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Abstract
Objectives—To compare the macroscopic
and microscopic characteristics of syno-
vial tissue in rheumatoid arthritis (RA),
spondyloarthropathy (SpA), and osteoar-
thritis (OA) after exclusion of possible
biases induced by disease duration or
activity, or both.
Methods—Synovial biopsy specimens
were obtained by needle arthroscopy in
patients with early RA (n=16), late RA
(n=14), early SpA (n=23), and OA (n=12).
Macroscopic and microscopic features
were scored on a four point scale and ana-
lysed as a function of disease duration
(early versus late RA), local and systemic
disease activity, and diagnosis.
Results—Except for the maximal synovial
lining thickness, no significant diVerences
were seen between early and late RA. For
disease activity, synovial histology was
only weakly correlated with C reactive
protein in RA, but seemed to be strongly
dependent on eVusion of the biopsied joint
in all disease groups. After stratification
for local disease activity, no disease re-
lated diVerences were found in patients
without joint eVusion. In contrast, impor-
tant diVerences were found between pa-
tients with RA and SpA with active joint
eVusion. Synovial vascularity was macro-
scopically increased in SpA versus RA
(p=0.017). A straight vessel pattern was
only seen in RA, while tortuous vessels
were preferentially seen in SpA. Vascular-
ity was also microscopically increased in
SpA compared with RA (p=0.031), and
correlated with the macroscopic vascular-
ity (rs=0.36, p=0.036). CD3+ (p=0.008),
CD4+ (p=0.008), and CD20+ (p=0.024)
lymphocytes were overrepresented in RA
compared with SpA. The integrin expres-
sion in RA was characterised by a de-
crease of áVâ3 in the synovial lining
(p=0.006) and an increase of áVâ5 in the
sublining (p<0.001).
Conclusions—The immune architecture
of the synovial membrane is more de-
pendent on local disease activity than on
disease duration. Synovium obtained
from clinically aVected joints shows im-
portant histological diVerences between
RA and SpA.
(Ann Rheum Dis 2000;59:945–953)

Synovitis is a major characteristic of chronic
inflammatory joint diseases of autoimmune
origin, such as rheumatoid arthritis (RA) and
spondyloarthropathy (SpA). It can also occur
as a secondary inflammatory symptom in osteo-
arthritis (OA), which is primarily induced by
biomechanical stress on cartilage and subchon-
dral bone. Studies in RA indicate that the
synovial membrane has a dominant role in the
joint inflammation and destruction, as sug-
gested by the changes in synovial histology: (a)
thickening of the synovial lining layer, as a
result of infiltration by CD68+ cells1 and both
proliferation and reduced apoptosis of type B
synoviocytes2–5; (b) neovascularisation of the
sublining layer6–8; (c) infiltration of the sublin-
ing with T and B lymphocytes,9–12 plasma
cells,10 12 and macrophages1 12; and (d) altera-
tion of the adhesion molecule expression,
including the expression of áV integrins which
may have a role in both neovascularisation and
pannus formation.13 14

These observations suggest that the synovial
membrane is both the primary site of inflam-
mation, triggered by autoreactive T cells and
macrophages, and the main eVector organ, as
the hyperplastic “aggressive” pannus leads to
cartilage and bone erosion.15–17 However, most
of these histological studies have used synovial
tissue obtained at the time of surgery, thereby
creating a selection bias of the patient group for
disease duration and activity.18 19 It remains,
therefore, unclear if the observed histological
changes are of primary pathogenic relevance,
or if they are secondary bystander phenomena
of the chronic joint inflammation and destruc-
tion. Moreover, the use of surgery specimens
also biased the choice of the control group
towards OA, and most studies failed to include
other inflammatory arthritides, such as SpA.
Thus both the specificity of the observations in
RA and the histology of the synovial membrane
in SpA remain largely to be investigated.

Owing to the development of needle arthros-
copy, which made it possible to visualise and
sample the synovial membrane in early and late
stages of all types of peripheral joint diseases,20

this study aims at describing disease related
histological features of the synovial membrane.
Firstly, it investigates the influence of disease
duration (early versus late RA) and activity
(presence of joint eVusion, sedimentation rate,
C reactive protein (CRP), swollen joint count)
on synovial histology. Secondly, after correc-
tion for these possible biases by appropriate
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stratification it compares systematically the
synovial lining hypertrophia, the vascularity,
the cellular infiltration, and the áV integrin
expression in RA, SpA, and OA.

Materials and methods
PATIENTS

Synovial tissue samples were obtained from 71
consecutive patients undergoing needle ar-
throscopy of the knee for pain or synovitis, or
both. Thirty patients were diagnosed as RA,
according to the American College of Rheuma-
tology (ACR) criteria.21 Of these patients with
RA, 16 had early disease, defined as a disease
duration of less than one year as measured
from the first symptoms of arthritis, and 14 had
a longstanding disease (>1 year, range 1.5–20).
Twenty three patients were diagnosed as SpA,
according to the European Spondyloarthropa-
thy Study Group criteria22: five patients with
ankylosing spondylitis, 10 with psoriatic arthri-
tis, and eight undiVerentiated spondyloar-
thropathies. All patients with SpA had a disease
duration of less than one year. OA was
diagnosed in 12 patients, according to the ACR
criteria.23 The remaining six patients were
excluded from the study as no definite diagno-
sis could be made. Age, sex, disease duration,
and use of drugs were recorded. The total
number of swollen joints (including hands,
wrists, elbows, shoulders, knees, ankles, and
feet) and the presence of joint eVusion in the
investigated knee were evaluated clinically:
eVusion in the investigated knee was consid-
ered to be a primary variable for local disease
activity as other symptoms of synovial inflam-
mation (warmth, swelling,...) were virtually
always associated with the presence of synovial
fluid. Laboratory investigations included the
measurement of serum CRP, erythrocyte sedi-
mentation rate, and rheumatoid factor, and
HLA typing. Joint destruction was assessed by
x ray, using the Steinbrocker criteria.24 Table 1
summarises the features of the diVerent patient
groups.

Synovial biopsy specimens were obtained by
needle arthroscopy as described previously.20

Briefly, needle arthroscopy of the knee was
performed under local anaesthesia using a 2.7
mm Hopkins rod-lens telescope (Karl Storz,
Tuttlingen, Germany). The joint cavity was
carefully inspected, and synovial vascularity

and hypertrophia were scored on a four point
semiquantitative scale by an experienced ar-
throscopist (DB or FVdB).20 The morphology
of the blood vessels was described as a straight,
tortuous, or mixed pattern.25 Synovial mem-
brane biopsy specimens (n=10) were obtained
from the macroscopically inflamed areas with a
2.7 mm biopsy forceps (Karl Storz). In each
patient, five biopsy specimens were stored in
formaldehyde and embedded in paraYn.
Sections, 5 µm, were cut and stained with
haematoxylin-eosin for histological analysis.
The remaining five biopsy specimens were
snap frozen and mounted in Jung tissue freez-
ing medium (Leica Instruments, Nussloch,
Germany). Frozen sections were cut and
mounted on Star Frost glass slides (Knit-
telgläser, Braunschweig, Germany). Both par-
aYn embedded and frozen sections were used
for immunohistochemistry.

IMMUNOHISTOCHEMISTRY

ParaYn embedded sections were dewaxed,
heated in a microwave oven in citrate buVer
(0.1 mol/l, pH 6.0) for antigen retrieval, and
incubated for 60 minutes with the following
mouse monoclonal antibodies (mAbs): anti-
CD20 (clone L26, Dako, Glostrup, Denmark),
anti-plasma cell (clone VS38c, Dako), anti-
CD68 (clone PG-M1, Dako). Frozen sections
were fixed for 10 minutes in acetone and incu-
bated for 30 minutes with the following mouse
mAbs: anti-CD3 (clone UCHT1, Dako), anti-
CD4 (clone MT310, Dako), anti-CD8 (clone
DK25, Dako), anti-áVâ3 (clone 23C6,
Pharmingen, San Diego, USA), and anti-áVâ5
(clone P1F6, Chemicon International Inc,
Temecula, USA). Parallel sections were incu-
bated with irrelevant isotype matched mAb as
negative control. After rinsing, the endogenous
peroxidase was blocked with 1% hydrogen per-
oxide. The sections were subsequently incu-
bated for 15 minutes with a biotinylated
antimouse secondary antibody, followed by 15
minutes with a streptavidin-peroxidase com-
plex (LSAB+ Kit, Dako). The colour reaction
was developed with 3-amino-9-ethylcarbazole
substrate (Dako) as chromogen. Finally, the
sections were counterstained with haematoxy-
lin. All incubations were carried out at room
temperature and the sections were washed with
phosphate buVered saline between all steps.

Table 1 Clinical data of the patients with early rheumatoid arthritis (early RA; disease duration of less than one year),
late rheumatoid arthritis (late RA; disease duration of more than one year), spondyloarthropathy (SpA), and osteoarthritis
(OA). Mean (standard deviation) (range)

Early RA Late RA SpA OA

Number of patients 16 14 23 12
Sex (M/F) 6/10 3/11 13/10 5/7
Age (years) 51 (17) (18–80) 56 (12) (36–81) 41 (15) (19–64) 62 (15) (38–80)
Disease duration (years) 0.6 (0.3) (0.2–1) 8.5 (5.7) (1.5–20) 0.7 (0.5) (0.1–1) Unknown
Joint eVusion of the knee (+/−) 10/6 8/6 13/10 3/9
Number of swollen joints 6.9 (4.7) 6.8 (6.6) 1.6 (0.8) 1.2 (0.9)
Serum CRP* (mg/l) 36 (26) 42 (41) 24 (23) 05 (03)
Sedimentation rate (mm/1st h) 35 (25) 38 (18) 24 (18) 13 (9)
Shared epitope (+/−) 12/4 11/3 6/17 3/9
HLA-B27 (+/−) 0/16 1/13 11/12 0/12
Rheumatoid factor (+/−) 6/10 10/4 0/23 0/12
x Ray score 0.80 (0.86) 1.17 (1.11) 0.23 (0.69) 1.33 (1.07)
NSAID* (+/−) 13/3 6/8 12/11 4/8
DMARD* (+/−) 1/15 6/8 8/15 0/12
Corticosteroids (+/−) 5/11 6/8 2/21 0/12

*CRP = C reactive protein; NSAID = non-steroidal anti-inflammatory drug; DMARD = disease modifying antirheumatic drug.
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MICROSCOPIC ANALYSIS

Stained sections were coded and analysed by
two independent observers who were unaware
of the diagnosis and clinical data. The analysis
included all areas of the five biopsy specimens
and a global score was given for each variable.
A semiquantitative four point scale was devel-
oped according to previously used scoring sys-
tems for synovial tissue10 12 26–28: zero repre-
sented the lowest and three the highest level of
expression. As some histological markers are
more abundant than others in synovial tissue,
the scoring system was calibrated for each
marker separately by examining a representa-
tive number of synovial samples. Thus the sen-
sitivity of the scoring system was diVerent for
each marker, allowing comparison of a specific
marker between the diVerent patient groups,
but not comparison of diVerent markers in one
group. This semiquantitative scale was used for
all variables, unless indicated otherwise. The
synovial lining layer was scored for the number
of CD68+ cells, the mean lining layer thick-
ness, and the maximal lining layer thickness.
Mean and maximal lining thickness were
scored separately as it appeared that synovial
lining layer hyperplasia can be focal and thus
that both variables can be discrepant in some
samples. The mean thickness of the synovial
lining layer was evaluated by counting the
number of cell layers in six randomly selected
regions and calculating the mean.29 The maxi-
mal thickness was scored semiquantitatively
(0:1–2; 1:3–4; 2:5–6; 3:>7 cell layers).10 27 In
the sublining the vascularity was evaluated by
the number of blood vessels and their localisa-
tion (superficial, profound, diVuse). Infiltration
of the sublining layer with inflammatory cells
was evaluated by the global number of infiltrat-
ing cells, the number of lymphocytes, plasma
cells, and neutrophils, and the presence of lym-
phoid aggregates (+/−). Additionally, immuno-
histochemical stainings were scored for CD68,
CD20, CD3, CD4, CD8, and plasma cells.
Finally, the expression of the integrins áVâ3
and áVâ5 was scored in three compartments:
synovial lining layer, sublining layer, and

endothelium. The scores obtained by the two
observers were concordant in more than 95%
of cases. When discordant scores were ob-
tained, which diVered by a maximum of one
point, the mean of the two scores was used.

STRATIFICATION

The following factors that might influence the
comparison of RA, SpA, and OA samples were
analysed in the first part of the study: disease
duration, presence of eVusion in the biopsied
joint, CRP, sedimentation rate, and swollen
joint count. Factors that seemed significantly to
influence the histological features were subse-
quently used for stratification of the second
part of the study in order to avoid systematic
biases in the comparison of RA, SpA, and OA.

STATISTICAL ANALYSIS

To avoid statistical biases created by multiple
comparisons, the Kruskal-Wallis test was used
for comparing the mean scores in the diVerent
patient groups; only when this test showed sig-
nificant diVerences, were the exact p values
calculated with the Mann-Whitney U test and
corrected for the number of comparisons.
Spearman’s test was used for correlations.
p<0.05 was considered to be significant.

Results
INFLUENCE OF DISEASE DURATION ON SYNOVIAL

HISTOLOGY IN RA

To determine whether the macroscopic and
microscopic features of the synovial membrane
were dependent on disease duration, the 16
patients with early RA were compared with the
14 patients with late RA. No significant diVer-
ences in macroscopic vascularity or villous
hypertrophia were seen. At the microscopic
level the only diVerence was an increased
maximal lining thickness in late RA (mean
(SEM) 2.50 (0.19)) compared with early RA
(1.73 (0.20), p=0.013), whereas the mean lin-
ing thickness was not increased in late (2.26
(0.34)) v early RA (2.30 (0.33)). As no other
significant diVerences were seen, either in vas-

Table 2 Microscopic features of the synovial membrane in rheumatoid arthritis (RA) with or without joint eVusion,
spondyloarthropathy (SpA) with or without joint eVusion, and osteoarthritis (OA) with or without joint eVusion. Mean
histological score (standard error of the mean)

RA with joint
eVusion (n=18)

RA without
joint eVusion
(n=12)

SpA with joint
eVusion (n=13)

SpA without
joint eVusion
(n=10)

OA with joint
eVusion (n=3)

OA without
joint eVusion
(n=9)

Mean lining thickness 2.69 (0.30)* 1.68 (0.31)* 3.48 (0.66) 2.02 (0.35) 2.47 (0.79) 1.40 (0.18)
Max lining thickness 2.31 (0.18) 1.71 (0.29) 1.36 (0.20) 1.33 (0.33) 1.67 (0.33) 1.25 (0.25)
CD68 in lining 1.06 (0.24) 0.77 (0.26) 1.69 (0.24)* 0.81 (0.27)* 1.33 (0.67) 0.89 (0.26)
áVâ3 in lining 1.09 (0.31)† 1.20 (0.58) 2.40 (0.16)† 2.25 (0.25) 1.33 (0.33) 1.00 (0.41)
áVâ5 in lining 2.73 (0.14) 2.50 (0.50) 2.55 (0.16) 1.80 (0.49) 2.67 (0.33) 1.5 (0.87)
Vascularity 1.58 (0.14)*† 1.04 (0.18)* 2.23 (0.29)† 1.60 (0.27) 2.00 (0.00) 0.78 (0.22)
Infiltration 1.92 (0.15)* 0.59 (0.18)* 2.08 (0.25)* 0.80 (0.20)* 1.50 (0.29) 0.22 (0.15)
Neutrophils 0.66 (0.17) 0.27 (0.20) 1.31 (0.35) 0.45 (0.24) 0.67 (0.33) 0.11 (0.11)
Lymphocytes 1.92 (0.09)* 0.86 (0.23)* 1.88 (0.26)* 0.95 (0.26)* 1.67 (0.33) 0.22 (0.15)
Plasma cells 0.90 (0.23)* 0.09 (0.09)* 0.38 (0.15) 0.00 (0.00) 0.00 (0.00) 0.11 (0.11)
CD68 in sublining 1.34 (0.28) 0.68 (0.27) 1.23 (0.20)* 0.28 (0.15)* 0.67 (0.33) 0.33 (0.24)
CD38 0.44 (0.19) 0.17 (0.17) 0.56 (0.31) 0.14 (0.14) 1.07 (0.73) 0.33 (0.33)
CD20 0.94 (0.27)† 0.14 (0.10) 0.15 (0.15)*† 0.22 (0.15)* 0.00 (0.00) 0.11 (0.11)
CD3 2.41 (0.16)*† 0.64 (0.24)* 1.55 (0.27)*† 0.58 (0.27)* 1.00 (0.00) 0.72 (0.28)
CD4 1.91 (0.19)*† 0.32 (0.19)* 0.95 (0.24)† 0.25 (0.17) 1.00 (0.58) 0.44 (0.18)
CD8 1.62 (0.20)* 0.45 (0.16)* 1.40 (0.28)* 0.08 (0.08)* 1.00 (0.58) 0.44 (0.18)
áVâ5 in sublining 2.45 (0.21)*† 0.50 (0.50)* 0.55 (0.25)† 0.00 (0.00) 0.33 (0.00) 0.00 (0.00)
áVâ3 on endothelium 1.64 (0.34) 0.4 (0.4) 1.20 (0.33) 1.00 (0.71) 0.00 (0.00) 0.00 (0.00)
áVâ5 on endothelium 0.46 (0.25) 0.0 (0.0) 0.09 (0.09) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

*p<0.05 for comparison of patients with and without joint eVusion within one diagnostic group. †p<0.05 for comparison of patients
with RA with joint eVusion and patients with SpA with joint eVusion.

Synovial histology in rheumatoid arthritis, spondyloarthropathy, and osteoarthritis 947

www.annrheumdis.com

http://ard.bmj.com


cularity, inflammatory infiltration, or áV in-
tegrin expression, the patients with early and
late RA were considered as one group for
further analysis.

INFLUENCE OF LOCAL DISEASE ACTIVITY ON

SYNOVIAL HISTOLOGY

As synovial membrane samples were obtained
both from patients with active joint eVusion
and patients with only knee pain, which might
be due to secondary cartilage damage rather
than to synovial inflammation, the influence of
local disease activity on synovial histology was

analysed by comparing patients with and with-
out eVusion of the biopsied joint. Table 2 sum-
marises these results. In RA, most histological
variables were increased in the 18 patients with
joint eVusion compared with the 12 patients
without joint eVusion, reaching significance for
mean lining thickness (p=0.040), vascularity
(p=0.023), and inflammatory infiltration
(p<0.001), number of lymphocytes (p<0.001),
plasma cells (p=0.013), CD3+ cells
(p<0.001), CD4+ cells (p<0.001), and CD8+
cells (p=0.001), and expression of áVâ5 in the
sublining layer (p=0.027) (fig 1A). Lymphoid

Figure 1 Comparison of the histological scores in patients with and without eVusion of the biopsied joint. Mean (standard
error of the mean). *p<0.05. **p<0.01. (A) Patients with rheumatoid arthritis with (n=18) and without joint eVusion
(n=12). (B) Patients with spondyloarthropathy with (n=13) and without joint eVusion (n=10).
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aggregates were seen in eight patients with RA
with joint eVusion (44%), but in none of the
patients without eVusion. A similar trend was
found in the SpA group, with an increase in
degree of infiltration (p=0.003), number of
lymphocytes (p=0.030), CD3+ cells
(p=0.031), CD8+ cells (p=0.011), CD68+
cells in the lining layer (p=0.025), and CD68+
cells in the sublining layer (p=0.006)(fig 1B).
Also in OA strong vascularity and infiltration
was only found in patients with joint eVusion,
but these diVerences did not reach significance
owing to the small number of observations
(only three patients with joint eVusion).
Because of the significant impact of local
disease activity on the synovial histology in all
patient groups, further comparisons were
stratified for the presence or absence of
eVusion in the biopsied joint.

INFLUENCE OF SYSTEMIC DISEASE ACTIVITY ON

SYNOVIAL HISTOLOGY

Systemic disease activity, as evaluated by CRP
serum concentrations, sedimentation rate, and
number of swollen joints, had less influence on
the histological findings. In RA, the CRP level
correlated with the degree of inflammatory
infiltration (rs=0.46, p=0.013), the number of
lymphocytes (rs=0.41, p=0.027), CD3+ cells
(rs=0.44, p=0.021), CD4+ cells (rs=0.58,

p=0.002), CD8+ cells (rs=0.54, p=0.003),
CD68+ cells in the sublining layer (rs=0.52,
p=0.007), áVâ3 expression on endothelium
(rs=0.77, p=0.001), and áVâ5 expression in the
sublining layer (rs=0.71, p=0.006). Similar
correlations were found with the sedimentation
rate, but not with the number of swollen joints.
However, in SpA and OA there were no signifi-
cant correlations between systemic variables of
disease activity and histological findings.
Moreover, when this analysis was corrected for
the influence of local disease activity, by
including only patients with active eVusion of
the biopsied joint, the only significant observa-
tions were the correlation in patients with RA
of CRP with the number of CD4+ cells
(rs=0.54, p=0.031), CD8+ cells (rs=0.50,
p=0.049), and áVâ3 expression on endothe-
lium (rs=0.64, p=0.033).

MACROSCOPIC AND MICROSCOPIC FEATURES OF

THE SYNOVIAL MEMBRANE IN RA VERSUS SPA,
WITHOUT EFFUSION OF THE BIOPSIED JOINT

When the patients without active joint eVusion
were analysed, no diVerences were noted in
macroscopic or microscopic features of the
synovial membrane between RA (n=12), SpA
(n=10), and OA (n=9) (table 2).

MACROSCOPIC FEATURES OF THE SYNOVIAL

MEMBRANE IN PATIENTS WITH RA VERSUS

PATIENTS WITH SPA WITH EFFUSION OF THE

BIOPSIED JOINT

OA was not included in this analysis owing to
the small sample number of patients with active
joint eVusion (n=3). Patients with RA (n=18)
and SpA (n=13) with clinical joint eVusion
showed a similar degree of villous hypertrophia
(1.31 (0.26) v 1.38 (0.29)), but the macro-

Table 3 Macroscopic morphology of the synovial blood
vessels in rheumatoid arthritis (RA) and
spondyloarthropathy (SpA): straight vessels, tortuous
vessels, or mixed pattern. Results are shown as number (%)

RA (n=18) SpA (n=13)

Straight 5 (28) 0 (0)
Tortuous 5 (28) 8 (62)
Mixed 8 (44) 5 (38)

Figure 2 Comparison of the histological scores in 18 patients with rheumatoid arthritis (RA) and 13 patients with
spondyloarthropathy (SpA) with eVusion of the biopsied joint. Mean (standard error of the mean). *p<0.05. **p<0.01.
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scopic vascular pattern was clearly diVerent.
The vascularity was significantly increased in
SpA (2.08 (0.28)) compared with RA (1.22
(0.19), p=0.017). Moreover, the morphology
of the blood vessels was diVerent: straight ves-
sels were preferentially seen in RA, whereas
tortuous vessels were predominant in SpA.
However, a manifest tortuous pattern was also
seen in 5/18 (28%) of the patients with RA, and
a mixed pattern was common in both groups
(table 3).

MICROSCOPIC FEATURES OF THE SYNOVIAL

MEMBRANE IN PATIENTS WITH RA VERSUS

PATIENTS WITH SPA WITH EFFUSION OF THE

BIOPSIED JOINT

Table 2 shows the histological and immuno-
histochemical data and fig 2 illustrates the
main diVerences between RA and SpA. No dif-
ferences were observed in the synovial lining
layer: mean lining thickness, maximal lining
thickness, and number of CD68+ cells were
similar in both groups. In the sublining layer,

vascularity was increased in SpA (2.23 (0.29))
compared with RA (1.58 (0.14), p=0.031),
thus confirming the macroscopic observations.
Microscopic and macroscopic vascularity cor-
related weakly (rs=0.36, p=0.036). Both in RA
and SpA, the blood vessels were preferentially
seen in the superficial layers just beneath the
synovial lining layer. The overall degree of
inflammatory infiltration of the sublining layer
was similar in RA and SpA. There were no sig-
nificant diVerences in number of macrophages
(CD68+), plasma cells, and neutrophils. How-
ever, RA synovium showed an important
lymphocytic infiltration with an increase in
number of CD3+ cells (2.41 (0.16) v 1.55
(0.27), p=0.008), CD4+ cells (1.91 (0.19) v
0.95 (0.24), p=0.008), and CD20+ cells (0.94
(0.27) v 0.15 (0.15), p=0.024). The number of
CD8+ cells was not increased. Lymphoid
aggregates were seen in 8/18 patients with RA,
but in only 2/13 patients with SpA. Finally, the
integrins áVâ3 and áVâ5 were diVerentially

Figure 3 áV integrin expression in the synovial membrane. Frozen sections of synovial biopsy specimens from RA (A and C) and SpA (B and D) were
stained immunohistochemically for áVâ3 (A and B) and áVâ5 (C and D). (A) áVâ3 expression in RA synovium: no staining of synovial lining cells.
(B) áVâ3 expression in SpA synovium: staining of synovial lining cells. (C) áVâ5 expression in RA synovium: staining of superficial synovial lining cells
and of sublining cells. (D) áVâ5 expression in SpA synovium: staining of superficial synovial lining cells, but not of sublining cells. (E) áVâ3 expression on
endothelial cells in RA synovium. (F) áVâ3 expression on endothelial cells in SpA synovium.
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expressed in both patient groups (fig 3). In the
synovial lining layer, the expression of áVâ3
was decreased in RA (1.09 (0.31)) v SpA (2.40
(0.16), p=0.006). In the sublining layer, the
expression of áVâ5 was increased in RA (2.45
(0.21)) v SpA (0.55 (0.25), p<0.001). The
expression of both integrins on endothelium of
sublining blood vessels was similar in both
groups.

Discussion
Although the synovial membrane in RA has
been analysed in numerous studies, little is
known about the pathogenic relevance and
specificity of the histological findings, such as
synovial lining layer hyperplasia, neovasculari-
sation, and inflammatory infiltration of the
sublining with lymphocytes and macrophages.
Either the use of surgical specimens created a
possible bias with regard to disease duration
and activity, or the studies failed to include an
inflammatory, immune mediated joint disease
as control. Our study was designed to exclude
such biases by the use of needle arthroscopic
biopsy specimens, and to describe subse-
quently disease-specific histological changes of
the synovial membrane which might be of
pathogenic or diagnostic relevance in RA and
SpA.

A systematic comparison of early RA,
defined as disease duration of less than one
year, with established RA showed no major
macroscopic or microscopic diVerences. The
only exception, the increase of maximal lining
layer thickness with disease duration, should be
interpreted carefully as it might be explained
by chance owing to multiple testing. These
data are concordant with previous reports on
inflammatory infiltration, T cell activation, and
expression of adhesion molecules and cyto-
kines in early and late RA,10 12 28 30 and support
the concept that a number of histological and
immunohistochemical findings are independ-
ent of disease duration. However, the present
histological data do not allow us to conclude
that the earliest phase of RA, which probably
precedes the first clinical manifestations, and
established disease are driven by similar
immunological mechanisms.31 32

To analyse the influence of local disease
activity on synovial histology, patients with
knee joint eVusion and patients with knee pain
only (without eVusion) were studied. A first
observation is that synovial tissue from knees
without eVusion can already depict some
histological changes, such as inflammatory
infiltration and increased vascularity, suggest-
ing that the pain is not only due to secondary
cartilage damage but also to synovial inflam-
mation. This is not unexpected as histological
changes were reported in clinically unaVected
joints of patients with RA,8 33 34 suggesting an
early pathogenic role for CD68+ macrophages
and macrophage-derived proinflammatory
cytokines in RA synovitis. Secondly, the
inflammatory infiltration, as well as other
histological variables, is strongly increased in
patients with RA, SpA, and OA with joint eVu-
sion compared with patients without eVusion.
These data support the view that synovial his-

tology is influenced by local disease activity,12

and question the use of non-inflammatory
controls in comparative histology of the
synovial membrane.

After stratification for local disease activity,
systemic measures of disease activity, such as
CRP and sedimentation rate, correlated only
weakly with some histological features in RA
but not in SpA and OA, which might be
explained by the fact that they are not good
measures of disease activity in SpA and OA.35

Beside disease duration and disease activity,
drugs might also be a confounding factor in the
histological study of synovial tissue as numer-
ous previous studies have shown the eVect of
antirheumatic drugs on synovial histology.36–41

Although this issue was not analysed here and
needs certainly to be considered in future
studies, the fact that the use of non-steroidal
anti-inflammatory drugs, disease modifying
antirheumatic drugs, and corticosteroids was
comparable in the diVerent patient groups
makes it unlikely that a possible drugs bias
accounts for important diVerences in the com-
parison of RA, SpA, and OA.

When stratifying for local disease activity, no
significant diVerences were found between
patients with RA, SpA, and OA without joint
eVusion, which suggests that either these histo-
logical changes are not disease-specific, or that
the semiquantitative approach used in this
study is not suYciently sensitive to detect small
diVerences. In contrast, several significant
disease related features were detected in the
patients with RA and SpA with active joint
eVusion. Although it has to be considered that
macroscopic scoring of the synovial membrane
has not yet been validated, analysis of the syno-
vial membrane during needle arthroscopy con-
firmed our previous report of an increased vas-
cularity in SpA compared with RA.20 A recent
report indicates that there is also a diVerence in
morphology of the blood vessels between these
two pathologies: tortuous vessels were seen in
73% of SpA and 11% of RA, whereas straight
vessels were seen in 89% of RA and 26% of
SpA.25 Our study confirms this observation,
despite some minor discrepancies: (a) a
straight vessel pattern is quite specific for but
not very common in RA; (b) tortuous vessels
are predominant in SpA, but are also seen in
RA; and (c) an important proportion of both
groups has a mixed vascularity pattern. The
increased vascularity in SpA compared with
RA was confirmed at the microscopic level and
is in agreement with previous studies in PsA42

and SA.43 Taken together, the increased
macroscopic and microscopic vascularity and
the diVerent morphology of the blood vessels
indicate that neovascularisation might be
mediated by diVerent growth factors and/or
receptors in RA and SpA, though the present
study showed no diVerence in áV integrin
expression on endothelium. Furthermore, the
present data indicate that neovascularisation
might be even more important as a pathogenic
mechanism and possible therapeutic target in
SpA than in RA.

Conflicting results have been reported for
the inflammatory infiltration of the synovium
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in RA compared with SpA.10 28 44 45 These
discrepancies might be explained by the diVer-
ences in SpA subtypes or the diVerences in
microscopic evaluation, or both. This study
indicates that manifest lymphocytic infiltration
is present in both diseases, but that CD3+
cells, CD4+ cells, CD20+ cells, and lymphoid
aggregates are clearly increased in RA. Interest-
ingly, the score for CD8+ cells is not diVerent.
Although the study was not designed to
compare the level of expression of two markers
in the same tissue, this might reflect an
increased CD4/CD8 ratio in RA. Beside
lymphocytes, no diVerences are seen in other
cell types infiltrating the sublining layer, but
although the relatively small number of pa-
tients in each SpA subgroup allows only
preliminary observations, a slight but signifi-
cant increase of neutrophils was noted in PsA
compared with other SpA subtypes and RA
(data not shown).

Finally, the expression of the integrins áVâ3
and áVâ5 was compared between RA and SpA.
These integrins can be expressed on endothe-
lial cells, where they mediate angiogenesis,46 47

and on synovial fibroblasts.12 48 In this study
both integrins are expressed to a similar degree
on endothelium in RA and SpA, indicating an
important synovial neovascularisation in both
diseases. On synovial fibroblasts, however, RA
is characterised by a strongly significant
decrease of áVâ3 in the synovial lining layer
and increase of áVâ5 in the sublining layer. As
engagement of áV integrins regulates prolifera-
tion, migration, and collagenase expression of a
variety of cell types,48–52 this diVerential integrin
expression may have an important role in the
aggressive growth of the synovial pannus in
RA.

In conclusion, synovial histology is depend-
ent on local disease activity but not on disease
duration in clinically manifest RA. Compara-
tive histology after stratification for this con-
founding factor allows the description of
disease related changes of the synovial mem-
brane, including neovascularisation in SpA, T
and B cell infiltration in RA, and diVerential áV
integrin expression. The presence of a disease
related immune architecture of the synovial
membrane warrants further investigation of the
pathophysiological and/or diagnostic relevance
of these findings.
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