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Study of lymphoid cells from inflamed
synovial membranes
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Loewi, G., Lance, E. M., and Reynolds, J. (1975). Annals of the Rheumatic Diseases, 34,
524-527. Study of lymphoid cells from inflmed synovial membranes. Synovectomy
specimens from patients with rheumatoid arthritis were cultured and after 24 hours the
nonadherent cells were removed. These were found to include cells with the morphological
characteristics of lymphocytes.
Using the sheep-cell rosetting test, up to 94% of these cells were found to be T cells,

and while T cells could be found in all the supernatant cell populations studied, not all
made a mitogen response. None or only a very small number of B cells were found by
staining for surface immunoglobulin.
The possible roles which T lymphocytes might play in chronic inflammation in the

rheumatoid synovium are discussed in relation to experimental work, and the factors
which attract T cells into areas of nonspecific inflammation are similarly considered in
the light of animal experiments.

The synovial membrane of rheumatoid arthritis
commonly shows prominent infiltration by mono-
nuclear cells, which are lymphocytes, plasma cells,
and others variously described as monocytes, histio-
cytes, or macrophages. Other features of inflam-
mation are fibrin exudation, hyperplasia, and hyper-
trophy of the lining cells of the synovial membrane
and fibroblast proliferation in the synovial stroma.
All these features are interpreted as those of chronic
inflammation. One of the many intriguing and un-
resolved questions is the mechanism by which this
inflammation is maintained. The presence of many
lymphoid cells supports the concept of an immuno-
logical element in the genesis ofchronic inflammation,
and in view of this we decided to probe the nature of
the lymphoid cells.
There is considerable evidence on the role of T

lymphocytes in inflammation from experimental
animal models (Asherson, 1974; McGregor and
Logie, 1974), but we are not aware of similar work in
human inflamed tissue. There are, however, several
recent studies on the nature of lymphoid cells in the
inflammatory joint effusions of rheumatoid arthritis
(Loewi, Dorling, and Howard, 1974; Loewi and
Papamichail, 1973).

In thepresent studywe describesome characteristics
of lymphoid cells obtained from synovectomy speci-
mens. Our evidence shows these to be predominantly
of the T cell variety.
Accepted for publication April 25, 1975.

Materials and methods
Synovectomy specimens were obtained from eighteen
patients suffering from rheumatoid arthritis of long
standing, and fulfilling the classical criteria for diagnosis.
As much synovial tissue as possible was dissected free of
dense collagenous tissue and fat, minced with scissors,
and incubated in a 0 25% solution of trypsin containing
sodium versenate (EDTA), pH 8, for 2 hours at 370,
stirring with a magnet. During this time, the trypsin solu-
tion was renewed once. Sterile precautions were observed
throughout. At the end of incubation, the tissue was
rubbed through a stainless steel sieve to remove collagen
strands and other large pieces. The cell suspension, after
addition of calf serum to a concentration of 10%, was
centrifuged and the centrifugate was washed once in
tissue culture medium 199 with 10% calf serum. Finally,
the cells were suspended in 10-20 ml of Eagle's Dulbecco
with added L-glutamine, penicillin, streptomycin, and
NaHCO3. The cell suspension was placed in Falcon tissue
culture flasks in a CO2 incubator.

After 24 hours' culture, fibroblasts could be recognized
adhering to the surface. There were also rounded cells.
The medium was decanted, and fresh medium supplied
to the adherent cells. The decanted medium was centrifuged
and the cells resuspended in tissue culture medium RPMI
with 10% fetal calf serum, L-glutamine, and antibiotics.

After 3 to 4 days in culture the cells were washed and
counted in a haemocytometer, and a cytocentrifuge pre-
paration made and stained with Leishman's. From this
the number of lymphocytes was estimated, only small
round cells with a high nucleus:cytoplasm ratio being
accepted as lymphocytes. There were of course other cell

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.34.6.524 on 1 D

ecem
ber 1975. D

ow
nloaded from

 

http://ard.bmj.com/


Study oflymphoid cellsfrom inflamed synovial membranes 525

types, including necrotic cells, mast cells, macrophages,
and a small number of fibroblasts. A variable proportion
ofcells could not be identified. The cells were resuspended
in RPMI, at an appropriate cell concentration based on
the lymphocyte number. Up to 10 million lymphocytes
were harvested per culture.

T CELL ROSETTES
0 05 ml ofcells suspended in tissue culture medium RPMI,
at a concentration of 107/ml, were mixed with 0-05 ml
fetal calf serum previously absorbed with sheep erythro-
cytes and 0-1 ml of a 2% suspension of washed sheep red
blood cells in a round-bottomed 3 ml plastic tube. The
cells were centrifuged in a bench centrifuge at 700 r.p.m.
for 5 minutes and then left at room temperature for 1
hour. After incubation, the cells were gently resuspended
by tapping the tube and then diluted 1 :1 with medium and
counted under phase contrast with a x40 objective.

SURFACE STAINING
One drop of a dilution of 1: 8 of sheep antihuman whole
immunoglobulin (Burroughs Welcome) was added to
0-5 x 106 cells in 0-2 ml with sodium azide. This was in-
cubated at 40 for I hour. After 3 washes a suspension of
cells in buffered glycerol diluted with phosphate-buffered
saline was viewed in a Zeiss microscope by incident ultra-
violet light and phase-contrast. The number of cells with
typical surface fluorescence was counted, and expressed
as a percentage of small round cells with lymphocyte
characteristics.

LYMPHOCYTE CULTURE
02 ml ofa suspension containing 250000 cells was pipetted
into each well of a microculture plate. The medium was
RPMI containing 10% fetal calf serum, antibiotics, L-
glutamine, and NaHCO3. Triplicate cultures were set up
without mitogen addition, with phytohaemagglutinin
(Burroughs Welcome), 5, 10, or 20 #1 per well, concana-
vallin A 20 pl, or pokeweed mitogen 20 p1. Owing to
shortage of cells it was not possible to set up cultures in
^very case, or to use every mitogen or more than one
concentration in many cases. 0-02 pCi '4C thymidine was
added on day 2 of culture and cells harvested on day 3.
Cells were washed from the culture wells, washed 3 times
-in a small tube, and resuspended in 0 3 ml phosphate-
buffered saline. 0.1 ml of this was applied to each of 2
circular paper filter discs. These were treated in succession
with TCA, perchloric acid, methanol, and ether, and
-finally counted in a fl-scintillation counter.
To establish whether significant counts might be

-contributed by cells other than lymphocytes which were
present during culture, adherent cells which included
fibroblasts and macrophages were, in some experiments,
-removed separately using hyamine after the supematant
-cells had been taken off. No significant number of counts
was recovered in this way. Microscopy of the supernatant
-cells, in cases where culture with mitogen had been suc-
ecessful, showed blast cells which did not differ from those
obtained by mitogen stimulation of peripheral blood
lymphocytes or lymphocytes from inflammatory joint
-effusions.

SHORT-TERM INCUBATION

Supernatant cells harvested from synovial membrane
cultures were incubated for periods of 2-16 hours in the
presence of diamond dust and 0-2 pCi 3H-thymidine/ml
of culture medium. After several washes, cytocentrifuge
preparations were stained by Leishman's or Giemsa's
method and radioautographs prepared by the stripping-
film technique.

Results

Sheep-cell rosettes were found in 17 of the 18 cell
preparations. The incidence of cells binding sheep

T-CELL ROSETTES
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FIGURE Incidence of T-lymphocytes by sheep cell rosetting
in supernatant cellsfrom rheumatoid synovial cultures
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Table Mitogen response oflymphoid cellsfrom rheumatoid synovial membranes

Case no. Baseline PHA (5 1d) Con A (20 ,ul) PWM (20 11)
1 269 4493 (x 16-7) ND ND
2 400 10700 (x26-8) ND ND
3 561 1163 (x2*1) 1558 (x2-8) ND
4 745 680 (x09) 900 (x1*2) ND
5 403 5556 (x14*4) 5083 (x12-6) ND
6 217 1172 (x54) 473 (x2-2) 254 (x1-2)
7 312 546(x1*8) 249(x0 8) 464(x1 5)
8 259 339 (xl*3) 206 (x0-8) ND
9 240 1887 (x7-9) 3048(x127) 1707 (x 7-1)

Counts are expressed in cpm/106 cells.
Figures in brackets denote the ratio of stimulated culture counts: baseline counts. ND =culture not done.

cells varied from 14 to 94% (see the Figure). The ro-
settes were counted in a phase-contrast microscope
with a x40 objective and the central cell was examined
as carefully as possible. Only small round cells were
accepted, binding a minimum of four sheep erythro-
cytes. Larger cells which might have been macro-
phages or cells other than lymphocytes were not
counted. It is nevertheless not possible, considering
the mixed cell population, to state categorically that
all the rosettes were based on lymphocytes. It seems
permissible to conclude, however, that a variable,
in some cases very high, proportion of the lympho-
cytes were of the 'T' variety.

Surface staining properties of immunoglobulin
were looked for in 10 of the 18 cases examined. In
8 cases no surface staining for immunoglobulin was
detected, although immunoglobulin-containing in-
clusions could be seen in a number of cells. The re-
maining 2 cases showed between 1 and 2% of surface-
stained lymphoid cells. Even here, the type of staining
was different from that seen typically in peripheral
blood B lymphocytes, and it is possible that the
stained cells were macrophages or another cell variety.
We may conclude that there is little or no definite
evidence for the presence of B lymphocytes in the
supernatant nonadherent cell population of synovial
cultures from rheumatoid patients.

Six cultures showed a definite mitogen response
(see the Table) to phytohaemagglutinin, and four
of those which were incubated with concanavallin A
also showed a response. Only one culture responded
to pokeweed mitogen. The response to phytohae-
magglutinin was similar whether 5, 10, or 20 ,u1 per
culture was added. The data in the Table refer to 5
pul. In the cultures in the Table which failed to respond
to mitogens, the baseline thymidine incorporation
suggested that live cells were present and the reason
for their failure to respond is obscure. It should be
noted here that in some initial experiments, not in-
cluded in the Table, cultures with mitogens were
begun as soon as the cells had been harvested, i.e.
about 24 hours after trypsinization. No mitogen

responses were obtained, althoughT cells were present
by the rosette test. It appears, therefore, that a period
of recovery is necessary to restore the ability of the
cells to respond.

Short-term incubation of supernatant cells with
particles and thymidine, for periods of 2-16 hours
either incubated immediately after harvesting or
after several days in culture, showed that there were
many cells with phagocytic activity, but cells which
had incorporated 3H-thymidine were only found in
one of the 10 samples studied by this method.

Discussion

The finding of sheep-cell rosetting cells, widely ac-
cepted as T-lymphocytes and mitogen response with
cells showing the characteristics of lymphoblasts,
provides good evidence for the presence ofT lympho-
cytes in inflamed rheumatoid synovial membranes.
Culture from an inflamed synovial membrane of a
case of osteoarthrosis also provided lymphoid cells
which gave sheep cell rosettes (65 %O), but not enough
lymphocytes were obtained for mitogen stimulation.
The failure to detect significant numbers, or, in

most cases, any cells which could be identified as B
cells by virtue of their surface staining by anti-
immunoglobulin, is more difficult to interpret. Two
possible explanations are (1) the adherence of B
cells to the fibroblast culture and the plastic surface
of the vessel and the consequent failure of the ap-
pearance ofB cells in the supematant culture medium,
or (2) the loss of surface immunoglobulin markers
after trypsinization. After several days of culture this
surface property might, however, be expected to have
recovered. Such recovery after enzyme treatment
has been shown by R. F. Ashman (unpublished).
The question ofB cells in our supematant material is
somewhat academic, since the presence of large num-
bers of plasma cells in rheumatoid synovial mem-
branes and the ability of such tissue to synthesize
large amounts of immunoglobulin in vitro (Smiley,
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Sachs, and Ziff, 1968) strongly suggest that lympho-
cytes destined to become involved in antibody
formation constitute part of that population.
Studies by one of us (Loewi, and others, 1974;
Loewi and Papamichail, 1973) and also by other
authors (Froland, Natvig, and Busby, 1973; Mellbye,
Messner, De Bord, and Williams, 1972) have shown
.a comparable situation to exist in the inflammatory
joint effusions of rheumatoid patients. Here also T
cells predominate, and the proportion of B cells,
although variable in the hands of different investi-
gators, has been found to be very low and in some
cases nil. Nevertheless, we have been able to show
that some small amount of immunoglobulin can be
synthesized by such cells in vitro. Similar work on
the synthesis of immunoglobulins by cells from the
synovial membrane is presently being undertaken.
The role of T lymphocytes in the effusion has not
so far been explained. It should be added that the
population of B cells in the peripheral blood of the
patients whose synovial membranes were obtained
was within the normal limits of readings obtained in
our laboratory by the method of direct fluorescent
anti-immunoglobulin staining which showed a mean
of 21 %. The incidence of peripheral blood T cells was
similarly within our normal range of 64% ± 15 SD.
The questions which these results pose are (1)

what is the mechanism of T cell attraction to the
chronically inflamed synovium? and (2) what is their
role, if any, in the local inflammatory events?
The first question may be viewed in the light of the

work of Asherson and co-workers (for review, see
Asherson, 1974). He showed that T cells obtained
from lymph nodes draining sites of immunization in
rats, on reinjection into other rats, moved to sites of
inflammation in a nonantigen-specific manner. These
cells were shown to be activated by their ability to
incorporate '251-iododeoxyuridine which reached a
-peak at 3 days. Earlier, North (1973) had shown that
activated T cells appeared in the spleen after im-
munization with Listeria monocytogenes, and those
-were considered to be the cells responsible for the
passive transfer of resistance to Listeria. These cells
have similarly been found to accumulate at sites
of inflammation such as an oil-induced peritoneal
,exudate. Asherson states that such T cells may be
produced by procedures which give rise to cell-
mediated immunity such as allogenic skin grafts,
the injection of Freund's complete adjuvant, and skin
painting with contact sensitizing agents.

In recent work, McGregor and Logie (1974) have
shown that rats infected with L. monocytogenes
contain immunoblasts in the thoracic duct which
have the property of homing to peritoneal exudates
induced either by injection of the same or another
-organism such as Salmonella typhi. This is most

readily explicable in terms of a nonspecific attraction
by the endothelial cells of capillaries of inflamed
tissues causing adherence of blast cells followed by
their passage through the capillary wall into the in-
flammatory site. The blast cells will mature locally
into T lymphocytes and are able to arm locally
accumulated macrophages and this renders them
protective (Koster, McGregor, and Mackaness,
1971). It is, of course, an open question whether
a similar mechanism obtains in the rheumatoid
synovial membrane or whether the lymphoid as well
as other events are of a more local nature in the
synovium; there are as yet no data on the nature of
cell traffic between the systemic pool and the local
accumulation. Such data might be obtainable by
suitable labelling techniques in rheumatoid patients.
Apart from a local protective role against invading

organisms and presumably other foreign materials
of an antigenic nature, T cells are also known to
produce various factors, collectively known as
lymphokines, which affect the behaviour of other
cells; an example of this is the migration inhibition
factor for macrophages but many other activities have
been described, including one producing local in-
flammation (for review, see Pick and Turk, 1972).
Recently, however, such activities have also been
found to be associated with suitably activated B
cells (Rocklin, MacDermott, Chess, Schlossman, and
David, 1974).
The more general statement may also be made that

the presence of T cells in an area of inflammation
may indicate that cellular immunity is a factor in the
genesis or chronicity of such inflammation. That
cellular immunity can induce synovitis in experi-
mental arthritis in guinea pigs and rats was shown in
a series of cell transfer experiments by Loewi (1968)
while V. M. Goldberg and E. M. Lance (unpublished)
showed that the arthritis induced in rabbits, reacting
by homoreactor to rabbit globulin Fab immuniza-
tion, depended upon the use of Freund's complete
adjuvant and varied with the presence or otherwise of
cutaneous delayed hypersensitivity to Fab. The role
of delayed hypersensitivity in experimental arthritis
has also been discussed by Glynn (1968). Finally, the
work of Dumonde (1971) may be mentioned in which
experimental arthritis was induced in the ankle joint
of bursectomized chickens, from which he deduced
that cellular immunity was involved.
The fact that not all the lymphoid cells recovered

were found to be T cells and could not be shown to
be B cells may indicate that some of these cells re-
present K cells responsible for cytotoxic killing
(Greenberg, Hudson, Shen, and Roitt, 1973). This
could constitute another mechanism involved in local
cell damage and thus contribute to the chronicity
of inflammation.
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