelling, and tenderness, the SF total and differ-
ential leucocyte counts, and the SF levels of ECPand MPO.

Although individually epitopes 846 and KS (Fab assay) did
not correlate with total joint score, the ratio of SF 846/KS
revealed a significant increase, although of relatively low sig-
nificance, as joint score decreased (Fig. 6). In RA, KS levels
increased with elevated leucocyte count (Fig. 5), but aggrecan
epitope 846 decreased. The ratio of SF 846 and KS (Fab assay)
epitopes was also clearly decreased as leucocyte counts in-
creased (Fig. 7). In contrast, KS levels were reduced in OA
when leucocyte count increased or less significantly, when PMN
became the dominant cell type (differential count), but there
were no changes in 846 epitope in relationship to cell counts
or type (differential count).

In RA, there were no observed correlations between either
SF KS or 846 and ECP or MPOlevels. However, in OA a
significant inverse correlation existed for KS (Fab assay) and
ECPand MPOconcentrations (Table IV) confirming the nega-
tive association for KS with the level of intra-articular inflam-

Table III. Ratio of Concentrations of Cartilage Proteoglycan
Epitopes in Sera(s) and SF

%> 1.0
Ratio SF/S (n) (SF/S)

Epitope/assay Osteoarthritis Rheumatoid artritis OA RA

KS IgG 2.1±1.9 (49) 2.0±2.2 (94) 61 56
KS Fab 1.7±1.4 (45) 2.3±2.3 (89) 69 69
846 38.0±38.5 (30) 8.6±13.4 (37)* 100 100

Analyses were made of both synovial fluids and serum in each patient.
* Significantly different (P < 0.0001) compared with OAgroup.
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Figure 3. Cartilage aggrecan epitopes in synovial fluids of different
patients with rheumatoid arthritis (RA) and osteoarthritis (OA) are

shown. Mean values (solid lines) are indicated.

mation (leucocyte and differential counts) in OA. Similar re-

sults were obtained with the KS IgG assay (data not shown).
No such correlations with the 846 epitope were seen.

Correlations between SF aggrecan epitope levels and
evidence of joint destruction
Correlations were sought between the SF aggrecan levels and
the duration and severity of disease in the knee joint from which
the fluid had been obtained. Aggrecan levels were therefore
related to disease duration, presence or absence of knee instabil-
ity, and the radiographic features of the index knee joint. No
correlations were seen in the RA group. In OA, although num-

bers were relatively small, there was a statistically significant
increase in levels of the 846 epitope in SF with increased disease
duration and increased joint space narrowing (cartilage loss)
determined from the radiographs (Fig. 6). Moreover, this corre-

lation with disease duration was also, observed when the ratios
of 846 and KS (Fab assay) epitopes were examined (Fig. 7).

Discussion

These studies are motivated by the desire to understand the
mechanisms of cartilage degeneration in the two major forms

Table IV. Correlation of Markers in Serum (S) and SF with Each
Other and with Clinical Parameters: Spearman Rank Analyses

Disease Epitopes n r p

KS v KS

OA S KG IgG v SF KS Fab 45 0.370 0.013
RA S KS IgG v SF KS IgG 93 0.216 0.040

KS v 846

OA S KS IgG v S 846 70 0.290 0.018
NA S KS IgG v S 846 88 0.260 0.016
OA SF KS Fab v SF 846 49 -0.510 0.0004
RA SF KS Fab v SF 846 90 -0.230 0.030
RA S KS IgG v SF 846 64 0.403 0.001
RA S KS Fab v SF 846 63 0.459 0.0003

KS or 846 v inflammation

RA S KS Fab v S orosomucoid 110 -0.217 0.024
RA S KS Fab v SF MPO 43 -0.366 0.018
RA S KS Fab v joint score 17 -0.563 0.024
OA SF KS Fab v SF ECP 32 -0.389 0.030
OA SF KS Fab v SF MPO 34 -0.492 0.005
RA S 846/S KS Fab v joint score 16 0.526 0.042
RA SF 846/SF KS Fab v joint score 26 0.444 0.027

of arthritis, RA and OA, and to be able to assess changes in
cartilage metabolism in vivo. In vitro studies have helped enor-

mously in the understanding of how cytokines, growth factors,
and hormones may influence cartilage metabolism, but it is
obviously important to develop means of studying and under-
standing cartilage metabolism in vivo if we are to be able to
understand how cartilage metabolism changes in disease. An in
vivo approach may also help determine whether therapeutic
interventions have beneficial or negative effects on cartilage
metabolism. In the present study, we sought to investigate ag-

grecan metabolism in OA and RA, both systemically (serum)
and in diseased joints and to relate the changes to measures of
systemic and local joint inflammation and joint damage.

The patients recruited to the study all had definite RA or

OA of sufficient severity for them to have been referred to a

rheumatology center, and of sufficient activity to require aspira-
tion of SF from a knee joint. It is therefore not surprising that
there were relatively few patients with recent onset disease, and
that there was active inflammation in all those with RA; factors
that put some restrictions on our ability to relate changes to
disease duration and severity, or the extent of the inflammatory
response in RA. All our patients were on some form of drug
therapy, including a wide range of analgesic, anti-inflammatory,
and anti-rheumatic drugs, and it was not possible to control for
the possible effects of these agents on cartilage metabolism.
However, because of the known inhibitory effects of steroids on

chondrocytes metabolism (35, 36), patients who had received a

local steroid injection to the index knee within the last three
months were excluded.

It has been reported that serum levels of aggrecan fragments
bearing KS, measured by ELISA immunoassay of a highly sul-
fated domain of KS by the antibody 5D4, are elevated in patients
with OA (22-25). However, more recent data has not con-
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Figure 4. Serum (S) KS levels (determined
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crease in RA.

firmed an increase of KS levels in OA(30). Using our antibody
to KS, which exhibits very similar reactivity to antibody 5D4
(31 ) in assays that detect either primarily large fragments (IgG
assay), or both large and small fragments (Fab assay), we
could find no evidence of serum elevations in patients with OA
in comparison with a large control group. There was a reduction
in serum KS in patients compared with controls in the RA
group. This was most apparent when the KS Fab assay (which
detects both large and the small fragments) was used. The re-
duction in serum KS levels in RA was shown to be due to a
reduction in the absolute content rather than the size of frag-
ments present in arthritic samples compared with normals; the
normal sera would appear to contain more of the smaller frag-
ments which are not detected by the assay utilizing intact IgG.
Whether these differences could be due to changes in KS chain
length is unclear at present. Inflammation may be the cause of
the reduction in serum content of the KS epitope. Our earlier
work (29) and a more recent investigation (30) both revealed
an inverse correlation between serum KS and acute phase pro-
teins in RA, a finding that has been confirmed for OMin this
investigation. Serum TNFa levels are also indirectly related to
KS levels in RA (32). Moreover, in RAwe also noted that as
leukocyte joint fluid count or MPOor joint score increased so
serum levels decreased. Therefore increased inflammation both

systemically and in joints negatively influences serum KS
levels.

KS levels in the SF were also related to the degree of local
inflammation, as measured by cell counts and the release of
ECPand MPO. As expected, most OAjoints had little evidence
of synovitis, but in those which did have an elevation of leuco-
cyte counts, or in which PMNcontent or MPOor ECP levels
were increased, there was a reduced level of KS fragments. Thus
in OA, the local joint relationships resembled those observed
between serum KS levels and markers of systemic and local
joint inflammation in RA. The situation was quite different in
RA SF, in which there was a direct relationship between KS
levels and leucocyte counts, as seen for aggrecan in other studies
of inflammatory arthritis (37), but no relationship between KS
levels and ECP/MPO. However, whereas OAjoints could be
clearly differentiated into those with and without significant
synovitis, all RA joints exhibited severe active inflammation,
making it difficult to differentiate the effect of varying synovitis
on local cartilage metabolism in this disease.

The observations of an inverse relationship between in-
flammation and KS in OAmay result from an inhibitory effect
of inflammation on cartilage aggrecan synthesis. The amount
of KS released by degradation will be substrate dependant. But
if inflammation were to inhibit synthesis of a pool of KS-rich
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proteoglycan that was susceptible to degradation shortly after
synthesis, then there would be less aggrecan to be degraded,
and less KS released. It is well known that inflammatory media-
tors such as IL-1 and TNFa can potently inhibit synthesis in
vitro, and in vivo, at levels far less than those required to induce
degradation (10-14). Previous investigations have indicated
that IL-lb levels in OASF are much lower than those found in
RAwhereas those of TNFa are similar (38). Others have noted
increased levels of TNF-a in SF of those with active RAcom-
pared to fluids from OApatients (39). It is therefore possible
that the mild synovitis in OAresults in release of cytokines in
a concentration that can inhibit local proteoglycan synthesis,
whereas the much more severe inflammation of RA results in
a constant high level of cytokines, resulting in both inhibition
of synthesis and stimulation of degradation of cartilage matrix
molecules and hence the increase in local KS levels. Thus sys-
temically in RA and locally in joints in OA the release of
KS may be a consequence of degradation of newly/recently
synthesized proteoglycan influenced by lower levels of cyto-
kines that inhibit synthesis, of substrate leading to reduced deg-
radation products. The indirect correlation of serum TNFa levels
with KS in RA (32) supports this conclusion. This contrasts to
joint inflammation in RA where we are likely observing in-

a
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creased degradation of "resident" aggrecan molecules when
we measure increased levels of KS.

In apparent contradiction of this hypothesis for RA is the
inverse correlation between proteoglycan and IL-1 levels that
has been observed in SF of patients with RA (40). This is the
type of result predicted for OASF. Perhaps these patients had
less active inflammation and SF IL-1 levels were lower and
inhibited synthesis rather than influencing degradation. The ob-
servation that in normals and OA serum KS levels directly
correlate with serum 846 levels (which may be a measure of
synthesis of aggrecan [see below]) would also indicate that
serum KS is indirectly reflective of proteoglycan synthesis and
includes molecules synthesized in diseased joints in RA, since
serum KS in RA was correlated with synovial fluid 846. More
work on RA patients with relatively quiescent disease and a
search for relationships with cytokines and enzyme levels in SF
and sera would help to investigate this hypothesis.

The elevation in synovial KS over serum levels in the major-
ity of patients with both OA and RA clearly indicates that
SF content primarily reflects local cartilage metabolism. This
elevation was even more striking for the CS epitope 846, where
all patients, irrespective of disease, exhibited SF levels which
were much greater than serum levels: the ratios between SF
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and serum levels were much higher than with the KS epitope.
Thus SF levels of the 846 epitope more clearly reflect local
abnormalities in cartilage metabolism.

Recent studies have suggested that the CS epitope 846 is
likely to be a marker of aggrecan synthesis rather than degrada-
tion (17), although this still requires direct confirmation. The
epitope is present on the largest aggrecan molecules: in normal
cartilages on those molecules which exhibit complete aggrega-
tion with hyaluronic acid. Ordinarily only about 50-55% of
the molecules aggregate. This is likely reduced due to damage
to the region of the molecule (the GI globular domain) that
binds to hyaluronic acid (17). Levels of the 846 epitope in OA
articular cartilages are elevated over those in normals (17).
Thus, its striking elevation in SF of patients with OAand to a
lesser degree with RA coupled with increased disease duration
and joint space narrowing likely reflects increased metabolic
changes. These are probably at the level of aggrecan synthesis
which is increased in OA (1, 2) and which in RA joints may
be inhibited at the level of synthesis when leucocyte counts
increase, in view of the indirect correlation with the 846 epitope.
Circulating levels of the 846 epitope, both absolute levels and
these related to KS, were commonly elevated in patients with
RAand to a lesser extent in OA. This may relate to the release
of this epitope from cartilages in diseased joints since the 846/
KS ratio correlated with total joint score in RA. OA, unlike
RA, usually affects likely a smaller number of joints, and thus
a smaller proportion of total body cartilage would likely contrib-
ute to 846 epitope levels in serum.

In contrast, SF levels of 846 were inversely related to KS
Fab epitope levels in both disorders. This would be expected if
local KS production results from aggrecan degradation, and 846
from synthetic activity in contrast to serum where KS and 846
are directly correlated in normals and in OA. The inverse rela-
tionship of the SF 846 epitope to cell and differential counts in
RA fluids would also argue in favor of 846 being a marker of
synthesis, since inflammatory cytokines can result in reduced
synthesis in vivo (10). The decrease in the 846/KS ratio in
RA SF with increased leucocyte count points to a possible
increase of degradative over synthetic activity whereas in OA
joints, the increase in this ratio with disease duration in OA
reflects a shift towards synthesis in more advanced disease as
we observed before (17).

The elevation of 846 epitope in sera of patients with RA
and its correlation with joint involvement in RA (including the
846/KS ratio) indicate that its measurement in serum may be
of real value in studying the effect of disease on joint cartilage
metabolism in RA. In fact in more recent studies we have ob-
served a striking reduction in serum levels of this epitope in
patients with early RAwhich exhibit rapid erosive disease com-
pared with those with slow erosive disease (Saxne, T., D. Heine-
gard, M. Ionescu, and A. R. Poole, manuscript in preparation).
Again this may reflect impaired synthesis of aggrecan.

In conclusion, these studies raise important questions con-
cerning alterations in cartilage aggrecan metabolism in arthritis,
how it may be differently affected by inflammation in RA and
OAand how it may be measured in future. They demonstrate
the potential for using measurement of aggrecan epitopes in
body fluids as indicators of disease activity and in particular
identify serum 846 epitope as a particularly valuable index of
disease activity in RA.
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