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Are Blockers of gp120/CD4 Interaction Effective Inhibitors 
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Abstract

Objective: The immunopathogenic mechanisms that result in the depletion of CD4+ T-cells after HIV-1 
infection remain controversial. We consider here mechanisms that have been suggested, and propose 
a data-supported model in which CD4+ T-cells undergo apoptosis that is signaled by the binding of 
viral gp120 to cellular CD4.
Procedures: Blood leucocytes from HIV-1-uninfected donors, including CD4+ and CD8+ T-cells, mono-
cytes, myeloid and plasmacytoid dendritic cells (pDC) were cultured with either infectious or nonin-
fectious HIV-1. The cultures were tested for expression of interferon-α, TRAIL, DR5 and apoptosis. 
Inhibitors of IFNα, TRAIL, DR5 and gp120/CD4 binding were added to the cultures. Ex vivo studies 
were performed using peripheral blood mononuclear cells (PBMC) from HIV-1-infected patients to 
test the validity of our in vitro findings. 
Findings: Both infectious and noninfectious HIV-1 induced pDC to produce IFNα, which induced 
expression of TRAIL by CD4+ but not CD8+ T-cells. CD4+ T-cells expressed the TRAIL death receptor 5 
(DR5), upon HIV-1 binding to CD4. Antibodies against TRAIL and DR5 partly inhibited apoptosis. 
However, soluble CD4 (sCD4-IgG) efficiently blocked IFNα production, TRAIL and DR5 expression and 
apoptosis of T helper cells. Studies of HIV-1-infected patients’ PBMC indicated increased plasma 
TRAIL production and CD4+ T-cell DR5 expression, which correlated directly with viral load and in-
versely with CD4 count.
Conclusion: Noninfectious interactions between HIV-1 and CD4 are major contributors to CD4+ T-cell 
death via IFNα-induced TRAIL expression and HIV-1-induced DR5 expression on CD4+ T-cells. Since 
noninfectious as well as infectious HIV-1 induces the death cascade resulting in selective apoptosis 
of CD4+ T-cells, these HIV-1/CD4-dependent binding events would not necessarily be reflected in HIV-1 
RNA and DNA expression by the CD4+ target T-cells. Because each step of this model leading to 
apoptosis requires the binding of gp120 to CD4, we suggest that molecules which block this very 
early event in virus/target cell interaction will be effective in preventing or reducing the depletion of 
CD4+ T-cells during progression to AIDS. The above mechanisms and the effect of sCD4-IgG are sum-
marized in our proposed model. (AIDS Reviews 2006;8:3-8)
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Introduction

The immunologic and virologic surrogate markers of 
AIDS progression are characterized by decreased CD4 
count and increased viral load, respectively. An under-
standing of the pathogenic mechanisms responsible 
for the depletion of CD4+ T-cells is essential for develop-
ing effective therapeutic protocols. Yet, despite more 
than 20 years of research, depletion of T helper cells 
is not fully understood. Mechanisms suggested for the 
loss of CD4+ T-cells include the direct cytopathic ef-
fects of HIV-1 infection that involve syncytia formation 
by infected CD4+ T-cells, accumulation of unintegrated 
viral DNA or toxic viral proteins, virus-induced changes 
in target cell membrane permeability, and apoptosis of 
HIV-infected CD4+ T-cells1. Other proposed mecha-
nisms include lysis of infected CD4+ T-cells by CD8+ 
cytolytic T-cells2 and tryptophan depletion by indolamine 
2,3-dioxygenase3. Because the frequency of circulat-
ing cells infected with HIV-1 is too low to account for 
the extensive death of CD4+ T-cells4, mechanisms in-
volving uninfected CD4+ T-cells have also been sug-
gested5. Activation-induced apoptosis was proposed to 
contribute to this phenomenon5,6. However, current mod-
els do not account for the preferential loss of CD4+ T-cells 
during progression to AIDS because both CD4+ and 
CD8+ T-cells are activated by HIV-1 infection6.

The Fas/FasL apoptotic pathway has been studied 
extensively in AIDS patients7, and was suggested to 
contribute to apoptosis resulting from HIV-1 infection8-11. 
However, other studies demonstrated that CD4+ T-cell 
depletion was not due to the Fas/FasL mechanism12,13. 
Another TNF family member, TNF-related apoptosis-
inducing ligand (TRAIL), was suggested to contribute 
to HIV-induced CD4+ T-cell apoptosis14,15. TRAIL has 
five receptors: two death receptors (DR4 and DR5) 
that induce apoptosis and three others that lack the 
death domain16-18. The two biologically active forms 
of TRAIL, membrane-bound (mTRAIL) and soluble 
TRAIL (sTRAIL), are regulated by type I interferon (IFNα 
and IFNβ)19-21. TRAIL is secreted by leukocytes, includ-
ing T lymphocytes22, natural killer cells23, dendritic 
cells24,25, monocytes and macrophages26. TRAIL in-
duces apoptosis of tumor and virus-infected cells26,27, 
but not of normal cells28. Several studies now indicate 
that TRAIL is involved in HIV-1 immunopathogenesis. 
Soluble TRAIL was found in the serum of HIV-1-in-
fected patients29,30. CD4+ and CD8+ T-cells from HIV-1-
infected patients are more susceptible to TRAIL-in-
duced apoptosis in vitro than T-cells from healthy, 

uninfected donors31-33. TRAIL induced apoptosis of 
CD4+ T-cells in the SCID-Hu-PBL model of AIDS34. 
Furthermore, antigen-presenting cells such as mono-
cytes and dendritic cells35 have been implicated in 
TRAIL-induced pathogenesis14,36. TRAIL is also in-
volved in HIV-1-induced dementia, since macrophages 
found in brain tissue of AIDS patients expressed 
TRAIL37-39. We recently found that plasma TRAIL levels 
in HIV-1-infected patients directly correlate with viral 
load40. We also demonstrated that CD4+ T-cells ex-
posed to HIV-1 underwent apoptosis by a TRAIL/DR5-
dependent mechanism, which was inhibited by anti-
type I IFN antibodies41. Finally, we demonstrated that 
IFNα produced by HIV-1-exposed plasmacytoid den-
dritic cells (pDC) induced TRAIL expression on pri-
mary CD4+ but not on CD8+ T-cells41. We review here 
the effect of antiretroviral therapy on TRAIL/DR5 ex-
pression in vitro and in vivo, and propose blocking the 
gp120/CD4 interaction as a way to reduce immuno-
pathogenesis, defined as HIV-1-induced CD4+ T-cell 
depletion.

Effect of HAART on immunologic markers

Current therapy for HIV-1-infected patients involves 
the combination of multiple antiretroviral drugs (high-
ly active antiretroviral therapy, HAART) and has ef-
fectively reduced HIV-1-induced morbidity and mor-
tality42,43. HAART decreases HIV-1 load44, improves 
circulating CD4 cell counts, and reduces the level of 
immune activation in blood and lymphoid tissue (LT)45. 
HAART also reduces apoptosis of CD4+ and CD8+ 
T-cells in LT46-48, and is suggested to reduce the sen-
sitivity of CD4+ T-cells to FAS-mediated apoptosis46.

Because TRAIL-mediated apoptosis may contribute 
to HIV-1-induced CD4+ T-cell depletion, we tested 
whether HAART would affect the TRAIL/DR5 apop-
totic pathway. We found that when HAART decreased 
viral load, a concomitant decrease in plasma TRAIL was 
observed40. We also investigated CD4+ T-cell death, 
TRAIL, and DR5 expressions in a longitudinal study of 
HIV-1-infected patients who received HAART. The 
HAART-induced decline in plasma viral load was paral-
leled by a decrease in the level of plasma TRAIL40. 
Furthermore, HAART-induced increases in CD4 count 
were associated with decreasing DR5 mRNA expres-
sion in CD4+ T-cells40. The fact that these levels of 
HAART-induced TRAIL and DR5 were reflected in the 
FDA-approved surrogate markers of viral load and 
CD4 count strongly suggests that TRAIL and DR5 are 
involved in HIV-1 disease progression.
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Therapeutic implications 

Despite its success by increasing CD4 count and 
reducing plasma viral load and patient mortality42,43, 
HAART is limited by viral resistance, drug toxicity, and 
complex dosing regimens, and many patients eventu-
ally exhaust their therapeutic options49,50. Consequently, 
there is an urgent need for new strategies of AIDS 
therapy. As noted above, when HAART decreased viral 
load we observed a concomitant decrease in plasma 
TRAIL40. Furthermore, HAART-induced increases in CD4 
count were also associated with decreasing DR5 mRNA 
expression in CD4+ T-cells51. Considered together, these 
results suggest that the TRAIL/DR5 apoptotic pathway 
is a major contributor to CD4+ T-cell death during pro-
gression to AIDS. Therefore, blocking TRAIL/DR5-me-
diated cell death, and possibly other apoptotic mecha-
nisms such as Fas/FasL, may provide a new therapeutic 
strategy. 

Three different therapeutic strategies that inhibit TRAIL/
DR5-mediated CD4+ T-cell apoptosis in vitro will be 
considered here: 

– Antibodies against TRAIL and DR5; 
– Antibodies against type I interferon; and 
– Molecules that block the interaction between HIV-1 

gp120 and cellular CD4. We found that antibodies 
against TRAIL and DR5 partly blocked the apop-
tosis induced by AT-2 HIV-151, raising the possibil-
ity that TRAIL/DR5 is not the only death mechanism 
induced by HIV-1, and that these antibodies may 
not be effective in vivo. Since we found that type 
I IFN regulates TRAIL gene expression on CD4+ 
T-cells, we were able to inhibit HIV-1-initiated 
TRAIL and apoptosis of CD4+ T-cells using anti-
bodies against IFNα/β51. However, type I IFN is 
pleiotropic and has broad-spectrum antiviral activ-
ity including against HIV-152. Therefore, the use of 
such antibodies might be harmful to patients. Mol-
ecules that have the potential to block the interac-
tion between HIV-1 and CD4 such as soluble CD4 
(sCD4) have also been studied. 

Effect of sCD4 on the TRAIL/DR5 pathway 

The entry of HIV-1 into target cells proceeds via a 
cascade of events that provide opportunities for thera-
py. Soluble CD4-IgG is an HIV-1 early entry inhibitor 
that binds the HIV-1 envelope glycoprotein gp120 with 
high affinity and neutralizes primary HIV-1, regardless 
of genotype or phenotype53. We recently reported that 
sCD4-IgG completely inhibited sTRAIL expression by 
monocytes and mTRAIL by CD4+ T-cells40,51. Coreceptor 
inhibitors, such as AMD-3100, which block CXCR4 co-
receptors54, did not inhibit TRAIL expression40. Further-
more, HIV-1-induced apoptosis of CD4+ T-cells was 
blocked by sCD4-IgG, but not by AMD-3100. Finally, 
sCD4-IgG, but not AMD-3100 blocked HIV-1-induced 
production of IFNα by pDC41. The above results are 
summarized in table 1 and indicate that the interaction 
between gp120 and CD4 is required to initiate the 
signals that activate TRAIL and DR5, leading to CD4+ 
T-cell death. 

Therapeutic strategies

Based on the above-noted findings, we propose that 
agents that block the initial interaction between CD4+ 
leucocytes and HIV-1 gp120 could provide an effective 
strategy for stopping HIV-1 infection, and also for 
reducing apoptosis-mediated CD4+ T-cell depletion 
leading to AIDS pathogenesis. These agents would 
block CD4+ T-cell apoptosis that results from noninfec-
tious as well as infectious binding of viral gp120 to cellular 
CD4. An additional potential advantage of gp120/CD4 
blockers is that such a therapeutic strategy should not 
be susceptible to the viral mutations such as those that 
result in resistance to HAART. Mutation of gp120 that re-
sults in failure to bind the CD4 molecule should be 
self-defeating for the virus. Thus, viral mutations that 
circumvent CD4-gp120 binding would prevent the in-
teractions of HIV-1 with its primary receptor. The entry 
inhibitor PRO 542, a tetrameric derivative of sCD4-IgG, 
was reported to effectively reduce the viral loads of 

Table 1. Summary of blocking of TRAIL, DR5, Apoptosis and IFNα that results from in vitro exposure to HIV-1

  TRAIL DR5 Apoptosis IFNα

 Monocytes CD4+ T-cells CD4+ T-cells CD4+ T-cells pDCs

HAART Yes Yes Yes Yes ?
sCD4-IgG Yes Yes Yes Yes Yes
AMD-3100 No No No No No
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pediatric55 and adult56 HIV-1-infected patients, whereas 
AMD-3100 therapy did not affect the viral loads of adult 
HIV-1-infected patients57. Recently, a study demonstrat-
ed that a tetravalent soluble PRO 542 was able to de-
crease the viral load of advanced HIV-1-infected patients 
who failed HAART56. Furthermore, these studies showed 
that there is no toxic activity of PRO 542 in patients55,56.

Water-soluble CD4-like molecules that are smaller 
than CD4 could also inhibit gp120-CD4 binding. Such 

molecules would be more convenient for patient use 
because they could be administrated orally, in contrast 
to the currently-used sCD4-IgG or PRO 542 which 
are given intravenously. A 27-amino acid CD4 mimic 
(CD4M33) has been recently shown to bind with high 
affinity to the CD4 binding site of the gp120 envelope58. 
CD4M33 blocks the in vitro binding and infection of pri-
mary CD4+ cells by HIV-1. We consider that CD4M33 
and possibly other molecules that inhibit the critical 
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Figure 1. HIV-1-induced apoptosis of CD4+ T-cells (A); and inhibition of apoptosis by sCD4-IgG (B). A: infectious or noninfectious HIV-1 
gp120 binds to CD4 on plasmacytoid dendritic cells (pDC) or monocytes (1), resulting in IFNα production by pDC (2a), and in membrane 
TRAIL (mTRAIL) expression and soluble TRAIL (sTRAIL) production by monocytes (2b). IFNα produced by HIV-1-activated pDC binds to the 
IFN receptor on CD4+ T-cells and induces mTRAIL expression on these CD4+ T-cells (3). Infectious or noninfectious HIV-1 gp120 binds to 
CD4 on CD4+ T-cells (4), resulting in their DR5 expression (5). The binding of mTRAIL and/or sTRAIL to DR5 results in the apoptosis of 
CD4+ T-cells (6). B: sCD4-IgG blocks HIV-1-induced: IFNα production by pDC, resulting in lack of mTRAIL expression on CD4+ T-cell; mTRAIL 
expression and sTRAIL production by monocytes; and DR5 expression by CD4+ T-cells Other molecules that block this gp120/CD4 interac-
tion could have the same effects as sCD4-IgG. No part of this publication may be 
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gp120-CD4 binding event should be tested for HIV-1-
mediated IFNα production by pDC and apoptosis of 
CD4+ T-cells40. Molecules of this type should inhibit 
both infection and immunopathogenesis and may pro-
vide an alternative therapeutic option for people who 
become resistant to HAART. A list of molecules that 
were designed to inhibit the binding of gp120 to CD4 
has been published59. These compounds could easily 
be tested in vitro for their ability to block the infectious 
or noninfectious binding of HIV-1 to cellular CD4. The 
inhibition of such binding should result in the failure of 
HIV-1 to activate IFNα, and therefore to induce expres-
sion of the apoptotic ligands TRAIL and FasL, their 
respective DR5 and Fas death receptors, and apopto-
sis of CD4+ T-cells. The results of such in vitro testing 
could identify those blocking molecules that might be 
effective in counteracting apoptosis-mediated CD4+ 
T-cell depletion during HIV-1 disease progression. In 
addition, these tests for death molecules and their re-
ceptors would detect noninfectious interactions between 
HIV-1 and CD4+ cells that would result in CD4+ T-cell 
apoptosis, but that would not be picked up by current 
virologic assays.

Our model (Fig. 1) highlights the HIV-1 gp120/cel-
lular CD4 interactions that are essential for IFNα pro-
duction and DR5 expression leading to CD4+ T-cell 
apoptosis. 

We show that the first step is the binding of infectious 
or noninfectious HIV-1 to CD4 present on pDC leading 
to IFNα production. The second step is the expression 
of mTRAIL by CD4+ T-cells and monocytes as well as 
the production of sTRAIL only by monocytes. The third 
step is the binding of HIV-1 (infectious or noninfec-
tious) to CD4+ T-cells which induces DR5 expression 
on the target cells. Finally, the fourth and last step is 
the binding of TRAIL to DR5, which induces the apop-
totic death of CD4+ DR5+ T-cells. This model is based 
on our in vivo and in vitro results40,41,51. The second 
part of the model shows that each of these steps can 
be inhibited by sCD4-IgG, which blocks the binding of 
viral gp120 to cellular CD4. 
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