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SUMMARY

The HIV-1 envelope glycoprotein (gp120) is known to induce antigen-specific and non-specific CD4þ T
cell anergy. We found that early T cell activation, as indicated by HLA-DP expression in the early G1

(G1A) phase of the cell cycle, and the inhibition of mitogen-mediated IL-2 production induced by gp120,
required TNF-a produced by gp120-stimulated macrophages. In the presence of an antibody to TNF-a,
these changes induced by gp120 were inhibited, while recombinant TNF-a induced similar abnorm-
alities of CD4þ T cells, even in the absence of gp120. On the other hand, inhibition of the mixed
lymphocyte reaction (MLR) in CD4þ T cells by gp120, which may be related to gp120-mediated down-
regulation of CD4 expression on T cells and activation of protein tyrosine kinase p56lck in CD4þ T cells,
was observed even in the absence of macrophage-derived TNF-a induced by gp120. These observations
indicate that both TNF-a-dependent and independent events contribute to gp120-mediated CD4þ T cell
anergy, and TNF-a appears to play an important role in inducing CD4þ T cell anergy in HIV-1
infection.
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INTRODUCTION

AIDS is characterized by a decrease in the number and function of
CD4þ T cells. Even in the asymptomatic phase of HIV-1 infection,
when CD4þ T cell numbers are still within the normal range,
several immunological abnormalities of CD4þ T cells have been
reported [1–6]. CD4þ T cell function may be altered as a
consequence of the interaction between the CD4 receptor and the
envelope glycoprotein of HIV-1 (gp120), which is shed from HIV-
infected cells (bothin vivo and in vitro), and is detected in the
serum of AIDS patients at a high concentration [7–9]. Several
studies have shown that gp120 can induce T cell abnormalities,
such as CD4þ T cell anergy [10–15] or apoptotic CD4þ T cell
deathin vitro [16–18], and can promote the production of several
cytokines by monocytes/macrophages, including TNF-a [19–24].
TNF-a has been reported to play an important role in viral
replication [25–27] and immunodysregulation related to HIV
infection, including polyclonal B cell activation [28], down-
regulation of CD4 expression on macrophages [24], and apoptotic

death of CD4þ T cells in vitro [17,18], as well as in the develop-
ment of AIDS-associated cachexiain vivo [29].

The precise mechanisms of CD4þ T cell dysfunction are still
being debated, and several different factors may contribute to the
loss of CD4þ T cell function in HIV-1 infection. Differences in the
results reported so far may be due to the differences between the
experimental systems used. In this study, we examined the effect of
gp120 on the induction of CD4þ T cell dysfunction using mitogen-
mediated IL-2 production and the mixed lymphocyte reaction
(MLR) in healthy human peripheral blood mononuclear cells
(PBMC). We also investigated the role of TNF-a in the induction
of gp120-mediated CD4þ T cell anergy.

MATERIALS AND METHODS

Cells and reagents
PBMC were separated from normal human blood by centrifugation
on a Ficoll–Paque cushion, after which CD4þ T cells were
obtained by negative selection using an immunoabsorption
column (Cellect; Biotex Labs Inc., Alberta, Canada). Macrophages
adherent to Petri dishes (Corning Glass Works, Corning, NY) were
collected by incubating PBMC for 2 h at 378C. The CD4þ T cells
and CD14þ macrophages prepared by these procedures showed
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>95% purity. Recombinant glycosylated HIV-1IIIB protein gp120
(rgp120 produced in a baculovirus expression system>95% pure
as estimated by analysis of coomassie blue-stained SDS–PAGE
gels; Intracel Co., Issaquah, WA) was used in this experiment. All
cells were cultured at 378C, 5% CO2, in RPMI 1640 medium
supplemented with 10% heat-inactivated (568C, 40 min) selected
non-mitogenic fetal calf serum (FCS), 100 U/ml penicillin, and
100mg/ml streptomycin (all reagents from GIBCO Europe, Basel,
Switzerland). In some experiments, adequate concentrations of
anti-human TNF-a neutralizing antibody (anti-TNF-a antibody;
R&D Systems Inc., Minneapolis, MN), anti-human IL-6 neutraliz-
ing antibody (anti-IL-6 antibody; R&D Systems Inc.), or recombi-
nant TNF-a (rTNF-a; R&D Systems Inc.), recombinant IL-6 (rIL-
6; R&D Systems Inc.) were added to cell cultures (1×106 cells/
well) at the beginning of cultures.

Cytokine assay
Cells (1×106 cells/well) were cultured for 3 days with or without
rgp120 and then cytokine levels in the culture supernatant were
measured. The assay system of TNF-a is a solid-phase ELISA
system (Amersham International plc., Aylesbury, UK), which
utilizes a highly specific MoAb for cytokines bound to the wells
of a microtitre plate, together with a polyclonal antibody to
cytokines conjugated to horseradish peroxidase. IL-6 and IL-2
levels in culture supernatants were detected by bioassay using an
IL-6- and IL-2-dependent cell line, respectively. Culture super-
natant was incubated with an IL-6-dependent cell line (MH-60;
5×104 cells/well) and IL-6 activity was determined by a prolifera-
tion assay using MTT (3-(4,5-dimetylthiazole-2-yl)-2,5-diphenyl-
tetrozolium bromide; Sigma Chemical Co., St Louis, MO). To
examine the production of IL-2, cells (1×106 cells/well) were
cultured with or without rgp120 for 1 day, then 10mg/ml phyto-
haemagglutinin (PHA; Sigma Chemical Co.) were added to the
culture. After 2 days, culture supernatant was incubated with IL-2-
dependent cell line (CTLL; 5×104 cells/well) for 3 days and IL-2
activity was determined by the proliferation assay using MTT, as
described above. The same procedure was applied to formulate a
reference curve using human recombinant IL-6 and IL-2 (Shionogi
Pharmaceutical Inc., Osaka, Japan). Based on this reference curve,
the units of IL-6 and IL-2 were determined.

Flow cytometry
To investigate the binding of gp120 to normal human PBMC, two-
colour flow cytometry was performed. Briefly, cells were exposed
to rgp120 labelled by FITC (Intracel Co.) at various concentrations
for 1 day. The cells were then stained with PE-labelled OKT4
(anti-CD4; Ortho Diagnostic Systems Inc., Raritan, NJ), Leu-2a
(anti-CD8), and Leu-M3 (anti-CD14) (Becton Dickinson Immuno-
cytometry Systems, San Jose, CA), after which they were analysed
by using a FACStar (Becton Dickinson Immunocytometry Sys-
tems). To investigate the expression of HLA-DP antigen on T cells,
which is known to appear at an earlier T cell activation phase than
other HLA molecules (DR and DQ) [30], cells were cultured with
or without rgp120 for 3 days, and they were then stained with anti-
HLA-DP antibody (Becton Dickinson Immunocytometry Systems)
and FITC-labelled goat F(ab0)2 anti-mouse immunoglobulins
(Tago Inc., Burlingame, CA). After blocking of non-specific
binding with whole mouse serum (Cappel Research Products,
Durham, NC), the cells were stained with PE-labelled OKT4,
after which two-colour flow cytometry analysis was carried out
using FACStar.

Anti-phosphotyrosine immunoblot analysis
Phosphorylation of protein tyrosine kinase p56lck was detected by
the method described by Freedmanet al. [31], with slight mod-
ification. Briefly, CD4þ T cells (1×106 cells/100ml per well) were
incubated with 1mg/ml of phorbol myristate acetate (PMA; Sigma
Chemical Co.), 5mg/ml anti-CD3 antibody (OKT3; Ortho Diag-
nostic Systems Inc.), anti-CD4 antibody (Leu-3a; Becton Dick-
inson Immunocytometry Systems), and rgp120 (1mg/ml) at 378C
for 30 min, and then cells were washed by stop solution (PBS
containing 5 mM EDTA, 10 mM NaF, 10 mM sodium pyropho-
sphate, 0.4 mM sodium vanadate) and solubilized in lysis buffer
(1% Nonidet P-40, 150 mM NaCl, 50 mM Tris–HCl pH 8.0, 5 mM

EDTA, 1 mM PMSF, 10 mM iodoacetamide, 10 mM NaF, 10 mM

sodium pyrophosphate, 0.4 mM sodium vanadate) for 15 min on
ice. After removal of insoluble material, sample buffer (0.1M Tris
pH 6.8, 2% SDS, 10% glycerol, 5% 2-mercaptoethanol, 0.02%
bromphenol blue) was added. Equal amounts of protein were
loaded on 5–20% gradient polyacylamide gel (Funakoshi easy-
gel II; Funakoshi Co., Tokyo, Japan), and then electrophoretically
transferred to a polyvinylidene difluoride membrane (PVDF;
Millipore Co., Bedford, MA). Blots were incubated with 1mg/ml
horseradish peroxidase (HRP)-conjugated anti-phosphotyrosine
MoAbs (4G10; Upstate Biotechnology Inc., Lake Placid, NY) in
blocking solution (pH 7.2, 0.9% NaCl, 10 mM Tris, 0.01% NaN3,
5% bovine serum albumin (BSA), 1% ovalbumin) for 2 h at room
temperature. Reaction was revealed with an enhanced chemilumi-
nescence system (ECL; Amersham International plc), and auto-
radiographed. Molecular weight markers (BioRad Labs,
Richmond, CA) were included on a gel as a standard.

Mixed lymphocyte reaction
Proliferation assay was carried out in 200ml of culture medium,
with 96-well round-bottomed microtitre plate (Corning Glass
Works). After incubation of purified CD4þ T cells (responder
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Fig. 1. Effect of gp120 on HLA-DP antigen expression by CD4þ T cells.
The percentages of HLA-DPþ cells among OKT4þ T cells are shown. T
cell expression of CD4 molecules (detected by OKT4 antibody) decreased
in cultures of peripheral blood mononuclear cells (PBMC) as well as
purified CD4þ T cells in the presence of gp120.



cell) (2×105 cells/well) with rgp120 (1mg/ml) for 2 days, respon-
der cells were cultured with irradiated (30 Gy) macrophage-
enriched PBMC (stimulator cell) (2×105 cells/well). Cells were
pulsed with 1mCi/well tritiated thymidine (3H-TdR; New England
Nuclear, Boston, MA) at 1, 3, and 5 days of incubation, and then
cells were harvested onto glassfibre filters and washed using a cell
harvester (Micro 96 Harvester; Skatron, Lier, Norway).3H-TdR;
incorporation was measured by scintillation counter (Micro Beta
Plus; Wallac, Turku, Finland). Background cellular proliferation in
medium alone was<100 ct/min.

Results are shown as representative data for some experiments

(Figs 1 and 6) or as mean with s.d.<15% obtained in three separate
experiments (Figs 2–5).

RESULTS

Effect of gp120 on T cell expression of HLA-DP and cytokine
production
A rgp120 concentration of 1mg/ml was used in this study, because
it was sufficient to occupy all of the CD4 molecules on T cells and
macrophages, as we reported previously [17,18,32]. PBMC cul-
tured with gp120 showed an increase of HLA-DPþ CD4þ T cell
populations, although this increase was not observed in the case of
purified CD4þ T cells (Fig. 1). Two-colour FACS analysis using
PE-labelled Leu-M3 and anti-HLA-DP antibody followed by
FITC-labelled goat F(ab0)2 anti-mouse immunoglobulins indicated
that there was no increase of HLA-DP expression on macrophages
(data not shown). In the same experiment, gp120-mediated down-
regulation of CD4 expression detected by an OKT4 antibody was
observed to the same extent in both PBMC and purified CD4þ T
cells (Fig. 1).

To investigate the influence of gp120 on CD4þ T cell function,
IL-2 production by PHA-stimulated cells was examined in the
presence of gp120. IL-2 production derived from CD4þ T cells in
PBMC by PHA stimulation was dependent on the presence of
macrophages, because IL-2 production was not observed in
purified CD4þ T cells in the absence of macrophages, and gp120
inhibited PHA-mediated IL-2 production by PBMC (Fig. 2), as
reported previously [10,11].

gp120 is known to promote production of several cytokines by
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Fig. 2.Effect of gp120 on IL-2 production by phytohaemagglutinin (PHA)-
stimulated cells. PBMC, Peripheral blood mononuclear cells.

Fig. 3. TNF-a (a) and IL-6 (b) production from gp120-stimulated human
cells. PBMC, Peripheral blood mononuclear cells.

Fig. 4. Effects of anti-TNF-a antibodies on the expression of HLA-DP on
CD4þ T cells and the inhibition of IL-2 production induced by gp120.
HLA-DP expression was detected by two-colour FACS analysis and the
percentage of HLA-DP on CD4þ T cells was examined. The increasing
effect of HLA-DP expression on CD4þ T cells by gp120 was inhibited
by anti-TNF-a antibodies (X). Inhibition of IL-2 production from phyto-
haemagglutinin (PHA)-stimulated peripheral blood mononuclear cells
(PBMC) by gp120 was restored by anti-TNF-a antibodies (B). IL-2
production in the absence of gp120 and anti-TNF-a antibodies is
indicated as 100%. The influence of anti-TNF-a antibodies was not
apparent both in the expression of HLA-DP on CD4þ T cells (.) and in
IL-2 production (A) in the absence of gp120.



monocytes/macrophages. As shown in Fig. 3, TNF-a and IL-6
were detected in culture supernatants of gp120-stimulated cells at
high concentrations. These cytokines were mainly produced by
macrophages, but not by CD4þ T cells.

Effect of TNF-a on gp120-mediated T cell abnormalities
Next we examined the effects of these cytokines on the gp120-
mediated T cell abnormalities shown in Figs 1 and 2. Antibodies to

TNF-a inhibited the increase of HLA-DPþ CD4þ T cells in gp120-
stimulated PBMC and blocked the inhibition of IL-2 production
induced by gp120 in a concentration-dependent fashion (Fig. 4). In
addition, when rTNF-a was added to PBMC, it induced HLA-DP
expression on CD4+ T cells and inhibited PHA-mediated IL-2
production by PBMC, even in the absence of gp120 (Fig. 5).
Although similar experiments were performed using an anti-IL-6
antibody and rIL-6, these agents did not have a similar effect to
anti-TNF-a and rTNF-a (data not shown). These results indicate
that TNF-a may play an important role in CD4þ T cell activation,
indicated by HLA-DP expression and the suppression of PHA-
mediated IL-2 production from CD4þ T cells.

Effect of gp120 on the phosphorylation of tyrosine kinase p56lck in
CD4þ T cells and the MLR
Several reports have described a relationship between gp120 stimu-
lation and the activity of protein tyrosine kinase p56lck in CD4þ T
cells [33–36]. To investigate the effect of gp120 on signal transduc-
tion in CD4þ T cells, we examined the phosphorylation of protein
tyrosine kinase p56lck in gp120-stimulated CD4þ T cells purified
from PBMC. As shown in Fig. 6, gp120 induced phosphorylation of
p56lck in purified CD4þ T cells even in the absence of macrophages.
In addition, the MLR was inhibited when purified CD4+ T cells
(responder cell) were stimulated by gp120, and this did not require
the presence of macrophages in the responder cell (Table 1).

DISCUSSION

gp120 has been reported to inhibit T cell responses, including
antigen-specific and non-specific reactions [10–15], although the
mechanisms of gp120-mediated T cell dysfunction are still under
debate. In this study, HLA-DP antigen was used as a marker of
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Fig. 5. Effect of rTNF-a on HLA-DP antigen expression and IL-2
production by CD4þ T cells. The expression of HLA-DP on CD4þ T
cells was detected by two-colour FACS analysis. rTNF-a promoted the
expression of HLA-DP on CD4þ T cells in peripheral blood mononuclear
cells (PBMC) (X), and inhibited production of IL-2 from phytohaemag-
glutinin (PHA)-stimulated PBMC (.) in a concentration-dependent
manner. rTNF-a alone did not have any influence on cell growth and
viability over the range of concentrations used in this culture system.

Fig. 6. Phosphorylation of protein tyrosine kinase p56lck by gp120. PMA, Phorbol myristate acetate.



activated T cells to detect gp120-induced early T cell activation in
the cell cycle. This antigen is generally expressed on B cells,
macrophages, null cells, an extremely small population of T cells,
and a large population of activated T cells that are mainly in the
G1A (but not G0) phase of the cell cycle [30]. Although HLA-DP
expression on CD4þ T cells in PBMC was increased by gp120
stimulation (Fig. 1), an increase of the IL-2 receptor or transferrin
receptor, which are expressed on T cells in a later phase of the cell
cycle than HLA-DP antigen, was not observed on CD4þ T cells in
PBMC stimulated by gp120 (data not shown), as reported by others
[30,33]. We previously reported that IL-2 production by CD4þ T
cells decreased in association with the increase of HLA-DPþ

CD4þ T cells and the expression of HLA-DP by CD4þ T cells
might be closely related to the suppression of IL-2 production [30].
The present study indicated that HLA-DP expression on CD4þ T
cells and the suppression of IL-2 production induced by gp120
stimulation were regulated by TNF-a derived from gp120-
stimulated macrophages (Figs 4 and 5).

TNF-a is known to be produced by gp120-stimulated mono-
cytes/macrophages, and has been reported to promote HIV-1
replication [25–27]. We previously reported that TNF-a produc-
tion contributed to CD4þ T cell death due to apoptosis induced by
gp120 [17,18]. In this study, we demonstrated that TNF-a (but not
IL-6) derived from gp120-stimulated macrophages could play an
important role in T cell activation and the inhibition of IL-2
production. TNF-a is known to facilitate viral replication through
the induction of a transcriptional factor (NF-kB, a DNA-binding
protein which binds to viral enhancer sites) in HIV-1-infected cells
[25]. Similar mechanisms may be related to gp120-induced TNF-
a-dependent T cell dysfunction through T cell activation mediated
by TNF-a, although the precise events are still unknown. Schols &
de Clercq reported that IL-10 produced by gp120-stimulated
monocytes had a significant role in the development of T cell
anergy (shown as a low responsiveness to anti-CD3 antibody- and
mitogen-stimulated proliferation) [15]. Thus, cytokines such as
TNF-a and IL-10 produced by monocytes/macrophages after
gp120 stimulation appear to be important in the induction of
CD4þ T cell anergy in HIV-1 infection. Recently, we reported
that gp120 could induce several chemokines, macrophage inflam-
matory protein-1a (MIP-1a), MIP-1b, and RANTES (regulated-
upon activation, normal T expressed and secreted) [32]. These
chemokines and IL-16 have been reported to inhibit HIV-1 infec-
tion in vitro [37,38]. We are also investigating their roles in the
induction of T cell dysfunction described here.

gp120-mediated down-regulation of CD4 expression and phos-
phorylation of tyrosine kinase p56lck in CD4þ T cells were observed
in purified CD4þ T cells in the absence of macrophages (Figs 1 and

6). In addition, inhibition of the MLR of gp120-stimulated CD4þ T
cells did not require the presence of macrophages in responder
cells (Table 1). These phenomena may be relatively uninfluenced
by TNF-a, because gp120-mediated TNF-a production by puri-
fied CD4þ T cells was very low in comparison with that by
macrophages (Fig. 3), and irradiated macrophages in stimulator
cells of the MLR could not have the ability to produce TNF-a (data
not shown). Juszczaket al. reported that gp120 induced a rapid
increase of CD4-associated p56lck activation, followed by CD4-
p56lck dissociation and down-regulation of CD4 expression after
long-term treatment [34]. Hivrozet al. also reported that gp120
could activate p56lck tyrosine kinase in CD4þ T cells and suggested
that this might be of significance with respect to CD4þ T cell
anergy in HIV-1 infection [35]. Furthermore, CD4 binding of
gp120 to CD4 in a human cell line was demonstrated to result in
not only activation of tyrosine kinase p56lck but also inactivation of
the T cell receptor (TCR) [36]. Thesein vitro findings may also
have relevance to the MLR impairment detected in the present
study. The model of T cell activation suggests that induction of
anergy in resting T cells may occur if primary proliferation is
induced by high-density triggering of the TCR/CD3 complex in the
absence of accessory signals such as antibodies to CD28 [39]. A
recent study has indicated that gp120 can inhibit proliferation and
cytokine production by T cell lines in response to anti-CD3
antibodies, while stimulation via the CD28 pathway partially
restores these defective CD4þ T cell responses [14]. We are now
investigating whether anti-CD28 antibody stimulation can restore
the MLR in our culture system after inhibition by gp120.

This study demonstrated that both TNF-a-dependent and
independent events are involved in gp120-mediated T cell
anergy. In HIV-1-infected patients, both mechanisms could play
an important role in inducing T cell anergy. Because TNF-a can
promote HIV-1 replication, treatment of HIV-1-infected patients
using drugs having anti-TNF-a activity (such as vesnarinone;
Otsuka Pharmaceutical Co., Osaka, Japan) has been evaluated in
the USA with the permission of the Food and Drug Administration,
based on the marked inhibitory effect of such agents on HIV-1
infection in vitro [40]. Furthermore, a recent study indicated that
vesnarinone inhibited TNF-a-related apoptotic cell death [41]. Our
results suggest that these agents are potentially useful for inhibition
of not only viral replication and apoptosis but also T cell anergy in
patients with HIV-1 infection.

ACKNOWLEDGMENTS

We thank Nanako Takeda, Lian-Pin Neoh, and Dr Kazunori Kato for their
devoted and skilled technical help, and also thank Professor Shun-ichi
Hirose for helpful discussion and reviewing the manuscript. This work was
supported by grants from the Japan Health Science Foundation.

REFERENCES

1 Shearer GM, Salahuddin SZ, Markham PDet al. Prospective study of
cytotoxic T lymphocyte responses to influenza and antibodies to human
T lymphotropic virus-III in homosexual men. Selective loss of an
influenza-specific, human leukocyte antigen-restricted cytotoxic T
lymphocyte response in human T lymphotropic virus-III positive
individuals with symptoms of acquired immunodeficiency syndrome
and in a patient with acquired immunodeficiency syndrome. J Clin
Invest 1985;76:1699–704.

2 Shearer GM, Bernstein DC, Tung KSK, Via CS, Redfield R,
Salahuddin SZ, Gallo RC. A model for the selective loss of major
histocompatibility complex self-restricted T cell immune responses

TNF-a and HIV-1 gp120-induced T cell anergy 45

q 1997 Blackwell Science Ltd,Clinical and Experimental Immunology, 109:41–46

Table 1.Effect of gp120 on the response of the mixed lymphocyte reaction
(MLR)*

Day 1 Day 3 Day 5

gp120 (¹) 17.56 5.4 8449.86 594.3 15 414.66 1133.2
gp120 (þ) 9.36 17.0 4849.16 570.7 8543.36 706.9
P† 0.47 <0.005 <0.001

*Results expressed are the proliferative response in mean ct/min6 s.d.
obtained in three separate experiments.

†P value was obtained by Student’st-test (withversuswithout gp120-
stimulation).



during the development of acquired immune deficiency syndrome
(AIDS). J Immunol 1986;137:2514–21.

3 Miedema F, Petit AJC, Terpstra FGet al. Immunological abnormalities
in human immunodeficiency virus (HIV)-infected asymptomatic homo-
sexual men. HIV affects the immune system before CD4þ T helper cell
depletion occurs. J Clin Invest 1988;82:1908–14.

4 Gruters RA, Terpstra FG, De Jong R, Van Noesel CJM, Van Lier RAW,
Miedema F. Selective loss of T cell functions in different stages of HIV
infection. Eur J Immunol 1990;20:1039–44.

5 Miedema F, Meyaard L, Koot Met al. Changing virus–host interactions
in the course of HIV-1 infection. Immunol Rev 1994;140:35–72.

6 Clerici M, Wynn TA, Berzofsky JA, Blatt SP, Hendrix CW, Sher A,
Coffman RL, Shearer GM. Role of interleukin-10 in T helper cell
dysfunction in asymptomatic individuals infected with the human
immunodeficiency virus. J Clin Invest 1994;93:768–75.

7 Shalaby MR, Krowka JF, Gregory TJ, Hirabayashi SE, McCabe SM,
Kaufman DS, Stites DP, Ammann AJ. The effects of human immuno-
deficiency virus recombinant envelope glycoprotein on immune cell
functionsin vitro. Cell Immunol 1987;110:140–8.

8 Gilbert M, Kirihara J, Mills J. Enzyme-linked immunoassay for human
immunodeficiency virus type 1 envelope glycoprotein 120. J Clin
Microbiol 1991;29:142–7.

9 Oh SK, Cruikshank WW, Raina J, Blanchard GC, Adler WH, Walker J,
Kornfeld H. Identification of HIV-1 envelope glycoprotein in the serum
of AIDS and ARC patients. J Acquir Immune Defic Syndr 1992;5:251–6.

10 Mann DL, Lasane F, Popovic M, Arthur LO, Robey WG, Blattner WA,
Newman MJ. HTLV-III large envelope protein (gp120) suppresses
PHA-induced lymphocyte blastogenesis. J Immunol 1987;138:2640–4.

11 Oyaizu N, Chirmule N, Kalyanaraman VS, Hall WW, Good RA, Pahwa
S. Human immunodeficiency virus type 1 envelope glycoprotein gp120
produces immune defects in CD4þ T lymphocytes by inhibiting
interleukin 2 mRNA. Proc Natl Acad Sci USA 1990;87:2379–83.

12 Chirmule N, Kalyanaraman VS, Oyaizu N, Slade HB, Pahwa S.
Inhibition of functional properties of tetanus antigen-specific T-cell
clones by envelope glycoprotein gp120 of human immunodeficiency
virus. Blood 1990;75:152–9.

13 Liegler TJ, Stites DP. HIV-1 gp120 and anti-gp120 induce reversible
unresponsiveness in peripheral CD4 T lymphocytes. J Acquir Immune
Defic Syndr 1994;7:340–8.

14 Faith A, Yssel H, O’Hehir RE, Lamb JR. Reversal of the inhibitory
effects of HIV-gp120 on CD4þ T cells by stimulation through the CD28
pathway. Clin Exp Immunol 1996;105:225–30.

15 Schols D, De Clercq E. Human immunodeficiency virus type 1 gp120
induces anergy in human peripheral blood lymphocytes by inducing
interleukin-10 production. J Virol 1996;70:4953–60.

16 Banda NK, Bernier J, Kurahara DK, Kurrle R, Haigwood N, Sekally R-
P, Finkel TH. Crosslinking CD4 by human immunodeficiency virus
gp120 primes T cells for activation-induced apoptosis. J Exp Med 1992;
176:1099–106.

17 Sekigawa I, Hishikawa T, Kaneko H, Hashimoto H, Hirose S, Ingaki Y,
Yamamoto N. FK506 can inhibit apoptotic cell death induced by the
HIV-1 envelope glycoprotein gp120. AIDS 1994;8:1623–4.

18 Sekigawa I, Koshino K, Hishikawa Tet al. Inhibitory effect of the
immunosuppressant FK506 on apoptotic cell death induced by HIV-1
gp120. J Clin Immunol 1995;15:312–7.

19 Merrill JE, Koyanagi Y, Chen ISY. Interleukin-1 and tumor necrosis
factor a can be induced from mononuclear phagocytes by human
immunodeficiency virus type 1 binding to the CD4 receptor. J Virol
1989;63:4404–8.

20 Wahl LM, Corcoran ML, Pyle SW, Arthur LO, Harel-Bellan A, Farrar
WL. Human immunodeficiency virus glycoprotein (gp120) induction of
monocyte arachidonic acid metabolites and interleukin 1. Proc Natl
Acad Sci USA 1989;86:621–5.

21 Clouse KA, Cosentino LM, Weih KA, Pyle SW, Robbins PB, Hochstein
HD, Natarajan V, Farrar WL. The HIV-1 gp120 envelope protein has
the intrinsic capacity to stimulate monokine secretion. J Immunol 1991;
147:2892–901.

22 Francis ML, Meltzer MS. Induction of IFN-a by HIV-1 in monocyte-
enriched PBMC requires gp120–CD4 interaction but not virus
replication. J Immunol 1993;151:2208–16.

23 Ameglio F, Capobianchi MR, Castilletti C, Cordiali Fei P, Fais S,
Trento E, Dianzani F. Recombinant gp120 induces IL-10 in resting
peripheral blood mononuclear cells; correlation with the induction of
other cytokines. Clin Exp Immunol 1994;95:455–8.

24 Karsten V, Gordon S, Kirn A, Herbein G. HIV-1 envelope glycoprotein
gp120 down-regulates CD4 expression in primary human macrophages
through induction of endogenous tumour necrosis factor-a. Immunol-
ogy 1996;88:55–60.

25 Osborn L, Kunkel S, Nabel GJ. Tumor necrosis factora and interleukin
1 stimulate the human immunodeficiency virus enhancer by activation
of the nuclear factorkB. Proc Natl Acad Sci USA 1989;86:2336–40.

26 Rosenberg ZF, Fauci AS. Immunopathogenic mechanisms of HIV
infection: cytokine induction of HIV expression. Immunol Today
1990;11:176–80.

27 Matsuyama T, Kobayashi N, Yamamoto N. Cytokines and HIV infec-
tion: is AIDS a tumor necrosis factor disease? AIDS 1991;5:1405–17.

28 Macchia D, Almerigogna F, Parronchi P, Ravina A, Maggi E, Romag-
nani S. Membrane tumour necrosis factor-a is involved in the poly-
clonal B-cell activation induced by HIV-infected human T cells. Nature
1993;363:464–6.

29 Lähdevirta J, Maury CP, Teppo A-M, Repo H. Elevated levels of
circulating cachectin/tumor necrosis factor in patients with acquired
immunodeficiency syndrome. Am J Med 1988;85:289–91.

30 Hishikawa T, Tokano Y, Sekigawa Iet al. HLA-DPþ T cells and
deficient interleukin-2 production in patients with systemic lupus
erythematosus. Clin Immunol Immunopathol 1990;55:285–96.

31 Freedman AS, Rhynhart K, Nojima Y, Svahn J, Eliseo L, Benjamin CD,
Morimoto C, Vivier E. Stimulation of protein tyrosine phosphorylation
in human B cells after ligation of theb1 integrin VLA-4. J Immunol
1993;150:1645–52.

32 Neoh LP, Akimoto H, Kaneko Het al. The production ofb-chemokines
induced by HIV-2 envelope glycoprotein. AIDS 1997; in press.

33 Horak ID, Popovic M, Horak EM, Lucas PJ, Gress RE, June CH, Bolen
JB. No T-cell tyrosine protein kinase signalling or calcium mobilization
after CD4 association with HIV-1 or HIV-1 gp120. Nature 1990;
348:557–60.

34 Juszczak RJ, Turchin H, Truneh A, Culp J, Kassis S. Effect of human
immunodeficiency virus gp120 glycoprotein on the association of the
protein tyrosine kinase p56lck with CD4 in human T lymphocytes. J Biol
Chem 1991;266:11176–83.

35 Hivroz C, Mazerolles F, Soula M, Fagard R, Graton S, Meloche S,
Sekaly RP, Fischer A. Human immunodeficiency virus gp120 and
derived peptides activate protein tyrosine kinase p56lck in human
CD4 T lymphocytes. Eur J Immunol 1993;23:600–7.

36 Goldman F, Jensen WA, Johnson GL, Heasley L, Cambier JC. gp120
ligation of CD4 induces p56lck activation and TCR desensitization
independent of TCR tyrosine phosphorylation. J Immunol 1994;
153:2905–17.

37 Cocchi F, DeVico AL, Garzino-Demo A, Arya SK, Gallo RC, Lusso P.
Identification of RANTES, MIP-1a, and MIP-1b as the major HIV-
suppressive factors produced by CD8þ T cells. Science 1995;
270:1811–5.

38 Baier M, Werner A, Bannert N, Metzner K, Kurth R. HIV suppression
by interleukin-16. Nature 1995;378:563.

39 Wolf H, Muller Y, Salmen S, Wilmanns W, Jung G. Induction of anergy
in resting human T lymphocytes by immobilized anti-CD3 antibodies.
Eur J Immunol 1994;24:1410–7.

40 Maruyama I, Maruyama Y, Nakajima Tet al. Vesnarinone inhibits
production of HIV-1 in cultured cells. Biochem Biophys Res Commun
1993;195:1264–71.

41 Oyaizu N, McCloskey TW, Than S, Pahwa S. Inhibition of CD4 cross-
linking-induced lymphocytes apoptosis by vesnarinone as a novel
immunomodulating agent: vesnarinone inhibits Fas expression and
apoptosis by blocking cytokine secretion. Blood 1996;87:2361–8.

46 H. Kanekoet al.

q 1997 Blackwell Science Ltd,Clinical and Experimental Immunology, 109:41–46


