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Distribution of immunoglobulin heavy chains in
diseased synovia
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SUMMARY Synovium from 142 patients with 12 different arthropathies was examined for the
distribution of a, 5, y, and p immunoglobulin heavy chains. A high proportion of plasma cells in the
superficial subintima in all diseases reacted for a heavy chains. Only in rheumatoid disease did the
synovium contain more than 10% of plasma cells reacting for p heavy chains.

The presence of plasma cells in the subintimal syno-
vium of patients with inflammatory arthropathies is
thought to be indicative of local immunoglobulin syn-
thesis.' The proportion of the various types of immu-
noglobulin and the various subclasses of plasma cells
in the synovium have been reported as varying in
different diseases,2`4 and it has been suggested that
this may be a reflection of differing underlying patho-
genetic mechanisms. To date, most comparative stud-
ies have been limited by the need to use fluorescence
techniques on fresh frozen tissue, thus restricting the
number of cases and diseases that can be examined at
any one time. Newer enzyme based immunochemical
methods permit greater flexibility as they can be
applied to routinely processed stored specimens, pro-
viding that the antigenic sites to be examined have not
been irreversibly masked by fixation.5

In this study we used such a technique to examine
the distribution of different intracellular and extra-
cellular immunoglobulin subclasses in the synovium
of patients with various different arthropathies.

Material and methods

Synovium was obtained from 142 patients, 39 with
rheumatoid disease, 26 with osteoarthritis, nine with
ankylosing spondylitis, seven with tuberculous
arthritis, 11 with septic arthritis, eight with psoriatic
arthritis, six with systemic lupus erythematosus, three
with systemic sclerosis, seven with Reiter's disease, 10
with gout, five with pyrophosphate deposition dis-
ease, and 11 with traumatic arthritis.

Diagnoses were based on standard clinical, sero-
logical, bacteriological, histological, and radiological
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criteria. All patients with rheumatoid arthritis were
seropositive, and in the cases of infective arthritis the
organism was identified both histologically and by
culture of either the synovial fluid or synovium.
The patients were not matched for age, sex,

duration of disease, or drug treatment, although no
patient was receiving steroids, "second line" drug
treatment, or antibiotics at the time of biopsy.

Biopsy specimens came from clinically diseased
knees, ankles, or wrists and were obtained at open
biopsy, synovectomy, or joint replacement, with the
exception of one arthroscopic biopsy specimen from a
patient with ankylosing spondylitis and necropsy
specimens taken within 10 hours of death from two
patients with systemic lupus erythematosus and two
with gout.

Samples of synovium fixed in 10% v/v neutral
buffered formalin and embedded in paraffin wax were
sectioned at 4pm. One section was stained with hae-
matoxylin and eosin in a standard way, and four
serial sections were stained for immunoglobulin
heavy chains using the peroxidase-antiperoxidase
immunoperoxidase technique. For this 3 sections
were deparaffinised and immersed in 95% v/v ethanol
in water to each 100 ml of which had been added
0 3 ml of H202. They were then washed in 0-5M Tris
buffered saline pH 7 5 (TBS), transferred to distilled
water at 37°C for two minutes, and then to a trypsin
solution at 37°C for 20 minutes. The trypsin solution
was made by dissolving 100 mg of crude porcine pan-
creatic trypsins (Sigma) and 100 mg of calcium chlor-
ide in 100 ml of TBS. After this the sections were
washed in TBS and immersed for five minutes in a
20% v/v solution of normal swine serum in TBS. The
serum was tipped off and optimally diluted primary
antisera applied. The primary antibodies were rabbit
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antihuman ax, 6, y, and p heavy chain antibodies
(Dako) used at dilutions of 1/500 (a, y, and p) and
1/300 (6) in phosphate buffered saline. Sections were
incubated with primary antibody in a humid chamber
at room temperature for 40 minutes, washed in TBS,
immersed in normal swine serum, wiped, and the sec-
ondary antibody applied. The secondary antibody
consisted of a 1/50 solution of swine antirabbit immu-
noglobulins (Dako) in phosphate buffered saline at
pH 7-4 and was applied for 15 minutes, following
which the sections were washed in TBS, immersed in
normal swine serum, wiped, and a rabbit peroxidase-
antiperoxidase solution (1/100 dilution of Dako PAP
in phosphate buffered saline) applied for a further 15
minutes. The sections where then washed in TBS and
immersed in a filtered solution of 50 mg of 3,3,
diaminobenzidine tetra hydrochloride (DAB) in
100 ml TBS containing 15 p1 of 100 volume H202 for
five minutes. The sections were washed thoroughly in
cold running tap water, counterstained with hae-
matoxylin, dehydrated, cleared, and mounted. Pri-
mary antibody free negative controls and positive
controls of chronically inflamed colonic mucosa were
included in every staining run.
The number of plasma cells reacting for each of the

heavy chains was counted over equivalent areas in
each of the serial sections. Counting was achieved
using a square eyepiece graticule, which, at a nominal
machine magnification of 200 x, covered an area on
the specimen of 0-25 mm2. The top of the graticule
was placed at the lower margin of the synoviocyte
layer (counts being taken only from beneath an intact
intima), and the number of stained plasma cells
within the margins of the square were counted. Fif-
teen adjacent squares comprised the study area. This
protocol was chosen because it enabled the study area
to be standardised in each biopsy; it permitted
arthroscopic and full thickness biopsy specimens to
be compared, and it eliminated the errors introduced
by counting within acellular surface deposits of fibrin.

Results

In sections stained with haematoxylin and eosin the
spectrum of synovial changes seen in the various
arthropathies was similar to those reported by
others.68 It was often impossible to distinguish
between the various inflammatory arthropathies and
to differentiate osteoarthrosis from traumatic synovi-
tis simply by examination of the haematoxylin and
eosin histology.
With the immunoperoxidase technique specific

staining was seen in three sites; plasma cells, subin-
timal extracellular matrix, and, in rheumatoid disease
only, surface synoviocytes. For the most part extra-
cellular stain density varied with the number of
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Fig. 1 Rheumatoid synovium stainedfor p heavy chains.
Reacting plasma cells are seen in band like inflammatory cell
infiltrate in superficial subintima.
(Peroxidase-antiperoxidase.) x 200.

stained plasma cells.
Staining for constituents of their cytoplasm in this

way accentuated the pattern of plasma cell distribu-
tion. Plasma cells were found between the granu-
lomata in tuberculous lesions, admixed with poly-
morphs in septic arthritis and as part of occasional,
subintimal, and capsular lymphoplasmacytic aggre-
gates in systemic sclerosis, pyrophosphate deposition
disease, gout, osteoarthritis, and traumatic arthritis.
In rheumatoid disease, ankylosing spondylitis, sys-
temic lupus erythematosus, Reiter's disease, and
psoriatic arthritis plasma cells were present in the
deep subintima and capsule but were most prominent
in the superficial subintima in a band like zone paral-
lel with the surface and separated from surface syno-
viocytes by a relatively acellular layer of connective
tissue up to 50 gm deep (Fig. 1). In ankylosing spon-
dylitis and systemic lupus erythematosus the subin-
timal chronic inflammatory cell infiltrate tended to be
less dense than in rheumatoid disease, and in some
examples of Reiter's disease the infiltrate had a
particularly prominent polymorph component.

.4 4
A .0 41-41

v.1%,
t. -14., --:.4

M
-k.

s.ri @
A

-.1
I%.

4kh, qu i...*A

.s'J':.a M&"

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.39.7.731 on 1 July 1986. D
ow

nloaded from
 

http://jcp.bmj.com/


733Distribution of immunoglobulin heavy chains in diseased synovia

Table No ofplasma cells reactingfor different subclasses ofimmunoglobulin heavy chains in various arthropathies (mean plasma cell
numbers in study area including highest and lowest in parentheses where applicable).

Diagnosis No of Total Immunoglobulin heavy chain
cases

a y p

Rheumatoid disease 39 1978 (583-3042) 367 (6-772) 1061 (405-2076) 341 (17-764) 5 (0-18)
Osteoarthritis 26 102 (0-514) 29 (0-118) 72 (0-439) 05 (0-2) 0
Ankylosing spondylitis 9 470 (230-984) 128 (60-421) 329 (186-552) 14 (10-21) 0 (-)
Tuberculous arthritis 7 139 (81-197) 51 (29-73) 74 (35-100) 13 (9-19) 0 (-)
Septic 1 1 743 (0-1419) 212 (0-663) 427 (0-738) 5 (0-26) 3 (0-17)
Psoriatic arthritis 8 2112 (707-3468) 457 (134-1159) 1589 (444-2752) 29 (21-39) 2 (0-6)
Reiter's 7 650 (18-1652) 154 (3-267) 466 (11-1293) 20 (0-63) 10 (0-23)
Systemic lupus erythematosus 6 390 (15-1179) 142 (4-453) 243 (10-715) 6 (0-15) 0 (-)
Gout 10 443 (0-1607) 158 (0-673) 278 (0-906) 6 (0-27) 4 (0-18)
Trauma 11 33 (4-104) 7 (0-21) 23 (0-86) 3 (0-12) 0 (-)
Pyrophosphate deposition disease 5 273 (0-1341) 93 (0-396) 175 (0-688) 3 (0-15) 2 (0-9)
Systemic sclerosis 3 366 (0-599) 79 (0-270) 200 (0-502) 7 (0-10) 0 (-)

The total number of plasma cells (Table) varied
considerably between biopsy specimens, including
those from patients in the same disease group. The
mean number of plasma cells was highest for the
rheumatoid and psoriatic patients, and these two
groups contained all those biopsy specimens in which
the total number of plasma cells in the study area
exceeded 2000. These biopsy specimens constituted
62% of those in the group with rheumatoid diseases
and 75% in the group with psoriasis.
Of the different subtypes of plasma cells, those

reacting for y heavy chains were found most often in
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descending order of occurrence, by those containing
a, p, and ( chains. Overall, the percentage occurrence
of the various subtypes was about 65% (y), 30% (a),
5% (u), and <1% (b). Only the absolute number of p
heavy chain positive plasma cells showed any vari-
ation between the different arthropathies (Figs. 2, 3,
4, and 5). All those biopsy specimens, in which there
were more than 100 pm positive cells in the study area
(3 75 mm2), were from patients with rheumatoid dis-
ease. Similarly, all those patients in whom 10% or
more of the plasma cells contained p heavy chains
also came from this group. These constituted 74% of
the patients with rheumatoid disease.
Although the number of plasma cells reacting for (

heavy chains in any one biopsy was never high, some
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Fig. 2 Proportion ofplasma cells reactingfor y heavy
chains (mean (ISD)).

Fig. 3 Proportion ofplasma cells reactingfor a heavy
chains (mean (ISD)).
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Fig. 4 Proportion ofplasma cells reactingfor p heavy
chains (mean (ISD)).

were seen in 44% of patients with rheumatoid disease,
43% with Reiter's disease, 38% with psoriatic
arthritis, 27% with septic arthritis, 20% with pyro-

phosphate deposition disease, and 10% with gout.

Discussion

This study investigated the different patterns of
immunohistochemically detectable immunoglobulin
heavy chains in diseased synovia of patients with a

wide variety of arthropathies. As extracellular stain-
ing for heavy chains was unpredictable and quan-

titation too subjective to be reliable, we concentrated
on the type and distribution of intracellular heavy
chains. These were found mainly in cells with the typi-
cal morphology of plasma cells, and this was prob-
ably indicative of active immunoglobulin synthesis.

Cells putatively synthesising IgG, IgA, and IgM

i a a a

Fig. 5 Proportion ofplasma cells reactingfor heavy
chains (mean (ISD)).
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were found in examples of all the arthropathies stud-
ied. Previous investigations of the distribution of
synovial immunoglobulins have tended to be
restricted to only a few diseases. When the results of
these studies are compared the findings are sometimes
contradictory. IgG has been identified in synovia in
rheumatoid disease, I - 5 9 -15 systemic lupus ery-
thematosus,2 psoriatic arthritis,4 13 ankylosing spon-
dylitis,5 and osteoarthritis.3 16 Intracellular IgA has
also been shown in psoriatic arthritis13 and anky-
losing spondylitis,' but although IgA was found in
rheumatoid disease, in several studies,1 5 12 14 in some
it could not be identified.10 17 All those authors who
detected IgG also showed IgM in synovia, with the
exception of Kinsella et al,"1 who were unable to find
IgM in rheumatoid disease, and Fehr etal,4 who
could not show any in psoriatic arthritis.
Opinion regarding synovial immunoglobulin syn-

thesis in Reiter's disease is divided. IgG has been
found by some workers2 17 but not others,11 12 and
IgA synthesis has been shown in one study'8 but not
another. 2
We identified IgD in the synovium in at least one

case each of rheumatoid disease, psoriatic arthritis,
gout, pyrophosphate deposition disease, Reiter's syn-
drome, and septic arthritis. The presence of IgD
seems only to have been investigated by Mestecky
and Miller,17 who were unable to find any in rheu-
matoid synovium.
Although a few authors have commented on the

proportions of various immunoglobulins in diseased
synovium, this is one of the few studies which has set
out to formally quantify the ratio of the various
subtypes of plasma cells in a wide variety of
arthropathies. Rheumatoid disease seems to differ
from all other synovitides in that the synovium con-
tains a relatively high proportion of plasma cells syn-
thesising IgM. This may be a reflection of the pro-
duction of IgM rheumatoid factor by the inflamed
synovial membrane, but the relative proportions of
cells synthesising different subclasses of rheumatoid
factors and other immunoglobulins'9 20 indicate that
in some patients this is not necessarily the case. For
these patients, at least, the nature of the IgM syn-
thesised by synovial plasma cells requires further eval-
uation.
The presence of a relatively high proportion of IgA

positive plasma cells in diseased synovium is remi-
niscent of some mucosal surfaces. In these sites lym-
phocytes, which will eventually develop into IgA
secreting plasma cells, selectively enter the tissue
under specific local influences such as subsets of T
helper cells2' or macrophages, perhaps acting in-
directly via vascular endothelium.22 The cellular
microenvironment of synovium may dictate lympho-
cyte entry in a way similar to that of other sites of IgA
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synthesis, and certainly, vessels similar to those seen

in Peyer's patches have been described in inflamed
synovium,23 but their selectivity for different sub-
types of T and B lymphocytes are, as yet, unknown.

Because of its well recognised advantages the type
of immunohistochemical technique used to disclose
the distribution of immunoglobulin heavy chains in
this study has allowed a large number of specimens to
be examined under almost identical conditions.
Analysis of the resulting permanent preparations has
emphasised two characteristics of diseased synovia,
which could not have been so easily identified using
older techniques-the almost universal presence of a

high proportion of IgA synthesising plasma cells and
the large number of IgM positive cells in rheumatoid
disease. Both give an insight into the pathogenesis
and cellular interactions in synovial disease, and the
second characteristic may be of diagnostic value.

This work was financially supported by grants from
the Arthritis and Rheumatism Council and the Medi-
cal Research Council.
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