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ABSTRACT. Objective. We evaluated the effect of direct angiogenesis inhibition in synovium of patients with
rheumatoid arthritis (RA), using a soluble vascular endothelial growth factor receptor 1 (VEGFR1)
chimeric protein.

Methods. Dispased cells from active RA synovial tissues were cocultured on OP9 stromal cells.
Control synovial tissues were obtained from patients with injury of the anterior cruciate ligament.
Chimeric protein (30 pg/ml) of the extracellular domain of VEGFRI fused to the Fc portion of
human IgG1 (VEGFR1-Fc) was added to culture medium. After 10 days, the cells were stained with
anti-CD31 antibody and anti-Tie-2 antibody.

Results. Endothelial cells from patients with active RA had high angiogenic growth capacity
compared with controls. Proliferation of these endothelial cells was strongly suppressed by
VEGFR1-Fc. Quantitative analysis revealed that VEGFR1-Fc inhibited angiogenesis in a dose
dependent manner.

Conclusion. VEGFR1-Fc is able to suppress angiogenesis in rheumatoid synovium, suggesting that
direct inhibition of angiogenesis activity could serve as a novel therapeutic strategy to prevent
progressive synovial hyperplasia and inflammatory reactions in active RA. (J Rheumatol
2002;29:240-5)
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Rheumatoid arthritis (RA) is a chronic systemic inflamma-
tory disease of unknown etiology. RA occurs worldwide in
all ethnic groups. The characteristic feature of RA is hyper-
plasia of synovial cells with angiogenesis, although there are
a variety of systemic manifestations. The potential of the
persistent synovial inflammation to cause cartilage destruc-
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tion, bone erosion, and subsequent joint deformities is the
hallmark of the disease. No therapeutic management
method presently in use is curative. The course of RA is
quite variable, and difficult to predict in an individual
patient. Some patients experience relentless progressive
polyarthritis with marked joint destruction.

An elevated degree of capillary congestion is seen in the
proliferation of inflamed synovial tissue in active RA.
Recently, it has been reported that angiogenesis precedes all
other features in early RA, on the basis of biopsy samples
from the synovia of patients with monoarthritis who later
developed typical RA'. Therefore, increased angiogenesis in
rheumatoid synovial tissues could serve as the primary
target of therapeutic strategy.

Several angiogenic factors are likely to be important in
neovascularization. Several positive regulators of angiogen-
esis have been identified, e.g., the fibroblast growth factor
family, the transforming growth factor family, hepatocyte
growth factor, tumor necrosis factor (TNF-a), vascular
endothelial growth factor (VEGF), angiogenin, interleukin 8
(IL-8), and angiopoietins®>. Negative regulators include
thrombospondin?, the 16 kilodalton fragment of prolactin®,
the secreted protein that is acidic and rich in cysteine
(SPARC)’, angiostatin®, and endostatin’. The interplay
between positive and negative regulators of angiogenesis is
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thought to give rise to the complex patterns of vasculariza-
tion observed in different tissues and organs®.

The endothelial cell-specific mitogen VEGF is an impor-
tant mediator of physiological and pathological angiogen-
esis’. VEGF is essential for embryonic development, and
loss of even one VEGF allele results in embryonic
lethality'!". VEGF is also required for growth and survival
during early postnatal life'2. However, in the fully devel-
oped animal, VEGF is likely to be involved mainly in active
angiogenesis processes such as corpus luteum develop-
ment'2, VEGF binds to its tyrosine kinase receptors
VEGFRI1 (Flt-1) and VEGFR2 (Flk-1/KDR), both of which
are expressed on endothelial cells!®. Mice homozygous
negative for either receptor die between embryonic days 8.5
and 9.5'314, Strong experimental evidence links VEGFR2
activation to VEGF induced mitogenesis and angiogenesis®.
Recent studies have unexpectedly shown that VEGFR1 may
function in angiogenesis mainly as a ligand-binding mole-
cule, rather than as a signaling tyrosine kinase'’.

Several investigations have shown that concentration of
VEGEF in synovial fluid is significantly higher in patients
with RA than in controls, and that VEGF is strongly
expressed in rheumatoid synovial lining cells and subsyn-
ovial macrophages'®!®. Further, serum concentration of
VEGF is higher in patients with RA than in controls or
patients with other arthritides'®. Thus, there is speculation
that VEGF is involved in the development of inflammation
and tumor-like proliferation of synovial tissue, and may be
important in the disease activity of RA.

We examined inhibition of angiogenesis in patients with
RA, using a soluble VEGFRI1 chimeric protein in which the
N-terminal extracellular domain of Flt-1 has been fused to
an Fc fragment of human IgG1%. The results suggest that
suppression of angiogenesis may be beneficial in the treat-
ment of active RA. To our knowledge, this is the first study
to investigate direct blockage of VEGF activity as a means
of downregulating angiogenesis in active RA using human
tissues.

MATERIALS AND METHODS

Patients and preparation of synovial tissue. Tissue specimens were
obtained from 5 patients with RA (stage IV) who satisfied the American
Rheumatism Association 1987 diagnostic criteria®!, and who had a disease
duration of 10-25 years. For comparative analysis, tissues from 3 patients
with injury of the anterior cruciate ligament (ACL) were also obtained.
With informed consent, synovial tissue samples were obtained from
patients with active RA during total knee joint arthroplasty, and from
patients with injury of the ACL during reconstruction of ruptured ACL.

Immunohistological study. Synovial tissues were fixed in 4% paraformalde-
hyde [in phosphate buffered saline (PBS, pH 7.4)] for 4 h at 4°C, trans-
ferred to 30% sucrose-PBS and left overnight at 4°C, frozen in OCT
compound, and stored at —80°C. Frozen synovial tissue was sectioned (5
pm), air dried for 10 min, and stained with immunoperoxidase using an
avidin-biotin technique??. All subsequent incubations were performed at
room temperature in a moist chamber. Synovial tissues were pretreated
with 50 ul of 2% normal horse serum in 3% BSA/PBS for 20 min, incu-
bated with mouse anti-human CD31 (WM-59, mouse anti-human mono-

clonal; Pharmingen, San Diego, CA, USA) or control Mab, and washed in
PBS 2 times. They were incubated with a 1/500 dilution of anti-mouse
biotinylated antibody in 3% BSA/PBS, washed twice in PBS, incubated
with avidin/biotinylated horseradish peroxidase complex (Vector
Laboratories, Burlingame, CA, USA) for 30 min, and again washed in PBS
twice. They were then stained with diaminobenzidine tetrahydrochloride
substrate for 5 min, rinsed in tap water for 2 min, and mounted. The
sections were photographed under an Olympus AX70 microscope.

Production of recombinant fusion protein. As described?’, a recombinant
fusion gene containing the extracellular domain of VEGFRI1 and the Fc
portion of human IgGl was constructed. VEGFR1-Fc fusion proteins,
produced by COS7 cells transfected with the fusion gene in serum-free
conditioned medium??, were purified over protein-A columns (Affi-Gel
protein A, Bio-Rad, Hercules, CA, USA). The purity and disulfide linked
dimerization of the soluble VEGFR1 chimeric protein were assessed by
Coomassie brilliant blue staining of sodium dodecyl sulfate-polyacry-
lamide gels.

In vitro culture of endothelial cells from synovial tissues. The stromal cell
line OP9%** was maintained in o-modified minimum essential medium (ot-
MEM, Gibco BRL, Gaithersburg, MD, USA) supplemented with 20% fetal
calf serum (FCS; JRH Bioscience, Lenexa, KS, USA). Synovial tissues
were incubated with 0.01% collagenase (Sigma, St. Louis, MO, USA) in o.-
MEM for 20 min at 37°C. The dispased cells were drawn through a 23G
needle, deposited into a polystyrene tube, and centrifuged at 500 g for 10
min. Debris and aggregated cells were removed with a nylon mesh. The
cells in suspension were counted, and viability was tested according to
Trypan blue exclusion criteria. These cells (3 x 10* cells/well) were
cultured on OP9 stromal cells in RPMI-1640 (Gibco BRL) with 10% FCS
and 10 M 2ME (Sigma) at 37°C in humidified 5% CO, air, in the pres-
ence or absence of VEGFR1-Fc chimeric protein. After 10 days in culture,
endothelial cells were stained using an anti-CD31 antibody (WM-59,
mouse anti-human monoclonal), an anti-Tie-2 antibody (C9C3, mouse anti-
human monoclonal)?, and a Vector M.O.M. Immunodetection Kit (Vector
Laboratories, Burlingame, CA, USA). It has been reported that the experi-
mental agents in this study do not directly damage cells in vitro®>?’. After
CD31 immunohistochemical staining, the number of CD31 positive cells
under different culture conditions was counted per well. The average
number of 4 wells of the tissue culture from each subject was represented.
Cultures were done in replicate.

Statistical analysis. All values were expressed as the mean + standard devi-
ation. The Mann-Whitney test was used to analyze experimental data.
Results were considered significant at the p < 0.05 and p < 0.01 level.

RESULTS
Angiogenesis is involved in the proliferation of inflamma-
tory synovial tissue in patients with active RA.

The pathologic hallmark of RA is synovial membrane
proliferation and outgrowth associated with erosion of artic-
ular cartilage and subchondral bone. To study the extent of
angiogenesis in RA, synovial biopsies from 5 patients with
RA and 3 patients with injury of the ACL were examined.
Histological study on synovial tissues from patients with
active RA revealed an elevated degree of capillary conges-
tion, along with mononuclear cell infiltration and prolifera-
tion of inflamed rheumatoid synovium into the joint cavity
(Figure 1A). The synovia from patients with injury of the
ACL were not hyperplastic, and contained very few inflam-
matory cells (Figure 1B). Immunohistochemical examina-
tion of rheumatoid synovial tissue using antibodies to
CD31, which is expressed in vascular endothelial cells,
showed a large number of vascular endothelial cells that
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Figure 1. Histological sections of RA or control synovial tissues. H&E staining of synovial tissues (A, B).
Histological image of the rheumatoid synovium shows a large number of capillaries, along with extensive infil-
tration of macrophages, lymphocytes, and plasma cells (A). In control synovium, there is neither an increased
number of capillaries nor intrinsic cellular proliferation (B). CD31 immunostaining of synovium (panels C-F).
Synovium from a patient with active RA shows a large number of endothelial cells stained with antibodies
against CD31 (C). In the control synovial tissue, few endothelial cells are stained with antibodies against CD31
(D). Higher magnification of the boxed area in C is shown in E. Higher magnification of the boxed area in D is
shown in F. LC: synovial lining cells. Scale bar indicates 20 ym (A through D).

were similar in morphology to those identified by staining
with hematoxylin and eosin (Figures 1C, 1E). In the
synovial tissue of controls, there were few endothelial cells
that bound antibodies against CD31 (Figures 1D, 1F). Taken
together, these findings suggest that angiogenesis in the
synovial tissues plays an important role in the pathogenesis
of active RA. They also suggest that therapeutic direct
suppression of angiogenesis could be effective in treatment
of active RA.

VEGFR1-Fc chimeric protein inhibits proliferation of
endothelial cells from synovial tissues of active RA.

Although several angiogenic factors are critical for active
RA, these molecular mechanisms have not been clarified.
Among the involved positive regulators of angiogenesis,
VEGEF is likely to play a pivotal role in active RA. To
examine the proliferation capacity of endothelial cells of
rheumatoid synovium, we cocultured dispased cells (3 x 10*
cells/well) from synovial tissues of RA on OP9 stromal
cells, which can support endothelial proliferation®’. After 10
days of culture, the proliferation of endothelial cells was
examined by immunohistochemical analysis using anti-
bodies against CD31 and Tie-2, which are known to be
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Figure 2. To examine the role of VEGF in endothelial cells, we cocultured dispased cells (3 x 10* cells/well)
from RA synovial tissues on OP9 stromal cells. Culture conditions are described in Materials and Methods.
Proliferated endothelial cells (on OP9 stromal cells) stained with the anti-CD31 antibody after 10 days of cocul-
turing (A). These cells were stained with the anti-Tie-2 antibody (B). A chimeric protein (30 pg/ml) in which the
extracellular domain of VEGFRI1 is fused to the Fc of human IgG (VEGFR1-Fc) was added to cultures. After 10
days, these cells were stained with the anti-CD31 antibody. Proliferation of endothelial cells was strongly
suppressed by VEGFR1-Fc (C). The number of CD31 positive cells in control synovial tissues was less than the
number in RA tissues (D). Scale bar indicates | mm (A-D). E: Proliferation of endothelial cells from synovial
tissues at different concentrations of VEGFR1-Fc (0, 30, and 100 xg/ml). Results represent 5 RA and 3 control
samples. Each column represents the mean number of endothelial cells. Error bars indicate SD. *p < 0.05, versus
endothelial cells from control synovium. **p < 0.01, versus endothelial cells from RA synovium incubated in
the absence of VEGFR1-Fc.

specifically expressed in vascular endothelial cells. (Figures 2A, 2B). In RA synovium, the number of CD31
Proliferated endothelial cells (on OP9 stromal cells) were positive cells in culture was 256.8 + 22.3, compared to a
stained with anti-CD31 antibody and anti-Tie-2 antibody mean 12.9 + 1.7 (p < 0.05) for endothelial cells from control
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synovium (Figure 2D). These results suggest that the
endothelial cells from active RA have high angiogenic
growth capacity, compared with control donors. To assay
whether the function of VEGEF is critical to the development
of RA, we prepared a chimeric protein in which the extra-
cellular domain of VEGFRI, which contains the ligand
binding site, is fused to human IgG-Fc (VEGFR1-Fc). The
soluble chimeric protein functions as a competitor of
VEGFR1, preventing VEGF from binding to this receptor?.
We cultured dispased cells from rheumatoid synovial tissues
on OP9 stromal cells at 37°C with or without VEGFR1-Fc.
In the presence of 30 ug/ml VEGFRI1-Fc, the number of
CD31 positive cells in RA synovium was 12.2 + 4.7, a
decrease of 95.2% from a mean value of 256.8 + 22.3 for
endothelial cells from RA synovial tissues incubated in the
absence of VEGFR1-Fc (p < 0.01) (Figures 2C, 2E). In the
presence of 100 pg/ml VEGFR1-Fc, the number of CD31
positive cells was 2.2 £0.7, a2 99.1% decrease from the mean
for untreated tissues (p < 0.01) (Figure 2E). These results
show that VEGFR1-Fc drastically inhibits the angiogenic
growth capacity of endothelial cells of RA tissues in a dose
dependent manner.

DISCUSSION

RA is a chronic inflammatory disorder of unknown cause,
typified by invasive synovial proliferation leading to
progressive destruction of joints. Proliferating inflammatory
synovial tissue (pannus) becomes villous and is vascularized
by a great many capillaries (Figure 1). The pannus leads
subsequently to destruction of adjacent cartilage and bone,
and may result in the joint deformities and dysfunction seen
clinically. Angiogenesis (the sprouting of new blood vessels
from existing vessels) is one of the earliest histopathologic
findings in RA and appears to be required for pannus devel-
opment?#32, Moreover, it has recently been reported that
angiogenesis precedes all other features in early RA, on the
basis of biopsy samples from the synovia of patients with
monoarthritis who later developed typical RA!. We showed
that the endothelial cells in synovia from patients with
active RA have higher angiogenic growth capacity than
those obtained from control donors (Figure 2). This finding
suggests that increased angiogenesis in rheumatoid
synovium could serve as the primary target of effective
therapy.

Among the implicated positive regulators of angiogen-
esis, VEGF is a critical mediator of normal and abnormal
angiogenesis®. In many tumors, VEGF expression is upreg-
ulated, and this stimulates tumor angiogenesis and subse-
quent tumor growth and metastasis®>. Elevated serum levels
of VEGF have been reported in patients with a variety of
tumor types®*. Moreover, monoclonal antibodies to VEGF
have been shown to suppress tumor growth in a human-
xenograft murine model®. These antibodies are presently
under evaluation, in clinical trials, for the treatment of

human cancers. In RA, VEGF is strongly expressed in the
rheumatoid synovial lining cells and subsynovial
macrophages, and concentration of VEGF in synovial fluid
is significantly higher in patients than in controls'®-!8,
Investigations have revealed that inhibition of angiogenesis
with some agents [including AGM-14703¢, Mab to TNF-o*’,
thalidomide®®, ovB3 antagonist®, and several disease modi-
fying antirheumatic drugs (DMARD)*-#] results in amelio-
ration of disease symptoms that is associated with
improvements in clinical and laboratory disease activity
measures. However, the role of these agents in the regula-
tion of VEGF release has not been fully elucidated, although
AGM-1470*, Mab to TNF-a*°, and bucillamine*® have been
shown to suppress VEGF levels. It thus seems likely that
therapeutic direct suppression of the bioactivity of VEGF
could be particularly effective in the treatment of active RA.

We showed that a soluble VEGFRI1 chimeric protein can
suppress angiogenesis in rheumatoid synovium. Addition of
30 ug/ml VEGFR1-Fc to RA cultures strongly suppressed
proliferation of endothelial cells, compared to culturing in
the absence of the chimeric protein (Figures 2A, 2B, 2C).
This soluble receptor acts by sequestering VEGF and
preventing access to its receptors?®. Moreover, quantitative
analysis revealed that VEGFR 1-Fc inhibited angiogenesis in
a dose dependent manner (Figure 2E). These results indicate
that VEGFR1-Fc drastically inhibits the angiogenic growth
capacity of endothelial cells of RA tissues, suggesting that
direct inhibition of angiogenesis activity could serve as a
novel therapeutic strategy to prevent progressive synovial
hyperplasia and inflammatory reactions in active RA.

Nevertheless, anti-VEGF therapy might have undesirable
side effects; for example, abnormal organic and functional
growth in children. VEGF also has other important physio-
logical functions, in female reproduction, wound healing,
and other processes®. Thus, there may be certain populations
for whom anti-VEGF therapy is not advisable. Finally, we
hope these findings will prompt researchers to investigate
drug effects, side effects, and dosage schedules of VEGFR1-
Fc in treatment of RA in clinical studies.

ACKNOWLEDGMENT

The authors thank Dr. Kimi Araki for her invaluable advice on this study,
Norio Sonoda, MD, and Takero Sakamoto, MD, for providing tissue spec-
imens, lkuyo Kawasaki for advice on immunohistological study, and
Hiromitsu Noguchi, MD, for advice on statistical analyses.

REFERENCES

1. Hirohata S, Sakakibara J. Angiogenesis as a possible elusive
triggering factor in rheumatoid arthritis. Lancet 1999;353:1331.

2. Carmeliet P, Collen D. Vascular development and disorders:
Molecular analysis and pathogenic insights. Kidney Int
1998;53:1519-49.

3. Good D, Polverini P, Rastinejad F, et al. A tumor suppressor-
dependent inhibitor of angiogenesis is immunologically and
functionally indistinguishable from a fragment of thrombospondin.
Proc Natl Acad Sci USA 1990;87:6624-8.

—

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2002. All rights reserved.

|—

244

The Journal of Rheumatology 2002; 29:2

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

®

10.

12.

13.
14.
15.

16.

17.
18.
19.
20.
21.

22.

23.
24.

25.

—

Clapp C, Martial JA, Guzman RC, Rentier-Delrue F, Weiner RI. The
16-kilodalton N-terminal fragment of human prolactin is a potent
inhibitor of angiogenesis. Endocrinology 1993;133:1292-9.

Sage EH, Bassuk JA, Vost JC, Folkman MJ, Lane TF. Inhibition of
endothelial cell proliferation by SPARC is mediated through a Ca
(2+)-binding EF-hand sequence. J Cell Biochem 1995;57:127-40.
O’Reilly MS, Holmgren L, Shing Y, et al. Angiostatin: a novel
angiogenesis inhibitor that mediates the supression of metastases by
a Lewis lung carcinoma. Cell 1994;79:315-28.

O’Reilly MO, Boehm T, Shing Y, et al. Endostatin: An endogenous
inhibitor of angiogenesis and tumor growth. Cell 1997;88:277-85.
Risau W. Mechanisms of angiogenesis. Nature 1997;386:671-4.
Ferrara N, Davis-Smyth T. The biology of vascular endothelial
growth factor. Endocrinol Rev 1997;18:4-25.

Ferrara N, Carver-Moore K, Chen H, et al. Heterozygous embryonic
lethality induced by targeted inactivation of the VEGF gene. Nature
1996:380:439-42.

. Carmeliet P, Ferrara V, Breier G, et al. Abnormal blood vessel

development and lethality in embryos lacking a single VEGF allele.
Nature 1996;380:435-9.

Gerber HP, Hillan KJ, Ryan AM, et al. VEGF is required for growth
and survival in neonatal mice. Development 1999;126:1149-59.
Fong GH, Rossant J, Gertsensten M, Breitman ML. Role of the Flt-
1 receptor tyrosine kinase in regulating the assembly of vascular
endothelium. Nature 1995;376:66-70.

Shalaby F, Rossant J, Yamaguchi TP, et al. Failure of blood-island
formation and vasculogenesis in Flk-1 deficient mice. Nature
1995;376:62-6.

Hiratsuka S, Minowa O, Kuno J, Noda T, Shibuya M. Flt-1 lacking
the tyrosine kinase domain is sufficient for normal development and
angiogenesis in mice. Proc Natl Acad Sci USA 1998;95:9349-54.
Fava RA, Olsen NJ, Spencer-Green G, et al. Vascular permeability
factor/endothelial growth factor (VPF/VEGF): Accumulation and
expression in human synovial fluids and rheumatoid synovial tissue.
J Exp Med 1994;180:341-6.

Koch AE, Harlow LA, Haines GK, et al. Vascular endothelial
growth factor, a cytokine modulating endothelial function in
rheumatoid arthritis. J Immunol 1994;152:4149-56.

Nagashima M, Yoshino S, Ishiwata T, Asano G. Role of vascular
endothelial growth factor in angiogenesis of rheumatoid arthritis.

J Rheumatol 1995;22:1624-30.

Harada M, Mitsuyama K, Yoshida H, et al. Vascular endothelial
growth factor in patients with rheumatoid arthritis. Scand J
Rheumatol 1998;27:377-80.

Hirashima M, Kataoka H, Nishikawa S, Matsuyoshi N, Nishikawa
S. Maturation of embryonic stem cells into endothelial cells in an in
vitro model of vasculogenesis. Blood 1999;93:1253-63.

Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase
complex (ABC) in immunoperoxidase techniques: a comparison
between ABC with unlabeled antibody (PAP) procedures.

J Histochem Cytochem 1981;29:577-80.

Yano M, Iwama A, Nishio H, Suda J, Takada G, Suda T. Expression
and function of murine receptor tyrosine kinases, TIE and TEK, in
hematopoietic stem cells. Blood 1997;89:4317-26.

Nakano T, Kodama H, Honjo T. Generation of lymphohematopoietic
cells from embryonic stem cells in culture. Science 1994;
265:1098-101.

Sato A, Iwama A, Takakura N, Nishio H, Yancopoulos GD, Suda T.
Characterization of TEK receptor tyrosine kinase and its ligands,
angiopoietins, in human hematopoietic progenitor cells. Int
Immunol 1998;10:1217-27.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Hamada K, Oike Y, Takakura N, et al. VEGF-C signaling pathways
through VEGFR-2 and VEGFR-3 in vasculoangiogenesis and
hematopoiesis. Blood 2000;96:3793-800.

Takakura N, Huang XL, Naruse T, et al. Critical role of the TIE-2
endothelial cell receptor in the development of definitive
hematopoiesis. Immunity 1998;9:677-86.

Kimball ES, Gross JL. Angiogenesis in pannus formation. Agents
Actions 1991;34:329-31.

Colville-Nash PR, Scott DL. Angiogenesis and rheumatoid arthritis:
pathogenic and therapeutic implications. Ann Rheum Dis
1992;51:919-25.

Koch AE. Review: Angiogenesis: implications for rheumatoid
arthritis. Arthritis Rheum 1998;41:951-62.

Firestein GS. Starving the synovium: angiogenesis and
inflammation in rheumatoid arthritis. J Clin Invest 1999;103:3-4.
Koch AE. The role of angiogenesis in rheumatoid arthritis: recent
developments. Ann Rheum Dis 2000;59:65-71.

Dvorak HF, Nagy JA, Dvorak AM. Distribution of vascular
permeability factor (vascular endothelial growth factor) in tumors:
concentration in tumor blood vessels. J Exp Med 1991;174:1275-8.
Kondo S, Asano M, Matuo K, Ohmori 1, Suzuki H. Vascular
endothelial growth factor/vascular permeability factor is detectable
in the sera of tumor-bearing mice and cancer patients. Biochim
Biophys Acta 1994;1221:211-4.

Kim KJ, Li B, Winer J, et al. Inhibition of vascular endothelial
growth factor-induced angiogenesis suppresses tumor growth in
vivo. Nature 1993;362:841-4.

Peacock DJ, Banquerigo ML, Brahn E. Angiogenesis inhibition
suppresses collagen arthritis. J Exp Med 1992;175:1135-8.

Elliott MJ, Maini RN, Feldmann M, et al. Randomised double-blind
comparison of chimeric monoclonal antibody to tumor necrosis
factor o (cA2) versus placebo in rheumatoid arthritis. Lancet
1994;344:1105-10.

Oliver SJ, Cheng TP, Banquerigo ML, Brahn E. The effect of
thalidomide and 2 analogs on collagen induced arthritis.

J Rheumatol 1998;25:964-9.

Storgard CM, Stupack DG, Jonczyk A, Goodman SL, Fox RI,
Cheresh DA. Decreased angiogenesis and arthritic disease in rabbits
treated with an av33 antagonist. J Clin Invest 1999;103:47-54.
Matsubara T, Ziff M. Inhibition of human endothelial cell
proliferation by gold compounds. J Clin Invest 1987;79:1440-6.
Matsubara T, Saura R, Hirohata K, Ziff M. Inhibition of human
endothelial cell proliferation in vitro and neovascularization in vivo
by D-penicillamine. J Clin Invest 1989;83:158-67.

Hirata S, Matsubara T, Saura R, Tateishi H, Hirohata K. Inhibition
of in vitro vascular endothelial cell proliferation and in vivo
neovascularization by low dose methotrexate. Arthritis Rheum
1989;32:1065-73.

Kouda M, Yoshino S, Nakamura H, Asano G. Effects of disease
modifying antirheumatic drugs and DEX on IL-18 and IL-6
production by IL-18-stimulated synovial culture cells. J Nippon
Med Sci 1996;63:1-5.

Oliver SJ, Cheng TP, Banquerigo ML, Brahn E. Suppression of
collagen-induced arthritis by an angiogenesis inhibitor, AGM-1470,
in combination with cyclosporin: reduction of vascular endothelial
growth factor. Cell Immunol 1995;166:196-206.

Paleolog EM, Young S, Stark AC, McCloskey RV, Feldmann M,
Maini RN. Modulation of angiogenic vascular endothelial growth
factor by tumor necrosis factor o and interleukin-1 in rheumatoid
arthritis. Arthritis Rheum 1998;41:1258-65.

Nagashima M, Yoshino S, Aono H, Takai M, Sasano M. Inhibitory
effects of anti-rheumatic drugs on vascular endothelial growth
factor in cultured rheumatoid synovial cells. Clin Exp Immunol
1999:116:360-5.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2002. All rights reserved.

|—

Sekimoto, et al: Angiogenesis in RA

245

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

