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Objectives: To examine the potential role of the angiogenic growth factor angiopoietin-1 (Ang-1) in
inflammatory arthritis.
Methods: Eighteen synovial tissue samples were obtained from 17 patients with a clinical diagnosis of
rheumatoid arthritis (RA) and compared with six synovial tissue samples from six patients with
osteoarthritis (OA). Ang-1 expression in synovial tissues was determined by immunohistochemistry and
in situ hybridisation. Ang-1 mRNA and protein expression were also examined by northern blot analy-
sis and enzyme linked immunosorbent assay (ELISA) in cultured synovial fibroblasts and human umbili-
cal vein endothelial cells (HUVECs) before and after treatment with tumour necrosis factor (TNF)α.
Results: Ang-1 protein expression was detected by immunohistochemistry in 16/18 RA synovial tissue
samples. Ang-1 protein was frequently observed in the synovial lining layer and in cells within the sub-
lining synovial tissue, in both perivascular areas and in areas remote from vessels. In contrast, Ang-1
was only weakly detected in these sites in OA samples. Ang-1 mRNA and protein were also expressed
in cultured synovial fibroblasts derived from patients with RA. In addition, induction of Ang-1 mRNA
and protein was observed by northern blot analysis and ELISA after stimulation of RA synovial
fibroblasts, but not HUVECs, with the proinflammatory cytokine TNFα.
Conclusions: Ang-1 mRNA and protein are expressed in the synovium of patients with RA, and are up
regulated in synovial fibroblasts by TNFα. Ang-1 may therefore be an important regulator of angiogen-
esis in inflammatory arthritis.

Angiogenesis has been shown to have an important role
in tissue repair and in promoting the growth of new tis-
sue in a number of inflammatory disorders such as pso-

riasis, rheumatoid arthritis (RA) and wound healing.1–3 The
process of angiogenesis is a highly orchestrated series of
events that eventually leads to the formation of new blood
vessels. One of the first steps in this process is the induction of
angiogenic growth factors such as basic fibroblast growth fac-
tor (bFGF) and vascular endothelial growth factor (VEGF).
These growth factors promote the proliferation and migration
of endothelial cells to sites of inflammation, a process that is
facilitated by the expression of matrix degrading enzymes and
integrins by activated endothelial cells. Endothelial cells that
have migrated to sites of inflammation then organise into
small tubes. The formation of stable blood vessels requires the
recruitment of surrounding mesenchymal cells and their dif-
ferentiation into vascular smooth muscle cells. Vessel matura-
tion is facilitated by the recently identified angiopoietins.
Angiopoietin-1 (Ang-1) has the unique property of enhancing
the stability of new blood vessels by recruiting surrounding
mesenchymal cells and promoting their differentiation into
vascular smooth muscle cells.4 Ang-2 has been identified as a
natural antagonist of Ang-1 and can inhibit angiogenesis.5

Thus, angiogenesis requires not only the active proliferation
and migration of new endothelial cells to sites of inflamma-
tion but also the stabilisation of the vessel wall through the
coordinated actions of the angiopoietins.

RA is a chronic systemic inflammatory disease character-
ised by progressive joint destruction. A major pathological
feature of RA is inflammation of synovial tissues, accompa-
nied by synovial proliferation and the formation of “pannus”.
Several studies have demonstrated marked neovascularisation
within the inflamed synovium of patients with RA.6 7

Angiogenesis occurs early in the development of RA and the
increase in vessel numbers is greatest near the synovial lining
layer. In one study, synovial tissue samples were obtained from
patients with a recent diagnosis of arthritis but whose disease
was quiescent at the time of the biopsy.7 Most of the patients
with RA had histological evidence of synovitis with synovial
lining cell hyperplasia and lymphocyte infiltration. All these
patients had increased synovial vascularity compared with
patients without evidence of synovitis. Morphometric analysis
of blood vessels in early RA showed an increase in the number
of postcapillary venules.6 Examination of the synovial
vasculature has also been performed in patients with chronic
RA.8 The mean duration of the disease in these patients was 15
years. These patients exhibited a diminished capillary density
within the synovium compared with normal controls. This
suggests either that the treatment that these patients received
resulted in a decrease in vascular density or that there was a
natural regression in the number of blood vessels at later
stages of the disease.

Angiogenesis has also been seen in animal models of RA,
such as the collagen induced arthritis (CIA) and adjuvant
induced arthritis models.9 10 The development of new blood
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vessels presumably promotes the growth of synovial tissue by

increasing the supply of oxygen and nutrients to proliferating

cells.11 In addition to their role in providing blood supply to the

inflamed synovium in arthritis, the endothelial cells derived

from new blood vessels actively participate in the inflamma-

tory response by recruiting lymphocytes, macrophages, and

other inflammatory cells, and by producing cytokines and

angiogenic factors.2

Several angiogenic growth factors are expressed within the

rheumatoid synovium, including VEGF, bFGF, hepatocyte

growth factor, and transforming growth factor β.12–17 Stimuli

for the local release of angiogenic substances such as VEGF

and bFGF include hypoxia and the proinflammatory cytokines

tumour necrosis factor (TNF)α and interleukin (IL)1β.2 11

These angiogenic factors act to promote the proliferation and

migration of endothelial cells. Because Ang-1 is a critical

mediator of the later stages of blood vessel development and

vessel maturation, we would expect that expression of Ang-1

might also be required for the angiogenic response associated

with inflammatory diseases such as RA. The specific goal of

this study was to examine the potential role of Ang-1 as a

mediator of the angiogenesis associated with RA.

METHODS
Tissue culture and reagents
Synovial tissue and bone were obtained at the time of arthro-

plasty or joint replacement surgery from patients with the

clinical diagnosis of RA or osteoarthritis (OA). Tissue procure-

ment was approved by the Institutional Review Board.

Dispersed synovial tissues were prepared by a previously pub-

lished method.18 Briefly, synovial tissues were minced on

tissue culture plates and treated with type I collagenase (4

mg/ml; Worthington Biochemical Corporation, Lakewood, NJ)

in Dulbecco’s modified Eagle’s medium (DMEM, Gibco BRL),

incubated for one hour at 37°C, treated with 0.25% trypsin for

30 minutes, harvested, and centrifuged at 1000 rpm for 10

minutes. Pellets were suspended in 0.05% trypsin-0.02%

EDTA, centrifuged, and resuspended in 50% phosphate

buffered saline (PBS, Ca2+/Mg2+ free), 50% DMEM containing

10% fetal calf serum (FCS; Sigma, St Louis, MO). Cells were

then centrifuged and suspended in DMEM, 10% FCS, and

plated at a density of 10×106 cells/10 cm plate. Cells were ini-

tially grown for 7–10 days and subsequently subjected to two

to four passages. Primary human umbilical vein endothelial

cells (HUVECs) were purchased from Cambrex Biosciences

(Walkersville, MD) and cultured as recommended. TNFα and

IL1β were purchased from NIBSC (United Kingdom) and

from Research Diagnostics Inc (Flanders, NJ).

RNA and northern blot analysis
Northern blots were generated with RNA derived from

cultured synovial fibroblasts of three patients with RA and

from cultured HUVECs. Total RNA was extracted from the

cells using the Trizol reagent (Gibco BRL) according to the

manufacturer’s protocol. Total RNA (10 µg) was loaded in

each lane on a formaldehyde denaturing gel, and RNA was

transferred to MagnaCharge membrane (Osmonics, Minne-

tonka, MN) by capillary transfer. Probes for northern blot

analysis and in situ hybridisation were as follows: a 560 bp

Ang-1-specific cDNA fragment was isolated by reverse

transcriptase-polymerase chain reaction (RT-PCR) from

human placental RNA (BD Biosciences Clontech, Palo

Alto, CA) and subcloned into the pCRII vector (Invitrogen) for

the preparation of riboprobes for in situ hybridisation. Ang-1-

specific primers used to generate this fragment were

5′-AGAACTAGTTTTAGAGGTCAGAAG-3′ and 5′-CAGCAG

CTGTATCTCAAGTCG-3′. A 582 bp Ang-2-specific cDNA

fragment was similarly isolated from human placenta using

the following primers: 5′-AGAGAGGAACAAAGGACCGTG-3′
and 5′-TCAAGCTTCATTAGCCACTGAG-3′. The entire sequence

of each subcloned fragment was verified by DNA sequencing

using the Applied Biosciences 377 DNA sequencer. The cDNA

inserts were isolated by appropriate enzymatic digestion and

labelled with α-32P-CTP (New England Nuclear, Boston, MA)

using a Ready-to-Go cDNA labelling kit (Pharmacia, Piscata-

way, NJ) for probes in northern blot analysis. Blots were

hybridised in Ultrahyb (Ambion, Austin, TX).

Immunohistochemistry
RA synovial soft tissue and bone were fixed for 24–48 hours in

4% paraformaldehyde and specimens containing bone were

subsequently decalcified for at least two weeks in 14% EDTA.

Specimens were processed for paraffin embedding (Citadel

1000, Shandon, Pittsburgh, USA) and 4 or 5 µm serial sections

were cut for immunohistochemical staining using an

immunoperoxidase technique with diaminobenzidine (DAB,

Dako, Carpinteria, CA) as the chromogen. Briefly, sections

were deparaffinised followed by microwave antigen retrieval

(GE Sensor convection microwave oven), in 10 mM EDTA pH

7.5 at 93°C for 10 minutes and allowed to cool for at least two

hours. Sections were washed in Tris buffered saline (TBS) and

incubated for 60 minutes in serum block (10% FCS and 10%

normal swine serum or 10% normal rabbit serum diluted in

TBS). Sections were then incubated with an affinity purified

rabbit polyclonal antihuman Ang-1 antibody (L41309M,

Regeneron Pharmaceuticals Inc, Tarrytown, NY), mouse anti-

human CD68 antibody (PM-G1, Dako), or with the appropri-

ate isotype matched control antibody (polyclonal rabbit IgG,

Santa Cruz Biotechnology Inc, Santa Cruz, CA, or mouse

IgG3κ, BD Pharmingen, San Diego, CA) for 60 minutes. All

incubations were carried out at room temperature. Sections

were washed between every subsequent step with TBS.

Endogenous peroxidase activity was blocked by incubating

the sections in 3% H2O2 (diluted in TBS) for 30 minutes. Sec-

tions were subsequently incubated for 30 minutes with a

biotinylated F(ab′)2 fragment of swine antirabbit or rabbit

antimouse immunoglobulin (Dako), followed by horseradish

peroxidase (HRP) conjugated streptavidin (Dako), and devel-

oped with DAB (Dako) chromogen to the manufacturer’s

specifications. The sections were counterstained with haema-

toxylin (Sigma Diagnostics, St Louis, USA). Slides were exam-

ined and photographed using a transmitted light microscope

and camera (Nikon, Tokyo, Japan).

In situ hybridisation
Fixed and decalcified tissues, in cases where bone was present,

were processed for paraffin embedding. Paraffin sections (5 µm)

were placed on poly-L-lysine coated slides, dried overnight, and

used immediately or stored at 4°C. Preparation of probes, prehy-

bridisation, and hybridisation were performed according to a

modification of previously published methods.19 In brief, slides

were deparaffinised in xylenes and rehydrated through graded

ethanol solutions. Prehybridisation included digestion with

proteinase K (20 µg/ml) in PBS (eight minutes at 37°C),

followed by fixation in 4% paraformaldehyde (10 minutes) and

acetylation in 0.25% acetic anhydride in 100 mM triethanol-

amine. Hybridisation was performed overnight at 45–50°C. The

hybridisation solution contained 50% formamide, 0.3 M NaCl,

20 mM Tris-HCl (pH 7.5), 5 mM EDTA, 10 mM NaH2PO4 (pH

8.0), 10% dextran sulphate, 1×Denhardt’s solution, 0.5 mg/ml

total yeast RNA, and 0.1 M dithiothreitol. The pCRII vectors

containing the subcloned Ang-1 and Ang-2 cDNA fragments

were used to generate riboprobes for in situ hybridisation. A 33P

radiolabelled probe was added (5×104 cpm/µl) in a volume of 40

µl/slide. Washes were in graded saline-sodium citrate solutions

and included treatment with RNase A (Pharmacia Biotech,

Piscataway, NJ) at 37°C for 1.5–2 hours. Air dried slides were

dipped in Kodak NTB-2 emulsion (Eastman Kodak, Rochester,

NY), drained, air dried for one hour, and placed in a light-proof

container with desiccant at 4°C for 7–10 weeks. Slides were
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Figure 1 Immunohistochemical staining of Ang-1 in RA and OA synovial
tissue. (A) Ang-1 protein is demonstrated in RA synovial tissue in cells in the
synovial lining layer, in some endothelial cells, and in cells within subsynovial
tissue. (B) Isotype matched control antibody staining, serial section. (C) Cells in
perivascular areas of RA synovial tissue expressing Ang-1 protein. (D) Cells in
RA subsynovial tissues expressing Ang-1 protein. (E and F) Weak Ang-1
expression was seen in OA synovial tissue samples in the lining layer, and
occasionally in cells within subsynovial tissues. (G and H) Serial sections of RA
synovial tissue stained for CD68 (G) and Ang-1 (H). (I) Isotype matched control
antibody staining for CD68 in a serial section (magnification ×150). Original
magnification in (A)-(F) is ×50 and in (G) and H ×150.
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developed in Kodak D-19 developer, fixed in Kodak fixer, and

counterstained with haematoxylin and eosin.

Enzyme linked immunosorbent assay (ELISA)
ELISA studies were performed at Regeneron Pharmaceuticals

Inc. Ang-1 and Ang-2 protein concentrations in culture media

derived from cultured RA synovial fibroblasts from two

patients and synovial fibroblast cell extracts from one patient

were measured by ELISA using recombinant Tie2 to capture,

and an N-terminal antibody against Ang-1 or Ang-2 to report.

Briefly, CHO-derived rat Tie2 ectodomain coupled to human

Fc (Tie2Fc, 3 µg/ml) was coated on 96 well Immobilin plates.

Figure 2 In situ hybridisation for Ang-1 and Ang-2 in rheumatoid synovium. Ang-1 in situ hybridisation in synovial tissue samples from
patients with RA using the Ang-1 antisense (A, C–F) and sense (B) probes, demonstrating representative areas of mRNA expression for Ang-1.
Probe hybridisation is noted in isolated cells within the subsynovial tissues (A), and within cells in the wall of a subsynovial arteriole (C, arrow),
shown at higher magnification (D). (E and F) Low and high power views of Ang-1 hybridisation within cells of the synovial lining layer seen in
two samples. In situ hybridisation using the Ang-2 antisense probe demonstrating probe hybridisation within a subsynovial vessel at low (G,
arrow) and high power magnification (H). Original magnification in (A), (B), and (E-G) is ×50 and in (C), (D), and (H) ×150.
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The plates were washed and blocked with 0.2% I-block

(Tropix, Foster City, CA) and 0.1% Tween 20. Serial dilutions of

culture media or cell extracts were added to the wells for two

hours at room temperature, alongside a standard curve of

known amounts of Ang-1 in 6.6% bovine serum albumin

buffer. Ang-1 or Ang-2 concentrations were then reported by

adding a rabbit polyclonal antibody raised against the

N-terminus of either Ang-1 or Ang-2 (225 and 270 ng/ml,

respectively) for one hour at room temperature. All experi-

ments were performed in triplicate. Bound antibody was visu-

alised using goat antirabbit IgG linked to HRP (100 ng/ml,

Vector Laboratories Inc, Burlingame, CA) for one hour

followed by tetramethylbenzidine substrate (Vector). Sub-

strate was developed for 30 minutes, stopped with 2 N

sulphuric acid and read at 450–570 nm in a spectrophotometer

(Molecular Devices, Cupertino, CA).

RESULTS
Expression of Ang-1 protein in synovial tissues from
patients with RA and OA
The role of the angiopoietins in promoting angiogenesis in RA

has not been studied extensively. Unlike the other angiogenic

substances detected thus far in RA, the angiopoietins are

critical mediators of the later stages of blood vessel

development. We therefore speculated that they might also be

necessary for the angiogenic response in RA. To examine this

possibility, synovial tissues were obtained from patients with a

clinical diagnosis of RA or OA. Eighteen RA synovial tissue

samples from 17 patients who were undergoing arthroplasty

or joint replacement surgery were examined for Ang-1 protein

expression by immunohistochemistry. Ang-1 protein expres-

sion was detected in 16/18 samples. Ang-1 protein was

frequently observed in the synovial lining layer and in the

sublining synovial tissue in cells located in perivascular areas,

in areas remote from vessels, and occasionally in endothelial

cells (figs 1A, C, and D). Positive staining was determined by

comparison with a serial section incubated with an isotype

matched control antibody (fig 1B). Staining of serial sections

with anti-CD68 (fig 1G) and anti-Ang-1 (fig 1H) antibodies

showed that both macrophage-like and fibroblast-like syno-

vial lining layer cells expressed Ang-1 protein. Specificity of

CD68 staining was determined by comparison with isotype

matched control antibody staining in a serial section (fig 1I).

Ang-1 protein expression was also demonstrated in the six OA

samples studied. However, the number of cells expressing

Ang-1 in these samples was generally lower than that seen in

RA, and when compared in the same immunohistochemistry

experiment, the level of Ang-1 expression in the synovial lin-

ing layer was generally lower in OA than RA samples (fig 1E).

The pattern of Ang-1 expression in OA samples was similar to

that seen in RA tissues, including expression in synovial lining

layer cells and occasional sublining cells in perivascular areas

(figs 1E and F).

In situ hybridisation of Ang-1 and Ang-2 mRNA in
synovial tissues from patients with RA
To examine the expression and localisation of Ang-1 mRNA in

rheumatoid synovium we also performed in situ hybridisation

in eight of the synovial tissue samples studied by immuno-

histochemistry. Three sites of Ang-1 mRNA expression were

identified (fig 2). Ang-1 mRNA was predominantly seen in

isolated cells within sublining synovial tissue remote from

vessels (fig 2A) and in cells surrounding and occasionally

within small blood vessels (figs 2C and D). Ang-1 mRNA was

also noted in the synovial lining layer in two samples (figs 2E

and F). In serial tissue sections of these samples, Ang-1

expressing cells also expressed stromelysin-1 mRNA, which is

a reliable marker of synovial lining cells in RA (data not

shown). Probe hybridisation was not detected when the con-

trol sense probe for Ang-1 was used (fig 2B). In contrast,

Ang-2 mRNA was predominantly seen in endothelial and/or

vessel wall cells of small blood vessels including arterioles and

veins in the sublining synovial tissue (figs 2G and H) and in

the synovial lining layer in one case. Probe hybridisation was

not detected when the control sense probe for Ang-2 was used

(data not shown).

Basal Ang-1 and Ang-2 expression and response to
proinflammatory cytokines
To further examine the expression of Ang-1 and Ang-2,

northern blot analysis was performed using RNA derived from

cultured human synovial fibroblasts and endothelial cells.

Proinflammatory cytokines have been shown to enhance the

expression of other angiogenic factors in synovial cells. We

therefore examined the effect of TNFα on the expression of

angiopoietins in these cells. As shown in a representative

northern blot (fig 3A), Ang-1 expression could be detected at

low levels in synovial fibroblasts at third passage. Stimulation

of these cells with TNFα led to a marked time dependent

induction of Ang-1 mRNA expression from six to 24 hours.

Figure 3 Northern blot analysis of Ang-1 and Ang-2 in cultured
synovial fibroblasts and human umbilical endothelial cells. (A)
Induction of Ang-1 mRNA expression in cultured human synovial
fibroblasts in response to TNFα (10 ng/ml) at baseline (lane 1) and
1, 2, 4, 6, 12, and 24 hours after stimulation with TNFα (lanes
2–7). (B) Repression of Ang-1 mRNA expression in cultured human
umbilical vein endothelial cells in response to IL1β (10 ng/ml) and
TNFα (10 ng/ml) at baseline (lanes 1, 6) and 2, 4, 6, and 24 hours
after stimulation with IL1β (lanes 2–5) and TNFα (lanes 7–10). (C)
Repression of Ang-2 mRNA expression in cultured human umbilical
vein endothelial cells in response to IL1β (10 ng/ml) and TNFα (10
ng/ml) at baseline (lanes 1, 6) and 2, 4, 6, and 24 hours after
stimulation with IL1β (lanes 2–5) and TNFα (lanes 7–10).
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The effect of IL1β stimulation was also evaluated. IL1β did not

lead to a consistent induction of Ang-1 (data not shown). In

contrast, in endothelial cells Ang-1 levels were markedly down

regulated in response to IL1β, an effect that was also seen with

TNFα (fig 3B). In endothelial cells, exposure to proinflamma-

tory cytokines also led to a decrease in Ang-2 expression that

occurred between six and 24 hours (fig 3C). In contrast, Ang-2

was not detected by northern blot analysis in cultured

synovial fibroblasts at baseline or in response to proinflamma-

tory cytokines (data not shown).

To examine Ang-1 protein expression by synovial fibro-

blasts, culture media were examined by an ELISA, because the

angiopoietins are secreted proteins. Synovial fibroblasts

secreted low levels of Ang-1 protein at baseline. In a represen-

tative experiment (fig 4), stimulation of the synovial

fibroblasts with TNFα resulted in a three- to fourfold increase

in the levels of Ang-1 at 18 and 24 hours and a further increase

to five- to sixfold by 30 hours. Ang-1 protein was also detected

in a synovial cell lysate in one case before stimulation (0.73

ng/ml) and similarly increased in response to TNFα stimula-

tion by 34% at four hours (0.98 ng/ml) and 52% at 30 hours

(1.11 ng/ml). The time dependent increase in protein levels

after stimulation with TNFα suggests that Ang-1 is secreted

from the cells and remains stable and detectable in the culture

media. In contrast, no Ang-2 protein was detected by ELISA at

baseline or in response to proinflammatory cytokines in the

cultured synovial fibroblasts (data not shown).

DISCUSSION
Angiogenesis is a multistep process requiring the proliferation

and migration of endothelial cells and the formation of primi-

tive vascular tubes early in the process. The angiogenic factors

VEGF and bFGF are mediators of the earlier stages of blood

vessel development. In contrast, Ang-1 is critical for blood

vessel stabilisation and maturation that requires the recruit-

ment of surrounding mesenchymal cells and their differentia-

tion into vascular smooth muscle cells. The goal of this study

was to examine the potential role of the angiopoietins in

mediating angiogenesis in RA.

The results of our study demonstrate that Ang-1 protein is

expressed in the synovial lining layer and in cells within the

subsynovium of patients with RA, and, to a lesser extent, in

patients with OA. Furthermore, Ang-1 protein and mRNA are

also expressed at low levels in cultured RA synovial fibroblasts
and are markedly induced in response to TNFα. The
expression of Ang-1 mRNA in synovial tissues and cultured
synovial fibroblasts obtained from patients with RA was also
examined recently by quantitative RT-PCR.20 The results of this
study show that Ang-1 mRNA levels are raised in the
synovium of patients with RA compared with normal subjects
and are increased in cultured RA synovial fibroblasts
compared with fibroblasts obtained from normal synovial
biopsies. Stimulation of cultured RA synovial fibroblasts with
TNFα resulted in further induction of Ang-1 mRNA expres-
sion. Our study provides independent confirmation of Ang-1
expression at the mRNA level in the synovium of patients with
RA by in situ hybridisation, and in cultured RA synovial fibro-
blasts by northern blot analysis. Up regulation of Ang-1
mRNA in response to TNFα was also seen in our study by
northern blot analysis, and induction of Ang-1 protein was
observed by ELISA. In another recent study, Ang-1 mRNA was
also detected in synovial tissues from patients with RA by
RT-PCR, but not in cultured RA synovial fibroblasts.21 These
fibroblasts were grown similarly in 10% serum but were
examined at a later passage than those in our study. It has
been shown previously that synovial fibroblasts freshly
isolated from the rheumatoid joint gradually lose some of
their phenotypic characteristics in culture over time, including
changes in proliferative ability and in expression of selected
matrix metalloproteinases and adhesion molecules.22–24 The
change in the phenotype of these cells after multiple passages
may account for differences in the Ang-1 mRNA levels
observed in this previous study compared with the results
reported here.

Our study further demonstrates Ang-1 protein and mRNA
expression, as detected by in situ hybridisation, in cells
surrounding blood vessels and in cells within relatively
avascular regions of the subsynovium in patients with RA.
Ang-1 is also expressed at lower levels and in fewer cells in
patients with OA in a similar distribution. The angiogenic fac-
tors VEGF and hepatocyte growth factor are also strongly
expressed in the synovium of patients with RA and exhibit a
weaker, more patchy distribution of expression in patients
with OA.13 16 17 The immunohistochemistry findings of Ang-1
expression reported here are in general agreement with one
recently published report demonstrating Ang-1 protein
expression in RA and OA synovial tissues using a different
panel of antibodies.21 However, in our study, Ang-1 protein was
often seen in the synovial lining layer. Furthermore, co-
localisation experiments in serial sections demonstrate that
both macrophage-like and fibroblast-like synovial lining cells
are sources of Ang-1. In contrast, we showed by in situ
hybridisation that Ang-2 expression was predominantly
limited to cells within blood vessel walls, including endothe-
lial cells.

Unlike other angiogenic factors, Ang-1 is not a potent
mitogen for endothelial growth. Ang-1 is, however, a potent
chemoattractant that can enhance endothelial migration.27

Other properties of Ang-1 include its ability to promote the
adhesion of endothelial cells to fibronectin and to prevent
endothelial cell death by inhibiting apoptosis.28 29 Overexpres-
sion of Ang-1 in transgenic mice leads to an increased number
of blood vessels, demonstrating a proangiogenic effect.30 Our
results show that Ang-1 is expressed in areas surrounding
blood vessels and in relatively avascular regions of RA
synovium, suggesting that this factor may be important not
only for vessel maturation but also for the recruitment of
endothelial cells. The ability of proinflammatory cytokines to
down regulate the expression of Ang-1 in endothelial cells
may promote their migration towards other cell types
expressing Ang-1 within the RA synovium by increasing the
chemotactic gradient. A reduction in Ang-1 expression in
endothelial cells could occur either through endothelial-
specific changes in the expression of transcription factors

Figure 4 ELISA analysis of Ang-1 protein in culture media of RA
synovial fibroblasts. Ang-1 protein was quantified in the culture
media of synovial fibroblasts stimulated with TNFα (10 ng/ml) at 0,
4, 18, 24, and 30 hours in this representative experiment.
Experiments were performed in triplicate and are expressed as
means (standard deviation).
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involved in regulating Ang-1, or through endothelial-specific

changes in RNA stability.

Several recent studies in animals have demonstrated the

potential therapeutic promise of inhibiting angiogenesis in

RA. The fumagillin analogue AGM-1470, which has been

shown to block angiogenesis in tumours, was used in a model

of CIA in the rat. In this study, AGM-1470 was given either

before or after the onset of arthritis. The administration of

AGM-1470 after immunisation with collagen, but before the

onset of arthritis, markedly diminished the incidence of

arthritis as determined by a clinical arthritis index and radio-

graphic assessment of joint space narrowing and bone

destruction.10 Histological evidence of neovascularisation was

also significantly blocked. When the agent was given after the

onset of arthritis there was also a significant reduction in the

clinical and radiographic indexes of arthritis after about eight

days of administration, suggesting that inhibition of angio-

genesis is a useful target of treatment even after the onset of

disease. In a second study, cyclic RGD peptides were used to

block the integrin αvβ3, which is activated during angiogen-

esis and is also expressed on osteoclasts, an important cell type

in the process of bone resorption.31 Administration of these

peptides to rabbits with adjuvant induced arthritis resulted in

significant reductions in the degree of inflammation, pannus

formation, and cartilage erosions, compared with control

mice.31 However, administration of the RGD peptides resulted

in only a 50% reduction in new blood vessel formation,

suggesting that inhibition of angiogenesis may not be

completely blocked by targeting one aspect of blood vessel

development. In another recent trial in the CIA mouse model,

a soluble form of the VEGF receptor was used to block angio-

genesis. This led to a significant reduction in the clinical

degree of arthritis as measured by clinical score and paw

swelling, and a reduction of bone and cartilage destruction.32

Histological evaluation of changes in neovascularisation as a

result of treatment were not examined in this study.

Our results confirm that Ang-1 mRNA and protein are

expressed in the synovium of patients with RA, suggesting

that Ang-1 may be an important regulator of the angiogenic

response in RA, and demonstrate the pattern of Ang-1 and

Ang-2 mRNA expression by in situ hybridisation. Further-

more, our studies show that Ang-1 mRNA and protein are

induced in synovial fibroblasts by TNFα, a potent mediator of

inflammation in RA. Ang-1 promotes several stages of angio-

genesis, including endothelial cell migration, adhesion, and

vessel stabilisation, and may therefore be a particularly good

target for blocking angiogenesis. Thus far, approaches to

blocking angiogenesis in RA have not resulted in complete

inhibition of angiogenesis or disease, and agents that block

the angiopoietins have not been tested in RA. A more complete

strategy to block angiogenesis in RA may be to inhibit factors

important for both the early and late events in blood vessel

maturation, including Ang-1, thereby targeting multiple steps

in the angiogenic process.
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New ARD online submission and review system

We are pleased to inform authors and reviewers of ARD’s new
online submission and review system: Bench Press. This is a
fully integrated electronic system which uses the internet to

allow rapid and efficient submission of manuscripts, and the entire
peer review process to be conducted online.

Authors can submit their manuscript in any standard word process-
ing software. Graphic formats acceptable are: .jpeg, .tiff, .gif, and .eps.
Text and graphic files are automatically converted to PDF for ease of
distribution and reviewing purposes. Authors are asked to approve their
submission before it formally enters the reviewing process.

To access the system click on “SUBMITTING YOUR MANUSCRIPT”
on the ARD home page: http://www.annrheumdis.com/, or you can
access Bench Press directly at http://submit-ard.bmjjournals.com/.

We are very excited with this new development and we would
encourage authors and reviewers to use the online system where pos-
sible. It really is simple to use and should be a big improvement on the
current peer review process. Full instructions can be found on Bench
Press and ARD online.

Please contact Natalie Davies, Project Manager,
ndavies@bmjgroup.com for further information.

Pre-register with the system
We would be grateful if all ARD authors and reviewers pre-registered
with the system. This will give you the opportunity to update your

contact and expertise data, allowing us to provide you with a more
efficient service.

Instructions for registering
1 Enter http://submit-ard.bmjjournals.com
2 Click on “Create a new account” in the upper left hand side of the

Bench Press home page
3 Enter your email address in the space provided
4 Choose a password for yourself and enter it in the spaces

provided
5 Complete the question of your choice to be used in the event you

cannot remember your password at a later time (this will be
needed if you forget your password)

6 Click on the “Complete step 1” button at the bottom of the screen
7 Check the email account you registered under. An email will be

sent to you with a verification number and URL.
8 Once you receive the email, copy the verification number and

click on the URL hyperlink. Enter the verification number in the
relevant field. Click on “Verify me”. This is for security reasons
and to check that your account is not being used fraudulently.

9 Enter/amend your contact information, and update your expertise
data.
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