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Abstract
Purpose Recent evidence suggests that angiogenesis and in-
flammation contribute to the development and progression of
osteoarthritis (OA). The purpose of this study was to investi-
gate vascular endothelial growth factor (VEGF) levels in
plasma and synovial fluid of patients with knee OA and to
determine the relationship of VEGF levels with disease sever-
ity in knee OA.
Methods A total of 100 subjects were enrolled in this study
(80 knee OA patients and 20 healthy controls). Plasma and
synovial fluid VEGF levels were analysed using enzyme-

linked immunosorbent assay. VEGF expressions in synovial
membrane and articular cartilage samples were assessed using
immunohistochemistry.
Results VEGF level in synovial fluid of knee OA patients was
tenfold higher than that in paired plasma (P <0.001). Both
plasma and synovial fluid VEGF exhibited a positive correla-
tion with radiographic severity (r =0.454 and r =0.727, P <
0.001, respectively). VEGF expression was highly detectable
in synovial lining cells and articular chondrocytes of knee OA
patients.
Conclusions VEGF levels in both plasma and synovial fluid
were positively correlated with the severity of knee OA.
Therefore, VEGF may be useful for monitoring OA severity
and could play a substantial role in the development and
progression of knee OA.
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Introduction

Osteoarthritis (OA) is a common age-related degenerative
joint disease characterised by articular cartilage degrada-
tion, subchondral bone sclerosis, osteophyte formation
and synovial membrane inflammation. The clinical
symptoms and signs of OA include pain, stiffness, joint
swelling, limited range of motion and joint disability [1].
The diagnosis of OA generally relies on clinical and
radiographic alterations. A radiograph is a global mea-
surement for determining the affected joint by grading
joint destruction [2]. The precise aetiology and pathogen-
esis of OA remain largely unclear. Nevertheless, various
environmental, biomechanical and biochemical factors
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including cytokines and growth factors have been recognised
as playing a substantial role in OA development [3, 4].

Angiogenesis is the growth of new capillary blood
vessels from pre-existing vasculature. Angiogenesis and
chronic inflammation are closely integrated processes in
OA and may affect disease progression. Inflammation
could be both a primary event in OA and secondary to
other aspects of the disease. Previous studies showed that
synovial inflammation could be detected in the early and
advanced stage of OA, indicating that synovitis is an
early feature in OA and not restricted to patients with
end-stage OA [5–7].

Vascular endothelial growth factor (VEGF) is one of the
most potent pro-angiogenic growth factors secreted by en-
dothelial cells. The VEGF family encompasses seven mem-
bers: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E,
VEGF-F and placental growth factor. Among them,
VEGF-A commonly called VEGF exists in seven homodi-
meric isoforms resulting from alternative splicing of eight
exons of the VEGF gene [8]. VEGF exerts its effects by
binding to the signalling tyrosine kinase receptors
VEGFR1 and VEGFR2 leading to angiogenesis,
mitogenesis and cell survival [8, 9]. In addition, VEGF
acts specifically on endothelial cells to activate prolifera-
tion, migration and tube formation. VEGF has been known
to play an important role in endochondral ossification by
coupling angiogenesis with hypertrophic cartilage remod-
elling and bone formation [9]. In growing cartilage, both
VEGF and its receptors have recently been reported to be
expressed in chondrocytes within the superficial layer of
the articular cartilage [9]. They are not found in mature
articular cartilage. However, VEGF and its receptors
have been found to be expressed in human osteoarthritic
articular cartilage accompanying the progression of OA
[10–12]. The demonstration of VEGF and its receptors
in osteoarthritic articular cartilage suggests their poten-
tial involvement in articular cartilage destruction and
OA development.

In recent years, several cytokines have been shown to
be associated with clinical parameters of disease severity
in knee OA and may play possible roles in the patho-
genesis of OA [13–16]. To the best of our knowledge,
there are no published data with regard to the relation-
ship between VEGF expression and radiographic severity
in primary knee OA. We have postulated that VEGF in
plasma and synovial fluid could be correlated with dis-
ease severity in knee OA patients. To prove this hypoth-
esis, we investigated plasma, synovial fluid and tissue
expression of VEGF in primary knee OA patients.

Therefore, the objective of this study was to evaluate both
plasma and synovial fluid levels of VEGF in patients with
primary knee OA and to examine the possible relationships
with the radiographic grading of knee OA.

Materials and methods

Study population

This study was approved by the Institutional ReviewBoard on
Human Research of the Faculty of Medicine, Chulalongkorn
University, and was conducted in accordance with the guide-
lines of the Declaration of Helsinki. Written informed consent
was obtained from the patients and healthy volunteers prior to
their participation in the study.

A total of 80 patients with primary knee OA (63 women
and 17 men, mean age 69.8±0.9 years) who were diagnosed
with clinical and radiographic evidence of knee OA according
to the criteria of the American College of Rheumatology were
registered in this study. We also recruited 20 gender- and age-
matched subjects (15 women and five men, mean age 68.2±
1.1 years) with normal knee radiographs as controls. None of
the participants had underlying diseases such as diabetes,
histories of corticosteroid medication, other forms of arthritis,
cancer or other chronic inflammatory diseases.

Knee radiography was performed when each participant
was standing on both legs with fully extended knee and the X-
ray beamwas centred at the level of the joint. Disease severity
assessment was performed using the Kellgren and Lawrence
(KL) grading system [17]. Depending on changes observed in
conventional weight-bearing anteroposterior radiographs of
the affected knee in extension, OAwas divided into 5 grades
(0–4): grade 0 (normal findings), no X-ray changes; grade 1
(questionable), doubtful narrowing of joint space and possible
osteophytic lipping; grade 2 (mild), definite osteophytes and
possible joint space narrowing; grade 3 (moderate), multiple
moderate osteophytes, definite narrowing of joint space, bone
sclerosis and possible deformity of bone contour; grade 4
(severe), large osteophytes, marked joint space narrowing,
severe sclerosis and deformity of bone contour. OA patients
were defined as having radiographic knee OA of KL grade≥2
in at least one knee. Controls were defined as having neither
radiographic hip OA nor knee OA, as indicated by KL grades
of 0 for both hips and both knees. The grading of the worst
affected knee in each patient was used for data analysis.

Sample collection

Synovial fluid was aspirated from the affected knee using sterile
knee puncture just prior to surgery, when a total knee replace-
ment was performed, centrifuged to remove cells and joint
debris and stored immediately at −80 °C until the day of
measurement. No synovial fluid was extracted from the con-
trols due to ethical reasons. Venous blood samples collected
from the same patients on the day of surgery were centrifuged
and stored at −80 °C until analysed. Additionally, osteoarthritic
cartilage and synovial tissues collected from the OA patients
undergoing total knee replacement were cut approximately 0.3
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× 0.3 cm2 in size and immersed in 10 % formalin for
haematoxylin and eosin staining and immunohistochemical
assay.

Determination of VEGF protein concentration

Double-blind quantitative determination of VEGF concentra-
tion in plasma and synovial fluid was performed using a
commercially available enzyme-linked immunosorbent assay
(ELISA) (Quantikine R&D systems, Minneapolis, MN,
USA). According to the manufacturer’s protocol, 100 μl of
recombinant human VEGF standards, plasma and synovial
fluid samples were pipetted into 96-well microtitre plates
precoated with mouse monoclonal antibody against human
VEGF and incubated for two hours at room temperature. The
wells were then washed three times with washing buffer and
incubated for two hours at room temperature with a horserad-
ish peroxidase-conjugated monoclonal antibody specific for
VEGF. After three washes, substrate solution was added to
each well, and the plate was incubated for 25 minutes at room
temperature in the dark. Eventually, the reaction was stopped
with the stop solution and the optical density was measured at
450 nm using an automated microplate reader. A standard
optical density-concentration curve (range 31.2–2,000 pg/
ml) was drawn for the determination of VEGF concentration.
The manufacturer-reported precision was 4.5 %–6.7 % (intra-
assay) and 6.2 %–8.8 % (inter-assay). The assay sensitivity of
VEGF was 3.25 pg/ml.

Immunohistochemistry of the VEGF-stained specimens

The articular cartilage and synovial specimens from knee OA
patients were immediately fixed in 10 % formaldehyde and
embedded in paraffin. Serial sections of paraffin-embedded
tissues were cut in 5-μm thickness and processed for VEGF
staining.

Sections were deparaffinised and rehydrated in Tris-
buffered saline. Endogenous peroxidase activity was blocked
with 0.3 % H2O2 for ten minutes. For antigen retrieval, tissue
sections were microwave heated in 10 mmol/L citrate buffer

for five minutes. Non-specific binding was blocked for ten
minutes with 5 % goat serum (Dako, Glostrup, Denmark),
followed by incubation with antibody to VEGF (1:500; Santa
Cruz Biotechnology, Dallas, Texas, USA) in Tris-buffered
saline containing 2 % rabbit serum and 1 % bovine serum
albumin for two hours. Tissues were incubated with the same
buffer without the antibody to serve as negative controls.
Sections were subsequently stained with biotinylated goat
anti-rabbit immunoglobulins (1:400; Dako) and streptavidin/
horseradish peroxidase complex (1:400; Dako) and incubated
at room temperature for 45 minutes. Reaction products were
visualised using diaminobenzidine (Sigma, St. Louis, MO,
USA) as the chromogen. The sections were subsequently
counterstained with Mayer’s haematoxylin and mounted onto
microscope slides using a permanent medium.

Statistical analysis

Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS) software, version 16.0 for
Windows (SPSS Inc., Chicago, IL, USA). Student’s unpaired
t test was used to compare the means of two independent
groups, and one-way analysis of variance (ANOVA) was used
to compare the means of more than two independent groups.
Correlations between plasma and synovial fluid VEGF with
disease severity were calculated using Pearson’s correlation
coefficient (r ). Data were expressed as mean±standard error
of the mean (SEM). P values<0.05 were considered to be
statistically significant for differences and correlations.

Results

Correlation between plasma and synovial fluid VEGF
and disease severity

For measurement of VEGF concentrations, 80 plasma and
synovial fluid samples from primary knee OA patients and
20 plasma samples from healthy controls were recruited.
Characteristics of the study population are shown in Table 1.

Table 1 Plasma and SF VEGF in OA patients

Total KL grade 2 KL grade 3 KL grade 4 P value

n 80 29 27 24

Age (years) 69.9±0.9 70.2±1.3 68.4±1.3 71.1±2.1 0.5

Gender (M/F) 17/63 6/23 6/21 5/19 0.2

BMI (kg/m2) 26.7±0.5 26.6±0.7 26.2±0.8 27.5±0.9 0.4

Plasma VEGF (pg/ml) 163.5±13.7 100.5±10.1 166.2±19.2 236.6±32.9 P<0.01

SF VEGF (pg/ml) 1,614.3±64.5 1,153.5±76.1 1,602.5±7.6 2,184.6±80.1 P<0.01

Data represent mean and standard error of the mean. P values for differences among Kellgren and Lawrence (KL) subgroups

SF synovial fluid, VEGF vascular endothelial growth factor, BMI body mass index
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As illustrated in Fig. 1, plasmaVEGF levels were lower in OA
patients than in plasma controls; however, there was no sta-
tistically significant difference (163.5±13.7 vs 195.4±
26.7 pg/ml, P >0.05). VEGF levels in synovial fluid of knee
OA patients were significantly tenfold higher than that in
corresponding blood samples (1,614.3±64.5 vs 163.5±
13.7 pg/ml, P <0.001).

According to the radiographic KL grading criteria, OA
patients were classified into three groups in relation to OA
grading: 29 patients were categorised as grade 2, 27 as grade 3
and 24 as grade 4. As displayed in Table 1, knee OA patients
with higher radiographic severity had significantly greater
VEGF levels in both plasma and synovial fluid (P <0.01). In
addition, the associations between plasma and synovial fluid
levels of VEGF and the radiographic severity were statistical-
ly investigated. The plasma VEGF levels exhibited a positive
correlation with radiographic severity of knee OA (r =0.454,
P <0.001) (Fig. 2). Furthermore, synovial fluid VEGF levels
of knee OA patients were positively correlated with the radio-
graphic severity (r =0.727, P <0.001) (Fig. 3).

Localisation of VEGF in synovium and articular cartilage
from OA patients

To further assess VEGF expression and tissue distribution,
immunohistochemical analysis of synovial membrane and
articular cartilage samples obtained from knee OA patients
was performed. The results revealed that VEGF had strong
expression on cells of the superficial aspects of synovial
membrane samples. The VEGF staining was clearly observed
in the cytoplasm of the synoviocytes in the lining and
sublining from synovial membrane and in the chondrocytes
of the articular cartilage from knee OA patients (Fig. 4).

Discussion

VEGF, a heparin-binding dimeric glycoprotein, can act not
only on endothelial cells but also on many cell types such as
haematopoietic stem cells, monocytes, megakaryocytes,

Fig. 1 VEGF levels in plasma
and synovial fluid of OA patients
(n =80) and healthy controls (n =
20). *P <0.001 when compared
with plasma OA

Fig. 2 Positive correlation between plasma VEGF levels in OA patients
and severity classified according to KL grading scale (r =0.454, P <
0.001)

Fig. 3 Positive correlation between synovial fluid VEGF levels in OA
patients and severity classified according to KL grading scale (r =0.727,
P<0.001)
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osteoblasts and chondrocytes [9, 11]. It has essential functions
in embryonic vasculature, tissue remodelling, wound healing,
cancer and endochondral ossification [10]. Previous studies
reported that VEGF was upregulated in inflammatory arthritic
conditions including rheumatoid arthritis, psoriatic arthritis,
juvenile idiopathic arthritis and OA [18, 19]. Furthermore,
VEGF and its receptors have been shown to be expressed in
articular cartilage of OA patients [10–12]. Corrado et al. re-
ported that VEGF played an important role in bone formation
via acting on osteoblasts [20]. Hypertrophic chondrocytes in
osteophytes also expressed VEGF, indicating that VEGF
plays a role in angiogenesis during osteophyte development
in OA [21]. More recently, an increase of VEGF expression
was evident on chondrocytes in osteoarthritic articular carti-
lage in experimental OA animals, suggesting that VEGF has
been implicated in the development and progression of OA
[22, 23].

Previous investigations have shown that VEGF was
present in synovial fluid of the temporomandibular joint
with internal derangement, rheumatoid arthritis and OA
[24, 25]. However, both plasma and synovial fluid VEGF
in patients with knee OA have not been investigated, and
their correlations with disease severity have never been
documented. This study is the first to demonstrate that
VEGF was detected in both plasma and synovial fluid
obtained from knee OA patients and that VEGF in both
plasma and synovial fluid were positively correlated with
the radiographic severity of knee OA.

Our study revealed a marked increase of VEGF levels in
synovial fluid of knee OA patients compared to the paired
plasma levels, suggesting that there is enhanced local VEGF
production in knee OA. In agreement with this study, the
elevated synovial fluid levels of VEGF as compared to paired
plasma samples were also found in juvenile idiopathic arthritis
[19]. The remarkable elevation of VEGF in synovial fluid
could be possibly attributed to either the release of VEGF
residing in extracellular matrix, the production of the cells in
synovial membrane and/or articular cartilage or both process-
es. The source of VEGF in the synovial fluid presumably
originated from synovial cells and chondrocytes in the local
tissues (inflamed synovium and articular cartilage) and extra-
articular tissues. The immunohistochemical study showed
VEGF expression in synovial lining cells of synovial mem-
brane and chondrocytes of articular cartilage in OA. Synovitis
and degenerative articular cartilage are likely to be facilitating
factors in the release of VEGF into the synovial fluid. Since
synovial cells and articular chondrocytes express various cy-
tokines, they are thought to be the primary source of cytokines
secreted into joint cavities.

Limitations of our study revolved around the relatively
small number of participants. Future studies conducted on a
larger scale and multi-centre research are necessary to make a
more definite conclusion. Additionally, this study was cross-
sectional in its design and, therefore, no conclusions regarding
cause and effect relationships can be drawn. Finally, synovial
fluid samples from healthy controls were not taken due to

Fig. 4 Representative
photomicrographs of synovium
and articular cartilage samples
from knee OA patients. a , b
Haematoxylin and eosin staining
in synovium and articular
cartilage, respectively. c , d VEGF
immunohistochemical staining in
synovium and articular cartilage
of knee OA patients demonstrated
the presence of VEGF expression
in synovial lining cells and
chondrocytes (arrows),
respectively (×400)
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ethical concerns. More investigations on synovial samples
from controls will be essential for a better understanding of
our findings.

In summary, our study illustrated that VEGF levels in syno-
vial fluid were substantially higher with regard to paired plasma
VEGF. Both plasma and synovial fluid VEGF levels were
positively correlated with the radiographic severity in knee
OA patients. Therefore, VEGF may serve as a promising
biochemical marker for determining the disease severity in knee
OA. Further prospective longitudinal research projects are in
progress to elucidate the exact role of VEGF in the pathogenesis
of the degenerative process of OA.Modulation of VEGFmight
be a potential target of OA therapy for the future.
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