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ABSTRACT
Objective
To determine the vascular endothelial
growth factor (VEGF) concentrations
in serum and synovial fluid (SF) from
patients with rheumatoid arthritis (RA)
and to search for relationships between
VEGF levels and clinical and laborato -
ry variables.
Methods
We measured VEGF levels using an
e n z y m e - l i n ked immunosorbent assay.
Serum samples were obtained from 99
RA pat i e n t s , 49 osteoart h ritis (OA )
p at i e n t s , and 80 normal contro l s .
Paired samples of serum and SF were
collected from 32 patients with RA and
15 with OA.
Results
The mean serum VEGF concentration
was 590.1 pg/ml for RA patients, 286.7
pg/ml for OA patients, and 265.8 pg/ml
in controls. The serum VEGF concen -
tration was significantly higher in the
RA patients than in the OA patients or
the controls (both p< 0.001). Further -
more, the VEGF levels in SF from RA
patients were significantly higher than
in SF from OA patients (p = 0 . 0 1 7 ) .
However, there was no correlation be -
tween VEGF levels in serum and SF
from the same RA patients. The serum
VEGF concentration was corre l at e d
with the ESR, serum CRP concentra -
tion, serum rheumatoid factor, number
of tender and swollen joints, Modified
Health Assessment Questionnaire, and
p atient and physician global assess -
ments of disease activity in RA patients.
Conclusion
These results suggest that VEGF level
is related to RA disease activity, sug -
gesting that VEGF may play some role
in the pathogenesis of RA.

Introduction
Angiogenesis is not only necessary for
maintaining phy s i o l ogic functions,
such as wound healing and corpus lute-
um deve l o p m e n t , but also plays an
important role in the development of
pathologic phenomena, such as tumor
growth and pannus fo rm ation in
rheumatoid arthritis (RA) (1-3). Histo-
logically, RA is characterized by syn-
ovial cell hy p e rp l a s i a , i n fi l t ration by
plasma cells, lymphocytes, and macro-

phages, and the overgrowth of a fibro-
vascular granulation tissue, known as
pannus, which proliferates like tumor
cells and destroys cartilage and bone
within the joint (4). Since angiogenesis
is necessary for the continual prolifera-
tion of synovial tissue, it is believed to
play an important role in the develop-
ment and progression of RA. When an-
giogenesis inhibitors were given to rats
with collagen-induced art h ri t i s , t h ey
prevented the development of arthritis
and signifi c a n t ly suppressed estab-
lished disease, in parallel with the
marked inhibition of pannus formation
(5,6). Currently, more than 10 different
angiogenic factors related to RA have
been reported; of these, platelet-deriv-
ed growth factor (PDGF), fi b ro bl a s t
growth factor (FGF), t ra n s fo rm i n g
growth factor- (TGF- ), and vascular
endothelial growth factor (VEGF) are
the most important (7).
Unlike the other growth factors, VEGF
selectively acts on vascular endothelial
c e l l s , causing the pro l i fe ration and
migration of endothelial cells to form
new blood vessels. In addition, it in-
duces malignant effusion in cancer
patients by increasing vascular perme-
ability (8). Hypoxia, which has been
shown to induce VEGF expression, is
p resent in rheumatoid joints. Many
mediators, including prostaglandins E1

and E2 (PGE1, PGE2), tumor necrosis
factor- (TNF- ), and interleukin 1, 6,
and 8 (IL-1,IL-6, IL-8), have also been
implicated in the induction of angio-
genesis (9-11). VEGF has been detect-
ed in synovial fluid (SF) from RA
patients and VEGF mRNA expression
is increased in synovial lining cells and
m a c ro p h ages (12, 13). Immu n o h i s t o-
chemical staining of RA synovial tis-
sues demonstrated that VEGF protein
is localized to macrophages within the
synovial lining layer, and to the endo-
thelial cells lining small blood vessels
within the pannus that are the putative
target of VEGF (14). Moreover, endo-
thelial cells near V E G F - p o s i t ive ma-
crophages expressed mRNA for both
F LT1 (VEGF-re c ep t o r-1) and FLK1
(VEGF-receptor-2). These findings im-
ply that VEGF is produced in the syno-
vial lining cells and macrophages, and
induces angi ogenesis after binding
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with its receptors in vascular endothe-
lial cells.
Although VEGF is known to play a role
in the proliferation of synovial tissue
through angiogenesis in RA, the clini-
cal significance of this cytokine has
been little studied. Therefore, we mea-
sured VEGF levels in serum and SF
from RA patients and tried to deter-
mine the clinical significance of VEGF
by examining the relationship between
VEGF levels and disease activity vari-
ables.

Materials and methods
Patients
Patients were recruited from the Center
for Rheumatic Diseases in Kangnam
St. Mary ’s Hospital. Patients we re
diagnosed with RA and osteoarthritis
(OA) according to the American Col-
lege of Rheumatology criteria (15, 16).
People who visited our hospital for reg-
ular health check-ups and showed no
abnormalities on physical examination
and laboratory tests were chosen for the
control group.
Serum samples were obtained from 99
p atients with RA (11 men and 88
women; mean age 46.6 ± 1.3 yrs, range
21-80, mean duration of disease of 9.3
± 0.8 years), 49 patients with OA (4
men and 45 women; mean age 59.6 ±
1.1 yrs, range 40-73), and 80 normal
controls. In RA, 82% of the patients
were being treated with one or more of
methotrexate, hydroxychloroquine, sul-
fasalazine, cyclosporine, and azathio-
p ri n e. Pa i red serum and SF samples
were collected simultaneously from 32
patients with RA and 16 patients with
OA to determine the relationship be-
tween the two compartments.
After obtaining blood samples from the
patients and normal controls, the blood
samples were left at room temperature
for 1 h and centri f u ge d. Sep a rat e d
serum samples were kept at -70°C until
the VEGF level was measured. SF sam-
ples were aspirated from knee joints by
arthrocentesis,and also centrifuged and
kept frozen until measured.

VEGF ELISA
The VEGF levels in serum and SF were
measured by enzyme-linked immuno-
sorbent assay (ELISA). Ninety-six-

well microtiter plates were coated with
100 l of 0.4 g/ml goat anti-human
VEGF antibody (R&D Systems, Min-
neapolis, MN) buffered with 50 mM of
sodium carbonate (pH 9.6). After incu-
bation overnight at 4°C, the plates were
blocked 1% BSA in PBS for 1 h at
room temperature. The human recom-
binant VEGF165 (R&D Systems) or test
samples were added to the wells and
then reacted with the plate for 2 h at
room temperat u re. The plates we re
incubated with 0.2 g/ml biotinylated
goat anti-human VEGF antibody (R&D
Systems) at room temperature for 2 h.
Peroxidase-labeled extravidin (Sigma,
St. Louis, M N ) , diluted 1:1000, wa s
added to react with the plates at room
temperature for 1 h. Color reaction was
induced by addition of substrate solu-
tion (TMB/H2O2) and was stopped by
addition of 1 M phosphoric acid. An
a u t o m ated micro p l ate reader (Vmax,
Molecular Devices, Palo Alto,CA) was
used to measure the OD at a wave
length of 450 nm. Between each step,
the plates were washed four times with
PBS containing 0.1% Tween 20. The
limit of sensitivity of the VEGF assay
was 14.0 pg/ml. No significant cross-
reactivity or interference was observed.

Clinical variables
When the samples were collected, each
patient provided a medical history and
underwent a physical examination and
l ab o rat o ry assessment. Clinical va ri-
ables included counts of tender and
swollen joints (out of 68 and 66 joints,
re s p e c t ive ly ) , p atient and phy s i c i a n
global assessments of disease activity
(on a visual analog scale [VAS] of 0-
100 mm), patient assessment of pain
(VAS, 0-100 mm), a Modified Health
Assessment Questionnaire (MHAQ )
s c o re (17), We s t e rgren ESR, and C-
reactive protein (CRP) and rheumatoid
factor levels.

Statistical analysis
C o m p a risons between patient gro u p s
and healthy controls were made using
the Mann-Whitney U test and Kruskal-
Wallis test. Spearm a n ’s corre l at i o n
coefficient was used to analyze the re-
l ationships between VEGF level and
clinical variables. The relationship be-

tween serum and SF VEGF levels in
RA patients was examined using the
same method. Statistical analyses were
p e r fo rmed using the SPSS softwa re
(SPSS, Chicago, IL). p < 0.05 was con-
sidered statistically significant.

Results
The mean serum VEGF levels we re
590.1 ± 51.9 pg/ml in RA pat i e n t s ,
286.7 ± 30.0 in OA patients, and 265.8
± 19.8 pg/ml in controls. A l t h o u g h
there was no difference in the serum
VEGF levels of OA patients and con-
t ro l s , the serum VEGF levels in RA
patients were significantly higher than
those in OA patients and controls (both
p < 0.001, Fig. 1). The mean SF VEGF
levels were also significantly higher in
RA patients than in OA pat i e n t s
(3,235.2 ± 451.3 vs. 1,520.0 ± 268.3
pg/ml, p = 0.017, Fig. 2).
The serum VEGF levels showed signif-
icant positive corre l ations with the
ESR, CRP, and rheumatoid factor (r =

Fig. 1 . Serum concentr ation of vascular endo-
thelial growth factor (VEGF) in healthy controls
and patients with osteoarthritis (OA) and rheu-
matoid arthritis (RA).

Fig. 2. Synovial fluid concentration of vascular
endothelial growth factor (VEGF) in pat i e n t s
with osteoarthritis (OA) and rheumatoid arthritis
(RA).
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0.278, p = 0.012; r = 0.294, p = 0.008; r
= 0.261, p = 0.02). Serum VEGF levels
also showed significant corre l at i o n s
with counts of tender and swo l l e n
joints, MHAQ, and patient and physi-
cian global assessments of disease
activity (r = 0.283,p = 0.036; r = 0.408,
p = 0.002; r = 0.330, p = 0.013; r =
0.336, p = 0.011; r = 0.358, p = 0.007,
Fig. 3). Patient assessment of pain was
not correlated with the serum VEGF
levels. In contrast to the serum VEGF,
the SF VEGF levels did not show a sig-
n i ficant corre l ation with any cl i n i c a l
variables.
VEGF levels we re determined fo r
paired serum and SF samples collected
simultaneously from 32 patients with
RA. The serum VEGF did not show a
s i g n i ficant corre l ation with the SF
VEGF (r = 0.142, p = 0.455).

Discussion
VEGF, also known as vascular perme-
ability factor and vasculotropin, is pro-
duced by cells near endothelial cells

and acts on endothelial cells via inter-
action with its re c ep t o rs (8). Fo u r
forms of VEGF (VEGF-A, B, C, and
D) exist; of these, VEGF-A is the best
studied and most potent VEGF (18-20).
VEGF-A is further divided into 4 types
( V E G F - A1 2 1 , 1 6 5 , 1 8 9 , 2 0 6) by altern at ive
splicing of mRNA. VEGF-A165 is the
most abundant factor in the majority of
cells and tissues (21). In this study, we
measured VEGF levels using ELISA to
detect VEGF-A165.
The major role of VEGF is related to
blood vessel formation. VEGF stimu-
lates endothelial proliferation and re-
duces endothelial death (22). It can sti-
mu l at e endothelial migration thro u g h
effects on mobility, proteolysis,cell ad-
hesion, and permeability. Another im-
portant role of VEGF is its ability to
i n c rease vascular perm e ab i l i t y, p o s s i-
bly via the formation of capillary fenes-
trations, the assembly of vesiculo-vac-
uolar organelles, or by opening inter-
cellular junctions or transcellular gaps
(23). These actions cause malignant ef-

fusions in cancer patients and joint
swelling in RA patients (24).
Fava et al. (12) and Koch et al. (13)
showed that there was more VEGF in
SF from RA compared with OA or
other fo rms of art h ritis and that the
main producers of this cytokine were
macrophages and synovial lining cells.
Recently, Paleolog et al. (9) reported
that serum VEGF levels were elevated
in RA patients and that treatment of RA
p atients with anti-TNF m o n o cl o n a l
antibody significantly decreased serum
VEGF. In our study, the serum and SF
VEGF concentrations were higher in
RA patients than in OA patients and
normal controls. Furthermore, in paired
samples, the VEGF concentration was
higher in SF than in serum, suggesting
that VEGF is generated in the joints.
C o m b i n e d, VEGF was increased at
both local and systemic levels in RA
patients, showing its close relationship
with the disease.
The serum VEGF concentration wa s
significantly correlated with the ESR,
C R P, r h e u m atoid fa c t o r, nu m b e rs of
tender and swollen joints, and other
clinical variables. In a study of poly-
articular juvenile RA patients, a signif-
icant corre l ation was found betwe e n
serum VEGF levels and ESR, CRP, and
the number of joints with active arthri-
tis (25). Harada et al. (26), found that
serum VEGF was correlated with CRP,
but not with ESR or rheumatoid factor.
The difference between the studies may
be related to sample size. In this study,
the serum VEGF showed the highest
correlation with the number of swollen
joints. Since VEGF causes malignant
effusion in cancer patients, the relation-
ship between VEGF and swollen joint
counts can be ex p l a i n e d. We cannot
explain the correlation between VEGF
and rheumatoid factor. In our study, a
single serum sample from each patient
was tested, not multiple samples col-
lected over time. Despite these weak-
n e s s e s , our study suggests that the
serum VEGF level indicates the disease
activity of RA.
Although SF VEGF levels were also
elevated in RA patients, they were not
correlated with ESR, CRP, the number
of tender and swollen joints or other
clinical variables. Furthermore, the SF

Fig. 3. Relationship between serum concentr ation of vascular endothelial g rowth factor (VEGF) and
ESR, CRP, tender and swollen joint counts in patients with rheumatoid arthritis (RA).

r=0.278
p=0.012

r=0.294
p=0.008
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VEGF level was not correlated with the
s i multaneous serum VEGF leve l .
Therefore, SF VEGF is constantly ele-
vated and might predict the severity of
RA. If we were to measure the radio-
graphic grade of bony erosion and this
study was performed longitudinally, we
could draw some conclusions about the
re l ationship between SF VEGF and
disease severity. Further investigation
is needed to elucidate the role of SF
VEGF.
In summary, t h e re is a corre l at i o n
between the serum VEGF level and RA
disease activ i t y. The re l at ive ease of
these assays makes measuring serum
VEGF a useful laboratory method to
assess disease activity. Whether the SF
VEGF reflects the severity of disease
requires further study.
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