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Abstract

The interference of the recombinant HIV-1 glycoproteins
gp160 and gp120 with the CD3/T cell antigen receptor (TcR)-
mediated activation process has been investigated in the CD4+
diphtheria toxoid-specific human P28D T cell clone. Both
glycoproteins clearly inhibit the T cell proliferation induced in
an antigen-presenting cell (APC)-free system by various
cross-linked monoclonal antibodies specific for the CD3 mole-
cule or the TcR a chain (up to 80% inhibition). Biochemical
studies further demonstrate that exposure of the T cell clone to
both glycoproteins (gps) specifically inhibits the CD3/TcR
phospholipase C (PLC) transduction pathway, without affect-
ing the CD3/TcR cell surface expression. Thus, inositol phos-
phate production, phosphatidic acid turnover, intracellular free
calcium, and intracellular pH increase induced by CD3/TcR-
specific MAbsare specifically impaired in gps-treated P28D T
cells. Addition of purified soluble CD4prevents binding of gps
to T cells and overcomes all observed inhibitions. Maximal
inhibitions are obtained for long-term exposure of the T cell
clone to gps (16 h). No early effect of gps is observed. By
contrast, gpl60 and gpl20 fail to suppress the CD2-triggered
functional and biochemical P28D T cell responses. These re-
sults demonstrate that, in addition to their postulated role in
the alteration of the interaction between CD4 on T lympho-
cytes and MHCclass II molecules on APC, soluble HIV-1
envelope glycoproteins may directly and specifically impair the
CD3/TcR-mediated activation of PLC in uninfected T cells via
the CD4molecule. (J. Clin. Invest. 1990. 86:2117-2124.) Key
words: acquired immunodeficiency syndrome * immunosup-
pression - T cell activation * phospholipase C * CD4

Introduction

HIV- 1 infection in humans results in quantitative and qualita-
tive defects in the CD4helper/inducer T cell function (1). The
selective infection of CD4+ T cells by HIV- 1 is governed
through the high affinity interaction between the viral enve-
lope glycoprotein gp 120 and T cell surface expressed determi-
nants of the CD4molecule. Different works showed that solu-
ble gp 120 itself could exert a suppressive effect on T cell re-
sponses. Thus, gp 120 could alter the antigen-specific
proliferation of human uninfected CD4+T cells (2-4) thereby

Address reprint requests to Dr. Daniel Cefai, Laboratoire d'Immuno-
logie Cellulaire et Tissulaire, CNRSUA186, Bat. CERVI, 83 Bvd. de
l'Hopital, 75013 Paris, France.

Receivedfor publication 16 November 1989 and in revisedform 27
July 1990.

probably contributing to a part of the HIV- 1 observed immu-
nosuppressive effects. Such proliferative responses require that
soluble antigen should be processed by antigen-presenting cells
(APC)' and presented to T cells in the context of MHCclass II
molecules (5). They also usually require that CD4 on T cells
bind to monomorphic epitopes of MHCclass II molecules on
APC(6). It was therefore proposed that gpl 20 could competi-
tively block this interaction by binding to CD4. This was fur-
ther supported by the finding that inhibition of T cell function
by gp 120 does not require the cytoplasmic domain of CD4(4).
Purified CD4+ T cells infected in vitro with HIV- 1 have been
shown to exhibit a selective signaling defect in their prolifera-
tive and biochemical responses to CD3-specific MAbs (7).
Gp120 was also shown to inhibit T cell activation triggered by
various mitogens (8) or CD3-specific MAbs in the presence of
APC (9). However, participation of the gp 120 competitive
blocking effect in this inhibition remains unclear.

Recent works have shown it to be likely that the CD4
molecule may have a signaling role in human T cells and is
perhaps directly involved in signal transduction. The main
evidence was that CD4-specific MAbs could inhibit T cell
stimulation driven by ligands such as: mitogenic lectins or
CD3-specific MAbs (10-12). Bank et al. showed that CD4
could deliver inhibitory signals to T cells independent of MHC
class II recognition (13). It was therefore suggested that binding
of gpl20 to CD4 may also transmit negative signals to T
cells (9).

In this report, a human diphtheria toxoid (DT)-specific
CD4+T cell clone was used to investigate how purified HIV- 1
glycoproteins gpl 60s and gp 1 20s could alter the CD3/T cell
antigen receptor (TcR)-transducing biochemical pathway me-
diated independent of accessory cells by MAbs specific both
for the TcR a/f heterodimer or the CD3 molecule.

Methods

Reagents. Myo-[2-3H]inositol (10-20 Ci/mmol) and [32Pjorthophos-
phoric acid (carrier free) were from Amersham International, Amer-
sham, UK. [6-3H] thymidine (1 Ci/mmol) was from ORIS, Gif sur
Yvette, France. Diphtheria toxoid (5,000 Lf/ml) was kindly provided
by Dr. Perquin, Institut Pasteur, Paris, France.

Purification of gpJ60s, gpJ20s, and soluble CD4 (sT4). gpl6Os (s
for soluble) is a derivative of the HIV-1 LAV/BRU strain envelope
glycoprotein (14) that was deleted of its transmembrane domain and
its cleavage site (15). Expression was obtained by infection of BHK21
cells with the vaccinia recombinant virus clone 1163 (15). Secreted

1. Abbreviations used in this paper: APC, antigen presenting cell;
BCECF/AM, 2',7'-bis-(2-carboxyethyl)-5-carboxyfluorescein, tetraace-
toxymethylester; [Ca2+]s, intracellular free calcium; DAG, diacylglyc-
erol; DT, diphtheria toxoid; gp, glycoprotein; gps, soluble gp; IP, inosi-
tol phosphate; PA, phosphatidic acid; PI, phosphatidyl inositol; PKC,
protein kinase C; PLC, phospholipase C; TcR, T cell-antigen receptor.
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gpl60s was purified by gel filtration and reverse HPLC(Kaczorek, M.,
unpublished results). Gpl20s is a derivative of the HIV-l envelope
glycoprotein (6) that was deleted of its gp4l moieties (I15). Expression
was obtained as described above by infection of BHK21 cells with the
vaccinia recombinant virus clone 1 132. Secreted gpl20s was purified
by gel filtration and affinity lectin chromatography (not published).
Purity of both supernatants was greater than 75 and 90%, respectively,
as estimated by HPLCand SDS-PAGE(not shown). A control super-
natant was purified in the same conditions from BHK21 cells infected
with wild-type vaccinia virus. A soluble form of the extracellular
moiety of the CD4protein was produced in CHOcells using previously
described procedures (16). After ammonium sulfate precipitation, re-
suspended soluble CD4(sT4) was extensively dialyzed and purified by
FPLC on a mono-Q Sepharose column (Pharmacia, Inc., Uppsala,
Sweden). Purity of sT4 was > 90% as assessed by SDS-PAGEand
FPLC profiles (not shown).

Monoclonal antibodies. CD3-specific MAbX35 (IgG2a), a kind
gift of Dr. Bourel, Centre National de Transfusion Sanguine, Rennes,
France, and CD2-specific MAbsX 1 and D66, kindly provided by Dr.
A. Bernard, Institut Gustave Roussy, Villejuif, France, were previously
described (17, 18). MAbs CD3-4B5 (IgGl) and SMC2 (IgM), both
specific for the CD3 molecule, were obtained through the exchanges of
the 4th International Workshop and Conference on Human Leuko-
cyte Differentiation Antigens. UCHT1 myeloma cells were kindly
given by Dr. P. C. L. Beverley, Imperial Cancer Research Center,
London, UK. MAblC5Va (IgGl) specific for the a chain of the P28D
TcR was developed in our laboratory (1 8a). Purified MAbsOKT4and
OKT4a (IgG2a) were from Ortho Pharmaceutical, Raritan, NJ. Gp
110-specific MAb 110.4 was obtained from Genetic Systems Corp.,
Seattle, WA. All MAbs, except OKT4and OKT4a, were used as ascitic
fluid.

Tcells. HumanDT-specific T cell clone P28D was derived from an
HLA-DR6/7 healthy individual as previously described (19). It was
propagated in complete culture medium consisting of RPMI 1640
supplemented with 5% pooled human serum, 2 mML-glutamine, 1
mMNa-pyruvate, penicillin, and streptomycin by periodic restimula-
tion with the antigen presented by an autologous EBV-transformed B
cell line (B LCL). Recombinant IL-2 (10-20 U/ml) was added every 3
d to maintain cell growth and viability. In all experiments the cells were
used at day 14 of the restimulation cycle, 3 d after the last addition of
fresh IL-2 (> 95% in the GO/G1 phase of the cell cycle, not shown).

T cell proliferation assays were performed in 96-well flat-bottomed
microtiter plates in complete culture medium in a final volume of 200
Ml. 5 X I04 T cells per well were stimulated with the specified MAbs in
the presence or absence of gps (4 ,ug/ml). All CD3/TcR-specific MAbs
were cross-linked with a 1/400 dilution of a rabbit anti-mouse Ig
antiserum. Antigen-specific proliferation assays were carried out in the
same conditions with DT (30 gg/ml) using 2.5 x 104 MHCclass
II-expressing L cells (see below) per well as APC. Proliferation was
measured after a 3-d culture by a 16-h pulse with 1 MCi per well of
[3HJthymidine.

For immunofluorescence analysis, an indirect staining with fluo-
rescein isothiocyanate-conjugated affinity-purified goat anti-mouse
IgG Fc fragments (Nordic Immunology, Tilburg, The Netherlands)
was used as described (10). Immunofluorescence analyses were per-
formed on a Facstar cell sorter (Becton Dickinson & Co., Mountain
View, CA).

MHCclass II transfectants. Mouse L cell fibroblast transfectant
L12.2 (DRa:DR7(B1) was produced as reported (20). It was shown to
efficiently present DT antigen to P28D T cell clone in the context of
the DR7#,B molecule of the DR7haplotype (21). Cells were cultured in
RPMI 1640 medium supplemented with 10% FCS, 2 mML-gluta-
mine, 50 U/ml penicillin, 50 ug/ml streptomycin, and 250 ug/ml
Geneticin (G418) (Sigma Chemical Co., St. Louis, MO).

Phospholipase Cactivity. Measurement of inositol phosphates (IPs)
production and 32P-labeling of phosphatidic acid (PA) were performed
as previously described (22, 23). Briefly, for the IPs production assay, T
cells were overnight-labeled with myo-[2-3H]inositol (10 MCi/ml) in

inositol-free medium, washed, and incubated ( 107/ml) in Hanks' solu-
tion containing 10 mMLiCl for 20 min at 37°C. Aliquots of the cell
suspension (100 ul) were then stimulated with the different MAbs or
with antigen-pulsed DR7,1 transfectants (50 ,ug/ml of DT overnight)
for 30 min at 37°C. IPs were quantified by anion-exchange chromatog-
raphy on Dowex AGl-X8 in the formate form (Bio-Rad Laboratories,
Richmond, CA), as reported (13). For PAanalysis, T cells were washed
twice in a phosphate-free buffer containing 20 mMHepes (pH 7.2),
150 mMNaCl, 1 mMMgC12, 5 mMKCI, 1 mMCaCl2, and 0.1%
glucose. Cells were resuspended in the same buffer (107/ml) and incu-
bated in carrier-free [32P]orthophosphoric acid (50 ,uCi/ml) for 60 min
at 37°C. Aliquots of the cell suspension (100 Ml) were then stimulated
with the different MAbs for 30 min at 37°C. The reaction was stopped
with concentrated HCI, the 32P-labeled phospholipids extracted, sepa-
rated, and PA quantified (22).

Determination of intracellular free Ca2" concentration. P28D T
cells were washed in a solution containing 25 mMHepes, pH 7.2, 125
mMNaCl, 5 mMKCI, 1 mMNaH2PO4, 1 mMCaC12, 0.5 mM
MgCl2, and 0.5% glucose, resuspended (107/ml) in the same medium,
and incubated in the dark for 30 min at 37°C with membrane-perme-
able Fura-2 acetoxymethyl ester, 3 MAM(Calbiochem-Behring Corp.,
San Diego, CA). Cells were then washed and transferred to quartz
cuvettes thermostatically controlled at 37°C. Fura-2 fluorescence was
recorded on an LS-5B luminescence spectrometer (Perkin-Elmer
Corp., Nancy, France) using 10-nm slit widths for both excitation and
emission as described (14). [Ca2+], (intracellular free calcium) was cal-
culated according to the equation [Ca2+1] = 225 X (R - Rmin)/(Rmax
- R) X Sf380/Sb380 as published by Grynkiewicz et al. (24).

Intracellular pH measurements. T cells were suspended (107/ml) in
PBS, pH 7.2, and incubated with 2.5 jig/ml of the esterified indicator
2',7'-bis42-carboxyethyl)-5-carboxyfluorescein, tetraacetoxymethyles-
ter (BCECF/AM) (Calbiochem) at 37°C for 30 min. Loaded cells were
then allowed to equilibrate for 30 min in the same medium, washed
once, resuspended in 2.5 ml of the same medium, and transferred into
a 37°C prewarmed quartz glass cuvette. Agonist was added at the
indicated times after establishment of a stable base line. BCECFfluo-
rescence was measured with an LS-5B luminescence spectrometer
(Perkin-Elmer) using wavelengths for excitation and emission of 500
and 530 nm, respectively. Calibration of fluorescence signals with in-
tracellular pH (pHi) was carried out using nigericin and K+ medium as
described (25).

Results

gpl6Os and gpJ20s inhibit P28D T cell proliferation triggered
via the CD3/TcR molecular complex. Mitogenic responses of
T lymphocytes, including resting P28D T cells (not shown) to
soluble CD3/TcR-specific MAbs usually depend upon the
presence of accessory cells. Since gpl20 has been shown to
interfere with the APC-T cell interaction (2, 4), the CD3/TcR-
mediated proliferative signal was delivered independent of au-
tologous peripheral blood mononuclear cells by cross-linked
antibodies. As shown in Fig. 1 (B), gpl60s and gpl20s inhibit
P28D proliferation induced by CD3-specific MAbX35 in a
dose-dependent manner (45 to 80% maximal inhibition de-
pending on the experiments, n = 5). Note that HIV-1 glyco-
proteins used alone did not induce any significant P28D prolif-
eration. In agreement with previous works (2, 4, 9), the anti-
gen-specific proliferation, performed in parallel with an
optimal concentration of DT (30 ,g/ml) presented by DR7#1-
transfected fibroblasts, was also found to be severely impaired
by gps (A). Note that in this system of antigen presentation
using transfected mouse fibroblasts as APC, only CD4-MHC
class II molecules interaction may occur. No other cell adhe-
sion molecules that primarily facilitate physical interaction
between APC and T cell (i.e., leukocyte function associated
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Figure 1. Dose-dependent inhibitory effect of gpl60s and gpl20s on
antigen-specific and CD3-induced P28D T cell proliferation. (A) T
cells were stimulated with DT (30 ug/ml) presented by DRa:DR7#1
transfected fibroblasts (2.5 X 10' per well) in the presence of various
concentrations of gpl60s (m) or gpl20s (-). Proliferation was mea-
sured on day 3 after a 16-h pulse with [3H]thymidine. (B) T cells
were stimulated with anti-CD3 MAbX35 (1/400 dilution of ascitic
fluid) in the presence of various concentrations of gp 1 60s (s) or
gp 120s (-). The effect of gp 160s (o) and gp 120s (A&) used alone is also
shown. Proliferation was measured as in A. Results are expressed as
the mean cpm of triplicate determinations (SD < 10%). Representa-
tive of five different experiments.

antigen/intercellular adhesion molecule family), are involved
(Cefai, D., unpublished results).

The effects of gps on the P28D proliferation induced by
different CD3/TcR or CD2-specific MAbs were compared to
search for a specific effect of gps on the CD3/TcR-stimulated
proliferation. Table I shows that stimulation by various CD3-
specific MAbs with different isotypes, as well as by MAb
lC5Va specific for the a chain of P28D TcR, is clearly im-
paired, indicating that gps inhibit all the triggering signals me-
diated through the CD3/TcR molecular complex. As shown,

Table I. Specific Inhibition by gpJ20s and gpl60s of the P28D
Proliferation Induced via CD3but Not via CD2*

[3H]Thymidine incorporation

gpl2Os gpl6Os
MAbs Control gpl2Os +sT4 gpl6Os +sT4

cpm

None 120 160 140 150 180
X35 (CD3) 10,114 2,670 9,403 2,326 9,100
UCHT1(CD3) 11,542 2,080 10,818 2,254 10,724
CD3-4B5 (CD3) 9,687 5,030 8,854 5,135 9,012
SMC2(CD3) 8,664 4,887 8,245 4,936 8,126
IC5Va (TcR) 7,274 3,192 6,846 3,055 7,026
X11 /D66 (CD2) 50,192 48,192 ND 47,668 49,118

*5 x 104 P28D T cells per well were cultured with the various MAbs
(1/400 final dilution) in the presence or absence of gpl60s or gpl20s
(4 Atg/ml) and with or without addition of 4 Atg/ml of soluble CD4
(sT4). Anti-CD3 and anti-TcR MAbswere cross-linked with a 1/400
dilution of a rabbit anti-mouse Ig antiserum. Proliferation was mea-
sured on day 3 after a 16-h pulse with I ;&Ci of [3H]thymidine. Re-
sults are expressed as the mean cpm of triplicate determinations (SD
< 10%). Representative of four different experiments. ND, not done.

addition of soluble CD4sT4 (4 gg/ml) was found to reverse in
all cases the gps-induced inhibition. A control supernatant pu-
rified from wild-type vaccinia virus-infected BHK21 cells
failed to inhibit the P28D proliferative responses to the differ-
ent CD3-specific MAbs, even at protein concentrations five-
fold higher than gps preparations (not shown). Moreover, cell
viability, as assessed by trypan blue dye exclusion, was > 98%
in control and gps-treated T cells. As suggested in previous
studies on HIV-l-infected T cells (7, 26), the proliferation
induced by a mitogenic combination of two CD2-specific
MAbs X 1I + D66 was unaffected by gps. These results dem-
onstrate that only the CD3/TcR-stimulating pathway is inhib-
ited by gps in P28DT cells. Wetherefore conclude that gpl60s
and gpl20s specifically inhibit, in an APC-free system, the
CD3/TcR pathway leading to T cell proliferation. These re-
sults also suggest that the observed inhibitions probably in-
volve a mechanism distinct from or additional to the alteration
of the specific interaction between CD4 on T cells and MHC
class II determinants on APC.

gpJ60s and gpJ20s inhibit the phosphoinositide transduc-
tion pathway mediated via the CD3/TcR but not the CD2. In
the T cell activation process, hydrolysis by phospholipase C
(PLC) of inositol phospholipids is one of the earliest biochemi-
cal events triggered by specific antigen (27) or MAbs directed
against cell surface activation molecules like the CD3/TcR
complex (28) or the CD2 (22, 29). As a result of this enhanced
activity of PLC, both an accelerated turnover of phosphoino-
sitides (23) and an increased production of IPs (22, 28) are
usually noticed. The results presented above led us to search
for a possible inhibitory effect of the HIV- 1 glycoproteins on
the PLC signaling pathway.

P28D T cells were labeled with [3H]inositol for 24 h and
incubated with 4 gg/ml of gpl60s or gpl20s or wild-type vac-
cinia virus-infected BHK21 cells control supernatant for dif-
ferent periods of time. T cells were stimulated for 30 min with
CD3-specific MAbX35 and IPs production was measured. As
shown in Fig. 2, we did not find any significant alteration of
the IPs production for short term exposure of P28D T cells to
gps. However, a significant inhibition appeared after 6 h of
incubation with gpl60s and gpl20s and was usually maximal
after 16 h. This time of incubation was chosen to further ex-
plore inhibitory effects of both gps on the P28D T cell activa-
tion process. Note that IPs formation was not affected at any
time in P28D T cells incubated with the control supernatant
from BHK21 cells infected with wild-type vaccinia virus.

1 5.0I

6 t6
TV-,Ef hI

Figure 2. Time-depen-
dent inhibition by
gpl60s of IPs produc-
tion induced by CD3
stimulation. T cells
were labeled with myo-
[2-3H]inositol for 24 h.
During this labeling pe-
riod, cells were treated
for the indicated times

with 4 Ag/ml of gpl60s (A) or gpl20s (A) or supernatant from wild-
type vaccinia virus-infected BHK21 cells as a control (-). At the end
of the labeling period, cells were washed and stimulated for 30 min
with CD3-specific MAbUCHTI (1/400 final dilution). IPs produc-
tion was quantified by anion exchange chromatography as described
in Methods.
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As shown in Fig. 3 (top) only phosphoinositide hydrolysis
triggered via the CD3/TcR molecular complex either by spe-
cific antigen (DT), presented by DR7,#1-transfected fibro-
blasts, or by CD3-specific MAbUCHT1 was substantially de-
creased by a 16-h pretreatment with 4 ig/ml gpl60s (reduction
of IPs accumulation up to 60 and 45%, respectively). Incuba-
tion with gpl20s led to the same range of inhibitions (not
shown). Addition of sT4 during incubation of cells with gps
almost completely reversed the observed inhibitory effects. It is
important that, in agreement with functional results, the inosi-
tol phospholipid hydrolysis triggered by 30 min of stimulation
with the CD2-specific MAbsXl 1 + D66 was identical in con-
trol and gps-treated cells. Time-course study showed no inhi-
bition at 5 and 15 min of stimulation by CD2 (not shown).
Note that gps alone failed to induce any significant IPs forma-
tion.

To confirm these results, PA labeling was measured in 32p_
preincubated P28D T cells, since its increased turnover has
been reported as the direct consequence of diacylglycerol
(DAG) neosynthesis and phosphorylation during the T cell
activation process (29). For this purpose, P28D T cells incu-
bated 16 h with or without gp 160s were labeled near to isotopic
equilibrium with 32P and then stimulated for 30 min with
MAbs X35 or Xl 1 + D66 (Fig. 3, bottom). According to the
IPs measurements, gps were found to reduce PA turnover only
in CD3 (up to 50% inhibition) and not in CD2-stimulated T
cells. Addition of sT4 could also prevent the gps-induced inhi-
bition of the CD3 pathway. CD3-triggered IPs accumulation
and PA turnover were not affected in P28D T cells incubated
with the control supernatant from wild-type vaccinia virus-
infected BHK21 cells (not shown). These results clearly show

cotdo C02 Z 0 OT

I

control COQ C3

Figure 3. gpl60s in-
hibits PLC activity trig-
gered via the CD3/TcR
but not CD2 in P28D T
cells. (Top) T cells were
labeled to isotopic equi-
librium with myo-[2-
3H]inositol in the ab-
sence (o) or the pres-
ence of 4 ,g/ml of
gp 160s alone (X) or to-
gether with 4 ,g/ml of
sT4 (a). Labeled cells
were stimulated for 30
min with the combina-
tion of XI I + D66
CD2-specific MAbs or
the CD3-specific MAb
X35 (1/400 dilution for
each), or with 5XlX0

DR7I#1 transfectants, prepulsed 18 h with 50 Ag/ml of DT antigen. A
1/400 dilution of a normal BALB/c ascitic fluid was used as a con-

trol. IPs were quantified as described in Methods. Each determina-
tion was performed in triplicate. Representative of three different ex-

periments. (Bottom) T cells were incubated for 16 h with 4 iug/ml of
gp160s alone (X) or together with 4 ug/ml of sT4 (a) or without any

addition (o). Cells were then labeled to isotopic equilibrium with
32PO4 and stimulated for 30 min at 37°C with the different MAbs or

a normal BALB/c ascitic fluid. 32P-labeled phospholipids were then
extracted and PA quantified as described in Methods. Results are ex-

pressed as the mean cpm for 106 cells of triplicate determinations.
Representative of three different experiments.

that, in addition to their inhibitory effect on the CD3/TcR-in-
duced proliferation, both HIV- I glycoproteins may also specif-
ically impair the CD3/TcR-induced production of phosphati-
dyl inositol (PI) cycle-related second messengers.

gpJ60s and gpJ20s binding to P28D T cells does not affect
CD3/TcR or CD2 cell surface expression. We investigated
whether the observed inhibition of the CD3-mediated signal-
ing pathway by gps could be concomitant with a decrease in
the cell surface CD3/TcR expression. P28D T cells were incu-
bated with gpl60s for 16 h and immunofluorescence studies
were performed. As shown in Fig. 4, fluorescence analysis of
gpl60s-treated cells by gpl 10-specific MAb 110.4 clearly re-
vealed the presence of bound gpl 60s at the P28D cell surface.
Analysis with MAbOKT4a, which is known to compete with
the binding of the viral glycoprotein on the CD4surface mole-
cule, revealed a markedly reduced level of OKT4a staining on
gpl60s-treated as compared with control cells. Gpl60s-bind-
ing to CD4 was specific since addition of sT4 (C) could pre-
vent almost completely labeling by MAb 110.4. Greater
gp 160s concentrations failed to further block OKT4Astaining
or increase 110.4 MAbfluorescence, suggesting that saturation
of CD4sites should be complete at 4 ,g/ml (not shown). CD4
was stained with MAbOKT4, which is not affected by gpl20
binding (30). Reduction of CD4 membrane level (35±4%, n
= 4) was seen in the gps-treated P28D cells. It is important that
the expression of both the CD3/TcR complex and the CD2
molecule, as monitored with CD3-specific MAbX35 and
CD2-specific MAbXl 1, remained unaltered (identical results
with gpl20s, not shown). These findings show that gpl60s
efficiently binds to P28D T-cell surface. They further rule out
the hypothesis that the inhibitory effect of gpl 60s on the
CD3/TcR pathway could be mediated by a decrease in the
CD3/TcR membrane levels.

Stability of gp160s binding to CD4was also measured. For
that purpose P28D T cells were incubated with saturating
concentrations of gp 1 60s for 2 h, washed out, and the expres-
sion of bound gp 160 and CD4measured as a function of time.
As shown in Table II, CD4staining remained unaffected while
a progressive loss of cell-surface gpl60 could be evidenced and
was almost complete at 16 h. At this time, proliferation studies
were performed. P28D response to CD3-specific MAbs was
unaltered (data not shown).

gpJ20s and gpJ60s inhibit the P28D CD3-mediated Ca2"
response. CD3 and CD2-specific MAbs induce a rapid and
sustained rise in [Ca2+]J concentration in human T lympho-
cytes. This is likely to result from activation of the PLC path-
way via the CD3/TcR molecule (28, 29). As gps inhibited the
CD3-triggered IPs production and PA turnover, we further
performed Ca2" measurements on P28D T cells preincubated
with gp160s (Fig. 4). Overnight incubation of P28D T cells
with gpl60s could impair by 35±4% (n = 4) the increase in
[Ca2+]i induced by the CD3-specific MAbUCHT1 (top left)
(among our CD3-specific MAbs, UCHT1 induces the highest
P28D Ca2" responses, not shown). Confirming the biochemi-
cal data, the Ca2" response to CD2stimulation was unaffected
(top right).

[Ca2+]i increase in CD3 or CD2-stimulated P28D T cells
involves both Ca2" mobilization from intracellular stores
linked to second messengers of the PLCpathway, mainly (1,4,
5) IP3 (28), and Ca2" influx through cell surface voltage-inde-
pendent Ca2" channels (31). Ca2+ measurements were further
performed in a medium supplemented with 3 mMEGTA.
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Figure 4. Immunofluorescence analysis of gpl 60s binding effect on CD2and CD3 cell surface expression. P28D T cells were incubated over-

night in complete culture medium in the absence (a) or the presence (b) of gp160s (4 uig/ml). Specificity of gpl60s binding was assessed by addi-
tion of sT4 together with gp 160s (c). Binding of gp 160s on P28D cell surface was monitored with gp 110-specific MAb 110.4 and competitive
staining of OKT4AMAb. Expression of CD2, CD3, and CD4molecules was analyzed with MAbsXI 1, X35, and OKT4, respectively.

Under these conditions, the observed Ca2l response mainly
reflects mobilization. As shown in Fig. 5 (bottom), CD3-in-
duced mobilization of Ca2" is inhibited in gps overnight-
pulsed P28D T cells (48±4%; n = 3) as compared with control
cells. No inhibition was seen in T cells incubated with gpl60s
together with sT4 (not shown). Further addition of exogenous
Ca2l induced quite similar Ca2+ influx in control and treated T
cells. That may explain the smaller inhibition of Ca2" response
seen when experiment was performed in Ca2"-containing me-
dium. Same results were obtained with gpl20s (not shown).
These findings show that both gps may specifically affect Ca2'
mobilization from intracellular stores after CD3 stimulation.

Table I. Time-dependent Loss of Cell-surface Bound gpJ60s
in P28D T Cell Clone*

Mean fluorescence

MAbs Oh 2h 6h 18h

OKT4(CD4) 52.98 50.36 46.42 48.76
110.4 (gpl20) 92.86 80.82 51.48 11.44

* P28D T cells were incubated in complete culture medium for 2 h
at 37°C with 4 jg/ml of gp 16Os and either stained immediately with
the indicated MAbs (0 h) or resuspended in fresh medium free of
gpl60s and reincubated at 37°C. Staining of bound gpl60s and CD4
was performed 2, 6, and 16 h later. In this representative experiment,
background fluorescence control value (with goat anti-mouse FITC
conjugate only) was 9.11. Fluorescence of the cells measured with
OKT4MAbbefore incubation with gp 160s was 48.14. Representa-
tive of three different experiments.

pHi response to CD3 is decreased by gpl60s and gp120s.
CD3 and CD2-specific MAbs induce a sustained increase of
pH, in P28D T cells within a few minutes. This alkalinization
is mainly due to activation of the Na+/H+ membrane ex-
changer by protein kinase C (PKC) (32). We investigated
whether gps could modify the pHi response induced by CD3
and CD2-specific MAbs. As shown in Fig. 6 (bottom) CD3-
specific MAbUCHT1-induced alkalinization was clearly de-
creased in the gps overnight-treated P28D T cells as compared
with control cells. This inhibition could be reversed by addi-
tion of sT4 (not shown). By contrast, the CD2-induced alka-
linization was unaffected (top).

Discussion

Wedemonstrated in this report that both HIV- I glycoproteins
gpl 20s and gpl60s specifically inhibited the proliferative re-
sponse triggered by various MAbs specific for the TcR a/(3
heterodimer and the CD3 complex of a human CD4+ T cell
clone. This inhibition was observed in an APC-free cell system
and was therefore clearly independent of APC-T cell interac-
tion. Most previous studies on the effect of HIV on T cell
responses dealt with the inhibitory action of gpl 20. However,
HIV gp41, which results from the cleavage of gpl 60 into gpl20
and gp41 moieties, has also been reported to alter T cell func-
tion. A gp41-derived 17 mer, pHIVIS, was shown to inhibit
lymphocyte proliferation to CD3 in vitro (33). Moreover, a
synthetic peptide with sequence identity to gp41 was able to
inhibit PKCand anti-CD3-induced Ca2+ influx in Jurkat T
cells (34). However, our data show that both purified recombi-
nant gp 120s and gp 160s similarly impair the response of P28D
T cell clone via the CD3/TcR molecule. These findings may
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Figure 5. Effect of gp160s on the Ca2" response to CD2 and CD3-
specific MAbs. (Top) CD3-specific MAbUCHT1 (1/400 dilution) or
CD2-specific MAbs Xl I /D66 (1/400 dilution) were added on con-
trol (A) or gp16Os (4 ug/ml) overnight-treated (B) P28D T cells, in
the presence of 1 mMextracellular Ca2 . (Bottom) Extracellular Ca2'
was depleted by the addition of 3 mMEGTAbefore addition of
MAbUCHT1(1/400 dilution) on control (A) or gpl60s (4 ug/ml)
overnight-treated (B) P28D T cells. After the transient increase in
[Ca2J]i, extracellular Ca2" was restored by the addition of 5 mM
CaCI2. All measurements were made with Fura-2-loaded cells as de-
scribed in Methods. Each tracing is representative of three different
experiments.

indicate no additional inhibitory role for the gp41 moiety in
our T cell clone model. Whether internalization of gp41 re-
sulting from the cleavage of gpl60 may be critical for immu-
nosuppressive function, as suggested by Ruegg et al. (34), can-

Figure 6. gp 60s only- 720 affects the P28D T cell

f pH1 response to CD3
CLt

7M
stimulation. Control (A)

- I MSL - or overnight-gp I 60s
pulsed (B) P28D T cells

R - 720 were loaded with
BCECF/AMfor 30 min

- 7. and resuspended in PBS
in a stirred cuvette at

~1|l||. - 6 37°C. Cells were then
stimulated with CD3-
specific MAbUCHTI

(1/400 dilution) or CD2-specific MAbs Xl I /D66 (1/400 dilution).
Shown are representative tracings from three separate experiments.

120 -

not be addressed by studies with the whole gpl60 molecule. So
the effect of purified gp41 alone needs to be further investi-
gated in our model.

Activation of T lymphocytes is initiated by hydrolysis of PI
4,5-biphosphate by PLC into two second messengers, inositol
1,4,5-triphosphate (IP3) and DAG. The former induces release
of Ca2" from intracellular stores (27, 28) while DAGactivates
PKC (35). Triggering of these early activation events may be
achieved in P28D T cell clone by MAbsspecific for the CD2or
CD3/TcR molecules (22, 23). Although CD2and CD3 MAbs
were both used in saturating concentrations for optimal re-
sponses, only CD3/TcR-stimulated PLC pathway was inhib-
ited in clone P28D by gps. This apparent specificity of gps
inhibition in phosphoinositide hydrolysis and turnover exper-
iments could be related to greater responsiveness to CD2 trig-
gering. However, only CD3-induced Ca2" and pHi responses
were inhibited by gps, although they were similarly increased
by CD2and CD3.

Kornfeld et al. (36) demonstrated that gpl20 partially puri-
fied from supernatants of HIV-infected T cells could induce
rapid IP3 accumulation and Ca2' response in resting T cells. In
our study, gps failed to trigger either a proliferative response or
early signal transduction events in P28D T cell clone. This
discrepancy may be due to their use of a highly impure prepa-
ration of viral envelope instead of purified recombinant gp 120.
Kornfeld et al. also recently reported (personal communica-
tion) that a 24-h exposure of PBL and Jurkat cells to 10-8 M
gp 120 resulted in a progressive decrease in the Ca2' response.
Our time-course experiments showed that inhibition by gps of
the CD3/TcR-triggered IPs production was not observed for
short incubations with gps (< 2 h), but was maximal after a
16-h exposure to gps. Mechanisms of such a delayed impair-
ment are as yet unknown. Weshowed in this study that
gpl20s' disappearance from the surface of clone P28D had a
similar kinetics to IPs inhibition. However, we do not know
whether the viral glycoprotein was internalized or shed from
cells. Studies are currently underway to appreciate the role of
gpl20 internalization in our T cell model.

Linette et al. (7) have shown that T cell responses to CD3-
specific MAbsand CD4membrane expression were decreased
in HIV- 1-infected T cells, suggesting that CD4should partici-
pate in the CD3-induced T cell activation events. Loss of CD4
membrane expression and CD4 mRNAwas also demon-
strated on peripheral blood mononuclear cells during acute
HIV replication (37). On the other hand, increasing evidence
suggests that the CD4molecule may not only act as an acces-
sory molecule. Thus, perturbation of the CD4 molecule by
specific MAbs may transmit a regulatory signal to the CD3/
TcR complex (13). Ledbetter et al. demonstrated that cross-
linking of CD4 by specific MAbs could inhibit the CD3-me-
diated Ca2" responses (12). Moreover, comodulation studies
suggest that CD4 may be physically and perhaps functionally
associated with the CD3/TcR complex on activated T cells
(38, 39). Since CD4has been identified as the specific receptor
for the HIV-l envelope glycoprotein gpl20 (40), these findings
may account for some of the reported inhibitory effects of the
viral glycoprotein on the T cell activation process mediated
through the human CD3/TcR. In agreement with Weinhold et
al. (9), we found that CD4expression at the P28D cell surface
was not decreased after a 2-h exposure to gp 1 20s. However,
membrane CD4 levels were reduced after a prolonged expo-
sure to the viral glycoprotein. This was correlated with the
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time-course of gps-induced inhibitions on P28D T cell re-
sponses to CD3 stimulation. As CD4 was also shown to en-
hance T cell responses to CD3when brought into close physi-
cal proximity to the CD3/TcR complex (12), modulation of
CD4 by gps could partially account for the observed impair-
ment in the CD3/TcR-triggered P28D T cell activation.
Mittler et al. (41) reported a synergism between gpl20 and IgG
fractions from HIV-infected individuals in blocking human T
cell activation by formation of complexes that could modulate
CD4 membrane levels. Addition of a gp 120-specific MAb
failed to increase sensitivity of P28D T cell responses to the
inhibitory effects of gps (not shown).

Veillette et al. (42) and Rudd et al. (43) have recently re-
ported in both the murine and the human systems that the
CD4 receptor was associated with the protein-tyrosine kinase
activity ppS6 ck. The former (44) also showed that cross-linking
of the CD4 receptor with CD4-specific MAbs induced a rapid
increase in this activity associated with the phosphorylation of
the zeta subunit of the CD3multimeric complex. Function of
p561Ck is not known but it was suggested that it could be a
component of the signal transduction system regulating T cell
activation. However, gpl20 failed to induce phosphorylation
of CD4 (45). It is clear in our system that only long-term
exposure of T cell clone P28D to gps induced anti-CD3 unre-
sponsiveness. These observations therefore make the involve-
ment of pp56lck in the observed effect of gps very elusive.

Studies of Lamarre et al. (46, 47) showed that gpl20 and
MHCclass II molecules may interact with distinct but close
regions on the CD4. Finally, it is conceivable from our results
that gps binding to CD4may interfere with the normal CD3/
TcR activation process by two distinct, but not mutually ex-
clusive, mechanisms, involving inhibition of APC-T cell in-
teraction and direct transmission of negative signals via the
CD4 in the absence of APC. There is no clear evidence for
detectable amounts of soluble gpl2O in blood of infected pa-
tients. However, we can expect from our in vitro results that
low levels of gpl20 that may be released from HIV-infected T
cells (1) and adsorbed on the T cell surface in the absence of
virus production could partially explain the observed impair-
ment of uninfected T cells' function, especially at early stages
of the disease. This may be of importance when considering
HIV- 1 envelope glycoproteins in vaccinal strategies.
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