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Abstract
Objectives—To determine concentrations
of chondroitin sulphate (CS) and keratan
sulphate (KS) epitopes, glycosaminogly-
cans (GAGs) and hyaluronan (HA) in knee
synovial fluid (SF) from normal subjects
and patients with osteoarthritis (OA) or
rheumatoid arthritis (RA), to test whether
these variables may be used as markers of
the OA process.
Methods—OA was subdivided into large
joint OA (LJOA), nodal generalised OA
(NGOA), and OA with calcium pyrophos-
phate crystal deposition (CPA). Clinical
assessment of inflammation (0-6) was
undertaken on OA and RA knees. Knee SF
was examined by enzyme linked immuno-
sorbent assay for: CS epitopes, using
monoclonal antibodies 3-B-3 and 7-D-4;
KS epitope using monoclonal antibody
5-D-4; and HA, using biotinylated HA
binding region of cartilage proteoglycan.
Total sulphated GAGs were measured by
dye binding with 1:9 dimethylmethylene
blue.
Results—Increased SF 3-B-3 concentra-
tions and 3-B-3/GAG ratio were found in
OA, compared with RA or normal knees,
with higher 3-B-3 and 3-B-3/GAG in LJOA
and NGOA than in CPA. SF 7-D-4 and
7-D-4/GAG were reduced in RA, com-
pared with normal and OA; SF 5-D-4 was
reduced in OA compared with normal.
GAG and HA concentrations were
decreased in both OA and RA. No correla-
tions with radiographic scores were
observed, but SF 7-D-4 was lower in
‘inflamed’ compared with ‘non-inflamed’
RA and OA knees. In patients with
bilateral samples there were strong corre-
lations between right and left knees for all
SF variables.
Conclusions—Changed concentrations of
SF CS and KS can be detected in OA with
a profile that diVers from that seen in RA.
Clinical subgrouping and local joint
inflammation may influence these meas-
ures, supporting diVerent pathogenesis
within OA subgroups and requirement for
careful patient characterisation in SF
studies.

(Ann Rheum Dis 1997;56:299–307)

Articular cartilage is the main site of
irreparable damage in osteoarthritis (OA).1

Breakdown products of cartilage catabolism

have therefore been studied as potential mark-
ers of the events that lead to cartilage attrition.
The most abundant cartilage proteoglycan is
aggrecan, comprising a protein core to which
are attached many chondroitin sulphate (CS)
and keratan sulphate (KS) chains. In health
aggrecan binds to link protein and hyaluronan
(HA) to form macromolecules immobilised
within the intact collagen matrix.
Monoclonal antibodies have been produced

with specificities against structural carbohy-
drate epitopes on the KS and CS side chains.
The antibody 5-D-4 recognises ‘oversul-
phated’ domains in the heptasaccharide of KS2

and has been used to estimate KS in body
fluids, principally serum.3–5 Although high
serum concentrations of KS are reported in
patients with ‘hypertrophic’ hip OA,6 other
studies of patients with generalised or large
joint OA have not found high concentrations.5 7

Although serum KS can reflect acute major
loss of cartilage in experimental OA8 and is
often regarded as a marker of cartilage
turnover, its value in assessing activity5 7 or
prognosis9 of OA remain in question. However,
the much higher levels of KS in synovial fluid
(SF) from OA knees, and the lack of
correlation with serum levels5 suggest that SF
levels of KS may prove a more sensitive indica-
tor of local joint processes.
Certain neo-epitopes on CS chains,

recognised by the monoclonal antibodies
3-B-3 and 7-D-4, may also reflect aspects of
the OA process. These epitopes are absent or
only weakly expressed in adult canine cartilage,
but occur in very high levels in experimental
OA cartilage.10 11 Increased levels also occur in
human articular cartilage from OA knees12 and
in SF from knees with traumatic meniscal or
cruciate ligament tears.13 It has been postulated
that the increase in these epitopes may reflect
the early cartilage response to insult in which
chondrocytes re-initiate a high level of matrix
synthesis comparable to that seen during
development.13

OA is a heterogeneous condition and a
number of ‘subsets’ with possible diVering
pathogenesis have been suggested. In this study
we have compared knee SF levels of KS and
CS epitopes, HA and total GAGs from (1)
patients with OA, characterised with respect to
defined clinical subsets, (2) patients with knees
aVected by rheumatoid arthritis (RA) (a joint
disease comparator), and (3) subjects with
asymptomatic, normal knees (normal con-
trols). The objective was to test whether these
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variables may be used firstly as a marker for the
OA process, and secondly to distinguish
between diVerent subsets of OA.

Methods
Local Research Ethics Committee approval
was obtained for this study.

PATIENT CHARACTERISATION

Hospital referred patients with symptomatic
knees aVected by OA or RA were studied.
Patients with knee OA all had radiographic
evidence of joint space narrowing and
osteophyte in one or more knee compartments
(medial or lateral tibiofemoral, patellofemo-
ral). Other joint abnormality was excluded on
the basis of full clinical assessment,
radiographic features, SF examination, and
serological and biochemical tests.14 The RA
patients all fulfilled ACR criteria for definite
RA15 and all had symptoms and signs of knee
involvement by RA.
In each OA and RA patient standardised

radiographs of both knees were taken;
standing, knee extended, anteroposterior views
(tibiofemoral compartments), plus lateral 30°
flexion views (patellofemoral compartments).
Radiographic severity of OA at each knee com-
partment was graded according to a modified
Kellgren and Lawrence system16 by one
observer. For each of the three compartments a
score was given for narrowing (0-3) and osteo-
phyte (0-3); summated scores for each knee
were then calculated for each feature (0-9).
The total, global score for each knee was the
sum of the two summated scores for narrowing
and osteophyte (0-18). To assess intraobserver
variability 80 films were re-examined on two
separate occasions. Hand radiographs were
undertaken on all subjects with OA and exam-
ined for evidence of definite narrowing and
definite osteophyte (present/absent) in proxi-
mal and distal interphalangeal joints.
The knee OA patients were subdivided into

three subsets: (1) Large joint OA (LJOA): knee
OA ± OA of other large joints (hips/shoulders)
but no Heberden’s nodes or clinical/
radiographic evidence of polyarticular hand
interphalangeal OA. (2) Nodal generalised OA
(NGOA): knee OA, plus Heberden’s (±
Bouchard’s) nodes and x ray evidence of inter-
phalangeal OA (narrowing and/or osteophyte)
aVecting two or more rays of each hand. (3)
Chronic pyrophosphate arthropathy (CPA):
knee OA with calcium pyrophosphate
dihydrate crystals identified in their knee SF (±
radiographic chondrocalcinosis). Crystal iden-
tification was by compensated polarised light
microscopy of fresh SF. Patients that
overlapped these groups, for example those
with NGOA and SF pyrophosphate crystals,
were not included in the study.
For OA and RA knees clinical inflammation

at time of aspiration was designated ‘active’
(score 4-6) or ‘inactive’ (score 0-2) using a
summated score of six clinical parameters—
increased warmth, eVusion, anterior joint-line
synovial thickening, joint-line tenderness, early
morning stiVness, inactivity stiVness.17 Knees
scoring 3 were excluded. The components of

this system show good interobserver and
intraobserver reproducibility.18

Knee SF was also obtained from healthy vol-
unteers (suYcient SF obtained from 80% of
volunteers), as previously described.19 Normal
knees were defined as those that had never had
symptoms (pain, stiVness, swelling) and that
were normal on examination, in a subject with
no clinical evidence of arthropathy at other
sites. Knee radiographs (standing antero-
posterior and lateral 30° flexion views) were
obtained on subjects aged over 50 years to
exclude occult pathology (for example, minor
OA, chondrocalcinosis).

SAMPLE COLLECTION AND PRETREATMENT

Knees were aspirated to apparent dryness via a
medial approach, and the SF volume recorded.
A small sample of fresh SF was examined for
crystals and the remainder collected into sterile
plastic containers on ice, centrifuged at 2500 g
for 15 minutes at 4°C, and the supernatant
stored at −80°C.
SF samples were treated with 0.5 units

hyaluronidase (Streptomyces hyalurolyticus) per
100 µl fluid for 30 minutes at room
temperature. Samples for HA and GAG
estimation were papain digested13: 20 µl papain
suspension (type III) was added to 1 ml buVer
containing 10 mM sodium EDTA, 20 mM
cysteine (added immediately before use) and
0.4M sodium acetate, pH 5.8. To 100 µl of this
solution was added 100µl SF and incubated
overnight at 60°C.The enzyme was inactivated
by addition of iodoacetic acid to a
concentration of 4 mM, then the samples were
mixed and centrifuged at 12 000 g for four
minutes.13

ELISA ESTIMATIONS

Antibodies 3-B-3 and 7-D-4 were a generous
donation from Professor B Caterson,
University of Wales, CardiV. The 3-B-3 assay
was modified from the procedure described by
RatcliVe et al.13 20 Microtitre plate wells were
coated with 200 µl of 25 ng/ml chondroitinase
ABC digested pig laryngeal cartilage
proteoglycan (PLCP) freshly prepared in 20
mM sodium carbonate buVer (pH 9.6),
incubated overnight at room temperature, then
washed four times with TRIS incubation
buVer (0.1% bovine serum albumin (BSA),
0.1% nonidet NP40, 0.01 M TRIS HCl, 0.15
M NaCl). Plates were blocked with 1% BSA in
TRIS incubation buVer at 37°C for two hours.
After washing with TRIS, 100 µl of competitor
(test sample or standard) was added to the
wells. Standards were prepared from PLCP in
the range 3.9-500 ng/ml. SF samples were
treated with hyaluronidase as above. A
maximum binding well was prepared
containing no competitor. Some 100 µl of
3-B-3 antibody (1:10 000) was added and the
plates incubated for two hours at 37°C. After
washing with TRIS, 200 µl of goat antimouse
IgM conjugated to horseradish peroxidase
(1:4000) was added to each well and incubated
at 37°C for 1-1.5 hours. After washing with
TRIS, 200 µl peroxidase substrate (ABTS) was
added and incubated at 37°C for 20-30
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minutes. Absorbances were read at 405 nm on
a Dynatech MR5000 plate reader, using
BioLinx software. The ratio of absorbances to
the absorbance of the maximum binding well
was calculated for all standards and samples. A
standard curve was plotted of ratio against
standard concentration and used to determine
concentrations of samples.
The 7-D-4 ELISA was carried out in a simi-

lar way. Wells were coated with 200 µl of 3 µg
dye binding/ml bovine tracheal cartilage prote-
oglycan (BTCP) freshly prepared in 20 mM
sodium carbonate (pH 9.6). Standards were
prepared from BTCP in the range 0.0234-6
µg/ml. 7-D-4 antibody was added at a dilution
of 1 in 25 000.
The immunoassay for 5-D-4 was a

modification of the procedure described by
Thonar et al.3 13 Microtitre plate wells were

coated with 200 µl of 50 ng/ml PLCP freshly
prepared in 20 mM sodium carbonate buVer
(pH 9.6). Plates were incubated at room
temperature for two hours, then overnight at
4°C. On a separate plate 125 µl of competitor
(test sample or standard) was added to the
wells. Standards were prepared from PLCP in
the range 0.78-200 ng/ml. SF samples were
treated with hyaluronidase as above. A
maximum binding well was prepared
containing no competitor. Some 125 µl of 5D4
antibody (1:70 000) was added to all wells
except blanks and plates were incubated for
one hour at room temperature, then at 4°C
overnight. Coated plates were washed with
PBS/TWEEN (0.123 M NaCl, 0.01 M
Na2HPO4, 3.16 mMKH2PO4, 0.05% TWEEN
20, pH 5.3). Competitor/antibody mixture
(200 µl) was transferred from inhibition plate
to coated plate and incubated for one hour at
37°C. After washing with PBS/TWEEN, 200
µl of goat antimouse IgG conjugated to horse-
radish peroxidase (1:25 000) was added to
each well and incubated for one hour at 37°C.
After washing with PBS/TWEEN, 200 µl sub-
strate (ABTS) was added and incubated at
37°C for 15-30 minutes. Absorbances were
read at 405 nm and results calculated as above.
The assay of HA was a modification of the

procedure described by Fosang et al.21 Samples
were papain digested before testing. Microtitre
plate wells were coated with 200 µl of 25 µg/ml
HA freshly prepared in 20 mM sodium
carbonate buVer (pH 9.6). Plates were
incubated overnight at 4°C, washed with PBS/
TWEEN (0.123 M NaCl, 0.01 M Na2HPO4,
0.05% TWEEN 20, pH 7.2), then blocked
with 1% BSA in PBS/TWEEN for two hours at
37°C. After washing with PBS/TWEEN, 100
µl of competitor (test sample or standard) was
added to the wells. Standards were prepared
from HA in the range 0.0195-5 ng/ml. A maxi-
mum binding well was prepared containing no
competitor. One hundred µl of biotinylated
binding region (BBR) was added to all wells
except blanks, and plates were incubated over-
night at room temperature. After washing with
PBS/TWEEN, 200 µl of streptavidin-
biotinylated horseradish peroxidase complex
(1:3000) was added to each well, and
incubated at 37°C for 30 minutes. After wash-
ing with PBS/TWEEN, 200 µl substrate
(ABTS) was added and incubated at 37°C for
20-30 minutes. Absorbances were read at 405
nm and results calculated as above.

DIMETHYLMETHYLENE BLUE ASSAY OF TOTAL

SULPHATED GAGS

The method used was modified from the
procedure described by Farndale et al.22 23

Table 1 Patient and normal subject characteristics

Subject group
Number of
subjects Male:female

Age (mean
(range) years)

Osteophyte formation
(median (IQ range))

Joint space
narrowing (median
(IQ range))

Total x ray score
(median (IQ
range))

Normal 38 13:25 = 1:1.92 45 (21-83) — — —
RA 29 6:23 = 1:3.83 59 (28-85) 1 (0-3) 3.5 (2-5.5) 5 (3-8)
LJOA 57 26:31 = 1:1.19 69 (41-90) 3 (2-5) 3 (2-4) 6 (4-8)
NGOA 22 2:20 = 1:10 72 (56-87) 4 (3-6) 4 (3-4) 8 (6-10)
CPA 23 13:10 = 1.3:1 70 (49-92) 4 (3-8.5) 4 (3-5) 8.5 (6.5-13)

Figure 1 Correlation between measurement of 3-B-3 in left and right knees of individual
patients.When tested by Spearman’s rank correlation, r=0.7324, p<0.001.
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Samples were papain digested and the
supernatants treated with hyaluronidase. A
working solution of dye was prepared by
mixing 20 mg 1,9 dimethylmethylene blue, 5
ml ethanol, and one litre formate buVer (0.1
M, pH 3.5). Standards were prepared from CS
in the range 5-90 µg/ml. Forty µl of standard or
sample was added to 250 µl dye in a microtitre
plate. Absorbances were read at 570 nm after
two minutes on a Dynatech MR5000 plate
reader, using BioLinx software.

STATISTICAL ANALYSIS

3-B-3, 7-D-4 and 5-D-4 were expressed as
both concentrations and as ratios to total GAG
concentrations. Multiple regression analysis
was undertaken for comparisons between
disease groups (OA, RA, normal) to account
for the confounding factor of age. Compari-
sons within disease subgroups of the same age
(NGOA, LJOA and CPA; active versus inactive
within OA and RA) was by Friedman two way
analysis of variance and the Mann-Whitney U
test with a Bonferroni correction. Correlations
were calculated using Spearman’s correlation
coeYcient.

Results
Table 1 shows the demographic details. There
was definite dependence between age and dis-
ease status (p<0.001). Both the RA and
normal groups were younger than the OA
group (p<0.05, p<0.01 respectively) and the
normal group was younger than the RA group
(p=0.05). There was no significant diVerence
in total x ray scores or narrowing between the
disease groups. As expected, the RA group had
a lower osteophyte score than all OA
subgroups (LJOA, p=0.03; NGOA, p=0.01;
CPA, p=0.01). In OA subjects with bilateral
SF samples (n=39), there was correlation
between right and left knee x ray scores (r val-
ues 0.77, 0.81, and 0.84 for osteophyte,
narrowing, and summated scores respectively;
all p<0.0001). There were only 10 RA subjects

with paired samples; x ray correlations in this
small group did not reach significance. Low
intraobserver variability for grading of knee
radiographs was demonstrated (global knee
score ê=0.75, agreement =0.88, variance
=0.005). For the SF measurements, intra-assay
variations ranged from 6-13% and inter-assay
variations were 12% (3-B-3, 7-D-4), 14%
(7-D-4), 20% (HA), and 28% (GAG).

CORRELATION BETWEEN RIGHT AND LEFT KNEES

FOR SF VARIABLES

For all subjects with SF data on right and left
knees there was strong correlation between
knees of a single individual for 3-B-3 (r=0.73;
fig 1) and all other assays (r values ranging
from 0.51-0.74; all p<0.001). Division of
paired samples according to diagnosis resulted
in small numbers in each category except for
OA (table 2), in which all correlations between
knees remained except for GAG. Despite small
numbers, three correlations remained in the
normal SF group (5-D-4, 3-B-3, and HA).
Because of these correlations the data could
not be treated as independent and only one
knee (right or left) per person was allocated at
random for between group analysis.

CHANGES WITH AGE IN NORMAL KNEE SF

In normal subjects SF 3-B-3 concentrations
showed a positive correlation with age (r =
0.49, p<0.05), whereas hyaluronan showed a
negative correlation with age (r = −0.71,
p<0.01). No other age associations were
observed for other SF measurements.

COMPARISON BETWEEN RA, OA, AND NORMAL

KNEES FOR SF VARIABLES

Figure 2 shows the results expressed as
concentrations. Using multiple regression to
account for the confounding factor of age,
3-B-3 concentrations were increased in OA
compared with RA and normal knees
(p<0.001, p<0.01 respectively), whereas
concentrations in RA were not diVerent from
normal controls. 7-D-4 levels were lower in RA
compared with OA and normal knees (both
p<0.001) with no diVerence between OA and
normal. 5-D-4 levels were lower in OA than
normal knees (p<0.01), but RA levels were not
significantly diVerent from those in OA or nor-
mal knees. Compared with normal knees, HA
concentrations were reduced in both OA and
RA (p<0.01) with no diVerence between the
two disease groups. Total GAG levels were
similarly lower in both OA and RA compared
with normal (p<0.05, p<0.01 respectively)
with no diVerence between OA and RA.
Figure 3 shows the results expressed as ratios

of CS or KS epitope to total GAG
concentrations. The 3-B-3/GAG ratio was
increased in OA compared with normal
(p<0.01), with no diVerences between RA and
normal, or between RA and OA. The
7-D-4/GAG ratio was reduced in RA
compared with OA and normal (p<0.001 and
p<0.01 respectively) with no diVerence
between OA and normal knees. There were no
significant diVerences between groups for
5D4/GAG.

Table 2 Correlations between right and left knees for all parameters

Number Correlation coeYcient p Value

Normal
5D4 11 0.75 0.0054
3B3 12 0.72 0.0064
7D4 7 0 NS
HA 9 0.73 0.0219
GAG 6 0.66 NS
5D4/GAG 5 0.6 NS
3B3/GAG 6 0.76 NS
7D4/GAG 3 Unable to calculate Unable to calculate

OA
5D4 34 0.45 0.0075
3B3 45 0.72 0.0000
7D4 35 0.67 0.0000
HA 32 0.40 0.0211
GAG 37 0.29 NS
5D4/GAG 27 0.39 0.0431
3B3/GAG 34 0.67 0.0000
7D4/GAG 28 0.69 0.0000

RA
5D4 10 0.53 NS
3B3 8 0.40 NS
7D4 10 0.84 0.0011
HA 10 0.26 NS
GAG 8 0.21 NS
5D4/GAG 7 0.21 NS
3B3/GAG 4 −0.2 NS
7D4/GAG 7 0.68 NS
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COMPARISON BETWEEN SUBSETS OF OA

3-B-3 concentrations were significantly lower
in CPA compared with NGOA or LJOA (both
p<0.01; fig 4) but no diVerences were seen
between subsets for 7-D-4, 5-D-4,HA or GAG
concentrations. The 3-B-3/GAG ratio was sig-
nificantly lower in CPA compared with NGOA
or LJOA (both p<0.05; fig 5) but no significant
diVerences were seen between subsets for 7D4/
GAG or 5D4/GAG.

EFFECT OF CLINICALLY ASSESSED INFLAMMATION

7-D-4 levels were reduced in ‘active’ compared
with ‘inactive’ RA and in ‘active’ compared
with ‘inactive’ OA (both p<0.05). No
diVerences between ‘active’ and ‘inactive’
knees were found for 7D4/GAG, 3B3,

3B3/GAG, 5D4, 5D4/GAG, HA or GAG in
RA, in (total) OA, or within subsets of OA
(data not shown).

CORRELATION BETWEEN ELISA RESULTS AND X
RAY SCORES

No significant correlations were seen between
any of the SF variables (concentrations or
ratios) and the summated score for narrowing,
the summated score for osteophyte, or the glo-
bal joint score in OA patients (data not shown).

Discussion
This is the first large cross sectional study of
SF CS and KS epitopes and HA to include (1)
patients with well characterised OA, subdi-
vided into clinical subsets, and (2) a broad age

Figure 2 Comparison between RA,OA, and normal knees for all epitopes measured. The central solid line represents the
median, with the box representing the middle 50% of the data. The error bar cap lines mark the 10th and 90th percentiles.
Dots represent individual data points outside the 10th and 90th percentiles.

10 000

0.1

E
p

it
o

p
e 

co
n

ce
n

tr
at

io
n

 (
µ

g
/m

l)

CS3B3

= Normal
= OA
= RA

1000

100

10

1

n = 30, 88, 20

CS7D4

n = 20, 82, 22

KS5D4

n = 23, 85, 25

HA

n = 20, 69, 20

GAG

n = 20, 72, 20

Synovial fluid CS and KS,GAGs, and HA in arthritic and normal knees 303

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.56.5.299 on 1 M
ay 1997. D

ow
nloaded from

 

http://ard.bmj.com/


range of normal volunteers with no history of
knee trauma. The CS epitopes 3-B-3 and
7-D-4 have previously been shown to be
increased in animal models of OA10 11 20 and in
human OA cartilage.12 Acute internal derange-
ment of the knee may result in an increase in
SF 7-D-4 and concomitant fall in SF 5-D-4
compared with the contralateral uninjured
knee.13 However, large SF studies examining
3-B-3, 7-D-4 and 5-D-4 in human knee OA
and its subsets, and in normal subjects over an
age range of 21-83 years, have not been
reported.
The correlation between right and left knees

for all SF variables in subjects with bilateral
fluids is of considerable interest. We found
similar correlations for paired knee samples in
a prospective study showing that estimation of
these same SF variables at time of hospital
referral does not predict subsequent radio-
graphic progression of knee OA over two
years.24 Campion et al5 also noted correlation
between right and left knees for SF 5-D-4 in
the four patients with bilateral samples, though
the problem of how to analyse groups contain-
ing more knees than contributing subjects was
not answered. In a recent study of 202 OA

knees from 134 patients strong correlation in
SF pyrophosphate levels was found between
knees of the same person25 and, as in the
present and related24 study, only one knee per
person was subsequently included in between
group analyses.25 Alternative methods of
analysing data in this situation have recently
been discussed.26 Importantly, the correlations
seen in this study between knees of the same
person, together with lack of correlation
between any SF variable and radiographic
severity, suggest that these SF measures may
predominantly reflect more an individual (con-
stitutional, systemic) characteristic than the
local extent of joint disease. However, because
there was also correlation between knees for x
ray scores, this remains an open question.
Future study of patients with discordant x ray
scores is required to consider this question.
In studies of putative SF diagnostic markers

the inclusion of normal controls is clearly
important. In our normal control group (mean
age 45, range 21-83 years) SF 3-B-3 levels
increased, while SF HA levels decreased with
age, thus reinforcing the requirement for
regression analysis to account for confounding
age diVerences between diagnostic groups.
Using such analysis the CS epitope 3-B-3, both
as a concentration and as a ratio to total GAG,
was significantly increased in OA SF compared
with normal SF. This is consistent with
previous data on canine experimental OA10 11 20

and human OA12 showing increased expression
of 3-B-3 in OA cartilage, particularly in the
most superficial layers where proteoglycan loss
is most evident.12 These dog and human OA
studies also report increases in 7-D-4, which
was not observed in OA SF in our study. How-
ever, though both neo-epitopes associate with
OA, 3-B-3 is less variable and more
discriminative for abnormal human cartilage
than 7-D-4.12 Patients in our study all had
established, though not ‘end stage’, OA and it
is possible that release of these epitopes into SF
varies according to the stage and extent of car-
tilage attrition, as has been demonstrated for
the quantity27 and type28 of proteoglycan
fragments in RA SF. The increase in SF 3-B-3,
and decrease in SF HA, with age in normal
knees might be interpreted as a slow approach
towards the OA situation in the older subjects,
with physiological changes in cartilage that
might predate radiographic or clinical evidence
of OA. Although all normal subjects over age
50 had radiographically normal knees, more
sensitive but invasive investigation (chondros-
copy with cartilage biopsy) would be necessary
to detect such mild ‘preclinical’ cartilage
changes.
The observed reduction in SF 5-D-4 in OA

might reflect synthesis of proteoglycans with
lower KS content13 or qualitative alteration in
KS structure. A similar decrease in SF KS
(5-D-4) and accompanying increase in CS
epitopes follows acute internal derangement of
the knee, the greatest changes occurring within
three months of injury and being greater for
7-D-4 than 3-B-3.13 Recently Sharif et al29 also
reported lower SF 5-D-4 levels in OA
compared with normal knees; unlike us they

Figure 3 Comparison between RA,OA, and normal knees for ratio of chondroitin
sulphate and keratan sulphate epitopes to total sulphated glycosaminoglycans. The central
solid line represents the median, with the box representing the middle 50% of the data. The
error bar cap lines mark the 10th and 90th percentiles. Dots represent individual data
points outside the 10th and 90th percentiles.

4

0

R
at

io
 o

f 
ep

it
o

p
e 

to
 t

o
ta

l s
u

lp
h

at
ed

 G
A

G
s

3B3/GAG

Normal
OA
RA

3

2

1

n = 20, 66, 13

7D4/GAG

n = 14, 61, 15

5D4/GAG

n = 15, 66, 15

304 Belcher, Yaqub, Fawthrop, Bayliss, Doherty

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.56.5.299 on 1 M
ay 1997. D

ow
nloaded from

 

http://ard.bmj.com/


also found low SF 5-D-4 levels in RA knees
and a negative correlation with age in 15
normal knees (from a group with mean (SD)
age 40 (9) years). Radiographic assessments
were not undertaken by Sharif et al, but in con-
trast with Campion et al5 we found no inverse
correlation between SF 5-D-4 and degree of
radiographic joint space loss. Campion et al,
however, had no normal knee SF for compari-
son and designated knees as ‘OA’ even if radio-
graphs were normal. The correlation they
observed might therefore simply reflect normal
5-D-4 levels in subjects with normal x rays, and
reduced 5-D-4 levels in those with
radiographic narrowing (that is, definite OA).
No increase in SF CS epitopes occurred in

RA knees. Indeed 7-D-4 levels, and

7-D-4/GAG ratios, were reduced in RA
compared with normal and OA knees. Such a
finding supports the hypothesis that expression
of these CS neo-epitopes reflects attempted
repair with re-initiation of chondrocyte activity
akin to that seen during development.13 RA is
characterised by atrophic cartilage and bone
erosion; any reparative response, reflected by
osteophyte and ‘secondary OA’, occurs late
and is less impressive than in OA.30

Interestingly, the presence of clinically assessed
knee ‘inflammation’ showed a negative associa-
tion with SF 7-D-4 in both RA and OA, but no
association with other SF variables. Study of
the eVects of cytokines on CS 7-D-4
expression and release might be of interest.
The low HA concentrations in both OA and

Figure 4 Comparison between the OA subclasses NGOA, LJOA, and CPA for all epitopes measured. The central solid
line represents the median, with the box representing the middle 50% of the data. The error bar cap lines mark the 10th and
90th percentiles. Dots represent individual data points outside the 10th and 90th percentiles.
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RA fluids accord with previous studies31 32 and
with the clinical finding of reduced viscosity in
abnormal, compared with normal, joint fluids.
Total sulphated GAG SF levels have previously
been reported to be similar in OA and RA,29 33 34

either at the same concentrations found in nor-
mal knees,33 at lower concentrations than
normal knee SF,29 or higher than normal
(compared with cadaveric knee SF35). In this
study we found similar, reduced GAG concen-
trations in OA and RA compared with normal;
we confirmed the previous observation34 of no
change in GAG levels in OA or RA according
to clinical inflammation. The discrepancies
between reports presumably relates to
diVerences in patient selection and characteri-
sation, sample processing, GAG estimation,
and source of control samples.
A single diagnostic category of ‘OA’ is com-

monly used in laboratory based studies. It is
therefore of interest to find greater increase in
SF 3-B-3 in NGOA and LJOA compared with
CPA, given the comparability between the
three subgroups for age and radiographic knee
OA scores. Using identical subgroup
definitions we recently demonstrated diVer-

ences in knee SF for levels of plasminogen acti-
vators36 and ratios of 6:4 sulphated CS
disaccharides37 in NGOA compared with
LJOA or CPA. Such diVerences may support
diVerent pathogenesis or tissue response within
OA subsets. Together with the other findings in
this study it suggests that full assessment of the
index joint (clinical inflammation, gross
calcium crystal deposition, radiographic struc-
tural change) and of the person (Heberden’s
nodes, polyarticular versus oligoarticular OA)
should be considered in future SF studies.
This study has several important caveats. We

investigated only hospital based patients with
established, relatively severe disease, and
undertook only a single time point evaluation
in a cross sectional study design. Serial SF
measurements within people, and inclusion of
subjects with earlier disease and less severe
structural change may give diVerent findings.
Data from this study, however, delineate in
established OA and RA diVerent abnormal
profiles of SF CS and KS epitopes, and suggest
that local joint inflammation and unknown dif-
ferences between OA subsets may influence
some of these SF abnormalities. Further evalu-
ation of these mechanisms seems warranted.

This work was funded by the Arthritis and Rheumatism Coun-
cil to whom we are indebted. We are grateful for expert statisti-
cal advice from Andrea Baxendale (medical statistician).
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