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The characterization of a homogeneous non-adherent synoviocyte (Type A) cell population
(> 95 %) from non-rheumatoid patients by culturing the cells in the presence of forty percent
foetal calf serum is reported. These cells were able to phagocyte latex beads, iron particles,
fluoresceinated zymosan and yeast. Furthermore, non-adherent synoviocytes were capable of
being infected by the obligate intracellular parasite of peripheral monocytes Leishmania donova-
ni. Indirect immunofluorescence experiments with specific anti-human monocyte (OKM1) anti­
body and specific antisynoviocyte serum, showed the presence of common surface structures
between synoviocytes A cells and peripheral monocytes. Fifty five percent of the synoviocytes
were also positive for HLA Dr antiserum. Analysis by two dimensional gel electrophoresis
showed that peripheral monocytes and synoviocytes secreted identical polypeptides in vitro.
These results strongly suggest a relationship between synoviocytes A and mononuclear phago­
cyte system.
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The synovial lining cells are necessary
for the normal function of the diarthro­
dial joint. The exchange of nutrients and
elimination of residues, the secretion of
proteins and proteoglycans and the contin­
uous filtering of the synovial fluid are
considered to be their main functions.
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** To whom correspondence should be ad­
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Morphological studies of these cells, have
distinguished two types of cells: Type A
or macrophage-like with evidence of pi-
nocytosis and phagocytosis of latex beads
Type B, a large non-phagocytic cell with
a high rate of protein synthesis (2, 6, 14,
28). These synovial lining cells appear to
be involved in the pathological altera­
tions of the joint, one of the most impor­
tant being Rheumatoid Arthritis (RA).

It is widely accepted that the damage of
the articular joints is directly associat­
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ed with a local chronic inflammatory re­
action (18, 30). The synovial membrane
in RA is characterized by proliferation
of the synovial lining cells, an infiltration
of the sublining layers by mononuclear
cells and the enrichment in polymorpho­
nuclear cells of the synovial fluid (2,19).

The synovial lining cells appear to be
involved in the inflammatory process
though different actions: the liberation of
lysosomal chemotactic factors (1, 17) and
degrading products such as collagenase
and other proteases (13). The induction
of cell mediated immunity and/or the
production of autosensitization (8, 10) as
well as the relationship with the class of
sublinig infiltrates is not yet well defined
(19). Therefore, it seems of relevance to
characterize the components of the syn­
ovial lining which may play an important
role in the chronic inflammation present in
RA. Type A, the major component of
tliis cell population, is a good candidate
to be studied considering the importance
of macrophages on the immune response.
Hitherto, most of the characterization
studies have been carried out from a
morphological point of view. Although
these cells seem to be originated in the
bone marrow in animals (7), the pertain-
ance of these cells to the human mono­
nuclear phagocyte system has not been
unequivocally demonstrated. Tliis paper
reports the characterization of a homoge­
neous population of synoviocytes A from
a mixture of both cellular types present in
the synovial lining. These cells are char­
acterized as phagocyte lineage cells
which present surface polypeptides in
common with other components of the
phagocyte system (peripheral monocytes),
as well as a similar protein secretion
pattern.

Materials and Methods

Materials. — Culture medium 199,
trypsin and foetal calf-serum were pur­

chased from Flow Laboratories (Irvine,
Ayrshire, U.K.). Tc glutamine was from
Difco, Methionine was from Merck.
Na125I and 35S-Methionine were from
Amersham. Monoclonal antibodies anti­
monocyte OKM1 and anti T lymphocyte
OKT3 were from Ortho Diagnostics Sys­
tems, Inc. (Raritan, N. J., USA). Goat
FITC anti-mouse IgG was from Miles
Co. Ltd. (Slough, England SL24LY).
Mouse anti-human Dr serum was from
BRL. Autoradiography paper X-Omat S
was obtained from Kodak.

Cells. — Culture of synovial cells were
prepared with synovial samples from
non-rheumatoid patients, dispersed by
incubation with trypsin (6). Cells were
cultured in 35 mm culture dishes (Costar,
Mass., USA) in 199 medium containing
40 % heat inactivated foetal calf serum
and gentamycin (80 pg/ml).

After seven days of culture at 37°C in a
5 % CO2 atmosphere the cells were har­
vested and washed twice with phosphate
saline buffer (Pi/NaCl) before use. Periph­
eral monocytes were obtained from
blood and purified as described by Terri-
to (27).

Phagocytosis experiments. — Synovio­
cytes (lO^in ml of 199 medium) were in­
cubated with a suspension of 0.81 pm la­
tex beads (Difco) for 15 min at 4°C. In
the case of iron particles (10 pm) or zy­
mosan (Sigma) fluoresceinated by us,
synoviocytes were incubated at 37°C for 3
hours. They were washed twice in Hank’s
medium and subsequently mounted on
a glass slide to be visualized in a phase
contrast microscope. The phagocytosis of
live organisms was carried out with yeast
and with the obligate intracellular para­
site of the mononuclear phagocyte system
the protozoan Leishmania donovani. Sy­
noviocytes (105) were incubated with
106/ml yeast or parasites at 37°C for 4
hours. The cells were washed twice and
mounted on glass slides. The yeasts were 
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visualized directly in the cells by phase
contrast microscopy. Leishmania amasti-
gotes, were visualized after staining with
Giemsa.

Anti-synoviocyte serum. — New Zea­
land rabbits were im’ected twice intrave­
nously with 2 x 10‘ cells/injection. One
week after the second injection, the rab­
bits were bled from an ear vein, the se­
rum was recovered and heat-inactivated.
Anti-synoviocyte serum was absorbed
with freshly obtained human lympho­
cytes according to the method described
by Gooding and Edidin (12).

Determination fo IgG Fc and C3b recep­
tors. — The presence of C3b receptors on
the surface of synoviocytes was deter­
mined using F1TC conjugated Salmonella
typhii reacted with fresh human serum as
a source of complement (9). The receptor
for IgG Fc was detected by rosette forma­
tion of sensitized red blood cells with IgG
rabbit anti-ox serum (EA) according to
Moretta et al (22).

Lymphoblast transformation test. —
The cells were challenged either with
Concanavalin A (Con A) or Phytohemag­
glutinin (PHA) and the incorporation of
3H-thymidine was measured as described
(15).

Immunofluorescence. — Synovial cells
(106) in 200 pl of Hank’s were incubated
with 5 pl of specific antibody (OKM1,
OKT3, anti-human Dr and anti­
synoviocyte) for 30 min at 4°C with gentle
shaking. Cells were washed twice with
1 ml Hank’s and suspended in a final vol­
ume of 100 pl to which 7 pl of the corres­
ponding FITC antiserum were added.
After 30 minutes incubation at 4°C, cells
were washed three times with cold
Hank’s, mounted on glass slides and ana­
lyzed by microscopy.

Frozen sections (6-10 pm thick) were
cut out in cryostat at -30°C and mount­

ed on glass slides. The slides were incu­
bated with monoclonal antibody anti­
monocyte OKM1 and with specific anti­
synoviocyte serum. The corresponding
controls were treated (in parallel) in each
case, as described by Peltier et al. (25).

Polyacrylamide gel electrophoresis. —
Two dimensional electrophoresis was car­
ried out according to O’farrel (24) as
slightly modified by Bravo (3). A 15 %
acrylamide gel was used in the second di­
mension. Approximately 100,000 trichlo­
roacetic precipitated c.p.m. were rou­
tinely applied per gel. Fluorography was
carried out as described (20).

Protein synthesis. — 105 cells were
seeded in 100 pl of MEM containing 500
pg/ml of glutamine and 1 mg/ml of me­
thionine, 20 pCi of 35S methionine was ad­
ded to the medium and incubated at 37°C
in a 5 % CO2 atmosphere for 24 hours.
The cells were disrupted in lysis buffer
(9.8 M urea, 2 % w/v). Nonidet (P-40,
2 % Anpholytes pH 7-9, 100 mM ditio-
threitol) and kept at -20°C. The trichlo­
roacetic precipitable radioactivity was de­
termined.

Results

Functional characteristics of non-
.adherent synovial cells. — When grown
‘in the presence of 40 % FCS the synovial
cells appeared after seven days in culture
as an homogeneous population of round
mononuclear cells. Considering that sy­
novial cells have been indentified in ani­
mals as members of the monocyte lineage
(7), it was decided to further investigate
tliis possibility in humans. For this pur­
pose their ability to phagocytbse different
particles as well as five cells was assayed
(table I). More than 90 % of the non­
adherent synoviocytes obtained were
able to phagocytose latex beads, iron, zy­
mosan particles and yeast. Furthermore,
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Fig. 1. Leishmania donovani reproduction in the
synoviocyte cytoplasm.

The Giemsa stain a synoviocyte that has been infect­
ed by the parasite. The black points in the cell cyto­
plasm, indicated by the arrows, are Leishmania

amastigotes. Amplification 12,500.

To further analyze the relationship
between monocytes and synoviocytes the
presence of monocyte surface structures
such as C3b and Fc receptors, HLA-Dr
and Mol antigens, was studid. Con­
versely, the presence of synoviocyte anti­
gens on monocytes by using an anti-syno-
viocyte serum was also studied.

Tne presence of C3b and IgG Fc recep­
tors was studied by their attachment to
either gram negative bacteria which had
fixed complement or sensitized red blood
cells. After seven days of culture neither
Fc nor complement receptors were detect­
ed on the synoviocyte surface (data not
shown) as opposed to monocytes (11).
This apparent contradiction could be ex­

similar ingestion efficiency was obtained
with the obligate intracellular parasite
Leishmania donovani (table I). The pres­
ence of protozoan amastigotes inside the
cell cytoplasm (fig. 1) is a clear- evidence
of the monocyte nature of these cells (4).
These results seem to exclude the possibil­
ity that the data shown in table I could
be accounted for unspecific adhesion of
particles or cells to the synoviocyte mem­
brane. Another proof for the homogenei­
ty of the synovicyte cell population came
from lectin stimulation activity. Synovio­
cytes were unable to be stimulated by ei­
ther Con A or PHA which are known to be
mitogenic for T lymphocytes or a mixture
of T and B lymphocytes, therefore exclud­
ing the presence of these types of cells in
the preparation. Because of a contamina­
tion by B lymphocytes can be reasonably
excluded.

( omrnon surface antigens between sy­
noviocyte and monocyte phagocyte cells.

Fig. 2. Immunofluorescence of synoviocytes
and monocytes with specific antisera.

a) Synoviocyte with lymphocyte-absorbed anti­
synoviocyte serum, b) Peripheral monocyte with
anti-synoviocyte serum, c) Synoviocyte with mono­
clonal antibody (0KM1) anti-human monocyte.
d) Synoviocyte with antiserum anti-human HLA-

Dr. Amplification 2,500.
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Fig. 3. Immunofluorescence of synovial lining
cells.

(a) Indirect immunofluorescence of a section of non
rheumatoid synovium with specific serum anti­
synoviocyte. (b) Immunofluorescence reaction with

monoclonal antibody (OKM1).

plained by the fact after three days of cul­
ture the C3b and Fc receptors of mono­
cytes start to decline (16).

Non-adherent synoviocytes expressed
HLA-Dr antigen (55-60 %) as deter­
mined by indirect immunofluorescence ex­
periments (fig. 2d). This figure is similar

to that obtained with macrophages (29)
and slightly lower than that found for pe­
ripheral monocytes (21). The monoclonal
antibody OKM1 specific for monocytes
was also able to react with synoviocytes
in culture (fig. 2b) and in frozen tissue
sections (fig. 3b).

This cross-reactivity between synovio­
cytes and monocytes was also confirmed
by using anti-synoviocyte antiserum pre­
viously absorbed with human lympho­
cytes (fig. 2a and fig. 3). The synovial cells
obtained belong exclusively to the lining
cells of the synovium since the antiserum
raised against cultured cells reacts only
with the two external layers of cells in
frozen tissue sections (fig. 3a). Control
experiments with the monoclonal anti­
body OKT3 confirmed the absence of T
lymphocytes in our synoviocyte prepara­
tion (data not shown).

Protein secretion. — Monocytes in cul­
ture are well known to secrete different
molecules to the medium (21, 23, 26). In
order to compare tire secretion pattern of
monocytes and non-adherent synovio­
cytes, protein synthesis experiments using
35S labelled methionine were carried out.
Tire secreted molecules were then ana­
lysed by two dimensional gel electrophore­
sis, giving both types of cells an almost
identical pattern. A major group of pro­
teins composed of nine (fig. 4a and b)
spots of 64,000 molecular-weight account­
ing for 80 % of the labelled secreted
protein was found as well as another

Percentage of phagocyting cells

I able I. Phagocytosis by synoviocytes of different particles and live cells.
Mean of three experiments. The viability of the cells was higher than 90 %.

Cell type Latex ken Zymosan Yeast L. donovani

Lymphocytes 10 ± 1 12 ±2 8 ± 1 13 ± 2 14 ± 1

Synoviocytes 90 ± 3 90 ± 2 95 ± 2 90 ± 5 90 ±3
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Fig. 4. Autoradiography of two dimensional gel electrophoresis of 25S-Iabelled proteins
synthesized by the cells.

a) Secreted protein by synoviocytes. b) Secreted proteins by peripheral monocytes.
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group of 60,000 composed of five spots
and a third family of spots with approxi­
mate molecular weight of 50,000.

Discussion

The major component of the synovial
lining cells, the non-adherent synoviocyte
A, has been obtained as a homogeneous
population by stripping the cells from the
synovial tissue and culturing them in a
difined medium with a high concentra­
tion of FCS. The onset of fibroblast like
cells in the cultures regresses and finally
disappears. This may be due to an inhibi­
tory effect of non-adherent synoviocyte
secreted factors as described (5). The cul­
ture of synoviocytes appears to be free of
lymphocyte contamination since immu­
nofluorescence experiments with a mo­
noclonal antibody specific for T popula­
tions were negative and the cells were un-
reactive with the mitogens PHA and Con
A. Furthermore, the antiserum raised
against cultured synoviocytes gave posi­
tive reaction only with the two external
layers of cells when assayed in frozen tis­
sue sections, ruling out the possibility
that phagocyte ceils other than synovio­
cytes were the type of cells obtained from
the synovial tissue.

The results presented above showed
the presence of three different types of
common molecules between synoviocytes
and peripheral monocytes: First, well
known surface antigens such as Mol and
HLA-Dr; second, still uncharacterized
antigens as those recognized by the specif­
ic anti-synoviocyte serum; finally, three
different families of secreted proteins
with molecular weights of 64,000, 55,000
and 50,000 respectively. These results
strongly suggest that synoviocytes belong
to the monocyte lineage. This conclusion
was confirmed by the fact that synovio­
cytes were able to phagocytose different
particles and cells as well as being infect­
ed by the obligate intracellular parasite
of monocytes L. donovani.

Further molecular and functional char­
acterization of these cells will be helpful
in the understanding of the role played by
the synoviocytes in inflammatory proces­
ses such as Rheumatoid Arthritis.
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Resumen

Se caracteriza una poblacion homogdnea de sino-
viocitos no adherentes (Tipo A) procedentes de si-
noviales de pacientes no reumatoides. Las celulas
cultivadas en 40 % de suero fetal bovino, fagocitan
partt'culas de latex, hierro, zimosan fluoresceinado
y levaduras y se infcctan por el pardsito intracelular
estricto de monocitos Leishmania donovgni. Expe-
rimentos de inmunofluorescencia indirecta con anti-
cuerpos anti-monocito (OK.M1) y anti-suero espeef-
fico anti-sinoviocito, muestran la presencia de es-
tructuras comunes en la superficie celular entre cd-
lulas sinoviales y monocitos perifdricos. Los sino-
viocitos son positives para e! antisuero anti HLA-
Dr. Mediante electroforesis bidimensional se mues-
tra que, tanto los sinoviocitcs como los monocitos
perifdricos, secretan iddnticos polipdptidos in vitro.
Estos resultados sugieren una relacidn entre los si-
noviocitos A y el Sistema Mononuclear Fagocitico.
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