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Synovial tissue macrophages and joint erosion in
rheumatoid arthritis

Ghada Yanni, Alex Whelan, Conleth Feighery, Barry Bresnihan

Abstract
Objectives-To analyse the mononuclear
cell populations in synovial membrane
biopsies obtained before treatment from
patients with rheumatoid arthritis (RA)
and to correlate the findings with the
degree ofjoint damage occurring over one
year.
Methods-Multiple needle biopsy speci-
mens were obtained from inflamed knee
joints on entry to the study. The tissue
samples were examined using immuno-
histochemical techniques. The degree of
joint damage was estimated using the
Larsen radiological index.
Results-Twelve patients were studied.
It was observed that there was a signifi-
cant correlation between the number of
synovial tissue macrophages and the
degree of joint erosion over one year
(r = 0-66; p = 0.04). The synovial lining
layer contained large numbers of macro-
phages and the cellularity of the lining
layer correlated significantly with the
number of macrophages infiltrating the
sublining areas (r = 0-65; p = 0.01). Finally,
the cellularity of the lining layer cor-
related with the synovial fluid levels of
interleukin-6 (r= 0.66; p = 004). The radio-
logical course did not correlate with
infiltrating T or B lymphocyte popu-
lations, but did correlate with other
previously identified indicators of the
clinical course, including a high index of
disease activity and IgA rheumatoid
factors levels.
Conclusion-This study suggests that syn-
ovial tissue macrophages play a critical
role in the pathogenesis of joint erosion
in RA.
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Rheumatoid arthritis (RA) is a chronic inflam-
matory disease with a variable clinical course

and unpredictable outcome. In the synovium,
large numbers of T and B lymphocyte popu-
lations and monocyte/macrophages migrate
from the peripheral circulation through altered
vascular endothelium.1 Many inflammatory
products such as oxygen-free radicals, prosta-
glandins, cytokines and autoantibodies are

secreted into the synovial tissues by the
infiltrating mononuclear cells. Some contro-
versy surrounds the relative contributions of
the various cell populations to the disease
process.2 4 The cumulative effect of synovial
inflammation is represented by the increasing

degree of joint erosion which may be demon-
strated radiologically. Several studies have
sought to identify clinical and laboratory
features of RA which might predict the radio-
logical course.' Among the features which have
been repeatedly associated with more rapid or
extensive joint erosion are greater disease
activity in the early stages,6 7 the appearance of
nodules8 10 and serum levels of IgM-_8 11-11
and IgA-rheumatoid factor (RF). 14- 18

Previous studies seeking predictors of the
radiological course in RA have not included
immunohistochemical analysis of the synovial
membrane. It is entirely appropriate to study
synovial immunohistochemistry as the synovial
membrane contains all the interrelated cellular
and biochemical elements which lead to tissue
destruction. We have previously documented
the degree of immunohistological variation of
synovitis in patients with active untreated
RA.19 Thus in such patients, obtaining multiple
needle biopsy specimens permits the quanti-
fication of several immunohistochemical par-
ameters. Moreover, we have also demonstrated
significant correlations between the immuno-
histological features in the biopsy samples and
clinical and immunological measurements of
disease activity.20 The present study extends
these observation and is the first to identify
immunohistological features in the synovial
membrane which might be associated with a
more aggressive radiological course. Synovial
membrane biopsies and synovial fluid samples
were obtained at the onset of the study from
patients with clinically active RA who were
presenting to a rheumatology service for the
first time. Their disease course was followed
for one year. Relationships between radio-
logical progression and high disease activity
scores at presentation and levels of IgA-RF
were confirmed. Following immunohistological
analysis a positive correlation was observed
between the number of synovial tissue
macrophages and the degree of radiological
deterioration.

Methods
PATIENTS
All patients were selected from those
referred to the Department of Rheumatology,
St Vincent's Hospital, Dublin. Consecutive
patients with a diagnosis of active seropositive
RA21 were invited to participate in the study.
All patients were required to have active
inflammation in at least one knee joint.
Patients who had previously received disease-
modifying anti-rheumatic drugs (DMARDs),
immunosuppressive agents and oral or intra-
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articular corticosteroids were excluded. All
patients gave their written consent to partici-
pate in the study. The study was approved by
the St Vincent's Hospital Ethical Committee.

CLINICAL, LABORATORY AND RADIOLOGICAL

ASSESSMENTS

Disease activity was measured using six stan-
dard clinical variables: duration of morning
stiffness, pain visual analogue scale, grip
strength, Ritchie articular index,22 haemo-
globin and Westergren erythrocyte sedimen-
tation rate (ESR). From these parameters a
mean index of disease activity (IDA) was
calculated.23 All clinical assessments were per-
formed by the same physician (GY). Patients
were assessed on entry to the study and after
one year follow up. Treatment decisions were
made by the physician in overall charge of the
patients' care. During the period of follow up,
11 of the 12 patients received intramuscular
gold salts for periods ranging between two and
twelve months, three patients received sulpha-
salazine, two methotrexate and three low-dose
corticosteroids.

Radiological assessments were performed at
entry into the study and one year later. All
x rays were scored 'blind' (by GY) on two
separate occasions with an interval of three
months between the two assessments. No
statistically significant difference was observed
between the two readings when the Wilcoxon
rank sum test was applied. The Larsen x ray
index of hands, wrists and feet and erosion
scores of proximal interphalangeal and meta-
carpophalangeal joints were used to assess
radiological damage.24 Radiological progression
was estimated by subtracting the scores
recorded at entry from the one year follow up
Larsen index.

SYNOVIAL BIOPSY AND SYNOVIAL FLUID

ASPIRATION

Synovial fluid was aspirated from an inflamed
knee joint at the time of needle biopsy. Biopsy
was performed using a Williamson-Holt syn-
ovial biopsy needle (Shrimpton and Fletcher
Needle Industries, Redditch, Worcestershire,
UK) under sterile conditons24 after local
anaesthesia using 2% lignocaine had been
administered. To facilitate the biopsy pro-
cedure 20 ml of sterile saline was instilled in
each joint. Multiple synovial samples were
obtained from as wide a range as possible.
Where only one joint was involved the biopsies
were obtained from the affected side; where
both knees were involved the biopsy was
performed on the more severely affected side.

MONOCLONAL ANTIBODY STAINING OF TISSUE

SECTIONS

Synovial tissue samples were placed in opti-
mal temperature cutting compound (Miles
Laboratories, Naperville, IL) and snap frozen
in isopentane using liquid nitrogen. Six micron
sections were then cut from each biopsy,
mounted on gelatin coated slides, air dried

overnight and finally fixed in acetone for
10 minutes before wrapping in tin foil to store
at -70°C. Slides were allowed to thaw at
room temperature for 15 minutes before
unwrapping. The sections were fixed in
acetone for 10 minutes before labelling with
the monoclonal antibodies anti-Leu 1 (CD5),
anti-Leu 2a (CD8), anti-Leu 3a (CD4), anti-
Leu 18 (CD45RA), anti-Leu 14 (CD22)
and anti-Leu M3 (CD14) (Becton Dickinson
Monoclonal Antibody Center, Sunnyvale, CA),
anti-Pcal (Coulter, Luton, UK) to identify
plasma cells, and anti-UCHL1 (CD45RO) (gift
of Professor Beverley, ICRF Human Tumour
Immunology Group, University College,
London, UK). A standard 3 stage immuno-
peroxidase technique was applied.25 Colour
was developed by immersing the slides in a
solution of 0-05% wt/vol 3,3 diaminobenzidine
tetrachloride (Sigma Chemical, St Louis,
MO), 0 04% wt/volt nickel chloride and 0.03%
hydrogen peroxide in 0 01 M phosphate buffer
saline pH 7-2.

HISTOLOGICAL SCORING

Tissue sections from each of the synovial
samples were coded and were examined by a
single observer (GY) with the aid of a graticule
at a magnification of X400. Only sections
with an identifiable synovial lining layer were
assessed.

Synovial lining layer thickness The thickness
of the lining layer was quantified according to
cell depth. For each patient the entire length of
the lining layer in each sample was examined.
For each field examined three readings were
recorded: one from each of the margins and a
third from the centre of the field. The mean
value per high power field was derived from all
the recorded readings from each patient.
Mononuclear cell infiltration Sections from

each of the samples obtained from every
patient were examined. The total number of
positively staining cells per field in the sub-
lining areas was recorded. The mean number
of cells per mm2 was calculated after all of the
sections from each of the patients had been
analysed.

MEASUREMENT OF RHEUMATOID FACTORS AND

IMMUNOGLOBULINS

Immunoglobulins (Igs) and IgM and IgA RFs
were measured in synovial fluids using a
standard ELISA method.26 Human IgG was
used to detect IgM-RF and IgA-RF. Flat-
bottomed microtitre plates (Nunc, Copen-
hagen, Denmark) were coated (100 [il/well)
by overnight incubation with human IgG
(1 mg/ml) in a carbonate-bicarbonate buffer,
pH 9-6. The following day, plates were washed
five times with phosphate buffered saline-
Tween 20 (PBS-Tween), pH 7-4, and appro-
priate sample dilutions made up in PBS-Tween
were added (100 ,ug/well). All samples were
assayed in triplicate. Following a 30 minute
incubation at 37°C, plates were washed again
with PBS-Tween. Commercially available
peroxidase-conjugated class-specific antisera
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Table 1 Clinical and demographic features ofpatients with rheumatoid arthritis.

At onset ofstudy Atfollow up p value

Total number 12
Number female 6
Mean age (range) years 49 (24-66)
Mean disease duration (range) months 22 (4-66)
Duration of morning stiffness (minutes) 90 (10-360)* 0 (0-120) 0 009
Grip strength (mm Hg) 115 (54-340) 196 (58-400) 0 10
Pain (visual analogue scale, cm) 5 (0-10) 2 (0-8) 0-15
Ritchie articular index 27 (12-49) 12 (0-41) 0-02
Haemoglobin (gr/dl) 11 9 (100-14-2) 12-5 (11-1-15-8) 0-06
ESR (mm hr) 70 (6-96) 25 (2-45) 0 004
Composite index of disease activity 2-7 (2 3-3 2) 1-66 (1-0-2-3) 0 0004

*All results expressed as median (range).

(diluted 1:10,000 in PBS-Tween; 100 ,ug/well)
were used to quantify the different RFs: goat
F(ab)2 anti-human IgM (p. chain specific;
Cappel, West Chester, PA); goat F(ab)2 anti-
human IgA (a chain specific; Cappel). F(ab)2
antisera were used to avoid nonspecific binding
through the Fc fragment. Plates were then
incubated at 37°C for 30 minutes and washed
for a final time with PBS-Tween. Substrate
solution (o-phenylenediamine) was added
(100 ,u1/well) and the reaction was stopped by
the addition of 2-5 M H2SO4 (100 p.1/well)
after a predetermined optimal time (for the
IgA-RF ELISA, 10 minutes; for the IgM-RF
ELISA, 20 minutes). Plates were read
on a Dynatech spectrometer at 490 nm
wavelength.

Standard curves were drawn for IgM-RF,
and values were calculated, in IU/ml, using
pooled RA sera that had been calibrated
against a known World Health Organisation
IgM-RF standard (Medlabs, Dublin, Ireland).
IgA-RF levels were calculated in units of
optical density (OD).

IL-I BETA AND IL-6 MEASUREMENTS
IL-1 beta and IL-6 were measured using an
immunoradiometric (IRMA) assay (IL-1 beta-
IRMA, IL-6-IRMA, Medgenix Diagnostics,
Brussels, Belgium). This assay is based on the
oligoclonal system in which several mono-
clonal antibodies (Mabs) directed against
distinct epitopes of IL-I beta or IL-6 are used.
The capture antibodies (Mabs 1), are attached
to the lower and inner surface of the plastic
tubes. Standards of samples added to the tubes
will show low affinity for Mabs 2, the signifi-
cant antibodies. Addition of Mabs 2, labelled
with I-125, complete the oligoclonal system
and allow quantification ofthe bound cytokine.
After washing, the remaining radioactivity
bound to the tubes reflects the antigen concen-
tration. The use of several distinct Mabs avoids
hyperspecificity common to two site IRMA.
Coated tubes were labelled in duplicate for

Table 2 Rheumatoidfactor and cytokine measurements in synovialfluid and correlations
with radiological deterioration.

Synovialfluid Measurement Correlation with radiological deterioration
component

r value p value

IgA RF (EI) 3-05 (1-2-5-8)* 0-80 0 01
IgM RF (IU/ml) 128 (44-740) 0-47 0-10
IL-1Io (pg/ml) 56-5 (40-240) 0 43 0-12
IL-6 (ng/ml) 61 (3-7-865) 0-18 0-70

*Results expressed as median (range).

each standard, synovial fluid and control
samples. The complete contents of each tube
was aspirated and washed. The tubes were
counted in a gamma counter for 60 seconds.
Concentrations of IL-1 beta and IL-6 were
obtained from a standard curve. The results
were expressed in pg/ml.

STATISTICAL ANALYSIS
All results were expressed as mean (SD). Non-
parametric statistics were used in all statistical
analyses because of the small sample sizes
involved. Differences between the observations
at entry to the study and one year follow up
were tested using the Mann Whitney Wilcoxon
test. The correlation between parameters was
examined by the Kendall rank test.

Results
Twelve patients were recruited for the study.
Their clinical features are documented in
table 1. The clinical measurements demon-
strate that this cohort of patients had moder-
ately active disease on entry to the study with
a median Ritchie articular index of 27, median
duration of morning stiffness 90 minutes and
a median ESR of 70 mm/hr. High levels ofIgM
(mean 1719 p.g/ml), IgA (7513 p.g/ml) and IgG
(22025 p.g/ml) were measured in the synovial
fluids. Table 2 includes the synovial fluid
levels of rheumatoid factors, IL-i13 and IL-6.
Adequate synovial tissue was obtained by
needle biopsy from 11 patients. Typical
appearances were observed. The immuno-
histological details are demonstrated in table 3.
Thus mononuclear cell infiltration was present
in all biopsy samples. Multiple focal peri-
vascular mononuclear cell aggregates were
present in one patient and a diffuse pattern of
mononuclear cell infiltration seen in the
remainder. All samples demonstrated increased
accumulation of mononuclear cells in the
synovial lining layer. Table 4 documents the
total numbers of biopsy specimens with intact
lining and sublining layers available for analysis
from each patient. The median numbers of
tissue macrophages per mm2 are also included.
The immunohistological details are demon-
strated in table 3.

All patients were treated as thought appro-
priate by their rheumatologists and reassessed
clinically and radiologically after one year.
Several clinical parameters had improved
significantly (table 1): duration of morning
stiffness (p = 0 009), Ritchie articular index
(p = 0 02), ESR (p = 0 004) and the composite
index of disease activity (p = 00004). The
remaining parameters also improved, but not
significantly. Despite the measured clinical
improvement, radiological deterioration was
noted in eight patients (table 4).

Factors which might have predicted radio-
logical deterioration were sought by correlating
initial clinical parameters, synovial fluid factors
and immunohistological features with the
degree of radiological deterioration. Positive
correlations with the presenting composite
index of disease activity (r = 0-68, p = 0-04)
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Table 3 Synovial tissue cell populations and correlations with radiological deterioration.

Cell population Number/mm2 (range) Correlation with radiological deterioration

r value p value

Macrophage: CD 14+ 508 (117-845)* 0-66 0-04
T cell: CD5+ 620 (65-135) 0-32 0 30

CD4+ 268 (93-1012) 0-43 0-13
CD8+ 299 (17-693) 0-41 0 10

B cell: CD22+ 56 (0-749) 0-20 0 50
Plasma cell: Pca 1+ 54 (0-146) 0 55 0 10
Iining layer thickness: 4 (2-32) -0-18 0-61

*Cell numbers expressed as median (range).

and synovial fluid levels of IgA-RF (r = 0-80,
p = 0.01), but not IgM-RF, were demonstrated
(table 2). Of particular interest was the demon-
stration of a positive correlation between
radiological deterioration and the number of
infiltrating macrophages (r = 0-66; p = 0 04)
(table 3). No significant correlations with
any of the T cell (CD5+, CD4+, CD8+,
CD45RO+ and CD45RA+), B cell or plasma
cell populations were demonstrated. As
expected, the synovial lining layer contained
large numbers of CD 14+ cells and the
cellularity of the lining layer correlated strongly
with the numbers of CD14+ cells infiltrating
the sublining areas (r = 0-65, p = 0 01). More-
over, the cellularity of the lining layer also
correlated with the levels of IL-6 in the synovial
fluid (r = 0-66, p = 0 04).

Discussion
Twelve patients with uncontrolled seropositive
RA were subjected to synovial fluid aspiration
and synovial membrane biopsy as part of a one

year prospective study. Two novel observations
were made which may be important not only
in identifying indicators of the radiological
course but also in providing additional insight
into the mechanisms of articular erosion.
Firstly, there was a positive correlation between
the number of infiltrating synovial tissue
macrophages in biopsies obtained at the onset
of the study and the degree of radiological
deterioration over the following year. The
statistical significance of the correlation was

p = 0 04. The relatively low p value might be
due to the small size of the study group. No
correlation between the number of other
infiltrating mononuclear cell populations and
radiological deterioration was observed. A
previous study suggested that some immuno-
histochemical features observed in biopsy

Table 4 Synovial tissue macrophages andjoint erosion.

Patient Number of Tissue macrophages Larsen scores
tissue samples median (range)/mm2

Entry 1 year

1 4 470 (98-1484) 43 61
2 5 609 (196-980) 36 36
3 6 560 (154-1050) 129 144
4 5 602 (210-980) 32 56
5 5 49 (0-490) 38 48
6 4 735 (602-1190) 64 86
7 5 70 (0-406) 56 59
8 4 350 (140-840) 147 147
9 F* - 92 92
10 6 154 (10-406) 42 46
11 8 434 (210-966) 60 NAt
12 6 140 (0-770) 30 42

*F: biopsy failed, inadequate tissue.
tNA: not available.

specimens obtained from the knee joints of
patients with untreated RA, broadly reflect
contemporaneous clinical and immunological
measures of disease activity.20 It was sub-
sequently suggested that the degree of synovial
lining layer thickness in knee joint specimens
from a similar cohort of patients predicted the
overall clinical outcome over one year.27 The
present study observes a correlation between
specific immuno-histochemical features in
synovial specimens obtained from the knee
joint and a general measure of radiological
outcome.

In RA, synovial tissue macrophages migrate
from the peripheral circulation and charac-
teristically occupy the periphery of lymphoid
follicles, extend through the interstitial areas
and accumulate in large numbers with pro-
liferating fibroblasts in the thickened lining
layer.28-30 The thickened lining layer may
contain up to 80-100% cells of the macro-
phage lineage.3' It has been suggested that
synovial tissue macrophages are crucial to the
pathogenesis of articular destruction in RA.2
Macrophages secrete many inflammatory
mediators relevant to rheumatoid synovitis; in
some circumstances they are the principle
source of IL-6.32 33 The correlation between
the cellularity of the synovial lining layer and
synovial fluid levels of IL-6 observed in this
study underscores the significance of the
relationship between synovial macrophages
and articular destruction. IL-6, which is also
secreted by T and B lymphocytes,34 fibro-
blasts35 36 and endothelial cells,37 38 has several
known biological effects which may contribute
to chronic inflammation in RA: by augmenting
T cell activation,39 40 IL-2 receptor expression
on T cells4' and the differentiation of cytotoxic
T cells,42 by stimulating synovial B cells43 and
by causing the acute phase protein response.44
IL-6 can be readily measured in sera and
synovial fluids from patients with RA.3 454
In the synovial membrane, IL-6 production
has been localised to macrophages,50 the
cells in the lining layer5' and to T cells in
the lymphocyte rich aggregates.45 52 It has
been argued that the IL-6 localised to
lymphocytes represents surface bound IL-6
produced by macrophages or fibroblasts.
The present study did not address the source
of synovial fluid IL-6 which might have
originated in cells other than the synovial tissue
macrophages.
The second novel observation in this study

was the significant correlation between syn-
ovial fluid levels of IgA-RF and the radiological
course. This is in agreement with the
correlation between serum levels of IgA-RF
and increasing joint erosion observed by
others. '148 As significant positive correlations
between levels of IgA-RF subclasses in serum
and synovial fluid have been previously
described,53 it is suggested that both serum and
synovial fluid levels of IgA-RF may be useful
laboratory predictors of the radiological course
in RA. Although the mechanisms regulating
RF synthesis have not been clarified, a possible
role for IL-6 has been suggested50
and a correlation between synovial fluid
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IL-6 activity and levels of IgA RF has been
demonstrated.4 Thus the observations made
in this study may be interrelated. If the findings
are confirmed future therapeutic strategies
which target synovial tissue macrophages
and their products may be particularly
rewarding.
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