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Abstract Chemokines proved able to induce release of
enzymes relevant in cartilage damage. The present study
addressed the levels of CXCL8 and CCL5 and the potential
role of these chemokines in predicting the morphological
changes in the course of osteoarthritis (OA). Synovial fluid
(SF) and blood serum were obtained from 20 patients
undergoing knee replacement surgery because of OA. For
comparison, samples were also obtained from another 20
patients during diagnostic or therapeutic arthroscopy per-
formed because of knee injury. The samples were analyzed
for CXCLS8 and CCLS5 using enzyme-linked immunosorbent
assay. SF from the group with OA showed significantly
(p = 0.024) increased levels of CXCL8 when compared
with the group after knee injury. We have not demonstrated
any significant correlation between chemokine expression
and clinical or radiological signs of OA. Mediators of
inflammation are the potential predicting factors of OA,
however, with respect to examined chemokines develop-
ment of a diagnostic test can be limited by the low serum
concentration and lack of correlation with clinical and
radiological signs of the disease.
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expressed, and secreted

CXCL8 Chemokine IL-8

IL-1p Interleukin-1/

MMPs Matrix metalloproteinases

OA Osteoarthritis

PMNs Polymorphonuclear neutrophils

PT Posttraumatic

SF Synovial fluid

TNF-« Tumor necrosis factor o

WOMAC Western Ontario and McMaster Universities
index of osteoarthritis

Introduction

Chemokines are a large family of mediators of inflammation
able to induce chemotaxis in a variety of cells including
neutrophils, monocytes, lymphocytes, eosinophils, and
fibroblasts (Proudfoot 2002). They were originally descri-
bed as having a primary role in directing lymphocytes to
sites of inflammation, however, their physiological role is
more complex than originally described, and new functions
continue to be identified. Chemokines proved able to induce
release of enzymes relevant in cartilage damage: alka-
line phosphatase, N-acetyl-f-D-glucosamine and matrix
metalloproteinases (MMP)-3 (Borzi et al. 2000; Lisignoli
et al. 2003).

CXCLS is one of the most potent chemoattractants for
polymorphonuclear neutrophils (PMNs) stimulating their
chemotaxis and generating reactive oxygen metabolites.
This chemokine is synthesized by a variety of cells including
monocytes/macrophages, chondrocytes, fibroblasts and
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osteoblasts (Lisignoli et al. 1999). CXCLS8 can enhance the
release of inflammatory cytokines (IL-1p, IL-6, and TNF-o)
in mononuclear cells, which may further modulate the
inflammatory reaction. CXCLS8 also stimulates neutrophil
degranulation and adherence to endothelial cells by mac-
rophage antigen-1.

CCLS5 can be produced by activated T cells and many
other cell types, including fibroblasts, chondrocytes, and
osteoblast (Lisignoli et al. 2002; Pulsatelli et al. 1999). It is
a chemoattractant for monocytes, eosinophils, and T cells,
and it activates both eosinophils and basophils to release
granule content. It is proved that chondrocytes expressed
the CCL5 receptors CCR1, CCR3, and CCRS5 (Alaaeddine
et al. 2001).

The primary aim of this study was to estimate the level
of CXCL8 and CCLS in synovial fluid (SF) and blood
serum (BS) in patients with osteoarthritis (OA) of the knee.
Secondary aim was to find the correlation between CXCLS8
and CCLS5 levels and clinical and radiological signs of OA.

Materials and Methods

The study was performed on patients with OA undergoing
knee replacement surgery (OA group). SF and BS were
obtained from 20 patients (mean age 67.7 years; range
59-78 years). Diagnosis of OA was based on clinical,
radiological and laboratory parameters (Altman et al.
1986).

For comparison, SF and BS samples were obtained from
20 patients (mean age 34.9 years; range 21-47 years)
during diagnostic or therapeutic arthroscopy performed
because of knee injury (posttraumatic group). In all these
cases the time from injury to arthroscopy exceeded
3 weeks.

Patients were not included in the study if they had
presented signs of acute or chronic inflammatory knee
disease or rheumatoid arthritis (RA) according to criteria of
The American Rheumatism Association (Arnett et al.
1988). Individuals suffering from serious systemic or
autoimmune diseases were also excluded from the study. In
case of non steroidal anti-inflammatory drugs usage, these
drugs were withdrawn at least 1 week prior to surgery.

The study was approved by the ethical committee of
Silesian Medical University and informed consent was
obtained from the patients.

For clinical assessment of patients with OA the
WOMAC index was used (Bellamy et al. 1988). Radio-
logical severity of OA was measured according to the
Altman classification (Altman and Gold 2007), which is a
four grade scale, based on marginal osteophytes formation
and joint space narrowing (Table 1).
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Table 1 Altman radiological classification of osteoarthritis

0° Normal (normal joint space, non osteophytes)
1° Mild change (minimal joint space narrowing,
minimal osteophytes)
2° Moderate change (well marked narrowing
of the joint space, medium osteophytes)
3° Severe change [very narrow joint space
(up to totally closed); large osteophytes]

Before surgery venous blood samples of all patients
were collected. Immediately prior to surgery SF sam-
ples were obtained by puncture of the knee joint. The
samples were centrifuged at 2,500 rpm for 10 min,
then the supernatant extracted and immediately frozen
and preserved at —72°C. The samples were analyzed
for CXCL8 and CCLS5 using commercially available
enzyme-linked immunosorbent assay (DuoSet ELISA
Development System R&D). An ELISA is a five-step
procedure: (1) coat the microtiter plate wells with anti-
gen; (2) block all unbound sites to prevent false positive
results; (3) add antibody to the wells; (4) add anti-mouse
IgG conjugated to an enzyme; (5) reaction of a substrate
with the enzyme to produce a colored product, thus
indicating a positive reaction. The extinction was mea-
sured with ELx800 Bio-Tec Inst. Inc. reader. Analyses
were performed twice for each sample and a mean value
was taken as a result.

We used the unpaired Student’s ¢ test for statistical
analysis. A p value of <0.05 was considered statistically
significant. To estimate the degree of correlation we used
the Pearson’s correlation coefficient.

Results

OA, in contrary to RA, is a non-systemic disease. The
inflammation in OA is limited to the joints and it is
uncommon to find typical markers of inflammation in the
BS of OA patients. That is the reason of high discrepancy
between the SF values and the serum values of examined
chemokines.

The average CXCLS level of 18.4640 + 17.0761 pg/ml
was found in BS collected form OA patients. The average
CXCLS level of 10.1236 & 19.1862 pg/ml was found in
BS collected from posttraumatic (PT) patients. There was
no significant difference between these two groups
(p = 0.154).

The average CXCL8 level of 188.8450 + 324.6087
pg/ml was found in SF aspirated from OA knees. The
average CXCLS8 level of 18.1508 + 14.0439 pg/ml was
found in SF aspirated from PT knees. The synovial fluid
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Fig. 1 CXCLS8 and CCLS5 levels in osteoarthritis (OA) and posttraumatic (PT) patients. *p = 0.024

Table 2 Correlation coefficient presenting chemokines correlation
with WOMAC index and Altman scale among patients with OA

WOMAC Altman
CXCLS8 BS 0.11 0.32
CXCLS8 SF —0.02 —0.08
CCLS BS 0.16 0.06
CCLS SF 0.25 0.37

from the group with OA showed significantly (p = 0.024)
increased levels of CXCL8 when compared with the group
after knee injury (Fig. 1).

The average concentrations of CCLS5 in BS among OA
and PT patients were 127.8453 =+ 233.2532 and 89.8684 +
78.2591 pg/ml, respectively. The difference was not sig-
nificant (p = 0.494).

The average concentrations of CCL5 in synovial fluid
collected from OA and PT knees were 690.5762 +
163.4080 and 563.0747 £ 309.4597 pg/ml, respectively.
The difference was not significant (p = 0.111).

There was no significant correlation between chemo-
kines levels and WOMAC or Altman scale (Table 2).

Discussion

Deleuran et al. (1994) reported that the strongest expres-
sion of CXCLS, in both OA and RA patients, was detected
in the blood vessels and lining cell layers of the synovial
membrane. The presence of CXCLS in the lining cell
layers may result in delivery to the SF, and could explain
the high amount of CXCLS in this location. CXCLS8 leads
to lymphocyte activation and increased migration from
vessels to the joint tissues. In consequence the accumula-
tion of PMNs is observed. PMNs are the main source of
MMPs (collagenases, gelatinases, stromelysins), which
participate in the development of the clinical signs
(swelling, pain) of inflammation (Kraan et al. 2001).
Immunohistochemistry evaluation and in situ hybridization
have proved significant correlation between level of
CXCLS8 and the clinical stage of disease among RA
patients (Kraan et al. 2001). In our study, however, we
have not found correlation between CXCLS level and
clinical scale of OA (WOMAC). These observations cor-
respond with the study of Hamada et al. (2008) in which
they also have not observed any relation between cytokines
levels and clinical stage.
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Bendre et al. (2003), in turn, have demonstrated that
CXCLS stimulates osteoclastogenesis and bone resorption.
In osteoblasts CXCLS8 potentiates the expression of
osteoclast differentiation factor RANKL which is neces-
sary for osteoclasts activation. Furthermore, CXCLS8 can
depress the activity of osteoblasts and their ability of
osteogenesis (Rothe et al. 1998). This phenomenon can
explain the bone loss observed in RA and OA. Yet in our
study we have not demonstrated any correlation between
CXCLS level and bone remodelling expressed by Altman
scale.

CCLS5 was found to induce expression of MMP-1, MMP-
3 and inducible nitric oxide synthase (Borzi et al. 2000;
Nakamura et al. 2006). In cartilage it inhibits proteoglycan
synthesis and increases the release of glycosaminoglycans.
Alaaeddine et al. (2001) have demonstrated the role of CCL5
in the degradation of cartilage extracellular matrix by the
induction of MMP-1 release from cultured chondrocytes.
CCLS5 was as effective as or even more effective than IL-1§
in causing a loss of proteoglycans. CCL5 could have similar
function in bone tissue (i.e. recruitment of osteoclasts,
regulation of hematopoiesis, and modulation of bone
remodeling) (Lisignoli et al. 2002). Joint cartilage degen-
eration in OA 1is associated with subchondral bone
modification (Westacott et al. 1997). This modification is
caused by a higher subchondral bone metabolism charac-
terized by an increased collagen type I synthesis (Mansell
and Bailey 1998) and abnormal production of cytokines/
chemokines by stromal cells and osteoblasts (Lisignoli et al.
2004). SFs obtained from RA patients show high CCL5
level, and high serum concentration of CCL5 has been
associated with a rapid progression of radiographic changes
(Katschke et al. 2001). In addition, the study of Ellingsen
et al. (2000) showed a correlation between CCLS5 SF level
and clinical signs of RA).

In OA patients, we have found increased levels of CCL5
in SF and BS in comparison to the concentration of this
chemokine in SF and BS of PT patients, however, the
difference was non significant. We have also not demon-
strated any significant correlation between CCLS5 levels
and clinical or radiological signs of OA.

We should be mindful that in our study we have com-
pared OA samples with those from not healthy but PT
knees. We can certainly expect some inflammatory
response in post-traumatic SF. Lotz et al. (1992) have
shown that human articular chondrocytes express the
CXCLS8 gene and secrete bioactive CXCL8 during the
response to cartilage injury. However, Irie et al. (2003)
have proved that significantly high levels of proinflam-
matory cytokines persist just for few days after injury. With
an eye to this, we have included in the control group only
the samples which were obtained more then 3 weeks after
knee injury. Still, we cannot treat this group as the control,
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but as another pathological condition in which chemokines
are also expressed. In the recent paper Cuellar et al. (2009)
have observed a greater concentration of inflammatory
cytokines (IL-6, CCL2, CCL4, and IFN- y) in SF from
knees of patients with meniscal injury compared with SF
from knees of asymptomatic control subjects in witch these
cytokines were nearly absent.

As we know that injury evokes immune response
(cytokine expression), the question arises—whether this
effect will always lead to degenerative changes (OA)?
Whether some factor which is predisposing to this process
must also exist?

In conclusion, mediators of inflammation are the
potential predicting factor of OA, however, with respect to
examined chemokines development of a diagnostic test can
be limited by the low serum concentration and lack of
correlation with clinical and radiological signs of the dis-
ease. The problem also arises to distinguish OA from other
pathological conditions (e.g. injury) in which chemokines
are expressed.
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