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SUMMARY

The mechanism of CD4+ cell depletion and functional T helper cell inhibition in HIV-infected
individuals is poorly understood. The present study demonstrates that immune complex-covered
CD4+ cells are associated with T cell inhibition and macrophage stimulation. We studied 30 patients
with ARC/AIDS and 35 asymptomatic HIV+ haemophilia patients. Overall, 20 + 3% of peripheral
CD4+ lymphocytes were covered with gp120 (range 0-94%). gp120+ cells also exhibited surface-
bound IgG (P=0-0001), IgM (P=0-0001), and complement (P=0-0001). Decreased in vitro
lymphocyte proliferation was associated with the immune complex load of CD4* cells. The higher
the percentage of CD4+gp120* cells in the blood, the lower the T cell response in vitro (P=0-001).
Moreover, an association was found between immune complex-positive cells and plasma neopterin
(P=0-01). Patients with increased plasma neopterin levels had decreased in vitro responses to
pokeweed mitogen (PWM) (P=0-006), phytohaemagglutinin (PHA) (P=0-004), concanavalin A
(Con A) (P=0:09), and anti-CD3 MoAb (P=0-03), and decreased CD4* cell counts in the blood
(P =0-006). Since maximally 1% of CD4* lymphocytes are infected with HIV, T cell dysfunction and
T cell depletion in HIV-infected patients may also be caused by the release of free gp120 that binds to
uninfected CD4+ cells. Our data suggest that the functional inhibition and subsequent elimination of
uninfected CD4* lymphocytes with surface gp120-immunoglobulin-complement complexes may be

a pathomechanism in the manifestation of AIDS.
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INTRODUCTION

The mechanism of CD4+ cell depletion and functional T helper
cell inhibition in HIV-infected individuals is poorly understood.
We have shown that gp120-anti-gp120 complex-covered CD4+
lymphocytes are detectable in the peripheral blood of HIV-
infected patients, and we suggested that this may be a mechan-
ism of CD4+ cell depletion [1]. The present study demonstrates
that the appearance of immune complex-covered CD4* cells is
associated with macrophage stimulation in vivo and T cell
inhibition in vitro.

PATIENTS AND METHODS

Peripheral blood CD4+, CD4+gp120+, CD4*Ig*, CD4*1gG",
CD4+IgM*, and CD4+C3d* lymphocytes, plasma neopterin
levels, and in vitro responses of lymphocytes to stimulation with
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mitogens (pokeweed mitogen (PWM), phytohaemagglutinin
(PHA), concanavalin A (Con A), anti-CD3 MoAb) and pooled
allogeneic stimulator cells were determined in 65 HIV+ haemo-
philia patients. Twenty-two HIV~ haemophilia patients and 88
healthy individuals served as controls. HIV* patients were
examined 1-11 times (x+s.d.=3-242-3). The first measure-
ment was performed in 1988, the last in 1992. In addition to
analysing the results of all tests that were performed, one
measurement of each patient was chosen at random for separate
statistical analysis. Of the 65 HIV*+ patients, 30 patients had
ARC/AIDS, and 35 were asymptomatic at the time of investiga-
tion.

Determination of immunoglobulin, IgG, IgM, C3d and gp120
on CD4+ and CD8* T lymphocytes

The proportion of immunoglobulin-positive CD4+* and CD8*
cells in the peripheral blood was determined using double
fluorescence flow cytometry as described in detail previously [2].
Briefly, 100 ul whole blood were incubated with 10 ul anti-CD3
(OKT3, all T lymphocytes; Ortho, Raritan, NJ), anti-CD4
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Table 1. Association of CD4*gp120* cells with other CD4* cell surface markers, plasma neopterin levels, or

number of impaired lymphocyte stimulation tests in 65 HIV* haemophilia patients

Association of
CD4%gpl120+ cells
with other parameters

Parameter +s.em. (range) r P
CD4%gpl20* (%) 19-8+3-2 (0-94)
CD4+1gG* (%) 29-0+34 (0-94) +0-594 0-0001
CD4*IgM™* (%) 58-1+4-0 (5-100) +0-472 0-0001
CD4*C3d* (%) 483436 (4-99) +0-514 0-0001
Neopterin (nmol/!) 269+19 (6-66) +0-319 0-01
Number of impaired stimulation tests
with PWM, Con A, PHA, anti-CD3 MoAb,
or pooled allogeneic stimulator cells (RR <0-5) 2:5+02 (0-5) +0-392 0-001

PWM, Pokeweed mitogen; Con A, concanavalin A; PHA, phytohaemagglutinin; RR, relative response.

(OKT4, helper/inducer T lymphocytes; Ortho) or anti-CD8
(OKTS, suppressor/cytotoxic T lymphocytes; Ortho) MoAb for
30 min at 4°C. Erythrocytes were lysed by the addition of NH,Cl
solution for 15 min, the cells were washed with PBS, and 50 ul
PE-conjugated goat anti-mouse immunoglobulin (Dianova,
Hamburg, Germany) were added, together with 50 ul FITC-
labelled goat anti-human immunoglobulin (Medac, Hamburg,
Germany), goat anti-human IgG (Tago, Burlingame, CA), goat
anti-human IgM (Medac), rabbit anti-human C3d (Dakopatts,
Hamburg, Germany), or sheep anti-gp120 (Biochrom, Berlin,
Germany). All antibodies were diluted 1:40. The cells were
incubated for another 30 min at 4°C, washed and analysed by
flow cytometry (FACScan; Becton Dickinson, Sunnyvale, CA).
The gate setting for background staining was adjusted to less
than 5% CD3+IgG* control lymphocytes, and this gate was
used for all subsequent analyses.

Mitogen stimulation and mixed lymphocyte culture

In vitro stimulation of lymphocytes was tested using the
mitogens PWM (GiBco, Grand Island, NY), Con A (Pharma-
cia, Uppsala, Sweden), PHA (Wellcome, Dartford, UK), or
OKT3 MoAb (Ortho). The mixed lymphocyte culture response
(MLC) was assessed using allogeneic MHC-incompatible
stimulator cells pooled from three healthy donors. All cultures
were done in triplicate by standard methods. Relative responses
(RR) were calculated as: (ct/min of patient lymphocytes cul-
tured with mitogen—ct/min of patient lymphocytes in
medium)/(ct/min of control lymphocytes cultured with mito-
gen —ct/min of control lymphocytes in medium). The maximum
RR of each mitogen was used for statistical analysis. An RR of
less than 0-5 was considered abnormally low.

Plasma neopterin

Plasma neopterin was measured with the Neopterin-RIAcid
assay (Henning, Berlin, Germany). Based on control measure-
ments in 70 healthy individuals, more than 15 nmol// was
considered abnormally high [3].

Statistical analysis

All data are given as mean +s.e.m. Correlation coefficients and .

statistical significance were calculated using the StatView
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SE + Graphics program (Microsoft, Abacus Concepts, Berke-
ley, CA).

RESULTS

Overall, in the 65 patients studied, 20+3% of the peripheral
CD4+* lymphocytes were covered with gp120. The range per
patient was 0-94%. These gp120* CD4+* lymphocytes often had
simultaneously IgG (CD4*gpl20* versus CD4+IgG+:
r=0-594, P=0-0001), IgM (CD4*gp120* versus CD4*IgM+*:
r=0-472, P=0-0001), and complement (CD4+gp120* versus
CD4+C3d*: r=0-514, P=0-0001) on their surface (Table 1).

When the patients’ lymphocytes were stimulated with PWM,
Con A, PHA, anti-CD3 MoAb or pooled allogeneic stimulator
cells, impaired in vitro responses were apparent in many patients
(RR of <0-5). The number of impaired test results was
positively associated with the proportion of gpl120+CD4+
lymphocytes (P=0-001) (Table 1). The higher the percentage of
immune complex-positive CD4+ cells, the more proliferation
parameters were abnormally decreased (Fig. 1). Moreover, Con
A and anti-CD3 MoAb stimulation were associated with the
percentage of CD4+gpl120* lymphocytes in the blood. The
higher the proportion of CD4+gp120+ cells, the lower the in
vitro response to Con A (r=-0279; P<0-03), PHA
(r=-0-232; P=0-06), or anti-CD3 MoAb (r=—0-273;
P <0-05).

An association was also seen between the fraction of
immune complex-positive cells and plasma neopterin levels
(Table 1). The higher the proportion of CD4+gp120+ lympho-
cytes, the higher the plasma neopterin levels (P=0-01).

These results provide evidence for a decreased T cell
response and increased macrophage/monocyte activation in
patients with high CD4+gp120+ cells. The macrophage/mono-
cyte system may be stimulated in vivo via feedback mechanisms
which become activated as a result of the decreased number of
peripheral CD4+ lymphocytes. That the CD4+ cells are in part
immune complex-covered and thereby functionally inhibited
may enhance the macrophage/monocyte stimulative effect. This
is supported by the finding that patients with increased plasma
neopterin levels had decreased in vitro responses to PWM
(P=0-006), PHA (P=0-004), Con A (P=0-09), and anti-CD3
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Fig. 1. Relationship of lymphocyte stimulation results with
CD4+gpl20* cell counts. Lymphocytes of 65 HIV* patients were
stimulated in vitro with pokeweed mitogen (PWM), phytohaemagglu-
tinin (PHA), concanavalin A (Con A), anti-CD3 MoAb, or pooled
allogeneic stimulator cells. The percentage of CD4%gpl120* lympho-
cytes in the peripheral blood was determined using double fluorescence
flow-cytometry. Each point represents the number of impaired lympho-
cyte stimulation tests (relative response < 0-5) with the five mitogens or
allogeneic cells for one patient.

MoAb (P=0-03) and, moreover, decreased CD4 counts in the
blood (P=0-006) (Table 2).

DISCUSSION

We demonstrated recently that CD4+ cell depletion in HIV-
infected patients was associated with the occurrence of gp120-
immunoglobulin-complement complexes on the surface of
CD4+ cells [1]. In the present study we obtained evidence that
gp120-immunoglobulin—-complement complexes on CD4+ cells
are associated with macrophage and T cell dysfunction.

A causal relationship between the occurrence of surface
immune complexes and cell dysfunction appears likely, and we

suggest the following mechanism: HIV-infected patients have
periods of HIV viraemia [4-7]. If HIV mutants with high
replication rates and strong CD4 affinity are generated, virae-
mia becomes detectable in the blood and the disease progresses
[6-14]. gp120 dissociates from the viral envelope either sponta-
neously or after the binding of HIV to CD4[15-20]. HIV virions
but also free gp120 are bound by anti-gp120 antibodies [6,21-
23] and gp120 cross-reactive anti-IgG-F(ab), antibodies [24,25].
These complexes attach to CD4+ cells, and the complement
system is activated [1]. Because complex attachment is not
limited to HIV-infected cells, the immune complex deposits
inhibit immune functions of both infected and uninfected CD4+
lymphocytes and activate macrophages [26,27], K/NK cells
[28,29] and granulocytes [30].

The binding sites for gp120 and for class I MHC molecules
on CD4 overlap [31]. It is likely that binding of gp120 inhibits
macrophage-T helper cell interactions, induces T cell suppres-
sion, and causes macrophage activation via a negative feedback
mechanism. Moreover, T cell inhibition is potentiated by
autoantibodies. It was shown that MHC class II-dependent
activation of resting T cells is inhibited by MoAbs to CD4,
regardless of whether or not they recognize epitopes involved in
the binding of MHC class II or HIV gp120 [32]. Antibodies
against recombinant CD4 were found in HIV* patient sera [33-
36], and autoantibodies against CD4* cells were associated with
T helper cell defects in HIV+ haemophilia patients [37,38].

We found impaired T cell responses in association with gp120
attachment to CD4* lymphocytes in vivo. In a previous study we
showed that the cell separation procedure itself caused only a
partial removal of autoantibodies from the lymphocyte surface
[37]. Thus the lymphocytes that were isolated and cultured with
mitogens and alloantigens were still covered with gp120-
immunoglobulin-complement complexes. gp120 inhibits anti-
gen-specific responses involving the T cell receptor pathway and
CD4/MHC class Il interaction [39]. This inhibition is reversible,
and can be blocked by soluble CD4 in vitro [40]. Binding of
gp120 decreases the CD3/T cell-antigen receptor phosphoi-
nositide transduction pathway [41], and induces defectsin Ca* +
regulation [42]. The aberrant inositol polyphosphate metab-
olism reverses after azidothymidine therapy, in parallel with

Table 2. Association of plasma neopterin levels with in vitro responses to mitogens and CD4+
blood cell counts in 65 HIV* haemophilia patients

Association of
neopterin with
other parameters

Parameter +s.e.m. (range) r P
PWM (RR) 0-7+0-1 (0-4-0) —0-334 0-006
PHA (RR) 07101 (0-3-3) —0-352 0-004
Con A (RR) 0-8+0-2 (0-9-9) —0-208 009
Anti-CD3 MoAb (RR) 119+04 (0-11-9) —0-284 0-03
MLC (RR) 0-8+0-3 (0-19-3) +0-091 05
Number of impaired stimulation tests
with PWM, Con A, PHA, anti-CD3 MoAb,
or pooled allogeneic stimulator cells(RR <0-5)  2-5+0-2 (0-5) +0-372  0-002

PWM, Pokeweed mitogen; PHA, phytohaemagglutinin; Con A, concanavalin A; MLC,
mixed lymphocyte culture; RR, relative response.
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improvements in PHA-induced proliferation responses and
interferon-gamma (IFN-y) production. Cells that bind gp120
behave as though they were chronically activated, and fail to
respond to further activating signals [42]. Similar defects are
seen in lymphocytes obtained from HIV-infected subjects at
various stages of infection, despite the fact that only a minority
of their cells are infected [42]. Short term treatment for 20 min
of cells with gp120, followed by exposure to gpl20 MoAb,
resulted in an increase in the CD4-associated p56Ick tyrosine
kinase activity [43]. Long term treatment for 20 h of human T
lymphocytes with gp120 resulted in the down-regulation of cell
surface CD4 molecules. In addition, gp120 caused the dissocia-
tion of p56Ick from CD4. However, the dissociation of p56ick
from CD4 occurred at a much faster rate than the down-
regulation of surface CD4 molecules [43]. gp41 and gpl120
increase IL-1 and tumour necrosis factor (TNF) production and
decrease IL-2, IFN-y and IFN-a release of normal peripheral
blood mononuclear cells [44], thereby inducing macrophage
activation and T cell suppression. Macrophage activation was
also reported by others, and is a predictive marker of disease
progression [45-50]. The significant correlation between
increased plasma neopterin levels, decreased lymphocyte stimu-
lation in vitro, and CD4* blood cell counts observed in the
present study further supports these findings.

We identified CD4+gp120+ cells in the blood, and cultured
these immune-complex loaded cells with mitogens and alloanti-
gens in vitro. The proportion of in vivo coated CD4+gp120+ cells
was associated with in vitro lymphocyte stimulation defects.
Other authors reported similar results with lymphocytes of
normal volunteers coated in vitro with recombinant gp120. The
current data provide support for the hypothesis that HIV causes
T cell dysfunction and T cell depletion not only by infecting
CD4+ lymphocytes, but by releasing free gp120 with high CD4
affinity that binds to uninfected CD4+ cells. We suggest that the
functional inhibition and subsequent elimination of CD4+
lymphocytes with gpl120-immunoglobulin-complement com-
plexes on the surface is an important pathomechanism of AIDS.
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