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Objectives: In vitro, microparticles can activate complement via the classical pathway. If demonstrable ex
vivo, this mechanism may contribute to the pathogenesis of rheumatoid arthritis (RA). We therefore
investigated the presence of activated complement components and complement activator molecules on the
surface of cell-derived microparticles of RA patients and healthy individuals.
Methods: Microparticles from synovial fluid (n = 8) and plasma (n = 9) of 10 RA patients and plasma of sex-
and age-matched healthy individuals (n = 10) were analysed by flow cytometry for bound complement
components (C1q, C4, C3) and complement activator molecules (C-reactive protein (CRP), serum amyloid P
component (SAP), immunoglobulin (Ig) M, IgG).
Results: Microparticles with bound C1q, C4, and/or C3 were abundant in RA synovial fluid, while in RA and
control plasma much lower levels were present. Microparticles with bound C1q correlated with those with
bound C3 in synovial fluid (r = 0.961, p = 0.0001), and with those with bound C4 in plasma (RA: r = 0.908,
p = 0.0007; control: r = 0.632, p = 0.0498), indicating classical pathway activation. In synovial fluid,
microparticles with IgM and IgG correlated with those with C1q (r = 0.728, p = 0.0408; r = 0.952,
p = 0.0003, respectively), and in plasma, microparticles with CRP correlated with those with C1q (RA:
r = 0.903, p = 0.0021; control: r = 0.683, p = 0.0296), implicating IgG and IgM in the classical pathway
activation in RA synovial fluid, and CRP in the low level classical pathway activation in plasma.
Conclusions: This study demonstrates the presence of bound complement components and activator molecules
on microparticles ex vivo, and supports their role in low grade complement activation in plasma and
increased complement activation in RA synovial fluid.

C
ell-derived microparticles are small vesicles released from
cells upon activation or apoptosis. Via transfer of
bioactive molecules or ligand-receptor interactions they

activate endothelial cells and leucocytes, and thus promote
inflammatory processes (for a recent review see Distler et al1).
We demonstrated the presence of high concentrations of
leucocyte-derived microparticles in synovial fluid of rheumatoid
arthritis (RA) patients.2 Subsequently, we demonstrated that
microparticles from synovial fluid of arthritis patients induce
monocyte chemoattractant protein (MCP) 1, interleukin (IL) 6,
IL-8, RANTES, intercellular adhesion molecule-1, and vascular
endothelial growth factor synthesis in synovial fibroblasts.3

Distler et al have shown that in vitro, microparticles from
stimulated T cells and monocytes induce the synthesis of matrix
metalloproteinase 1, 3, 9, and 13 as well as of IL-6, IL-8 and
MCP-1 and MCP-2 in fibroblasts.4 These results suggest that
microparticles play a part in the inflammatory processes in
arthritic joints in several ways.

We hypothesise that cell-derived microparticles can also
contribute to inflammation in RA by activation of the
complement cascade. Many studies point towards a pathogenic
role of the complement system in RA.5–7 Among the functions of
the complement system is the clearance of necrotic and
apoptotic cells.8 9 Such cells activate the complement system
mainly via the classical pathway.10–13 Since cell-derived micro-
particles share certain surface characteristics with necrotic and
apoptotic cells—for example, exposure of phosphatidylserine
(PS) and phosphatidylethanolamine (PE),14 15 lysophospholi-
pids,16 17 or oxidised phospholipids,18 they may also play a role
in the activation of the complement system. In support of this,

it has been demonstrated in vitro that microparticles derived
from apoptotic Jurkat cells19 or activated neutrophil granulo-
cytes20 21 can bind complement component C1q and activate the
classical pathway of complement, as shown by the deposition of
complement components C4 and C3. Nauta and colleagues also
compared ex vivo microparticles isolated from plasma of
healthy individuals and patients with systemic lupus erythe-
matosus (SLE), but were unable to find any differences in C1q
binding. Thus, there is to date no experimental data supporting
complement activation by cell-derived microparticles in vivo.

We investigated the presence of bound complement compo-
nents C1q, C4, and C3 on cell-derived microparticles isolated
from synovial fluid and plasma of patients with RA, as well as
on microparticles isolated from plasma of healthy individuals.
Of these complement components, C4 and C3 (that is, their
activation products C4b and C3b, respectively) bind covalently
to their activating surfaces,22 23 and are therefore especially
suited as markers of complement activation on a given surface.
To gain further insight into the mechanism of complement
activation, we studied the presence of activator molecules on
the surface of these microparticles (C-reactive protein (CRP),
serum amyloid P component (SAP), immunoglobulin M and G

Abbreviations: CRP, C-reactive protein; DMARDs, disease-modifying
antirheumatic drugs; ESR, erythrocyte sedimentation rate; Ig,
immunoglobulin; IL, interleukin; MBL, mannan-binding lectin; MCP,
monocyte chemoattractant protein; PBS, phosphate-buffered saline; PE,
phosphatidylethanolamine; PS, phosphatidylserine; RA, rheumatoid
arthritis; SAP, serum amyloid P component; SLE, systemic lupus
erythematosus; sPLA2, secretory phospholipase A2
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(IgM and IgG) molecules), which can bind C1q and thereby
activate the classical pathway.12 13 24–27

MATERIALS AND METHODS
Patients and healthy individuals
We studied synovial fluid (n = 8) from inflamed knee joints
and venous blood (n = 9) of 10 patients with RA, as well as
venous blood of sex- and age-matched healthy individuals
(n = 10) who had not taken any medication during the 10 days
before blood collection. All patients fulfilled the criteria of the
American College of Rheumatology for RA.28 Their demographic
and clinical characteristics are summarised in table 1.

This study was approved by the ethics committee of the
Academic Medical Center of the University of Amsterdam and
complies with the principles of the Declaration of Helsinki. All
patients and healthy subjects had given their written informed
consent.

Venous blood was collected into 0.1 volume of 105 mmol/l
trisodium citrate. Synovial fluid from inflamed knee joints,
because of its lower cell content, was collected into 0.1 volume
of 210 mmol/l trisodium citrate.2 Blood cells were removed by
centrifugation (1550 g, 20 minutes, room temperature) imme-
diately after sample collection, and the synovial fluid and
plasma samples were snap frozen in liquid nitrogen and stored
at –80 C̊.

Measurement of fluid phase complement activation
products and complement activator molecules
Synovial fluid and plasma samples (250 ml aliquots) were
thawed on melting ice, and made microparticle-free by
centrifugation at 18 890 g for 60 minutes at 4 C̊. The upper
200 ml of the microparticle-free supernatants (synovial fluid or
plasma) were removed and analysed for concentrations of the
soluble complement activation products C4b/c (C4b, inactivated
C4b and its further degradation product C4c) and C3b/c (C3b,
inactivated C3b and its further degradation product C3c) as
well as SAP, as described previously, by enzyme-linked
immunosorbent assays.29 30 CRP, IgM, and IgG concentrations
were analysed on the Modular Analytics P800 using Tina-quant
reagents (Roche Diagnostics, Basel, Switzerland).

Flow cytometric analysis of microparticles and bound
complement components or complement activator
molecules
Microparticles from synovial fluid and plasma were isolated as
described previously.31 Flow cytometric analysis was performed
using an indirect staining procedure.31 Since synovial fluid
contains high levels of secretory phospholipase A2 (sPLA2),
which hydrolyses (among others) the negatively charged
phospholipids on the microparticle surface, we could not use
annexin V as a general marker for microparticles in this

study.2 16 Microparticles were incubated for 30 minutes at room
temperature in phosphate-buffered saline (PBS; 154 mmol/l
NaCl, 1.4 mmol/l phosphate, pH 7.4) containing 2.5 mmol/l
CaCl2 (PBS/Ca, pH 7.4) and unlabelled mouse monoclonal
antibodies against bound complement factors (C1q, C4, C3) or
bound activator molecules (CRP, SAP, IgM, IgG), or the
respective isotype-matched control antibodies (clones MOPC-
31C (IgG1) and G155–178 (IgG2a) from Becton Dickinson
Pharmingen, San Jose, CA, USA). The monoclonal antibodies
against C1q, C4, C3, CRP, and SAP (clones C1q-2, C4-4, C3-15,
5G4, and SAP-14, respectively) were described previously.30 32–34

Antibodies against the heavy chains of IgM and IgG molecules
(clones MH15-1 and MH16-1, respectively) were obtained from
Sanquin, Amsterdam, Netherlands. After incubation with the
antibodies, the microparticles were washed with PBS/Ca. Next,
rabbit anti-mouse F(ab’)2-phycoerythrin (F(ab’)2-PE; Dako,
Glostrup, Denmark) was added, and the mixtures were again
incubated for 30 minutes at room temperature. Subsequently,
five volumes of PBS/Ca were added and the microparticles
analysed on a FACSCalibur flow cytometer with CELLQuest 3.1
software (Becton Dickinson Immunocytometry Systems, San
Jose, CA, USA). Acquisition was performed for 1 minute per
sample, during which the flow cytometer analysed approxi-
mately 60 ml of the suspension. Forward scatter and side scatter
were set at logarithmic gain. To identify marker positive events,
thresholds were set based on microparticle samples incubated
with similar concentrations of isotype-matched control anti-
bodies. Calculation of the number of microparticles per litre
plasma was based upon the particle count per unit time, the
flow rate of the flow cytometer, and the net dilution during
sample preparation of the analysed microparticle suspension.

Statistical analysis
Data were analysed with GraphPad PRISM 3.02 (GraphPad
Software, Inc, San Diego, CA, USA). Differences between
groups were analysed with one way analysis of variance
(ANOVA), followed by Bonferroni’s multiple comparison test.
Correlations were determined using Pearson’s correlation test.
In the correlation analysis of microparticles with CRP versus
those with C1q on their surface, one outlier was removed.
Differences and correlations were considered significant at
p,0.05. Data are presented as mean (SD).

RESULTS
Concentration of fluid phase complement activation
products and complement activator molecules
The fluid phase complement activation products C4b/c and C3b/
c (table 2), as indicators of complement activation, were the
highest in synovial fluid of the patients. In plasma of patients
compared to healthy individuals, on average twice higher levels
of complement activation products were present, although this
difference did not reach significance.

As for the complement activator molecules (table 2), levels of
CRP were about 15 times higher in plasma of the patients when
compared to plasma of healthy individuals, while in synovial
fluid CRP concentrations were about half of those found in
plasma of the patients. Levels of SAP did not differ between
plasma of the patients and controls, but were five to seven
times lower in synovial fluid of the patients. Levels of IgM did
not differ between the groups, and levels of IgG were the same
in patient and control plasma but significantly lower in synovial
fluid.

Microparticles with bound complement components on
their surface
The total concentration of microparticles (fig 1) was on average
highest in synovial fluid of RA patients (8.9 (10.2)6109/l). In

Table 1 Demographic and clinical data of the RA patients

RA patients (n = 10)

Age (years) 57.7 (10.3)
Sex 4 males; 6 females
Disease duration (months) 145 (160)
Rheumatoid factor 9 positive; 1 negative
Tender joint count 9.5 (3.3)
Swollen joint count 11.9 (4.3)
ESR (mm in 1st hour) 55.3 (25.6)
Erosive disease* 8 positive; 2 negative
No of DMARDs 4.0 (1.9)

Data are presented as mean (SD), except where indicated otherwise.
DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte
sedimentation rate.
*Erosive disease was established using x ray.
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plasma of the patients the mean concentration of microparticles
was 3.3 (2.1)6109/l, and in plasma of healthy individuals 1.8
(0.7)6109/l.

The presence of microparticles with bound C1q, C4, and/or C3
on their surface was especially pronounced in synovial fluid of
RA patients, but could also be detected, albeit at lower levels, in
plasma samples of several of the patients as well as controls
(fig 2A). As shown quantitatively in figure 2B, the concentra-
tions of microparticles binding C1q were 29-fold and 37-fold
higher in RA synovial fluid when compared with RA plasma
and plasma of healthy individuals. The concentrations of
microparticles binding C4 were 23-fold and 19-fold higher in
RA synovial fluid versus RA plasma and plasma of healthy
individuals, and the concentrations of microparticles binding
C3 were 38-fold and 21-fold higher in RA synovial fluid when
compared with RA plasma and plasma of healthy individuals.
There were no significant differences between plasma of the
patients and healthy individuals regarding levels of micro-
particles binding C1q, C4, or C3.

The presence of activated C1q, C4, and C3 indicated classical
pathway complement activation on the membrane surface of
the microparticles. This was further corroborated by the fact
that, as shown in table 3 and figure 4, the levels of
microparticles binding C1q correlated significantly with those
binding C3 in synovial fluid of the patients, and with those
binding C4 in plasma of the patients as well as healthy
individuals.

The concentration of microparticles with bound C4 did not
correlate with fluid phase C4b/c in any of the three sample
groups (p.0.05 for all; data not shown). Likewise, levels of
microparticles with bound C3 did not correlate with fluid phase
C3b/c (p.0.05 for all; data not shown). This can be attributed

to the different clearance processes that fluid phase and
microparticle-bound complement fragments undergo and to
other possible contributors to complement activation besides
microparticles.

Microparticles with bound complement activator
molecules on their surface
As for the microparticle-bound complement activator molecules
(fig 3), microparticles with bound CRP on their surface were on
average present at higher concentrations in synovial fluid and
plasma of the patients, but the differences between the three
groups of samples were not significant. Microparticles with
bound SAP were present at similar concentrations in the three
groups. On the other hand, microparticles with IgM and IgG on
their surface were present at significantly higher levels in
synovial fluid of the patients compared with plasma of the
patients and healthy individuals.

Correlations between microparticles binding the activator
molecules CRP, SAP, IgM, or IgG, and those binding C1q are
shown in table 3 and figure 4. In synovial fluid of RA patients,
the concentration of microparticles binding C1q correlated with
the concentration of those binding IgG, and those binding IgM.
In plasma of RA patients and in plasma of healthy individuals,
the concentration of microparticles binding CRP correlated with
those binding C1q.

DISCUSSION
In this study we demonstrated the presence of C1q, C4, and C3
on the surface of cell-derived microparticles isolated from
synovial fluid and plasma of RA patients as well as plasma of
healthy individuals. The levels of microparticles binding C1q
correlated significantly with those binding C3 in synovial fluid
of the patients, and with those binding C4 in plasma of the
patients as well as healthy individuals. These results support
the possible role of microparticles in complement activation in
vivo via the classical pathway. We focused on classical pathway
activation here because in previous studies performed in vitro
on necrotic and apoptotic cells as well as neutrophil granulo-
cyte-derived microparticles, a major role for the alternative
pathway has been ruled out using Mg-EGTA, an inhibiting
anti-C1q antibody, C1 inhibitor, and C1q or C2 deficient
serum.12 13 21 A role for the mannan-binding lectin (MBL)
pathway in complement activation was also excluded in those
studies, in line with a previous report that MBL binds to
necrotic and apoptotic cells and cell blebs in vitro but does not
initiate complement activation.35 The alternative pathway of
complement activation also functions as an amplification loop
for the classical (as well as the lectin) pathway,36 and possibly
contributed to some extent to complement activation in the
samples we studied here. A differing degree of alternative
pathway activation may have accounted for the difference

Table 2 Concentration of fluid phase complement activation products and complement activator molecules in synovial fluid and
plasma of RA patients and plasma of healthy individuals

RA synovial
fluid p Value� RA plasma p Value`

Control
plasma p Value�

C4b/c (nmol/l) 62.9 (67.4) * 10.4 (6.7) NS 5.8 (3.6) **
C3b/c (nmol/l) 262.0 (232.6) ** 29.6 (8.2) NS 16.3 (4.5) **
CRP (mg/l) 18.0 (14.1) NS 40.3 (29.2) *** 2.7 (2.6) NS
SAP (mg/l) 13.8 (9.8) *** 91.6 (27.0) NS 70.8 (16.5) ***
IgM (g/l) 0.3 (0.3) NS 0.7 (0.5) NS 0.8 (0.6) NS
IgG (g/l) 5.1 (1.5) ** 9.7 (3.0) NS 9.2 (2.3) **

Data are presented as mean (SD). Differences were analysed with one-way ANOVA, followed by Bonferroni’s multiple comparison test. Two-tailed significance levels
are provided (p), which were considered significant at p,0.05. NS, not significant; *p,0.05; **p,0.01; ***p,0.001.
�Differences between RA synovial fluid and RA plasma. `Differences between RA plasma and control plasma. �Differences between RA synovial fluid and control
plasma.

Figure 1 Total concentration of microparticles in synovial fluid and
plasma of RA patients, and plasma of healthy individuals. Individual values
are shown, with the horizontal lines representing the mean. Differences
were analysed with one-way ANOVA, followed by Bonferroni’s multiple
comparison test. Two-tailed significance levels are provided (p), which
were considered significant at p,0.05. NS, not significant; *p,0.05.
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between synovial fluid and plasma samples regarding correla-
tion of microparticles with C1q on their surface to either
microparticles with C3 (in synovial fluid) or C4 (in plasma) in
the present study. Alternatively, different clearance rates of
microparticles with bound C4 and C3 in synovial fluid versus
plasma may be responsible for the observed discrepancy.

Although the total concentration of microparticles in synovial
fluid of RA patients was on average only threefold higher than
in plasma of these patients and fivefold higher than in plasma
of healthy individuals, synovial fluid had on average 20-40-fold
higher levels of C1q-, C4-, and C3- binding microparticles than
plasma of the patients and healthy individuals, with no

differences between the latter two groups. The numbers of
microparticles in synovial fluid of the patients (with or without
bound complement components) might even have been under-
estimated, given the high concentration of hyaluronan, a high
molecular weight glycosaminoglycan, in synovial fluid,37 38

which might ‘‘trap’’ some of the microparticles. Such high
levels of C1q-, C4-, and C3- binding microparticles indicate a
much higher level of complement activation on the membrane
surface of microparticles in synovial fluid of RA patients than in
plasma of the patients and healthy individuals. A contributing
factor to these high levels of microparticles with activated
complement components bound to their surface might again be

Figure 2 Complement components on the
surface of microparticles. (A) Representative
histogram plots of microparticles with bound
complement components C1q, C4, or C3 in
synovial fluid and plasma of an RA patient,
and plasma of a healthy individual.
Fluorescence intensity (x-axis) vs
microparticle count (y-axis) is shown.
Binding of the isotype-matched control
antibody is depicted with the open
histogram, and binding of the specific
antibody with the shaded histogram. (B)
Concentration of microparticles with bound
C1q, C4, and C3 in the three groups of
samples. Data are presented as mean (SD).
Differences were analysed with one-way
ANOVA, followed by Bonferroni’s multiple
comparison test. Two-tailed significance
levels are provided (p), which were
considered significant at p,0.05. NS, not
significant; *p,0.05; **p,0.01.
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a different (lower) rate of clearance compared to plasma of
patients and healthy individuals. A lower clearance rate would,
in return, be expected to result in higher rates of amplification
of the complement cascade on the surface of the microparticles.
Altogether, the higher levels of microparticles with activated
complement components on their surface are expected to

contribute to the proinflammatory state in the synovial
compartment of RA patients.

The observed levels of microparticles with activated comple-
ment components on their surface in the different sample
groups were in line with the levels of fluid phase complement
activation products: the concentrations of C4b/c and C3b/c did

Figure 3 Complement activator molecules on the surface of microparticles. (A) Representative histogram plots of microparticles with bound complement
activator molecules CRP, SAP, IgM, or IgG in synovial fluid and plasma of an RA patient, and plasma of a healthy individual. Fluorescence intensity (x-axis)
vs microparticle count (y-axis) is shown. Binding of the isotype-matched control antibody is depicted with the open histogram, and binding of the specific
antibody with the shaded histogram. (B) Concentration of microparticles with bound CRP, SAP, IgM, and IgG in the three groups of samples. Data are
presented as mean (SD). Differences were analysed with one-way ANOVA, followed by Bonferroni’s multiple comparison test. Two-tailed significance levels
are provided (p), which were considered significant at p,0.05. NS, not significant; *p,0.05; **p,0.01.
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not differ in patient and control plasma, but were significantly
higher in synovial fluid of the patients. The fact that levels of
microparticles with bound C4 and C3 activation products did
not correlate with levels of fluid phase C4 and C3 fragments is
not surprising, since the microparticle-bound and soluble forms
of these complement components undergo different degrada-
tion and clearance processes. Furthermore, microparticles are
probably not the only contributors to complement activation.

Regarding the role of activator molecules in complement
activation on the surface of microparticles, in synovial fluid of
the patients we found a significant correlation between the
concentrations of microparticles with bound IgM and those
with C1q, and an even stronger correlation between the
concentrations of microparticles with IgG versus those with

C1q. This suggests that the binding of C1q to IgG and IgM
molecules on microparticles might be responsible for comple-
ment activation via the classical pathway in RA synovial fluid.
Whether the binding of IgG molecules to microparticles occurs
via Fc receptors or by specific binding of the Fab regions, is as
yet unknown. IgM molecules are known to bind to oxidised
phospholipids and lysophospholipids,27 39 both of which are
likely to be exposed on microparticles in the inflamed synovial
fluid as a result of oxidative processes18 and increased sPLA2

activity.16 In plasma of both RA patients and healthy
individuals, the concentrations of microparticles binding CRP
correlated well with those binding C1q, implicating CRP in the
initiation of the classical pathway of complement activation,
albeit at relatively low levels, in plasma. CRP binds to

Table 3 Correlations between the concentrations of microparticles binding the various complement components or complement
activator molecules in synovial fluid and plasma of RA patients and plasma of healthy individuals

RA synovial fluid RA plasma Control plasma

r p Value r p Value r p Value

C1q pos MP vs C4 pos MP 0.660 0.0533 0.908 0.0007 0.632 0.0498
C1q pos MP vs C3 pos MP 0.961 0.0001 0.205 0.5963 0.542 0.1057
CRP pos MP vs C1q pos MP 0.433 0.2841 0.903 0.0021 0.683 0.0296
SAP pos MP vs C1q pos MP 20.015 0.9725 0.492 0.1786 0.280 0.4339
IgM pos MP vs C1q pos MP 0.728 0.0408 20.175 0.6527 0.159 0.6611
IgG pos MP vs C1q pos MP 0.952 0.0003 0.420 0.2606 0.505 0.1364

Correlation analysis was performed using Pearson’s correlation test (r, correlation coefficient; p, two-tailed significance level, considered significant at p,0.05).

Figure 4 Correlations between the concentrations of microparticles binding various complement components or complement activator molecules. Only the
statistically significant correlations (see table 3) are shown. (A) Correlations in synovial fluid of RA patients. (B) Correlations in plasma of RA patients. (C)
Correlations in plasma of healthy individuals. Correlation analysis was performed using Pearson’s correlation test (r, correlation coefficient; p, two-tailed
significance level, considered significant at p,0.05).
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phosphorylcholine in the outer leaflet of membranes in the
presence of sufficient amounts of lysophosphatidylcholine,40 or
to oxidised phosphatidylcholine.41

Our finding that in synovial fluid of RA patients microparticle
bound IgM and IgG, and in plasma of the patients and healthy
individuals microparticle bound CRP can be implicated in
complement activation on the surface of the microparticles,
does not reflect the fluid phase levels of these complement
activator molecules in the respective sample groups. In RA
synovial fluid, the levels of fluid phase IgG molecules are
actually lower than in plasma of the patients and controls, and
levels of CRP are much higher in both plasma and synovial fluid
of the patients than in plasma of healthy individuals. This may
serve as additional evidence for our presumption that the
microparticle bound molecules indeed play a part in comple-
ment activation. Here, we should point out that synovial fluid
contains microparticles that are mainly of granulocytic and
monocytic origin, with substantial numbers of microparticles
derived from T cells as well. On the other hand, plasma of RA
patients and healthy individuals contains microparticles
derived mainly from platelets, in addition to considerable
numbers of microparticles derived from erythrocytes.2 The
different cellular origin of the microparticles in synovial fluid
versus plasma probably profoundly influences their ability to
support complement activation on their surface, most likely via
their ability to bind certain activator molecules.

Whether complement activation occurred on the surface of
the microparticles themselves, or whether it had occurred on
cells from which the microparticles had subsequently been
released by blebbing of the surface membrane, is a question
that still remains open. In experiments with apoptotic
keratinocytes and endothelial cells in vitro, C1q was shown to
bind specifically to surface blebs, regions about to be released as
‘‘microparticles.’’10 42 On the other hand, Gasser et al have
shown that isolated microparticles from in vitro activated
neutrophil granulocytes are also capable of binding C1q, C4,
and C3.20 21 Based on these in vitro data, it is likely that both in
vitro and in vivo, the processes of microparticle formation and
complement activation overlap, with complement activation
occurring both on the cell surface and on the released
microparticles. Nevertheless, indisputably proving this in vivo
will require further investigations. At the same time, the
question also arises whether microparticles might be more or
less potent complement activators compared to their mother
cells. Such data are not yet available. We presume that not only
the overall area of the membrane surface available (numbers of
microparticles and their surface area), but also the differing
antigenic and lipid composition of microparticles compared to
their mother cells43–46 influence their relative potency.

In conclusion, this study demonstrates for the first time the
presence of bound complement components and complement
activator molecules on the surface of microparticles ex vivo. Our
data support the concept that cell-derived microparticles can
activate the classical pathway of complement in vivo, and
suggest that microparticles may contribute to the pathogenesis
of RA by activation of the complement system, especially in the
inflamed synovial compartment.
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Cell-derived microparticles in synovial fluid from inflamed arthritic joints support
coagulation exclusively via a factor VII-dependent mechanism. Arthritis Rheum
2002;46:2857–66.

3 Berckmans RJ, Nieuwland R, Kraan MC, Schaap MC, Pots D, Smeets TJ, et al.
Synovial microparticles from arthritic patients modulate chemokine and cytokine
release by synoviocytes. Arthritis Res Ther 2005;7:R536–44.

4 Distler JH, Jungel A, Huber LC, Seemayer CA, Reich CF III, Gay RE, et al. The
induction of matrix metalloproteinase and cytokine expression in synovial
fibroblasts stimulated with immune cell microparticles. Proc Natl Acad Sci USA
2005;102:2892–7.

5 Mollnes TE, Lea T, Mellbye OJ, Pahle J, Grand O, Harboe M. Complement
activation in rheumatoid arthritis evaluated by C3dg and the terminal
complement complex. Arthritis Rheum 1986;29:715–21.

6 Doherty M, Richards N, Hornby J, Powell R. Relation between synovial fluid C3
degradation products and local joint inflammation in rheumatoid arthritis,
osteoarthritis, and crystal associated arthropathy. Ann Rheum Dis
1988;47:190–7.

7 Makinde VA, Senaldi G, Jawad AS, Berry H, Vergani D. Reflection of disease
activity in rheumatoid arthritis by indices of activation of the classical complement
pathway. Ann Rheum Dis 1989;48:302–6.

8 Takizawa F, Tsuji S, Nagasawa S. Enhancement of macrophage phagocytosis
upon iC3b deposition on apoptotic cells. FEBS Lett 1996;397:269–72.

9 Gaipl US, Kuenkele S, Voll RE, Beyer TD, Kolowos W, Heyder P, et al.
Complement binding is an early feature of necrotic and a rather late event during
apoptotic cell death. Cell Death Differ 2001;8:327–34.

10 Korb LC, Ahearn JM. C1q binds directly and specifically to surface blebs of
apoptotic human keratinocytes: complement deficiency and systemic lupus
erythematosus revisited. J Immunol 1997;158:4525–8.

11 Taylor PR, Carugati A, Fadok VA, Cook HT, Andrews M, Carroll MC, et al. A
hierarchical role for classical pathway complement proteins in the clearance of
apoptotic cells in vivo. J Exp Med 2000;192:359–66.

12 Ciurana CL, Zwart B, van Mierlo G, Hack CE. Complement activation by necrotic
cells in normal plasma environment compares to that by late apoptotic cells and
involves predominantly IgM. Eur J Immunol 2004;34:2609–19.

13 Zwart B, Ciurana C, Rensink I, Manoe R, Hack CE, Aarden LA. Complement
activation by apoptotic cells occurs predominantly via IgM and is limited to late
apoptotic (secondary necrotic) cells. Autoimmunity 2004;37:95–102.

14 Comfurius P, Senden JM, Tilly RH, Schroit AJ, Bevers EM, Zwaal RF. Loss of
membrane phospholipid asymmetry in platelets and red cells may be associated
with calcium-induced shedding of plasma membrane and inhibition of
aminophospholipid translocase. Biochim Biophys Acta 1990;1026:153–60.

15 Chang CP, Zhao J, Wiedmer T, Sims PJ. Contribution of platelet microparticle
formation and granule secretion to the transmembrane migration of
phosphatidylserine. J Biol Chem 1993;268:7171–8.

16 Fourcade O, Simon MF, Viode C, Rugani N, Leballe F, Ragab A, et al. Secretory
phospholipase A2 generates the novel lipid mediator lysophosphatidic acid in
membrane microvesicles shed from activated cells. Cell 1995;80:919–27.

17 Weerheim AM, Kolb AM, Sturk A, Nieuwland R. Phospholipid composition of
cell-derived microparticles determined by one-dimensional high-performance
thin-layer chromatography. Anal Biochem 2002;302:191–8.

18 Huber J, Vales A, Mitulovic G, Blumer M, Schmid R, Witztum JL, et al. Oxidized
membrane vesicles and blebs from apoptotic cells contain biologically active
oxidized phospholipids that induce monocyte-endothelial interactions.
Arterioscler Thromb Vasc Biol 2002;22:101–7.

19 Nauta AJ, Trouw LA, Daha MR, Tijsma O, Nieuwland R, Schwaeble WJ, et al.
Direct binding of C1q to apoptotic cells and cell blebs induces complement
activation. Eur J Immunol 2002;32:1726–36.

20 Gasser O, Hess C, Miot S, Deon C, Sanchez JC, Schifferli JA. Characterisation
and properties of ectosomes released by human polymorphonuclear neutrophils.
Exp Cell Res 2003;285:243–57.

21 Gasser O, Schifferli JA. Microparticles released by human neutrophils adhere to
erythrocytes in the presence of complement. Exp Cell Res 2005;307:381–7.

22 Law SK, Lichtenberg NA, Levine RP. Evidence for an ester linkage between the
labile binding site of C3b and receptive surfaces. J Immunol 1979;123:1388–94.

23 Campbell RD, Dodds AW, Porter RR. The binding of human complement
component C4 to antibody-antigen aggregates. Biochem J 1980;189:67–80.

24 Kaplan MH, Volanakis JE. Interaction of C-reactive protein complexes with the
complement system. I. Consumption of human complement associated with the
reaction of C-reactive protein with pneumococcal C-polysaccharide and with the
choline phosphatides, lecithin and sphingomyelin. J Immunol
1974;112:2135–47.
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