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Immune complex processing in Clq-deficient mice
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SUMMARY

Complement and Fcvy receptors are known to mediate the processing of immune complexes (IC), and
abnormalities in these mechanisms may predispose to the development of lupus. We explored the
processing of IC in mice deficient in complement component Clq. 125 1abelled IC comprising Hepatitis
B surface antigen (HBsAg)/human anti-HBsAg (HBsAg/Ab) were injected intravenously and the sites of
IC clearance determined by direct counting of organ uptake at various time points. The liver and spleen
were the main sites of IC uptake in all mice. The splenic uptake of IC was significantly reduced in the
Clg-deficient mice compared with the control mice. Clqg-deficient mice also exhibited an initial
accelerated hepatic uptake of IC similar to that seen in human subjects with hypocomplementaemia. The
hepatic localization of IC at later time points was similar in both groups of mice. These data in mice are
consistent with previous observations in humans that confirm that the classical pathway of complement
plays an important role in the appropriate processing of IC in vivo.
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INTRODUCTION

The processing of immune complexes (IC) is mediated by
complement and Fcvy receptors. Immune complexes are normally
removed effectively by the mononuclear phagocytic system
(MPS) and abnormalities in the processing of IC may result in
their persistence and deposition outside the MPS, causing
inflammation and tissue damage. Abnormal IC clearance has
been implicated in the pathogenesis of autoimmune diseases, such
as systemic lupus erythematosus [1,2]. However, it remains
presently unclear whether patients with SLE have a fundamental
abnormality of the mononuclear phagocytic system resulting in
defective clearance mediated by Fcy receptors, or whether the
primary problem is one of defective IC delivery to the MPS
secondary to hypocomplementaemia.

The role of the complement system in the physiological
clearance of IC was first recognized during the 1940s when it was
demonstrated that immune precipitates contained more nitrogen
when they formed in normal serum compared with heat-treated
serum [3]. The interaction of complement with IC has been shown
to inhibit precipitation, to promote solubilization and, in primates,
to facilitate IC binding to CR1 (CD35) on erythrocytes [4]. By
modifying the physiochemical structure of IC, the complement
system prevents local accumulation of large IC in tissue outside
the MPS and facilitates their disposal. The importance of the
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complement system in the processing of soluble IC has been
demonstrated by human studies that showed abnormal IC
clearance in complement-deficient and hypocomplementaemic
patients compared to normal healthy volunteers [5—8]. In studies
with model soluble IC and immune aggregates, significantly
reduced initial splenic localization and subsequent retention of
the injected IC (by the liver and spleen) was noted in the patients
with SLE, indicating that the uptake of IC in the spleen was
complement-dependent [6—8]. Complement proteins have also an
important role as accessory molecules in the enhancement of the
adaptive immune response, facilitating the localization of antigen
to follicular dendritic cells [9], and lowering the threshold for B-
cell activation [10]. Failure to localize complexes in the spleen, an
important site for antigen presentation, may have important
implications for the development of antibody responses, to both
exogenous antigens and autoantigens.

The importance of Fcvy receptors in the uptake of IC has been
demonstrated by studies of Fcy receptor blockade in primates
[11-12] and mice [13]. Abnormal Fcy receptor-mediated
clearance of IgG-opsonized erythrocytes, a model of haemolytic
anaemia, has been demonstrated in SLE [14-16]. Additional
evidence that Fcvy receptor function is abnormal in SLE has come
from recent studies of functionally important polymorphisms of
the Fcy receptors [17-23].

To explore the role of complement in the clearance and organ
localization of IC, we analysed the processing of radiolabelled
preformed IC, injected intravenously in mice deficient in the
classical pathway of complement caused by a targeted disruption
of the ClgA-chain gene [24]. Our study showed that in this
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murine model the classical pathway of complement affects both
the rate of hepatic uptake of IC, and the ability of the spleen to
take up and retain the complexes, in a manner analagous to that
previously observed in humans.

MATERIALS AND METHODS

Mice

Mice with genetic deletions of the Cl1qA-chain gene (Clga -/-)
were developed by homologous recombination in embryonic stem
cells as previously described [24]. Clga -/-mice were on a mixed
genetic background (129/0Ola x C57BL/6). In each experiment
mice were between 8 and 14 weeks of age and the control animals
were matched for strain, age and sex. Animal care and procedures
were conducted according to Institutional guidelines.

Radiolabelling and in vitro characterization of immune complexes
The IC employed in these studies were comprised of hepatitis B
surface antigen (HBsAg) (a gift from SmithKline Beecham
Pharmaceuticals, Belgium), and a human IgG1 fraction of a
polyclonal anti-HBsAg (kindly donated by Dr Peter Spath, Red
Cross, Zurich, Switzerland). HBsAg was radiolabelled with 1251
by the Bolton and Hunter method [25,26] to an activity of
approximately 10 MBg/mg. The IC were prepared in manner
similar to that previously described [7]. Briefly, 12-5 ug HBsAg
was mixed with 1 ml anti-HBsAg (equivalent to 50 IU) and
incubated for 60 min at 37°C followed by 30 min at 4°C
(equivalent to 21-fold antibody excess). Immune complex
formation was confirmed by precipitation of the complexes by
polyethylene glycol (PEG) and protein A sepharose. Ninety-five
percent of IC were confirmed to be more than 45S in size by
isopycnic sucrose density gradient centrifugation [27].

Murine complement activation assay

A haemolytic complement consumption assay was employed to
determine if the model IC activated mouse complement. The lytic
activity of complement was assayed by measuring the release of
51Cr labelled haemoglobin from antibody-sensitized sheep
erythrocytes incubated with male mouse serum [28]. Aliquots
from a pool of normal male mouse serum were incubated either
with or without the immune complexes for 15 min at 37°C to
allow complement activation to occur.

In vivo immune complex processing studies

The processing of HBsAg/Ab IC was studied in the gene-targeted
mice, in strain-matched controls of mixed genetic background and
in both the inbred parental strains (129/0Ola and C57BL/6), age-
and sex-matched. Immune complexes containing 1-25 g of
radiolabelled HBsAg at a specific activity of 10 MBg/mg were
injected into each mouse via a lateral tail vein in a volume of
200 wl. The kinetics and sites of IC disposal were determined by
direct counting of organ uptake at post mortem of mice killed at
various time points from 10 s to 15 h after the injection of '*’I-IC.
Mice were weighed, killed by exsanguination under general
anaesthesia, and the lungs, liver, spleen, kidneys and tail were
removed. The samples were counted in a y-counter and the organs
were weighed. The total blood volume of each mouse was
calculated based on 0-09 ml per gram of body mass [29]. The
precise dose of radioactivity injected per mouse was measured as
the number of counts in the injection volume minus the sum of the
counts in the needle, syringe and tail. The tail was counted to

eliminate any error arising from extravasated radioactivity at the
site of injection. Experiments were performed using >'Cr-
radiolabelled mouse erythrocytes (°*'Cr-RBC) as a blood volume
marker. Erythrocytes from strain-matched control mice were
radiolabelled with >'Cr and resuspended in PBS to a concentration
in 100 ul that gave approximately 10% of the radioactivity of the
12511C to be injected. The >'Cr-RBC suspension and '*’I-IC were
mixed at a 1 : 1 ratio and a total of 200 u1 was injected into each
mouse. This enabled us to ascertain that variability of injection
quality or difference in the blood pool within each organ were not
factors influencing the results.

Control experiments were also performed to study the
clearance of HBsAg alone. Mice were injected with noncom-
plexed radiolabelled HBsAg to determine the percentage uptake
of the antigen in the spleen and liver compared with IC uptake.
Data were expressed as a percentage of the injected dose of
radioactivity present in the organ.

Immune complex cell binding studies

In vivo assays. Clga -/— and control mice were injected
with HBsAg/Ab IC or HAGG. The animals were killed by
exsanguination after 30 s and 1 minute. Blood samples were
collected into 0-01 M trisodium citrate and then subaliquoted. The
radioactivity of a 50-ul sample of whole blood was counted. A
50-u1 sample of whole blood was mixed with 200 w1 of ice cold
PBS and 150 wl of this mixture layered onto 150 wl of Di-n-
butylphthalate oil (BDH Laboratory Supplies, Poole, UK) and
then microfuged at 10 000 x g to separate the cell pellet,
including platelets, from the supernatant. This enabled us to
calculate the percentage of radioactivity bound to cells. The
remaining blood was microfuged to obtain a plasma sample which
was counted. A 50-ul aliquot of plasma was added to an equal
volume of 20% trichloroacetic acid (TCA), incubated at room
temperature for 15 min and then microfuged at 10 000 x g and
the radioactivity bound to the precipitated protein pellet was
measured. An equal volume of 8% PEG was added to an aliquot of
plasma and processed as described above. The precipitated counts
measured the amount of radioactivity present in the form of IC.

In vitro assays. A similar protocol to that described above was
employed to study the binding of '*’I-HBsAg/Ab IC to cells in
vitro. IC in an antigen:antibody ratio of 12-5 wg Ag: 50 IU Ab in
1 ml as well as an antigen control (12-5 ug HBsAg: 1 ml HBsAg
sero-negative normal human serum) were used. As a platelet-
binding positive control a rat IgG2a anti-CD9 was employed
(Pharmingen, San Diego, USA). Whole mouse blood in 0-01 M
trisodium citrate was diluted 1 : 5 in PBS, and incubated at 37°C
for 5 min. A blood sample from a normal human subject was
processed at the same time as a further positive control for
complement-dependent binding of IC to CR1 on human
erythrocytes. Following incubation, 100 w1 duplicates from each
reaction mixture, were layered onto Di-n-butylphthalate oil and
microfuged at 10 000 x g to separate cells from serum. The
percentage radioactivity in the cell pellet was measured.

Whole blood from wild type mice was analysed using an
automated cell counter and then layered onto Di-n-butylphthalate
oil and microfuged at 10 000 x g to separate cells from serum.
The cell pellet was resuspended in PBS and both the plasma and
resuspended cell pellet samples were analysed using the
automated cell counter to confirm that all the cells from the

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 123:196—202



198 Nash et al.

whole blood samples were contained within the pellet and that the
plasma samples were cell free.

Immune complex complement fixation assay

To confirm that the HbsAg/Ab IC were opsonized by the fixation
of complement in the form of C3b an immunoabsorbant assay was
employed. Duplicate aliquots of goat polyclonal antimouse C3
antibody (Cedarlane Ltd, USA) were used to coat an ELISA plate
at concentrations ranging from 20 wg/ml to 0-15 wg/ml diluted in
PBS. PBS alone was used as a nonspecific binding control. The
plate was incubated at 4°C overnight and then washed three times
in PBS. The '*’I-HbsAg/Ab IC were prepared as described earlier,
diluted 1/10 v/v in PBS and then incubated at 37°C for 20 min
with an equal volume of wild type mouse serum diluted to a
concentration of 1/2-5 v/v in PBS for opsonization of the IC to
occur. The negative controls employed were IC incubated with
PBS alone, IC incubated with heat-inactivated serum (wild-type
mouse serum heated at 56°C for 30 min) and '*’I-HBsAg alone
incubated with wild type mouse serum. Fifty microlitre aliquots of
these IC/serum mixtures were added to the ELISA plate and
incubated for 60 min at 37°C and then for 30 min at 4°C for the IC
to bind to the surface bound antimouse C3b via the complement
component C3b bound to the surface of the HBsAg/Ab IC. The
ELISA plate was washed three times in PBS to remove any
unbound IC and then the plate was cut into individual wells and
the radioactivity of each well determined by measurement in a
gamma-counter. The radioactivity of the corresponding nonspe-
cific binding wells was subtracted from the radioactivity in the
wells coated with antimouse C3b to give a measure of IC binding
via fixed complement. All samples were processed in duplicate.

Statistical analysis

For statistical evaluation of the differences in the organ uptake of
the IC the r-test was used. Data are expressed as means (= SEM).
Statistics were calculated using GraphPad Prism™ version 2-0
(GraphPad Software Inc., San Diego, CA, USA).

RESULTS

HBsAg/Ab IC activate murine complement and fix mouse C3b

Activation of complement in the fluid phase by HBsAg/Ab was
confirmed in the haemolytic assay. HBsAg/Ab IC, prepared as
described above by the addition of antigen to polyclonal anti-
HBsAg (Ag:Ab ratio of 1 : 21), were incubated with fresh mouse
serum at various dilutions in PBS from 1:5 to 1:40 v/v.
HBsAg/ADb IC incubated with serum at a 1 : 5 v/v ratio resulted in
depletion of haemolytic complement activity by 63-95% =
4-16%; (mean = SD of 3 samples); 1 : 40 v/v ratio: 29-65% *
7-13% depletion. HBsAg or Ab alone did not significantly activate
complement (< 5% depletion).

The ability of the HBsAg/Ab IC to fix murine complement in
the form of C3b was demonstrated by an immunoabsorbance
assay. This assay demonstrated binding of the radiolabelled IC
incubated with normal mouse serum to an ELISA plate via a
surface bound polyclonal antimouse C3b antibody. No significant
binding of the HBsAg/Ab IC incubated with heat inactivated
serum, PBS, or HBsAg alone, was demonstrable. Maximum
binding of HBsAg/Ab IC opsonized in mouse serum occurred at a
concentration of 2-5 pg/ml of the solid phase ligand (antimouse
C3b antibody) (1160 cpm) and then declined, in a dose dependent
manner, to 257 cpm at an anti-C3b concentration of 0-15 pwg/ml.

For the IC incubated with heat-inactivated serum, PBS, or HBsAg
alone incubated with normal serum the radioactivity bound was
less than 20 cpm at all concentrations of the surface bound
antimouse C3b. (Fig. 1). The radioactivity bound was calculated
as the counts in the sample well minus the counts from the
corresponding nonspecific binding well. All samples were
processed in duplicate.

Kinetics of HBsAg/Ab immune complex processing in the gene-
targeted mice

The initial kinetics of HBsAg/Ab complex clearance from the
circulation were studied by direct organ and blood counting post
mortem.

Kinetics of organ uptake in Clg-deficient mice determined by
direct organ counting. Clg-deficient and normal control mice
were injected with HBsAg/Ab IC and sacrificed at different times
ranging from 10 s to 30 min. The organ counts showed a similar
rapid uptake of the majority of the IC to the spleen and the liver.
The kinetics of splenic uptake of IC are shown in Fig. 2(a). The
immediate splenic uptake of IC was not detectably different
between the two groups of animals, but by 5 min the mean splenic
uptake of IC in 3 wild-type mice was 8-28% (= 1-34) compared
with 2.42% (%= 0-49) in 3 Clg-deficient mice; P = 0-0148. By
10 min the mean splenic uptake of IC in 4 wild-type mice had
reached a maximum of 10-72% (% 0-82) compared with 3-89%
(£ 0-55) in the Clqg-deficient animals; P = 0-0002. After 30 min
the percentage of injected dose dropped to 8:39% (= 0-73) and
221% (%= 0-19) in 7 wild type and Clqg-deficient animals,
respectively; P < 0-0001.
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Fig. 1. Fixation of murine complement by HBsAg/Ab IC. Graph
demonstrating binding of the opsonized HBsAg/Ab IC to the solid phase
ligand (polyclonal antimouse C3) via C3b. There is negligible binding of
the HBsAg/Ab IC when treated with heat inactivated normal mouse serum
(HINMS) or PBS rather than normal mouse serum (NMS). HbSAg alone
treated with NMS does not bind significantly. This demonstrates that only
the HBsAg/Ab IC was able to fix complement in the form of C3b.
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Fig. 2. Kinetics of HBsAg/Ab IC processing in Clg-deficient mice.
Graphs showing the kinetics of organ uptake of HBsAg/Ab IC, expressed
as percentage of injected radioactivity, in Clga -/— (O) and Clga+/+ (@)
mice. (a) The splenic uptake of IC was significantly reduced in the Clqa
-/-mice by five minutes after injection and remained so throughout the
time course. (b) The hepatic uptake of IC was initially accelerated (at 10 s)
in the Clqg-deficient mice but became not detectably different from the
wild-type controls at the following time points. (c) The lung showed an
increased uptake of IC during the first 10 min in the Clga+/+mice
compared with the C/ga -/-mice. Data are expressed as means * standard
error of the mean. *P < 0-05, **P < 0-01, ***P < 0-001

In the wild-type mice the initial hepatic uptake was rapid,
reaching 50-02% (= 1-43) at 10 min. Ten seconds after injection
of the IC, the mean hepatic uptake in 3 Clq-deficient animals was
significantly greater than that seen in 3 wild-type mice
(1420% = 0-11 and 8:36% = 0-25, respectively; P < 0-0001).
After this initial time point the kinetics of hepatic uptake were
similar in both the experimental groups (Fig. 2b). This observa-
tion is in agreement with previous studies in humans with
acquired or genetically determined hypocomplementaemia
[5,7,8].

The kinetics of HBsAg/Ab IC uptake in the lungs and kidneys
were also studied during the first 30 min postinjection. By 10 s
3-32% (£ 0-60) of the IC were localized in the lungs of the wild-
type mice compared to only 1-:26% (£ 0-03) in the Clq-deficient
mice (P = 0-0263) (Fig. 2c). Although the percentage of the
injected radioactivity present in the lungs decreased with time, it
was still significantly greater in the wild type mice after 10 min
(0-66% = 0-04 compared to 0-44% = 0-02; P = 0-0019). The
proportion of injected IC present in the lungs 30 min after
injection showed no difference between the two groups. Clearance
of the IC from the kidneys was not substantially different between
the two experimental groups (data not shown).

Blood clearance kinetics in Clg-deficient mice. In contrast to
the observations made in hypocomplementaemic patients (7), no
obviously detectable difference in clearance of the HBsAg/Ab IC
from the circulation was observed between Clga -/—and Clga+/
+mice (Fig. 3). PEG and TCA precipitation analysis of fresh
plasma showed that the majority of protein bound radioactivity
was initially in the form of IC with a progressive decline with
time. No significant differences between C1q-deficient and wild-
type mice were observed (data not shown).

HBsAg/Ab IC organ retention studies in Clq-deficient mice.
Further analysis of the splenic and hepatic retention of the
HBsAg/Ab IC was carried out in larger groups of animals at 2 and
15 h post injection. At both these time points the splenic uptake of
IC was substantially reduced in the Clg-deficient animals
compared with control animals (Fig. 4a). After 2 h the mean
splenic uptake was 1-:29% (= 0-12) in 10 Clga -/-mice compared
to 3-25% (%= 0-22) in 21 Clga+/+mice; P < 0-0001. By 15 h the
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Fig. 3. Kinetics of clearance of HBsAg/Ab IC from the bloodstream of
Clga -/- (O) and Clga+/+ (@) demonstrating no significant difference in
the clearance of the IC from the blood between the C1q-deficient mice and
their wild type controls.
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Fig. 4. HBsAg/Ab IC organ retention. Splenic and hepatic uptake and
retention of HBsAg/Ab IC at 2 and 15 h in Clga -/-(O) and Clga+/+(®)
mice. Horizontal bars denote means. (a) A highly significant reduction in
the splenic uptake of IC in the Clg-deficient mice compared with the
controls was observed at both 2 and 15 h postinjection (P < 0-0001 for
both time-points). (b) No difference was found in the liver at these times.

percentage of IC retained in the spleen in 8 C1q-deficient animals
had fallen to 0-12% (= 0-01) but remained higher in 17 control
mice, 0-90% (% 0-08); P < 0-0001. In contrast, the hepatic
uptake and retention were similar in both groups with a hepatic
uptake of approximately 25% at 2 h and 5% at 15 h post injection
(Fig. 4b).

The splenic uptake of HBsAg alone at the 2 h time point
was similar between Clga -/—and control mice. The splenic
uptake of HBsAg accounted for only 0-37% = 0-02 (n = 9) of the
radioactivity injected.

Binding of immune complexes to cells

In primates soluble IC are delivered to the MPS bound on
erythrocyte CR1, while in rodents platelets have been shown to
bind circulating IC, albeit transiently [30]. In our study there was

no binding of the HBsAg/Ab or HAGG IC to blood cells at 30 s or
1 minute after injection in either the Clqg-deficient or control
mice, as demonstrated by negligible radioactivity in the cell pellet
after centrifugation through oil. Less than 1% of the radioactivity
from the injected IC was present in the cell pellet at 30 s post
injection in controls and Clqg-deficient mice. More than 95% of
the radioactivity in the plasma was precipitated by TCA which
demonstrated that the immune complexes were free in the plasma
rather than bound to circulating blood cells (data not shown).

Similar findings were confirmed by in vitro assays. The
HBsAg/Ab IC, opsonized with murine complement, did indeed
bind to human erythrocytes under the same conditions and the
binding of the anti-CD9 monoclonal antibody provided strong
evidence for the presence of mouse platelets in the cell pellet
preparations (data not shown). The study utilizing an automated
cell counter to determine the distribution and concentration of
blood cells within the plasma and cell pellet fractions of the
preparations of murine blood spun through Di-n-butylphthalate
oil confirmed that the serum fractions were cell free and that all
the platelets present in the whole blood were present in the
resuspended cell pellet following microfugation (data not
shown).

DISCUSSION

Interactions between immune complexes and the fixed macro-
phage system in vivo are not fully understood. Fcy receptors and
complement are both known to be involved in the clearance of IC,
but the relative importance of these systems is not known. The
study of the organ localization of model soluble IC in gene-
targeted mice deficient in the classical complement pathway
component Clq provided a unique opportunity to explore the
contribution of the classical complement pathway in the
processing of IC in a murine model.

The main sites of uptake of the HBsAg/Ab and HAGG IC
were the liver and spleen and this is consistent with previous
reports on IC processing in mice [30—37], and in primates [4,38].
No difference was observed in the immediate kinetics of IC
clearance from the circulation between the Clg-deficient and
control mice. However, by five minutes the splenic uptake of the
HBsAg/Ab IC in the complement deficient mice was significantly
lower. This highly significant reduction was also present at all
subsequent time points analysed. Previous studies in a C2-
deficient human [8] and in mice deficient of complement
components factor B and C2 [39] suggested that C3 activation
is the predominant requirement for the appropriate splenic
localization of IC.

In the liver, there were no differences in the uptake of the
model immune complexes between the gene-targeted strains and
normal control mice apart from an initial accelerated hepatic
uptake in the Clg-deficient mice, which is in agreement with the
previous observations in humans [5,7,8]. Previous studies have
emphasized the importance of the liver in the clearance of both
particulate and soluble IC in animals [40,41], and of the spleen in
the clearance of both IgG-coated erythrocytes [42] and soluble IC
in humans [5,7,8]. Our data are compatible with these findings of
earlier studies in that the major organ for IC uptake was the liver
in both normal and gene-targeted mice. It is interesting to note that
the consistent reduction in splenic uptake of IC observed in the
Clq knockout mice was not detected in earlier studies using
complement-depleted animals [43].
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The basis for this defective splenic localization of injected IC
is not yet clear. One possibility is that it is only IC which are able
to bind efficiently to complement and Fcy receptors on fixed
macrophages, with subsequent internalization and processing, that
are retained effectively by the spleen. Immune complexes bearing
little or no C3, as would be found in association with defective
classical pathway activation, may only bind to the low affinity
receptors, FcyRII and FcyRIII and failure of uptake and retention
may occur. In contrast as the percentage hepatic localization of the
injected HBsAg/Ab and HAGG was similar in all mice studied it
may be that either complement or Fcvy receptors alone are sufficient
for normal hepatic uptake and retention, or that hepatic uptake of
IC is mediated largely by receptor-based pinocytic mechanisms.

The initial clearance of IC from the blood and their processing
in the lungs and kidneys were also studied in the normal and C1g-
deficient mice. In contrast to studies in humans that showed an
accelerated blood clearance in complement-deficient patients
[7,8], there was no accelerated clearance in the Clqg-deficient
mice. The lungs constitute a major site for the initial uptake of IC
in pigs, but had not been considered to be a significant site for
immune complex clearance in primates and mice [44]. In our
experiments approximately 3% of the IC injected localized rapidly
to the lungs in the wild-type mice and then declined quickly.
This IC trapping in the lungs was significant reduced in the
complement-deficient mice. This result suggests a role for
complement receptors in the clearance of IC in the lungs of mice,
although we cannot exclude the possibility that this observation
may be due to Clg-mediated aggregation of the soluble IC.
Whether or not there is a very small population of murine
pulmonary intravascular macrophages that might mediate this
effect is controversial [45].

As a control for the studies of the HBsAg/Ab we examined the
clearance of HBsAg alone. We noted in our studies that only
approximately 10% of the HBsAg/Ab IC uptake in the spleen
occurred with HBsAg alone. The results with HBsAg suggest that
there is a highly specific uptake mechanism for IC in the spleen,
as would be expected for an organ with such a crucial role in
antigen processing and presentation.

Other groups have previously shown that IC injected into
lagomorphs and rodents bound quickly, albeit transiently, to
platelets [30,46]. This was not the finding in our studies, neither
in vivo nor in vitro, with the model IC studied. A number of
variables (antigen, IC size, antibody species, and ability to
activate complement) may explain the different data in the
literature. The protein responsible for the immune adherence
reaction in mice is still unidentified. The mouse complement
receptors MCR1 and MCR2 are coded by alternatively spliced
Cr2 gene transcripts and are found on B lymphocytes and
phagocytes but not on platelets or erythrocytes [47]. Immune
adherence receptors that bind C3b are present on mouse platelets
and unstimulated neutrophils but are not MCR1 or MCR2.
Recently, a 190-kD membrane protein capable of binding C3b has
been identified on mouse neutrophils and has been designated
C3bR-190 [48]. This protein is also present on mouse platelets but
in reduced amounts. Two further C3d-binding proteins of 125-
and 150-kD, respectively, have also been identified on mouse
platelets [48]. However, the physiological role, if any, of immune
complex binding to cellular components in the blood in mice
remains still unresolved. In the present study our failure to
demonstrate binding of C3 opsonized IC to platelets might have
reflected a relatively inefficient opsonization of the IC by C3.

The observations in the Clg-deficient mice of markedly
reduced splenic IC uptake is analogous to previous findings of
in vivo IC processing in SLE patients [6—8]. In primates, the mode
of delivery of IC to the liver and spleen is fundamentally different
to that in mice. In primates, IC which fix complement are
transported in the blood bound to erythrocytes via CRI1. It has
previously been suggested that the defective splenic uptake of IC
observed in humans in the presence of hypocomplementaemia
may be related primarily to a failure of binding to erythrocytes,
and abnormal delivery of IC to the splenic vascular bed may occur
[7]. From the present study we can conclude that it is likely that
hypocomplementaemia also has a much more fundamental role in
influencing IC processing at a cellular level within the spleen,
independent of the mode of their delivery to this organ.
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