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SUMMARY

Complement and antibody contribute to infection-enhancement and possible expanded cellular
tropism of HIV-1 in vitro through a process requiring complement receptors. Until now, however, the
ability of HIV-1 to bind complement receptors has not been documented or characterized. We
investigated whether antibody and complement permitted HIV-1 to bind to the B lymphocyte
receptor, CR2 (CD21), in an effort to learn more about infection-enhancement, and also because
CR2 can mediate B cell proliferation and antigen localization in lymphoid organs in other systems.
HIV-1 incubated with antibody and fresh human serum as a source of complement bound
approximately 10-fold greater to cells expressing CR2 than to HIV-1-permissive cells lacking this
receptor. A similar effect was observed using cells which expressed CR2 but no CD4. This binding
was minimal in heat-inactivated and C3-deficient sera, and was significantly reduced by the anti-CR2
MoAb, OKB7, but not by the anti-CD4 MoAb, OKT4a. Thus, complement and antibody acted in
concert to facilitate the binding of HIV-1 to CR2 independently of CD4. CD4-independent binding
of HIV-1to CR2 was not sufficient to produce infection in Raji-3 cells. Titres of antibodies mediating
CR2 binding correlated with antibody titres as measured by immunofluorescence (P <0-01) and
infection-enhancement (P < 0-05) but were discordant with titres of neutralizing antibodies, a result
consistent with the utilization of CR2 for enhanced infection of cells. The ability of complement and
antibody to facilitate the binding of HIV-1 to CR2 in the absence of CD4 provides new insights into

mechanisms of HIV-1-induced immunopathogenesis and infection-enhancement.
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INTRODUCTION

Infection with HIV-1, the causative agent of AIDS [1-3], leads
to various forms of immune dysfunction followed by the
depletion of CD4* T lymphocytes, which are major targets for
infection [4]. Significant and persistent antibody responses are
elicited in response to infection, including the generation of in
vitro neutralizing antibodies [5]. Even so, death from oppor-
tunistic infections and neoplasms ultimately ensues. Failure of
the immune response to control infection is compounded by the
fact that HIV-1-specific antibodies themselves might contribute
to immunopathogenesis. Possible mechanisms by which this
may occur include polyclonal B cell activation, antigenic
mimicry, and infection-enhancement [4, 6].

Some of the immunopathological consequences of HIV-1
infection just mentioned could be influenced by complement
and its receptors [7-9]. In support of this, HIV-1 resists
complement-mediated lysis [10,11] even though it activates both
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the classical and alternative complement pathways [12-14].
Further, both complement pathways have been reported to be
chronically activated in HIV-1-infected individuals [15-17]. One
consequence of complement activation by HIV-1 in vitro in the
presence of HIV-1-specific antibody is infection-enhancement
[18-23]. The fact that complement receptors are needed for this
type of infection-enhancement to occur [18-21] suggests that
HIV-1 immune complexes bind to them. A recent study
demonstrated enhanced binding to monocytes in the presence of
complement and antibodies but did not address the role of
complement receptors [24]. Therefore, until now, antibody-
mediated binding of HIV-1 to complement receptors in the
presence of complement has not been demonstrated.

The complement receptor cited most frequently as being
needed for infection-enhancement is CR2 (CD21) [19,21,22].
CR2 is a 145-kD transmembrane glycoprotein containing a
34-amino acid cytoplasmic domain, a 24-amino acid trans-
membrane region, and a 954-amino acid extracellular domain
forming filamentous structures which protrude from the plasma
membrane and bind ligand at their external terminus [9,25]. It is
found in abundance on B lymphocytes, where it acts as receptor
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for Epstein-Barr virus (EBV) and for C3d-containing fragments
of complement component, C3 [9,25]. Expression of CR2 on B
lymphocytes is temporal, being present during B cell maturation
but disappearing when cells are in active proliferation and when
terminally differentiated into plasma cells [26]. Immunohisto-
chemical examination of frozen sections has also identified an
abundance of CR2 on human follicular dendritic cells (FDC)
found in germinal centres of lymph nodes and in tonsils [27].
FDC are associated with the C3-dependent retention of antigen
in lymphoid follicles, and with the generation of memory B cells
[28]. In addition, CR2 has been found on 30-40% of normal
peripheral blood T lymphocytes but the density was at least
10-fold lower than what was found on peripheral blood
B lymphocytes [29].

Here, CR2 was shown to be a receptor for HIV-1 in the
presence of antibody and complement, and that binding to CR2
did not require the presence of CD4. The possible relationship of
these findings to HIV-l-induced immunopathogenesis and
infection-enhancement is discussed.

MATERIALS AND METHODS

Cells and virus

The human T lymphoblastoid cell lines MT-2 (CD4+, CR2+),
CEM (CD4+,CR2-) and H9, and the HIV-1 strain IIIB [30,31],
were obtained from R.C. Gallo (National Cancer Institute,
Bethesda, MD). The B lymphoblastoid cell line, Raji-3 (CD4-,
CR2%), was provided by Dharam Ablashi (National Cancer
Institute). Cells were cultured in RPMI 1640 containing 12%
heat-inactivated fetal bovine serum (FBS) and 50 ug gentamy-
cin/ml. Phenotypic expression of CD4 and CR2 on MT-2, Raji-
3 and CEM cells was confirmed by live-cell immunofluorescence
staining and flow cytometry using saturating amounts of
OKT4a-FITC and OKB7-PE (Ortho Diagnostics Systems),
respectively.

Sera and MoAbs

Human serum used as a source of complement was obtained as a
lyophylized powder from Sigma Chemical Co. (St Louis, MO).
Human serum deficient in complement component C3 was
obtained from Cappell (West Chester, PA). Both sera were
HIV-1- by Western blot (DuPont). Heat inactivation was
performed at 56°C for 1 h. Preservative-free, unconjugated,
OKT4a (anti-CD4) and OKB7 (anti-CR2) MoAbs were
obtained from Ortho-Diagnostics Systems (Raritan, NJ). Prep-
arations of MoAbs used here were previously shown to block
complement-independent (OKT4a) and complement-mediated
(OKB7) HIV-1 and SIVmac251 infection of MT-2 cells in this
laboratory [19, 32]. HIV-1+ sera were from infected or vacci-
nated individuals and were confirmed positive by ELISA and
Western blot. Sera from vaccinated individuals were obtained 2
weeks after rgp160 (VaxSyn, MicroGeneSys Inc, Meriden, CT)
boosting of volunteers previously immunized with a recombi-
nant vaccinia virus (HIVAC-le, Oncogen/Bristol-Myers
Squibb, Seattle, WA) expressing gp160 [33]. The vaccinated
volunteers were enrolled at Vanderbilt University as part of the
NIH-AIDS Vaccine Clinical Trials Network. All sera were heat-
inactivated before use.

Preparation and titration of virus

Viral stocks were prepared by washing chronically infected H9/
HIV-1 IIIB cells with growth medium and incubating in fresh
growth medium for 2 days. Virus-containing culture fluids were
made cell-free by low-speed centrifugation and 0-45 um fil-
tration, and stored in aliquots at —70°C. No attempts were
made to futher concentrate virus particles since procedures such
as centrifugation or density banding could distort the surface
glycoprotein content. Viral concentrations were measured using
a commercially available enzyme immunoassay which quanti-
fies HIV-1 p24 core protein (Abbott Diagnostics, Chicago, IL).
Infectious titres were defined as 50% tissue culture infectious
doses (TCIDS0) as determined in a microdilution-plate infec-
tion assay using MT-2 cells as previously described [34].

HIV-1 binding assay

Viral suspensions (0-5 ml) were incubated for 30 min at 37°C
with 0-25 ml of undiluted complement serum (i.e. fresh human
serum) or various complement-deficient human sera (1:3 final
dilution on virus), with or without diluted HIV-1* serum.
Portions of these viral suspensions (0-25 ml) were then added to
0-25 ml of cell suspensions in 1-5 ml microcentrifuge tubes in
duplicate. Virus particles were allowed to bind to cells for 2 h at
room temperature. During this time the cells were kept con-
stantly suspended by having the tubes on a rotating platform.
Unadsorbed virus particles were removed at the end of the
incubation by washing the cells three times with 5 ml of growth
medium. Washed cells were suspended in a solution of 0-5%
Triton X-100, cell debris removed by centrifugation, and
samples analysed for p24 antigen using the Abbott enzyme
immunoassay as described by the manufacturer. Concentra-
tions of p24 were determined from standards included in the
kits. All samples of a given experiment were assayed at the same
time using reagents from the same kit in order to maintain
consistency.

In MoAb blocking experiments, cell suspensions were
preincubated for 1 h at room temperature with constant mixing
in the presence and absence of MoAbs. Viral suspensions were
then added to the cells and incubated as described above.

IFA

Antibody titres were measured by immunofluorescence assay
(IFA) using slides of fixed H9/HIV-1 IIIB cells as previously
described [35]. Briefly, slides were prepared by air drying and
fixing in a 1:1 mixture of acetone:methanol for 30 min. Sera
were diluted in PBS containing 0-1% globin-free bovine serum
albumin (PBS-BSA) and incubated on slides for 30 min at 36°C
and 100% humidity. After two washes in carbonate buffer (0-11
M Na,COs, 0-4 M NaHCO:;, 0-15 M NaCl, 0-05% Tween-80), the
slides were incubated for 30 min at 36°C and 100% humidity
with a 1:200 dilution of fluorescein-conjugated, IgG fraction of
goat anti-human IgG (heavy and light chains specific, Cappell)
containing Evan’s blue counter stain. After two additional
washes the slides were mounted with 50% glycerol and exam-
ined for fluorescence using a Nikon DIAPHOT-TMD-EF
fluorescence microscope. IFA titres were defined as the recipro-
cal of the last dilution where positive fluorescence was observed.

Neutralizing antibodies
Titres of HIV-1 neutralizing antibodies were measured in 96-
well microdilution-plate infection assays using cytopathic effect
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(CPE) as infection endpoint as previously described [34]. Briefly,
two-fold dilutions of samples were made in triplicate in a total of
100 ul growth medium. Fifty microlitres of virus (5x 10*
TCIDso/50 ul) were added to all wells except for one row of eight
non-cytopathic control wells, which received growth medium in
place of virus. MT-2 cells (5 x 10* in 100 ul of growth medium)
were then added to each well. Viral-induced CPE was quantified
by vital dye (neutral red) uptake in remaining viable cells 3 days
later. Per cent protection is defined as the difference in light
absorption between test wells (cells+test serum+ virus) and
virus control wells (cells+ virus) divided by the difference in
light absorption between cell control wells (cells only) and virus
control wells. Plates were harvested when >80% CPE was
present in the virus control wells. Neutralizing titres were
defined by the reciprocal of the last dilution resulting in 50% or
greater protection.

Infection-enhancing antibodies

Titres of HIV-1 infection-enhancing antibodies were measured
in MT-2 cells by a modification of the above neutralizing
antibody assay [18-20]. Serial dilutions of sera were made in
triplicate in 96-well microdilution plates. Diluent was growth
medium containing fresh HIV~ human serum diluted 1:20 as a
source of complement. Virus (5 x 10* TCIDso/50 ul per well) was
added and incubated for 1 h at 37°C (final dilution of
complement on virus was 1:40). MT-2 cells (5 x 10*in 100 ul of
growth medium) were then added to each well and the plates
incubated until syncytium formation and CPE were observed
microscopically. Viable cells were then quantified by neutral red
uptake. The range for quantifying per cent viable cells was
determined by the difference in light absorption at 540 nm
between the average of eight non-enhancing control wells
(cells+ virus + complement but no enhancing serum) and the
average of eight blank wells containing no cells or virus. Plates
were harvested when 2-10 syncytia were present in the non-
enhancing control wells. Enhancing titres were defined by the
reciprocal of the last dilution where >20% CPE was present.

Challenge of Raji-3 cells with HIV-]

In one set of duplicate cultures, virus-containing culture fluid
(3% 10% TCIDs in 5 ml) was incubated at 37°C for 30 min with
1:20-diluted fresh human serum as a source of complement, and
1:500-diluted, HIV-1-specific serum no. 2. In another set of
duplicate cultures, virus was not incubated with complement or
HIV-1-specific serum. Raji-3 cells (2x 10® in 5 ml of growth
medium) were then added to each culture. The cells were washed
after overnight incubation and placed in fresh growth medium.
They were maintained for 8 weeks, with p24 assays being
performed after 1, 3, 6, and 8 weeks.

RESULTS

Concentration-dependent binding of virus to Raji-3 and MT-2
cells ‘

In preliminary studies (data not shown) we determined that
HIV-1* serum promoted the binding of HIV-1 to Raji-3 and
MT-2 cells in the presence of 1:3-diluted, fresh HIV- serum.
This led. us to suspect that antibody and complement were
responsible for the binding. In order to evaluate this phenom-
enon properly, we first established the limits of detection and the
linear range of binding. This was done by adding virus in
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Fig. 1. Virus concentration-dependent binding to Raji-3 (®) and MT-2
cells (O) in the presence of antibody and fresh complement serum. HIV-
1 suspensions containing 50-31 250 pg p24 were incubated with a 1:40
dilution of HIV-1* serum no. 2 and a 1:3 dilution of fresh human
complement serum and in a total of 0-25 ml at 37°C for 30 min. These
were then added to 0-5 ml of Raji-3 or MT-2 cells (8 x 10%) and incubated
for binding as described in Materials and Methods. Each point
represents an average of two binding reactions.

amounts of 50-31250 pg p24 to an equal number of Raji-3 or
MT-2 cells for each concentration of virus. The amount of virus
which bound at each concentration is shown in Fig. 1. Binding
was detected even at the lowest input of virus (50 pg p24 added
per reaction, where the amount of virus bound was 6-5 and 20 pg
p24 for Raji-3 and MT-2 cells, respectively). There was a linear
increase in binding to both cell lines as the concentration of
input virus increased. Receptor saturation was never reached
since the curve remained linear at all concentrations of virus
used. All subsequent binding experiments were performed
within this linear range.

Binding to CR?2 in the presence of complement and antibody
Three different HIV-1* sera were examined for an ability to
promote complement-mediated binding of HIV-1 to Raji-3
cells, which are CD4-, CR2*. Results are shown in Fig. 2.
Fresh complement serum alone permitted readily detectable
amounts of HIV-1 to bind (16 pg p24). The addition of antibody
(1:40 dilution) increased this binding an additional 2-6-3-4
times (closed bars). When C3-deficient serum was used in place
of fresh complement serum, the amount of binding was similar
to that in the presence of complement alone (open bars). This
binding was probably due to antibody in the HIV-1+ serum,
together with a small amount of C3 present in the C3-deficient
serum.

The dramatic reduction of binding seen in C3-deficient
serum indicated that complement was involved, and suggested
that complement receptors might be utilized. Also, because
Raji-3 and MT-2 cells both express a high density of CR2, and
since MT-2 cells do not express two other well characterized
complement receptors, CR1 or CR3 [20], CR2 seemed the most
likely complement receptor to be involved. Therefore, CR2-
specificity of binding was initially examined in experiments
using cells which expressed different receptors. Here, antibody
promoted the complement-mediated binding of HIV-1 to Raji-3
and MT-2 cells but failed to do so using CEM cells, which are
CR2~ (Table 1). The fact that Raji-3 cells are CD4- indicated
that antibody-dependent, complement-mediated binding was
independent of CD4. Receptor requirements were delineated
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Fig. 2. Antibody-dependent binding of HIV-1 to Raji-3 cells by three
different HIV-17 sera in the presence and absence of complement. HIV-
1 IT1IB (6250 pg p24) was incubated with a 1:40 dilution of HIV-1* sera
and a 1:3 dilution of either fresh complement serum (+C’) or C3-
deficient serum (—C’) in a total of 0-25 ml at 37°C for 30 min. These were
then added to 0-5 ml of Raji-3 cells (5 x 10%) and incubated for binding as
described in Materials and Methods. As a control, one set of binding
reactions was done in the presence of complement serum without the
addition of HIV-1* serum (C’). Each point represents an average of two
binding reactions.

further using MoAbs to CD4 (OKT4a) and CR2 (OKB?7) in
blocking experiments. A much greater dilution of HIV-1+
serum was used in these experiments in order to enhance the
sensitivity of blocking. Here, OKB7 reduced the amount of
binding to Raji-3 and MT-2 cells in the presence of antibody and
complement by 80% and 100%, respectively, relative to the
amount of binding which occurred in the presence of comp-
lement alone (Table 1). In contrast, the same concentration of
OKT4a failed to block binding at all. These results confirm the
binding of HIV-1 to CR2, independently of CD4.

Comparison of antibody titres

A method for quantifying the titre of antibodies which pro-
moted complement-mediated binding of HIV-1 to CR2 was
developed. Here, five-fold dilutions of HIV-1+ sera were used
for binding measurements. An example of a binding curve is
shown for serum no. 1 in Fig. 3. The amount of binding in the
presence of complement alone is represented by a dashed line.
Initially it was thought that the amount of binding at one serum
dilution might be used to represent the titre. Interestingly,
however, a saturating amount of antibody was possible, where
equal binding occurred at the two lowest dilutions for serum no.
2. To avoid having values fall within this range, we decided to
define the titre as the reciprocal of the last dilution where p24
was detected, multiplied by the amount of p24 (pg) present at
that dilution (after subtracting the amount of complement-
mediated binding in the absence of antibody). Titres for sera
from six different HIV-1-infected individuals, and from two
uninfected, gp160-immunized individuals are shown in Table 2.
Representative sera were chosen which had low to high
antibody titres by IFA, neutralization and enhancement. Titres
showed a statistically significant correlation with antibody titres
as measured by IFA and enhancement (P <0-01 and P<0-05,
respectively) but had no correlation with neutralizing antibody
titres (P> 0-1).

Effect of complement and antibody on infectibility of Raji-3
cells

Raji-3 cells were unable to be infected with HIV-1 IIIB whether
or not the virus had first been incubated with complement and a
1:500 dilution of enhancing serum. Infections were monitored
by p24 immunoassay for 8 weeks. The enhancing serum used in
this experiment (serum no. 2) had a neutralizing titre of 256 and
an enhancing titre of 17496 in MT-2 cells (Table 2). The
neutralizing titre of this serum was reduced to 64 in the presence
of complement, where at a 1:500 dilution it produced dramatic
infection-enhancement in MT-2 cells within 3 days (data not
shown).

DISCUSSION

CR2 was shown to be a CD4-independent receptor for HIV-1in
the presence of complement and HIV-1-specific antibody. This
was demonstrated in a biological binding assay using live cells
and a preparation containing whole infectious virus particles,
where virus binding was quantified by p24 immunoassay. CR2
was identified as a receptor by showing that, in the presence of
complement and antibody, HIV-1 bound to cells expressing
CR2 but no other complement receptors and, in the case of Raji-
3 cells, no CD4. Further, binding to CR2* cells was partially
blocked by OKB7. The inability of saturating amounts of OKB7
to block all complement-mediated binding (Table 1) probably
reflects minor structural differences in the region of CR2
recognized by OKB7 and natural ligands for CR2 [36].

Complement and antibody increased the amount of virus
which bound to CR2+ cells by at least 10-fold over background.
In addition, the amount of CR2-mediated binding to MT-2
(CR2+, CD4*) and Raji-3 (CR2+, CD4-) cells was much
greater than CD4-mediated binding to CEM (CR2-, CD4+)
cells (Table 1). Possible differences in receptor density might
have accounted for this. However, flow cytometric analysis
using saturation amounts of anti-CD4 and anti-CR2 MoAbs
indicated that there was more CD4 on CEM cells than CR2 on
Raji-3 cells (data not shown). Another possible explanation is
that HIV-1 particles were lysed by complement, releasing p24
into the medium, and allowing p24 immune complexes to bind
to the cells. This was disproved by showing that envelope-
specific antibodies in sera from gp160-vaccinated individuals,
which contained no anti-p24 antibodies, were reactive in the
binding assay (Table 1).

The ability of HIV-1 to bind CR2 in the presence of
complement and HIV-1-specific antibody, together with the
correlation between titres of binding antibodies and titres of
complement-mediated, infection-enhancing antibodies (Table
2), suggests that this is an important feature of in vitro infection-
enhancement. For example, CR2 might facilitate the entry of
virus particles into cells. Results of infection experiments
indicate that CD4 would be required together with CR2 in order
for entry to occur [19,21,22]. In contrast, Boyer et al. provided
evidence that MT-2 cells could be infected through CR2,
independently of CD4 [13]. The ability of HIV-1 to bind CR2 in
the absence of CD4 (Table 1) would seem to support their
results. However, we attempted to infect Raji-3 cells at a high
multiplicity of infection (> 1) in the presence of complement and
antibody and failed to detect infection by p24 immunoassay for
up to 8 weeks. The HIV-1-specific serum chosen for this
experiment, and the dilution of the serum used, produced strong
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Table 1. CR2-specificity of complement-mediated, antibody-dependent binding of HIV-1 to CR2* cells

HIV-1 bound (pg p24)t

Raji-3 MT-2 CEM
Preincubations* (CD4-/CR2*) (CD4*/CR2*) (CD4*/CR27)
Heat-inactivated complement 4 7 <3
Fresh complement 14 54 S
Fresh complement + HIV* serum 43 109 5
Fresh complement+HIV* serum + OKT4a 48 111 NT}
Fresh complement + HIV* serum + OKB7 20 39 NT

* HIV-1 suspensions (2500 pg p24 for the Raji-3 experiment and 5625 pg p24 for the MT-2 and
CEM experiments) were incubated with various complement sera with or without HIV* serum no. 2
(1: 1000 dilution) for 30 min before the addition of cells (4 x 10° Raji-3 cells, 1 x 108 MT-2 cells, 3-8 x 106
CEM cells). Cells were incubated in the presence and absence of OKT4a (56 ug/ml) or OKB7 (56 ug/ml),
before addition to virus. Bound virions were quantified by enzyme immunoassay as described in
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Materials and Methods.

t Each p24 value is the average of two binding reactions.

1 NT, Not tested.
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Fig. 3. Titration of antibodies promoting complement-mediated binding
of HIV-1 to Raji-3 cells. Virus (1250 pg p24) was incubated with various
dilutions of HIV-1* serum no. 2and a 1:3 dilution of fresh complement
serum in 0-25 ml at 37°C for 30 min. Dilutions of serum no. 2 were made
in heat-inactivated fetal bovine serum (FBS) before adding to each tube
so that the serum protein concentration was always equivalent. As a
control, one set of binding reactions was done in the presence of
complement serum without the addition of HIV-1* serum (- - - -).
After incubation the entire contents were added to 0-5 ml of Raji-3 cells
(8% 10%) and incubated for binding as described in Materials and
Methods. Each point represents an average of two binding reactions.

infection-enhancement in MT-2 cells within 3 days. These
results indicate that utilization of CR2 as receptor for HIV-1 in
the absence of CD4 will not always be sufficient for infection.

Another role for CR2 in infection-enhancement could be in
eliciting a signal transduction mechanism, facilitating repli-
cation post entry. For example, ligands which bind to CR2 on
B lymphocytes have been shown to stimulate the proliferation
of activated B lymphocytes in association with increases in
intracellular free Ca’* concentrations [37-39). In this regard,
HIV-1 replication has been shown to be increased by stimuli
which mobilize intracellular calcium reserves and activate
NFkB [40,41].

A putative signal transduction mechanism linked to CR2
could have other consequences for HIV-1 pathogenesis. For

Table 2. Comparison of HIV-1 antibody titres determined by CR2
binding, IFA, neutralization, and infection-enhancement

Antibody titre (reciprocal dilution)

Serum*  CR2 binding?t IFA  Neutralization  Enhancement
1 11000 9720 32 5832
2 10000 3240 256 17496
3 25000 29160 128 17496
4 1400 360 <4 72
5 2500 1080 8 540
6 <30 40 32 180
7 3120 640 128 80
8 1600 160 <16 80

* Sera 1-6 were from HIV-1-infected individuals, while sera 7 and 8
were from gp160-vaccinated individuals. All sera were ELISA positive
for HIV-1. Sera from infected individuals were positive for all major
HIV-1 antigens by Western blot. Sera from vaccinated individuals had
antibodies to gp160, gp120 and gp41 but no other HIV-1 antigens by
Western blot.

t CR2 binding titres are defined as the reciprocal of the last dilution
where p24 was detected multiplied by the amount of p24 (pg) present at
that dilution (after subtracting the amount of complement-mediated
HIV-1 binding in the absence of antibody). Binding was performed
using Raji-3 cells (3-75x 10%) and HIV-1 IIIB (1250 pg p24) per
duplicate binding reaction.

example, polyclonal B cell activation is common in infected
individuals [6,42]. It is conceivable that HIV-1 immune com-
plexes could drive the proliferation of activated B cells through
their interaction with CR2. Another important consideration is
the role that complement and its receptors play in localizing
antigens in lymphoid organs [28,42]. For example, FDC express
a high density CR1, CR2 and CR3 [27], all of which are
receptors for particulate antigens containing activated frag-
ments of C3. Therefore, the antibody-dependent interaction of
HIV-1 with complement could contribute to the long-term
retention of virus on the surface of FDC. Also, HIV-1 bound to
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the surface of CR2+ B lymphocytes could transport virus to
lymphoid organs during periods of active viral replication. Such
localization of HIV-1 in lymphoid organs could contribute to
virus spread by facilitating the infection of CD4* T cells
migrating to lymphoid organs in response to infection [43-45]. It
might also facilitate the infection of some resident FDC which
co-express CD4 [46] and CR2 [27]. These hypotheses are
consistent with previous results identifying lymphoid organs as
major reservoirs for HIV-1 [47-49], and as sites of active HIV-1
replication late in the course of disease [50].

The ability of CR2 to function as a receptor for HIV-1 in the
presence of antibody and complement provides new insight into
possible mechanisms contributing to HIV-1-induced immuno-
pathogenesis. The fact that both complement pathways have
been shown to be chronically activated in infected individuals
[15-17] lends support to the potential clinical relevance of these
findings. Since the cell lines used here did not express other
complement receptors, it remains to be seen whether comp-
lement receptors other than CR2 can act as HIV-1 receptors.
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