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Various authors have discussed the serological,
histopathological, and immunopathological disorders
occurring in rheumatoid arthritis (Fassbender, 1971;
Feltkamp, 1966, 1971; Glynn, 1972; Lindner, 1971;
Muller, 1971), and reports on the submicroscopical
structure of the normal synovial membrane (Barland,
Novikoff, and Hamerman, 1962) and of the synovial
tissue in rheumatoid arthritis (Bhan and Roy, 1971;
Marin, Negoescu, Stoia, Pierrette, Petrescu, and
Constantinescu, 1969; Norton and Ziff, 1966) have
been published. From this work suggestions arose
concerning a possible aetiological agent in rheuma-
toid arthritis. It has been demonstrated that
aggregates of tubular structures (TS), morphologi-
cally resembling uncapsulated nucleocapsids of
paramyxoviruses may be present in the cytoplasm
of endothelial cells of blood vessels occurring in
rheumatoid synovial tissue (Gyorkey, Min, and
Gyorkey, 1969a). The presence of nuclear bodies
and virus-like particles in the cells of the
rheumatoid synovial membrane (Neumark and
Farkas, 1970; Neumark, Hollos, and Farkas, 1971)
is also suggestive of a virus involvement. The possible
role of bacterial (Svartz, 1972) or mycoplasma
infection (Jansson, Makisara, Vainio, Sneliman, and
Tuuri, 1971a; Jansson, Maikisara, Vainio, Vainio,
Snellman, and Tuuri, 1971b; Williams, Brostoff, and
Roitt, 1970) in the development of rheumatoid
arthritis has also been suggested. The purpose of this
paper is to present the electron and light micros-
copical observations in tissues of patients with
rheumatoid arthritis as well as the serological findings
and to discuss our data in comparison with those
described by other investigators.

Material and methods

Synovial membrane was obtained during operation from
the finger or wrist joints of 25 patients with definite
rheumatoid arthritis (Kellgren, 1962) (Table I), and from

five patients with traumatic joint lesions of the knee, and
from eight patients with degenerative joint lesions of the
hip (Table II). Samples ofreaction tissues developed round
implanted silastic material in three patients were also
examined (Table II). The group of 25 patients suffering
from rheumatoid arthritis consisted of seven males and
eighteen females, whose ages varied from 16 to 70 years.
The control group of sixteen patients consisted of three
males and thirteen females whose ages ranged from 3 to
80 years. After the operation the tissues were immediately
fixed in a solution of glutaraldehyde and paraformalde-
hyde in 0-1 M phosphate buffer pH 7-4 (Karnovsky, 1965)
for a period varying from 1 hour to several days. After
having been rinsed for 1 hour in 0-1 M phosphate buffer
pH 7-4, the material was either dehydrated by increasing
concentrations of ethanol and embedded in paraplast
for the light microscopy or post-fixed in an ice-cold
solution of 1 per cent. osmium tetroxide in phosphate
buffer at pH 7-5 (Millonig, 1961) for electron microscopy.
After post-fixation the tissue blocks were dehydrated as
described above and subsequently embedded in Epon.

Paraplast sections of 4,u were stained with periodic
acid-Schiff (PAS) and with phosphotungstic acid haema-
toxylin (PTAH). These sections were investigated accord-
ing to the six criteria of Lindner (1971).
For electron microscopy, ultrathin sections (40-S50nm)

of two tissue blocks from each specimen were cut with
glass knives on a Reichert ultra-microtome, and stained
with uranyl acetate for 20 min. and then with lead hydrox-
ide for 10 min.
The tissue blocks from one patient with rheumatoid

arthritis were fixed, embedded, and stained according to
the method of Bemhard (1969).
The blocks were fixed for 30 min. in 2 per cent. glutar-

aldehyde in 0-1 M phosphate buffer pH 7-4 and embedded
in water-soluble glycolmethacrylate; the ultrathin sections
were stained in: 0-5 per cent. aqueous uranyl acetate 30
sec. to 1 min., 0-20M EDTA in distilled water 1 to 2 min.
lead hydroxide 10 sec. to 1 min.
The electron microscopical investigation was performed

with a Philips EM 300 electron microscope.
Serological tests for the presence of antinuclear anti-

bodies (ANA) were carried out. If the result was negative,
the serum dissociation technique of Blomjous and

Accepted for publication July 6, 1973
Address for reprints: A. W. Helder, D.V.M., Centraal Laboratorium, van de Bloedtransfusiedienst POB 9190, Amsterdam, The Netherlands

30

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.32.6.515 on 1 N

ovem
ber 1973. D

ow
nloaded from

 

http://ard.bmj.com/


516 Annals ofthe Rheumatic Diseases

Table I Patients sufferingfrom rheumatoid arthritis
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Table II Patients sufferingfrom other diseases
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Patient Sex Age
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Feltkamp-Vroom (1971) was applied; immune complexes
ofANA and their antigens can be dissociated by dialysing
the serum against 0X02 M citrate buffer, pH 3X2, for 14 hrs
at 4°C. The test for rheumatoid factors was performed by
means of the Waaler-Rose test or the modified Waaler-
Rose test (RT) (Feltkamp and van Rossum, 1968; van
Loghem-Langereis, 1954) and the latex-fixation test (LFT)
(Singer and Plotz, 1956). The serological test for the pres-
ence of antiperinuclear factors (APF) was done according
to the method described byNienhuis and Mandema (1964).

Results
The serological histopathological, and electron
microscopical findings are summarized in Tables I
and II.

Serology
In only four of the 25 patients suffering from rheuma-
toid arthritis were ANA detected before dissociation
of the serum. After dissociation of the serum sixteen
ANA negative sera became positive for the presence
of hidden ANA. In the control group none of the
patients showed ANA. If the RT and LFT were taken
together, twelve of the 25 patients with rheumatoid
arthritis showed negative results. When the APF was
also included, only seven patients showed negative
results. The RT and LFT ofone patient of the control
group were 1:128 and 1: 640 respectively and the test
for APF in two other patients of this group was
positive.

Light microscopy
The six criteria of Lindner (1971) are, in brief:

(a) Proliferation of the synovial membrane
(b) Proliferation of the synovial lining layer,

occasionally with giant cells
(c) Infiltration of lymphocytes, plasma cells, and

sometimes polymorphonuclear cells

(d) Focal lymphocytic infiltration
(e) Deposits of fibrin and fibrinoid necrosis
(f) Focal cellular necrosis.
Fig. 1 presents a light microscopical picture of a

rheumatoid synovial membrane, showing some of
these criteria. Criteria (a) and (b) were present in the
synovial tissue of 24 patients and criterion (c) in all
25 patients suffering from rheumatoid arthritis. One
patient showed only an infiltration of mononuclear
cells and lymphoid nodules in the synovial membrane.
Three patients from the control group showed a
minimal proliferation of the synovial membrane and
three showed an infiltration of mononuclear cells.

Electron microscopy
The synovial lining layer consists of three cell types
(Fig. 2).
The first type (A cell) is characterized by numerous

lysosomal organelles, a well-developed Golgi appar-
atus, several mitochondria, and a few lamellae of the
rough endoplasmic reticulum (Fig. 3). There is a
large, polygonal nucleus, the nuclear chromatin
being concentrated in a narrow rim along the nuclear
membrane.
The second type (B cell) has a well-developed rough

endoplasmic reticulum and Golgi apparatus, num-
erous mitochondria, few lysosomal organelles, and
bundles of fibrillar material (Fig. 4). The nucleus has
the same appearance as in the A cell.
The third type (intermediate) contains numerous

lysosomal organelles and a well-developed rough
endoplasmic reticulum (Fig. 5). In patients with
rheumatoid arthritis this synovial lining layer shows a
proliferation of such cells in contrast to the synovial
lining layer of the control patients.

FIG. 1 Light microscopicalpicture ofrheum-
atoid synovial membrane. Proliferation of
synovial lining layer and mononuclear cell

j infiltration in deeper layer of synovial
/AW ^ FI.1ihmembraneare clear. x 500
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FIG. 3 Higher magnification of A
A cell with several lysosomes
(arrows), mitochondria (crossed
arrows), Golgi apparatuses (tri-
angles), and rough endoplasmic
reticulum (asterisk). x 13,000

Fig. 6 shows some cell types in the deeper layer of
the rheumatoid synovial membrane. One can easily
distinguish a plasma cell with a characteristic, well-
developed rough endoplasmic reticulum and many
mitochondria, a cytoplasmic fragment of a macro-
phage with some lysosomal organelles, vacuoles, and
several mitochondria, and finally a fragment of an
elongated fibroblastic cell including a nucleus and
numerous collagen fibres along the cell membrane.
Mast cells are frequently seen in the deeper layer of
the rheumatoid synovial membrane, having several
granules with a characteristic shape in the cytoplasm
(Fig. 7).

Fig. 8 shows part of a blood vessel; the endothelial
cells often have a swollen appearance and the cyto-

FIG. 2 Part of rheumatoid synovial lining
layer. Type A cell (A) with several lysosomal
organelles, type B cell (B) with a well-
developed rough endoplasmic reticulum and
intermediate cell (I) having both mor-
phologic properties. x3,200

plasm contains many cell organelles and some
bundles of filaments. The deeper layer of the rheuma-
toid synovial membrane shows a distinct increase in
macrophages, plasma cells, and mast cells. In the
synovial membrane of 23 patients suffering from
rheumatoid arthritis, the cytoplasm of certain cells
that bear a morphological resemblance to histiocytic
cells shows aggregates of comma-shaped structures
(CS). These cells have a more or less elongated form;
the cytoplasm contains some rough endoplasmic
reticulum, a few vacuoles, occasionally lysosomal
organelles, and some mitochondria (Fig. 9). These
cells belong to the deeper layer of the synovial
membrane. The CS are slightly curved and seem to be
confined by a double-layered membrane. The outer
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FIG. 4 Higher magnification of B cell with
well-developed rough endoplasmic reticulum
(asterisk), Golgi apparatus (triangle), and mito-
chondria (crossed arrows). x 13,000

FIG. 5 Higher magnification ofintermediate
cell with several lysosomal organelles
(arrows), well-developed rough endoplasmic
reticulum (asterisks), and many mitochondria
(crossed arrows). x10,500

e
5

FIG. 6 Deeper layer ofrheumatoid synovial
membrane. Parts ofplasma cell (PI), fibro-
blastic cell (Fi), with collagen fibres (Co) at
the surface, and macrophage (M) are present.
xlO,500
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FIG. 7 Mast cell (Ma) with characteristic
intracytoplasmic granules frequently noted
in deeper layer of rheumatoid synovial
membrane. x 10,500

FIG. 8 Part of an endothelial
cell of blood vessel in deeper
layer of rheumatoid synovial
membrane, showing swollen
active appearance. Remarkable
is the large nucleus and the
abundance of cell organelles
as the rough endoplasmic
reticulum (asterisks), the Golgi
apparatus (triangle), and the
mitochondria (crossed arrows).
x 10,500

diameter amounts to about 24 nm. and the inner
diameter to about 12 nm. The length varies from 100
to 300 nm. The structures contain material with a

more electron dense appearance than the surrounding
cytoplasmic matrix (Fig. 10). A distinct connection
between these structures and intracytoplasmic
membranes has never been observed. The CS were

never found in the other cell types of the rheumatoid
synovial membrane.
CS were not observed in synovial tissue from

patients with traumatic and degenerativejoint lesions.
They were, however, found to be present in cells of
reaction tissue, developed after an implantation of
silastic material. The staining method of Bernhard

(1969) did not give an indication forRNA in these CS.
One patient suffering from rheumatoid arthritis

showed the presence of aggregates of TS in the
cytoplasm ofendothelial cells of the blood vessels and
of infiltrated lymphoid cells.

In the control group these aggregates of TS were
never observed.

Discussion

In the group of 25 patients suffering from rheumatoid
arthritis, sixteen ANA-negative sera revealed the
so-called hidden ANA after dissociation, suggestive
of the presence of circulating soluble immune
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FIG. 9 Cell containing faintly curved struc-
tures free in cytoplasm (arrows). x13,000

FIG. 10 Higher magnification of part of
same cell. A cross-section ofthese structures
can occasionally be seen (arrow). x66,000

complexes, consisting of nuclear antigens and
antibodies to nuclear antigens. The importance of
the test for APF for the diagnosis of rheumatoid
arthritis and for the differential diagnosis with
regard to lupus erythematosus has been mentioned in
the literature (Marmont, Damasio, Bertorello, and
Rossi, 1967; Nienhuis and Mandema, 1964). In our
group of 25 patients with definite rheumatoid
arthritis, five patients with a negative RT and LFT
had APF in the serum; we think therefore that the
test for APF is valuable for the diagnosis of rheuma-
toid arthritis. In the group of seven patients with a
negative RT, LFT, and APF test, the duration of
disease was 2 to 15 years. We therefore have the

<Att-M.tF--t-i

impression that in our series no distinct correlation
exists between the number of positive serological
tests and the duration of rheumatoid disease. In the
control group one patient had a positive RT and LFT
and two patients a positive APF test. It is difficult to
explain these phenomena, as specific clinical data for
these patients were lacking.
Using the criteria proposed by Lindner (1971), the

light microscopical investigation demonstrated that
proliferation of synovial membrane, proliferation of
lining layer, infiltration of lymphoid and plasma cells,
and fibrin deposits and fibrinoid necrosis are present in
almost all cases. Only an infiltration of mononuclear
cells in the deeper layer of the synovial membrane

"Ink-M
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was observed in one patient. The electron microscopy
of the synovial tissue of this patient revealed the
presence of TS in several endothelial and infiltrated
lymphoid cells. However, the history and clinical data,
as well as the distinct positive APF test, supported
the diagnosis rheumatoid arthritis. The control group
showed no light microscopical lesions indicative of
rheumatoid arthritis.
An extensive submicroscopical investigation of the

cells in the synovial membrane revealed that only the
synovial tissue of the above mentioned patient with
rheumatoid arthritis, contained TS in some endo-
thelial cells and lymphoid cells. This confirms the
findings described in an earlier report (Gyorkey and
others, 1969a), and also indicates that the presence of
TS in rheumatoid synovial tissue is rare. During our
submicroscopical study we were not able to confirm
the observations of Neumark and Farkas (1970) and
Neumark and others (1971), who demonstrated the
presence of nuclear bodies, virus-like particles, and
nucleocapsid-like structures in rheumatoid material.
The occurrence of CS in certain cells of the rheuma-
toid synovial membrane was striking; these cells
have a morphological resemblance to histiocytic
cells. The structures are slightly curved, are never
found in the dilated cisternae of the endoplasmic
reticulum, never show a distinct perinuclear localiz-
ation, and do not occur in the cytoplasm ofendothelial
cells. We were not able to find any hint ofthe presence
of RNA in these structures. We concluded that CS
cannot be identified with the TS observed in patients
with autoimmune and non-autoimmune diseases
(Feltkamp-Vroom, and Helder, 1972; Gyorkey,
Min, Sinkovics, and Gyorkey, 1969b; Helder,
Blomjous, Feltkamp-Vroom, and van Loghem, 1971;
Norton, Velayos, and Robison, 1970). The CS found
in rheumatoid synovial tissue bear a very close
morphological resemblance to the cytoplasmic
membranous complex in histiocytosis X (Basset,
Escaig, and Le Crom, 1972). They are confined by a
membrane having the characteristics of the unit
membrane. No distinct connection with the intra-
cytoplasmic membranes was observed in this series;
circular profiles were rare. It is therefore likely that
we are dealing with flattened structures instead of
tubular profiles. Similar structures have been des-
cribed in tumours induced by Rous sarcoma virus
(Smith and Deinhardt, 1968).

In some cells of reaction tissues, developed around
implanted silastic material, identical structures could
be observed, but CS were not present in the cells of
the synovial tissue from patients with traumatic and
degenerative joint lesions. This probably indicates a
tissue reaction of other origin than in the case of
rheumatoid arthritis and of silastic implantation.

References

The proliferation of fibroblastic and histiocytic cells
is more prominent in rheumatoid arthritis and after
implantation of silastic material; overloading of the
phagocytosis in rheumatoid synovial tissue and the
inability of silastic material to be phagocytosed can
give rise to this increase of fibroblastic and histiocytic
cells, possibly connected with the presence of CS.
It is therefore likely that CS are not characteristic of
one disease.

Finally, these rheumatoid tissues were used in our
laboratory in an attempt to confirm the transfer
experiments of Warren, Marmor, Liebes, and Hollins
(1969), who succeeded in transmitting rheumatoid
arthritis from men to mice. We were not able to
transfer rheumatoid arthritis by injecting cell-free
filtrates of rheumatoid tissues intraperitoneally into
mice (Kruit, Feltkamp, de Blecourt, and Nienhuis,
1973).

Summary
Electron and light microscopical and serological
observations are described in 25 patients with
rheumatoid arthritis, in thirteen patients suffering
from other joint lesions, and in three patients with
silastic implants. Dissociation of the sera from
rheumatoid patients revealed more sera with de-
tectable antinuclear antibodies, compared with the
routine antinuclear antibodies determination. The
value of the test for antiperinuclear factors in the
serum for the diagnosis of rheumatoid arthritis is
stressed.
The light microscopy was performed using the

six criteria of Lindner (1971). In certain cells with a
histiocytic cell-like morphology, electron microscopy
showed flattened comma-shaped structures. These
cells were found not only in rheumatoid synovial
tissue, but also in reaction tissue developed after
the implantation of silastic material. So-called
tubular structures were found in some endothelial
cells of only one patient suffering from rheumatoid
arthritis.
The nature and possible significance of the comma-

shaped and tubular structures are unknown.
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