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Abstract

Objectives We aimed to identify a serum biomarker for
evaluating the disease activity of relapsing polychondritis
(RP).

Methods We measured and compared serum levels of 28
biomarkers potentially associated with this disease,
including soluble triggering receptor expressed on myeloid
cells-1 (STREM-1), high-sensitivity C-reactive protein
(hs-CRP), and cartilage oligomeric matrix protein (COMP),

T. Sato + Y. Yamano + Y. Shimizu + H. Ando + K. Yudoh
Institute of Medical Science, St. Marianna University
School of Medicine, 2-16-1 Sugao, Miyamae-ku,
Kawasaki 216-8512, Japan

U. Tomaru

Department of Pathology, Hokkaido University Graduate
School of Medicine, North 15, West 7, Kita-ku,
Sapporo 060-8638, Japan

T. Okazaki + H. Nagafuchi + S. Ozaki

Division of Rheumatology and Allergy, Department of Internal
Medicine, St. Marianna University School of Medicine,
2-16-1 Sugao, Miyamae-ku, Kawasaki 216-8512, Japan

J. Shimizu + N. Suzuki (&)

Departments of Immunology and Medicine, St. Marianna
University School of Medicine, 2-16-1 Sugao, Miyamae-ku,
Kawasaki 216-8512, Japan

e-mail: n3suzuki @marianna-u.ac.jp

T. Miyazawa

Division of Respiratory and Infectious Diseases,
Department of Internal Medicine, St. Marianna University
School of Medicine, 2-16-1 Sugao, Miyamae-ku,
Kawasaki 216-8512, Japan

H. Oka

Rheumatic Disease Center, Tokyo Medical University Hachioji
Medical Center, 1163 Tate-machi, Hachioji 193-0998, Japan

Published online: 13 February 2013

Shoichi Ozaki -

Teruomi Miyazawa -

in 15 RP patients and 16 healthy donors (HDs). We divided
the 15 RP patients into active RP (n = 8) and inactive RP
(n = 7) groups, depending on the extent of the disease, and
compared candidate markers between groups. The locali-
zation of membrane-bound TREM-1 in the affected tissue
was examined by immunohistochemistry.

Results Serum levels of sSTREM-1, interferon-c, chemo-
kine (C-C motif) ligand 4, vascular endothelial growth
factor, and matrix metalloproteinases-3 were significantly
higher in RP patients than HDs. Among these markers,
STREM-1 had the highest sensitivity and specificity (86.7
and 86.7 %, respectively). Furthermore, the serum -evel of
sTREM-1 was significantly higher in active RP patients
than inactive RP patients (p = 0.0403), but this was not
true for hs-CRP or COMP. TREM-1 was expressed on
endothelial cells in RP lesions.

Conclusions The serum level of sTREM-1 may be a
useful marker of disease activity in RP.
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Introduction

Relapsing polychondritis (RP) is a rare inflammatory dis-
order of unknown etiology; it is characterized by recurrent,
widespread chondritis of systemic cartilages, specifically
those in the ear, eye, nose, large airways, and joints [1-3].
RP is occasionally life-threatening, as its progressicn leads
to fatal dyspnea due to cartilage destruction in large airways.
To detect such disease progression, the accurate assessment
of disease activity is important. Today, this assessment is
performed by analyzing a combination of clinical manifes-
tations, laboratory findings, and imaging results.
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However, it is still difficult to conduct proper evalua-
tions. This is partly because there are no established bio-
markers for evaluating the disease activity of RP, although
several potential biomarkers—such as CRP, antibody to
type II collagen, and cartilage oligomeric matrix protein
(COMP)—have been reported previously [3-7]. For
example, CRP is the most commonly used marker of
inflammation, and its serum level is frequently used to
assess RP disease activity [3, 4]. However, RP patients
with normal CRP levels are often observed to experience
advanced fibrosis of the airways, suggesting insidious
chronic inflammation in those tissues, which is difficult to
detect by CRP [8]. It has also been reported that antibodies
to type II collagen reflect RP disease activity [6]. However,
these antibodies were only detected in 30-50 % of RP
patients [6, 9]. Furthermore, it has been reported that this
measure lacks sensitivity and specificity [10]. Therefore, in
the current study, we aimed to identify more sensitive
biomarkers that would be able to detect those small dif-
ferences that cannot be detected by antibodies to type II
collagen or CRP.

To do so, this study excluded highly active RP patients.
We measured 28 candidate markers that had been previ-
ously shown to be involved in RP, inflammation, or car-
tilage destruction. The levels of these markers were
compared not only between RP patients and healthy
donors (HDs) but also between active RP and inactive RP
patients. Our results showed that the serum level of sol-
uble triggering receptor expressed on myeloid cells-1
(sTREM-1) is most suitable as a disease-activity marker
in RP.

TREM-1 is a type I transmembrane receptor of the
immunoglobulin superfamily. The soluble form of TREM-1
(sTREM-1) is thought to be released from TREM-I1-
expressing cells by proteolytic cleavage of membrane-
bound TREM-1 [11]. The serum level of STREM-1 has
been found to be elevated in patients with sepsis and has
therefore been considered as a marker of microbial infec-
tion [12].

Materials and methods
Patients and samples

Fifteen patients (8§ women and 7 men) diagnosed with RP
according to Damiani’s criteria [13, 14] and 16 healthy
donors (HD) serving as age-matched and sex-matched
controls (Table 1) were recruited from St. Marianna Uni-
versity Hospital, Kanagawa, Japan. They were enrolled
between November and December 2009. In this study, we
used the patient information (disease condition, disease
duration, medication, etc.) obtained at the time of enroll-
ment (Table 1). None of the patients had any other
inflammatory disorders, such as overt infections or colla-
gen diseases. To detect small differences that cannot be
detected by CRP, this study enrolled RP patients in the
chronic phase—not the acute phase—and further excluded
patients who had highly active RP, such as those with acute
respiratory failure. From among them, we divided the 15
RP patients into two groups (active RP and inactive RP)
according to the definition by Lekpa et al. [7]. Briefly,

Table 1 Demographics,

clinical characteristics, and HD RP
medication of subjects (n=16) Total Active Inactive
(n=15) (n=273) (n=7)
Demographics
Age (years)” 40.5 [27-67] 47 [10-81] 50.5 [10-74] 44 [27-81]
Female sex 50.0 % 533 % 50.5 % 571 %
Clinical characteristics
Disease duration (years)® 5[1-19] 12 [4-19] 4 [1-8]
Auricular chondritis 46.7 % 62.5 % 28.6 %
Nasal chondritis 40.0 % 62.5 % 143 %
Laryngotracheal chondritis 66.7 % 87.5% 42.9 %
Ear symptoms 533 % 87.5% 143 %
Arthritis 46.7 % 75.0 % 143 %
Ocular inflammation 333 % 50.0 % 14.3 %
Medication
HD healthy donor, RP relapsing Prednisolone 86.7 % 87.5% 85.7 %
polychondritis Methotrexate 333 % 50.0 % 28.6 %
* Data are expressed as median Azathioprine 20.0 % 25.0 % 143 %

[range]
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patients were defined as having active RP if they were
affected with chondritis involving at least two of three sites
(auricular, nasal, or laryngotracheal cartilage) at the time of
blood collection or if they were affected in one of these
sites and also had two other manifestations, which could
include ocular inflammation, audiovestibular symptoms, or
seronegative inflammatory arthritis. Fourteen patients with
HTLV-1-associated myelopathy (HAM), 10 with progres-
sive systemic sclerosis (PSS), 19 with systemic lupus
erythematosus (SLE), and 20 with rheumatoid arthritis
(RA) also participated in this study.

All blood and cartilage samples were obtained with
written informed consent and full ethical approval. The
study protocol was approved by the Ethics Committee of
St. Marianna University School of Medicine.

Measurement of serum levels of marker candidates

High-sensitivity CRP (hs-CRP) was determined by neph-
elometry using N-latex CRP II (Siemens Healthcare
Diagnostics, Tokyo, Japan). Serum concentrations of
sTREM-1; matrix metalloproteinases (MMP)-1, MMP-2,
MMP-3, MMP-13; cartilage oligomeric matrix protein
(COMP); interleukin (IL)-17A; and anti-type II collagen
antibody (a-COLII Ab) were measured using commercially
available ELISA kits (STREM-1, MMP-1, and MMP-2:
R&D Systems, Minneapolis, MN, USA; MMP-3: Daiichi
Fine Chemical, Toyama, Japan: MMP-13: GE Healthcare,
Chalfont St Giles, UK; COMP: Abnova, Taipei, Taiwan;
IL-17A: Gen-Probe, San Diego, CA, USA; a-COLII Ab:
Chondrex, Redmond, WA, USA). Serum concentrations of

Table 2 Serum concentrations of biomarker candidates in healthy donors and patients with RP

Biomarker candidates® Units Methods of measurement HD (n=16) RP (n=15) p*
Mean £ SD Mean £ SD

STREM-1 pg/ml ELISA 92.48+56.45 281.87%150.42 0.0002
IFN-¢ pg/ml CBA N.D* 5.65+6.25 0.0035
CCL4 pg/ml CBA 64.38+66.03 133.76£68.13 0.0075
VEGF pg/ml CBA 131.03+104.66 267.461187.03 0.0212
MMP-3 ng/ml ELISA 35.961+29.23 243.12%£313.50 0.0229
CXCL10 pg/ml CBA 154.72£91.72 229.50%+114.03 0.0552
CCLS ng/ml CBA 2.70+t1.43 37.66115.66 0.0582
hs-CRP ng/ml Nephelometry 0.04%+0.05 0.30+0.50 0.0643
IL-17A pg/ml ELISA 1.17£1.52 0.33+0.79 0.0673
TNF pg/ml CBA N.D* 0.76 £2.01 0.1646
IL-4 pg/ml CBA N.D* 0.80%2.13 0.1671
IL-6 pg/ml CBA N.D* 1.27+3.38 0.1686
COMP ng/ml ELISA 14.38+4.28 24.33+26.72 0.1750
MMP-13 ng/ml ELISA 0.31+0.04 0.28+0.09 0.2367
MMP-2 ng/ml ELISA 125.01£10.45 133.01£28.45 0.3191
IL-1a pg/ml CBA N.D.C 0.541+2.09 0.3343
IL-1b pg/ml CBA N.DS 0.58+2.24 0.3343
IL-10 pg/ml CBA N.D.¢ 0.69+2.69 0.3343
IL-12p70 pg/ml CBA N.D:* 0.35+£1.36 0.3343
CX3CL1 pg/ml CBA N.D:* 6.55+25.38 0.3343
CXCL8 pg/ml CBA 12.93+11.52 16.24£7.05 0.3413
MMP-1 ng/ml ELISA 5.19%£3.15 4.30%+3.67 0.5129
CCL2 pg/ml CBA 67.08+43.78 72.29+59.36 0.7842
aCOLII Ab° U/ml ELISA 51.75+£37.95 263.931+577.87 0.2109

HD healthy donor, RP relapsing polychondritis, STREM-1 soluble triggering receptor expressed on myeloid cells-1, ELISA enzyme-linked
immunosorbent assay, |FN interferon, CBA cytometric bead array, ND not detected, CCL chemokine (C—C motif) ligand, VEGF vascular
endothelial growth factor MMP matrix metalloproteinase, CXCL chemokine (C—X—C motif) ligand, hs-CRP high-sensitivity C-reactive protein,
IL interleukin, TNF tumor necrosis factor, COMP cartilage oligomeric matrix protein, CX3CL chemokine (C—X3—C motif) ligand, aCOLIl Ab

anti-type II collagen antibody
* By Welch’s t test. p values of less than 0.05 are indicated in boldface

% The serum levels of IL-2, IL-5, GM-CSF, and CCL3 were below the detection limits in all cases

® The sample size of this item is different from that of the others due to the lack of some serum samples (HD: n= 13, RP: n=13)

¢ For the statistical analyses, values of zero were substituted for the ““N.D. (not detected)’’ entries
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Fig. 1 Receiver operating characteristic (ROC) analysis of marker
candidates of relapsing polychondritis (RP). We compared the
sensitivity and specificity of soluble triggering receptors expressed
on myeloid cells-1 (STREM-1), interferon (IFN)-c, chemokine (C—C
motif) ligand 4 (CCL4), vascular endothelial growth factor (VEGF),

IL-1a, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p70;
interferon (IFN)-c; tumor necrosis factor (TNF); chemo-
kine (C-C motif) ligand (CCL) 2, CCL3, CCL4, CCLS5;
chemokine (C—X-C motif) ligand 8 (CXCLS8), CXCL10;
chemokine (C—X3—C motif) ligand 1 (CX3CL1); granulo-
cyte—macrophage colony-stimulating factor (GM-CSF);
and vascular endothelial growth factor (VEGF) were
measured using a cytometric bead array (CBA; BD Bio-
sciences, San Jose, CA, USA). All assays were conducted
according to the respective manufacturers’ instructions.

Immunohistochemistry

Biopsy specimens from three patients with RP chondritis
were subjected to immunohistochemical analysis. Forma-
lin-fixed tissue sections were deparaffinized in xylene and
rehydrated in graded alcohols and distilled water. Slides
were processed for antigen retrieval by a standard micro-
wave-heating technique and incubated with anti-TREM-1
antibody (Sigma), followed by detection with streptavidin—
biotin-horseradish peroxidase (Dako Cytomation Japan,
Tokyo, Japan). All sections were visualized using 3,3%-di-
aminobenzidine (DAB).

Statistical analysis

GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA,
USA) was used to plot graphs and perform statistical
analyses. Mean serum concentrations of biomarker candi-
dates were compared between RP patients and HDs using
Welch’s t test (Table 2). Receiver operating characteristic
(ROC) analysis was used to examine the sensitivity
and specificity of the selected markers (Fig. 1). Serum

and matrix metalloproteinase-3 (MMP-3) for discriminating RP
patients from healthy donors (HDs) using ROC analysis. Closer
proximity of the ROC curve to the upper left corner indicates higher
sensitivity and specificity of the marker

concentrations of biomarker candidates in patien:'s with
active RP and patients with inactive RP were analyzed by
Welch’s t test (Table 3). To compare serum sTREM-1
levels between healthy donors and patients with some
inflammatory diseases (Fig. 3), we employed the Kruskal—
Wallis test followed by Dunn’s post hoc test. In all anal-
yses, statistical significance was set at p\ 0.05.

Results
Serum biomarker candidates in RP patients

First, we measured the serum levels of 12 cytokines, 7
chemokines, 4 MMPs, VEGF, hs-CRP, sTREM-1, COMP,
and anti-type II collagen antibody in RP patients and age-
and sex-matched HDs (Table 1), and compared the results
from these two groups (Table 2). Serum samples from RP
patients showed significantly higher concentrations of five
molecules (sTREM-1, IFN-c, CCL4, VEGF, and MMP-3)
than the samples from HDs (Table 2). The serum levels of
several other molecules (including hs-CRP, COMP, and
anti-type II collagen antibody) tended to be higher in RP
patients than in HDs, though the differences were not sta-
tistically significant.

Then, using ROC analysis, we compared the perfor-
mances of the above five molecules in distinguishing RP
patients from HDs. As shown in Fig. 1, the ROC analysis
demonstrated that sSTREM-1 had the highest sensitivity and
specificity of the five molecules (area under the ROC curve
[AUC] =0.90; 95 % confidence interval [CI] 0.80—1.01;
p = 0.0002). A sSTREM-1 cut-off value of 158 pg/ml had a
sensitivity of 86.7 % with a specificity of 86.7 %.
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Table 3 Serum concentrations of biomarker candidates in patients with active RP and patients with inactive RP

Biomarker candidates® Units Active RP (n=28) Inactive RP (n=7) p*
Mean + SD Mean + SD

STREM-1 pg/ml 353.39£158.03 200.141+95.11 0.0403
VEGF pg/ml 339.19%£218.10 185.48+106.88 0.1066
hs-CRP ng/ml 0.48+0.64 0.10+0.08 0.1342
TNF pg/ml 1.431+2.65 N.D. 0.1708
IL-6 pg/ml 2.38+4.45 N.D. 0.1752
IL-17A pg/ml 0.05+0.14 0.71+1.14 0.2129
MMP-3 ng/ml 334.71£400.33 138.44%135.59 0.2254
MMP-1 ng/ml 5.3514.35 3.07£2.51 0.2658
MMP-13 ng/ml 0.30£0.11 0.26£0.05 0.3469
IL-1a pg/ml 1.01£2.86 N.D.* 0.3506
IL-1b pg/ml 1.09+3.07 N.D:* 0.3506
IL-10 pg/ml 1.30+3.68 N.D. 0.3506
IL-12p70 pg/ml 0.66+1.87 N.D.° 0.3506
CX3CLI pg/ml 12.29£34.75 N.D. 0.3506
MMP-2 ng/ml 139.68+25.79 125.38+31.39 0.3589
COMP ng/ml 30.26+35.31 17.56£10.53 0.3598
CXCL10 pg/ml 251.14£110.78 204.78+121.20 0.4563
IFN-c pg/ml 4.54+7.29 6.931+5.06 0.4703
CXCLS8 pg/ml 17.31%£6.34 15.01%8.11 0.5571
CCL2 pg/ml 80.59+78.04 62.80+£30.33 0.5660
CCL4 pg/ml 141.681+90.46 124.71%+33.26 0.6332
IL-4 pg/ml 0.83+2.36 0.76 £2.02 0.9509
CCL5 ng/ml 37.87117.21 37.42%15.05 0.9585
aCOLII Ab® U/ml 382.341£808.48 162.44%£311.65 0.5525

RP relapsing polychondritis, STREM-1 soluble triggering receptor expressed on myeloid cells-1, VEGF vascular endothelial growth factor
hs-CRP high-sensitivity C-reactive protein, TNF tumor necrosis factor, N.D. not detected, IL interleukin, MMP matrix metalloproteinase, CX3CL
chemokine (C—X3—C motif) ligand, COMP cartilage oligomeric matrix protein, CXCL chemokine (C—X-C motif) ligand, IFN interferon, CCL
chemokine (C—C motif) ligand, aCOLIl Ab anti-type II collagen antibody

* By Welch’s t test. p values of less than 0.05 are indicated by boldface

* The serum levels of IL-2, IL-5, GM-CSF, and CCL3 were below the detection limits in all cases
® The sample size of this item is different from that of the others due to the lack of some serum samples (active RP: n= 6, inactive RP: n = 7)

¢ For the statistical analyses, values of zero were substituted for the ““N.D. (not detected)’” entries

Identification of serum markers of disease activity
in RP

Next, to identify a serum marker that correlates with RP
disease activity, we divided the 15 RP patients into two
groups based on the extent of inflammation (see ‘‘Meth-
ods” for details) (Table 1): active RP (n = 8) and inactive
RP (n = 7). We then compared serum levels of all tested
molecules in the two RP groups. The results showed that
only serum sTREM-1 level was significantly higher in
active RP patients than in the inactive RP patients
(p = 0.0403) (Table 3). Moreover, to investigate the
association of serum sTREM-1 level with disease activity
in RP, we examined the clinical course of one patient with
active RP. As shown in Fig. 2, treatment with methotrexate

(MTX) provided symptomatic improvement in this case;
simultaneously, the patient’s abnormally high sTREM-1
level was reduced to almost the same level as healthy donor
(720.5 pg/ml in Nov 2009 2 106.6 pg/ml in June 2011).
Importantly, before the MTX treatment, the patient’s CRP
level was almost normal, even when the STREM-1 level
was abnormally high (CRP 0.41 mg/dl, sTREM-1
720.5 pg/ml).

Serum levels of sSTREM-1 in patients with other
immunological disorders

To investigate the disease specificity of STREM-1, we mea-
sured the serum levels of this molecule in patients with
other immunological disorders, including HTLV-1-associated
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Fig. 2 Clinical course of a patient who was classified as having
active RP at the time of enrollment, in 2009. The line chart shows the
time courses of the serum sSTREM-1 level (closed circles, solid line)
and the CRP level (closed squares, dashed line) in an RP patient
treated with prednisolone (PSL) and methotrexate (MTX). A plus sign
(?7) indicates the presence of hoarseness as a respiratory tract
symptom, while a minus sign (-) indicates the absence of that
symptom
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Fig. 3 Comparison of serum sTREM-1 levels between HDs and
patients with other immunological disorders, including RP. Individual
values are plotted, and the bars represent medians of the values.
Statistical analysis was performed using the Kruskal-Wallis test
followed by Dunn’s post hoc tests. HAM HTLV-I-associated
myelopathy, PSS progressive systemic sclerosis, SLE systemic lupus
erythematosus, and RA rheumatoid arthritis

myelopathy (HAM), progressive systemic sclerosis (PSS),
systemic lupus erythematosus (SLE), and rheumatoid
arthritis (RA). Serum sTREM-1 levels were higher by a
statistically significant amount in patients with RP and in
patients with SLE or RA when compared to the levels in
HDs (Fig. 3). This result indicates that elevation of the
serum sTREM-1 level is not specific to RP.

TREM-1 expression in chondritis-affected areas of RP
patients

Finally, we examined the expression of membrane-bound
TREM-1 in chondritis-affected areas of RP patients.

Immunohistochemistry demonstrated that TREM-1 was
expressed on vascular endothelial cells in perichondral
granulation foci but not on chondrocytes (Fig. 4). No
positive cells were observed in a control sample (nonspe-
cific inflammatory granulation tissue derived from a rup-
tured epidermal cyst) (Fig. 4).

Discussion

In this study, we identified serum sTREM-1 level as a
novel biomarker for RP. We produced several results
indicating the strength of this candidate marker: first, our
results indicated that serum sTREM-1 level could dis-
criminate RP patients from HDs more successfully than
could other candidate biomarkers (Table 2; Fig. 1). Sec-
ond, serum STREM-1 level gave better discrimination
between active RP patients and inactive RP patients than
27 other tested molecules, including hs-CRP, COMP, and
anti-type II collagen antibody (Table 3). Third, the time
course of serum sTREM-1 level was associated with the
clinical course in an RP patient who was treated with
prednisolone and MTX (Fig. 2). However, sTREM-1
showed some limitations in disease specificity, as its serum
level was also elevated in patients with SLE or RA (Fig. 3).
These results suggest that serum STREM-1 level is suitable
for use as a disease-activity marker for RP, but not as a
diagnostic marker for the disease.

TREM-1, as the name suggests, has been shown to
express on myeloid cells such as neutrophils and mono-
cytes/macrophages [15]. Recently, it has been reported that
TREM-1 is also expressed on endothelial cells (a type of
non-myeloid cell) in liver tissue from lipopolysaccharide-
treated mice [16]. In this study, our immunohistochemical
analyses demonstrated that TREM-1 is expressed on
human endothelial cells in chondritis-affected areas of RP
patients (Fig. 4). The increase in STREM-1 in the blood of
RP patients might be due to its presence on the surfaces of
endothelial cells in those inflammatory lesion sites. This
hypothesis is supported by the finding that there was no
difference in the expression level of TREM-1 on peripheral
blood mononuclear cells between healthy donors and RP
patients (data not shown). However, further investigations
are needed to clarify the source of the increased STREM-1.

It was previously reported that the expression of TREM-
1 is induced by bacterial infection and that levels of cir-
culating sTREM-1 are important as a diagnostic and
prognostic marker of sepsis [17—19]. More recently, how-
ever, it has been reported that the serum sSTREM-1 level is
elevated in non-infectious chronic inflammatory diseases
such as RA and inflammatory bowel diseases [20, 21].
Therefore, our finding that serum samples from patients
with chronic inflammatory diseases (including RP, RA, and
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Fig. 4 Immunohistological staining showing the expression of
TREM-1 in chondritis-affected areas. Inflammatory granulation tissue
from a patient with a ruptured epidermal cyst was used as a negative
control (lower right panel: inflammatory skin). TREM-1-positive

SLE) had significantly higher concentrations of sSTREM-1
is consistent with previous reports. On the other hand,
serum level of sSTREM-1 in patients with HAM—a chronic
inflammatory neurologic disease caused by human T cell
leukemia virus-1—was not significantly higher than the
level in HDs. This indicates that the serum level of
sTREM-1 differs among patients with different chronic
inflammatory diseases. Anti-neutrophil cytoplasmic anti-
body (ANCA)-associated vasculitis (AAV) is a chronic
inflammatory disease. Patients with AAV show elevated
levels of serum sTREM-1 [22]. Intriguingly, as in RP,
STREM-1 levels in active AAV have been shown to be
significantly higher than those for inactive AAV [22].
Thus, elevated levels of serum sTREM-1 have been
observed in several chronic inflammatory diseases.

Such disorders with elevated sTREM-1 levels often
overlap in the same patient. For example, 14 % of patients
with RP have clinically evident vasculitis [23] and 35.5 %
of patients have other collagen diseases, such as RA or SLE
[24]. These examples imply the existence of common
mechanisms in the pathogenesis of these disorders. In this
regard, because TREM-1 works as an amplifier of inflam-
matory responses through the production of multiple pro-
inflammatory cytokines and chemokines, TREM-1 may

cells were stained brown using 3,3%diaminobenzidine (DAB) and are
displayed at a higher magnification in the lower right inset. Arrows
and arrowheads indicate vascular endothelial cells and chondrocytes,
respectively

play an important role in the common pathomechanisms of
these disorders [15, 21, 25, 26]. A previous study provided
in vivo evidence that the blockade of TREM-1 can ame-
liorate collagen-induced arthritis in mice [27].

One of the molecules that has been reported as a dis-
ease-activity marker for RP is COMP [7]. This is a non-
collagenous protein found in the matrix of cartilage. Lekpa
et al. reported that serum COMP levels during the active
phase were significantly higher than those seen during the
inactive phase in the same patients. However, our results
showed no significant differences in the serum levels of
this molecule in active RP patients compared to inactive
RP patients (Table 3). This discrepancy could be atrributed
to the different study designs employed, including differing
disease conditions of the RP patients, sample sizes, and
measurement methods.

To further characterize this molecule, we checked for
correlations between serum levels of COMP and the other
tested molecules. Interestingly, serum COMP levels in RP
patients had a strong positive correlation only with serum
MMP-3 levels (rs = 0.7357, p = 0.0018, by Spearman
rank correlation test, data not shown). This suggests that
serum levels of MMP-3 and COMP might reflect the
degree of cartilage destruction in RP patients, since serum
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MMP-3 level is considered a predictor of the degree of
cartilage destruction in patients with early RA [28].

In conclusion, this study suggests that serum STREM-1
level can serve as a more sensitive marker for disease
activity in RP patients than other candidate molecules, such
as CRP, COMP, and anti-type II collagen antibody.
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