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Abstract

HIV selectively inhibited the proliferative response of clonal
CD4+ T lymphocytes to alloantigen while other alloantigen-
dependent responses were unperturbed. Specifically, impaired
blastogenesis could be dissociated from alloantigen-specific
induction of the B cell activation molecule CD23, IL4 release,
and inositol lipid hydrolysis. In addition, membrane expression
of pertinent T cell receptor molecules, including CD2, CD3,
and T cell antigen receptor (Ti), remained intact. Using two
MHCclass II-specific human CD4+ helper T cell clones, the
proliferative defect was shown to be an early consequence of
HIV infection, occurring within 4 d of viral inoculation and
preceding increases in mature virion production. It was gener-
alizable to three distinct methods of T cell activation, all inde-
pendent of antigen-presenting cells: anti-CD3 mediated cross-
linking of the CD3/Ti complex; anti-CD2 and phorbol 12-
myristic 13-acetate (PMA); and anti-CD28 plus PMA. These
abnormalities were not mitigated by addition of exogenous
IL-2, even though expression of the IL-2 receptor (CD25) was
unaltered. These studies define a selective blockade in T cell
function early after HIV exposure that could serve as a model
for certain in vivo manifestations of AIDS.

Introduction

One puzzling aspect of the pathogenesis of AIDS is the long
incubation period during which CD4+ T cells, monocytes,
and possibly other cells are thought to be infected with the
etiologic retrovirus, HIV. Absolute numbers of CD4+ cells
and the CD4:CD8 helper/inducer to suppressor/cytotoxic T
lymphocyte ratio may be within normal limits, yet certain
measures of cellular immunity are markedly perturbed (1).
These early events following HIV infection, particularly quali-
tative changes in immune reactivity, are poorly understood.

To examine antigen-specific responses in vitro we used
helper T cell clones reactive with two MHCclass II (MHC-II)'
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1. Abbreviations used in this paper: APC, antigen-presenting cells;
IMDM, Iscove's modified Dulbecco's medium; LTR, long terminal
repeat; MHCII, MHCclass II; PKC, protein kinase C.

determinants. Weshowed that loss of alloreactivity is a direct
consequence of HIV infection (2). It was independent of cell
viability and could be prevented by treatment of target cells
with an anti-HIV agent (2). This system was used here as a
model to examine perturbations in T lymphocyte function
early after HIV exposure. Wenow demonstrate that HIV se-
lectively inhibits the proliferative response of clonal T cells to
alloantigen, while other alloantigen-specific responses remain
intact. This defect is generalizable to several different methods
of T cell activation. MHC-II antigen-specific upregulation of
IL-2 receptors, IL-4 production, and inositol lipid metabolism
are not decreased, and in certain instances may be augmented.

Methods

Cells. PBMCwere isolated from the heparinized venous blood of HIV
seronegative donors. The E-rosette depleted subpopulation (3) was
used as a source of antigen-presenting cells (APC). The derivation and
specificity of the T cell clones have been previously detailed (2, 4, 5).
A57 is an HLA-DR+, CD3+, CD4+, CD8-, IL-2-dependent T helper
cell line that proliferates in response to HLA-DR2+ APC. 86 is a T
inducer clone of identical phenotype that demonstrates HLA-DRl
specificity. Both clones were grown in Iscove's modified Dulbecco's
medium (IMDM; Gibco Laboratories, Grand Island, NY) supple-
mented with 10% FCS and 64 U/ml nonrecombinant IL-2 (Electro-
Nucleonics Inc., Fairfield, NJ).

HIV infection of T cell clones. Definitions of HIV stocks and infec-
tious titers (IDO) were previously outlined (2, 6). A57 or 86 cells were
plated in macrowells (Costar 3512; Costar, Data Packaging, Cam-
bridge, MA) at 0.5 X 106/ml in IMDMplus 10% FCSplus IL-2. They
were exposed to 1,000 ID50 of HIV viral stock, the medium was com-
pletely changed at 18 h, and one-half of the medium removed and
replenished with IMDM plus 10% FCS plus 10% IL-2 every 3-4 d
thereafter.

CD23 induction and assaysfor IL-4. CD23(BLAST-2) is a 45-kD B
cell activation antigen. Its expression is induced by antigen-specific T
helper cells (7) and IL-4 (8). 0.3 X 106 viable 86 or A57 cells, either
uninfected or harvested 1, 2, 3, 4, and 7 d post-HIV exposure, were
washed with PBSand cocultured with 1.0 X 106 APCof appropriate or
irrelevant HLA-DR allotype for 18 h at 37°C in a total volume of 0.5
ml. IL-4 levels were determined in a bioassay involving induction of
CD23 on resting tonsillar B cells as previously detailed (7) using anti-
CD23 MAbEBVCS2(7).

Proliferation assays. 2 X I04 viable cells were resuspended in 0.1 ml
IMDM+ 10% FCS in round-bottom chambers of 96-well microtiter
plates. For alloantigen-mediated stimulation, 1 X 105 irradiated APC
carrying either the appropriate or irrelevant allodeterminants were
used. For MAb-driven mitogenesis, reagents were used at a 1:400 dilu-
tion of ascitic fluid (anti-CD2 and anti-CD28), or a 1:20 dilution of
hybridoma culture supernatant. Cultures, assayed in triplicate, were
maintained for 36 h, the last 18 h of which contained 0.1 Ci of
(3H]thymidine (New England Nuclear, Boston, MA).

Monoclonal and polyclonal antibodies. The MAbs used included:
anti-CD3 454.3, (courtesy of W. Stohl, University of Southern Califor-
nia); anti-CD4 (FFB2.3); anti-CD25 (anti-Tac; T. Waldmann, Na-
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tional Institutes of Health); anti-CD23 (MAb EBVCS2 [7]; Dr. W.
Sugden and Dr. S. Metzenberg, McArdle Laboratory for Cancer Re-
search, Madison, WI); anti-CD2, Ti 12 subtype (MAb 9.6 [9]; P. Mar-
tin, Seattle, WA); and anti-CD28 (MAb 9.3 [10] P. Martin). The T cell
receptor was identified by two reagents: MAbWT31, reactive with the
alpha/beta chain T cell receptor complex, and an anti-clonotypic
MAb, Ti-19.1, which immunoprecipitates the alpha and beta chain
heterodimer exclusively from 86 cells (Posnett, D. N., unpublished
observations). Ti-19.1 is also mitogenic for 86 cells when added in
solution at a 1:20 dilution of hybridoma supernatant together with Fc
receptor-positive cells of any HLA-DR allotype. HIV antigens were
detected using a MAbrecognizing envelope glycoprotein gpl20 (Du-
Pont Instruments, Wilmington, DE) and human polyclonal IgGs Sec
and Cul. The latter reagents were isolated from sera of asymptomatic
HIV-l seropositive individuals by Zeta-chrom 60 ion exchange chro-
matography disc (CUNO, Inc., Meriden, CT) and characterized by
radioimmunoprecipitation of HIV-specific proteins as previously de-
scribed (6).

Immunofluorescence assays. Indirect immunofluorescence was
performed with mouse anti-human MAbscounterstained with fluores-
cein-conjugated F(ab')2 fragments of goat anti-mouse IgG (Tago, Inc.,
Burlingame, CA), or with polyclonal human IgGs counterstained with
fluorescein-conjugated F(ab')2 fragments of goat anti-human IgG,
IgA, and IgM (Cappel Laboratories, Cochranville, PA) (3).

Measurement of IL-2 binding. IL-2 receptor binding was deter-
mined by the method of Robb et al. ( 11) using cells uninfected or 4-7 d
post-HIV inoculation, and serial dilutions of '25I-IL-2 (New England
Nuclear). The specificity of the receptor-ligand intermediate was de-
termined by competitive inhibition of binding using unlabeled anti-
CD25 antibody.

Inositol (poly)phosphate analysis. T cells were labeled with myc-
[3HJinositol in inositol-free RPMI-1640 medium as previously de-
scribed (12). Inositol phosphates were extracted from T cells exposed
to various signals by the addition of 1 ml of chloroform/methanol/
concentrated HCI (100:100:1, vol/vol/vol) followed by 0.2 ml of 10
mMEDTA(12). After centrifugation the upper phase (water soluble)
was isolated from the lower phase (lipid soluble), washed with 0.2 ml of
preequilibrated lower phase buffer, dried under N2, redissolved in 1 ml
of 0.1 Mformic acid, and applied to l-ml columns of anion exchange
resin AG1-X2 (Bio-Rad Laboratories, Richmond, CA) that had been
swollen in 0.1 Mformic acid containing 5 mMmyo-inositol (12). The

columns were sequentially washed with 0.1 M formic acid to elute
inositol, followed by 1 Mammonium formate/0.1 Mformic acid to
elute inositol phosphates. Both inositol and inositol phosphates, which
included inositol mono-, bis-, and triphosphates, were recovered and
3H-labeled radioactivity determined by liquid scintillation counting.

Results

Growth characteristics of clone 86. The dependence of our
alloreactive clones on IL-2 (4, 5) was reestablished for 86 cells.
Between days 4 and 9 of culture viable cell recovery in the
absence of IL-2 was only 44.9% of that achieved by cells
maintained in medium supplemented with 64 U/ml IL-2. Re-
sponse to exogenous IL-2 or IL-4 is difficult to detect among
cells maximally stimulated by the appropriate alloantigen. In
the absence of APCbearing the relevant alloantigen, 64 U/ml
IL-2 led to a 5. 1-fold increase in stimulation index at 48 h after
IL-2 exposure and 5 U/ml recombinant IL-4 led to a 4.9-fold
increase.

HIV infection. 86 cells were exposed to 1,000 ID50 of stock
HIV on day 0, washed 18 h later, and fed every 3-4 d with
fresh medium containing IL-2. Indirect immunofluorescence
was performed on days 1, 3, 6, 8, and 10 post-HIV exposure.
A rapid rise in the number of cells expressing HIV antigens,
reflecting adherence of HIV virions to the membranes of
> 50% of the clonal population, is noted on day 1 (Fig. 1, A
and B). A secondary rise in the expression of HIV antigens,
detected by polyclonal Sec IgG and MAbgpl20, is seen by day
4. In each of four experiments, < 10% of 86 or A57 cells ex-
pressed HIV-specific proteins on day 3, rising to 10-50% by
day 8 and 50-75% by day 12. Through day 8 these cells main-
tained viability equivalent to control cultures, 85±9% by try-
pan blue dye exclusion. In addition, little variation in total cell
concentration was noted through day 8. For example, mean
viable cell recovery was equivalent for both uninfected (86%)
and infected (83%) 86 cells on day 4, the point at which initial
proliferative determinations and subsequent metabolic and
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Figure 1. Effect of HIV on T cell receptor antigen complex expression and MHC-restricted immune reactivity. (A) Clone 86 cells were exposed
to 1,000 ID50 HIV. Indirect immunofluorescence was performed over the next 10 d using antibodies directed against HIV epitopes (Sec, * ---*;
anti-gpl20, * *) and the CD3/Ti complex (anti-CD3 MAb, o ---- o; anti-T cell receptor complex MAbWT31, A -- - - &; and anti-clono-
typic MAbTi-19.1, o o). (B) Clone 86 cells were exposed to 1,000 ID50 HIV for 2 h at 37'C, washed, and maintained in medium contain-
ing 64 U/ml IL-2. Cell aliquots were removed at intervals and evaluated for HIV-specific proteins, proliferation to HLA-DR1 positive APC,
and ability to induce CD23 expression on HLA-DR1 positive B lymphocytes. Results are presented as percent lymphocytes expressing HIV an-

tigens by immunofluorescence with polyclonal antiserum Cul (A), frequency of B cells staining with anti-CD23 MAbEBVCS2as a percent of
those in cultures unexposed to HIV (o), or counts per minute of [3H]thymidine incorporation in cultures exposed to DR1+ APC(-). Back-
ground fluorescence of parallel cultures not exposed to HIV was 0.6%. Alloproliferation of uninfected 86 cells was 5,500 cpm. CD23 induc-
tion by an HLA-DRI negative APCwas < 4%.
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secretory assays were performed. (It should be noted that in
our system clonal cultures were not restimulated with APC
until aliquots were removed for testing. Spontaneous cell pro-
liferation and thus cell concentration in infected or uninfected
cultures naturally declined within 8 d after the last exposure to
antigen.) In previous longer term experiments with these
clonal cultures (2), in which refeeding with IL-2 and APCwas
permitted, total cell concentration did decline markedly by
day 12, with 152% viable cell recovery for untreated 86 cells,
and 33.4% for the HIV-infected counterpart (2).

Effect ofHIV on alloproliferation of 86 cells. At intervals of
2 h-7 d post-HIV exposure, 86-cell aliquots were removed
and evaluated for HIV-specific proteins, reactivity to alloanti-
gen, and activation by MAbTi- 19. 1. Complete abrogation of
proliferation to both alloantigen (Fig. 1 B) and anti-clonotypic
antibody (data not shown) was noted 4 d post-HIV inocula-
tion.

Effect of HIV on phenotypic expression of T cell surface
membrane antigens. To ascertain whether antigen recognition
was intact after HIV infection, it was important to determine
whether expression of critical membrane receptor molecules
was affected. The percentages of cells staining with reagents
defining the T cell receptor complex (CD3, WT31, and
Ti- 19. 1; Fig. 1 A) were simultaneously evaluated. Nearly 100%
of cells in control and HIV-infected cultures continued to stain
with these antibodies at equivalent intensity through day 8.

Effect of HIV on CD-25 expression, CD-23 induction, and
IL-4 secretion. In clone 86 high affinity IL-2 binding sites were
found to be < 500 per cell at a time point of maximal CD25
expression. Because of these low numbers of binding sites and
considerable nonspecific background it was technically diffi-
cult to adequately compare HIV infected vs. uninfected cells
by assaying for high-affinity '25I-IL-2 binding. However, the
IL-2 receptor alpha chain, assayed by CD25 expression, was
clearly upregulated in both infected and control cells after ex-
posure to alloantigen, suggesting that functional IL-2 receptors
are indeed present after HIV infection.

86 cells in the resting state were 23.0±2.2% CD25 positive.
Exposure to an irrelevant alloantigen led to a < 5% increase in
CD25 expression. In the presence of HLA-DR1 APCthe per-
centage of positive T cells rose to 61.1% in control samples and
69.1% in HIV-infected cultures.

To determine whether antigen-specific functions other
than proliferation were affected after HIV exposure, several
MHC-restricted activities of these clones were examined. De-
spite the defect in DNAsynthetic response to alloantigen in-
duced by HIV (Fig. 1 B), infected 86 cells were capable of fully
inducing CD23 in B lymphocytes in an MHC-II antigen-spe-
cific fashion (Fig. 1 B). This response is thought to be mediated
at least in part by IL-4 (7, 8). Wethus sought to determine
whether HIV had an effect on generation and secretion of IL-4.
Up to 7 d post-HIV infection no effect on IL-4 production in
response to antigen-specific signals was detected. In A57b cells,
the uncloned bulk culture from which A57 was derived, < 0.5
U/ml of IL-4 was produced in the presence of a non-HLA-
DR2 APC, rising to 3.0 U/ml for uninfected cells and 4.5
U/ml for HIV-infected cells in the presence of an HLA-DR2+
APC. In 86 cells HLA-DRI APCinduced 5.5 U/ml in control
cultures and 7.0 U/ml in cells exposed to HIV for 5 d.

Effect of HIV infection on inositol lipid hydrolysis. The
CD3/Ti complex transduces extracellular stimuli across the
plasma membrane, generating intracellular signals via phos-

pholipase-dependent inositol lipid hydrolysis. This hydrolysis
results in the formation of two second messenger molecules:
inositol triphosphate, which causes an increase in intracellular
free calcium ions ([Ca2+Ji), and diacylglycerol, which serves as
a cofactor in the activation of protein kinase C (PKC). To
examine the effect of HIV infection on signal transduction,
[3Hjinositol phosphates were isolated. Table I demonstrates
that enhanced inositol phosphate production was specifically
induced by antigen, and unaffected by HIV at a time point 5 d
after HIV exposure, when proliferation to alloantigen is com-
pletely blocked (Fig. 1 B).

Effect of HIV on clonal expansion by antigen-nonspecific
mitogenic signals. The possibility that the HIV-induced pro-
liferative defect is specific to T cell activation via the CD3/Ti
complex was addressed using three methods of T cell activa-
tion. The first involved reagents that interact with nonpoly-
morphic parts of the CD3/Ti complex (anti-CD3 MAb). The
second involved binding of the CD2 ligand (anti-CD2 MAb)
plus phorbol 12-myristic 13-acetate (PMA). The third used
MAbagainst the CD28 molecule plus PMA(10). High con-
centrations of anti-CD3 MAbalone, or PMAin conjunction
with either anti-CD3, anti-CD2, or anti-CD28 reagents, in-
duced a blastogenic response in T helper cell clones (Table II).
HIV infection completely abolished proliferation to all three
signals by 4 d post-HIV exposure.

Since these clones are IL-2 dependent, produce large
amounts of IL-4, and are also IL-4 responsive, we examined
these ILs as potential sites of the HIV-induced defect. IL-2
production is minimal (< 0.5 U/ml) and cannot be measured,
but exogenous IL-2 failed to reverse the proliferative defect.
This was true for both alloantigen- and MAb-mediated T cell
activation (Fig. 1 B and Table II), all of which included 64
U/ml IL-2, as well as separate experiments increasing the IL-2
concentration to 128 U/ml (data not shown). Similarly, 5
U/ml recombinant IL-4 had no effect on bypassing the prolif-
erative defect to alloantigen or anti-CD3 MAb.

Effect of T cell activation on HIV replication. Wesought to
determine whether an enhancement of HIV replication conse-
quent to the various mitogenic signals used might be responsi-
ble for the proliferative defects observed. Culture supernatants
were solubilized in 0.5% Triton X-100 and HIV p24 core anti-

Table I. Effect of HI V on APC-enhanced Inositol Phosphate
Formation in Clone 86 Cells

Culture HIV Percent change
conditions (1,000 IDE15) [3H]Inositol phosphates over control

cpm±SD

86 + medium - 113±5 -

86 + DRI- - 104±14 0
86 + DRI+ - 326±15 +288
86 + medium + 87±10 -

86 + DRI- + 73±8 0
86 + DRI+ + 300±23 +344

86 cells, uninfected or 4 d after exposure to HIV, were labeled with
myo-[3H]inositol. [3HlInositol phosphates were determined after 1 h
of culture with the indicated stimuli. Values represent the mean±SD
of triplicate cultures. Percent change over control is calculated rela-
tive to cells cultured with medium alone.
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Table II. Effect of HIV on Proliferative Responses of Clonal T Lymphocytes to Antigen-specific and -nonspecific Mitogenic Signals

Stimuli* [3H]Thymidine incorporationt

Clone Experiment APC MAb PMA Control HIV-infected

cpm S.f. cpm SI.

A57 1 - - - 141±18 1 463±18 1
irrel. + - - 161±48 1.1 459±40 1.0

rel. + - - 3,122±98 22.1 539±23 1.2
- - + 161±48 1 459±40 1
- CD2 + 2,307±393 14.3 340±71 0.7
- CD3 + 1,706±128 10.6 330±27 0.7

2 - - - 284±95 1 314±43 1
- CD3 - 1,623±127 5.7 228±11 0.7
- - + 178±10 1 506±166 1
- CD3 + 1,210±238 6.8 337±14 0.7

3 - - + 286±47 1 297 1
- CD28 + 1,945±560 6.8 265±47 0.9

86 1 - - - 254±78 1 253±33 1
- CD2 - 236±82 0.9 257±71 1.0
- - + 197±62 1 218±8 1
- CD2 + 595±59 3.0 167±12 0.7

2 - - - 358±129 1 222±54 1
irrel. + - - 394±92 1.1 312±41 0.9

rel. + - - 2,222±788 6.2 347±16 1.6

* MAbswere used as a 1:400 dilution of ascites (CD2 and CD28) or a 1:20 dilution of supernatant (CD3). PMAwas used at 50 ng/ml. Irra-
diated, E-rosette negative stimulator cells (APC) carried either the relevant (rel. APC) or irrelevant (irrel. APC) allodeterminant for the T cell
clone examined. $ Cells, uninfected or 24 h post-exposure to 1,000 ID5o HIV, were plated in round-bottom microwells in the presence of an
equal number of irradiated APC, MAb, or PMA. Cultures were maintained for 3 d, the last 18 h of which ['H]thymidine was added. All values
represent the mean±SDof triplicate cultures. The stimulation index (S.I.) was calculated as (cpm of sample with stimulus)/(cpm of sample
without stimulus).

gen levels measured by an antigen capture system (Abbott
Laboratories, North Chicago, IL). At the early time points
investigated there was no increase in extracellular virus related
to any of the T cell activation signals. In one experiment,
supernatants contained 147.6 ng of p24 antigen/ 106 86 cells at
6 d post-HIV exposure in the absence of a mitogenic signal.
This is not significantly different from the 129.1±21 ng de-
tected in a series of six conditions of T cell activation (MAb
plus PMA). In a second experiment, 47.4 ng of p24 was de-
tected under baseline conditions, unchanged from the
45.3±6.9 ng found under 10 different conditions of mitogenic
stimulation.

Discussion

HIV inhibits the proliferative response of helper T cells to
alloantigen and other mitogenic signals. Wesought to deter-
mine whether this defect was a consequence of receptor ex-
pression and antigen recognition, or occurred at more distal
sites.

In our system, the initial afferent steps required for antigen
recognition must be intact, as CD25 is upregulated, IL-4 se-
creted, and CD23 induced on B cells in an antigen-specific
manner. In parallel, we found the CD3/Ti complex intact and
inositol lipid hydrolysis in response to alloantigen increased
normally despite HIV infection. These data support recent
models suggesting that HIV binding through its gpl20 outer

envelope should be incapable of inhibiting MHC-II recogni-
tion events by helper T lymphocytes, even when bound to
their CD4structures (13).

The marked increase in CD25 expression, equivalent to
uninfected control cells, when HIV infection was coupled with
clonal activation, is also important as HIV infection decreases
IL-2 mRNAand IL-2 secretion (14). However, exogenous IL-2
or IL-4 did not overcome the proliferative defects seen in our
clones.

Use of IL-2-dependent human T cell clones such as 86 and
A57 is particularly advantageous in terms of defining the
mechanism of this alteration. Differences observed in trans-
formed CD4+T cell lines may not be physiologic. HIV infec-
tion of PBMCscreate other problems, both because of the very
low frequency of infected cells in such samples, typically
peaking at 5%-15% by membrane immunofluorescence, and
the presence of APC, which themselves may be infected and
compound any change. These clones also permit comparisons
with a related human retrovirus, human T lymphotropic virus
type 1, which alters T cell alloreactivity in a different manner.
HumanT lymphotropic virus type 1 infection causes certain
CD4+ T cell clones to proliferate nonspecifically to multiple
class II determinants (reviewed in reference 2) even as other
clones retain antigen specificity and cytolytic capacity (15).

The possibility that a suppressor factor or suppressor cell
phenomenon was involved in the proliferative defect was also
entertained. This hypothesis, by which a small number of
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HIV-infected cells would inhibit a much larger population of
uninfected lymphocytes, was considered in our initial descrip-
tion of this clonal system (2), and again addressed. Cell-free
supernatants from 86 cell cultures 4 d post-HIV exposure
were added at a 1:3 or 1:9 final dilution (vol/vol) to fresh
cultures of 86 cells and irradiated APC. No inhibition of allo-
proliferation was noted. Infected cells from similar 5-d cul-
tures were added to uninfected cells at ratios of 1:1, 1:4, and
1:8, along with APCs, again without evidence for a suppressor
cell phenomenon.

It is conceivable that the proliferative abnormality is due to
altered metabolic events critical to signal transduction. Inosi-
tol lipid metabolism remained intact despite alterations in
DNAsynthetic response identified at these early time points. It
is clear that later stages of infection reveal a variety of effects
on lipid metabolic pathways, including increased triglyceride
synthesis but decreased phosphatidylcholine and diacylglyc-
erol (16). However, the inositol phosphates appear to be the
key second messengers in our clones (12). Our data also sug-
gest that altered signal transduction is not the cause of the
proliferative defect, as other antigen-specific responses of our
HIV-infected clones were left intact. Membrane potentials
may be depolarized and baseline [Ca2+]i increased in long-term
HIV-infected T cell lines unresponsive to anti-CD3 MAb(17).
Similarly, long-term ( 14-40 d) exposure of human T lympho-
cytes to HIV resulted in an inability to mobilize Ca2' and an
alteration in CD3/Ti expression after stimulation with anti-
CD3 (18). In our clones, proliferative defects occurred much
earlier after infection, and stimulation by way of CD28 would
have been expected to bypass signal transduction via [Ca2+]i
shifts, as it appears to function independently of CD3/Ti or
alteration of [Ca2+], (10). Our data with early HIV infection are
also consistent with the lack of suppression of inositol lipid
metabolism and calcium release in CD4+ cells exposed to
HIV- 1 envelope glycoprotein gp l 20 alone (19).

Finally, the relationship of the process of T cell activation
itself to the proliferative defect must be considered. The two
models for Ca2+ mobility changes described above (17, 18)
were complicated by large increases in HIV production coin-
cident with stimulation of these chronically infected cells. Ac-
tivated T lymphocytes produce a nuclear protein, NF-kappaB,
which binds to an enhancer element in the HIV 5'-long termi-
nal repeat (LTR) and increases viral gene expression in concert
with the product of the tat transcription unit (20). The HIV
LTR is also susceptible to stimulation by PHA- and PMA-in-
duced products (21), and PMAitself augments HIV replica-
tion in a chronically infected CD4+ T lymphoblastoid cell
line, leading to decreased cell growth and increased cytopathic
effects (22). In contrast, we concentrated on much earlier time
points after HIV infection and uncovered no enhancement of
mature virion production.

Wepostulate that HIV regulatory genes are activated by
direct LTR stimulation through all of the mitogenic signals
used, all of which activate PKC. This could upregulate viral
regulatory trans-acting factors before production of structural
gene products. Qualitative defects without significant loss of
viability could then occur in the absence of large amounts of
HIV structural proteins, as high concentrations of envelope
gpl20 appear essential for cell death (14).

The identity of the transcription units that might be in-
volved in these qualitative defects remains to be determined.
Two attractive candidates are nef(3'-orf ) and rev (art/trs). It is

known that the protein products of these regions are phos-
phorylated subsequent to at least two types of activation signal
we used (PMA plus anti-CD2 or PMAplus anti-CD28) (23,
24). Nef also appears to have a role in viral latency, augment-
ing HIV transcription when modified (23, 25). Indeed, while
activation of PKCby inducers of phosphoinositol metabolism
may have multiple effects on the level of HIV gene expression,
HIV infection itself may positively alter expression of certain
cellular genes. It appears to upregulate IL-l (14) and B cell
growth and differentiation factor-like activities (26), and our
data suggest an increase in IL-4.

The relevance of our model of acute HIV infection to the
situation in vivo requires further investigation. Certain studies
indicate that functional T cell defects occur despite little de-
monstrable viral replication in vivo, with < 0.1% of the periph-
eral T cell pool containing HIV nucleic acid to the limits of in
situ hybridization techniques (27). However, much greater
numbers of cells may undergo low level chronic or latent in-
fection, from which HIV may only be recognized after appro-
priate stimulation (14). Our findings do parallel proliferative
abnormalities seen using T lymphocytes from early HIV-in-
fected individuals (1), and may help to explain the lack of in
vitro and in vivo efficacy of IL-2. In addition, our documenta-
tion of intact CD23 induction and IL-4 secretion despite other
T cell defects may be relevant to the hyperstimulation of B
lymphocytes characteristic of AIDS ( 14).
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