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Abstract Angiogenesis plays an important role in the pro-
gression of rheumatic disease. We measured the levels of
vascular endothelial growth factor (VEGF) and hepatocyte
growth factor (HGF) in sera from patients with rheumatic
diseases and investigated whether these angiogenic factors
would be useful in the evaluation of rheumatic diseases.
Serum VEGF and HGF levels were determined using
ELISA in 128 patients with rheumatic diseases and in 11
healthy controls. Serum VEGF and HGF levels were sig-
nificantly higher in patients with rheumatic diseases com-
pared to healthy controls [VEGF, 312 = 20pg/ml versus 61
+ 8pg/ml (mean = SE), P < 0.001; HGF, 935 * 36pg/ml
versus 413 * 49pg/ml, P < 0.01]. Serum VEGF and HGF
levels were significantly elevated in patients with adult
Still’s disease (VEGF, 1021 * 258pg/ml; HGF, 1500 =
295pg/ml) and were relatively increased in patients with
active rheumatoid arthritis (RA) (VEGF, 359 = 94pg/ml)
and systemic sclerosis (SSc) (VEGF, 356 = 43 pg/ml; HGF,
1294 = 224pg/ml). HGF levels correlated with the clinical
course and disease severity in rtheumatic disease patients.
VEGF levels correlated with the presence of Raynaud’s
phenomenon (P < 0.05), interstitial lung disease (ILD)
(P < 0.05), and serum KL-6 levels (P < 0.01), whereas HGF
levels correlated with cryoglobulinemia (P < 0.05), ILD
(P < 0.05), serum C-reactive protein (CRP) (P < 0.05),
thrombomodulin (P < 0.05), and KL-6 levels (P < 0.05) in
rheumatic disease patients. VEGF levels correlated with
the skin scores and KL-6 levels in SSc patients and also
correlated with the disease activity of RA patients. These
data suggest that serum VEGF and HGF levels are related
to rheumatic disease activity and the presence of complica-
tions. Analysis of VEGF and HGF may be useful in the
clinical evaluation of rheumatic disease patients.
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Introduction

Angiogenesis is a critical component of inflammatory dis-
ease process. Vascular endothelial growth factor (VEGF) is
an angiogenic factor produced by various cells including
activated macrophages and keratinocytes and is believed
to play an important role in wound healing."? Hepatocyte
growth factor (HGF) is also a potent angiogenic factor™
and contributes to tissue regeneration in various organs.’

Recently, it has been reported that serum VEGEF levels
are significantly increased in systemic sclerosis (SSc) pa-
tients and associated with the extent of skin sclerosis and
cutaneous ulcerations.”’” It has also been noted that serum
HGF levels are elevated in response to hypertension and
reflect secondary vascular injury.® Vascular injury second-
ary to vasculitis is a critical component of rheumatic dis-
eases. Therefore, we measured the levels of serum VEGF
and HGF in patients with rheumatic diseases and investi-
gated the relationship of these angiogenic factors with both
clinical and laboratory parameters.

Patients and methods
Patients and serum samples

Serum samples were collected from 128 cases of rheumatic
diseases including active rheumatoid arthritis (RA; n = 22,
4 males and 18 females; mean age, 54 years; range, 20-71),
systemic lupus erythematosus (SLE; n = 45, 1 male and 44
females; mean age, 43 years; range, 20-65), and SSc (n = 32,
3 males and 29 females; mean age, 52 years; range, 32-69).
These patients fulfilled the American College of Rheuma-
tology criteria for RA,’ SLE," or SSc." Patients with poly-
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myositis and dermatomyositis (PM/DM, 5 males and 6
females; mean age, 43 years; range, 24-70), mixed connec-
tive tissue disease (MCTD, 11 females; mean age, 41 years;
range, 17-65), and adult Still’s disease (2 males and 5
females; mean age, 29 years; range, 16-37) satisfied the
criteria of Bohan and Peter,'” Doria et al.”” and Cush et al.,"
respectively. Control samples were obtained from healthy
blood donors (n = 11) and patients with bacterial pneumo-
nia (n = 10), osteoarthritis (OA, n = 10) and inactive RA
(n = 10). All patients gave full informed consent before
entering the study. Blood samples were stored at —70°C.
RA patients received various therapeutic agents including
nonsteroid antiinflammatory drugs, disease-modifying anti-
rheumatic drugs, or prednisolone (=10mg/day). Active RA
was indicated by the presence of tender and swollen joints
(>3 joints) and an elevated level of serum C-reactive pro-
tein (CRP, >10mg/l). Conversely, inactive RA was indi-
cated by the absence of tender and swollen joints and low
serum CRP levels (<10mg/l). Patients with SLE, MCTD,
PM/DM, and adult Still’s disease received various doses of
daily prednisolone (5-60mg/day). However, active clinical
disease was present at the time of blood collection and was
indicated by symptoms or organ involvement including
fever, arthralgia, interstitial lung diseases (ILD), liver
dysfunctions, muscle weakness, proteinuria, and renal dys-
function. In some patients with SLE, MCTD, or adult Still’s
disease, serial samples were taken during the course of clini-
cal disease. Patients with SSc received prednisolone
(=10mg/day).

VEGF and HGF ELISA

Quantitation of serum VEGF and HGF levels was per-
formed by the enzyme-linked immunosorbent assay
(ELISA) employing monoclonal antihuman VEGF and
antihuman HGF antibodies (R&D System, Minneapolis,
MN, USA). Both standards and samples were assayed in
duplicate. The detectable concentration ranges were 31.2—
2000 pg/ml and 39-8000 pg/ml for VEGF and HGF ELISA,
respectively.

Clinical and laboratory variables.

Labolatory data, obtained from medical records, included
hemoglobin (HDb), erythrocyte sedimentation rate (ESR),
serum concentrations of CRP, creatinin (CRN), ferritin,
cryoglobulin, antiphospholipid antibodies  levels,
thrombomodulin, and KL-6. The study population was
divided into two groups based upon the levels of Hb
(210g/dl, <10g/dl), serum CRN (=1.7mg/dl, <1.7mg/dl),
thrombomodulin (223.4 U/ml, <23.4U/ml), KL-6 (=500 U/
ml, <500U/ml), CRP (=1.0mg/dl, <1.0mg/dl), and ESR
(=20mm/h, <20mm/h). ILD was diagnosed on the basis of
clinical data and chest radiographs and confirmed in all
cases by computed tomography scans. Skin thickness was
quantified using the modified Rodnan skin thickness scor-
ing technique” in which skin thickness was assessed clini-
cally in 17 body surface areas on a 0-3 scale: 0 = normal,

1 = mild thickness, 2 = moderate thickness, and 3 = severe
thickness (maximum score of 51).

Statistical analysis

Group distributions were nonparametrically compared us-
ing the Student ¢ test. The association between measure-
ments was evaluated by the product moment correlation or
Pearson’s correlation coefficient. The varience equality
between measurements was confirmed using the F test.

Results

Serum VEGF and HGF levels in patients with
rheumatic diseases

Serum VEGF and HGF levels in both patients and controls
are shown in Fig. 1. The mean serum VEGF concentration
in patients with rheumatic diseases was significantly higher
than the level in controls (312 pg/ml versus 61 pg/ml, rheu-
matic disease group versus controls, P < 0.001). In addition,
the mean serum HGF concentration in patients with rheu-
matic disease was significantly higher than the level in con-
trols (935 pg/ml versus 413 pg/ml, rheumatic disease group
versus controls, P < 0.01) (Fig. 1). In the rheumatic disease
group, serum VEGF levels were higher in patients with
active RA (359 = 94pg/ml) and SSc (356 = 43pg/ml),
whereas serum HGF levels were higher in SSc patients
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Fig. 1. Serum vascular endothelial growth factor (VEGF) and hepato-
cyte growth factor (HGF) levels measured by ELISA for 128 patients
with rheumatic diseases and 11 healthy controls. Data represent mean
+ SE. *P < 0.01, ** P < 0.001
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Fig. 2. Serum VEGF and HGF levels in patients with active rheuma-
toid arthritis (RA; n = 22), systemic lupus erythematosus (SLE; n =
45), systemic sclerosus (SSc; n = 32), polymyositis/dermatomyositis
(PM/DM; n = 11), mixed connective tissue disease (MCTD; n = 11),
and adult Still’s disease (Still; n = 7). Data represent mean * SE.
*P <0.05

(1298 £ 224pg/ml). Both serum VEGF and HGF levels
were significantly higher in adult Still’s disease patients
(VEGF, 1021 = 258pg/ml; HGF, 1500 = 295 pg/ml; Fig. 2)
compared to patients with other rheumatic diseases.

Correlation with clinical and laboratory findings

We then examined the relationship between serum VEGF
or HGF levels and the clinical and laboratory findings of
patients. To examine the effect of the complications of
rheumatic diseases upon serum VEGF and HGF levels, we
divided the study population into two groups based on the
levels of Hb, serum CRN, and the presence or absence of
Raynaud’s phenomenon and ILD. Serum VEGF levels
were significantly higher in the patient groups with
Raynaud’s phenomenon, and ILD serum VEGF levels did
not correlate with the level of Hb and serum CRN. Interest-
ingly, levels of serum HGF correlated significantly with the
presence of ILD (p < 0.05) but not with Raynaud’s phe-
nomenon or levels of Hb or serum CRN (Fig. 3). We also
divided patients into two groups according to the levels
of various markers of (i) vascular injury (cryoglobulin,
thrombomodulin, antiphospholipid antibodies), (ii) ILD
and KL-6, and (iii) inflammation (CRP and ESR). Serum
HGEF levels were significantly higher in the groups with
elevated levels of cryoglobulins, CRP, thrombomodulin,
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Fig. 3. Correlation between VEGF or HGF levels and the complica-
tions of rheumatic diseases. The study population was divided into two
groups according to the levels of Hb, serum creatinin (CRN), and the
presence or absence of interstitial lung disease (/LD) or Raynaud’s
phenomenon (Raynaud). Data represent mean *= SE in each group.
*P < 0.05

and KL-6 compared to groups exhibiting low levels of these
(P < 0.05 in all cases). Serum VEGEF levels were higher in
the group exhibiting high levels of KL-6 (p < 0.01) (Fig. 4).
To examine whether serum VEGF or HGF levels are useful
markers for the evaluation of the activity of ILD or simply
reflect nonspecific pulmonary inflammation, we analyzed
serum VEGF and HGF levels in patients with bacterial
pneumonia. Serum HGF levels were elevated in patients
both with ILD and with bacterial pneumonia (1010 =
144 pg/ml versus 910 = 57 pg/ml, P = 0.47). However, serum
VEGTF levels in patients with ILD were significantly higher
than in patients with bacterial pneumonia (455 * 74 pg/ml
versus 298 = 47 pg/ml, P < 0.05).

Clinical significance of serum VEGF and HGF levels in
SSc and RA patients

Because skin sclerosis and ILD are the main features of SSc,
we examined the correlation between serum VEGF or
HGEF levels and the extent of skin sclerosis or ILD in SSc
patients. Serum VEGEF levels were significantly higher in
patients with skin score =20 than patients with skin score
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Fig. 4. Correlation between VEGF or HGF levels and the markers of
inflammation, vasculitis, and ILD. Data represent mean * SE in each
group. *P < 0.05, ** P < 0.01. APS, antiphospholipid syndrome

<20 (438 = 39pg/ml versus 269 * 35pg/ml, P < 0.05)
whereas HGF levels were comparable in both groups (1429
+ 158 pg/ml versus 1268 * 77 pg/ml, P = 0.49). Both serum
VEGF and HGF levels were significantly higher in the
group of patients exhibiting elevated levels of KL-6
(VEGF: 527 = 67pg/ml versus 245 * 45pg/ml, high KL-6
group versus low KL-6 group, P < 0.01; HGF: 2064 =
114 pg/ml versus 860 * 57 pg/ml, high KL-6 group versus
low KL-6 group, P < 0.05, respectively, Fig. SA). We then
examined the correlation between serum VEGF levels and
disease activity in patients with RA. Serum VEGF levels
were significantly higher in patients with active RA than
patients with either inactive RA (359 * 48 pg/ml versus 118
+ 27pg/ml, active disease versus inactive disease, P < 0.05)
or OA (359 = 48pg/ml versus 88 * 17pg/ml, active RA
versus OA, P < 0.05). Furthermore, within the active RA
group, serum VEGF levels were significantly higher in pa-
tients with clinical symptoms of vasculitis such as leg ulcers,
rheumatoid nodules, pleuritis, and palpable purpura (855 =
98 pg/ml versus 182 = 27 pg/ml, P < 0.05; Fig. 5B).

Correlation with disease severity during the clinical course

To further investigate the relevance of VEGF and HGF to
the rheumatic disease process, we serially monitored serum
VEGTF and HGF levels in patients with adult Still’s disease,
SLE, and MCTD. In patients with adult Still’s disease,
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Fig. 5. A Correlation between VEGF or HGF levels and skin score or
KL-6 levels in SSc patients. B Serum VEGEF levels in patients with
active RA with or without vasculitis, inactive RA, or osteoarthritis
(OA). Data represent mean = SE in each group. *P < 0.05, **P < 0.01

serum HGF levels became substantially elevated with the
development of pyrexia and arthralgia but fell following
successful treatment with corticosteroids. Furthermore, se-
rum HGF levels were closely correlated with serum ferritin
concentration throughout the observed disease course. In
contrast to serum HGF levels, serum VEGF levels did not
correlate with clinical symptoms or serum ferritin levels
(Fig. 6A). Moreover, serum HGF levels also correlated with
disease activity in patients with SLE or MCTD. Two pa-
tients with active SLE and one MCTD patient with active
clinical symptoms including pyrexia and arthralgia were
treated with prednisolone. The serum HGF levels fell in
accordance with the reduction in SLE activity (SLEDAI
score fell from 12 to 2 and 11 to 1 with treatment) or the
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Fig. 6. Correlation between VEGF or HGF levels and disease activity.
A Serum VEGF (O), HGF (@), and ferritin levels (A) in serial samples
taken during the clinical course of a patient with adult Still’s disease. B
Serum VEGF (O) and HGF (@) in serum from three patients with
rheumatic diseases (two patients with SLE and one patient with
MCTD)

resolution of active clinical symptoms of MCTD including
pyrexia and arthralgia (Fig. 6B).

Discussion

The first major finding of this study is that patients with
rheumatic disease exhibit significantly elevated serum
VEGF and HGF levels compared to control subjects.
Serum VEGF levels were higher in patients with RA or
SSc than in patients with SLE, PM/DM, or MCTD. Inter-
estingly, serum VEGF levels reflected disease activity and
the presence of vasculitis in RA patients. Similarly, serum
VEGEF levels reflected the presence of vasculitis in SLE
patients because patients exhibiting cutaneous or vascular
manifestations such as ulceration, livedo reticularis, and
urticaria had significantly higher serum VEGF levels. Previ-
ous work has suggested that VEGF may play a role in the
pathogenesis of RA. For example, synovial fluid derived
from RA patients exhibits significantly higher levels of
VEGF compared to synovial fluid from patients with other
forms of arthritis including OA.'*" In addition, VEGF is
highly expressed in the inflamed synovium where it may be
expressed by both synovial fibroblasts and activated mac-
rophages.””" Important stimuli for VEGF release include
various inflammatory mediators such as IL-1, IL-6, and
transforming growth factor-beta (TGF-$), which are in-
volved in the pathogenesis of RA."””" Furthermore, it has
been demonstrated that the interaction between CD40 on
the cell surface of synovial fibroblasts and CD40L expressed
by activated T cells may be directly involved in the
neovascularization of the rheumatoid synovitis by enhanc-
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ing VEGF production.” In support of our findings, Kikuchi
et al. reported significant elevation of serum VEGF levels in
RA patients,’ suggesting that the increased serum VEGF
levels of RA patients may reflect inflammatory processes
and neovascularization occurring with the inflamed rheu-
matoid synovium.

Hypoxia upregulates both VEGF protein and mRNA
expression in fibroblasts.” Previous reports indicated that
serum VEGF levels are significantly increased in SSc pa-
tients and are associated with the extent of skin sclerosis
and cutaneous ulcerations,”’ thereby suggesting that VEGF
may be induced as a consequence of the hypoxia resulting
from vascular injury in SSc patients. Consistent with previ-
ous findings, we found that serum VEGF levels were signifi-
cantly increased in SSc patients and correlated with the
extent of skin sclerosis. We also demonstrated that serum
VEGTF levels correlated with Raynaud’s phenomenon, indi-
cating that serum VEGF levels may be predictive of the
development of vasculitis in SSc patients. HGF levels were
also significantly increased in SSc patients and correlated
with a marker of endothelial injury (thrombomodulin).
HGF is an endothelium-specific mitogen and is the most
potent growth factor for human aortic endothelial cells.”
Nakamura et al. have reported that serum HGF levels are
significantly elevated in patients with hypertension and are
dependent upon the severity of hypertension, suggesting
that HGF may be a novel marker of hypertension severity.
They speculated that elevation in serum HGF acts to coun-
teract hypertension-mediated vascular endothelial cell in-
jury.® Because patients with SSc exhibit a variety of organ
damage secondary to the vasculitis, elevated serum HGF
levels may well reflect endothelial cell injury induced by
vasculitis.

Serum VEGF and HGF levels were both extremely el-
evated in the sera of patients with adult Still’s disease.
Marked elevation of circulating serum levels of inflamma-
tory cytokines is well documented in these patients with
cytokine levels correlating with disease severity.”* The
present study demonstrated that serum levels of angiogenic
cytokines are extremely high in patients with adult Still’s
disease, suggesting potential involvement in the pathogen-
esis of this disease. In addition, unlike VEGF, serum HGF
levels correlated with parameters of the clinical severity of
adult Still’s disease and fell following treatment with corti-
costeroids. Similarly, serum HGF levels correlated with
SLE and MCTD disease activity and with various inflamma-
tion and vasculitis markers, including CRP, thrombomo-
dulin, and cryoglobulins. Although it is currently unclear
why HGF levels but not VEGF levels correlate with disease
activity, these observations suggest that HGF may be a
useful marker of rheumatic disease activity.

Both serum VEGF and HGF levels significantly corre-
lated with ILD and its marker (KL-6). Alveolar type II
epithelial cell proliferation is believed to be critical for the
restoration of gas exchange units following diffuse alveolar
damage. KL-6 is a mucin-like glycoprotein that is strongly
expressed on alveolar type II epithelial cells” and is a useful
serum marker of ILD severity.””' Elevated serum HGF
levels have been documented in patients with lung disease,”
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and HGF is mitogenic for alveolar type II epithelial cells in
vitro and in vivo.”** VEGF is abundant in the lung, and
serum VEGF levels were also elevated in ILD patients.*”
Taken together, we suggest that both VEGF and HGF may
act as a pulmonary trophic factors during tissue regenera-
tion and remodeling following lung injury.

In conclusion, production of the angiogenic factors
VEGF and HGF was increased in patients with rheumatic
diseases with serum levels correlating with disease severity
and the presence of complications. Thus, analysis of serum
VEGF and HGF levels may be useful in the evaluation of
the rheumatic disease status of patients.
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