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Inhibition of Fc-rosette formation by synovial fluids
from patients with rheumatoid arthritis
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SUMMARY Human red cells sensitized with one of the Rh antisera (Ripley) form rosettes (Fc-rosette)
with human B lymphocytes and the rosettes are well inhibited by aggregated human IgG. As synovial
fluids from patients with rheumatoid arthritis are usually hypocomplementaemic and frequently
contain immune complexes, they were used for the inhibition of Fc-rosette formations in this study.
The Fc-rosette inhibitory rates were inversely correlated with the levels of CH50 and C4 in the

synovial fluids. Fractionation studies of the synovial fluids by ultracentrifugation and Sephadex
G200 gel filtration indicated that main inhibitory activities were present in macromolecular fractions.
Reduction and alkylation of the synovial fluids resulted in marked reductions of inhibitory activities.
The tested synovial fluids did not contain anti-HLA activity as assessed by the microcytotoxicity test.
The Fc-rosette inhibitory rates were not correlated with the levels of C3 and immunoglobulins, nor

with the activity ofrheumatoid factors in the synovial fluids.
These results indicate that the Fc-rosette formations are inhibited by the immune complexes

contained in the synovial fluids and it was confirmed that the Fc-rosette inhibition test is a simple and
sensitive method for the detection of circulating immune complexes.

Our previous study showed that human red cells
sensitized with one ofthe Rh antisera (Ripley) formed
rosettes (Fc-rosette) with some human lymphocytes
and these rosettes were well inhibited by hypocom-
plementaemic systemic lupus erythematosus sera
(Morito et al., 1976). The inhibitions were ascribed
to the presence of immune complexes in the sera.
However, it is well known that complement levels of
synovial fluids from patients with rheumatoid
arthritis are usually depressed in spite of their
relatively high content of total protein (Pekin and
Zvaifler, 1964; Bunch et al., 1974), and that immune
complexes are frequently detectable in these synovial
fluids (Hannestad, 1967; Winchester et al., 1971;
Luthra et al., 1975).

In the present study synovial fluids from patients
with rheumatoid arthritis were used for the inhibition
of Fc-rosette formation, and the inhibitory rates
were compared with several parameters including
complement levels, immunoglobulin levels, and
rheumatoid factor activities. The nature of inhibitory
factors in the synovial fluids was analysed using
ultracentrifugation and gel filtration.
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Materials and methods

SYNOVIAL FLUIDS
Thirty-two synovial fluid samples were obtained
from 20 patients with rheumatoid arthritis. All the
patients were classified as definite or classical
rheumatoid arthritis according to the criteria of the
American Rheumatism Association (Ropes et al.,
1958). In addition, four synovial fluid samples from
patients with degenerative joint disease were used
in this study. 20 units/ml hyaluronidase (Sprase,
Mochida Pharmaceutical, Tokyo) was added to
each synovial fluid and mucin contained in the
synovial fluid was dissolved. All the synovial fluid
samples were heat inactivated at 56°C for 30 minutes.

INHIBITION OF FC-ROSETTE FORMATION
Human blood type 0 (C+D +) red cells were washed
three times with physiological saline and twice with
0-15 mol/l, pH 7-4 gelatin veronal buffer (GVB+)
as previously described (Mayer, 1961), and sus-
pended at 2 x 108/ml. An equal volume of Ripley's
serum 20 times diluted (Waller and Vaughan, 1956)
was added to the red cell suspensions and incubated
at 37°C for 60 minutes, and these were used as
sensitized red cells. Lymphocytes were separated
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from normal human peripheral blood by the differen-
tial centrifugation method using Ficoll-Conray's
solution as described previously (Morito et al., 1976).
For the Fc-rosette inhibition, 0-2 ml of the syno-

vial fluid was added to 0-1 ml ot 7 x 106/ml of
lymphocyte suspensions and incubated at 37°C for
30 minutes. After incubation the lymphocytes were
washed five times with gelatin veronal buffer con-
taining 0-01 mol/l ethylene diamine tetra-acetate
(EDTA). Equal volumes of 7 x 106/ml of the
lymphocytes and 1 x 108/ml of the sensitized red
cells were incubated at 37°C for 15 minutes. After
centrifugation at 500 rpm for 5 minutes and gentle
resuspension, one drop of the suspensions was
placed on the microscope slide and lymphocytes
surrounded by more than four red cells were
considered to be positive rosette forming cells.
Fc-rosette formation rates were calculated from a
total of 200 lymphocytes. Fc-rosette inhibitory rates
of the synovial fluids were estimated in comparison
with the rosette forming rate with normal human
serum used as control.

FRACTIONATION OF SYNOVIAL FLUIDS BY
ULTRACENTRIFUGATION
Each 3 ml of synovial fluid was centrifuged at
140 000 g for 4 hours using a Hitachi 65p centrifuge.
The synovial fluid was separated into three fractions
of 1 ml each, i.e. top, middle, and bottom
fractions.

FRACTIONATION OF SYNOVIAL FLUIDS BY

SEPHADEX G200 GEL FILTRATION
Three ml of synovial fluid was applied on Sephadex
G200 column (Pharmacia Fine Chemicals, Uppsala,
Sweden) equilibrated with 0-15 mol/l, pH 7.4,
phosphate buffered saline (PBS), and separated into
five fractions consisting of 1st peak (void volume,
19S fraction), 2nd peak (7S fraction), 3rd peak
(albumin fraction), and fractions between them.
Each fraction was concentrated by evaporation
and used for the Fc-rosette inhibition.

REDUCTION AND ALKYLATION OF SYNOVIAL
FLUIDS
Synovial fluids were reduced by 0 01 mol/l dithio-
threitol at room temperature for 30 minutes and
alkylated by 0 015 mol/l iodoacetamide at 0°C for 2
hours as described previously (Tanimoto et al.,
1975). They were dialysed against 0-15 mol/l, pH 7-4,
PBS for 48 hours and used for the experiments.

MEASUREMENTS OF COMPLEMENT AND
IMMUNOGLOBULIN LEVELS
The CH50 of synovial fluid was measured by
Mayer's 50% haemolytic method (Mayer, 1961).

Levels of C3, C4, IgG, IgA, and IgM were deter-
mined by single radial immunodiffusion using
Partigen's Immunoplate (Behring Institute, W.
Germany) (Mancini et al., 1975).

DETECTION OF RHEUMATOID FACTOR ACTIVITY
Rheumatoid factor activities in synovial fluids were
detected by the latex fixation test using the RA-test
(Hyland Lab., Calif.) (Singer and Plotz, 1956) and
by the sensitized sheep cell agglutination test
described by Heller et al. (1954).

DETECTION OF ANTI-HLA ACTIVITY
All the synovial fluids were heat inactivated at 56°C
for 30 minutes and their anti-HLA activities were
detected by Terasaki's microcytotoxicity test using
12 different panels of well typed lymphocytes
(Terasaki and McClelland, 1964).

Results

When the Fc-rosette inhibitory rates of synovial
fluids from patients with rheumatoid arthritis were
compared with those from patients with degenerative
joint disease many of the former showed considerable
inhibition, while all of the latter failed to inhibit
rosette formation significantly (Fig. 1).

>2 <2
Rheumatoid arthritis

Fig. 1 Fc-rosette inhibition by synovialfluids ofpatients
with rheumatoid arthritis and degenerative joint disease.
The CH5o of each synovial fluid was divided by corres-
ponding total protein level (g/JO0 ml) and the ratio
plotted against Fc-rosette inhibitory rates. Synovial fluid
from patients with rheumatoid arthritis was divided into
two groups. In one group CH5o/total protein was > 20,
and in the other < 2-0. The hypocomplementaemic group
showed slightly higher inhibition rates than the normo-
complementaemic group and patients with degenerative
joint disease.
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Each CH50 value of synovial fluid was divided by
the corresponding total protein (TP) level. On the
basis of the ratio of CH50 to TP, the synovial fluids
from patients with rheumatoid arthritis were divided
into two groups. In the hypocomplementaemic
group CH50/TP values were <2 0, and in the
normocomplementaemic group the values were
>2*0. The hypocomplementaemic group showed
higher inhibitory rates than the normocomplement-
aemic group (Fig. 1). The correlation coefficient

between the Fc-rosette inhibitory rates and CH50/
TP values was r = -0 49 (P<0-01) (Fig. 2), indi-
cating that the lower the complement levels in the
synovial fluids the higher the Fc-rosette inhibitory
rate.
C3 and C4 levels in synovial fluid were also

compared with Fc-rosette inhibitory rates. Although
the correlation between C3 levels and the inhibitory
rates did not reach significance, the correlation
coefficient of C4 levels with the inhibitory rates was
significant (r = -0 56, P<0 05) (Fig. 3).
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Fig. 4 Relation between Fc-rosette inhibitory rate and
b 7 RA-test positivity of rheumatoid synovial fluids. The

synovial fluids were divided into RA-test positive and
negative groups. When the Fc-rosette inhibitory rates of
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Fig. 3 Relation between Fc-rosette inhibitory rates and
C3/total protein and C4/total protein of rheumatoid
synovial fluid. The values of C3 and C4 (mg/J00 ml) in
the synovial fluids were divided by total protein levels
(g/J00 ml). The rates of C3 and C4 to total protein were
plotted against Fc-rosette inhibitory rates. The correlation
between the inhibitory rates and C3/total protein was
not significant, but a negative correlation was found
between Fc-rosette inhibitory rates and C4/total protein
(r = -056, P<0-05).
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Fig. 5 Relation between Fc-rosette inhibitory rates and
sensitized sheep cell agglutination (SSCA) titres of
rheumatoid synovial fluids. SSCA titres in the synovial
fluids were determined as described by Heller et al. (1954).
The titres were plotted against Fc-rosette inhibitory rates,
but no significant correlation was observed.
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Fig. 6 Relation between
Fc-rosette inhibitory rates and
immunoglobulin levels in
rheumatoid synovial fluids. IgG,
IgM, and IgA levels in the synovial
fluids were measured by single
radial immunodiffusion. The
results compared with the
Fc-rosette inhibitory rates showed
no significant correlations.

Fc-rosette inhibitory rates were studied in
comparison with rheumatoid factor activities and
immunoglobulin levels. Neither the results of
positive latex fixation tests nor of SSCA titres gave
significant correlations with Fc-rosette inhibitory
rates (Figs. 4, 5). Levels of IgG, IgA, and IgM in the
synovial fluids plotted against the corresponding
Fc-rosette inhibitory rates (Fig. 6) showed no
significant correlations with the inhibitory rates.
Three highly inhibitory synovial fluid samples

were centrifuged at 140 000 g for 4 hours, and
separated into top, middle, and bottom fractions.
When each fraction was tested by the Fc-rosette
inhibition test, the bottom fractions were found to
be the most inhibitory (Fig. 7).
One synovial fluid sample was applied on Sepha-

dex G200 column and separated into five fractions:
1st peak (void volume 19S fraction), 2nd peak (7S
fraction), 3rd peak (albumin fraction), and fractions
between them (Fig. 8). These fractions were also
used in Fc-rosette inhibition. The strongest inhibi-
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Fig. 7 Inhibition of Fc-rosette by rheumatoid synovial
fluids fractionated by ultracentrifugation. Three synovial
fluids were separated into top, middle, and bottom frac-
tions by ultracentrifugation at 140 000 g for 4 hours.
Each fraction was tested in Fc-rosette inhibition test and
bottom fractions were found to be the most inhibitory.

tion was observed in the 1st peak, some inhibition
was noted in the 2nd peak and in the fraction
between the 1st and 2nd peaks, while the other
fractions showed no inhibition.

Synovial fluids conspicuously lost their inhibitory
activities after reduction and alkylation (Fig. 9).
Anti-HLA activities were not found in the synovial
fluids used in this study by the microcytotoxicity test
against 12 different panels of lymphocytes.

Fig. 8 Inhibition of Fc-rosette by rheumatoid synovial
fluids fractionated by Sephadex G200 gelfiltration. One
synovial fluid was applied on Sephadex G200 column and
separated into five fractions. Fc-rosette was most strongly
inhibited by Fraction I (Fr-I, Ist peak, void volume); Fr-II
and Fr-III (7S fraction) showed moderate inhibitions;
neither Fr-IV nor Fr-V inhibited rosette formation.
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Fig. 9 Effect of reduction and alkylation of rheumatoid
synovialfluids on Fc-rosette inhibition. Three synovial
fluids were reduced with 0-01 molll dithiothreitol and
alkylated with 0 015 molll iodoacetamide. Their Fc-
rosette inhibitory activities were compared before and
after reduction and alkylation. The inhibitory activities
were moderately to markedly reduced after reduction and
alkylation.
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Discussion

Reports have indicated that immune complexes are
frequently present in synovial fluids from patients
with rheumatoid arthritis. The methods used were
precipitation reactions with rheumatoid factor or
Clq, but these methods are generally insensitive.
More sensitive methods have also been used,
including radioimmunoassay using rheumatoid
factor (Cowdery et al., 1975) and the precipitation
reaction with monoclonal rheumatoid factor
(Winchester et al., 1971). However, radioimmuno-
assay is not a simple procedure, and it is difficult to
determine monoclonal rheumatoid factor.
As noted above, we consider that the Fc-rosette

inhibition test used in this study is a simple and
sensitive method. With regard to the specificity of
this test, Fc-rosette formation may be inhibited not
only by immune complexes or aggregated IgG, but
also by other factors such as antilymphocyte anti-
body (Morito et al., 1976). Nevertheless, for the
following reasons we think that Fc-rosette inhibition
is caused mainly by the presence of immune com-
plexes in synovial fluids.

(1) The hypocomplementaemic group of synovial
fluids showed higher Fc-rosette inhibitory rates than
the normocomplementaemic group, and the levels
of CH50 and C4 were inversely correlated with the
Fc-rosette inhibitory rates. (2) Ultracentrifugation
and gel filtration studies indicated that the main
inhibitory activities are present in macromolecular
fractions. (3) Reduction and alkylation of synovial
fluids resulted in marked reduction of the inhibitory
activities. (4) None of the tested synovial fluid
samples contained anti-HLA activities.

It has been reported that the reactivity of
immune complexes with Fc-receptors on lympho-
cytes disappears after reduction and alkylation
(Dickler, 1974), whereas the inhibitory activities
of antilymphocyte antibodies are not affected
by reduction and alkylation. It may be that
rheumatoid factor contained in synovial fluids
interferes with rosette formation of the lymphocytes
with sensitized red cells. In our study the lymphocyte
preparations after reaction with synovial fluids were
thoroughly washed and rheumatoid factor activity
was no longer detected in the supernates. In addition,
there were no significant differences of Fc-rosette
inhibitory rates between the rheumatoid factor
positive group and the negative group in the synovial
fluids. It is therefore unlikely that rheumatoid factor
contained in the synovial fluid would inhibit Fc-
rosette formation.

Antilymphocyte antibodies such as anti-HLA
antibodies may inhibit Fc-rosette formation, but
the microcytotoxicity test showed none of these

antibodies in the synovial fluids. In addition, such
antibodies do not usually lose their inhibitory
activity after reduction and alkylation. In our experi-
ments, the 7S fraction from synovial fluids showed
slight inhibition. Since the fraction might contain
peculiar antibodies which are not detected by the
microcytotoxicity test, it is possible that these
antibodies inhibit Fc-rosette formation.

In synovial fluids from patients with rheumatoid
arthritis complement levels are usually low in spite
of a high protein content (Pekin and Zvaifler, 1964;
Bunch et al., 1974). It is generally believed that
immune complexes formed in synovial fluids activate
the classical complement sequences and result in the
reduction of complement levels. In leucocytes from
the synovial fluids immune complexes and comple-
ment components have been observed as inclusion
bodies (Hollander et al., 1965; Vaughan et al.,
1968), lysosomal enzymes being released from the
leucocytes after phagocytosis. Lysosomal enzymes
are thought to play an important role in the in-
flammatory process in rheumatoid arthritis. Thus,
immune complexes will be one of the most important
factors in the pathogenesis of rheumatoid arthritis,
and the detection of immune complexes has signifi-
cant value in rheumatoid arthritis. We stress that the
Fc-rosette inhibition test is one of the simplest and
most sensitive methods for the detection of circulat-
ing immune complexes in clinical material.

We are grateful to Miss Atsuko Yokoyama, Miss
Fumiko Hara, and Miss Yasuko Uchikoba for their
excellent technical assistance.
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