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Abstract

The function of macrophage C3 receptors was assessed in vivo
by measuring the clearance of C3-sensitized autologous eryth-
rocytes in seven acquired immunodeficiency syndrome (AIDS)
patients, eight healthy homosexual men, eight healthy hetero-
sexual men, and four infected controls. Healthy heterosexual
men had an initial clearance of 50.1±2.0% of the inoculum, with
a release of a small portion of these cells (10.9±13%) into the
circulation. Healthy homosexual men had a greater initial clear-
ance of 66.0±4.2% (P < 0.01) followed by a similar release
(14.0±33%). AIDS patients had an initial clearance of
60.6±7.5% but had a relatively large release of cells (25.6±3.2%)
(P < 0.005 vs. heterosexuals; P < 0.05 vs. homosexuals), sug-
gesting a failure of macrophage phagocytosis. Infected controls
had an initial clearance of 59.4±4.9%, with a release of
19.6±3.8% (P = NS vs. AIDS). These data, in addition to Fc-
receptor dysfunction, demonstrate a global reticuloendothelial
system dysfunction in AIDS patients. This may contribute to
their frequent infections with opportunistic pathogens and in-
appropriate immune responses against these microorganisms.

Introduction

Among the most striking features of acquired immunodeficiency
syndrome (AIDS) are the broad array of disseminated oppor-
tunistic pathogens and the occurrence of aggressive forms of
previously rare neoplasms. These diseases occur because of pro-
found defects in cell-mediated immunity (1). Most authorities
agree that a newly described retrovirus, now referred to as human
immunodeficiency virus (HIV)' (2), is the causative agent of
AIDS. It appears that the virus enters the helper/inducer subset
of lymphocytes of infected persons via attachment to the T4
surface antigen (3, 4), eventually leading to cytolysis and ultimate
suppression of cell-mediated immunity (5, 6).

Data suggest that HIV can additionally infect monocytes
and macrophages, as shown by reports of HIV-like particles in
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macrophages of patients with AIDS (7, 8). This conclusion is
also supported by the fact that HIV bears strong resemblance
to visna virus (9), a pathogenic lentivirus known to infect mono-
cytes (10). Recently, it has been shown that cells of the mono-
cyte-macrophage series can be infected in vitro with HIV (1 1,
12). Moreover, macrophages cultured from the brain or lung of
patients with AIDS were found to harbor HIV (12). In addition,
it has been well documented that there is monocyte-macrophage
dysfunction in AIDS (13-21). Studies in patients with AIDS
have demonstrated decreased numbers of monocytes and mac-
rophages (13-16), the presence of atypical peripheral blood
monocytes (16), impaired chemotaxis (15, 17), defective phago-
cytosis (17), abnormal secretion of interleukin-l (18), and im-
paired monocyte help for the in vitro proliferative response of
lymphocytes (19). Wehave also demonstrated in vivo that Fc-
receptor-specific function of the reticuloendothelial system
(RES) in patients with AIDS is abnormal, as shown by defective
clearance from the circulation of IgG-sensitized autologous
erythrocytes (20). This in vivo defect appears to correlate with
an in vitro defect in monocyte antibody-dependent cell-mediated
cytotoxicity (2 1 ).

Other immunologically active membrane receptors on
mononuclear phagocytes are the receptors for fragments of the
complement component C3. Along with cofactors, this receptor
promotes attachment and ingestion by cells of the RESof C3b-
and iC3b-coated particles. To define and characterize more fully
the level of in vivo mononuclear cell phagocyte function in pa-
tients with AIDS, we studied the clearance from the circulation
of C3-coated, 5"Cr-labeled and anti-Rho(D)-coated, 5"Cr-labeled
autologous erythrocytes. These studies demonstrate marked im-
mune clearance defects in patients with AIDS. Furthermore, the
kinetics strongly suggest that there is an in vivo macrophage
phagocytic defect in patients with AIDS.

Methods

Subjects. Westudied seven patients with AIDS, who fulfilled the Centers
for Disease Control definition. One patient presented with Kaposi's sar-

coma and Pneumocystis carinil pneumonia; six presented with other
opportunistic infections with no history of an underlying immunosup-
pressive disorder or therapy (22). Six of the patients were homosexual
or bisexual men (one of whomalso had received a blood transfusion)
and one was a female intravenous drug abuser. Their clinical and lab-
oratory features are presented in Table I. No patient had any evidence
of hepatic disease at the time of the study and six were hospitalized for
treatment of their infections. Three control groups were chosen. Two

groups consisted of eight healthy heterosexual men and eight healthy
homosexual men, none of whomhad swollen lymph nodes on exami-
nation or recent histories of weight loss, fevers, or diarrhea. The third
control group consisted of four patients with prolonged infections but
not AIDS. These were lepromatous leprosy, infectious mononucleosis,
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Table I. Clinical and Laboratory Features of Seven Patients with AIDS

T-helper/
T-suppressor Antibody

Age Sex Risk group Diagnoses ratio to HIV

34 M Homosexual Kaposi's sarcoma 0.02 +
42 M Homosexual Pneumocystis carinii pneumonia 0.02 +
34 M Homosexual Cytomegalovirus (disseminated) 0.24 +
29 F IV drug abuser Central nervous system Toxoplasma gondii 0.40 +
40 M Blood product recipient, Pneumocystis carinii pneumonia 0.30 +

bisexual
28 M Homosexual Cryptosporidium species diarrhea 0.19 +
36 M Homosexual Central nervous system Toxoplasma gondii 0.11 +

recurrent pneumonia, and Hemophilus parainfluenzae endocarditis. No
patient had any underlying illnesses or was taking a drug known to affect
immune function. All patients and volunteers gave informed, written
consent.

Clearance studies. The clearance studies were modified from Jaffe
et al. (23). Blood was obtained by venipuncture into a heparinized syringe.
The erythrocytes were isolated by centrifugation at 500 g at 4VC, washed
three times with cold physiologic saline, photometrically standardized
to 6.6 X 108 cells/ml and radiolabeled with "Cr by incubating at 370C
for 30 min with 10 ACi of Na2"CrO4 (ICN Biomedicals, Inc., Irvine,
CA) per milliliter of cell suspension. The radiolabeled erythrocytes were
then washed twice in cold saline and photometrically standardized to
3.3 X l01 cells/ml. IgM cold agglutinin was obtained from the plasma
of a patient with chronic idiopathic cold agglutinin disease as previously
described (24). An aliquot of these cells was mixed with IgM cold agglu-
tinin and incubated in an ice water bath for 45 min. Without washing,
an equal volume of fresh autologous serum (as a source of complement)
was added to the mixture and incubated at 18'C for 30 min, followed
by 5 min at 370C to allow the cold agglutinin to disassociate. After
incubation, the cells were washed twice in physiologic saline, resuspended
at 3.3 X 101 cells/ml in normal saline, diluted 10-fold with saline and
injected via a butterfly needle through a forearm vein. Nine samples of
venous blood were taken over a 2-h interval and clearance curves were
drawn.

For Fc-specific clearance studies, an aliquot of the "Cr-labeled eryth-
rocytes (at 3.3 X 101 cells/ml) was sensitized by the dropwise addition
of purified, aggregate-free IgG-anti-Rho(D). This mixture was incubated
at 37°C for 30 min, washed twice in physiologic saline, resuspended as
above, and injected via a forearm vein. Erythrocyte survival was deter-
mined by timed serial bleedings and was calculated by determining the
clearance half-time of the erythrocytes (the time in which 50% of the
labeled cells were removed from circulation).

Complement assays. Levels of Factor Hand Factor I were measured
by radioimmunoassay (25) and expressed as percent of control value.
C4 and total serum complement hemolytic activity (CH50) were assayed
by hemolytic titration (25). C3 was quantitated with commercially avail-
able immunodiffusion plates (Behring Diagnostics, Somerville, NJ).

Other studies. Peripheral blood lymphocytes were labeled with the
monoclonal antibodies OKT4 (T-helper cell) and OKT8 (T-suppressor
cell) and OKT3 (pan T cells), (Ortho Diagnostic Systems, Inc., Raritan,
NJ) and analyzed by flow cytometry. Antibodies to HIV were detected
by an enzyme-linked immunoabsorbent assay (Litton Bionetics, Inc.,
Kensington, MD) and their specificity was confirmed by Western blot
technique.

Statistical analysis. Comparison of means was done by the Wilcoxon
rank sum test.

Results

Patient characteristics. The clinical and laboratory features of
the seven patients with AIDS are listed in Table I. Sera from all

seven AIDS patients were positive for antibody to HIV. Their
mean T-helper/T-suppressor ratio was 0.18±0.05. The eight
healthy homosexual menwho served as controls had a mean of
OKT4+/OKT8+ ratio = 1.2±0.25 and included three with T-
helper/T-suppressor ratios < 1.0. Two control homosexual men
were seropositive for HIV and had OKT4+/OKT8+ ratios of 1.2
and 0.8. All eight healthy heterosexual men had T-helper/T-
suppressor ratios > 1.0 and none were seropositive for HIV. All
four infected control patients were seronegative for HIV, and
all had an OKT4+/OKT8+ ratio > 1.0 except for the patient
with infectious mononucleosis, who had a 0.8 ratio.

C3-mediated clearance. Infusion of G3-sensitized erythro-
cytes is followed by a triphasic clearance curve (23, 24). There
is an initial rapid clearance of cells from the circulation due to
attachment to C3 receptors of REScells, primarily hepatic mac-
rophages (Kupffer cells). The attached red cells then undergo
one of two fates. A portion of the cells are phagocytosed, and
the remainder are released back into the circulation due to the
cleavage of the membrane-bound complement components.
Following release from their sites of sequestration, these cells
circulate with a half-time equal to unsensitized cells.

Fig. 1 depicts the clearance curves for the patients with AIDS
and the healthy heterosexual and homosexual controls. At the
degree of sensitization chosen, a large portion of the sensitized
cells was cleared in healthy heterosexual men during the initial
10 min. The nadir of the clearance occurred between 10 and 20
min with 50.1±2.0% of the initial inoculum cleared. Due to the
cleavage of the C3 fragments, a portion of the cells were released
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Figure 1. Clearance of C3-sensitized, "'Cr-labeled autologous erythro-
cytes from the circulation for healthy heterosexual men (solid circles),
healthy homosexual men (open circles), and patients with AIDS (trian-
gles). Values are mean±SEMat each point.
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back into the circulation so that in heterosexual men a plateau
value of 60.8±1.9% of the inoculum was seen. This represents
a mean release of 10.9±1.3% of the inoculum back into the
circulation.

Healthy homosexual men had a greater initial clearance of
66.0±4.2% (P < 0.01 vs. heterosexual men) of the inoculum
followed by a lower level of return to a plateau value of
48.0±6.5% (P < 0.05 vs. heterosexual men). As with heterosexual
men, only a relatively small portion of the cells (14.0±3.3%, P
= 0.8) was released back into the circulation. No differences
were seen between the two HIV seropositive and the six sero-
negative healthy homosexual men.

Patients with AIDS had clearance curves that were both
qualitatively and quantitatively different from these two control
groups. In patients with AIDS there was a relatively large initial
clearance of 60.6±7.5% of the initial inoculum. However, pa-
tients with AIDS had a relatively large release back into the
circulation of 25.6±3.2% (P < 0.005 vs. heterosexual controls;
P < 0.05 vs. homosexual controls), so that a high plateau value
of 65.0±6.3% was seen.

Weconsidered the possibility that the observed clearance
kinetics in AIDS patients was secondary to infection with op-
portunistic pathogens. Wetherefore studied four patients with
infections but not AIDS. The results are shown in Fig. 2. The
infected control group had an initial clearance of 59.4±4.9% of
the inoculum with a release of 19.6±3.8% to a plateau value of
60.2±3.5%. These values are essentially identical to those seen
in patients with AIDS.

To determine if this clearance defect in AIDS patients could
be overcome with increased amounts of cold agglutinin antibody
(and thus increased C3), one patient was studied after sensiti-
zation of his erythrocytes with twice the standard dose of IgM
cold agglutinin. The results are shown in Fig. 3 and demonstrate
that despite a larger initial clearance, a large portion of cells were
still released back into the circulation.

IgG Fc-receptor mediated clearance. Infusion of IgG-sensi-
tized erythrocytes is followed by progressive splenic sequestration
and destruction. For the time period studied, the clearance fol-
lows first order kinetics so that a half-time can be determined.
No differences in clearance half-times were observed between
healthy heterosexual or healthy homosexual men (20). The
clearance curves of five patients with AIDS are displayed in Fig.
4. Four of the patients had prolonged clearances clearly outside
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Figure 3. Clearance of C3-sensitized, 5"Cr-labeled autologous erythro-
cytes that have been sensitized with twice the "standard" number of
C3 components. Closed circles and vertical bars are mean±SEMfor
three healthy heterosexual men. Solid triangle is the clearance of an
AIDS patient with the "standard" number of C3 components; open
triangle is clearance with twice the "standard" number.

the normal range, whereas one patient had a slightly accelerated
clearance. Interestingly, this patient with relatively rapid clear-
ance had the smallest release in C3-mediated clearance (18%)
compared with releases of 26-33% for the four patients with
prolonged Fc-receptor-specific clearances.

Complement assays. Upon activation, C3 is cleaved into two
fiagments, C3a and C3b. C3b maybind to the erythrocyte surface
and mediate clearance. The level of cell-bound C3b is controlled
by two serum proteins, Factor H (#IlH) and Factor I (C3b in-
activator), as well as an intrinsic cell membrane protein (CR1).
Factors H and I acting on C3b can convert it to C3bi. In the
presence of CR1, Factor I can cleave C3b further to a smaller
C3 cleavage fragment, C3dg. C3dg does not mediate erythrocyte
clearance.

Because increased serum levels of Factors H and I could
modify C3 clearance kinetics, especially the release back into
the circulation, we assayed the subjects' sera for these factors.
The results are shown in Table II. No significant differences
were found between healthy controls, patients with AIDS, or
patients with other infections. Moreover, no differences were
found in serum levels of C3, C4, or CH50between healthy con-
trols and patients with AIDS (data not shown).

(o

oIx00 :0IF

cr

ozs

C)0:

WZ

Co

0.)

MINUTESAFTER INJECTION

Figure 2. Clearance of C3-sensitized, 5'Cr-labeled autologous erythro-
cytes from the circulation for patients with AIDS (triangles) and pa-
tients with infections but not AIDS (squares).
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Figure 4. Survival of IgG-sensitized 5"Cr-labeled autologous erythro-
cytes. The shaded area is the mean±SEMfor 12 volunteers, and the
individual clearance curves are five patients with AIDS.
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Table II. Serum Factor Hand Factor I Levels

N Factor H* Factor It

% %

Homosexual men without HIV 4 102±19* 100±16
infection

Patients with AIDS 7 119±22 102±28
Patients with infections but not AIDS 4 100±4 100±8

* Percent C3c released with 1:5,000 dilution of serum, expressed as
percent of control value obtained with heterosexual men.
tMean±SD.
§ Dilution causing 50% release of '25I-C3c, expressed as percent of con-
trol value obtained with heterosexual men.

Discussion

Shortly after the initial observation that intravenous injection
of particulate dyes were cleared by phagocytic cells of the RES,
the concept was developed that there exists a system of fixed
phagocytic cells, residing principally in blood vessels and sinu-
soids of the liver and spleen, that is responsible for removing
invading organisms from the circulation (26). It is well recognized
that specific membrane receptors on mononuclear phagocytes
are functionally important in the attachment and ingestion of
many kinds of particulate materials. It is now possible to evaluate
the functional status of these receptors by determining the clear-
ance kinetics of autologous radiolabeled erythrocytes sensitized
with either IgG-anti-RHO(D) antibody or the complement com-
ponent C3 (27). In terms of functional activity as reflected in
sites of sequestration, receptors for the Fc portion of IgG can
be considered largely present on splenic macrophages, whereas
C3 receptors are maximally efficient in their site on hepatic
Kupffer cells (27).

Studies of in vivo C3 clearance initially focused on experi-
mental animals (28, 29). It was shown that guinea pigs rapidly
clear C3-coated erythrocytes from the circulation via attachment
to Kupffer cell C3 receptors. Such attachment did not lead to
phagocytosis unless the phagocytic cells were stimulated by a
second signal such as IgO antibody or were activated by infections
of the animal. Activated macrophages were more effective in
clearing C3-coated erythrocytes and phagocytosed the C3-coated
red cells in the absence of a second signal. In the normal animal
virtually all the cleared cells were returned to the circulation as
the membrane-bound C3 was cleaved. When these studies were
repeated in man (23, 24) it was found that human macrophages
behaved as if they were partially activated. A portion of the C3-
coated erythrocytes were cleared from the circulation, but many
were phagocytosed.

This present study reports our in vivo evaluation of C3- and
Fc-receptor-mediated clearance in patients with AIDS. We
found that patients with AIDS had a striking defect in C3-specific
clearance function (Fig. 1). Compared with healthy heterosexual
men, patients with AIDS and homosexual men without known
infection were observed to have a more rapid initial clearance
of C3-sensitized erythrocytes similar to chronically infected an-
imals and humans. However in AIDS patients, unlike homo-
sexuals without known infections, there was a release of a rel-
atively large number of labeled erythrocytes back into the cir-
culation and efficient phagocytosis did not occur. Interestingly,
this was noted in a number of other infected individuals as well
(Fig. 2).

There are several possible mechanisms that might explain
this failure to phagocytose the cleared cells. First, there may be
increased amounts of serum factor H (/31H) or factor I (C3b
inactivator) in patients with AIDS so that the C3 components
on the sensitized erythrocytes are cleaved before erythropha-
gocytosis occurs. However, we found no difference in the serum
levels of these factors between patients with AIDS and either
healthy homosexual or heterosexual men. Second, there could
be different numbers of C3-receptors on the hepatic macrophages
of patients with AIDS. Investigators have reported that the
number of C3b receptors on the erythrocytes of patients with
AIDS is decreased as compared with controls (30). However, if
the number of C3b receptors on mononuclear phagocytes was
also decreased, one might expect to see a smaller initial clearance
rather than a larger initial clearance as seen in our patients.
Furthermore, when we increased the number of binding sites
on the injected erythrocytes, we found that the initial clearance
increased but there was still a relatively large release of cells (Fig.
3). Third, there may be a defect in the level of macrophage
activation and/or phagocytosis. In a preliminary communication,
we reported studies on RES Fc-receptor-specific clearance in
patients with AIDS (a study of splenic macrophage function)
(20). In this previous study, 11 of 15 AIDS patients (P < 0.0005)
had a clearance half-time longer than that of the upper 95%
confidence interval of the healthy controls. Interestingly, in this
assay, patients with infections but without AIDS, had signifi-
cantly different clearances than patients with AIDS. No corre-
lation was seen with immune complexes, complement levels,
HLA phenotypes, or numbers of peripheral blood lymphocyte
subsets. There was a clear correlation, however, with subsequent
disease course. 8 of 11 patients with AIDS and defective clear-
ances subsequently died as compared with one of four patients
with AIDS and normal clearance rate (20). These in vivo RES
defects led us to study the function of peripheral blood monocytes
in an in vitro antibody-dependent cell-mediated cytotoxicity as-
say with chicken erythrocytes as target cells. Patients with AIDS
were found to have defective phagocytic ability in this assay
compared with healthy controls (21). Furthermore, sera from
AIDS patients suppressed antibody-dependent cell-mediated
cytotoxicity of peripheral blood mononuclear cells of healthy
subjects (21). Additionally, defective mononuclear cell phago-
cytosis of some infectious pathogens has been reported in patients
with AIDS (17, 31). These prior in vitro studies and our current
in vivo data clearly indicate the presence of defective mono-
nuclear cell phagocytosis in patients with AIDS. These findings
help explain the frequent occurrence of opportunistic infections
and the inappropriate immune response of the AIDS patient to
these pathogens.

The next issue that needed to be addressed was whether the
observed clearance abnormality and probable phagocyte defect
was due to HIV infection or was a secondary phenomenon. The
issue is not completely resolved, but the following points can be
made. First, the abnormality is unlikely to be due to infection
with HIV itself because the clearance curves of our healthy ho-
mosexual men bore no relation to whether they were HIV se-
ropositive or seronegative. Our data do suggest, however, that
it may be secondary to infection with other organisms as the
clearance curves of our infected control patients were very similar
to those of patients with AIDS (Fig. 2). These patients were
selected because they all had a prolonged ongoing infection but
no other recognizable defect in immune function. One possible
explanation is that with prolonged infection, the macrophages
may become "overloaded" and lose some phagocytic ability. A
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second possibility is that these patients' infections were prolonged
because of an underlying defect in C3-clearance function, though
we have no other evidence to support this contention. A third
possibility is that in patients with infections, the macrophages
themselves have surface-bound proteolytic enzymes that cleave
erythrocyte-bound C3, thus releasing an increased number of
cells into the circulation. Supporting this hypothesis is our ob-
servation that normal human neutrophils have the capacity to
cleave sheep red cell-bound C3b (32). Finally, the similarity in
clearance function between the two groups also suggests that the
abnormality in clearance function is not due to a reduction in
the number or function of OKT4' lymphocytes, because all the
control patients with infections except for the patient with in-
fectious mononucleosis had a normal OKT4'/OKT8' ratio.

Of additional interest is the observed clearance kinetics of
the healthy homosexual men (Fig. 1). The curve is similar to
that seen in guinea pigs experimentally infected with bacillus
Calmette-Guerin (29), thus suggesting that healthy, asymptom-
atic homosexual men have an activated RES. This is not sur-
prising, since the lifestyle of many homosexual men leads to
multiple exposures to infectious agents with consequent pro-
longed antigenic stimulation. Other reported immune abnor-
malities in healthy homosexual men include reversal of the
OKT4'/OKT8' ratio due to an increase in OKT8' cells (33-
35), decreased proliferative response to mitogens (35), cutaneous
anergy (17), elevated immunoglobulins (36, 37), and presence
of circulating immune complexes (37).

A variety of defects in the monocyte-macrophage cell have
been reported in patients with AIDS. First, they have decreased
numbers of pulmonary macrophages obtained by bronchoal-
veolar lavage (13, 14). Microscopic examination of peripheral
white blood cells has revealed decreased percent representation
and absolute numbers of peripheral blood monocytes (15, 16),
the presence of large atypical peripheral blood monocytes with
a fine nuclear chromatin, and one or more cytoplasmic vacuoles
(16). Decreased chemotaxis with defective migratory function
has been described (15, 17). The monocytes have decreased abil-
ity to secrete interleukin- 1 in response to appropriate stimulants
(18), although they can respond to gammainterferon (38). Im-
paired monocyte phagocytosis and killing of some but not all
pathogens has been reported (17, 18, 31). Finally, there is de-
fective monocyte help in in vitro proliferative response of lym-
phocytes ( 19).

Whenconsidered together these studies document the pres-
ence of monocyte dysfunction in AIDS. Whether these are due
to actual infection of the monocytes by HIV (11, 12) or are
secondary to its effects on other cells (1, 3, 6) needs clarification.
Additional studies on mononuclear phagocyte function in re-
lation to HIV infection are clearly indicated to define further
the immunopathology of AIDS.
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