The synovial membrane in osteoarthritis: a
histological study including the characterisation of the
cellular infiltrate present in inflammatory
osteoarthritis using monoclonal antibodies
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SUMMARY Inflammatory infiltration of the synovial membrane has been described in a
proportion of cases of osteoarthritis (OA). Using conventional histology, lymphoid follicles,
diffuse fibrosis, and perivascular fibrosis were shown to be present to a significantly greater
extent and in more synovial membranes in osteoarthritis than in those cases where there was a
mechanical or traumatic background to the joint disease. Calcium pyrophosphate dihydrate
crystals (five patients) and detritic fragments of bone and cartilage (seven patients) were present
in small numbers of the total cases of OA (38) studied. Neither of these features was related to
the presence of an inflammatory infiltrate. Examination of 20 osteoarthritic synovial membranes
using monoclonal antibodies showed the presence of lymphoid follicles containing T helper and T
suppressor lymphocytes, B lymphocytes, and macrophages expressing HLA-DR in five cases.
The T helper:suppressor ratio varied between 1:1 and 2-5:1 in these follicles. In addition, half of
the OA samples, including these five cases, showed the presence of a diffuse cellular infiltrate
containing T and B lymphocytes and macrophages, which were HLA-DR positive. Granulocytes
were present in this diffuse infiltrate in those cases containing lymphoid follicles. The results
confirm the presence of an inflammatory form of osteoarthritis but also show that the proportions
of lymphoid cells are not the same as those considered to be typical of rheumatoid arthritis.
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The synovial membrane in osteoarthritis (OA)
shows a more or less 'normal' appearance with no
increase in the thickness of the intimal cell layer or
significant cellular reaction according to early
accounts.' 2 The presence of a low grade chronic
synovitis in a proportion of cases has been suggested
recently,-5 and in one study some OA synovial
membranes showed changes comparable with those
of rheumatoid arthritis (RA). As osteoarthritis is
generally considered not to be an inflammatory
condition and because OA synovial membrane has
been used to provide non-inflamed control material
for comparative purposes in studies of the inflamed
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rheumatoid synovial membrane6"' we decided to
examine the histological appearance of the synovium in osteoarthritis using conventional staining
methods and to type any inflammatory cells present
using monoclonal antibodies (MAbs). Synovial
membranes from patients with a history of trauma
or mechanical joint derangement were used for

comparison.
Materials and methods

Thirty eight samples of synovial membrane were
obtained from patients with osteoarthritis together
with 29 samples from patients with a mechanical or
traumatic (MT) background to their joint problem.
Table 1 outlines the clinical details of the patients.
The mean duration of involvement in the joint from

Table 1

Clinical details of patients studied

Diagnzosis

Nimnber

Sex

Joib1ts

Age (Years)

examimned

o)f cases

Mean (SD)

Range

Osteoarthritis

M
F

13
25

52-5 (13-6)
60()- (158)

37-80
45-87

9 knee. 4 hip
13 knee, 12 hip

Mechanical or traumaitic

M
F

16
13

267 (10.3)
38-2 (17 3)

17-49
15-76

14 knee. 2 hip
11 knee. 2 hip

which tissue was obtained was 111 months (range
12-480) for the OA cases and 18 months (range
3-60) for the MT cases. Six of the patients with OA
had single joint involvement, 28 had less than four
joints affected, and four had involvement of many
joints. Thirty five of the OA samples were obtained
at the time of surgery, the remaining three at
arthroscopy. Nine of the MT samples were obtained
at surgery, the remainder comprising three needle
and 17 arthroscopic biopsy specimens. None of the
cases had clinical evidence of an inflammatory joint
disease. Tissue was fixed in 10% formal saline and
processed on an automatic tissue processor, embedded in paraffin wax, and sectioned at 5 [im thickness
before staining with haematoxylin and eosin.
Fresh samples of tissue were available in 20 of the
OA and six of the MT cases, and these were frozen
in liquid nitrogen-isopentane before cryostat sections (7 ,tm thickness) were prepared for staining
with MAbs in an indirect immunoperoxidase system. Table 2 shows the specificities of the MAbs.
There were HLA-DR molecule, monocyte/
macrophage, T helper and T suppressor lymphocyte, Pan B lymphocyte, and granulocyte markers.
Frozen sections were air dried overnight, fixed
Table 2 Monoclonal antibodies (MAbs) used to identify
cells in the synovial membrane
MAb

Target cell

24

Macrophages
(includes 50% monocytes)
Macrophages, neutrophils
(receptor for C3bi component of
complement)
Macrophages, neutrophils
(receptor for C3bi component of
complement
Macrophages
(high affinity Fe receptor)
T helper cells
T suppressor cells
B lymphocyteF

44

OKM I
1 I

OKT4
OKT8
Pan B
52
29

HLA-DR

Granulocytes

Referetnce

in fresh
minutes,
minutes,
buffered

acetone at room temperature for 10
incubated with 25 [tl of MAbs for 30
washed three times in trometamol (TRIS)
saline (TBS) followed by peroxidase
conjugated rabbit antimouse immunoglobulin
(Dako 1:30), then further washed three times in
TBS. A positive reaction was shown by a seven
minute incubation in diaminobenzidine (0.5 mg/ml)
containing hydrogen peroxide (0-01%).
All histological sections were examined without
knowledge of the clinical details of the case,
including the diagnosis. Haematoxylin and eosin
sections were scored semiquantitatively for the
presence of intimal cell hyperplasia, fibrin deposition, iron, diffuse lymphocytic infiltrate, lymphoid
follicles, plasma cells, diffuse fibrosis, perivascular
fibrosis, increased vascularity (capillary and noncapillary), and perivascular lymphocytes. A simple
scoring system was adopted (-, feature absent; +
feature minimal, not readily apparent but present;
+, feature easily recognised or even prominent). In
addition, the presence or absence of detritic cartilage, bone fr.agments, and crystals was noted. Sections stained with monoclonal antibodies were
scored for the presence of positively staining cells
using a similar semiquantitative system, with note
also being taken of the localisation of cells in the
synovial membrane. Statistically significant differences between the groups of OA and MT synovial
membranes were sought using the x2 test.
Results

20
21

22
11
Ortho
Ortho
Ortho
11
19

HISTOLOGICAL FEATURES OF
OSTEOARTHRITIC AND MECHANICAL/
TRAUMATIC SYNOVIAL MEMBRANES

The OA synovial membranes were significantly
different from those of the MT cases with respect
only to the presence of lymphoid aggregates, diffuse
fibrosis, and perivascular fibrosis when the numbers
of samples showing different semiquantitative gradings for each of the histological features were
compared using conventional staining and differences sought by the x2 test. Table 3 shows the
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Table 3 Histologicalfeatures which were present
significantly more often in osteoarthritis (OA) than in
mechanicalltraumatic (MIT) synovitis
Feature FFeature
Easily recognised
or prominent
absent nvinimal,
b5ut present feature
(-)
(+)

Lymphoid
aggregates

OA
MT

21
25

1l

OA
MT

6
16

22

OA
MT

17
24

x2=8-84; p<0)-1
Fibrosis

x2= 19-63;
Perivascular
fibrosis

4

11

p<0-(1
13
4

7
0

Crystals of calcium pyrophosphate dihydrate
(CPPD) were present in five of the OA synovial
membranes, and a further seven samples showed the
presence of detritic fragments of bone or cartilage,
or both. None of the OA synovial membranes
contained both detritus and CPPD crystals. Differences in the individual histological features were
sought between these subgroups of OA synovial
membranes. A significantly increased proportion of
synovial membranes containing detritus showed the
presence of fibrin compared with the other OA

10
2

8

x2=10-51; p<O0Ol

relevant statistically significant results for these

particular features. All three features were present
to a greater extent in the OA than in the MT
synovial membranes. No other histological differences were seen between the two groups. All the
features were absent or present in both groups to a
variable extent. Seventeen cases of OA showed the
presence of aggregates of lymphoid cells compared
with only four MT cases, and in none of the latter
were such collections a well developed feature,
whereas in seven of the OA cases there were well
formed lymphoid follicles. A diffuse lymphocytic
infiltrate was present in 20 OA samples, though this
was not a prominent feature (scored ±) in 12 of
these, and the diffuse lymphocytic infiltration was
not statistically different overall from that seen in
the MT cases.

v.
1:_-I
t,

.: '

i

Fig.
Synovial membrane in OA showing labelling of
intimal cells with MAb 52 which marks the HLA-DR
molecule. Note there are also subintimal cells and
perivascular cells labelled with this antibody. (Indirect
immunoperoxidase, haematoxylin counterstain.)

Table 4 Distribution of cells marked with different monoclonal antibodies and the number of synovial membrane.s
showing the presence of labelled cells at a particular site*
Monoclonial
attibody
(target cell)

Site

.Synovial
intimal
cell laver

24 (macrophages)
44 (macrophages)

OKMI (macrophages)
10-1 (macrophages)
OKT4 (T helper)
OKT8 (T suppressor)
Pan B (B lymphocytes)
52 (HLA-DR)
29 (granulocytes)
-Total number of samples=20.

Subinitimal
cetll

Deep diffuse
infittrate
12
18
18
19
12
12
3
IX
5

1(

i()

17
17
17

16
16
17

10)

1

-

1()

-

1
18
5

21)
11

LYmnpholi

follicIes
5
5
5
5
5
7
7
5
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synovial membranes (X2=21-2; p<0001). No other
differences were found between OA synovial membranes in these different subgroups. There was no
evidence of a specific relation between the presence
of an inflammatory infiltrate in the synovial membrane and that of detritus or crystals.
CELL POPULATIONS IN OA SYNOVIAL
MEMBRAN ES

Routine histological examination showed that over
half the OA synovial membranes contained a

*,
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U
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Fig. 2 Synovial membrane in OA showing labelling of
intimal cells and some deeper cells with MA b 44, which
marks the CR3 (C3bi) receptor. (Indirect
immunoperoxidase, haematoxylin counterstaini.)
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lymphoid infiltrate, that 17 showed lymphoid aggregates, and in seven of these lymphoid follicles
(aggregates) were a well developed feature. Germinal centres were present in two of these cases.
Frozen sections of fresh synovial membrane were
available in 20 cases of OA, and these were
examined using monoclonal antibodies. Table 4
shows the overall distribution of cell types and
numbers of samples showing the presence of labelling with particular monoclonal antibodies.
The synovial intimal cell layer showed staining
with all four monocyte/macrophage markers.
varying numbers of cells showing a positive reaction.
These intimal cells were also HLA-DR positive
using MAb 52 (Fig. 1). All but three of the synovial
membranes showed staining of the intimal cell layer
with MAb OKM1 and 44 (CR3 (C3bi) receptor)
(Fig. 2). The pattern of staining was identical in 14
of the samples and differed only in the proportion of
positively staining cells in the remaining three cases.
The staining pattern with MAb 10-1 (high affinity Fc
receptor) was similar to that obtained with the other
two macrophage markers. In contrast, labelling with
MAb 24 was absent from the intimal cell layer of 10
cases. In the remainder there was agreement with
the results obtained with the other macrophage
markers. The pattern of staining for HLA-DR in the
intimal cell layer was in agreement with that found
with OKMl, 44. and 10 1. rather than 24. Half the
synovial membranes showed the presence of
OKT4+ (10/20) and 29+ (11/20) cells in the intimal
cell layer, while the occasional OKT8+ cell was
detected in the intimal cell layer in one sample and
interpreted as an infiltrating lymphocyte. No Pan
B+ cells w-re found in the intimal cell layer.
An infiltrate of macrophages was demonstrable
immediately deep to the intimal cell layer in all but

I

*
0

Fig. 3 Inflamed synovial
membrane in OA showing the
presence ofnumerous MAb OKT4+
cells. (Indirect immunoperoxidase,
haematoxvlin counterstain.)
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four of the synovial membranes. There was complete agreement between the proportion of intimal
cells and these deeper cells with respect to MAb 24
staining, 10 samples showing no staining at either
location, nine showing the presence of some labelled
cells, and one showing plentiful 24+ cells. There
was less agreement in the case of the other
macrophage markers so that, for example, seven
synovial membranes showed deep 44+ cells in the
absence of 44+ intimal cells, while four cases had
44+ intimal cells but no 44+ deep cells. Similar
discrepancies between intimal and subintimal
populations were found with MAbs OKM1 and
10-1.
Half the OA synovial membranes showed the
presence of OKT4+ and OKT8+ lymphocytes
immediately beneath the intimal cell layer, but in
only one sample were Pan B+ cells present in this
location. All but two samples had HLA-DR+ cells
deep to the surface (Fig. 1), and in half of the cases
such cells were plentiful. The staining pattern with
MAb 52 was similar to that seen with the macrophage markers; small numbers of perivascular
HLA-DR+ macrophages were seen (Fig. 1).
The deeper diffuse synovial infiltrate had a
composition similar to that in the immediately
subsynovial tissue except for two cases in which
there were no superficial T cells or macrophages,
but these cells (T4+, T8+, 101+, 24+, OKM1+,
44+) were plentiful in the deeper tissues. In both
these cases lymphoid follicles were present , which
contained T4+, T8+, Pan B+ cells as well as
macrophages. Three further cases showed the presence of lymphoid follicles and in all of them B cells
as well as T helpers, T suppressors (Figs 3, 4, and 5),
and macrophages were present. The T helper:sup-

411W ~

~

*Gfi

Fig. 5 Inflamed synovial membrane in OA showing a
large perivascular lymphocytic aggregate containing cells
labelled with MAb Pan B. (Indirect immunoperoxidase,
haematoxylin counterstain.)

pressor ratio varied between 1:1 and 2-5:1 in the five
cases where lymphoid follicles were present. Macrophages expressing HLA-DR (52+ cells) were
present in the lymphoid follicles (Fig. 6). Two
further cases showed lymphoid collections comprising T8+ and Pan B+ cells in the apparent absence
of T helper cells and macrophages.
Granulocytes (29+ cells) were demonstrated in
the diffuse cellular infiltrate of five cases. An
infiltrate of granulocytes in the surface layer and
deeper tissues was present in those cases where
other cells were plentiful (T and B lymphocytes and
macrophages) with or without formation of lym-
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*!Fig. 4 Inflamedsynovial
f
>
- membrane in OA, same field as
Fig. 3 in an adjacent section,
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showing the presence of numerous
MAb OKT8+ cells. (Indirect
£
* . , immunoperoxidase, haematoxylin
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Recently, the presence of a low grade synovitis hias
been noted in osteoarthritis and some cases have
been described in which the histological appearances were similar to those seen in rheumatoid
arthritis and other chronic synovitides. 3 1 The
histological examination of synovial membrane from
a series of clinically definite osteoarthritic joints in
the present study confirms the presence of a group
in which a significant inflammatory infiltrate is
detectable, including the presence of lymphoid
A previous comparison of osteoarthritic
follicles.
t
synovial membranes has shown
rheumatoid
with
q,I"A
if
that a large number of histological features are
-,W
shared by the two conditions, though some changes
were more often found in the rheumatoid cases,
particularly infiltrates, which included polymorpho4f e
nuclear cells, lymphocytes, plasma cells, and
histiocytes. 12 The extent to which individual features
were present was not examined in that study. A
Fig. 6 Inflamed svnovial membrane in OA, same field as
smaller semiquantitative study, however, showed
Fig. 5 in an adjacent section, showing the presence of
that intimal cell hyperplasia, vascular changes, and
numerous cells labelled with MAb 52, an HLA-DR marker.
leucocytic infiltration were present to a degree
vlin
haematox
counterstain.)
immunoperoxidase.
(Indirect
comparable with rheumatoid arthritis in some OA
synovial membranes.'-3 The present results confirm
phoid follicles. In no case were granulocytes seen on previous observations that a proportion of synovial
membranes from cases of osteoarthritis contain a
their own.
significant inflammatory infiltrate with the presence
of lymphoid follicles.
CELL POPULATIONS IN MECHANICAL/
CPPD crystals have been found in the synovial
TRAUMATIC SYNOVIAL MEMBRANES
Examination of the small number of synovial fluid from osteoarthritic joints, as have apatite
samples from cases of MT joint damage available for crystals.'4'6 The question of the relation between
monoclonal antibody studies showed a lack of CPPD crystal deposition and osteoarthritis remains
inflammatory cell infiltration. Positive staining of unanswered. It seems likely that phagocytosis of
the synovial surface intimal cells with OKT4 was crystals by synovial macrophages may lead to the
release of prostaglandins, neutral protease, and
seen in four out of the six cases, and cells at this site
collagenase. 14 CPPD crystals were observed in a
were also stained with macrophage monoclonal
antibody markers. No granulocytes, T suppressor small number of OA synovial membranes in the
cells, or B lymphocytes were seen in the intimal cell present study, but they were not related to the
layer of these cases. Occasional OKT4+ and presence of any particular histological feature. Thus
OKT8+ cells were present in the subintimal and although it has been suggested that CPPD deposideeper synovial tissues in two of the MT samples. tion is associated with accelerated OA,'7 the relaThere were few macrophages and no B cells or tion remains unclear. Indeed, the present evidence
granulocytes present. None of the MT cases studied suggests that crystal deposition is a secondary event
with MAbs showed the presence of lymphoid and certainly not a cause of significant synovial
inflammation.
follicles.
The synovial membrane may show the incorporation of fragments of cartilage and bone from the
Discussion
joint surface in osteoarthritis. Comparison of those
Osteoarthritis is generally considered to be a non- samples containing such detritus with other osteoarinflammatory condition and indeed is frequently thritic synovial membranes, however, indicated that
referred to as degenerative joint disease. The older the only feature found more often in the presence of
publications suggest that the synovial membrane is debris was deposition of fibrin at the synovial
normal in appearance in osteoarthritis, showing no surface. Therefore, although there are possible
intimal cell hyperplasia or significant cellular infil- theoretical reasons for the development of an
trate, though there may be fibrosis, increased inflammatory reaction in the osteoarthritic synovial
vascularity, and fragments of cartilage present. membrane, these may be ruled out on the basis of a
v

11
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lack of association between cellular infiltrates and
the presence of either crystals or detritus. It appears
that there is a subgroup of osteoarthritis in which
inflammation is a feature in the absence of such
other potential stimuli-so called 'inflammatory
osteoarthritis'. This identification of inflammation
in OA in the definite absence of any apparent local
provocative factors has not been made previously by
a systematic investigation.
There have been no formal studies which address
the question of the nature of the cellular infiltrate in
the inflamed OA synovial membrane using monoclonal antibodies. Small numbers of OA synovial
membranes have been used as 'non-inflammatory'
controls in studies of rheumatoid arthritis. In one
study around 28% of synovial cells were Ta positive
in non-inflammatory joint disease compared with
62% in rheumatoid arthritis,7 a finding at variance
with another report of 50-60% HLA-DR positive
cells in osteoarthritis compared with 80-100% of
such cells in rheumatoid disease.'8 Cells expressing
the HLA-DR molecule on their surfaces were
present in both the intimal cell layer and the deep
cellular infiltrate of the RA synovia studied.
Macrophages have been shown to be confined to the
intimal cell layer and to be present otherwise only as
scattered deep cells in the osteoarthritic
synovium.7 8 Perivascular lymphocyte collections
in OA contain cells which are Ia or DR positive and
mark with macrophage monoclonal antibodies.8 19
The present findings add to the previously recorded small number of observations in which
monoclonal antibodies have been used to study OA
synovial membranes-a total of 24 cases when all
sources are combined. The intimal cell layer showed
staining with the monocyte/macrophage markers
10-1, 24, 44, and OKM1, and in half the cases cells
in this layer were also stained with OKT4 and 29,
which are predominantly lymphocyte and granulocyte markers respectively, but which cross react with
macrophages. There was good agreement between
staining patterns using macrophage monoclonal
antibodies which mark the same epitope. There was
also good agreement between the proportions of
macrophages showing the presence of high affinity
Fc receptor (10.1) and CR3 (C3bi) receptor (44,
OKM1). The difference between the proportions of
these cells and less mature macrophages, marked
with 24, has been reported previously2 ' and is
confirmed in this study.
The presence of a marked deep inflammatory cell
infiltrate in OA and its characterisation using
monoclonal antibodies has not been described in
detail elsewhere. Lymphoid follicles showed the
presence of T helper, T suppressor, and B lymphocytes as well as macrophages, and those cases with

this appearance also had an infiltrate of granulocytes
in the surface layer and deeper tissues. The lymphoid follicles and perivascular lymphocytes in
rheumatoid synovial membrane have a high T
helper:suppressor cell ratio,6 2-25 and this has been
proposed as evidence for a dysfunction in
macrophage-lymphocyte immunoregulation. 26 The
present results fail to show a similarly high helper:
suppressor ratio in OA. The significance of this
result is difficult to assess at present, especially as
some workers have not found a decrease in suppressor cells in all cases of rheumatoid arthritis.9 23
Although only small numbers of synovial membrane
were available from MT joint involvement, none of
these cases showed the diffuse lymphocytic infiltrate
or lymphoid follicle formation seen in some of the
OA synovial membranes.
Overall, the results of the routine histological
examination and the monoclonal antibody study
confirm the presence of a subgroup of osteoarthritis
cases in which there is an inflammatory component
with a lymphocyte infiltrate. In a proportion of OA
synovial membranes the immunohistochemical results show a close similarity to those for rheumatoid
arthritis in the cell types present and their distribution. The low helper:suppressor ratio is not incompatible with chronic synovitis and is sometimes seen
in rheumatoid arthritis. A question arises as to
whether inflammatory osteoarthritis cases are clinically unrecognised examples of rheumatoid arthritis
or a similar chronic synovitis. Unfortunately, all
histological studies of this sort are dependent on the
reliability of clinical diagnosis. The patient records
of each case in this series were reviewed by us and
there was no evidence that any of the cases had
rheumatoid or any other clinically recognised inflammatory joint disease. Only four of the osteoarthritic cases had five or more joints affected and
none of these showed inflammatory changes on
histology. It seems unlikely, therefore, that the
inflammatory cases described here were clinically
unrecognised examples of rheumatoid or similar
arthritis. We believe that considerable further work
is required to characterise inflammatory osteoarthritis both from the clinical and pathological points of
view. We have, however, presented further evidence for this subgroup of osteoarthritis and have
shown that this inflammation is likely to be unrelated to the presence of detritus or crystals.
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