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Summary

Fractalkine (FKN/CX3CL1) has been detected in synovial fluids from osteoar-
thritis (OA) patients. Additionally, low-level expression of the FKN receptor,
CX3CR1, has been demonstrated in OA synovial lining. This study aimed to
determine a biological function for this ligand/receptor pair in OA and to
assess a potential signalling mechanism for FKN in this predominant synovial
lining cell type, using chemotaxis assays, Western blotting and F-actin
staining. Chemotaxis assays demonstrate that the chemokine domain of FKN
effectively induces migration of OA fibroblasts. Consistent with this finding,
visualization of F-actin demonstrates that 1 or 10 nM FKN induces noticeable
reorganization of cytoskeletal structure in OA fibroblasts after 30 min stimu-
lation with a maximal enhancement at approximately 2 h. In addition,
Western blotting analysis demonstrates that FKN stimulates phosphorylation
of the mitogen-activated protein (MAP) kinases p38, c-Jun N-terminal kinase
(JNK) and extracellular-regulated kinase (ERK) 1/2 as well as the serine-
threonine kinase Akt at Ser 473 and Thr 308. All these phosphorylation events
occur in a time-dependent manner, with little or no activation within 1 min,
and maximal activation occurring typically between 5 and 30 min. Moreover,
inhibition of ERK 1/2 significantly reduces FKN-induced OA fibroblast
migration. These results suggest that FKN is a novel chemoattractant
for OA fibroblasts, consistent with FKN-induced alterations in cytoskeletal
structure. In addition, FKN induces OA fibroblast signalling via the MAP
kinases p38, JNK and ERK 1/2, as well as Akt.
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Introduction

Osteoarthritis (OA) is the most common degenerative joint
disease and involves the degradation of cartilage, subchon-
dral bone and inflammation of the synovial membrane
[1–3]. Cartilage damage can lead to inflammation and ulti-
mately pain. Maintenance of healthy cartilage involves a con-
tinuing balance between catabolic and anabolic functions of
chondrocytes [4,5]. The disruption of this balance is thought
to involve both biochemical factors and mechanical stress
[2,4,6]. Biochemical factors such as proinflammatory cytok-
ines and matrix metalloproteinases (MMPs) secreted from a
variety of cell types found in the OA joint have been shown
to play an important role in maintaining the catabolic
processes involved in OA disease progression [1,2,6,7]. In
particular, OA synovial fibroblasts have been implicated in

sustaining the damage found in the OA joint by producing
proinflammatory cytokines as well as MMPs [8–10].

Chemokines are soluble chemotactic cytokines involved in
regulating leucocyte trafficking, inflammation and infection
[11,12]. The chemokines are designated into four different
families based on a conserved cysteine motif. The four fami-
lies, CXC, CC, C and CX3C, differ in the number and spacing
of the first two cysteines near the N terminus. Fractalkine
(FKN/CX3CL1), the sole member of the CX3C chemokine
family, exists as both a soluble glycoprotein and a membrane-
bound molecule [13]. The membrane-bound molecule con-
sists of an intracellular tail, a short membrane-spanning
region and a glycosylated mucin-like stalk holding the
chemokine domain [13]. These two forms of FKN enable it to
function as both an adhesion molecule and a chemoattrac-
tant. CX3CR1 is a specific receptor for FKN [14–16]. The

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/j.1365-2249.2009.03903.x

312 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 156: 312–319

mailto:JWoods@midwestern.edu


expression of both FKN and its receptor can be induced on
immune cells [15,17–20]. FKN has been implicated in many
inflammatory diseases, such as rheumatoid arthritis (RA)
[21–24], inflammatory bowel disease [25], asthma [26] and
periodontal disease [27]. FKN has been found in the synovial
fluid of OA patients [21]. In addition, the FKN receptor,
CX3CR1, has been found in the OA synovium [24,28].

A more thorough understanding of the impact of the
inflammatory response on signalling pathways may help to
direct future therapies. Signalling pathways involve multiple
levels of activation, usually through phosphorylation,
leading ultimately to activation of transcription factors
which, in turn, activate genes [29,30]. The mitogen-activated
protein kinases (MAPK) are involved in mediating the effects
of various cytokines associated with OA. Extracellular signal-
regulated kinase (ERK) 1/2, c-Jun N-terminal kinase (JNK)
and p38 are the terminal components of a three-step kinase
cascade [29–31]. Akt, an anti-apoptotic kinase which pro-
motes cell survival, is another kinase relevant to the study of
signalling pathways important in OA [32].

In this study, we examined FKN and its receptor in OA
fibroblasts to discover the possible biological functions of
this ligand/receptor pair. We assessed the ability of FKN to
act as a chemoattractant through chemotaxis assays and
analysis of cyctoskeleton rearrangement. We further analy-
sed potential signalling pathways activated by FKN stimula-
tion of OA fibroblasts.

Material and methods

Preparation of OA fibroblasts

All synovium were obtained from OA patients undergoing a
total knee replacement, with approval by the Midwestern
University Institutional Review Board. Patients ranged in age
from 48 to 78 years, with a mean age of 62, including two
males and eight females. Synovial tissues were minced and
digested for 2 h in an enzymatic cocktail at 37°C. OA fibro-
blasts were cultured in RPMI-1640 + 10% fetal bovine
serum (FBS) and antibiotics. Cells were used beyond passage
3, at which time they were considered a homogeneous popu-
lation of fibroblasts.

F-actin staining

The OA fibroblasts were plated on gelatin-coated glass cov-
erslips in a 24-well culture plate at 50 000 cells/well in
RPMI-1640 + 10% FBS. The following day cells appeared
50–60% confluent; they were washed with phosphate-
buffered saline (PBS) and media was replaced with FBS-free
RPMI-1640. Following 1 h incubation at 37°C, 1 or 10 nM
recombinant human chemokine domain of FKN (rhFKN;
R&D Systems, Minneapolis, MN, USA) was added to the
wells for the times indicated (10 min, 30 min, 1 h, 2 h, 3 h).
Fixation took place in 1 ml of 3·7% formaldehyde in PBS

for 10 min at room temperature followed by two washes
with PBS. Round coverslips were removed from the culture
plate and cells were permeabilized with acetone for 3 min at
–20°C and washed twice immediately in PBS. Coverslips
were blocked in PBS + 1% bovine serum albumin (BSA)
for 25 min. Block was replaced with Alexa Fluor® 488
Phalloidin (Molecular Probes, Carlsbad, CA, USA) in
PBS + 1% BSA + 4′-6-diamidino-2-phenylindole (10 mg/ml)
for 20 min at room temperature. Coverslips were washed
two final times, air-dried, mounted on a microscope slide
and stored at 4°C in the dark until observed. Representative
photographs were taken with a Nikon Eclipse E400 micro-
scope attached to a Spot Digital camera.

Chemotaxis assays

The OA fibroblasts were fed the night before the assay with
RPMI-1640 + 10% FBS. Cells (3·9 ¥ 104 cells in 26 ml of
RPMI-1640 containing 0·1% FBS) were added to the
bottom wells of chemotaxis chambers (Neuroprobe, Gaith-
ersburg, MD, USA) with an 8-mm gelatin-coated polycar-
bonate membrane on the top. Inverted chambers were
incubated for 2 h at 37°C in a 5% CO2 atmosphere, allow-
ing fibroblast attachment to the membrane. Inhibition with
pertussis toxin (PTX; Sigma, St Louis, MO, USA), an
inhibitor of G protein (Gi/Go) coupled receptors, was
accomplished by pretreating OA fibroblasts with 100 ng/ml
PTX overnight and chemotaxis was performed the next
day, as described previously [33]. To assess the impact of
ERK 1/2 activity on fibroblast chemotaxis, OA fibroblasts
were pretreated with vehicle (0·1% dimethyl sulphoxide) or
with 10 mM U0126 (Cell Signaling, Inc., Beverly, MA, USA)
for 2 h while cells adhered to the membrane, prior to intro-
duction of FKN. U0126 inhibits both active and inactive
MAP-ERK (MEK) 1/2, the kinase which activates ERK 1/2.
PBS served as a negative control, while 3% FBS served as a
positive control. Diluted rhFKN was added to the top wells
and the chambers were incubated overnight to allow
migration at 37°C. The membranes had non-migrated cells
removed with a cotton swab; they were fixed in methanol
and stained with Diff-Quik (Dade Behring, Deerfield, IL,
USA). Samples were assayed in quadruplicate and migrated
cells from three randomly selected high power fields were
counted. Statistical analysis was performed using a Stu-
dent’s t-test.

Western blot analysis

The OA fibroblasts were cultured in RPMI-1640 + 10% FBS,
washed with PBS, and were serum-starved for 1 h in RPMI-
1640. Media was replaced with RPMI-1640 + 10 nM FKN
prior to lysing for 1 min, 5 min, 15 min or 30 min. Extrac-
tion buffer for OA fibroblast lysing included 20 mM Tris pH
7·4, 137 mM NaCl, 1 mM Na4O7P2, 10 mM NaVO4, 100 mM
NaF, 1% NP-40 and 10% glycerol. OA fibroblast lysates
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were combined 1:1 with Laemmlin’s sample buffer + 20%
sodium dodecyl sulphate and boiled for 5 min prior to being
subjected to gel electrophoresis. Transfer of separated pro-
teins onto a nitrocellulose membrane was accomplished
using a Trans-Blot® SD Electrophoretic Cell (Bio Rad Labo-
ratories, Inc., Hercules, CA, USA) for 30 min. Non-specific
binding was blocked by incubation with 5% milk in Tris-
buffered saline + 0·1% Tween-20 (TBST) for 1 h at 4°C. Blots
were then incubated overnight at 4°C with primary antibody
(Cell Signaling Technology, Inc.). Washing was performed
with TBST, followed by blot exposure to horseradish
peroxidase-conjugated goat anti-rabbit IgG antibody diluted
1:2000 in TBST + 5% milk for 1 h at 4°C. Detection was
accomplished using ECL Plus (Amersham, Piscataway, NJ,
USA) and a Storm 860 PhosphorImager (Amersham Phar-
macia Biotech, Inc., Piscataway, NJ, USA) together with
Image Quant software (Molecular Dynamics, Sunnyvale,
CA, USA) to quantitate the bands.

Results

The FKN induces actin rearrangement

To study the reorganization of the actin cytoskeleton in
response to FKN, we stained the actin skeleton of fibroblasts

from three different OA patients who had been exposed to 1
or 10 nM FKN over a time–course. The non-stimulated cells
(Fig. 1a) show thin actin fibres with low levels of staining
that could barely be detected. After 10 min stimulation
(Fig. 1b) with 1 nM FKN, little change was noted; however,
after 30 min some cells began displaying thin bands of actin
fibres that stretched the entire length of the cell (Fig. 1c) to
1 h (Fig. 1d). The maximal stimulation of F-actin was
observed in all patients after 2–3 h, where many cells showed
strong staining of F-actin (Fig. 1e and f) and a completely
altered morphology. Stimulation with 10 nM FKN resulted
in similar changes to those seen with 1 nM FKN (data not
shown).

The FKN induces migration of OA fibroblasts in vitro

Chemotaxis assays were performed to test the effect of FKN
on OA fibroblast migration using fibroblasts from 10 differ-
ent patients. Results of a representative experiment are
shown in Fig. 2. The highest migration was seen towards 3%
FBS, which was used as a positive control. FKN itself induced
migration in a dose-dependent manner. Maximum migra-
tion was obtained at 5 nM FKN (Fig. 2), which was signifi-
cantly higher than background migration shown by PBS
(negative control). OA fibroblasts derived from all 10
patients migrated to FKN (n = 10, P < 0·05).

Fig. 1. (a) Background staining of F-actin in

non-stimulated osteoarthritis (OA) fibroblasts.

Cells stimulated with 1 nM fractalkine and

stained for F-actin after 10 min (b), 30 min (c),

1 h (d), 2 h (e), and 3 h (f) are shown for

comparison.

(a) Non-stimulated

(d) 1 h Fkn(c) 30 min Fkn

(b) 10 min Fkn

(f) 3 h Fkn(e) 2 h Fkn
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The FKN activates MAPK JNK, p38 and ERK 1/2

Analyses of intracellular signalling revealed that FKN
induces the activation of MAPK in OA fibroblasts in a time-
dependent manner. In particular, we noted an up-regulation
of JNK phosphorylation (Fig. 3a), with the highest levels of
activation at 15 min. Bars represent phosphorylated JNK
normalized to total JNK in arbitrary units. Blots are repre-
sentative of similar experiments performed using OA fibro-
blasts from three different patients (n = 3). Similarly, levels of
phosphorylated p38 were also elevated after 1 min stimula-
tion with FKN (Fig. 3b) upon normalization to total p38.
Bars represent phosphorylated p38 normalized to total p38
and are representative of three separate experiments using
fibroblasts from three different patients.

The FKN-mediated phosphorylation of ERK 1/2 was also
examined in OA fibroblasts. At 10 nM concentration, FKN
induced phosphorylation of ERK 1/2 in a time-dependent
manner. Within the 5–30 min time-frame (Fig. 4) of FKN
stimulation, phosphorylation was increased, compared with
non-stimulated cells. Bars represent phosphorylated ERK
1/2 normalized to total ERK 1/2 and are representative of
three separate experiments using fibroblasts from three dif-
ferent patients. The peak of phosphorylation of ERK 1/2 was
observed 15 min after stimulation.

The FKN fully activates Akt through phosphorylation
of Ser 473 and Thr 308

Additional experiments were conducted to establish
whether FKN stimulation of fibroblasts can activate down-
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Phosphorylated c-Jun N-terminal kinase (a) and p38 (b) were

compared with the total amount of their respective proteins to assure

equal loading. Bars represent normalized band intensity in arbitrary

units. Blots are representative of three different experiments

performed using OA fibroblasts from three different patients.

FKN/CX3CL1 as an OA fibroblast chemoattractant

315© 2009 British Society for Immunology, Clinical and Experimental Immunology, 156: 312–319



stream signalling pathways. As shown in Fig. 5, Akt was
clearly phosphorylated by FKN at the two kinase regulatory
sites, Ser 473 (Fig. 5a) and Thr 308 (Fig. 5b), with a
maximum effect at 5 min. Bars represent phosphorylated
Akt normalized to total Akt and are representative of two
separate experiments using fibroblasts from two different
patients. The levels of phosphorylation were seen to decline
after the peak at 5 min. FKN-stimulated (10 nM; 24 h) and
non-stimulated OA fibroblast lysates were also compared
for differences in relative amounts of 35 apoptosis-related
proteins using Proteome Profiler Human Apoptosis Anti-
body Array (R&D Systems). While no major differences
were noted (n = 2 different patients), there appeared to be a
slight decrease in SMAC/Diablo and HSP27 in both experi-
ments (data not shown). In addition, OA fibroblasts were
treated with 10 nM FKN prior to inducing apoptosis using
1·5 mM sodium nitroferricyanide(III) dehydrate (SNP),
and changes in apoptosis were examined using an In Situ
Cell Death Kit (Roche, Indianapolis, IN, USA). Inclusion of
3000 U/ml DNase 1 served as a positive control, whereas a
lack of terminal deoxynucleotidyl transferase from calf
thymus served as our negative control. FKN-pretreatment
did not show any signs of inhibiting apoptosis (n = 3; data
not shown).

CX3CR1 and ERK 1/2 probably regulate FKN-induced
OA fibroblast migration

To examine whether a G protein-coupled receptor such as
CX3CR1 is involved, OA fibroblasts were pretreated with
PTX and migration was determined in response to 10 nM

Total Erk 1/2

Fkn stimulation (min)

0 1 5 15 30

∗pErk 1/2 

0 min 1 min 5 min 15 min 30 min
0

3

6

9

12

15

∗ p
E

rk
 1

/2
 / 

to
ta

l E
rk

 1
/2

(a
rb

itr
ar

y 
un

its
)

Fig. 4. Fractalkine (10 nM) was added to osteoarthritis (OA)

fibroblasts for the times indicated and cell lysates were generated.

Protein (20 mg/lane) was separated using polyacrylamide gel

electrophoresis and blotted using standard Western techniques.

Phosphorylated extracellular signal-regulated kinase (ERK) 1/2 is

compared with total Erk 1/2 to assure equal loading. Bars represent

normalized band intensity in arbitrary units. Blots are representative

of three different experiments performed using OA fibroblasts from

three different patients.

∗pAkt

Ser 473

Fkn stimulation (min)

0 1 5 15 30

0 min 1 min 5 min 15 min 30 min
0·00

0·10

0·20

0·30

0·40

0·50

*p
-A

kt
 S

er
47

3/
to

ta
l A

kt
(a

rb
itr

ar
y 

un
its

)

Total 

Akt

Fkn stimulation (min)

0 1 5 15 30

Total 

Akt

∗pAkt

Thr 308

0 min 1 min 5 min 15 min 30 min
0·00

0·04

0·08

0·12

0·16

0·20

∗ p
-A

kt
 T

hr
30

8/
to

ta
l A

kt
(a

rb
itr

ar
y 

un
its

)

(a)

(b)

Fig. 5. Fractalkine (10 nM) was added to osteoarthritis (OA)

fibroblasts for the times indicated and cell lysates were generated.

Protein (20 mg/lane) was separated using polyacrylamide gel

electrophoresis and then blotted using standard Western blotting

techniques. Phosphorylated Akt was compared with total Akt to

assure equal loading. Bars represent normalized band intensity in

arbitrary units. Blots are representative of two different experiments

performed using OA fibroblasts from two different patients.

K. Klosowska et al.

316 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 156: 312–319



FKN. Figure 6a (representative experiment; n = 3; P < 0·05)
suggests that PTX reduces significantly any response to FKN.
Figure 6b shows results of FKN-induced chemotaxis
performed in the presence of a MEK 1/2 inhibitor (10 mM
U0126). MEK 1/2 is a kinase upstream from ERK 1/2 and is
the only known kinase to date to phosphorylate ERK 1/2. OA
fibroblasts pretreated with vehicle control showed significant
migration towards FKN at 1, 5 or 10 nM concentrations. OA

fibroblasts preincubated with the inhibitor, however, showed
significantly reduced migration to FKN. Data in Figure 6b
are representative of three separate experiments performed
with OA fibroblasts from three separate patients.

Discussion

Inflammation has long been recognized as a major factor in
RA but until recent years has not been the focus of disease
progression in OA. Severe inflammation has been demon-
strated in synovial tissue samples of OA patients and was
associated with the angiogenic vascular endothelial growth
factor [7]. It has been demonstrated that fibroblasts may play
an important role in the progression of joint destruction in
the OA joint. We have demonstrated previously that FKN is
present in the synovial fluid of OA patients [21]. Further, the
FKN receptor, CX3CR1, has been found in the OA synovium
[24,28]. We have also demonstrated previously that RA
fibroblast-like synoviocytes (FLS) respond to FKN [22]. In
addition, FKN stimulates marked up-regulation of RA fibro-
blast MMP-2 production [24]. In this study, we investigated
the ability of OA fibroblasts to migrate in response to FKN.
Our results demonstrate that FKN induces migration of OA
fibroblasts effectively in a concentration-dependent manner.

Fibroblasts are an important component of the OA syn-
ovium and have been shown to contribute to joint destruc-
tion through the release of proinflammatory cytokines, as
well as the release of MMPs [6,8,10]. To assess broadly
whether FKN-stimulation of OA fibroblasts induces alter-
ations in cytokine expression at the protein level, we per-
formed antibody array experiments to assess changes in
79 different cytokines, chemokines and growth factors
(RayBio® Human Cytokine Antibody Array V, Atlanta, GA,
USA). An initial experiment exposed OA fibroblasts to 1 nM
FKN for 24 h, and compared OA fibroblasts with RA FLS. We
noted no differences in any of the 79 proteins when either
OA fibroblasts or RA FLS were exposed to FKN (data not
shown). Our next experiment extended the time-frame to
48 h stimulation with 1 nM FKN and showed exactly the
same result, with no noted differences. A final experiment,
using 10 nM FKN stimulation for 48 h, suggested that OA
fibroblasts may slightly increase expression of interleukin
(IL)-1a, growth-related oncogene and regulated upon acti-
vation normal T cell expressed and secreted, but similar
changes were not seen in RA FLS (data not shown). Our
conclusion from these experiments is that FKN does not
appear to induce any major OA fibroblast changes in cytok-
ine expression.

A chemotactic function of FKN is supported by the rear-
rangement of actin filaments in OA fibroblasts after stimu-
lation with FKN. The effect of FKN on the organization of
actin fibres was analysed by Phalloidin staining and followed
for several hours after stimulation of OA fibroblasts. The
staining demonstrated clear cytoskeleton remodelling within
the OA fibroblasts. Taken together with chemotaxis assays,
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our results suggest that FKN may be directing CX3CR1-
expressing OA fibroblasts in the synovium. OA synovial
fibroblasts are not unique in this regard, as both normal
synovial fibroblasts and RA FLS also migrate to FKN [22]. A
key dissimilarity, however, may be at the level of FKN expres-
sion, where differences exist between RA, OA and NL syn-
ovial tissue and diseased synovial fluids [21,24].

The MAPK activation has been implicated in the induc-
tion of many of the mediators thought to be involved in OA.
MAPK have also been implicated in the induction of MMPs
in chondrocytes as well as apoptosis of chondrocytes [30,34].
The activation of MAPK by proinflammatory cytokines has
been well documented [35]. Specifically, JNK and p38 have
been activated by tumour necrosis factor and IL-1b [29,36].

The importance of understanding the signalling pathways
initiated by cytokines in the progression of OA has been
demonstrated by recent studies. Pelletier and colleagues [37],
using a rabbit OA model, demonstrated a decrease in the
severity of synovial inflammation after treating the OA
rabbits with a MEK 1/2 inhibitor. They demonstrated that
this effect was associated with a reduction in the level of
activated ERK 1/2 in OA chondrocytes [37]. Additionally, the
MAPK, p38, was demonstrated to be involved in the regula-
tion of MMP-13 in human OA chondrocytes [38]. Based on
these studies, we wanted to determine if MAPK were
involved in the response by OA fibroblasts to FKN
stimulation. In our study, FKN induced OA fibroblast acti-
vation of the three MAPK: p38, JNK and ERK 1/2. This
activation of multiple MAPK indicates possible stimulation
of multiple mediators from one cell signal initiated by FKN.
These findings of JNK and ERK 1/2 phosphorylation in
response to FKN are similar to RA FLS [22], while phospho-
rylation of p38 represents a novel finding not examined
previously.

We have demonstrated that RA fibroblasts activate Akt
upon FKN-stimulation [22], and investigated a similar
mechanism in this study. Cell survival-related pathways were
also found to be activated by FKN stimulation of OA
fibroblasts. In our study, Akt was found to be phosphorylated
at both Ser-473 and Thr-308, demonstrating full activation
after stimulation of OA fibroblasts by FKN. Akt is an anti-
apoptotic kinase that promotes cell survival through mul-
tiple pathways. For example, Akt was shown to play a key role
in the survival and proliferation of fibroblasts in the RA
synovium [39] and an anti-apoptotic role in NIH 3T3 fibro-
blasts [35]. The involvement of FKN in cell survival is also
documented. Previously, we found Akt to be activated fully
by FKN in RA FLS [22]. Furthermore, FKN has been shown
to promote cell survival of microglia [40]. However, we dem-
onstrate here that pretreatment of OA fibroblasts with FKN
is not sufficient to induce cell survival when apoptosis is
induced by SNP. Therefore, it is not clear at this time as to the
role of FKN-induced Akt phosphorylation.

In conclusion, we have demonstrated that FKN was able to
induce chemotaxis with corresponding actin cytoskeletal

changes of OA fibroblasts. These findings indicate a novel
role of FKN in regulating OA fibroblast migration. FKN
specifically induces OA fibroblast phosphorylation of the
MAPK p38, JNK and ERK 1/2, as well as activation of Akt.
OA fibroblast migration to FKN, in part, requires ERK 1/2
activation. Taken together with our previous study [22],
these results suggest that OA fibroblasts respond to FKN in a
similar manner to RA fibroblasts, suggesting that both cell
types express functional CX3CR1. However, while both
respond to FKN, a major difference between the diseases
exists at the level of FKN expression, where FKN is expressed
at relatively high levels in RA synovial tissue and fluid com-
pared with comparable samples from OA patients [21,24].
We also note that OA synovium contains shaved cartilage
and bone fragments that appear to attach actively to syn-
oviocytes, including OA fibroblasts. Beyond attachment, a
limited number of OA synovial fibroblasts are described to
deeply invade bone and cartilage fragments, suggesting a
behaviour known previously only for RA FLS [41]. More-
over, human osteoblasts express full-length FKN and can
release its soluble form in a manner which attracts CX3CR1-
expressing cells [42]. Therefore, we speculate that FKN may
play a role in OA fibroblast migration to bone fragments,
contributing to detritus synovitis. Understanding more fully
the mechanisms by which FKN acts upon OA fibroblasts
may elucidate a role for FKN in inflammation and the pro-
gression of OA.
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