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Abstract

In addition to a well-documented depletion of CD4' T helper
cells in later stages of human immunodeficiency virus (HIV)
infection, evidence has been provided for a specific unrespon-
siveness to triggering either by specific antigen in the context
of autologous major histocompatibility molecules (self + X) or
anti-CD3 monoclonal antibodies (MAb) in both CD4 and CD8
cells from asymptomatic HIV-infected individuals. In the pres-
ent study we analyzed this unresponsiveness using mitogenic
antibodies to distinct T cell membrane receptors. T cells from
HIV-infected men who had normal numbers of CD4+ T cells
responded poorly to activation signals via the CD3 membrane
antigen in both accessory cell-dependent as well as accessory
cell-independent culture systems. A similar low response was
observed in an anti-CD2-driven system. In contrast, prolifera-
tion induced by anti-CD3, anti-CD2, or the phorbol ester
Phorbol myristate acetate could be normally enhanced by anti-
CD28 MAb. We demonstrated that this unresponsiveness is
not due to a failure to induce early events required for activa-
tion, such as increased intracellular concentration of free cal-
cium and activation of protein kinase C, but is caused by an
imbalance between naive and memory T cells. In HIV-infected
asymptomatic men, CD29' memory T cells are selectively de-
pleted which results in a poor responsiveness to self + X.
These findings provide new insights that may have implica-
tions for our understanding of the immunopathogenesis of
AIDS. (J. Clin. Invest. 1990. 86:293-299.) Key words: im-
munopathogenesis * human immunodeficiency virus - memory.
T cells * CD29/CD45R antigens

Introduction

The selective loss ofCD4' T helper cells in relatively late stages
ofhuman immunodeficiency virus (HIV) infection is well doc-
umented (1, 2). At first this was believed to be the only mecha-
nism by which HIV does induce immunodeficiency leading to
AIDS-related complex and acquired immunodeficiency syn-
drome (AIDS). However, next to quantitative effects of HIV
infection, qualitative functional defects have been reported in
CD4' T cells from AIDS patients (3, 4). More recently, we
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provided evidence that HIV infection affects the immune sys-
tem before CD4+ T cell depletion can be noted (5). T cells
from early asymptomatic HIV-infected persons, who still had
normal numbers of circulating CD4+ T helper cells, had de-
creased T helper activity for polyclonal B cell differentiation
(5, 6). Other investigators provided evidence that proliferative
responses to foreign antigens, soluble or in the context of au-
tologous major histocompatibility molecules (self + X), but
not to alloantigens or the lectin phytohemagglutinin, were de-
creased in a significant proportion of asymptomatic HIV-posi-
tive men (4, 7-10). Shearer et al. (4, 7, 8) demonstrated a
selective loss ofT cell reactivity, both with respect to prolifera-
tion and generation of CTL in response to self + X in early
HIV-infected men. The T cell nonresponsiveness to self + X
could be restored by rIL-2 or by co-stimulation by self + X
plus allogeneic cells (ALLO) (4).

In a previous study we reported that T cells from HIV-in-
fected asymptomatic men were relatively unresponsive to
stimulation by soluble anti-CD3 monoclonal antibodies
(MAb). This T cell unresponsiveness was shown to be intrinsic
because it could not be corrected by the addition of normal
donor monocytes as accessory cells (5).

Since T cell responses to soluble anti-CD3 MAb, similar to
antigen-specific responses are critically dependent on intimate
contact between monocytes and T lymphocytes (1 1, 12), other
T cell membrane receptors next to CD3/TCR may contribute
to the observed defective response in T cells from HIV-in-
fected men. Next to CD3/TCR involvement of CD2, CD 1 a
and CD28 membrane molecules in human T cell activation
has been demonstrated (1 1, 13, 14). T cell activation through
both the CD3/TCR complex and CD2 is accompanied by a
rise in intracellular-free Ca2+ concentration ([Ca2+]i) and acti-
vation of protein kinase C (PK-C),' whereas it has been sug-
gested that triggering via CD28 occurs through an alternative
route independent of PK-C (14-17).

In this study we analyzed the T cell unresponsiveness in
asymptomatic HIV-infected men in well-defined T cell activa-
tion systems using MAb against CD3, CD2, and CD28. More-
over, early biochemical events after triggering with anti-CD3
and CD2 MAb were measured. Our data indicate that the
selective unresponsiveness in T cells from asymptomatic
HIV-infected men cannot be explained by a defect in the early
intracellular signaling pathways. However phenotypical analy-
sis revealed a selective depletion of CD29+ memory T cells.
This imbalance between naive and memory T cells may well
explain the observed selective unresponsiveness to self + X
and anti-CD3 MAb and may have consequences for anti-HIV
specific immunity in early HIV infection.

1. Abbreviations used in this paper: MNC, mononuclear cells; PK-C,
protein kinase C.
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Methods

Monoclonal antibodies. The MAb used, CLB-T3/3 (IgG2a), CLB-T3/
4.1 (IgG 1), and CLB-T3/FITC (fluorescein iso-thio cyanaat conju-
gated) specific for CD3, anti-CD2 MAb CLB-T 11. 1/2 and
CLB-Tl 1.1/1, CLB-T4/FITC specific for CD4, CLB-T8/FITC specific
for CD8, CLB-CD28/1 (15E8) specific for CD28 (13, 14, 18) and
FITC-conjugated goat anti-mouse IgG, were all produced by the Cen-
tral Laboratory of the Netherlands Red Cross Blood Transfusion Ser-
vice (CLB) (Amsterdam, The Netherlands). The CD2 MAb 9-1 was

kindly provided by Dr. B. Dupont (Memorial Sloan-Kettering Cancer
Institute, New York).

The expression of membrane antigens CD3, CD29, and CD45RA
(see Tables III and IV) was determined using FITC-conjugated OKT3
(Ortho Pharmaceutical, Raritan, NJ) and phycoerythrin conjugated
4B4 and 2H4 MAb (Coulter Immunology, Hialeah FL). Membrane
fluorescence was quantified on a EPICS-C cytofluorometer (Coulter
Electronics Inc., Hialeah, FL). In these experiments 10,000 gated
CD3+ lymphocytes were analyzed.

Cells. Mononuclear cells (MNC) were isolated by Percoll density
gradient centrifugation from heparinized blood of seropositive and
seronegative asymptomatic homosexuals selected for having normal
numbers ofcirculating monocytes, B cells, and CD4+ cells. These men
take part in a prospective cohortstudy in Amsterdam and have been
described in detail before (5, 6).
MNC were depleted for CD45RA+ T cells using the MAb 2H4

(Coulter Immunology) and anti-mouse Ig coated magnetic beads
(dynabeads M450; Dynal A.S., Oslo, Norway).

Briefly, cells (5. 106/ml) were incubated with 2H4 (10 Mg/ml) at
4°C. After I h cells were washed twice and resuspended in PBS sup-
plemented with 2% FCS. To each milliliter of this cell suspension,
containing 5.106 cells, 50 Ml of anti-mouse Ig coated dynabeads sus-

pension was added. Finally, 2H4+ T lymfocytes were removed making
use of a magnetic particle concentrator (Dynal MPC 1; Dynal A.S.).

T cell proliferation assays. T cell proliferation assays have been
described in detail before (11, 14). In brief, flat bottom wells (Nunc,
Roskilde, Denmark) were coated overnight at 4°C with anti-CD3
MAb, CLB-T3/3 (1 or 5 ug/ml) in PBS. The plates were washed three
times with PBS before use. The anti-CD2 MAb CLB-T 1.1/2 (14) and
9-1 and the anti-CD28 MAb (CLB-CD28/1) (18) were all used in a

final concentration of 1 Mg/ml. 4 X 10'4 MNC were cultured at 37°C in
Iscove's modified Dulbecco's medium supplemented with 5% human
pooled serum and antibiotics on coated CLB-T3/3 plates for 5 d or in
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the presence ofthe anti-CD2 combination and I04 2,000-rad irradiated
healthy donor monocytes for 3 d. The phorbol ester phorbol myristate
acetate (PMA) was used at 10 and 100 ng/ml in the presence of irra-
diated monocytes in 3-d cultures. During the last 4 h of culture, 0.73
kBq [3Hlthymidine was added to measure cell proliferation.

Measurement of the free intracellular Ca2+ concentration and in-
tracellularpH. Cytoplasmic-free Ca2+ concentration was measured on
a Shimadzu spectrofluorometer as described (19). MNC (1. 106/ml)
were loaded with Indo-l in Hepes medium (pH 7.4) containing 132
mM NaCl, 6 mM KCI, 1 mM Na2HPO4, 5 mM glucose, 20 mM
Hepes, 1 mM CaC12, 1 mM MgSO4, and 1% serum albumin (Calbio-
chem-Behring Corp., San Diego, CA) (1 gM) (20). Anti-CD3 MAb
CLB-T3/3 (10 ,sg/ml), anti-CD2 MAb CLB-T1 1.1/1, and T1 1.2/1 (10
Mg/ml) or ionomycine (1 gM) were added under stirring to the cell
suspension.

Intracellular alkalinization induced by PMA in MNC was mea-
sured under similar conditions after loading of the cells with the pH
sensitive dye BCECF (5 MM) according to the method described by
Moolenaar et al. (19).

Statistical analysis. Statistical significance of the observed differ-
ences between studied groups was evaluated using the nonparametric
two-sided Wilcoxon-Mann-Whitney rank test.

Results

Proliferative responses in T cellsfrom HIV-infected men. We
previously described an accessory cell-independent T cell ac-
tivation assay using immobilized anti-CD3 MAb (1 1, 21). In
contrast to proliferative responses to antigen or soluble anti-
CD3 MAb that are critically dependent on accessory cells, this
culture system allows one to study T cell activation by anti-
CD3 triggering independent of activation mediated by CD2,
LFA-1, and other accessory molecules. In this system T cells
from asymptomatic HIV+ men, with normal numbers of
CD4+ T cells, showed a significantly (P < 0.01) lower prolifera-
tive response compared with those ofHIV- men (Fig. 1 A). In
other T cell activation systems we (5) and others (22, 23) al-
ready observed a decreased reactivity of both purified CD4+ as
well as CD8+ T cells. This shows that the poor responsiveness
to anti-CD3 MAb indeed is an intrinsic property of T cells
from HIV-infected individuals and cannot be accounted for by

* P co.oi1 B

Figure 1. Anti-CD3 (A) and anti-CD2 (B)
MAb induced proliferation ofT cells from
HIV-negative and HIV-positive homosexual
men. 40,000 MNC were stimulated for 5 d
with immobilized CLB-T3/3, 5 ,g/ml (A) or

for 3 d with a mitogenic anti-CD2 combina-
tion, MAb CLB-T1 1 and 9-1 at 1 gg/ml (B),
in the presence of 10,000 normal monocytes
that were 2,000-rad irradiated. Results are

shown as the median of triplicate cultures.
Thin bars represent results per individual,
thick bars indicate the median. Background
proliferation without MAb was < 200 cpm.
Differences between patient groups were sig-
nificant (P < 0.01) using for statistical com-
parison the nonparametric two-sided Wil-

HIIV- HIV + coxon-Mann-Whitney rank test.
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suppressive effects of CD8+ T cells. The unresponsiveness
could be overcome by addition ofexogeneous 11-2 (23a) as has
been described in an antigen-specific system (4).

To test if the lack ofactivation is due to specific alterations
at the membrane level, in particular the CD3/TCR complex,
or reflects a more generalized unresponsiveness of the T cell
population, T cell activation via other membrane receptors
was tested. A comparable difference (P < 0.01) in T cell prolif-
eration was observed when MNC of both groups were acti-
vated with a mitogenic combination of two anti-CD2 MAb
(Fig. 1 B). These activations were performed in the presence of
an excess of normal monocytes to rule out a lack of accessory
cell function in the system. Immunofluorescence studies re-
vealed that the low anti-CD3- and anti-CD2-induced re-
sponses in HIV-infected men could not be attributed to altered
expression of these antigens (data not shown). In contrast to
the decreased response to anti-CD3 and anti-CD2 MAb, anti-
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Table I. Intracellular Ca2l Mobilization in T Cellsfrom HIV-
and HIV+ Men

Increase in [Ca2+]i

Study group Anti-CD3 MAb Anti-CD2 MAb Ionomycine

nM

HIV- controls
1 40 25 nt
2 41 70 389
3 69 74 476
4 42 46 773
5 102 94 874
Mean (SD) 58 (27) 61(27) 628 (232)

HIV- men
1 240 152 655
2 55 111 309
3 213 96 224
4 68 98 696
5 85 52 547
Mean (SD) 132 (67) 101 (36) 486 (210)

HIV+ men
1 119 114 677
2 42 44 139
3 44 38 358
4 56 76 270
5 115 78 382
Mean (SD) 75 (39) 70 (31) 365 (199)
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Figure 2. Effect of anti-CD28 MAb on T cell proliferation of HIV
negative and positive men. 40,000 MNC were cultured using (A) the
combination ofMAb CLB-T I 1 and 9-1 (I ug/ml), (B) immobilized
CLB-T3/3 (I ,ug/ml), or (C) PMA (10 ng/ml) for 3, 5, and 3 d, re-
spectively (open bars). Anti-CD28 MAb (CLB-CD28/1) (18) was
added to these cultures (closed bars) at I ,ug/ml. All cultures were
performed in the presence of 10,000 2,000-rad irradiated healthy
donor monocytes. Results shown are the mean of data with T cells
from eight HIV negative and eight HIV positive homosexual men
with standard deviation shown in brackets. Stimulation indices for
anti-CD28 on T cells from HIV- men and HIV+ men, respectively,
were 2.4 and 4.8 (A); 2.8 and 2.4 (B); and 22.1 and 26.1 (C).

CD28 MAb in synergy with anti-CD2 MAb (Fig. 2 A), anti-
CD3 MAb (Fig. 2 B), and PMA (Fig. 2 C) induced strong
proliferative responses in T cells from both HIV- and HIV+
men. The relative proliferation enhancement induced by the
anti-CD28 MAb (CLB-CD28/1 [18]) was the same for the two
groups as reflected by approximately equal stimulation indices
for HIV+ and HIV- men (Fig. 2), which suggests an intact
CD28 activation pathway in HIV-infected men. The response
however induced by the combination of anti-CD28 MAb and
the respective primary stimuli in T cells from HIV-infected
men never equaled the response induced by these combina-
tions in T cells from HIV negative men.

Analysis ofintracellular activation pathways. Since the en-
hancement ofT cell activation by anti-CD28 was found to be
relatively normal, it could be argued that the low proliferative
responses via CD2 and CD3 might be caused by a failure to
activate the intracellular signaling pathway shared by CD3 and
CD2 receptors. Ligand binding to CD2 and CD3 results in
hydrolysis of phosphatidyl-inositol-bisphosphate leading to
the formation of at least two second messengers, inositol-tri-
phosphate and diacylglycerol, responsible for a rise of [Ca2+1J
and activation of PK-C, respectively (15-17). No significant
differences in the anti-CD3 and anti-CD2 MAb-induced rises
of [Ca2+]i could be demonstrated in T cells from five seronega-
tive heterosexual and homosexual men and five healthy sero-
positive homosexual men (Table I). Since the early signaling
after CD3 and CD2 receptor triggering was normal it was
tested whether PMA, a direct activator ofPK-C (24), was able
to induce T cell proliferation in T cells from HIV-infected
men. These proliferative responses were measured in the pres-
ence of excess of healthy donor monocytes since PMA-in-
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duced proliferation is dependent on accessory cells (25). Com-
pared to HIV- homosexual men, T cells from seropositive
men showed significantly lower proliferative responses to
PMA (Table II). This could be due to a failure of PMA to
activate PK-C in these cells. Alternatively it could be that
PK-C is normally activated but there is a lack ofresponse distal
from PK-C. PK-C phosphorylates, among other proteins, the
Na+/H' antiporter (26) resulting in the activation of this
translocator. PMA-induced rise of intracellular pH is a reflec-
tion ofPK-C activation (27). In contrast to PMA-induced pro-
liferation, qualitative (not shown) nor quantitative (Table II)
differences in the PMA-induced alkalinization were observed
with mononuclear cells of six randomly selected HIV- and
HIV+ men. This suggests that there is not a defect in early
biochemical signalling events that underlies the unresponsive-
ness in T cells from HIV-infected men.

Selective loss ofCD29+ memory T cells accountsfor loss of
T cell reactivity in early HIV infection. With respect to their
functional properties, unresponsiveness to self + X, anti-CD2
and anti-CD3 MAb opposed to responsiveness to allogeneic
cells, T cells from HIV+ men show a striking resemblance to
what recently has been postulated to be naive (immature)
human T cells (28-32). In normal donors memory T cells are
characterized by the expression of CD29 whereas naive cells
lack CD29 and express high levels of CD45RA (28-32). To
investigate whether the observed relative unresponsiveness in
T cells from HIV-infected men was caused by changes in the
ratio of naive and memory T cell populations, the expression

Table I. Diminished Proliferation but Normal PK-C Activation
in T Cellsfrom HIV+ Men after Stimulation with PMA

PMA

Study group T cell proliferation pHi change

100 ng/ml 10 ng/mi 100 ng/ml

HIV- men
1 17,952 13,966 0.05
2 15,929 12,736 nt
3 18,677 14,994 0.05
4 20,617 15,238 nt
5 10,344 4,561 nt
6 17,752 14,897 0.09
7 18,146 13,730 nt
8 10,401 6,628 nt
Mean (SD) 16,227 (3,834) 12,093 (4,129)

HIV+ men
I 10,091 720 nt
2 12,311 723 0.07
3 2,897 1,362 nt
4 8,195 5,061 nt
5 9,752 4,844 nt
6 5,184 2,723 0.06
7 2,714 1,421 0.08
Mean (SD) 7,306 (3,755) 4,264 (2,493)

50,000 MNC were cultured for 3 d in the presence of irradiated
healthy donor monocytes that were obtained by counterflow centrif-
ugation elutriation and the indicated amount of PMA. PMA-induced
proliferation ofT cells from HIV+ men was significantly decreased
(P < 0.05).

Table III. Selective Loss ofCD29' Memory Cells
in Asymptomatic HIV-infected Men

Group CD3+ CD3+CD29+ CD3+CD45RA+

% 109/liter % 109/liter % 109/liter

HIV+ men*
1 71 1.3 30 0.39 34 0.44
2 76 1.3 35 0.46 30 0.39
3 87 2.2 39 0.86 35 0.42
4 82 2.2 18 0.40 64 1.14
5 84 1.1 39 0.43 46 0.51
6 75 1.1 32 0.35 55 0.61
7 70 1.6 29 0.46 50 0.80
Mean 78 1.5 32 0.48 45 0.65
SD 6.6 0.48 7.3 0.17 12.5 0.36

Controls
Mean 81 1.44 62 0.89 40 0.58
SD 4.6 1.43 12.2 0.17 7.4 0.11

nst P < 0.02 ns

* HIV-infected men used in this study were asymptomatic and had
normal numbers of circulating CD4+ T cells at the time of study.
Clinical and laboratory findings in this group have been described in
detail before (5).
* ns, not significant.

ofCD29 and CD45RA was tested. Table III shows that periph-
eral blood T cells from HIV+ men contained a significantly
decreased number ofCD3+CD29+ memory cells compared to
HIV- controls. Except for one person the number CD45RA+
cells was unchanged in HIV+ men. This is in agreement with
results reported before on CD29 expression in early HIV in-
fection (33).

Next it was investigated whether loss of memory T cells
could account for the decreased T cell reactivity in HIV-in-
fected men. In this experiment anti-CD3 MAb induced T cell
proliferation, of MNC from a low and a high seropositive re-
sponder that were depleted for CD45RA+ T cells, was mea-
sured. It can be noted that within an individual there is a
positive correlation between the degree of responsiveness and
the number of CD29+ T cells (Table IV). Depletion of

Table IV. Proliferation T Cells ofBoth HIV- and HIV+ Men
Is Enhanced by Depletion ofCD45RA' Cells

Percent cells

Donor Cellfraction CD2+ CD29+ CD45RA+ Proliferation*

cpm lo'

HIV-
1 MNC 95 56 55 22,073

CD29+t 86 82 18 29,122
HIV+

1 MNC 95 29 70 3,649
CD29+ 90 56 28 10,539

2 MNC 96 45 63 18,047
CD29+ 94 69 22 24,038

* T cell proliferation induced with coated anti-CD3 MAb (1 Ag/ml).
$CD45RA depleted MNC fraction.
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CD45RA' cells results, in both the control donor and the HIV
infected individuals, in enhancement of anti-CD3 induced T
cell proliferation. This effect is most clearly visible in the HIV+
donor with a low number ofCD29' T cells. These data suggest
that circulating memory T cells in HIV-infected men are
competent and that the impaired T cell reactivity is based on
an imbalance ofT cell subsets.

Discussion

In this study we have shown that T cells from asymptomatic
HIV-infected men are relatively unresponsive to activation via
CD2 and the CD3/TCR complex. These cells, however, have a
quite normal response to activation signals provided by anti-
CD28 MAb. The unresponsiveness is not caused by a failure to
initiate an early biochemical messenger in the intracellular
signal transduction route, since both the rise in [Ca2+,] induced
by anti-CD3 and anti-CD2 MAb and PK-C activation by
PMA appear to be normal. Functional and phenotypical stud-
ies presented in this paper suggest that this unresponsiveness is
caused by an imbalance between naive and memory T cells in
early HIV-infected men. Table V summarizes the data with
regard to functional properties of T cells from early HIV-in-
fected men and naive and memory T cells as they have been
described in normal donors. T cells from asymptomatic HIV+
men and naive CD29-CD45RA' normal donor T cells re-
spond to PHA, alloantigens, and 11-2, but have a poor prolifer-
ative response to soluble and virus-specific antigens, anti-CD3
MAb and mitogenic combinations of anti-CD2 MAb (3, 5, 6,
15, 28-32, 34). In our laboratory it was demonstrated that the
poor response to anti-CD3 and anti-CD2 MAb in naive T cells
could be enhanced by co-stimulation with anti-CD28 MAb
although the responses in naive T cells remained lower than
those in memory T cells (de Jong et al., manuscript in prepara-
tion). Moreover, memory T cells but not naive normal T cells
nor T cells from HIV+ men produce gamma interferon (31,
35). At present the cell biological mechanisms underlying the
functional differences between naive and memory cells are not
known.

In addition to these functional data, we demonstrated that
in asymptomatic HIV-infected men there is a specific loss of
CD29' T cells. In these men the number of CD29' cells was
decreased twofold compared to HIV-negative men, without a

Table V. T Cellsfirom Asymptomatic HIV-infected Men Are
Functionally Identical to Naive T Cells*

T cells in
Functional activity Memory Naive early HIV

(response to) CD29+ CD29- infection

Antigen (S + X) ++- -
Alloantigens +++ +++ +++
PHA +++ +++ +++
A-CD3 +++ + +
A-CD3 +A-CD28 +++ +++ +++
A-CD2 ++ + +
A-CD2 + A-CD28 ++ ++ ++
INF gamma production +++ +
Helper activity +++ +

* For references see the text.

significant increase in the expression of CD45RA. Similar re-
sults were recently published by De Martini et al. (33). Lack of
changes in CD45RA expression upon in vitro activation and
low CD45RA expression on naive CD29- neonatal T cells has
been reported (28), which may indicate that changes in CD29
expression may not necessarily be paralleled by changes in
CD45RA expression. By depletion of CD45RA' cells en-
hancement ofT cell proliferation was achieved. This supports
the option that the observed proliferative unresponsiveness
can be accounted for by a disturbed ratio ofnaive and memory
T cells. Minor qualitative defects in circulating CD29' T cells,
however, cannot be fully excluded.

With respect to the mechanism by which HIV infection
results in an imbalance between naive and memory T cells in
asymptomatic HIV-infected men, one can envisage at least
three possible explanations. Since retroviruses preferentially
integrate in proliferating cells (36) this would implicate that
memory T cells upon antigenic activation in vivo might be the
main target cells to be infected, to produce HIV, and to die or
to be efficiently cleared by HIV-specific cytotoxic T cells (37,
38). Elevated renewal of the T cell pool by influx of naive T
cells may keep the absolute number of T cells constant but
results in an increase ofthe number ofCD29-CD45RA' naive
T cells. On the other hand it can be postulated that HIV indi-
rectly interferes with T cell education and maturation by in-
fection of antigen-presenting cells resulting in lowered expres-
sion ofclass II MHC molecules (39-42) and diminished acces-
sory function (5, 41-43). This also would result in elevated
numbers of naive T cells that fail to respond to antigenic stim-
uli due to their intrinsic functional properties. Finally, it could
be that by direct infection of T cells HIV induces an unre-
sponsiveness to antigenic stimulation and a failure to differen-
tiate from naive precursors to mature memory cells. In a re-
cent paper Linette et al. (44) observed selective defects in early
activation of cultured T lymphocytes obtained from normal
donors that had been infected with HIV in vitro. In that model-
system, where as many as 40% of the anti-CD3 and I-2-acti-
vated cells in culture expressed HIV antigens, functional de-
fects most likely result from direct effects ofHIV infection ofT
cells. In HIV-infected individuals, however, only 0.01% of pe-
ripheral blood leukocytes are infected with HIV or express
HIV antigens (45), ruling out the possibility that unrespon-
siveness observed in T cells is directly due to infection
with HIV.

The finding of a generalized functional impairment in T
cells early in the course of HIV infection, suggests a more
complex interaction between HIV and the immune system
than was initially believed. An early effect ofHIV infection on
T cell responses to self + X, including the anti-HIV response
(46), may disturb the balance between virus and host defense.
Data from our laboratory indicate that early after seroconver-
sion in clinically healthy men who have stable CD4+ T cell
numbers, only low virulent HIV variants can be isolated. Dur-
ing the course of infection more virulent HIV variants arise
that are associated with CD4+ T cell loss and development of
disease (47, 48). The combined immunological and virological
findings in our laboratory suggest that the development of
more virulent variants may be controlled by anti-HIV immu-
nity (37, 38, 49) and that decreased responses to self+ X allow
for more overt HIV replication resulting in the emergence of
virulent HIV variants and subsequent CD4+ cell depletion and
development of disease (48, 50).
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