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S100 Proteins Calprotectin and S100A12 Are Related to
Radiographic Changes Rather Than Disease Activity in
Psoriatic Arthritis with Low Disease Activity
TOR MAGNE MADLAND, ANNETTE LARSEN, and JOHAN G. BRUN

ABSTRACT. Objective. To investigate serum levels of calprotectin (S100A8/S100A9) and S100A12 as markers of
disease activity or distinct clinical or radiographic features in patients with psoriatic arthritis (PsA).
Methods. Serum levels of calprotectin and S100A12, erythrocyte sedimentation rate (ESR), and C-reac-
tive protein (CRP) were determined in 119 patients with PsA. Correlations to clinical variables were cal-
culated, and subgroups of patients were compared.
Results. The correlations to clinical disease activity measures were stronger for CRP than for ESR and
calprotectin. In the regression analysis, calprotectin was identified as an independently associated fac-
tor for presence of peripheral radiographic features of arthritis (OR 1.33, 95% CI 1.01–1.76). S100A12
levels were also elevated in those with peripheral radiographic features (p = 0.036), but did not corre-
late with clinical variables of disease activity.
Conclusion. Calprotectin and S100A12 do not perform better than traditional biomarkers of disease
activity in PsA, but were associated with presence of peripheral radiographic features in this cross-sec-
tional study. The patients’ low level of disease activity may have led to underestimation of the associa-
tions between any biomarker and disease measures. (First Release Sept 1 2007; J Rheumatol
2007;34:2089–92)
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Psoriatic arthritis (PsA) is a chronic inflammatory joint dis-
ease with both similarities to rheumatoid arthritis (RA) and
distinct clinical features of its own. Unlike in RA, the ery-
throcyte sedimentation rate (ESR) and C-reactive protein
(CRP) biomarkers are generally not as reliable as disease
activity measures in PsA1, and normal levels were reported as
a feature with discriminative value toward RA in the CASPAR
study2. Consequently, it would be of interest to identify novel
biomarkers for assessing disease activity and response to ther-
apy in PsA. The leukocyte protein complexes calprotectin
(S100A8/S100A9, MRP8/MRP14, or calgranulin A and B)
and S100A12 [EN-RAGE (receptor for advanced glycation
endproducts) or calgranulin C] belong to the family of S100
proteins and have both intracellular and extracellular
immunoregulatory functions3. These protein complexes have

been referred to as proinflammatory proteins in arthritis, and
have been proposed to be superior to conventional biomarkers
of inflammation with closer correlation to disease activity4.
Plasma concentrations of calprotectin reflect disease activity
in RA5,6 as well as in PsA7,8. S100A12 exerts effects through
interaction with RAGE followed by activation of the nuclear
factor-κB system and of endothelial cells9. In PsA, increased
levels of S100A12 as well have been described in peripheral
blood, synovial fluid, and synovial tissue10-12. In a gene
expression study, S100A8 and S100A12 were among the
upregulated genes that identified a unique pattern differentiat-
ing PsA from RA and from healthy controls13. We investigat-
ed whether serum levels of calprotectin or S100A12 reflect
the disease activity and distinct clinical or radiographic fea-
tures in a population of patients with PsA.

MATERIALS AND METHODS
We enrolled 119 patients with PsA, defined as presence of peripheral arthritis
or radiological evidence of spondyloarthritis in a patient with psoriasis.
Details of the case definitions and disease manifestations of the PsA popula-
tion from which we recruited are reported14. To select cases from our PsA
population with active disease, an inquiry to be assessed was sent to those
who during the previous year had attended our clinic with axial symptoms or
at least one swollen joint. For the same reason, patients treated with tumor
necrosis factor-α (TNF-α) blockers were excluded, as were patients with any
infectious disease or surgical interventions or who had received intraarticular
glucocorticoids during the previous month. Responders to the inquiry were
interviewed and clinically assessed, and radiographs of hands, feet, pelvis,
and the lumbar spine were obtained if not performed within the previous year.
The Regional Committee for Medical Research Ethics approved the study,
and all patients provided written informed consent.
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The numbers of tender and swollen joints were assessed by use of the
EULAR 44-joint count including distal interphalangeal joints of fingers,
yielding 52 joints. Skin manifestations were assessed using the Psoriasis Area
Severity Index (PASI)15. The patient’s global assessment of disease activity
and pain intensity in the last week were recorded on a visual analog scale
(VAS), and physician’s global assessment of disease activity on a 5-point
Likert scale. The Modified Health Assessment Questionnaire (MHAQ) was
used as a functional disability score16. Radiographs of hands and feet were
assessed by radiologists in a clinical setting for features of arthritis such as
erosions, osteolysis, and bony proliferations, whereas isolated soft tissue
swelling or joint space narrowing was not considered.

Laboratory data included ESR, CRP, HLA-B27 typing, and Waaler test
for rheumatoid factor (cutoff titer ≥ 128). Serum samples were also assayed
by ELISA for calprotectin17 and S100A1218. According to analyses of blood
donation samples, the reference intervals in serum are 0.51–4.10 mg/l for cal-
protectin and 0.04–1.57 mg/l for S100A1218.

Statistical analyses were performed using SPSS software (SPSS, Chicago,
IL, USA). Spearman correlation coefficients were used to study univariate
associations between different variables. The Mann-Whitney test was used to
compare subgroups of patients. To test for associations between biomarkers
and radiological change we used multiple logistic regression analyses with
forward stepwise design.

RESULTS
Patients’ demographic and clinical characteristics are summa-
rized in Table 1. Median values of the disease variables
recorded and the correlations between these are presented in
Table 2. CRP was more strongly correlated to clinical disease
activity measures than were ESR and calprotectin, and serum
levels of S100A12 did not correlate. Except for ESR and
S100A12, the levels of the biomarkers were intercorrelated.
As expected, patients with many swollen joints or high disease
activity according to the physician’s global assessment had
higher levels of ESR, CRP, and calprotectin compared to those
with low disease activity or few swollen joints (Table 3). The
levels of biomarkers were not affected by the PASI score or
the accumulated number of affected joints, but CRP was sig-
nificantly higher in patients with spondyloarthritis. Levels of
both calprotectin and S100A12 were higher in patients with
peripheral radiographic features of arthritis than in those with-
out. In the logistic regression analysis, with radiographic fea-

tures in hands or feet as the dependent variable, calprotectin
was identified as independently associated with the presence
of radiographic features (OR 1.33, 95% CI 1.01-1.76).

DISCUSSION
We did not identify calprotectin or S100A12 as better bio-
markers of disease activity than ESR and CRP in PsA. For cal-
protectin, this is consistent with results from 2 previous stud-
ies with fewer patients7,8. S100A12 did not behave as an
inflammatory biomarker — this is in contrast to the report of
high correlations between serum S100A12 and disease activi-
ty measures in a small number of patients with PsA, as well as
responsiveness to treatment with methotrexate10. The serum
concentrations of calprotectin and especially S100A12 were
less elevated than in patients with RA that we have studied
(unpublished observations), and such differences have been
reported for calprotectin7 and for S100A1210,11. A more sys-
temic inflammation in RA than in PsA might be part of the
explanation for this, possibly with a more activated endotheli-
um in RA facilitating the release of calprotectin and S100A12.
The concentrations of S100 proteins in our study and the
above noted groups are not to be compared directly, since no
common standard has been used.
The associations between serum levels of calprotectin and

S100A12 and peripheral radiographic features in PsA are new
observations. Calprotectin and S100A12 were both better
indicators for any peripheral radiographic features than ESR
and CRP in the univariate analysis. In the multivariate regres-
sion analysis, we identified the concentration of calprotectin
as an independently associated factor for the presence of
peripheral radiographic features of arthritis. An association
between calprotectin level and joint damage has recently been
described in a study of RA19. The cross-sectional design of
that study and our own presupposes that a single serum analy-
sis of an inflammatory protein may relate to cumulated radi-
ographic features. Although such a relationship has been doc-
umented for CRP in RA20, our study design did not allow con-
clusions about the prognostic value of calprotectin and
S100A12. Future prospective studies are warranted to address
this. Another limitation is the low disease activity of our
patients. Although we intended to select patients from our PsA
population with active disease, the median values of all bio-
markers assessed were within the reference values. Treatment
with prednisolone, disease modifying antirheumatic drugs, or
biologic therapy may significantly suppress the disease activ-
ity, and this constitutes a methodological problem in studying
associations between inflammatory biomarkers and outcomes
in general. By excluding patients undergoing treatment with
TNF-α blockers this bias is expected to be reduced. The low
disease activity may have led to underestimation of the asso-
ciations between any biomarker and disease measures. The
patient characteristics for age, disease measures, sex, and
rheumatoid factor positivity were comparable to those of the
CASPAR study2, but we included a larger proportion of
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Table 1. Characteristics of the patients (N = 119). Data are mean (range)
for continuous variables and number (%) for categorical variables.

Age, yrs 52.5 (22–74)
Disease duration, yrs 12.4 (0.5–39)
Male 61 (51.3)
Polyarthritis 91 (76.5)
Mono- or oligoarthritis 23 (19.3)
Spondyloarthritis exclusively 5 (4.2)
Radiographic signs of SpA (n = 93 pts) 26 (21.8)
Radiographic changes of hands/feet (n = 107) 57 (47.8)
HLA-B27-positive (n = 113) 25 (22.5)
Rheumatoid factor-positive 5 (4.2)
Patient treatment
Nonsteroidal antiinflammatory drug 87 (73.1)
Disease modifying antirheumatic drug 56 (47.1)
Methotrexate 42 (35.3)
Prednisolone 8 (6.7)
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patients with polyarthritis than with mono- or oligoarthritis
compared to the general PsA population at our clinic14.
Immunohistological studies have described higher levels of

expression of calprotectin (MRP8/MRP14) in synovium from
patients with PsA compared to RA, and particularly in
perivascular areas of the synovial sublining layer8. Synovial
expression of S100A12 is also increased in PsA and RA10,12.
Consequently, these authors point to a possible role for
S100A12 in the angiogenesis and altered function of
microvascular endothelium that has been reported in the syn-
ovitis of PsA21. Together, our observation of association
between these S100 proteins and peripheral radiographic fea-
tures and the previous reports of synovial perivascular expres-
sion indicate that S100 proteins are to some extent involved in
or serve as markers of the joint destruction in PsA. To further
investigate pathogenetic and clinical implications of calpro-
tectin and S100A12, both immunohistological and prospec-
tive clinical studies of early PsA are needed.
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Table 2. Spearman correlation coefficients between clinical and laboratory variables (N = 119).

Disease Variables Recorded Values† ESR CRP Calprotectin S100A12

Swollen joint count (0–52) 2 (0–4) 0.33** 0.41** 0.30** 0.15
Tender joint count (0–52) 6 (0–13) 0.04 0.10 –0.02 0.04
Pain intensity (0–100) 39 (22–50) 0.20* 0.32** 0.09 0.01
Patient’s global assessment (0–100) 42 (20–62) 0.08 0.17 0.05 –0.04
Physician’s global assessment (1–5) 2 (2–3) 0.40** 0.35** 0.25** 0.01
PASI score (0–72) 2.2 (0.8–6.6) 0.08 0.10 0.08 0.01
MHAQ (1–4) 1.5 (1.1–1.9) 0.14 0.07 –0.08 –0.13
ESR, mm/h 13 (6–24) 1 0.61** 0.29** –0.03
CRP, mg/l (ref < 5) 4 (1–8) 1 0.48** 0.21*
Calprotectin, mg/l (ref 0.51–4.10) 2.04 (1.25–3.04) 1 0.65**
S100A12, mg/l (ref 0.04–1.57) 0.43 (0.22–0.78) 1

† Median (interquartile range). * p < 0.05; ** p < 0.01.

Table 3. ESR, CRP, calprotectin, and S100A12 for subgroups with a distinct clinical characteristic present or not present (N = 119). Data are median
(interquartile range).

ESR, mm/h CRP, mg/l Calprotectin, mg/l S100A12, mg/l
Characteristic N Present Not p Present Not p Present Not p Present Not p

Polyarthritis 91/28 12 13.5 0.437 4 3.5 0.328 2.02 2.06 0.941 0.45 0.41 0.916
(vs other subclasses) (6–25) (8–23.3) (1–9) (1–6.5) (1.25–3.08) (1.25–2.98) (0.23–0.77) (0.17–0.92)
Spondyloarthritis 26/93 18 12 0.130 8.5 3 0.006 2.50 1.92 0.217 0.60 0.40 0.160

(9.3–31.5) (6–24) (1.8–22) (1–6) (1.34–3.27) (1.25–2.86) (0.24–0.85) (0.21–0.67)
Moderate/high 39/80 22 11 < 0.001 7 2 < 0.001 2.56 1.83 0.005 0.46 0.41 0.900
disease activity* (13–38) (6–19.8) (2–16) (1–5) (1.68–3.46) (1.20–2.70) (0.20–0.82) (0.23–0.76)
≥ 3 Swollen joints 44/75 19.5 11 0.001 7.5 2 < 0.001 2.53 1.88 0.018 0.48 0.41 0.402

(10.3–35.8)(6–20) (2.3–16.8) (1–5) (1.49–3.60) (1.21–2.69) (0.23–0.77) (0.22–0.82)
Radiographic 57/62 15 11 0.288 4 3 0.178 2.35 1.81 0.050 0.53 0.40 0.036
changes of hands/feet (7–26) (6–21.8) (1–13.5) (1–7) (1.38–3.28) (1.19–2.69) (0.23–0.94) (0.20–0.58)
PASI Score > 5 39/80 12 13 0.905 4 3 0.370 2.11 2.02 0.374 0.41 0.46 0.647

(7–24) (6–24.8) (1–11) (1–7.8) (1.45–3.30) (1.18–2.99) (0.23–0.70) (0.22–0.84)

* Physician’s global assessment. P values for differences between subgroups, Mann-Whitney test.
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