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SUMMARY

 

Immune complexes (IC) can induce cytokine production 

 

in vitro

 

. While immune aggregates (IA) con-
sisting of heat-aggregated gamma globulin (HAGG) as model IC increased interleukin (IL)-10 levels in
cell cultures with native human serum, IL-12p40/p70 production was inhibited. Three series of exper-
iments suggested that the effects of IA on IL-12 production depended on a functionally intact comple-
ment system: (1) heat-inactivation of serum inverted the inhibitory effect of IA on IL-12p40/p70
production; (2) IA-induced IL-12p40 production in a C4 deficient serum was lowered by addition of C4;
and (3) addition of the peptide compstatin, which blocks C3 activation, mimicked the effects of heat
inactivation on IL-12p40 levels. Neutralization of IL-12 resulted in modestly increased IL-10 levels,
while neutralization of IL-10 had no effects on IL-12p40 production. IA-induced production of IL-10
was partially blocked by anti-Fc

 

g

 

RII antibodies, whereas Fc

 

g

 

R or CR blockade had no effect on IL-
12p40 production. IC and local or systemic complement activation characterize rheumatoid arthritis,
systemic lupus erythematosus and many malignancies. Different and complement-dependent effects on
the production of IL-10 and IL-12 can be of importance in these diseases, where control of the com-
plement system might be a way to direct IC-induced cytokine production in either a type 1 or type 2
direction.
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INTRODUCTION

 

Cytokines are of central importance in IC-associated disorders
like systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA) and malignant diseases. The two monocyte-derived cytok-
ines interleukin (IL)-10 and IL-12 have counteracting effects.
While IL-10 is an anti-inflammatory cytokine with cytokine syn-
thesis inhibitory effects [1], IL-12 is a major inducer of interferon
(IFN)-

 

g

 

, and thereby an important activator of T cell-mediated
inflammation [2]. IL-10 also positively regulates proliferation and
differentiation of B cells [3]. IL-10 and IL-12 have mutual inhib-
itory effects on the production of the other cytokine. Neutraliza-
tion of IL-10 in mice increases IL-12 production [4] and when IL-
12 is neutralized, increased expression of IL-10 message is
observed [5]. This dichotomy reported for monocytes/macroph-
ages is, however, not evident in all cell types, as IL-12 has been
shown to increase IL-10 production from a human tumour T cell
line, in parallel to enhancing IFN-

 

g

 

 production [6].

IC have been shown to increase the production of IL-6 and
IL-10 from human PBMC 

 

in vitro

 

 [7–9], while at the same time
decreasing the production of IL-12 [10]. We could repeat these
latter findings in a native normal human serum (NHS) system
using HAGG IA as model IC, but unexpectedly the IA-induced
suppression of IL-12 production was exchanged by a stimulatory
effect when heat-inactivated NHS devoid of a functionally intact
complement system was used. The effect was seen only for IL-12,
as production of IL-6 and IL-10 were stimulated by IA in the
context of native NHS, whereas the effect was abolished in heat-
inactivated NHS.

To test the hypothesis that the occurrence of either suppres-
sion or stimulation of IL-12 production by IC was dependent on
the access to a functionally active complement system, IA stimu-
lation was repeated in two other experimental systems. In one
series of experiments a C4 deficient serum supplemented with C4
was used. In other experiments a system where the C3 activation
blocking peptide compstatin was added to native NHS was uti-
lized. We found that the reciprocal effects on IL-12p40 production
could be repeated in these systems, with suppression or lower
degree of IL-12p40 production occurring together with intact
functional activity of the classical complement pathway.
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MATERIALS AND METHODS

 

Blood donors and sera

 

Cells were obtained from healthy individuals after informed con-
sent. The local ethical committee at the University Hospital in
Uppsala had approved the investigation. The same NHS obtained
as a whole blood donation was used for most of the experiments.
In one experiment four sera from different blood donors were
used. A C4 deficient serum was obtained from an SLE patient.
All sera were centrifuged and frozen in 

 

-

 

70

 

∞

 

C within 4 h of sam-
pling. Heat-inactivation, when appropriate, was performed with
newly thawed serum in a water bath for 30 min at 56

 

∞

 

C directly
before use. Heat-inactivation reduced classical complement func-
tion to 0–2% of normal levels. Complement factor C4 was pre-
pared in our laboratory essentially as described in [11].
Quantitative measurements of functional activity of the classical
and alternative complement pathways were performed with a
technique earlier described in our laboratory [12].

 

Preparation of peripheral blood mononuclear cells (PBMC)

 

Heparinized blood or buffy-coat preparations was diluted in
phosphate buffered saline (PBS) at room temperature, and sep-
arated on Ficoll-Paque (Amersham Biosciences, Uppsala, Swe-
den). Following two washings in PBS, the cells were suspended in
RPMI-1640 (Flow Laboratories, Irvine, Scotland, UK) supple-
mented with glutamine, HEPES buffer, 1% Ultroser G®, Flow
Laboratories), penicillin and streptomycin in adequate amounts.
In individual experiments 10% NHS, either native, heat-inacti-
vated, or mixtures between native and heat-inactivated was used.
Cell concentrations were adjusted to 1000 000 PBMC/ml in super-
natant (SN) cultures.

 

Preparation of heat-aggregated gamma globulin (HAGG)

 

HAGG IA was prepared as a source for artificial IC. Human IgG
(Gammagard, Baxter, Belgium), 50 mg/ml, was heated to 63

 

∞

 

C
for 30 min, and diluted in PBS to the desired concentration imme-
diately prior to cell culture. As the same mIgG preparation with-
out heat aggregation served as control, IA and controls differed
only in steric composition.

 

Cytokine enzyme-linked immunosorbent assays (ELISAs)

 

SN were harvested after 20 h of incubation. Previous investiga-
tions had shown that IC-induced cytokine levels in serum contain-
ing PBMC cultures to be maximal at this point. ELISAs were
performed following a standard protocol [9], except that the alka-
line phosphatase system was exchanged for a horseradish perox-
idase system employing 3,3

 

¢

 

-5,5

 

¢

 

-tetramethylbenzidine (TMB;
Dako A/S, Glostrup, Denmark) as substrate for the IL-10 and IL-
12 ELISAs. Monoclonal antibodies 13A5 (IL-6), 9D7 (IL-10) and
IL-12-I (IL-12) were used as primary antibodies at a concentra-
tion of 1 

 

m

 

g/ml, and biotinylated 39C3 (IL-6), 12G8 (IL-10), IL-
12-II (IL-12p40) and IL-12-III (IL-12p35/p70) were used as sec-
ondary antibodies at concentrations of 2, 1 and 1 

 

m

 

g/ml, respec-
tively. Monoclonal antibodies against IL-6 and IL-10 were
obtained from Pharmingen (San Diego, CA, USA) and against
IL-12 from Mabtech (Stockholm, Sweden). Standard curves were
constructed with recombinant IL-6, IL-12p70 (R&D systems,
Abingdon, UK) and IL-10 (a kind gift from Dr Satwant Narula,
Schering Plough Research Institute, Kenilworth, NJ, USA). In

additional attempts to measure the low IL-12p70 values, other
ELISA reagents (IL-12p70 Duoset, R&D systems) were also
used, without further success.

 

Reagents for blocking of cell surface receptors, complement 
activation and functional cytokine effects

 

For blocking studies of the interaction between IA and cell
surface receptors, monoclonal antibodies IV.3 (Fab fragment)
against Fc

 

g

 

RII, preferentially recognizing Fc

 

g

 

RIIa [13] and 3G8
(F(ab

 

¢

 

)

 

2

 

 fragment) against Fc

 

g

 

RIII were obtained from Medarex
(Nutley, NY, USA). PBMC were incubated with Fc

 

g

 

R blocking
antibodies (1·5 

 

m

 

g/ml, optimal concentration defined in titration
experiments) for 30 min at 4

 

∞

 

C before the addition of HAGG or
mIgG. The cell suspensions were then incubated 20 h before
harvesting SN. Neutralization of IL-10 and IL-12 was performed
with polyclonal goat antibodies with non-specific goat IgG as
negative control (20 

 

m

 

g/ml, R&D systems). The circular peptide
compstatin or a reduced linear control peptide (generous gifts
from Professor John Lambris, Pennsylvania University, PA, USA)
were added in varied concentrations to human native serum for
15 min at 37

 

∞

 

C. Thereafter HAGG or mIgG (final concentration
in cell cultures 100 

 

m

 

g/ml) were added for additional 20 min at
37

 

∞

 

C before addition to cell cultures.
The following antibodies and reagents were used in attempts

to block IC-induced responses through complement receptors:
J3D3, 10 

 

m

 

g/ml (mouse IgG1, against human CR1 (CD35), Immu-
notech), 44, 10 

 

m

 

g/ml (mouse IgG1, against human CR3 (CD11b);
Sigma), 2LPM19c 6·7 

 

m

 

g/ml (mouse IgG1, against human CR3
(CD11b), Dako), S5/1 10 

 

m

 

g/ml (mouse IgG2a against human
CD88/C5aR, Immunotech); soluble CR1 (CD35), 50 

 

m

 

g/ml (a
kind gift from Henry Marsh, Avant Pharmaceutical), peptide A7
(280 

 

m

 

g/ml synthesized by Åke Engström, Biomedical Center,
Uppsala, Sweden) for the functional blocking of CR3(CD11b)
[14]). As control antibodies H5 and 7-B4 (mouse IgG1 and IgG2a,
respectively, kind gifts from Birgitta Heyman, Uppsala, Sweden)
were used.

 

Statistics

 

Non-parametric statistics were used throughout the study. For
comparisons between cytokine production under various cell cul-
ture conditions, and also for the comparison between HAGG-
and mIgG-stimulated cultures, the Wilcoxon signed rank test was
used. As IA stimulations always were performed with simulta-
neous stimulation of parallel cell cultures with HAGG and with
mIgG, IA stimulation or suppression of cytokine responses were
expressed as net HAGG cytokine induced response (pg/ml of
cytokine in HAGG-stimulated cultures 

 

-

 

 pg/ml of cytokine in
mIgG-stimulated cultures). Positive figures therefore denote
stimulatory effects of IA, whereas negative figures denote inhib-
itory effects. 

 

P

 

-values less than 0·05 were regarded as significant.

 

RESULTS

 

Opposite effects of heat-inactivation of NHS on the 
IA-induced production of IL-6/IL-10 and IL-12

 

When PBMC from 10 healthy individuals were investigated in
parallel concerning the effects of HAGG on cytokine production
in medium containing native or heat-inactivated serum, uniform
results appeared. A net stimulatory effect of HAGG on the pro-
duction of IL-6 and IL-10 (

 

P

 

 

 

<

 

 0·0001 for both IL-6 and IL-10)
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was found for all individuals in cultures with native serum. This
effect was abolished when heat-inactivated serum was used (dif-
ferences between sera 

 

P

 

 

 

=

 

 0·0051 and 

 

P

 

 

 

=

 

 0·0069, respectively,
Fig. 1a,b). For the production of IL-12p40 the opposite situation
was found, as all individuals but one showed an inhibitory effect
on cytokine production of HAGG compared to monomeric IgG
(mIgG) in native serum (

 

P

 

 

 

=

 

 0·0012). On the contrary, all indi-
viduals showed a stimulatory effect of HAGG compared to

mIgG on IL-12p40 production in heat-inactivated serum (differ-
ence between sera 

 

P

 

 

 

=

 

 0·0051, Fig. 1c). Parallel data were also
obtained for IL-12p70 (Fig. 1d). IL-12p70 production was how-
ever, generally lower than for IL-12p40, and measurable quan-
tities could be recorded only in all cultures with native serum
and mIgG, whereas HAGG-stimulated cultures and cultures
with heat-inactivated serum consistently yielded non-measurable
amounts of IL-12p70. Addition of mIgG to cell cultures gener-

 

Fig. 1.

 

Effects of native and heat-inactivated NHS on IA-induced cytokine production in 10 PBMC donors. PBMC (10

 

6

 

/ml) were stimulated
with HAGG or mIgG (100 

 

m

 

g/ml) in media containing 10% native or heat-inactivated NHS. After 20 h SN were collected and levels of (a)
IL-6, (b) IL-10, (c) IL-12p40 and (d) IL-12p70 analysed by ELISA. Results are shown as differences in cytokine production between
cultures stimulated with HAGG and mIgG, with a positive value signifying higher cytokine levels in SN in HAGG cultures compared to
mIgG SN. 

 

P

 

-values within vertical arrows in the upper part of the figures apply to the net differences between HAGG and mIgG-stimulated
cultures. 

 

P

 

-values within horizontal arrows in the lower part of the figures apply to differences in net HAGG-induced effects between cell
cultures with heat-inactivated and native serum.
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ally differed minimally from unstimulated cultures (data not
shown).

To exclude that the effects were dependent on a single serum,
these experiments were repeated using two PBMC donors inves-
tigated with four different sera. The results obtained were com-
patible with the results in Fig. 1 (data not shown).

When normal serum was heat-inactivated and then mixed
with the corresponding native serum in different ratios, the find-
ings shown in Fig. 1 were found to be gradual. By increasing the
percentage of native serum, the net HAGG-induced production
of IL-6 and IL-10 both successively increased (Fig. 2a,b),
whereas parallel measurement of IL-12p40 in the same cultures
changed from net stimulation to net suppression of IL-12p40
production (Fig. 2c). As expected, addition of native serum to
heat-inactivated serum dose-dependently restored complement
function (Fig. 2d). Gradual substitution of the heat-inactivated
serum with native serum increased the production of IL-6 and
IL-10 both in cultures stimulated with HAGG and mIgG. The
effect of native serum was most pronounced in HAGG-
stimulated cultures, resulting in a net stimulatory effect of IA
(Fig. 2a,b).

 

Supplementation of a complement-deficient serum restores the 
IC-inhibitory effects on IL-12p40 production

 

When normal native serum was replaced by a C4 deficient serum
from an SLE patient and this serum gradually was reconstituted
with C4, the effect differed between the cytokines. Addition of
C4 either abolished a net positive effect of HAGG or changed
the net HAGG-effect on IL-12p40-production from neutral to
negative in cell cultures from four different PBMC donors. Addi-
tion of C4 to a complement sufficient normal serum did not
induce any consistent changes in net HAGG-induced IL-12p40
production. Addition of C4 to the C4-deficient serum, on the
other hand, did not induce any consistent effects on net HAGG-
induced IL-10 production, (Fig. 3). Normal serum generally stim-
ulated net HAGG-induced IL-6 production to a higher extent
than the C4-deficient serum, but the data were inconclusive
because of the pronounced IL-6-stimulatory effects of the addi-
tion of C4 both in C4 deficient serum and normal control serum
(data not shown). IL-12p70 values were below the measurement
range.

 

Treatment of native NHS with a peptide blocking complement 
activation increases net HAGG-induced IL-12p40 production

 

When NHS was treated with the C3 activation blocking peptide
compstatin [15] in PBMC cultures from five healthy donors, the
net HAGG-induced IL-12p40 production was dose-dependently
increased in all cultures, compared to the effect of the same molar
concentration of a reduced linear control peptide. Compstatin
also increased net HAGG-induced IL-10 production compared to
cultures with the linear control peptide in PBMC cultures from
four of five donors at the highest compstatin concentration used,
but the picture was not as uniform as for IL-12p40 (Fig. 4). IL-6
production was not investigated in this part of the study, and val-
ues for IL-12p70 were mostly below the standard curve in the
ELISA.

 

Weak interdependency between IA-induced 
production of IL-10 and IL-12

 

Neutralization of IL-12 in HAGG cultures with heat-inactivated
sera marginally increased the production of IL-10, whereas no

effect was shown in native serum where the corresponding IL-12-
levels were low. On the contrary, neutralization of IL-10 showed
no obvious effects on IL-12p40 production in any system investi-
gated (data not shown).

 

Fig. 2.

 

Effects of gradual heat-inactivation on IA-induced cytokine pro-
duction. The same normal human serum as in Fig. 1 was heat-inactivated
and mixed with native serum to obtain variation in percentage of native
serum, and added (10% v/v of human serum altogether) to separate cell
cultures. PBMC (10

 

6

 

/ml) from a healthy donor were stimulated with
HAGG or mIgG (100 

 

m

 

g/ml) and SN were collected after 20 h incubation
and levels of (a) IL-6, (b) IL-10 and (c) IL-12p40 analysed by ELISA. In
(d) functional activity of the classical and alternative complement path-
ways (12) of the corresponding serum mixtures in RPMI are shown. Data
from one of four PBMC donors with similar results is shown.
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IC-induced IL-10 production is partially dependent on Fc

 

g

 

RII, 
whereas IC-induced IL-12 production is not

 

In a recent paper we have shown that IC-induced production of
IL-10 is partially dependent on Fc

 

g

 

RII [9]. Similar findings were
also obtained in the present study. Net IA-induced IL-10 produc-
tion was, as expected, evident only in native serum, and in this
medium anti Fc

 

g

 

RII decreased HAGG-induced IL-10 production
by 36%, whereas no suppression was noted with Fc

 

g

 

RIII antibody
fragments. No effect of blocking Fc

 

g

 

RII or Fc

 

g

 

RIII on IA-
induced IL-12 production was noted with the antibody concen-
trations found to suppress the IA-induced production of IL-10
(data not shown).

 

No effect of complement receptor blockade on IA-induced 
production of IL-12p40

 

A panel of antibodies, peptides and soluble complement recep-
tors was used in an attempt to functionally block the interaction
between IC and CR1 (CD35), CR3 (CD11b) and CD88 (C5a
receptor). No effect was noted on the production of IL-12p40
either in native or in heat-inactivated sera using concentrations
earlier reported to functionally block the receptors. Also for IL-10,

no consistent findings were obtained from complement receptor
blocking experiments (data not shown).

 

DISCUSSION

 

In this paper we show that IA-induced production of IL-6/IL-10
and IL-12 are regulated separately. The effects on IL-10 differ
from the effects on IL-12; a cytokine with opposite biological
effects to IL-6/IL-10. In PBMC cultures with native NHS, IA
stimulated the production of IL-6 and IL-10 while the production
of IL-12 was inhibited, compared to control cell cultures. This
inhibiting effect on IL-12 production was reversed when serum
was heat-inactivated, while the same treatment abolished the
stimulatory effect of IA on IL-6 and IL-10 production. When
NHS was exchanged with a C4-deficient serum devoid of func-
tional classical complement pathway, IA either showed weak
stimulatory effects or no effects on IL-12p40 production. Resto-
ration of complement function in this serum with C4 neutralized
or inverted the enhancing effects on IA-induced IL-12p40 pro-
duction, while at the same time no consistent effects were seen on
the production of IL-10. In a third experimental setting we added

 

Fig. 3.

 

Effects of gradual reconstitution of C4-deficient serum on IA-induced cytokine production. Sera were incubated without or with
increasing amounts of C4 together with HAGG or mIgG (100 

 

m

 

g/ml final concentration in SN) for 20 min in 37

 

∞

 

C. The mixtures (final
serum concentration 10%) were then added to PBMC cultures (10

 

6

 

/ml) from four healthy donors. After 20 h SN were collected and levels
of IL-10 and IL-12p40 determined by ELISA. Filled symbols show the results of C4 addition to the C4-deficient serum, whereas open
symbols represent the results of C4 addition to a complement sufficient normal serum. Results are shown as differences in cytokine
production between cultures stimulated with HAGG and mIgG, with a positive value signifying higher cytokine levels in HAGG culture
SN compared to mIgG SN. A separate graph shows the effect on the function of the classical complement pathway after addition of
increasing amounts of C4 to the C4 deficient serum.
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compstatin, a C3-binding peptide that inhibits complement acti-
vation, to native NHS. In all five experiments performed, this
treatment induced a higher IA-induced production of IL-12p40
compared to a reduced linear control peptide. IL-10 production,
however, also showed an increase in four of five PBMC cultures.
The effects on IL-10 production were mediated partially through
Fc

 

g

 

RII in cultures with native NHS, while the IA-induced effects
on IL-12p40 production are mediated most probably through
other means than Fc

 

g

 

RII or Fc

 

g

 

RIII. However, no reagents used
for the blocking of complement receptors CR1 (CD35), CR3
(CD11b) or CD88/C5a receptor have hitherto shown any consis-
tent effect on the IA-stimulated production of IL-10 or IL-12p40.
We will proceed in investigating these and other receptors utiliz-
ing additional blocking agents.

The three systems used for the studies of IC-induced cytokine
production differ considerably, and all three have limitations.
Heat-inactivation arrests both the classical and the alternative
pathway of complement activation, and act primarily on the heat-
labile complement components C1q and factor B. Additional
serum proteins might, however, also be denatured or damaged by
heating. The C4 deficient serum was obtained from an SLE
patient, and increased levels of many cytokines, including IL-6

and IL-10, as well as IC and autoantibodies, are found regularly in
SLE sera. Compstatin is known to inhibit the classical pathway of
complement activation at low doses, but will also block the alter-
native pathway when higher concentrations are used [15]. Not-
withstanding these methodological differences, inhibition of
complement activity uniformly resulted in a relative HAGG-
induced increase in the production of IL-12p40.

Theoretically, two independent systems might influence IL-
12p40 production in cell cultures stimulated with IC. One system
can be enhancing, shown by the stimulatory effects of IC in heat-
inactivated NHS, in C4 deficient serum or in compstatin-treated
native NHS. In the presence of a functionally active complement
system, a suppressive system is added and the net effect instead
becomes inhibitory, or at least neutralizes the stimulatory effects
of IC. This latter system varies with the degree of complement
function of the classical complement pathway. IC induce the clas-
sical complement pathway, thereby exposing an array of comple-
ment products on the IC surfaces, together with soluble products
of complement activation. The effects of IA on IL-12 production
found in native serum or in reconstituted C4 deficient serum
could possibly be an effect exerted through one or several of these
components. Recently two papers have shown strong inhibitory

 

Fig. 4.

 

Effects of gradual suppression of the classical complement pathway by compstatin. Compstatin (filled symbols) or a reduced control
peptide (open symbols) were added to 100% normal human serum for 15 min at 37

 

∞

 

C, whereupon HAGG or mIgG (100 

 

m

 

g/ml final
concentration in the PBMC cultures) were added for an additional 20 min at 37

 

∞

 

C. Sera were thereafter added to cultures (10% v/v) of
PBMC from five healthy donors and incubated for 20 h. SN were then collected and analysed for IL-10 and IL-12p40 by ELISA. Results
are shown as differences in cytokine production between cultures stimulated with HAGG and mIgG, with a positive value signifying higher
cytokine levels in HAGG culture SN compared to mIgG SN. Compstatin concentrations in the graphs indicate final concentration in cell
cultures. A separate graph show the effect on the classical complement function after addition of increasing amounts of compstatin (filled
symbols) and control peptide (open symbols). The cytokine data are assembled from two experiments using different concentration ranges
for compstatin.
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effects on monocyte IL-12 production exerted by the anaphyla-
toxin C5a in human 

 

in vitro

 

 cultures [16,17].
One limitation of our study is the low levels of IL-12p70 mea-

sured in the SN. Despite the use of two different ELISA systems,
the levels were very low and were only possible to interpret for
the experiments using heat-inactivation, where the results for IL-
12p70 were in agreement with those for IL-12p40. As the p40
homodimer has been shown to function as an IL-12p70 antagonist
[18], we are also interested in evaluating the IC-induced effects on
IL-12p70 production in other cell culture systems.

The different effects of IA on the production of IL-10 and IL-
12 in systems with different functional activities of the classical
complement cascade can have importance for the natural course
in rheumatic diseases with local or systemic activation of the com-
plement system, as well as in malignant and lymphoproliferative
diseases. In SLE, an IC-mediated systemic autoimmune disease
with hyperactive B-lymphocytes and increased spontaneous anti-
body production, the production of IL-10 [19] and IL-6 [20] from
monocytes is increased. The expression and levels of IL-12 are, on
the other hand, decreased and correlated negatively with disease
activity and IL-10 levels [21,22].

The counteracting effects between IL-10 and IL-12 are pivotal
also in RA pathogenesis: levels of IL-12 are increased in RA
joints compared to peripheral blood [23,24] and the production of
IFN-

 

g

 

 is increased accordingly in arthritis joints [25]. Exoge-
nously delivered IL-12 has been shown to induce RA exacerba-
tion [26]. Stimulation with type 2 cytokines such as IL-10 have
been found beneficial in experimental arthritis models [27] and
also in RA 

 

in vitro

 

 [28], even if large-scale clinical studies hitherto
have been disappointing.

IL-12 is important for the T cell defence against tumours [29].
IL-10 can, on the other hand, stimulate tumour growth through a
general inhibition of cytokine production in tumour-infiltrating
macrophages [30]. Many solid tumours and leukaemias are asso-
ciated with circulating IC [31] that might be associated with
immune suppression, both in experimental tumours in mice [32]
as well as in human tumours [33]. Such immune suppression is
dependent on intact Fc fragments, as IC containing only F(ab

 

¢

 

)2
fragments are ineffective. The suppressive effect is dependent on
serum, and a synergy with non-defined serum factor(s) has been
shown [34]. These data are compatible with the hypothesis that
IC-mediated and Fc

 

g

 

R-dependent production of IL-10 can be
responsible for the immune suppression, and that serum with an
intact complement system is needed for IC-augmented IL-10 pro-
duction in parallel to suppressed production of IL-12.

In RA and SLE as well as in malignant diseases the findings
described in this paper might have either beneficial or detrimental
consequences, dependent on the current access to a functionally
active complement system. Further studies concerning the mech-
anisms behind our findings are warranted.
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