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Hepatic uptake of circulating IgG immune complexes
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Summary. IgG antibodies were found to increase the
uptake of circulating dinintrophenylated human
serum albumin (DNP-HSA) preparations by the non-
parenchymal liver cells in rats. Highly DNP-conju-
gated HSA was taken up by the Kupffer cells both
when given alone and when complexed by IgG. More
lightly DNP-conjugated HSA was taken up mainly by
the liver endothelial cells. Here, IgG promoted the
antigen uptake both by the Kupffer cells and by the
endothelial cells. Uptake of IgG immune complexes
(IgG-ICs) by the sinusoidal endothelial cells of the
liver is a new aspect on the function of these cells.
Whether or not this phenomenon is Fc receptor-
mediated is discussed. A heat-labile serum factor was
found to direct the ICs to the Kupffer cells. This
implies that serum complement and hepatic C3 recep-
tors are essential for the physiological clearance of
circulating immune complexes.

INTRODUCTION

The liver has a very important role in removing
circulating macromolecules, complexes and particles.

Abbreviations: CR, complement receptors; DNP, dinitro-
phenyl; FcR, Fc receptors; HSA, human serum albumin; IC,
immune complex; Ig, immunoglobulin; NPC, non-parenchy-
mal liver cells; NRS, normal rat serum; NRS 56°, heat-
treated rat serum.
Correspondence: Dr T. Skogh, Dept. Medical Micro-

biology, University of Linkoping, S-581 85 Link6ping,
Sweden.

The hepatic uptake occurs either in the parenchymal
cells (hepatocytes) or in the non-parenchymal cells
(NPC), i.e. the Kupffer cells or the sinusoidal endothe-
lial cells. A third type of NPC, designated the stellate
cells, is important for the storage of vitamin A (Wake,
1982). Adherence of circulating material to liver cells
may occur owing to non-specific physicochemical
forces such as electrostatic attraction and hydro-
phobic interaction (Kooistra et al., 1980; Skogh,
Magnusson & Stendahl, 1983b). Hepatic clearance
may also be the result of highly specific receptor-
mediated interactions. For instance, receptors specific
for various carbohydrates can remove certain circu-
lating glycoproteins and carbohydrate-exposing
particles via the hepatocytes or NPC (Ashwell &
Harford, 1982). In certain species, the hepatocytes
expose 'secretory component' which efficiently
transfers di- and polymeric IgA from the blood to the
bile (Lemaitre-Coelho et al., 1981). Whether or not
this mechanism is also important for the removal of
circulating IgA immune complexes (IgA-ICs) is deba-
table (Russel, Brown& Mestecky, 1981; Skogh, Edebo
& Stendahl, 1983a). Like other macrophages (Unke-
less, 1977; Leslie, 1980; Diamond, Birshtein & Scharif,
1979; Fearson, 1980; Ross, 1980), Kupffer cells possess
receptors specific for the Fc parts of IgG (FcR) and for
complement factor C3 (Munthe-Kaas, Kaplan &
Seljelid, 1976; Crofton, Diesselhoff den Dulk & van
Furth, 1978; Pulford & Souhami, 1981; Daha & van
Es, 1984). It has also been reported that sinusoidal
endothelial cells expose FcR which, in contrast to the
FcR of Kupffer cells, do not mediate phagocytosis
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(Crofton et al., 1978; Pulford & Souhami, 1981).
Complement receptors (CR) do not occur on liver
endothelial cells (Pulford & Souhami, 1981). Hepatic
CR may mediate the adherence of circulating particles
(Nydegger & Kazatchkine, 1983), but have not been
shown to enhance blood clearance of circulating ICs.
IgG-ICs are eliminated from the blood mainly by

the liver (Mannik & Arend, 1971). The suggestion
that the hepatocyte asialoglycoprotein receptor
mechanism is responsible for the hepatic uptake of
IgG-ICs (Thornburg et al., 1980) has been put
into serious doubt (Skogh, 1982; Rifai et al.,
1982). The phenomenon of IgG-mediated antigen
uptake by hepatocytic FcR (Hopf, Meyer zum
Bfischenfelde & Dierich, 1976) is probably merely the
result of preparation artefacts, since such 'FcR' can
only be demonstrated on non-viable hepatocytes
(Ramadori et al., 1983). Although small amounts of
circulating IgG-ICs may possibly be taken up by
hepatocytes, the most important role in IgG-IC
handling probably resides in the NPC (Skogh, 1982;
Rifai et al., 1982). IgG-mediated antigen clearance
from the blood is probably mainly the result of FcR
interaction in the liver (Kurlander, Ellison & Hall,
1984). The Kupffer cells are the intuitive candidates
for such FcR-dependent uptake of IgG-ICs (Mannik
& Arend, 1971). Whether the FcR of sinusoidal
endothelial cells also contribute to the elimination of
circulating IgG-ICs does not appear to have been
previously considered.
Serum complement can mediate the attachment of

immunoaggregates and ICs to macrophages and poly-
morphonuclear leucocytes in vitro (van Snick &
Masson, 1978; Kijlstra, van Es & Daha, 1979; Taylor
et al., 1983), but has not been shown to increase the
blood clearance of circulating ICs (Bockow & Man-
nik, 1981; Harkiss & Brown, 1981). On the contrary,
complement may actually decrease the blood clear-
ance rate of circulating ICs owing to reduced extra-
hepatic deposition, without affecting the hepatic
uptake quantitatively (Skogh & Stendahl, 1983). This
phenomenon is probably explained by a complement-
mediated increase in IC solubility (Takahashi, Taka-
hashi & Hirose, 1980; Schifferli, Woo & Peters, 1982)
which prevents precipitation and non-specific deposi-
tion outside the reticuloendothelial system. In man,
CR-mediated IC attachment can also occur on ery-
throcytes, which subsequently can deliver the com-
plexes to the spleen (Cornacoff et al., 1984).

This study was undertaken to investigate the intra-
hepatic distribution of three model antigens after

intravenous injection either alone, or complexed by
IgG in the presence or absence of serum complement.

MATERIALS AND METHODS

Animals
Male Wistar rats weighing 250-300 g were used.

Antigens
Lyophilized human serum albumin (HSA) (Kabi,
Stockholm, Sweden) was conjugated with dinitro-
phenyl (DNP) groups using 2,4-dinitrobenzene sul-
phonate (Eastman, Rochester, NY) essentially as
described by Eisen (1964). The degree of DNP-conju-
gation was determined spectrophotometrically at 358
nm, using 1 74 x I04 as the molar extinction coefficient
ofDNP. Commercially available DNP35HSA (Calbio-
chem, La Jolla, CA) was also used. The DNP-HSA
preparations were labelled with 125I (Institutt for
Energiteknikk, Kjeller, Norway) using the lactoperox-
idase method (Marchalonis, 1969). The different
125I-DNP-HSA preparations [1-4 mg/ml phosphate-
buffered saline (PBS)] were diluted 1: 25 or 1: 50 with
PBS, or normal rat serum (NRS), or heat-treated (56°,
30 min) NRS (NRS 56°).

Antibodies
IgG-anti-DNP was prepared by immunizing rabbits
subcutaneously with 2 mg DNP-Keyhole limpet hae-
mocyanin (Calbiochem) together with Freund's com-
plete adjuvant (Difco, Detroit, MI). A booster dose
(1 mg in Freund's incomplete adjuvant) was given after
4 weeks. The animals were bled and serum prepared
1 week after the booster dose. IgG was purified from
the serum by fractionation on a diethylaminoethyl
cellulose column (Pharmacia Fine Chemicals, Uppsala,
Sweden). The preparation gave a single precipitation
line of identity in agarose double immunodiffusion
against anti-rabbit IgG and anti-rabbit whole serum
(Cappel, Cochranville, PA). The anti-DNP activity
was titrated by precipitation of 125I-activity with 40%
saturated ammonium sulphate after reaction between
the IgG preparation and '251-DNP2HSA. A concentra-
tion of 0-35 mg IgG/ml PBS was used consistently.

Immune complexes
Equal volumes of IgG and '25I-DNP-HSA (diluted
1:25 in PBS, NRS or NRS 56°) were mixed and
incubated at 370 for 45 min. The immune complexes
formed using PBS-diluted antigens were analysed by
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ultracentrifugation in linear sucrose density gradients
as described elsewhere (Skogh et al., 1983c).

Administration of antigens and immune complexes
Using DNP2HSA and DNP8HSA, the rats were

anaesthetized with ether, and 28 pg (1 ml) 251I-DNP-
HSA was injected, alone or complexed by IgG, into
the right femoral vein. The animals were kept anaes-

thetized for the rest of the experiment. The experi-
ments with DNP35HSA were performed with rats
anaesthetized with barbiturate.

Plasma clearance and total hepatic uptake
Fifteen minutes after the intravenous injection of
antigen or immune complex preparation, a 1-ml blood
sample was taken from the inferior caval vein into a

heparinized syringe. Radioactivity was measured in
the plasma. The liver was perfused (see below) and the
radioactivity in a ligated liver lobe was measured to
estimate the total hepatic uptake. It was assumed that
the liver contains 190 x 106 cells/g wet weight, and that
the hepatocytes, endothelial cells, Kupffer cells and
stellate cells constitute 66%, 19%, 10% and 5%,
respectively (Blomhoff et al., 1984b).

Preparation of liver cells
Immediately after the blood sample was taken, the
liver was perfused via the portal vein with Ca-free
buffer for 10 min, followed by perfusion with colla-
genase type IA (Sigma Chemical Company, St Louis,
MO) as described in detail elsewhere (Tolleshaug et

al., 1977). The total liver cell suspension thus obtained
was subjected to differential centrifugation to separate
NPC from the hepatocytes. The hepatocyte prep-

aration was contaminated with approximately 1.1%
endothelial cells, 4-6% Kupffer cells and 6.4% stellate
cells identified as described previously (Blomhoff,
Eskild & Berg, 1984a). NPC were also prepared from
the total liver cell suspension by incubation with
enterotoxin from Clostridium perfringens (purchased
from Dr P. E. Granum, Norwegian Food Research
Institute, As, Norway) to selectively destroy the
hepatocytes (Blomhoff et al., 1984).

Separation ofNPC
The NPC preparations were subjected either to centri-
fugational elutriation in a JE-6 elutriator rotor (Beck-
man Instruments, Palo Alto, CA), or to centrifugation
in density gradients of Nycodenz (Nygaard & Co.,
Oslo, Norway). These procedures have been described
in detail elsewhere (Blomhoff et al., 1984a). In the rat

liver, all Kupffer cells contain endogenous peroxidase,
whereas all endothelial cells are peroxidase-negative
(de Leeuw et al., 1982). Cytochemical analysis was
performed as described elsewhere (Blomhoff et al.,
1984a) to identify peroxidase-negative cells (sinusoidal
endothelial cells and stellate cells) and peroxidase-
positive cells (Kupffer cells) in the different fractions.
Occasional hepatocytes in the preparations were iden-
tified by their distinctly different morphological
appearance.

Radioactivity in the fractions was measured in the
different liver cell fractions. It was always possible to
achieve pure peroxidase-negative cells. The Kupffer
cell fraction was, however, also contaminated by some
peroxidase-negative cells. This was probably mainly
due to the adherence of Kupffer cells to endothelial
cells. For calculation of the total amount of radioacti-
vity associated with the different NPC, we assumed
that the amount of radioactivity per peroxidase-nega-
tive cell was the same both in the pure endothelial cell
fractions and in the Kupffer cell enriched fractions.

RESULTS

Immune complex characterization
The sucrose density gradient ultracentrifugation pro-
files of the different IC preparations formed in PBS are
shown in Fig. 1. The complexes formed using
DNP8HSA or DNP35HSA were large (>50 S), but
soluble as determined by centrifugation at 3500 g for
10 min (data not shown). The complexes formed using
DNP2HSA were much smaller.

Distribution of radioactivity after intravenous injection
of antigen and immune complex preparations
DNP35HSA. About 80% of the radioactivity was

recovered from the total liver 15 min after the
intravenous injection of 125I-DNP35HSA alone (data
not shown). The intrahepatic distribution of radioacti-
vity after the injection of the antigen and the different
IgG/DNP35HSA complexes, respectively, is illustrated
in Fig. 2. Seventy-five to eighty percent of the hepatic
radioactivity was recovered from the NPC in all
instances. The Kupffer cells were consistently respon-
sible for the bulk of this uptake, e.g. 67% of the
injected radioactivity from uncomplexed DNP35HSA
was recovered from Kupffer cells and 8% from
endothelial cells; 69% of the radioactivity from the
IgG-ICs formed in PBS alone was found in the
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Figure 1. Sucrose density gradient ultracentrifugation pro-
files of radioactivity illustrating the size distribution of
immune complexes formed between IgG-anti-DNP, and
DNP2HSA (-), or DNPHSA (a) or DNP35HSA (-).

Kupffer cells and 6% in the endothelial cells; when the
ICs formed in the presence of fresh rat serum were
given, 75% of the radioactivity was recovered from
Kupffer cells and 4% from the endothelial cells. The
experiments illustrated in Fig. 2 were performed by
Nycodenz centrifugation of NPC prepared by differ-
ential centrifugation.

DNP8HSA. The radioactivity recovered from
plasma, total liver, and the different cells 15 min
after intravenous injection of DNP8HSA, or
IgG/DNP8HSA prepared in PBS, or IgG/DNP8HSA
prepared in the presence ofserum, is shown in Table 1.
The proportion of radioactivity in the different NPC
was estimated from the results shown in Figs 3 and
4, illustrating the radioactivity distribution in liver
cells after centrifugation in Nycodenz. Figure 5
shows the results of the centrifugational elutriation
experiments. In the absence of complement (i.e. in
PBS or NRS 56°), IgG increased the total hepatic
uptake of DNP8HSA from about 7% to about 21%
(I17% in the NPC and 4% in the hepatocyte fractions).
Although the IgG-mediated increase in hepatic
antigen uptake was largest in the Kupffer cells,

I0
-0
04)
(L)
0

C)

0

0
x

Eci.
-i

(->

0

~0
0
a:

2 4 6 8 10 12
Fraction number

Figure 2. Nycodenz gradient fractionation profile illustrating
the distribution ofperoxidase-negative NPC (0), peroxidase-
positive NPC (0) and radioactivity (0) 15 min after the
intravenous injection of 1251-labelled DNP35HSA given alone
(a) or complexed by IgG either in PBS (b) or in NRS (c).

a marked increase was also noted in the endothelial
cells. Roughly 50% of the NPC-located ICs were
recovered from the liver endothelial cells as compared
to the Kupffer cells. A slight uptake by the stellate cells
too cannot be excluded. IgG-ICs prepared in the
presence of NRS were taken up to approximately the
same extent (about 20%) as those prepared in the
absence of complement, but the hepatic uptake was
efficiently directed towards the Kupffer cells (Figs 3, 4
and 5).

DNP2HSA. When DNP2HSA alone was injected
intravenously, less than 2% of the radioactivity was
recovered from the total liver after 15 min. No analysis
of the intrahepatic distribution of DNP2HSA was
performed. In the absence of active complement, IgG
increased the hepatic uptake of DNP2HSA to about
1 l% (6% in the NPC and 5% in the hepatocyte
fraction). About 60% of the NPC-located radioacti-
vity was recovered from the endothelial cells and 40%
from the Kupffer cells. About 17% (1 1% in the NPC
and 5% in the hepatocytes) of the IgG/DNP2HSA
complexes preincubated with fresh serum were recov-
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Figure 3. Nycodenz gradient fractionation of peroxidase-

negative NPC (0), peroxidase-positive (0) NPC, hepatocytes

(A) and radioactivity (0) 15 min after the intravenous

injection of 1251-DNP8HSA alone (a) or complexed by IgG

either in PBS (b) or in NRS (c).
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Figure 4. Nycodenz gradient fractionation profiles illustrat-
ing the distribution of peroxidase-negative NPC (0), peroxi-
dase-positive NPC (0) and radioactivity (0) 15 min after the
intravenous injection of IgG/DNP8HSA immune complexes
preincubated in NRS (a) and NRS 56° (b).
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Figure 5. Centrifugational elutration fractionation profile of
peroxidase-negative NPC (0), peroxidase-positive NPC (0),
hepatocytes (A) and radioactivity (0) 15 min after the
intravenous injection of '25I-DNPsHSA alone (a) or corn-

plexed by IgG, either in PBS (b) or in NRS (c).
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Figure 6. Nycodenz gradient fractionation profiles illustrat-
ing the distribution of peroxidase-negative NPC (0), peroxi-
dase-positive NPC (0), hepatocytes (A) and radioactivity (0)
15 min after the intravenous injection of IgG/DNP2HSA
immune complexes.

590



Hepatic immune complex handling

ered from the total liver 15 min after intravenous
injection. Here too, a heat-labile serum factor clearly
promoted uptake by the Kupffer cells (Table I and
Fig. 6).

DISCUSSION

In earlier studies, we found that DNP35HSA was
efficiently eliminated from the blood by the liver, and
that IgG-anti-DNP increased the hepatic uptake
further (Skogh, 1982). In this study, we showed that
the hepatic uptake of DNP35HSA, as well as the
uptake of IgG/DNP35HSA immune complexes,
occurred mainly in the Kupffer cells. Serum comple-
ment apparently did not affect the intrahepatic distri-
bution of IgG/DNP35HSA. DNP8HSA was taken up
by both Kupffer cells and by the sinusoidal endothelial
cells, although the blood clearance of DNP8HSA was
less efficient as compared to DNP35HSA. Both ofthese
preparations may adhere to the non-parenchymal liver
cells by non-specific physicochemical attraction, for
instance hydrophobic interaction (Skogh et al., 1983b,
c). In addition, the highly DNP-conjugated prep-
aration could have become bound to complement
factor Clq exposed on the surface of the Kupffer cells
(Loos, 1982). Although highly DNP-conjugated HSA
activates the complement system both via the classical
and the alternative pathways (Konig et al., 1974; Loos
& Konig, 1977), serum complement does not have any
effect on the elimination of intravenously injected
DNP35HSA (Skogh, 1982; Skogh et al., 1983b). The
predominant localization of DNP35HSA to the
Kupffer cells contrasts with the intrahepatic distribu-
tion of formaldehyde-treated HSA, which is efficiently
cleared from the blood by the sinusoidal endothelial
cells alone (Blomhoff et al., 1984a). Further studies on
this matter are underway.
The hepatic uptake of DNP2HSA was very limited

within 15 min of intravenous injection, but was
markedly increased by IgG-anti-DNP. Surprisingly,
most of the ICs formed between IgG and DNP2HSA
in the absence ofcomplement were recovered from the
sinusoidal endothelial cells, although a large propor-
tion was also taken up by the Kupffer cells. Similarly,
IgG-anti-DNP increased the hepatic uptake of
DNP8HSA. The increase was most evident in the
Kupffer cells, but nevertheless about 50% of the
IgG/DNP8HSA ICs were recovered from the sinusoi-
dal endothelial cells. Since both Kupffer cells and
sinusoidal endothelial cells have been reported to

express FcR for IgG (Crofton et al., 1978; Pulford &
Souhami, 1981), it is possible that the NPC uptake of
IgG-ICs was FcR-mediated. However, the IgG-
mediated increase in uptake of DNP2HSA and
DNP8HSA by the NPC must not necessarily be the
result of FcR-interaction alone. Exposed Fc parts of
antigen-bound IgG are hydrophobic, and therefore
promote non-specific adherence to hydrophobic sur-
faces (van Oss, 1978; Stendahl et al., 1977). There is no
reason to doubt the existence of specific IgG FcR on
the surface of Kupffer cells analogously with the
properties of other mononuclear phagocytes (Unke-
less, 1977; Leslie, 1980; Diamond et al., 1979). The
nature of the FcR on sinusoidal endothelial cells can
be questioned, however. Until the specificity of these
'receptors' have been proven by means other than
inhibition with aggregated IgG, the possibility of a
merely non-specific IgG-mediated phenomenon can-
not be excluded.

In contrast to the ICs formed between IgG and
DNP2HSA or DNP8HSA, the relative amount of
IgG/DNP35HSA taken up by the sinusoidal endothe-
lial cells was very small. This finding contradicts the
hypothesis that uptake of IgG-ICs by the liver endo-
thelial cells is FcR-mediated, although it could be
argued that the great tendency of the antigen to
interact with the Kupffer cells governed the fate of the
IgG/DNP35HSA ICs. Other studies have shown that
the properties of the antigen may be of considerable
importance for the fate of circulating ICs (Skogh,
1982; Rifai et al., 1982; Kijlstra et al., 1979), and it is
likely that the intrahepatic distribution of the ICs used
in this study (at least those containing DNP8HSA and
DNP35HSA) was largely influenced by the antigens.
Although the proportion of IgG/DNP35HSA taken

up by the liver endothelial cells was very small as
compared to the uptake by the Kupffer cells, the total
uptake of these ICs by the endothelial cells (6%) was
comparable to the total uptake of IgG/DNP2HSA
(6%) and IgG/DNP8HSA (8-10%) by the liver endo-
thelial cells at the doses given in this study. It is,
therefore, still possible that liver endothelial cells
possess specific FcR for IgG, but that the number of
receptors may be smaller than on the Kupffer cells.
Clearance of circulating IgG-ICs by liver endothelial
cells, FcR-mediated or not, is a new aspect of the
function of these cells. Although IgG-ICs adhere to
both Kupffer cells and liver endotelial cells, it is
possible that endocytosis and the subsequent degrada-
tion of the complexes is restricted to the Kupffer cells.
We are presently examining these questions.
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In a recent publication by Sancho et al. (1984), it
was suggested that the blood clearance ofIgG immune
complexes is mainly the result of FcR-mediated
adherence to the hepatocytes. This was based upon
their claim that heat-aggregated IgG was taken up
mainly by hepatocytes after intravenous injection in
mice, and that the in vitro adherence ofIgG aggregates
to hepatocytes was not inhibited by IgA aggregates.
We think that these results and interpretations must be
regarded with great caution. Sancho et al. (1984)
studied mechanically isolated liver cells. This pro-
cedure should result in cells of low viability, and
adherence ofIgG aggregates to such hepatocytes is not
FcR-mediated (Ramadori et al., 1983). Furthermore,
it has been shown by others that heat-aggregated IgG,
in contrast to IgG-ICs, is more likely to adhere
non-specifically rather than via specific FcR (Whaley
et al., 1983). The failure of aggregated IgA to inhibit
attachment does by no means prove the specificity of
the interaction between IgG aggregates and hepato-
cytes, since IgA is less hydrophobic and consequently
less prone to non-specific (hydrophobic) interaction
than is IgG (Edebo et al., 1981). Also in our study,
however, we found limited amounts of radioactivity in
the hepatocyte fractions 15 min after intravenous
injection of IgG-ICs. This was probably to some
extent due to small radioactive degradation products,
and to some extent owing to contamination ofNPC in
the hepatocyte preparations. However, it cannot be
excluded that small amounts of our IgG-IC prep-
arations were also taken up by the hepatocytes,
probably by non-specific mechanisms.

Perhaps the most exciting finding in this study was
that a heat-labile serum factor-most probably com-
plement factor C3b-caused a profound alteration of
the intrahepatic distribution of IgG-ICs without
affecting the total hepatic uptake. The IgG-ICs pre-
pared in the presence of active serum complement
were taken up almost exclusively by the Kupffer cells.
The requirement to preincubate (370, 45 min) the ICs
to demonstrate this effect in normal rats is not
surprising, considering that complement activation is
a time-consuming process (Takahashi et al., 1980).
Many attempts have been made to demonstrate that
the complement-mediated attachment of ICs to
phagocytes, known to occur in vitro (van Snick &
Masson, 1978; Kijlstra et al., 1979; Taylor et al., 1983),
is important for the removal of circulating ICs. These
investigations have all failed, however, to show that
complement increases the clearance of circulating ICs
(Bockow & Mannik, 1981; Harkiss & Brown, 1981). In

fact, complement may actually decrease the blood
clearance rate owing to reduced non-specific IC
deposition outside the RES, without affecting the
hepatic uptake quantitatively (Skogh & Stendahl,
1983). The results of the present study nevertheless
support the hypothesis that complement is very impor-
tant for the quality ofhepatic IC handling, directing the
complexes almost exclusively to the liver cells possess-
ing C3b receptors, i.e. the Kupffer cells (Munthe-Kaas
et al., 1976; Crofton et al., 1978; Pulford & Souhami,
1981; Daha & van Es, 1984), and thereby perhaps
increasing the specificity of IC uptake by the liver.
Low levels or defective function of serum comple-

ment in disease states such as systemic lupus erythema-
tosus (Schur & Sandson, 1968; Sliwinsky & Zwaifler,
1972) and rheumatoid arthritis (Naama et al., 1983)
may result both in poor ability to keep ICs soluble and
in defective IC opsonization. This could lead to
increased extrahepatic IC deposition with the conse-
quent onset of inflammation at these sites. Although
the quantitative uptake of ICs by the liver appears to
be normal in the absence ofcomplement, the quality of
hepatic IC handling may be seriously impaired if
opsonization by complement is insufficient.
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