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ABSTRACT. Objective. Anti-tumor necrosis factor-α (TNF-α) therapies are not only beneficial for reducing
symptoms in rheumatoid arthritis (RA) but also for structural damage visible on plain radiographs
and serological biomarkers of articular cartilage damage. It is not known if these therapies also prevent structural damage in ankylosing spondylitis (AS). The low sensitivity to change over time of
plain radiographic instruments mandates a search for the effects of these therapies on possible biomarkers of cartilage damage.
Methods. We studied 2 populations of patients with AS: (1) patients recruited to a placebo controlled
trial of etanercept in AS for 16 weeks; (2) an observational cohort receiving infliximab for disease
refractory to conventional therapy. Clinical (morning stiffness, nocturnal pain, Bath AS Disease
Activity Index) and laboratory [erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)]
assessments of disease activity were performed at baseline and at either 16 weeks (clinical trial
cohort) or at 14 weeks (observational cohort). We measured serum matrix metalloproteinase-1
(MMP-1), MMP-3, human cartilage glycoprotein-39 (YKL-40), and cartilage oligomeric matrix protein by ELISA at the same timepoints. We also measured serum concentrations of 2 novel biomarker epitopes, C2C and 846, by competitive ELISA. The C2C assay detects a neoepitope at the carboxy terminus of the long three-quarter amino-terminal fragment generated following cleavage of
type II collagen by collagenases. Aggrecan 846 epitope is a chondroitin sulfate epitope present on
intact aggrecan molecules. Both these assays would detect products originating from both hyaline
cartilages and intervertebral discs.
Results. There was a significant reduction in levels of C2C (p = 0.005) and a significant increase in
the 846 epitope (p = 0.01) in patients who received etanercept compared to placebo controls.
Changes in C2C correlated significantly with changes in ESR (r = 0.51, p = 0.04) and CRP (r = 0.48,
p = 0.048). Significant changes in C2C were not evident in the infliximab observational cohort,
although significant reductions were noted in levels of MMP-3 (p = 0.04) and MMP-1 (p = 0.02) at
14 weeks that were not observed in the etanercept group. Analysis of all baseline samples showed a
significant correlation between levels of MMP-3 with CRP (r = 0.73, p < 0.0001), and YKL-40 (r =
0.71, p < 0.0001). No correlation was evident at baseline between levels of C2C or 846 epitope and
either acute phase reactants or other biomarkers.
Conclusion. Our data suggest that an anti-TNF-α agent, etanercept, may modify cartilage turnover.
These include decreased degradation of type II collagen and increased turnover of aggrecan.
Additional therapeutic properties of some anti-TNF-α agents in AS, such as infliximab, may be
related to decreased expression of MMP. Additional studies in larger populations are therefore
warranted. (J Rheumatol 2005;32:1911–7)
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Ankylosing spondylitis (AS) is a relatively common form of
arthritis that may lead to severe functional impairment secondary to inflammation and the spinal ankylosis that is typical of this disease. Until recently, therapy was restricted to
the use of physical measures that preserved spinal mobility
and the use of nonsteroidal antiinflammatory agents
(NSAID) that alleviate symptoms. More recently, antitumor necrosis factor-α (anti-TNF-α) therapies have been
shown to be effective in patients whose symptoms are insufficiently controlled by NSAID1,2. Although highly effective
in suppressing symptoms3, acute phase reactants4, and
histopathological features5 related to inflammation, there is
no evidence that these therapies are disease modifying in
preventing the development of plain radiographic features
of AS.
A major limitation in the development of disease modifying therapies for AS has been the lack of standardized and
validated radiographic instruments capable of assessing
structural damage that meet the requirements of the OMERACT filter for feasibility, truth, and discrimination6. Three
instruments have recently been developed that appear to be
reproducible, although one, the Bath AS Radiology Index
(BASRI)7, grades rather than scores structural damage. At
least 2 years are required before change can be confirmed,
and this is seen in only a small minority of patients. The
Stoke AS Spinal Score (SASSS) does not score damage in
the cervical spine and also shows limited sensitivity to
change8,9. The modified SASSS (mSASSS), which does
assess damage in the cervical spine, appears to be the most
responsive index currently available, although even with
this instrument, 2 years are required before change is evident and only 40% of patients show evidence of progression10,11. Consequently, assessment of disease modification
using the mSASSS as the primary outcome would still
require that placebo controlled trials be of 2 years’ duration.
Clearly, this is not a realistic solution for either clinical practice or research. While acute phase reactants have been
shown to predict structural damage in patients with rheumatoid arthritis (RA), they are elevated in only a minority of
patients with AS12 and show poor correlation with other
measures of disease activity13.
Similar impediments to assessment of structural damage
exist in the field of osteoarthritis (OA), where recent efforts
have targeted serological biomarkers of articular cartilage
turnover and degradation. Several biomarkers have also
been shown to have predictive validity for structural damage
in both RA and OA. These include matrix metalloproteinases (MMP), especially MMP-1 and MMP-314,15, cartilage
oligomeric matrix protein (COMP)16,17, and human cartilage glycoprotein-39 (YKL-40)18. MMP-1 can degrade type
II collagen in articular cartilage and MMP-3 can activate
pro-MMP-1, while both COMP and YKL-40 are cartilage
matrix proteins that are increased in states of increased
matrix turnover. In general, these markers are increased in

RA and decrease following treatment with anti-TNF-α therapies19,20, while the data for OA are much less consistent.
Despite the involvement of cartilaginous structures in AS,
biomarker studies in AS are much more limited. One report
has described elevated levels of MMP-3 in AS patients with
concomitant peripheral joint synovitis21.
Biomarkers have been developed targeting a de novo epitope on type II collagen generated following cleavage of the
triple helix by collagenases22,23 and epitopes on the Ctelopeptide24-26. Another targets the 846 epitope on chondroitin sulfate side-chains of aggrecan27-29. Some of these
have been shown to be sensitive and specific for early cartilage changes associated with isolated joint injury in an
experimental model of OA30. Collagen cleavage products
are increased in acute and chronic RA23,25,31, whereas the
846 epitope is increased in chronic RA28,29. To date there
are no published reports on the use of these biomarkers to
study AS.
The effects of anti-TNF-α therapies on a limited set of
serological biomarkers in AS have thus far been reported in
one study4. In that observational cohort study, there was no
overall change in levels of MMP-3 and YKL-40 following
infliximab therapy, although reductions were evident commensurate with reductions in clinical and laboratory markers of disease activity. We describe the effects of another
anti-TNF-α agent, etanercept, on a broader spectrum of
serological biomarkers in the context of a placebo controlled
trial. We also describe the effects of infliximab on some of
the more direct biomarkers of cartilage turnover, C2C and
the 846 epitope.
MATERIALS AND METHODS
Patients. We studied 2 categories of patients. The first included patients
recruited to a placebo controlled trial of etanercept in AS1. Briefly, patients
were recruited from rheumatology practices in Northern California who
met the modified New York criteria for AS. Patients had active AS as
defined by the presence of ≥ 45 min of morning stiffness and at least moderate disease activity as assessed by patient (5 point scale) and physician
[≥ 40 mm on a 0–100 mm visual analog scale (VAS)]. Patients were
required to be undergoing stable nonsteroidal antiinflammatory drug
(NSAID) therapy and/or stable second-line therapy (methotrexate, sulfasalazine, intramuscular gold) and/or prednisone (≤ 10 mg/day) for ≥ 1
month prior to randomization. Patients were excluded if they had spondylitis other than AS, clinical or radiographic evidence of complete spinal
ankylosis, a history of recurrent infections or cancer, or a serious liver,
renal, hematologic or neurologic disorder. The study was approved by the
committee on human research at the University of California, San
Francisco, and by the US Food and Drug Administration. All patients provided written informed consent.
The second category of patients included an observational cohort of
consecutive patients with AS receiving infliximab, as described4. Briefly,
these patients received infliximab for disease that was refractory to NSAID
and/or second-line agents and intraarticular steroids. Patients were required
to maintain stable NSAID and/or second-line therapy during the treatment
period. The study was approved by the University of Alberta ethics board
and all patients provided written informed consent.
Study protocol. Patients in the clinical trial population were randomly
assigned to receive twice-weekly subcutaneous injections of placebo or
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etanercept (25 mg) for 4 months. Clinical and laboratory assessments were
performed at the time of screening and on study days 1, 28, 56, 84, and 112.
Serological biomarkers were assessed on Day 1 and Day 112. Patients in
the observational cohort received an induction dose of infliximab 3 mg/kg
at baseline, 2 weeks, and 6 weeks. Clinical and laboratory assessments
were performed at baseline and at 14 weeks. Serum samples were stored at
–20°C until assayed.
Outcome measures. Clinical. In the clinical trial population, disease activity was assessed by recording duration of morning stiffness (min), the
degree of spinal pain at night (as represented on a 100 mm VAS, 0 mm indicating absence of pain and 100 mm the most severe pain), and the patient
and physician global assessments of disease activity. In the observational
cohort, disease activity was assessed using the Bath AS Disease Activity
Index (BASDAI)32.
Laboratory measures. Erythrocyte sedimentation rate (ESR) was measured
by the Westergren method; C-reactive protein (CRP) was measured by
nephelometry (mg/dl). Serum MMP-1 and -3 were measured by ELISA
(BioTrak; Amersham BioSciences, Little Chalfont, Buckinghamshire, UK).
The MMP-1 kit recognizes total human MMP-1, pro-MMP-1, free MMP1, and MMP-1 complexed with tissue inhibitor of metalloproteinase
(TIMP-1), but not with α2-macroglobulin. The range of the assay is
6.25–100 ng/ml with sensitivity of 1.7 ng/ml. The MMP-3 assay recognizes
pro-MMP-3, active MMP-3, and MMP-3/TIMP complexes, but not MMP3 bound by α2-macroglobulin. The range of the assay is 3.75–120 ng/ml
with sensitivity of 2.35 ng/ml. The MMP-1 and MMP-3 antibodies do not
cross-react. Serum samples were diluted (1:1 for MMP-1, between 1:1 and
1:8 for MMP-3) and individual samples were assayed in duplicate. Serum
COMP (Anamar Medical AB, Uppsala, Sweden) and YKL-40 (MetraTM
YKL-40; Quidel Corp., San Diego, CA, USA) were measured in duplicate
by ELISA. The C2C assay detects a neoepitope at the carboxy terminus of
the long amino-terminal fragment generated following cleavage by collagenases23. It is measured using a competitive inhibition monoclonal antibody-based ELISA (Ibex Technologies, Montreal, Quebec, Canada).
Aggrecan 846 epitope is present on intact aggrecan molecules and is associated with chondroitin sulfate chains22. This epitope is detected by ELISA
using a mouse monoclonal antibody (Ibex Technologies).
Statistical analysis. The primary analysis of the clinical trial population
was a between-treatment group comparison of serum levels of individual
biomarkers using Wilcoxon’s matched-pairs signed-ranks test, 2-tailed. For
the observational cohort, we analyzed the effects of treatment on individual
biomarkers using the Wilcoxon rank-sum test, 2-tailed. Spearman’s rank
correlation coefficient was used to analyze the relationship between levels
of individual biomarkers with clinical and laboratory indicators of disease
activity. Linear regression was used to analyze the correlation between
changes in individual biomarkers and changes in clinical and laboratory
measures of disease activity. Statistical analysis was performed using
GraphPad InStat and statistical significance was defined as p < 0.05. P values corrected for the number of comparisons are also shown.

RESULTS
Serum was available from 18 patients randomized to either
etanercept (n = 9; 77% male, mean age 36.5 yrs, mean disease duration 12.3 yrs, 100% HLA-B27-positive) or placebo (n = 9; 88% male, mean age 39.3 yrs, mean disease duration 11.7 yrs, 100% HLA-B27-positive) for 16 weeks. The 2
groups were comparable for baseline disease characteristics
(Table 1). Mean swollen joint and enthesitis scores were
higher and mean ESR value lower at baseline in the placebo
group, although these differences were not significant. For
biomarkers, mean serum levels of MMP-3 and aggrecan 846
epitope were higher at baseline in the placebo group,

although the differences from values in the etanercept group
were not significant and were related to single outliers for
each biomarker in the placebo group.
A significant improvement was noted in nearly all clinical indicators and acute phase reactants for patients who
received etanercept. Between-group comparisons with
placebo patients also showed significant benefit for etanercept for these measures (as reported1). Among the biomarkers analyzed, a significant reduction of 15.4% (p = 0.005)
and an increase of 52.3% (p = 0.01) was observed in levels
of C2C and 846 epitope, respectively, in etanercept treated
patients, compared to an increase of 13.3% and a decrease
of 25.1% in placebo patients (Table 1, Figure 1). Treatment
group comparisons of pre- and post-treatment changes in
MMP-3, MMP-1, YKL-40, and COMP concentrations
revealed no significant differences.
Serum was available on 14 AS patients who received
infliximab, and preliminary data describing the analysis of
MMP-3 and YKL-40 in a subset of these patients have been
described4. Eight (57.1%) of these patients had active
peripheral synovitis, 3 had Crohn’s disease, one had psoriasis, and one had reactive arthritis. There were 13 men and
one woman (mean age 43.1 yrs, range 26–66) with mean
duration of symptoms of 17.4 years (range 7–30). A significant reduction in levels of MMP-1 (p = 0.02) and MMP-3
(p = 0.04) was evident following treatment, but not in levels
of other biomarkers (Table 2).
Baseline samples from both populations were compared
in patients with and without concomitant peripheral synovitis. Table 3 shows that while most biomarkers were elevated
in patients with concomitant peripheral synovitis, these differences did not reach statistical significance. When baseline samples from both populations were analyzed for correlations between individual biomarkers as well as between
biomarkers and clinical/laboratory measures of disease
activity, significant correlations were noted between levels
of MMP-3 and either CRP (r = 0.73, 95% CI 0.51–0.86, p <
0.0001) or YKL-40 (r = 0.71, 95% CI 0.48–0.85, p < 0.001)
that were significant when p values were corrected for the
number of comparisons (Table 4). A weaker correlation was
noted between levels of YKL-40 and CRP that was not significant after correction. An inverse correlation was noted
between levels of C2C and MMP-3, although the corrected
p value was not significant. There were no significant correlations between clinical indicators (BASDAI, morning stiffness, nocturnal pain) and individual biomarkers (data not
shown).
A significant correlation was evident between change in
C2C values and change in ESR for patients in the etanercept
trial (r = 0.51, 95% CI 0.02–0.80, p = 0.04) (Figure 2). The
correlation with change in CRP was of borderline significance (r = 0.48, 95% CI –0.02 to 0.79, p = 0.048). No significant correlation was evident between change in C2C levels and change in either clinical indicators or other bio-
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Table 1. Pre- and post-treatment scores for clinical and laboratory indicators in patients with AS randomized to
placebo or etanercept for 16 weeks.
Indicator

Mean AM stiffness (SD), min
Mean nocturnal pain (SD)
Mean patient global (SD)
Mean BASFI (SD)
Mean swollen joint score (SD)
Mean enthesitis index (SD)
Mean CRP, mg/dl (SD)
Mean ESR, mm/h (SD)
Mean MMP-1, ng/ml (SD)
Mean MMP-3, ng/ml (SD)
Mean YKL-40, ng/ml (SD)
Mean COMP, U/l (SD)
Mean C2C epitope, ng/ml (SD)
Mean aggrecan 846 epitope, ng/ml (SD)

Placebo, n = 9
Baseline
16 Weeks
110.6 (97.4)
51.7 (26.7)
3.2 (0.7)
4.7 (2.7)
5.0 (7.1)
8.9 (10.5)
1.5 (0.7)
19.8 (14.3)
16.8 (10.3)
63.7 (132.0)
58.9 (38.1)
12.3 (5.0)
50.5 (31.2)
820.5 (857.5)

91.1 (46.3)
45.6 (22.1)
3.0 (0.7)
5.0 (2.7)
6.4 (10.8)
7.8 (11.0)
2.2 (3.5)
19.1 (14.6)
17.1 (10.3)
51.6 (92.5)
73.7 (79.1)
10.5 (2.6)
52.2 (34.4)
302.2 (206.5)

Etanercept, n = 9
Baseline
16 Weeks
107.2 (57.3)
71 (112.4)
50.9 (24.1)
18.3 (15.1)
3.2 (0.7)
2.6 (0.5)
5.1 (1.7)
2.3 (1.5)
2.0 (4.6)
0.6 (1.1)
4.7 (5.5)
0.8 (1.4)
1.8 (1.2)
0.7 (0.4)
31.1 (24.9)
7.0 (6.3)
17.5 (15.6)
17.8 (13.9)
19.7 (7.4)
15.5 (11.5)
69.3 (28.9)
57.3 (30.5)
11.0 (2.3)
10.0 (1.9)
41.9 (11.9)
33.7 (7.4)*
349.1 (178.6) 506.4 (284.7)*

* p < 0.05.

Figure 1. Change in serum levels of biomarkers C2C and 846 epitope after 16 weeks in patients randomized to either placebo (n = 9) or etanercept (n = 9).
Values represent absolute change (ng/ml); plots show medians, 25th/75th centiles, minimum and maximum values.
Table 2. Pre- and post-treatment values for clinical and laboratory indicators in an observational cohort of
patients with AS receiving infliximab at baseline, 2 weeks, and 6 weeks.
Indicator

Mean BASDAI (SD)
Mean ESR (SD)
Mean CRP (mg/dl) (SD)
Mean MMP-1 (SD)
Mean MMP-3 (SD)
Mean YKL-40 (SD)
Mean COMP (SD)
Mean C2C epitope (SD)
Mean aggrecan 846 epitope (SD)

Infliximab Patients, n = 14
Baseline
14 Weeks
6.3 (1.5)
31.7 (15.9)
51.4 (52.3)
10.0 (6.8)
272.0 (272.3)
204.8 (148.3)
18.3 (10.4)
67.0 (19.5)
641.9 (529.0)

2.8 (2.1)
13.4 (13.6)
24.3 (48.5)
6.6 (3.1)*
153.0 (210.2)*
188.6 (211.5)
21.2 (10.4)
66.6 (22.0)
690.6 (942.6)

* p < 0.05.
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markers (data not shown). There was no correlation between
change in levels of 846 epitope and changes in either clinical indicators, acute phase reactants, or other biomarkers
(data not shown). Analysis of data from patients who
received infliximab did not reveal significant correlations
between changes in C2C and acute phase reactants, although
this was evident for changes in levels of MMP-3 (r = 0.68
for correlation with ∆CRP, p = 0.008; r = 0.58 for correlations with ∆ESR, p = 0.04) and YKL-40 (r = 0.58 for ∆CRP,
p = 0.03).
Table 3. Biomarker concentrations at baseline in patients with AS according to peripheral joint inflammation.
Biomarker

Peripheral Arthritis (+),
mean (SD) (n = 16)

Peripheral Arthritis (–),
mean (SD) (n = 16)

CRP
ESR
MMP-3
MMP-1
YKL-40
COMP
C2C
846 epitope

43.2 (55.3)
25.4 (16.8)
171.4 (205.6)
15.3 (12.6)
167.0 (155.6)
16.1 (7.7)
56.2 (29.0)
504.0 (318.8)

21.0 (23.1)
30.4 (20.3)
113.6 (240.7)
12.0 (8.8)
84.4 (53.5)
14.1 (8.2)
49.7 (24.0)
562.6 (625.1)

DISCUSSION
Our analysis is the first to show in a placebo controlled trial
that the anti-TNF-α agent etanercept may also influence cartilage and/or intervertebral disc metabolism in a manner
suggestive of a protective effect by etanercept on type II collagen degradation and an increase in aggrecan turnover. The
846 epitope is most elevated in growing tissues, where we
believe it is reflective of active aggrecan synthesis27,33.
Specifically, using 2 assays that are highly specific for epitopes within articular cartilage and intervertebral discs, we
show decreased levels of C2C, a de novo epitope generated
following cleavage of type II collagen by collagenase, and
increased levels of the aggrecan-specific 846 epitope, suggesting decreased degradation and increased synthesis of
matrix components, respectively.
Although our findings were evident even in a small group
of patients they will require confirmation in a larger dataset.
Nevertheless, our data do appear to be internally consistent.
While the C2C antibody detects collagenase cleavage of
type II collagen, the 846 antibody recognizes the epitope
only on the largest proteoglycan molecules in human cartilage34. Because aggrecan is susceptible to degradation, the
846 epitope likely signifies the presence of more recently

Table 4. Spearman correlation analysis of cartilage biomarkers and acute phase reactants at baseline in patients
with AS. P values are shown corrected for numbers of comparisons.

MMP-1
MMP-3
YKL-40
COMP
C2C
846 epitope

MMP-3

YKL-40

COMP

C2C

846 Epitope

CRP

ESR

–0.26
—
—
—
—
—

–0.10
0.71***
—
—
—
—

–0.06
0.20
0.02
—
—
—

–0.56**
–0.03
–0.16
0.16
—
—

–0.10
0.25
–0.11
–0.09
–0.18
—

–0.21
0.73***
0.38*
–0.21
0.33
0.37

–0.28
0.29
–0.13
–0.21
0.11
0.17

* p = 0.04, ** p = 0.008, *** p < 0.0001.

Figure 2. Linear regression analysis of correlation between change in serum levels of C2C and ESR (A) and CRP (B) in patients receiving either etanercept
(n = 9) or placebo (n = 9) for 16 weeks.
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synthesized molecules22. It is therefore reasonable to expect
that effective treatment would be associated with divergent
effects on these 2 biomarkers. In addition, a reduction in levels of C2C following treatment with etanercept correlated
with a reduction in acute phase reactants, suggesting a relationship to the control of inflammation.
We did not observe these findings in the cohort of
patients who received infliximab, but instead noted rather
significant reductions in MMP-1 and -3, the latter correlating with changes in CRP and YKL-40. The reductions in
MMP-1 and -3 were of borderline significance in our earlier report for the infliximab cohort, likely reflecting type II
error with small sample size4. These reductions were not
observed with etanercept. This may simply reflect an inadequate sample population. However, infliximab treated
patients had higher levels of C2C at baseline (median value
61.7) compared to those recruited to the clinical trial (median value 39.1). This was also evident for levels of 846 epitope (median values of 426.1 and 313.2 for patients in the
observational cohort and clinical trial, respectively), CRP,
MMP-3, and YKL-40, suggesting more active disease
and/or increased cartilage turnover/degradation in the infliximab cohort at baseline. It is therefore possible that higher
doses of infliximab may have been required to exert significant effects on cartilage biomarkers than those used in these
patients. However, a recent study of 23 AS patients has also
described no significant effect of infliximab therapy on the
same cartilage biomarkers that we used in this study35.
It has also been suggested that levels of some biomarkers
may vary according to the phenotype of disease in spondyloarthropathy21. For instance, MMP-3, but not MMP-1, has
been associated with peripheral joint synovitis. Baseline
levels of several biomarkers in our study tended to be elevated in patients with concomitant peripheral synovitis,
although our sample size was small. MMP-3 is primarily
produced by synovial cells in the setting of synovitis, while
C2C directly reflects degradation of type II collagen. It is
therefore possible that patients in the infliximab cohort had
more active peripheral synovitis, accounting for the
increased baseline levels of MMP-1 and MMP-3 and the
more impressive effects of treatment on these markers. This
would also be consistent with reports describing downregulation of MMP in patients with RA20. The levels of several
of these biomarkers have been shown to vary according to
age and sex, although there were no obvious differences in
age and sex between the 2 patient populations that would
account for these baseline differences. Our data therefore
suggest that the pattern and magnitude of effects of antiTNF-α agents on cartilage biomarkers may depend on other
factors, such as the baseline level of disease activity, phenotype of disease, and baseline level of cartilage turnover.
Although various cartilage biomarkers have been extensively studied in RA and OA, there are limited data in
patients with AS. An increase in MMP-3 was noted in 2 of

3 studies where levels in AS patients were compared to control samples, although no correlation with CRP was evident15,36,37. One study showed no increase in MMP-1 compared to healthy controls15. Comparative studies of COMP
and YKL-40 have yet to be performed, although one study
reported higher levels of YKL-40 in patients with inflammatory bowel disease and concomitant peripheral arthritis
versus no peripheral arthritis38. Further, levels correlated
with the numbers of affected joints.
We have demonstrated that therapy with etanercept in
patients with AS is associated with a significant decrease in
serum levels of a neoepitope that is a highly specific marker of type II collagen degradation by collagenase, and an
increase in levels of a second neoepitope that reflects
increased turnover of the proteoglycan aggrecan, which may
signal a reparative response. Our data support the view that
these biomarkers, and other markers reflecting cartilage
damage and repair, merit inclusion for further study in clinical trials of new therapeutics for AS. The clinical significance of these observations should be further examined in
prospective studies of the predictive validity of these biomarkers for structural damage in patients with AS.
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