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Abstract

Purpose The aim of this study was to investigate plasma
and synovial fluid basic fibroblast growth factor (bFGF)
levels in patients with primary knee osteoarthritis (OA)
and to evaluate the correlation between bFGF levels and
disease severity.

Methods Thirty-five patients with knee OA and 15 healthy
individuals were recruited into this study. Knee OA grading
was performed according to the Kellgren—Lawrence classi-
fication. bFGF concentrations in both plasma and synovial
fluid were determined using enzyme-linked immunosorbent
assay.

Results Plasma and synovial fluid bFGF levels in knee OA
patients were significantly higher than in controls (P<0.001).
Moreover, plasma and synovial fluid bFGF concentrations
were positively correlated with radiographic severity (r=
0.535, P<0.001 and »=0.570, P<0.001, respectively). Further
analysis revealed that there was a positive correlation between
plasma and synovial fluid bFGF levels (»=0.674, P<0.001).
Conclusions Plasma and synovial fluid bFGF levels were
significantly increased in OA patients, and these elevated
levels were positively correlated with radiographic severity.
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These findings indicate that bFGF levels may be a monitor
of disease severity and could play an essential part in the
pathophysiology of degenerative process in OA.

Introduction

Osteoarthritis (OA) is a chronic progressive degenerative
joint disorder that ultimately results in the age-related re-
gressive change in articular cartilage, with joint-space nar-
rowing, bony enlargement at joint margins, subchondral
sclerosis and synovitis [14]. Clinical characteristics of OA
include severe pain, joint stiffness, limited range of motion,
swelling, crepitation and disability. A conventional modality
for evaluating the affected joint is radiological investigation,
which reflects disease severity by grading joint degenera-
tion. Although radiographs are practically used to assess the
OA severity, it would be advantageous to have a biochem-
ical parameter that could precisely reflect disease severity
and OA progression. Several environmental, mechanical
and biochemical factors have been recognised as playing a
vital role in OA development; however, its actiology and
pathophysiology remain entirely unclear.

Basic fibroblast growth factor (bFGF), also known as
FGF-2, is a soluble heparin-binding polypeptide with pleio-
tropic effects when applied to diverse tissues, including
mitogenesis, cell migration, cell differentiation and a variety
of developmental processes [18]. The 18-kD human bFGF
sequence shares 97% and 99% amino acid identity with
mouse/rat and bovine/ovine bFGF, respectively [1, 16]. It
plays a substantial role in tissue repair and angiogenesis [7]
and has been implicated in several experimental models of
degenerative joint diseases [6, 13, 17]. It can promote
wound healing and modulate many cellular functions,
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including proliferation, differentiation and neovascularisa-
tion [5]. In recent years, bFGF expression in osteoarthritic
articular cartilage has been explored and implicated in OA
development [25, 27]. Previous studies also demonstrated
upregulated bFGF expression in chondrocytes in human OA
cartilage, which suggests that human chondrocytes can syn-
thesise bFGF [22]. These findings prompted us to speculate
that bFGF may be responsible for OA pathogenesis.

Even though plasma and/or synovial fluid levels of sev-
eral cytokines and growth factors have been studied in
patients with knee OA, to our knowledge, there has been no
published data regarding the association of circulating and
synovial fluid levels of bFGF in various clinical stages of
primary knee OA [3, 9, 10, 15, 23]. Accordingly, we
hypothesised that bFGF in plasma and synovial fluid could
be correlated with the severity of clinical outcomes in knee
OA patients. To prove this hypothesis, we analysed bFGF
plasma and synovial fluid levels in knee OA patients and
healthy controls to determine their possible relationships
with radiographic severity of knee OA.

Materials and methods
Study population

This study was approved by the Institutional Review
Board on Human Research of the Faculty of Medicine,
Chulalongkorn University, and was conducted in confor-
mity with the guidelines of the Declaration of Helsinki.
Written informed consent was obtained from patients
and healthy volunteers prior to their participation.
Thirty-five patients aged 53-91 years with primary knee
OA (20 women and 15 men; mean age 68.9+1.6 years)
based on criteria of the American College of Rheuma-
tology were recruited. OA severity was determined us-
ing weight-bearing anteroposterior radiographs of the
affected knee with the participant standing on both legs
with fully extended knee and X-ray beam centered on
the joint. Radiographic severity was evaluated according
to the Kellgren and Lawrence (KL) grading system [12]:
grade 0, no radiological changes; grade 1, doubtful
narrowing of joint space and possible osteophytic lipping;
grade 2, definite osteophytes and possible narrowing of
joint space; grade 3, moderate multiple osteophytes,
definite narrowing of joint space, some sclerosis and
possible deformity of bone contour; grade 4, large
osteophytes, marked narrowing of joint space, severe
sclerosis and definite deformity of bone contour. The
grading scale used for analysis was the higher one upon
comparison of both knees. We also recruited 15 gender-
and age-matched controls (nine women and six men;
mean age 69.7+1.4 years) with normal knee radiographs.
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None of the participants had underlying diseases such
as diabetes, histories of corticosteroid medication, other
forms of arthritis, cancer or other chronic inflammatory
diseases.

Laboratory methods

Synovial fluid was aspirated from the affected knee using
sterile knee puncture just prior to surgery for total knee
replacement, centrifuged to remove cells and joint debris
and stored immediately at —80°C until the day of measure-
ment. No synovial fluid was extracted from controls due to
ethical concerns. Venous blood samples collected from all
participants were centrifuged and stored at —80°C until used.
Double-blind quantitative measurement of plasma and sy-
novial fluid bFGF was performed using a commercially
available enzyme-linked immunosorbent assay (ELISA) kit
(Quantikine, R&D Systems, Minneapolis, MN, USA)
according to manufacturer’s instructions. Concisely, stand-
ards of recombinant human bFGF, plasma and synovial fluid
samples were added to 96-well microtiter plates precoated
with mouse monoclonal antibody against human bFGF and
incubated for two hours at room temperature. Wells were
then washed four times with washing buffer and incubated
for two hours at room temperature with a horseradish
peroxidase-conjugated monoclonal antibody against bFGF.
After four washes, substrate solution was added to each
well, and the plate was incubated for 30 minutes at room
temperature in the dark. Finally, the reaction was stopped
with the stop solution and absorbance was measured at
450 nm using an automated microplate reader. The bFGF
level was determined from a standard curve (range 0—
320 pg/ml) generated for each set of samples assayed. The
manufacturer-reported precision was 3.0-9.7% (intra-assay)
and 7.4-9.1% (interassay). Sensitivity was <3.0 pg/ml.

Statistical analysis

Statistical analysis was carried out using the statistical pack-
age for social sciences (SPSS) software, version 16.0 for
Windows. Demographic data between patients and controls
were compared by chi-square tests and unpaired Student’s¢?
tests where appropriate. Comparisons between groups were
performed using one-way analysis of variance (ANOVA),
with Tukey post hoc test if ANOVA showed significance.
Pearson’s correlation coefficient () was employed to deter-
mine correlation among concentrations of bFGF in plasma
and synovial fluid and radiographic severity. Data are
expressed as a mean + standard error of the mean (SEM).
P values <0.05 were considered statistically significant for
differences and correlations.
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Results

Thirty-five plasma and synovial fluid samples from knee
OA patients and 15 plasma samples from healthy controls
were enrolled for bFGF concentration measurement. Char-
acteristics of the study population are displayed in Table 1.
There was no statistically significant difference in age be-
tween OA patients and controls (68.9£1.6 vs. 69.7+
1.4 years, P=0.5). As demonstrated in Fig. 1, OA patients
had higher plasma bFGF concentrations compared with
controls (3.3£0.6 vs. 1.9£0.2 pg/ml, P=0.01); bFGF levels
in synovial fluid were substantially higher than in paired
plasma samples (25.1+5.1 vs. 3.3+£0.6 pg/ml, P<0.001).

In respect to KL criteria, OA patients were classified into
three groups according to OA grading. Ten patients were KL
grade 2, 12 were KL grade 3 and 13 were KL grade 4. As
illustrated in Table 1, knee OA patients with higher radio-
graphic severity had significantly higher bFGF levels in
both plasma and synovial fluid (P<0.001). Subsequently,
we analysed and compared the association between plasma
and synovial fluid levels of bFGF and radiographic severity
of OA. Plasma bFGF levels were positively correlated with
the radiographic grading of knee OA (»=0.535, P<0.001)
(Fig. 2). Synovial fluid levels of bFGF were positively
associated with radiographic severity of disease (»=0.570,
P<0.001) (Fig. 3). Figure 4 shows that plasma bFGF levels
had a positive correlation with synovial fluid bFGF levels
(r=0.674, P<0.001).

Discussion

FGFs encompass a large cytokine family of structurally
related multifunctional polypeptide mitogens of widespread
tissue distribution [2]. They exert mitogenic activity towards
a variety of cells and play important roles in embryogenesis,
cell proliferation and differentiation, angiogenesis and tissue
repair. Nine members of the FGF family have been identi-
fied. Basic FGF is one of the most well-characterised mem-
bers of the family and one of the most powerful angiogenic
polypeptides [26]. Basic FGF secreted by fibroblasts, plate-
lets or other cells is responsible for connective tissue forma-
tion and wound healing [4, 20]. Recently, bFGF was

demonstrated to regenerate damaged articular cartilage in
the mouse OA model [8, 11].

Previous studies demonstrated that bFGF is present in
synovial fluid of the temporomandibular joint with internal
derangement and OA [19, 24]. However, neither plasma nor
synovial fluid bFGF levels in patients with knee OA have
been explored, and their correlations with disease severity
have never been specifically determined. To the best of our
knowledge, data on the association between plasma and
synovial fluid bFGF levels and severity of knee OA have
as yet not been documented. This study is the first to show
that bFGF was detected in both plasma and synovial fluid
obtained from patients with primary knee OA and that bFGF
was positively correlated with radiographic grading of knee
OA. The study demonstrated a significant elevation of bFGF
levels in both plasma and synovial fluid in patients with
knee OA compared with plasma levels in controls. Our
findings suggest that there is increased local and systemic
bFGF production in knee OA. It should be noted that bFGF
levels in synovial fluid were a great deal higher than those
observed in paired plasma samples. The substantial eleva-
tion of bFGF in synovial fluid is presumably attributed to
either secretion of bFGF residing in extracellular matrix,
increased bFGF synthesis or both. The source of bFGF in
the synovial fluid could stem from synovial cells and chon-
drocytes in local tissues (inflamed synovium, articular car-
tilage, subchondral bone) and extra-articular tissues.
Previous studies have shown that bFGF is expressed in
synovial cells, articular cartilage chondrocytes and infrapa-
tellar fat pad in patients with OA [21, 27, 28]. Further
studies are required to verify whether concentrations of
bFGF in synovial fluid and plasma are related to local
expression of bFGF in joint tissues. In addition, plasma
and synovial fluid bFGF levels were analysed in a well-
defined knee OA population at every stage of disease and
were more pronounced in end-stage OA patients compared
with early OA patients. This observation indicates a signif-
icant elevation in the systemic and local expression of bFGF
in patient with advanced knee OA. The mechanisms of
bFGF enhancement in the circulation and synovial fluid of
patients with OA require further studies.

This study inevitably had some inherent shortcomings.
First, investigation was administered as a single-cemtre trial
with a relatively small number of participants. Additional

Table 1 Plasma and synovial fluid (SF) basic fibroblast growth factor (bFGF) in osteoarthritis (OA) patients. Data are expressed as mean and
standard error of the mean (SEM). P values for differences among Kellgren and Lawrence (KL) subgroups

Total KL Grade 2 KL grade 3 KL grade 4 P value
Number 35 10 12 13
SF bFGF (pg/ml) 25.145.1 6.3£0.8 15.8+1.0 48.1+11.0 <0.001
Plasma bFGF (pg/ml) 3.3+0.6 1.3+0.2 2.1+£0.2 59+1.4 <0.001
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Fig. 1 Basic fibroblast growth factor (bFGF) levels in plasma and
synovial fluid of patients with osteoarthritis (OA) (n=35) and healthy
controls (n=15)

study conducted on a random sample of multiple centres
with larger sample sizes is warranted to validate our results.
Second, only bFGF levels were measured in both plasma
and synovial fluid. Further studies analysing bFGF expres-
sion in local tissue, in relation to synovial and circulating
bFGF levels, could provide a more valuable insight into the
pathogenic role of bFGF in OA. Third, synovial fluid sam-
ples from healthy controls were not taken for ethical rea-
sons. Last, as this was a cross-sectional study, definite cause
and effect relationships might not be possible. However,
prospective longitudinal investigations are needed to dem-
onstrate disease progression and determine the exact role of
bFGF in knee OA.
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Fig. 2 Positive correlation between plasma basic fibroblast growth
factor (bFGF) levels in patients with osteoarthritis (OA) and disease
severity classified according to Kellgren and Lawrence (KL) grading
scale (r=0.535, P<0.001)
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Fig. 3 Positive correlation between synovial fluid (SF) basic fibroblast
growth factor (bFGF) levels in patients with osteoarthritis (OA) and
severity classified according to Kellgren and Lawrence (KL) grading
scale (r=0.570, P<0.001)

In conclusion, the study revealed that plasma bFGF in
patients with OA was significantly elevated compared with
that of healthy controls and that bFGF concentrations in
synovial fluid were remarkably higher with regard to paired
plasma bFGF. Both plasma and synovial fluid bFGF levels
were positively correlated with the degree of radiographic
severity in patients with primary knee OA. These findings
suggest that bFGF could be a useful biochemical parameter
to reflect disease severity in knee OA. Additionally, bFGF
levels in plasma were directly correlated with those in
synovial fluid. This study was the first to investigate such
a correlation, and further research is necessary to delineate
the mechanisms underlying this association. More longitu-
dinal studies are necessary to gain insight into the precise
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Fig. 4 Positive correlation between plasma and synovial fluid (SF)
basic fibroblast growth factor (bFGF) concentrations in patients with
osteoarthritis (OA) (r=0.674, P<0.001)
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role of bFGF in the pathogenesis of chronic degenerative
processes in patients with OA.
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