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Isolation and analysis of complement activating
aggregates from synovial fluid of patients with
rheumatoid arthritis using monoclonal anti-C3d
antibodies
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SUMMARY The complement activating aggregates in synovial fluids of patients with rheumatoid
arthritis (RA) have been isolated using monoclonal IgM anti-C3d antibodies attached to solid
phases, and the content of the material bound has been analysed. High levels of aggregated IgG
bearing C3d were found in RA synovial fluids, and IgG was the major immunoglobulin bound
from such synovial fluids by anti-C3d Sepharose. A strong correlation was shown between levels
of aggregated IgG bearing C3d and complement activation, as judged by C3d levels. Significant
(but less strong) relationships were also observed between C3d levels and both complement
consuming and Clq binding activity. C3d levels and levels of aggregated IgG bearing C3d were
both significantly associated with the numbers of polymorphonuclear leucocytes (PMNs) found in
RA synovial fluids. From these results it is concluded that the aggregated immunoglobulins
bearing C3d (particularly IgG) isolated from RA synovial fluids are responsible for activating
complement and attracting PMNs into the joint space. Radioimmunoassay showed no
correlation, however, between levels of aggregated IgG (or IgM) bearing C3d and rheumatoid
factor (RF) activity bound by anti-C3d. In addition, the material bound by anti-C3d Sepharose
from most synovial fluid polyethylene glycol precipitates did not contain either IgM or IgG RF.
Thus both techniques show that the majority of complexes bearing C3d do not contain RF. As
the complement fixing aggregates apparently contain only immunoglobulin and complement
components the results raise the problem of how the aggregates are formed. It is suggested that
RA IgG may remain aggregated after either antigen or antibody (RF) has dissociated from the
complex.

Key words: aggregated IgG bearing C3d, C3d levels, PMN numbers, rheumatoid factor.

It has been suggested that the high numbers of
PMNs which are found in synovial fluids of patients
with RA are attracted there by chemotactic agents,
generated as a result of antigen-antibody complexes
initiating complement breakdown.' There is no
doubt that IgG aggregates occur in the synovial
fluids of patients with RA,2 nor that local comple-
ment activation takes place.35 Complexes contain-
ing IgG are thought to trigger the activation because
there is some relation between levels of high
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molecular weight IgG and anticomplementary activ-
ity in synovial fluids.2 In addition, analysis of the
joint material which has bound complement shows it
to be mainly IgG with some IgM.6 Recently we
examined the relation between the complexes which
contain RF and those which activate complement in
the sera and synovial fluids from patients with
rheumatic diseases.7 8 Essentially, this was done by
isolating the complexes which had fixed complement
and asking if they contained RF. The results showed
that sera from patients with RA and systemic
vasculitis had high levels of complexes which con-
tained both rheumatoid factor and fixed comple-
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ment. Unexpectedly, these complexes were de-
tected in only a minority of synovial fluids from
other patients with RA and then at lower levels. The
failure to find proteins other than immunoglobulins
and complement components in complexes isolated
from synovial fluids,6 ' together with the correlation
between complement depletion and RF titres,10 has
led a number of authors to infer that the complexes
which are activating complement consist of IgG (as
antigen) and RF. In view of the apparent discrep-
ancy of these findings with our results it seemed
necessary to re-evaluate the content of the comple-
ment activating material in synovial fluid. This
report describes the use of IgM monoclonal anti-
C3d antibodies to isolate such material (IgM is not
an antigen for RF and thus RF will not bind directly
to solid phases to which IgM anti-C3d antibodies
have been attached) and experiments designed to
test (a) whether the immunoglobulins bound by this
antibody are those responsible for activating com-
plement in RA synovial fluid and are thus contribut-
ing to the attraction of PMNs into the joint; and (b)
whether the material bound by the solid phase
antibody contains RF.

Patients and methods

PATIENTS

All patients fulfilled the American Rheumatism
Association criteria for classical or definite RA. Of
these patients, 44 were female, 21 male, 86%
seropositive by latex agglutination, and 94% by
radioimmunoassay for IgM rheumatoid factor.
Their mean age was 60 years and the average
duration of their disease 12 years. Synovial fluids
were obtained from therapeutic aspiration of ac-
tively inflamed knee joints. The patients were
receiving a variety ofnon-steroidal anti-inflammatory
and slow acting antirheumatic drugs. Each sample
was divided into three portions: the first was used to
measure cell and differential counts; the second
was collected in ethylenediaminetetra-acetic acid
(EDTA), centrifuged within two hours of collection
to remove the cells, and stored in aliquots at -70°C;
and the third was centrifuged within two hours of
collection and stored in aliquots at -70°C.

Synovial fluids were also obtained from 11
patients with an active crystal synovitis (three with
gout, eight with pseudogout) whose joints were
aspirated for diagnostic or therapeutic reasons. Sera
were from normal healthy volunteers.

POLYETHYLENE GLYCOL (PEG)
PRECI PITATION
Samples were diluted 1:2 in borate buffered saline
pH 8-3 containing 0*5 mM EDTA. Polyethylene

glycol (PEG) 6000 was added to a concentration of
2-5% and the mixture held at 4°C. The precipitate
was centrifuged (3000 g for 15 min), washed in 2-5%
PEG, and resuspended in phosphate buffered saline
(PBS) to the original volume. Precipitates were used
immediately or stored at -20°C.

MONOCLONAL ANTIHUMAN c3d
Monoclonal IgM antihuman C3d was prepared and
its specificity tested at the South West Regional
Blood Transfusion Centre as described elsewhere.11

ESTIMATION OF IMMUNOGLOBULIN BOUND
BY ANTI-C3d
Monoclonal antihuman C3d (10 [tg/ml) was incu-
bated in the wells of polyvinyl plates (Linbro) for
one hour at 37°C and one hour at 4°C. Unbound
antibody was removed and any free reactive sites
blocked by incubation with 1% bovine serum
albumin (BSA). Duplicate 1:10 dilutions of PEG
precipitates were made in the wells and the plates
incubated at 37°C for two hours. The plates were
washed with 0-05% Tween 20 in phosphate buffered
saline pH 7-2 (PBS-Tween). The amount of IgG
attached to the plate was estimated by measuring
the uptake of 12 I labelled monoclonal antihuman
IgG. Antihuman IgG was added to each well of the
plate, the plates were incubated overnight at 4°C,
and the bound radioactivity counted. Counts
obtained from control wells which had been incu-
bated with BSA and antihuman IgG alone were
subtracted from each sample count and the results
expressed as a percentage of the total radioactivity
added to each well.
The amounts of IgM and IgA bound by anti-C3d

were estimated by measuring the uptake of mono-
clonal antihuman IgM and antihuman IgA.
Monoclonal anti-IgG and antihuman IgA were

gifts from Dr J Lowe (Department of Immunology,
Birmingham University). Antihuman IgM was
obtained from Seward Immunostics (clone AF6).
The specificities of these monoclonal antibodies
were tested against purified myeloma proteins.

ESTIMATION OF RF BOUND BY ANTI-C3d
PEG precipitates were incubated on anti-C3d coated
plates as described above, the plates were washed,
and 1251 labelled heat aggregated human IgG (Hagg)
at a concentration of 1 ,ug/ml was added to each well
of the plate. The plates were incubated overnight at
4°C and bound radioactivity counted. Counts
obtained from control wells which had been incu-
bated with BSA and Hagg alone were subtracted
from each count and the results expressed as the
percentage Hagg bound by each sample.
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SODIUM DODECYL SULPHATE-
POLYACRYLAMIDE GEL ELECTROPHORESIS

(SDS-PAGE)
This was carried out using the discontinuous buffer
system.'2 A 7-50% running gel and a 5% stacking gel
were used.
WESTERN BLOTTING
Proteins separated by SDS-PAGE were transferred
electrophoretically to nitrocellulose paper. 13 Marker
proteins were stained with 1% amido black and free
reactive sites on the remainder of the paper blocked
(1% haemoglobin, 1% BSA). The position of
proteins carrying C3d determinants was detected by
overlaying the nitrocellulose paper with polyclonal
anti-C3d. The paper was incubated in diluted
antiserum for 30 min at room temperature, washed
thoroughly in PBS-Tween, and blocked again with
05% BSA. Bound anti-C3d was detected with
alkaline phosphatase labelled rabbit antihuman
gamma chain (Sigma). Veronal buffer containing
0-5 mg/ml of naphthol AS:B1 phosphate (Sigma),
0-5 mg/ml of fast red dye, and 1 [I/ml of purpurin in
dimethylformamide was used as the enzyme sub-
strate. As the bands developed the reaction was
stopped by rinsing the paper in water.

ESTIMATION OF TOTAL c3d
C3d was measured by the double decker rocket
immunoelectrophoresis method of Brandslund et
al,'4 with some modifications. The samples were
electrophoresed through two precipitating antibody
gels: the first contained 40 ,ul/ml anti-C3c (Dako-
patts, Copenhagen), thus precipitating C3 and C3c
but allowing C3d to migrate into the second gel.
This second gel contained anti-C3d (20 yi/ml of gel),
but PEG was not added. Polyclonal antihuman C3d
was prepared at the South West Regional Blood
Transfusion Centre.7 Volumes of synovial fluid
(3 Rl) and five dilutions of a standard serum
(prepared from normal human serum incubated at
room temperature for 10 days to allow the complete
conversion of C3 to C3c and C3d) were applied to
the gel. The results are expressed as a percentage of
the amount of C3d in the standard serum.

COMPLEMENT CONSUMPTION ASSAY
The assay for complement consumption was per-
formed as described previously.'5 16 It involved the
precipitation of complexes from sera with 2-5%
PEG and an assay of the consumption of comple-
ment by the solubilised precipitate. The results were
expressed as the highest serum dilution consuming
50% of the complement (fresh normal human
serum) added.
clq BINDING ASSAY
This was performed as described elsewhere.'7

RF ASSAYS
These radioimmunoassays were performed as de-
tailed previously.'8 Whole human IgG (for IgM RF
assays or human IgGl Fc for IgG RF assays) were
used as antigen, and 1251 labelled monoclonal anti-
IgM and anti-IgG (CHI) were the indicators for
detecting the uptake of IgM and IgG respectively.
The results were expressed as a percentage of the
total labelled antibody bound by test samples.

AFFINITY CHROMATOGRAPHY
Cyanogen bromide activated Sepharose 2B-CL was
washed in water and 0-1 M trisodium citrate pH 6 5
before its incubation with either IgM anti-C3d or
F(ab)2 fragments of anti-C3g (both at 5 mg/ml) in
citrate buffer overnight at 4°C. After washing,
residual active groups on the gel were blocked with
1 M ethanolamine and the gel washed again.
Samples were incubated on Sepharose columns

for 30 min at room temperature. Unbound material
was eluted with phosphate buffered saline (PBS)
and bound material with 0-1 M diethylamine pH 11.
The eluates were dialysed overnight against PBS,
concentrated to the original volume of the sample,
and their protein concentration estimated.

MONOCLONAL ANTI-C3g
The specificity of this IgG monoclonal antibody has
been described.'9 It was a gift from Professor P J
Lachmann, Department of Pathology, University of
Cambridge. The F(ab)2 fragment of this antibody
was prepared by pepsin digestion and separation on
ACA 34 before attaching it to Sepharose.

IMMUNOGLOBULIN LEVELS
The amounts of IgG in eluates from Sepharose anti-
C3d were measured by an inhibition assay. Plates
were coated with purified IgG (10 [ig/ml) and
blocked with 1% BSA. A standard IgG solution
(100 ig/ml) was diluted in some wells, and other
samples were diluted to within the concentration
range of the standard. 125I labelled anti-IgG was
added to each well and the plate incubated for one
hour at 37°C and one hour at 4°C. After washing,
the radioactivity bound to each well was counted.
The radioactivity (uptake of anti-Ig) is inversely
proportional to the IgG concentration in the dilutions
of the standard solution over a limited range. The
concentration of the standard was plotted against
the counts, and from this the concentration in the
test samples was obtained.

Results

MEASUREMENT OF COMPLEMENT
ACTIVATING IgG
Not all immunoglobulins with bound complement
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components trigger the complement cascade. For
example, 7S IgG bearing C3, which does not
activate complement,20 can occur in RA sera.2'
Consequently, immunoglobulin aggregates from the
synovial fluid were freed from monomeric immuno-
globulins (and from native C3) by 2-5% PEG
precipitation before testing. Initial tests with PEG
precipitates showed that much IgG was taken up by
solid phase anti-C3d from RA synovial fluid (mean
(SD) 7-1 (2.0)% anti-IgG bound, n=12) but not
from crystal arthropathy synovial fluid (1 6 (2.4)%,
n=11), where complement is activated but not by
immunoglobulin aggregates, or from normal sera
(1.5 (09)%, n=20). IgG remaining in RA synovial
fluid after PEG precipitation was not bound by solid
phase anti-C3d.

It was important to test that the IgG attached to
the solid phase was bound by anti-C3d antibodies.
Accordingly, a comparison was made between the
ability of IgM anti-C3d coated plates and plates
coated with non-specific murine IgM to bind IgG
from RA synovial fluid PEG precipitates. On
average five times as much IgG was taken up on
anti-C3d coated plates as on IgM coated plates. In
another experiment solubilised PEG precipitates
from RA synovial fluids were passed over anti-C3d
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Fig. 2 Relation between the levels ofC3d and aggregated
IgG bearing C3d in RA synovialfluid.

Sepharose, the non-bound material collected, and
the bound material eluted with 0-1 M diethylamine
pH 11. The resultant fractions were separated by
SDS-PAGE, transferred to nitrocellulose paper
(Western blot), and the paper stained with alkaline
phosphatase anti-C3d. Fig. 1 shows that the bound
material (lanes b, d, and f) contained C3d, whereas
the unbound material (lanes a, c, and e) contained
either no C3d or less than the bound material.
Presumably the band about 40K is C3dg, and the
higher molecular weight bands are either larger
fragments of C3 or C3d attached to immunoglobulin
fragments.

CORRELATION BETWEEN AGGREGATED
IMMUNOGLOBULINS BEARING c3d AND
COMPLEMENT ACTIVATION
If the IgG bound by solid phase anti-C3d were that

20 5 K - v responsible for complement activation in vivo then
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Fig. 1 Western blot ofmaterial in PEG precipitates eluted
with PBS or at high pHfrom Sepharose anti-C3d. The blot
was developed with anti-C3d. (a), (c), and (e) were PBS
eluates; (b), (d), and (f) high pH eluates.
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Fig. 3 Relation between polymorph numbers and C3d
levels in RA synovialfluid.
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Complement activating aggregates-isolation and analysis 59

there should be a relation between the amount of
IgG bound and the degree of complement break-
down in RA synovial fluid. Fig. 2 shows that a
strong correlation (n=38, r=0-89, p<0-0001) ex-
isted between IgG bearing C3d and C3d levels. It
should be noted that the values for the amount of
IgG bound by solid phase anti-C3d were obtained
from one assay as some variation occurred between
assays. The ability of anti-C3d to bind IgM and IgA
from the PEG precipitates was also assayed. There
were correlations between aggregated IgM bearing
C3d and C3d levels (r=055, p<0-01) and between
aggregated IgA bearing C3d and C3d levels
(r=0-61, p<001).

Previous workers have investigated the correla-
tion between C3d levels and immune complexes in
RA synovial fluids but with conflicting results. For
example, a strong correlation was reported between
C3d levels and Clq binding activity,22 but none
between C3d levels and complement consuming
activity.23 We, therefore, tested our RA synovial
fluids for the levels of such complexes. Both
complement consuming (n=31, r=0 62, p<0-001)
and Clq binding activity (n=35, r=0-47, p<0-01)
correlated with C3d levels.

CORRELATION BETWEEN PMN NUMBERS AND
COMPLEMENT ACTIVATION
High numbers of PMNs were found in most of the
RA synovial fluids, and on average 62 (SD 23)%
(range 0-90%) of the total white cells were PMNs.
The possible influence of complement activation
and of the complexes which triggered activation on
the number of PMNs in synovial fluid was ex-
amined. As can be seen from Fig. 3 there was a
correlation (n=59, r=0-50, p<0-001) between PMN
numbers and C3d levels. A correlation was also

i
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Fig. 4 Relation between levels ofRF bound by anti-C3d
and levels ofaggregated IgG bearing C3d.

Table 1 Relation between RF levels and C3d levels, PMN
numbers, and assays of complement fixing complexes in
RA synovial fluids

IGM RF IgG RF

n r p n r p

C3d levels 64 0 05 NS 62 0-02 NS
PMN numbers 59 0-02 NS 62 0-04 NS
Aggregated IgG

bearing C3d 36 0-05 NS 36 0-01 NS
Aggregated IgM

bearing C3d 35 0-07 NS 36 0-22 NS
Clq binding activity 34 0-29 NS 28 0-31 NS
Complement
consuming activity 57 000 NS 55 0-17 NS

found between PMN numbers and levels of aggre-
gated IgG bearing C3d (n=57, r=0-50, p<0.001).

DO IMMUNOGLOBULIN AGGREGATES BEARING
c3d CONTAIN RF?
If the immunoglobulin aggregates which activated
complement in RA synovial fluid contained RF then
a relation might be expected between the levels of
aggregated IgG bearing C3d and rheumatoid factor
activity bound by anti-C3d in RA synovial fluid.
Fig. 4 shows that no such correlation existed. Many
of the synovial fluids with high levels of aggregated
IgG bearing C3d (the range for normal sera in these
experiments was 0.2-0.3%) had low levels of
rheumatoid factor activity bound by anti-C3d (range
for normal sera 0.08-0-16%). Similarly, there was
no correlation between levels of aggregated IgM
bearing C3d and rheumatoid factor bound by anti-
C3d (r=0-1, NS). In contrast, tests on 27 RA sera,
selected because they contained detectable levels of
aggregated IgG bearing C3d, did show correlation
(r=0.47, p<0 02) between levels of aggregated IgG
bearing C3d and rheumatoid factor activity bound
by anti-C3d and also between levels of aggregated
IgM bearing C3d and rheumatoid factor bound by
anti-C3d (r=0-58, p<0-01).

If RFs are involved in complement activation (and
PMN attraction) in RA synovial fluids then their
levels should correlate with the degree of comple-
ment activation (and PMN numbers). Table 1 shows
that neither IgM RF levels nor IgG RF levels
correlated with C3d levels, PMN numbers, levels of
aggregated immunogloblulin bearing C3d, com-
plement consuming activity, or Clq binding activity.

SEPHAROSE ANTI-C3d
Rheumatoid factors from RA synovial fluids should
be bound by Sepharose anti-C3d if complexes
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containing RF have activated complement. Accor-
dingly, 20 synovial fluid PEG preciptates were
incubated on Sepharose anti-C3d and the bound
(diethylamine eluted) and unbound (PBS eluted)
material tested for IgM RF and IgG RF activity. The
results are shown in Figs 5 and 6. In 8/20 samples
IgM RF was found in neither the PBS nor diethyl-
amine eluates (group I), in five samples it was
present only in the PBS eluates (group II), in one
sample it occurred in only the diethylamine eluate
(group III), and in six it occurred in both eluates
(group IV) (Fig. 5). IgG RF was not detected in
either eluate from 10/20 samples (group I), in six
samples it was found in the PBS eluates alone
(group II), and in four in both eluates (group IV). In
all, 12/20 samples had neither IgG RF nor IgM RF
in the bound eluate.

It could be argued that RF levels and immuno-
globulin levels in the eluates are related and the
absence of detectable RF in some eluates is due to
their low content of immunoglobulin. To test this
and determine directly which was the major im-
munoglobulin bound by Sepharose anti-C3d an

estimate was made of the amount of IgG, 1gM, and
IgA in the eluates. The results for eight samples
(insufficient eluate was available from the other
samples to estimate all their immunoglobulin levels)
are given in Table 2. It is evident that IgG was the
major immunoglobulin bound by Sepharose anti-
C3d and that most of the bound fractions had lower
levels of immunoglobulin than their corresponding
unbound fractions. No relation existed between
levels of IgM RF and IgM in the bound fraction
(r=0-52, NS) or between IgG RF activity and IgG in
the bound fractions (r=0 29, NS).

In another experiment 12 synovial fluids were
passed down Sepharose F(ab)2 anti-C3g and the
unbound material tested for IgM RF and IgG RF.
The results were similar to those obtained with
Sepharose anti-C3d except that higher levels of RF
(IgM and IgG) were found in the unbound eluates
and only one unbound eluate contained no RF.
(This is because the synovial fluids contain uncom-
plexed RF, whereas their PEG precipitates do not.)
In all, 4/12 bound eluates had detectable RF (four
IgM RF and three IgG RF).

IV
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Fig. 5 Levels ofIgM RF in fractions bound and unbound by Sepharose anti-G3d. The bars representing RF levels in both
fractions are superimposed. * =RF in bound fraction; l =RF in unbound fraction; U=RF in both fractions. The patients
synovialfluids are divided into groups depending on whether RF is absentfrom both fractions (1), present only in the
unbound eluate (II), present only in the bound eluate (III), orfound in both eluates (IV).
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Fig. 6 Levels ofIgG RF in fractions bound and unbound by Sepharose anti-C3d. The bars representing RF levels in both
fractions are superimposed. * =RF in bound fraction; O=RF in unboundfraction; 0=RF in both fractions. The synovial
fluids are divided into groups as in Fig. 5.

Table 2 Immunoglobulin levels in unbound (U) and
bound (B) material from Sepharose anti-C3d

Patient Immunoglobulin levels (tsglml)
No

IgG IgM IgA

U B U B U B

1 <4 9 0-8 1 6 4
3 43 6 3 05 <3 <3
9 32 22 2 0-6 4 <3
10 36 23 7 4 4 4
12 72 131 7 18 4 11
15 39 3 13 <0-4 4 <3
17 109 10 9 0-9 11 <3
18 91 82 12 3 7 13

Discussion

The first question asked in this paper is whether the
immunoglobulin aggregates bound by solid phase
anti-C3d from RA synovial fluid are responsible for
complement activation in the rheumatoid joint. C3

is the central component of the complement path-
way and measurement of its breakdown products
reflects activation by initiators of both the classical
and alternate pathways. The cleavage of C3 by its
convertases exposes the metastable binding site of
C3, and such C3 ra,pidly (the binding site has a half
life of about 60 ,s 4) becomes covalently linked to
any acceptor molecules in the immediate micro-
environment. Most activated C3 reacts with water
and quickly breaks down to free C3d7 while
the remainder reacts with, and is retained on,
the material which activated the earlier com-

ponents.26 27 C3d levels are thought to reflect
the degree of complement activation in vivo28 and in
vitro29 because C3d has the longest half life
(50 hours) of the C3 breakdown products.28 We,
therefore, investigated the correlation between C3d
levels and immunoglobulin aggregates in RA syn-

ovial fluids. Correlations were obtained between
C3d levels and both Clq binding and complement
consuming (anticomplementary) activity. The
strongest correlation observed, however, was be-
tween C3d levels and levels of aggregated IgG

2-8-

A A.

I
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bearing C3d, implying that this C3d binding assay
gives a more accurate measurement of those com-
plexes which activate complement than do other
assays. The strong correlation shown also provides
further support for the hypothesis that immune
complexes, particularly those containing IgG, are
the major cause of complement activation in RA
synovial fluid and agrees with the quantitative
results which showed that IgG, rather than IgM or
IgA, was the major immunoglobulin bound by anti-
C3d.

If the principal PMN attractants in the joint space
are complement breakdown products then there
should be a relation between PMN numbers and
both the levels of complement activation and the
levels of complexes which activated complement.
This expectation was, at least in part, borne out by
the results. Previously, a relation between C3d
levels and synovial fluid PMN numbers was
observed in a group consisting of equal numbers of
patients with seropositive and seronegative RA.3"
As both PMN numbers and C3d levels were lower in
seronegative than in seropositive synovial fluids
then amalgamating the two subgroups might have
influenced the correlation. Using a larger group of
synovial fluids mainly from seropositive patients, we
found a similar correlation. There are a number of
reasons why the correlation between PMN numbers
and C3d levels is not higher. For example, other
PMN attractants, such as leucotriene B431 and
interleukin 1,32 occur in RA synovial fluid,3' 33 and
these too may play a part in attracting PMN.
Another possibility is that some lymphokines which
decrease PMN motility34 may be present in synovial
fluid if a T cell mediated immune reaction occurs in
the joint. However it may be, the correlations
demonstrated firmly implicate complexed immuno-
globulins bearing C3d as being those intimately
involved in complement activation and PMN attrac-
tion in RA synovial fluid.
The main conclusion drawn from this study must

be that synovial fluid complexes containing RF are
not those primarily responsible for activating com-
plement or attracting PMN into the joint cavity of
most patients with RA. Firstly, no correlation was
found between the levels of aggregated immuno-
globlins which activate complement in RA synovial
fluid (aggregated IgG bearing C3d and IgM bearing
C3d) and complement fixing complexes which
contain RF (RF activity bound by anti-C3d).
Secondly, analysis of the immunoglobulins bound
from most RA synovial fluid by Sepharose anti-C3d
(and Sepharose anti-C3g) showed no RF activity.
This activity was not related to the overall levels of
IgG (or IgM) bound by Sepharose anti-C3d as some
eluates with high IgG or IgM levels contained no RF

activity, and conversely, some eluates with low IgG
(or IgM) levels had appreciable RF activity.
Although RF levels have been shown to correlate

with complement activation in the sera of patients
with RA,3537 similar studies with synovial fluid, in
agreement with the results presented here, have
failed to find a relationship.3&40 One study claimed
to show that RF in synovial fluid was related to
complement activation.10 The sample of 32 fluids,
however, included that from nine patients with
non-rheumatoid arthritis and all had low comple-
ment conversion and no rheumatoid factor. Thus
the conclusion that complement and RF were
related is invalid.

It could be argued that RF, particularly synovial
fluid RF, is unable to activate complement. IgM RF
isolated from sera, however, has been clearly shown
to activate complement in a solid phase assay with
reduced and alkylated IgG as antigen. Similarly,
complement activation by IgG RF from serum has
also been demonstrated in both solid and fluid phase
complexes,43 though it is far less efficient than an
equivalent amount of IgM RF. Thus there is no
doubt that under the correct conditions RF can
activate complement. Furthermore, IgM RF iso-
lated from two RA synovial fluids activated comple-
ment in the solid phase assay,44 suggesting that there
are no differences between sera and synovial fluid
RF in their ability to activate complement. It
appears, however, that IgM RF can have an
inhibitory effect on complement activation by im-
mune complexes, and this effect varies with the
original size of the complex; the complement fixing
activity of larger aggregates is reduced more drama-
tically than that of smaller complexes.45 The fact
that complexes other than those containing RF are
responsible for activating complement in many
synovial fluids might be explained by the local
conditions in the joint cavity. For example, local
production of RF may affect the size and interac-
tions of immune complexes. Thus the effect of
interaction of immune complexes with RF may be to
increase complement activation in the circulation
but to inhibit it in synovial fluid.

In agreement with other workers6 we have been
unable to detect anything other than immunoglobu-
lins and complement components in the comple-
ment activating aggregates isolated from RA syn-
ovial fluid,46 but neither was RF found in many of
the aggregates. Therefore the question arises of how
the complement activating aggregates are formed.
Recent work has suggested a mechanism for the
aggregation of IgG in rheumatoid synovial fluid.
Immunoglobulins isolated from the sera of patients
with RA show an increased percentage of proteins
carrying a particular oligosaccharide as compared
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with normal individuals.47 This oligosaccharide
leaves sites of intramolecular protein/sugar interac-
tion vacant, possibly creating a lectin-like activity
and resulting in IgG from patients with RA being
especially prone to form aggregates. It may be that
this property of RA IgG allows it to self aggregate in
the absence of antigen, or allows complexes to form
at a very low antigen concentration. In the same way
complexes may remain aggregated after antigen or
antibody (RF) has dissociated. Thus complement
fixing complexes would be detected by immune
complex assays, but neither antigen nor RF would
necessarily be present.

This work was supported by grants from the Arthritis and
Rheumatism Council and Nuffield Foundation.
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