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Abstract
Vascular proliferation and mononuclear cell
infiltration are prominent changes observed in
synovium from actively inflamed joints of
patients with rheumatoid arthritis. Angio-
tensin converting enzyme (ACE) is a halide
activated peptidase produced mainly by
endothelial cells and by activated monocytes.
It has been proposed that levels of ACE
activity in synovial fluid might reflect changes
in membrane vascularity, the degree of
monocyte infiltration, or the thickness of the
lining layer. In this study, ACE activity in
serum and synovial fluid samples from 18
patients with inflammatory arthritis was
measured and compared with levels in 12
control subjects with non-inflammatory
arthritis. Although serum levels were similar
in the two groups, ACE activity in synovial
fluid was significantly increased in the group
with inflammatory arthritis compared with
controls (mean (SE) 37 (5) v 19 (3)). Staining
of synovial membranes from patients with
rheumatoid arthritis with a monoclonal anti-
body to ACE localised ACE to the endothelium
and to mononuclear cells of macrophage
origin. ACE activity was then measured in
supernatants of synovial membrane from
patients with rheumatoid arthritis after one
and seven days of culture. A significant
increase in ACE activity was observed after
seven days of culture (mean (SE) day 1, 17 (5)
v day 7, 25 (3)). Levels of ACE activity,
however, did not correlate with the lining
layer thickness, with the number of macro-
phages per square millimetre, nor with the
number of blood vessels per square millimetre
ofsynovial tissue. No correlation was observed
either between levels of ACE in the super-
natant of synovial membrane and levels of
interleukin 1 or interleukin 6.

In conclusion, ACE is produced by the
synovial membrane of patients with rheuma-
toid arthritis and is localised to monocytes
and endothelial cells. Levels of activity do
not directly reflect membrane vascularity,
monocyte or macrophage number, or the
thickness of the lining layer.

Rheumatoid arthritis, is a chronic inflammatory
disease characterised histologically by hyper-
plasia of the synovial lining cells and an intense
mononuclear cell infiltrate which may form
aggregates. The importance of cells of monocyte
or macrophage origin in the pathogenesis of the
disease has been highlighted in particular as
most of the cytokines which appear to be of

importance in rheumatoid arthritis are derived
from these cells.' More recently, attention has
focused on vascular changes in the synovium.2
In a previous study, the vascular changes were
quantified and an increase in vessel numbers as
well as a change in vessel morphology was
observed in synovial membranes obtained from
clinically affected joints of patients with early
rheumatoid arthritis compared with synovium
from clinically unaffected joints and from
normal controls at necropsy.3 These findings
conflict with the report by Stevens et al, which
suggested reduced vascularity with advanced
disease.4 It might be suggested that these
differences reflect stages in disease progression.
In a further study, however, the number of
vessels and vascular morphology in synovial
membrane obtained from patients with rheuma-
toid arthritis, by needle biopsy and at arthro-
plasty, were examined and no difference between
those with early or late disease was observed.5 It
has been suggested that some of the disease
modifying antirheumatic drugs may act by
inhibiting macrophage function or by reducing
vascular proliferation."8 Thus it would be of
interest to examine the effects of treatment with
these drugs on the histological features of
synovial membrane.
As the repeated taking of synovial biopsy

samples might prove unacceptable for many
patients, a readily detectable marker ofmonocyte
function and vascularity in synovial fluid
samples would be useful. Angiotensin converting
enzyme (ACE) produced mainly by endothelial
cells9 and by activated monocytes,10 might be
such a marker. In this study, ACE activity was
measured in serum and synovial fluid samples
obtained from patients with inflammatory and
non-inflammatory joint disease. The localisation
of ACE in synovial membranes from patients
with rheumatoid arthritis was also examined
using a monoclonal antibody to ACE. ACE
activity was also measured in the synovial fluid
of patients with rheumatoid arthritis under-
going arthroplasty and in the supernatants
derived from their synovial membrane cultures.
Levels of ACE activity in the synovial fluid and
in the supernatants were correlated with the
immunohistological features of the synovial
membrane and with interleukin 1 and inter-
leukin 6 production in the synovial membrane.

Materials and methods
PATIENTS
Concomitant samples of serum and synovial
fluid were taken from the knees of patients with
inflammatory arthritis and from patients with
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non-inflammatory knee effusions. The group
with inflammatory arthritis included patients
with rheumatoid arthritis, as defined by the
revised American College of Rheumatology
criteria,"1 reactive arthritis, seronegative rheu-
matoid arthritis, gout, and systemic lupus
erythematosus. The group with non-inflam-
matory arthritis was composed of patients
with osteoarthritis and patients undergoing
arthroscopy for traumatic knee injury. In the
second part of the study, synovial fluid and
synovium samples were obtained at arthroplasty
from a further group ofpatients with seropositive
rheumatoid arthritis.

Blood and synovial fluid samples were taken
in plain tubes and centrifuged. All samples of
serum and centrifuged synovial fluid were then
stored at -20°C until analysed. Blood samples
were also analysed for haemoglobin, erythrocyte
sedimentation rate (Westergren), and rheuma-
toid factor (latex fixation).

SYNOVIAL MEMBRANE CULTURES

Undigested synovial membrane (0-25 g), dis-
sected free of tendinous and adipose tissue, was
cultured in 1-25 ml of RPMI (Gibco, Paisley,
UK) containing 10% fetal calf serum (Panox,
Antrim, UK), 1% glutamine (Gibco), 1-8 ,ug/ml
amphotericin, and 50 ,ug/ml gentamicin (Gibco)
in sterile flat bottomed multiwell tissue culture
plates. Following incubation at 37°C in a
humidified atmosphere with 5% CO2, the tissue
supernatants were harvested at days 1 and 7 for
the determination ofcytokines and ACE activity.
Interleukin 1 and ipterleukin 6 were determined
by radioimmunoassay.

STATISTICAL ANALYSIS
Differences between paired data were analysed
using the Wilcoxon signed rank test or the
Mann-Whitney U test. The significance of
correlations was determined using the Spearman
rank correlation test.

ACE ASSAY
ACE activity was measured in all samples using
a two point kinetic assay based on the method of
Holmquist et al.'2 The assay reagents were
available in a kit produced by Sigma Diagnostics
(Poole, Dorset, UK) and the ACE activity was
determined using a fully automated spectro-
photometer (Abbott, ABA-100) with detection
at 340 nm. The assay was reproducible with an
intra-assay variation of 5 U/ml. One freeze/thaw
cycle did not alter the ACE activity in the serum
or centrifuged synovial fluid samples.

IMMUNOHISTOLOGICAL STUDIES
Synovial membrane obtained at arthroplasty
was snap frozen in isopentane and liquid nitrogen
before storage at -70°C until sectioning.
Cryostat sections 7 [tm thick were cut at -200C,
placed on gelatin coated glass slides and allowed
to dry at room temperature. The sections were
fixed in acetone for 10 minutes and were then
washed in phosphate buffered saline before
incubation with the primary antisera for one
hour. The table shows the monoclonal antibodies
used.
The sections were stained using a routine

three stage immunoperoxidase technique.'3 14
This allowed quantification of the various cell
types (expressed as number of cells per square
millimetre) including T lymphocyte sub-
populations and macrophages as well as
membrane vascularity (expressed as number of
vessels per square millimetre).

Monoclonal antibodies and their specificities
Antibody Antigen Specificity Source

Leu 1 CD5 T cells Becton Dickenson
Leu 2a CD8 Suppressor/cytotoxic

T cells Becton Dickenson
Leu 3a CD4 Helper/inducer T cells Becton Dickenson
UCHL1 CD45Ro Memory T cells -'
Leu 14 CD22 B cells Becton Dickenson
M02 CD14 Monocyte/macrophages Becton Dickenson
Antibody to ACE ACE Angiotensin converting

enzyme -t
Antibody to FVIII FVIIIRag Endothelium Dako

*A gift from Professor P Beverley, University College Hospital, London, UK.
tA gift from Professor R Auerbach, University of Wisconsin, USA.

Results
CLINICAL FEATURES
Of the 18 patients in the group with inflam-
matory arthritis, 13 had seropositive rheuma-
toid arthritis, one seronegative rheumatoid
arthritis, two reactive arthritis, and one each
gout and systemic lupus erythematosus. The
group with non-inflammatory arthritis was
composed of 12 patients, seven with osteo-
arthritis, and five with traumatic knee injury.
There were 13 women and five men with a mean
age of 47 years (range 17-80) in the group with
inflammatory arthritis and there were 10 men
and two women with a mean age of 48 years
(range 24-71) in the control group. The patients
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Figure I Mean (SE) activity ofangiotensin converting
enzyme (ACE) in synovialfluidfrom patients with
inflammatory and non-inflammatory arthritis.
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in the two groups were receiving a variety of
non-steroidal anti-inflammatory drugs and six
of the patients with rheumatoid arthritis were
also receiving disease modifying drugs. No
patients had received intra-articular cortico-
steroids within three months of the study.

ACE IN SERUM AND SYNOVIAL FLUID
Although serum ACE levels tended to be higher
in the group with inflammatory arthritis
compared with the controls, no statistically
significant difference was observed. In contrast,
the mean (SE) ACE activity (U/ml) in the
synovial fluid of the group with inflammatory
arthritis was 37 (5) which was significantly
greater than that in the group with non-inflam-
matory arthritis (19 (3); p<005) (fig 1). In
addition, 10 of 18 (55%) of the group with
inflammatory arthritis compared with two of 12
(16%) of the non-inflammatory controls had
higher levels of ACE activity in synovial fluid
than in serum samples, although the difference
was not statistically significant. Furthermore,
ACE activity in synovial fluid from the group
with inflammatory arthritis did not correlate
with rheumatoid factor positivity, disease
activity, or the use of disease modifying agents.

LOCALISATION OF ACE IN SYNOVIAL MEMBRANE
FROM PATIENTS WITH RHEUMATOID ARTHRITIS
Synovial membrane samples obtained at arthro-
plasty from patients with rheumatoid arthritis
were stained with a monoclonal antibody to
ACE. Analysis of samples showed that the ACE
was localised to the luminal surface of the
endothelial cell membrane and to mononuclear
cells in the stroma and the lining layer (fig 2).
The mononuclear cells were identified as
macrophages by staining serial sections with

* ...............;....W;..~~~~~~~~~~~~~~~~~~~~~~~~~~~~...
Figure 2 Rheumatoid synovial membrane stained with a monoclonal antibody toACE
shows staining ofthe luminal surface ofthe endothelium (thick arrow) and monocytel
macrophage cells (thin arrow) ofthe stroma. Bar=2-5 mm (immunoperoxidase stain).
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Figure 3 Mean (SE) activity ofangiotensin converting
enzyme (ACE) in supernatants taken on days I and 7from
synovial membrane cultures.

antibody to ACE and the CD 14 monocyte
marker.

SYNOVIAL MEMBRANE CULTURES
The mean (SE) ACE activity in the synovial
fluid samples taken at arthroplasty from 12
patients with rheumatoid arthritis was 38 (6).
The ACE activity in the synovial membrane
culture supernatants at day 1 was 17 (5) and at
day 7 showed a significant increase to 25 (3)
(p=005) (fig 3). A significant correlation was
observed between the ACE activity in synovial
fluid and the increase in ACE activity from days
1 to 7 (p=0-001). Levels of ACE activity at days
1 and 7 showed a significant correlation (p=
0o001).
As ACE is a product of endothelial cells and

activated macrophages, attempts were made to
correlate ACE activity in the synovial fluid or
synovialmembrane supernatants with membrane
vascularity or macrophage number. No such
correlation was observed. The ACE activity did
not correlate either with numbers of T cells, T
cell subsets, B cells, lining layer thickness, or
synovial membrane supernatant levels of inter-
leukin 1 or interleukin 6.

Discussion
Angiotensin converting enzyme is a halide acti-
vated peptidase which catalyses the releaise of
histidylleucine from the COOH terminus of the
decapeptide angiotensin I to yield a pressor
peptide, angiotensin II.9 In addition, ACE
inactivates bradykinin, an important vasodilator,
by catalysing the sequential release of
phenylalanine-arginine and serine-proline from
the COOH terminus.'5 Bradykinin has been
shown to be present in synovial fluid in inflam-
matory arthritis,'6 to have proinflammatory
effects on fibroblasts,'7 and also leads to stimu-
lation of pain fibres.'8 This suggests that ACE
may have important regulatory functions in the
inflammatory process. Using a fluorescein
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labelled antibody, ACE has been localised to the
vascular endothelium'9 and the presence of
ACE on cultured endothelial cells has been used
as a marker as cultured fibroblasts and smooth
muscle cells do not have it.20 The control of
ACE secretion by the vascular endothelium is
uncertain-however, it is of interest that hypoxia
has been reported to inhibit ACE and results in
a decrease in angiotensin II generation and a
decrease in bradykinin degradation.2' 22

Serum levels of ACE have been found to be
increased in a number of diseases, notably
sarcoidosis.23 The origin of the ACE activity in
sarcoidosis is uncertain, but evidence points
towards cells of the monocyte/macrophage
system.24 Considerable numbers of macrophages
and monocytes are found within sarcoid granu-
lomas,25 and human monocytes in culture can

be induced to produce ACE following exposure
to dexamethasone.'0 Serum and synovial fluid
levels of ACE have also been measured pre-
viously in patients with polyarthritis.26 27 In one
study, although serum levels were similar in
patients with rheumatoid arthritis, osteoarthritis,
seronegative arthropathy, and in normal con-
trols, synovial fluid ACE activity was higher
in patients with rheumatoid arthritis than in
those with osteoarthritis, though they were
similar when corrected for protein levels.26
More recently, ACE activity was assayed in
serum free conditioned medium from unstimu-
lated peripheral blood monocytes from patients
with rheumatoid arthritis, osteoarthritis, and
from normal controls.27 The results indicate
that monocytes from patients with rheumatoid
arthritis, in particular those with early disease,
produce more ACE than monocytes from control
subjects. That study did not examine the
production of ACE by synovial monocytes and
did not address the possibility that cells other
than monocytes, such as vascular endothelial
cells, might synthesise and release ACE in the
rheumatoid synovial membrane.

Results from this study confirm that synovial
fluid levels of ACE activity are increased in
patients with inflammatory joint disease (mostly
rheumatoid arthritis) compared with controls
with non-inflamnmatory arthritis. That the
synovial membrane actively synthesises ACE is
shown by the finding of increased ACE activity
in synovial membrane culture supernatants
after seven days of culture. Although other
factors may affect the concentration of a

macromolecule such as ACE in synovial fluid in
addition to local production, our results point to
an important contribution by synovial membrane
secretion. Furthermore, the close correlation
(p=O-001) in this study between levels of ACE
in synovial fluid and the rate of secretion of
ACE by synovial membrane between days1 and
7 into the culture supernatant shows that local
production by the synovial membrane is clearly
a major source of ACE in synovial fluid. Using a

monoclonal antibody to ACE, we have for the
first time localised ACE to the vascular endo-
thelium and to some mononuclear cells in the
stroma andlining layer of synovium in patients
with rheumatoid arthritis. These cells were

identified as cells of the macrophage/monocyte
lineage, thus confirming previous observations.

Supernatant levels of ACE, however, do not
correlate with any of the immunohistological
features or with supernatant levels of the
predominantly macrophage derived cytokines,
interleukin 1 and interleukin 6. Although these
results indicate that ACE activity in synovial
fluid does not directly reflect the lining layer
thickness, macrophage number, nor membrane
vascularity, it could be that ACE production is a
function of cell activation rather than cell
number.

This is the first study to show the de novo
production of ACE in the synovial membrane of
patients with rheumatoid arthritis and the
localisation of the enzyme to the endothelium
and to monocytes. The potential part played by
ACE in the inflamed synovial membrane is
uncertain, but by increasing the conversion of
angiotensin I to angiotensin II and by inacti-
vating bradykinin, ACE would predominantly
have a vasopressor effect. This might in turn
lead to episodes of tissue hypoxia, which when
followed by reperfusion may lead to a release of
oxygen free radicals, thought to be important
mediators of cell damage in rheumatoid arth-
ritis.28

The authors are grateful for the support of The Charitable
Infirmary Charitable Trust in funding this project.
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