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Association of CCL13 Levels in Serum and Synovial Fluid
With the Radiographic Severity of Knee Osteoarthritis

Feng Gao, MD,* Jun Tian, MD,* Haile Pan, MD,T Jun Gao, MD,# and Meng Yao, MD$§

Objective: CCL13, a recently identified CC chemokine, plays an
important role in the process of joint destruction, which is considered a
common cause for osteoarthritis (OA). This study aims to examine the
relation of CCL13 levels in serum and synovial fluid (SF) with the ra-
diographic severity of OA.

Methods: CCL13 levels in serum and SF were evaluated using
enzyme-linked immunosorbent assay method in 240 patients with knee
OA and 134 control subjects. The progression of OA was classified
using the Kellgren-Lawrence (KL) system by evaluating x-ray changes
observed in anteroposterior knee radiography.

Results: Knee OA patients had higher levels of serum CCL13 com-
pared with control subjects. Knee OA patients with KL grade 4 showed
significantly elevated CCL13 levels in serum and SF compared with
those with KL grades 2 and 3. Knee OA patients with KL grade 3 had
significantly higher SF levels of CCL13 compared with those with KL
grade 2. CCL13 levels in serum and SF of knee OA patients were sig-
nificantly correlated with disease severity evaluated by KL grading criteria.
Conclusions: CCL13 levels in serum and SF were correlated with the
radiographic severity of OA. CCL13 levels in serum and SF may serve
as a biomarker for the progression of OA.
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steoarthritis (OA) is a chronic degenerative joint disease

leading to pain, stiffness, reduced motion, swelling, crepi-
tus, and disability.! It is characterized by articular cartilage deg-
radation, combined with bony outgrowth at joint margin, and
chronic nonspecific inflammation of synovium.? The knee is the
most clinically significant site of primary OA involvement.> It is
likely that numerous etiologic factors, such as aging, obesity, be-
ing female, smoking, genetics, joint injury, inflammation, and some
mechanical and metabolic factors, participate in the pathogenesis
and are well accepted risk factors for OA.*

Chemokines, some small chemoattractant cytokines, are
classified into 4 families on the basis of the location of cysteine
residues. The 4 chemokine groups are CC, C, CXC, and CX3C,
where C is a cysteine and X is any amino-acid residue, and their
receptors are consequently named as CCR, CR, CXCR, and
CX3CR.> Chemokines and their receptors are involved in a
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variety of inflammatory diseases including OA by recruiting
leukocytes to the inflammatory site.® CCL13, also called mono-
cyte chemoattractant protein 4, is a family member of CC che-
mokine. CCL13 are considered to be implicated in joint destruction
via the recruitment and retention of monocytes and T lympho-
cytes into the joints.” Recent study showed that CCL13 is ele-
vated in serum from patients with OA compared with healthy
individuals.® These results suggest that CCL13 may be involved
in the mechanism of OA.

This study aims to determine whether CCL13 levels in serum
and synovial fluid (SF) of patients with knee OA are correlated
with the disease severity.

MATERIALS AND METHODS

Patients

This study consisted of 182 patients diagnosed with OA
of at least 1 knee according to clinical symptomatic criteria
(American College of Rheumatology) and radiographic criteria.
Patients with additional inflammatory arthritis or autoimmune
diseases, including rheumatoid arthritis, systemic lupus erythema-
tosus, and gout, who had received corticosteroid injection or non-
steroidal anti-inflammatory drugs within the past 3 months, or
who had experienced trauma were excluded. Furthermore, SF of
each subjects were examined using polarized microscopy by 2
experienced rtheumatologists. Those with calcium pyrophosphate
deposition disease crystals were also excluded from this study.
One hundred thirty-four age- and sex-matched subjects with no
clinical and radiological evidence of OA served as the control
group. All participants provided written informed consent, and the
Committee on Medical Ethics of our hospital, in accordance with
the Declaration of Helsinki of the World Medical Association,
approved the study protocol.

Radiographic Assessment of OA

Disease severity was graded by 2 graders who were blinded
to the results according to the system of Kellgren and Lawrence
(KL).’ The subjects who had radiographic OA of KL grade 2 or
greater in at least 1 knee were defined as knee OA patients.
Control subjects were defined as not having radiographic knee
OA as indicated by KL grade of 0 for both knees. The grading
scale used for analysis was the one found higher upon com-
parison between both knees.

Laboratory Methods

Venous blood was obtained at 7:00 am after overnight
fasting. Before any treatment on OA, SF was obtained from OA
patients who received the treatment of hyaluronic acid injection
for the first time. The CCL13 levels in serum and SF were quan-
tified using enzyme-linked immunosorbent assay (R&D Sys-
tems, Minneapolis, MN).

Statistical Analysis

The data are presented as means = SD or median
(interquartile range). Data normality were analyzed using
Kolmogorov-Smirnov test. Comparison of the characteristics be-
tween patients with knee OA and control subjects was performed
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TABLE 1. Characteristics Between Patients With Knee OA and Control Subjects

Characteristics Patients With Knee OA (n = 182) Control Subjects (n = 134) P
Age, y 61.23 £10.90 61.56 = 7.66 0.761
Sex (male/female), n 76/106 54/80 0.794

CCL13 in serum, pg/mL
CCL13 in SF, pg/mL

69.70 (56.92-80.12)
4631 (39.11-55.35)

50.93 (39.77-62.26) <0.001

using unpaired ¢ test, Mann-Whitney U test, or x> test. Kruskal-
Wallis test was utilized to compare the difference of CCL13
levels in serum and SF among knee patients with different KL
grades. The correlation of CCL13 levels in serum and SF with
disease severity was determined by Spearman correlation analysis
and a multinomial logistic regression analysis. All statistical anal-
ysis was performed using SPSS (SPSS Inc, Chicago, IL) for
Windows 13.0. Differences were considered significant at P < 0.05.

RESULTS

Baseline Clinical Parameters

The baseline clinical parameters of patients with knee OA
and control subjects are presented in Table 1. There were no clin-
ically meaningful differences in age and sex between the 2 groups.

The CCL13 Levels in Serum
Patients with knee OA had significantly higher serum CCL13
levels compared with control subjects (P < 0.001) (Table 1).

CCL13 Levels in Knee OA Patients
With Different KL Grades

The CCL13 levels in serum and SF of knee OA patients
with different KL grades are shown in Table 2. Knee OA pa-
tients with KL grade 4 had significantly elevated CCL13 levels
in serum and SF than did those with KL grades 2 and 3. Fur-
thermore, the CCL13 levels in SF of knee OA patients with KL
grade 3 were significantly higher compared with those with KL
grade 2 (P = 0.006). However, no significant differences in the
CCL13 levels of serum were observed between patients with KL
grades 2 and 3 (P = 0.067).

Association of Clinical Parameters
With KL Grades

Spearman correlation analysis showed that the CCL13
levels in serum and SF were correlated to KL grades (r = 0.304
[P =0.002] and » = 0.390 [P < 0.001], respectively). Multinomial
logistic regression analysis indicated that CCL13 levels in serum
and SF were both positively associated with KL grades (P < 0.001
and P < 0.001, respectively).

DISCUSSION
This study provides the first report of the association of
CCL13 levels in serum and SF with radiographic severity of
knee OA. The results indicated that serum levels of CCL13 were
significantly elevated in knee OA patients compared with control

subjects. In addition, Spearman correlation analysis showed that
CCL13 levels in serum and SF were correlated with KL grades.

Iwamoto et al.'® reported that CCL13 enhanced fibroblast-
like synoviocyte (FLS) proliferation by activating the extracel-
lular signal-regulated kinase mitogen-activated protein kinase
cascade. It has been accepted that FLS proliferation is involved
in the pathogenesis of OA. Fibroblast-like synoviocyte prolif-
eration in the synovial tissue contributes to chronic inflamma-
tion and the destruction of articular cartilage through promoting
the production of a variety of cytokines, chemokines, and ma-
trix metalloproteinases (MMPs).!! This indicates that CCL13 may
contribute to the articular cartilage degradation by promoting
the proliferation of FLS and eventually lead to the development of
OA. In addition, extracellular signal-regulated kinases play an
important role in the up-regulation of expression of MMP, such as
MMP-1, MMP-2, and MMP-9.'? Osteoarthritis is characterized
by the degradation of extracellular matrix components.'3 Matrix
metalloproteinase is a family of structurally related calcium- and
zinc-dependent proteolytic enzymes that is involved in the deg-
radation of many different components of extracellular matrix.'*
Therefore, it is hypothesized that CCL13 may be involved in the
pathogenesis of OA indirectly by promoting different MMPs.

Chemokines are small chemoattractant cytokines that play
key roles in the accumulation of inflammatory cells at the site
of inflammation.'> Inflammatory factors have been shown to be
associated with pathogenesis of OA.'® CCL13 may contribute
to the development and progression of OA indirectly by en-
hancing inflammation response. On the other hand, interferon -y
significantly stimulated CCL13 production in human chondro-
cytes, and this effect was enhanced in combination with interleu-
kin 1@ or tumor necrosis factor c.'® Hence, CCL13 is hypothesized
to interact with inflammatory cytokines and then amply the
inflammatory response in chondrocytes and at last lead to the
damage of cartilage.

Recently, chemokines have been shown to be involved in
the mechanism of OA. Chemokines such as interferon c—inducible
protein 10 (CXCL10),!7 stromal cell-derived factor 1 (CXCL12),'8
and macrophage inflammatory protein 1o (CCL3)! were all in-
dicated to be associated with the severity of OA. Therefore, we
hypothesized that CCL13 may be also involved in the pathogen-
esis of OA and evaluated the correlation of CCL13 levels in serum
and SF with the disease severity of OA. Our results indicated that
knee OA patients had significantly elevated serum levels of CCL13
compared with control subjects. This is consistent with another
study that also found that the expressions of CCL13 in cartilage

TABLE 2. CCL13 Levels of Serum and SF in Patients With Knee OA With Different KL Grades

CCL13, pg/mL Grade 2 (n =59)

Grade 3 (n =73)

Serum 62.91 (50.76-75.52)
SF 42.50 (34.45-50.50)F

69.12 (58.59-78.54)
47.97 (39.43-55.10)*

Grade 4 (n = 50) P
76.36 (65.04-83.52)*F <0.001
54.66 (42.04-60.74)*+ <0.001

*P < 0.01 versus KL grade 2.
TP < 0.01 versus KL grade 3.
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and the concentration of CCL13 protein in serum were both sig-
nificantly higher in OA patients compared with control subjects.®
In addition, the present study indicated that CCL13 levels in se-
rum and SF were correlated with KL grades. These results
point to the role of CCL13 in the pathophysiology of OA.
CCL13 levels in serum and SF may be a biomarker to assess
the progression of OA.

This study has several potential limitations. First, the sam-
ple size was not large enough to reach definitive conclusions.
Further studies with great numbers are warranted. Second, our
study is of cross-sectional design, and the causative relation
must be confirmed by future longitudinal studies. Last, we
did not assess the differences of CCL13 levels in SF levels
between knee OA patients and control subjects because of
ethical concerns.

In conclusion, CCL13 levels in serum and SF were posi-
tively correlated with the severity of knee OA. CCL13 levels
in serum and SF may serve as a new biomarker in addition of
the traditional methods for assessing the risk and severity of
knee OA.

REFERENCES

1. Tagnocco A, Naredo E. Osteoarthritis: research update and clinical
applications. Rheumatology (Oxford). 2012;51:vii2—vii5.

2. XueF, Zhang C, He Z, et al. Analysis of critical molecules and signaling
pathways in osteoarthritis and rheumatoid arthritis. Mol Med Rep.
2013;7:603-607.

3. Peer MA, Lane J. The Knee Injury and Osteoarthritis Outcome Score
(KOOS): a review of its psychometric properties in people undergoing
total knee arthroplasty. J Orthop Sports Phys Ther. 2013;43:20-28.

4. Sandell LJ. Etiology of osteoarthritis: genetics and synovial joint
development. Nat Rev Rheumatol. 2012;8:77-89.

5. Amedei A, Prisco D, D’ Elios MM. The use of cytokines and
chemokines in the cancer immunotherapy. Recent Pat Anticancer Drug
Discov. 2013;8:126-142.

6. Baumann T, Affentranger S, Niggli V. Evidence for
chemokine-mediated coalescence of preformed flotillin
hetero-oligomers in human T-cells. J Biol Chem.
2012;287:39664-39672.

© 2015 The American Federation for Medical Research

10.

12.

13.

14.

15.

16.

17.

18.

19.

Yamaguchi A, Nozawa K, Fujishiro M, et al. CC motif chemokine
ligand 13 is associated with rheumatoid arthritis pathogenesis.
Mod Rheumatol. 2012;23:856-863.

Iwamoto T, Okamoto H, likuni N, et al. Monocyte chemoattractant
protein-4 (MCP-4)/CCL13 is highly expressed in cartilage from
patients with rheumatoid arthritis. Rheumatology (Oxford).
2006;45:421-424.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis.
Ann Rheum Dis. 1957;16:494-502.

Iwamoto T, Okamoto H, Kobayashi S, et al. A role of monocyte
chemoattractant protein-4 (MCP-4)/CCL13 from chondrocytes in
rheumatoid arthritis. FEBS J. 2007;274:4904-4912.

. Miiller-Ladner U, Ospelt C, Gay S, et al. Cells of the synovium in

rheumatoid arthritis. Synovial fibroblasts. Arthritis Res Ther.
2007;9:223.

Smalley KS. A pivotal role for ERK in the oncogenic behaviour of
malignant melanoma? Int J Cancer. 2003;104:527-532.

Yano R, Yamamura M, Sunahori K, et al. Recruitment of CD16"
monocytes into synovial tissues is mediated by fractalkine and
CX3CR1 in rtheumatoid arthritis patients. Acta Med Okayama.
2007;61:89-98.

Nanki T, Imai T, Nagasaka K, et al. Migration of CX3CR1-positive
T cells producing type 1 cytokines and cytotoxic molecules into the
synovium of patients with rheumatoid arthritis. Arthritis Rheum.
2002;46:2878-2883.

Iwamoto T, Okamoto H, Toyama Y, et al. Molecular aspects of
rheumatoid arthritis: chemokines in the joints of patients. FEBS J.
2008;275:4448-4455.

Pantsulaia I, Kalichman L, Kobyliansky E. Association between
radiographic hand osteoarthritis and RANKL, OPG and inflammatory
markers. Osteoarthritis Cartilage. 2010;18:1448—1453.

Saetan N, Honsawek S, Tanavalee A, et al. Association of plasma and
synovial fluid interferon-y inducible protein-10 with radiographic
severity in knee osteoarthritis. Clin Biochem. 2011;44:1218-1222.

Xu Q, Sun XC, Shang XP, et al. Association of CXCL12 levels in
synovial fluid with the radiographic severity of knee osteoarthritis.
J Investig Med. 2012;60:898-901.

Vangsness CT Jr, Burke WS, Narvy SJ, et al. Human knee synovial fluid
cytokines correlated with grade of knee osteoarthritis—a pilot study.
Bull NYU Hosp Jt Dis. 2011;69:122-127.

547

Copyright © 2015 American Federation for Medical Research. Unauthorized reproduction of this article is prohibited.

bLAdoo Ag paoaloid 1sanb Ag 120z ‘62 I1idy UO /:3]1) WOl papeojumoq ‘STOZ Jaquiadad ST U0 0STO0000000000000° WIC/Z60T 0T Se paysiiand isiiy (pajy Busaaul



