
Abstract. The long asymptomatic phase of HIV infection is
critical in the progression to AIDS. It probably reflects an
ancestral relationship with lentiviruses stemming from the
primate-simian immunodeficiency virus evolutionary pathway
leading to an idiosyncratic immune tolerance, which needs
to be understood if effective vaccines are to be rationally
designed. The majority of CD4+ T cells that die due to HIV-1 in
the asymptomatic phase are not infected with the virus. Trans-
mission of the predominant HIV-1 R5 variants to T cells is
mediated by infected monocyte-derived macrophages. The
two cell populations come into intimate contact mainly in the
lymph nodes during antigen presentation where there is also
active viral replication. We propose that HIV exploits antigen
presentation to access target T cells and evade immune
surveillance. This is achieved at the assembly point of an
immunological synapse between an antigen presenting, HIV-1-
infected macrophage and a responding effector/memory
CD4+ T cell. Viral envelope gp120 glycoproteins proximal
to MHC II molecules cross-link with T cell CD4 molecules,
thus establishing a supra molecular immuno-viral synapse.
The interaction results in conformational changes of gp120
exposing its V3 domain. Ionic interaction of this domain with
the synapse-recruited chemokine receptor CCR5 dimerizes
the receptor triggering intracellular signals that contribute to
T cell receptor transactivation pathways and subsequent
enhancement of T cell activation. HIV-downregulated MHC II
gives weak immune complexes. Disruption of the immuno-
viral synapse before completion of cell entry is a frequent
outcome condemning the responding T cell to a premature
activation-induced T cell death. Information on the assembly,
mechanistic and functional interactions at the immuno-viral
synapses may well assist in elucidating new strategies to
combat HIV infection.
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1. Introduction

Two decades have passed since the human immunodeficiency
virus-1 (HIV-1) was isolated and identified as the causative
agent of the acquired immunodeficiency syndrome (AIDS)
(1,2). HIV-1 infection is characterized by the progressive
depletion of CD4+ T cells that results in AIDS (3,4). The
prevailing theory for most of this period was that the virus
directly infected and killed CD4+ T cells. AIDS was, therefore,
addressed as a cytopathic viral infection and research efforts
were focused on deciphering the precise biology of the virus
within the host cell. Indeed, as a result of this research
activity, nucleoside and non-nucleoside analogue reverse
transcriptase inhibitors, protease inhibitors and powerful
combinations of these for highly active anti-retroviral therapy
(HAART) became the drugs of choice for AIDS patients.
Despite considerable advances, HIV-1 pathogenesis remains
elusive. Although AIDS may be treatable with satisfactory
prognosis, it remains incurable, accounting for 4.9 million
new infections and 3 million deaths in 2005 alone (December
2005 report, UNAIDS). Coupled to this, high toxicity of the
drugs, and drug-resistance related to the diversity of rapidly
mutating HIV-1 viruses necessitate meticulous treatment and
management of HIV-1-infected patients (5). This is an
impossible task in the prevailing areas of Asia and Africa.
Eradication of HIV infection together with prevention must,
therefore, be the ultimate goal. The recently-reported and
encouraging in vivo results from the use of valproic acid with
HAART (6) may be a step in that direction, but we still need
to better understand the whole repertoire of the viral escape. 

In recent years research attention has shifted towards
immune-based therapies such as the use of cytokines, vaccines
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including DNA-type vectors, and blockers of cell activation.
No data from these approaches have so far suggested clinical
benefit, either alone or combined with antiretroviral drugs (5).
Generation of new knowledge relating to HIV-1 pathogenesis
is clearly required if alternative intervention strategies or
vaccines are to be successful. Consequently, we have to
reconsider and revise our concepts on HIV-1/AIDS by re-
addressing some fundamental questions. 

2. Is AIDS associated with the evolution of common viral
ancestors to HIV?

The emergence of the virus as a human infection is estimated
from back calculations of the evolutionary rate of the virus
and from the oldest known strain isolated from a 1951 sample
(7) to have commenced at around 1930 (8,9). This host-
parasite adaptation period is far too short in Darwinian
evolutionary terms to explain the clinical latency of HIV-1
infection. Either a launch of a very violent immune response
would have been expected or a kind of rapid attenuation,
which has not been observed since its discovery over 20 years
ago. As neither of these conditions appear to have occured, an
alternative explanation may be that the Man-HIV relationship
has much older roots stemming perhaps from the primate-
simian immunodeficiency virus (SIV) evolutionary pathway
(10), thus reflecting a kind of human ancestral adaptation that
has led to an idiosyncratic immune tolerance. Idiosyncratic
tolerance could be defined as the cellular responses to HIV
that persist throughout the infection but fail to be effective. This
speculative hypothesis may eventually be a key consideration
in the dynamics of HIV-1 infection. If a protective vaccine is
to be developed, it must be capable of coping with both the
natural genetic diversity of HIV-1 (11), and at the same time
of surpassing this form of tolerance in order to evoke a strong
and effective immune response. 

3. AIDS: a cytopathic viral disease or an immune dys-
function caused by the presence of HIV-1?

AIDS is viewed as an immune dysregulation syndrome caused
by the presence of HIV-1 (12). Therefore, we must identify
and address the immune mechanism impaired. The course of
HIV-1 infection is marked by three stages: i) an early, acute
infection stage lasting a few weeks with rapidly increasing
viraemia and sharp depletion of CD4+ T cells; ii) a chronic
asymptomatic phase characterized by a rapid recovery of
circulating CD4+ T cells and diminishing viral loads followed
by a very gradual decline of these cells lasting, on average,
approximately 10-12 years; and iii) onset of AIDS when the
CD4+ T cell subset reaches a critical minimum level (13).
Depletion of these immune cells leads to increased sensitivity
of the patient to opportunistic and chronic infections and to
oncogenesis (14). 

The cause of the depletion is still under debate. The first
and last stages of the infection are governed by the cyto-
pathic effects of the virus. It is evident, however, that during
the second, asymptomatic phase, immune function events
associated with virus-cell interactions are critical to the AIDS
outcome. The introduction of kinetic parameters in HIV
infection studies, including viral and infected cell half-lives, has

convincingly shown that the replenishment rate of circulating
CD4+ T cells is far greater than the turnover of infectious virus
particles. The cytopathicity model alone, therefore, cannot
explain the overall depletion of CD4+ T cells (15) and the
progression to AIDS. Considering the natural evolution of
HIV, it can be speculated that the cytopathic effects of the
first and third stages reflect the recent definitive adaptation of
this lentivirus to man. The idiosyncratic immune tolerance
during the long second phase, and the resultant chronic
immunodeficiency probably testify also to an ancestral rel-
ationship. Elucidating the precise mechanisms in the second
phase with which the virus deregulates immune functions
without infecting those cells may be critical in designing novel
strategies.

4. The antigen activation induced CD4+ T cell death model

Several immunological theories on HIV pathogenesis were
inevitably formulated, including impairment of peripheral
homeostatic functions by chronic immune activation (16,17).
Although these concepts are generally consistent with the
overall clinical observations, they need to be described in
basic immune mechanisms, and the ‘chronic’ activation and
death of CD4+ T cells must be explained in terms of specific
cellular and molecular interactions. The immune activation is
not generalized, i.e. viral components do not appear to have
mitogenic or superantigen-type properties. HIV-1 does not
greatly affect the CD8+ T cell subset either, although as a virus
it would have been expected to do so. Strikingly, it chiefly
affects the CD4+ T cell subpopulation. The evidence is over-
whelming (reviewed in ref. 18) that the presence of HIV
alters the physiological process of activation-induced cell
death (19) affecting predominantly uninfected CD4+ T cells
(20). The envelope glycoproteins, gp120 and gp41, have
been consistently implicated in this respect. Gp120 mediates
viral entry by binding to target cell CD4 and chemokine
receptors. After gp120-CD4/chemokine receptor binding,
gp41 mediates fusion of the viral and host cell membranes
(21,22). Synthetic peptides that inhibit this fusion process have
successfully completed clinical trials and are now available
as new therapeutic agents (comprehensively reviewed in
refs. 23-29). 

The interaction between gp120 and its primary receptor
CD4 does not directly or exclusively alter the fate of the host
cell. The signal transduction that leads the host cell to death
seems to be governed mainly by the interaction of gp120 with
the co-receptors, CCR5 and CXCR4 (30,31), which belong to
the seven-transmembrane G-protein coupled receptor family.
HIV-1 variants referred to as R5 strains (32), responsible for
host-to-host transmission and predominant at the asymptomatic
phase, utilize CCR5 as co-receptor. CCR5 regulates trafficking
and effector functions of memory/effector (CD45RO+) T cells
and macrophages. The gp120-CCR5 interaction consequently
affects the memory/effector CD4+ T cell subpopulation, as
indicated in ex vivo studies (33,34). It is evident that gp120 is
involved in binding to target cells and at the same time it is the
most potent inducer of cell apoptosis in uninfected memory/
effector CD4+ T cells (35,36). This appears to be a contra-
diction in terms which we attempt to address with our proposed
theoretical model.
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Depletion of CD4+ T cells, particularly the memory/effector
subset, is not necessarily the cytopathic result of HIV infection,
but it may be the inevitable outcome of immune dysfunction.
CD4+ T cells interact with professional antigen-presenting
cells and modulate the immune response via cytokine secretion
and proliferation. We must consider the function of these
target cells and how gp120 alters their behavior. This suggests
that the observed immune dysregulation by HIV-1 must be
related to the antigen presentation mechanism. The HIV-1 R5
variants are characterized by their macrophage-tropic pheno-
type. The role of macrophages in HIV pathogenesis was only
belatedly appreciated despite convincing evidence for their
involvement in CD4+ T cell death (19,35,36). HIV-1-infected
macrophages remain functional, although their ability to
present antigens is greatly reduced (37). Considering these
observations, it was demonstrated by using synthetic peptides
from the semi-conserved principal neutralizing determinant
(PND) of the gp120 V3 domain, and presented on the surface
of monocyte-derived macrophages, that they deliver a V3-
specific signal of activation-apoptosis to tetanus memory/
effector CD4+ T cells during antigen presentation of tetanus
toxin (38,39). The V3 interacted, at least, with the amino
terminal of CCR5 (38,40,41). A hypothesis was proposed
that signal transduction from the V3-CCR5 interaction was
regulated by the cationic strength of the V3 domain rather
than by specific conformational motifs (42,43). This general
model could explain a number of pathogenesis-related
observations and cellular events associated with clinical
manifestations. It identifies and pinpoints the key element in
the successful persistence of the virus which appears to be
nothing less than the actual cell attachment process itself.
Additional information is, therefore, required on the mech-
anistic features between viral and cell components in this
process.

5. HIV-1 cell attachment and entry process

Despite the large volume of information on T cell depletion,
many questions remain unanswered, particularly concerning
the specific interactions between HIV-encoded proteins and
cell receptors that alter the physiological cell death mechanisms
(18). These interactions are clearly implicated in an elaborate
process of cell attachment and entry. The process involves
essentially three steps: viral cell attachment, co-receptor
binding, and fusion of the viral envelope components with
the host plasma membrane (26).

The first step is aimed at recognizing the ‘correct’ target
cell. This is achieved by the interaction of viral envelope
glycoprotein gp120 with host cell CD4 molecules. It involves
several conserved gp120 residues, mainly at domain IV,
binding to the second complementarity-determining region of
CD4 (44,45). 

The gp120 - CD4 interaction is not sufficient for cell entry
but it causes conformational changes in the gp120 variable
loop regions V1/V2 and V3, causing V3 to evaginate and
become exposed to host cell co-receptors (46-48). Thus, the
second step essentially comprises V3 interacting with the
major co-receptors CCR5 or CXCR4. 

The V3 - co-receptor interaction leads to further conform-
ational changes in gp120 and dissociation of gp41 from gp120.

Gp41 unfolds and a hydrophobic fusion peptide from gp41 is
inserted into the host cell membrane (49-51), thus allowing
the final fusion step to take place (reviewed in ref. 26). 

Of the three stages, the final fusion step has already been
exploited therapeutically, and also several strategies are under
development for prophylactic vaccines that aim to block the
first step (52-54). From a biological point of view, the second
step, that of co-receptor usage, could be considered as a
potential therapeutic target although inference of the physio-
logical function of these chemokine receptors by attempting
to block viral access may be detrimental, and therefore toxic
to the patient.

6. Is HIV-1 cell attachment facilitated by immuno-viral
synapses?

The organization of a polarized supra molecular structure by
the retrovirus human T lymphotropic virus type 1 (HTLV-1)
to facilitate transmission between T cells has been described
(55). This structure was designated a virological or viral
synapse because of similarities to the immunological synapse.
HIV-1 infective particles are also reported to be released at
cell-to-cell contact sites (56), probably utilizing virological or
infectious synapse structures between antigen presenting cells
and T cells (57). This synapse-directed viral transfer model
offers several functional advantages for the virus such as
increasing the probability of reaching target cells, concentrating
viral receptors at sites of contact, activating the target T cell
for an efficient viral replication, and protecting the virus from
immune recognition (57). Viral attachment and conjugation,
however, need stable and prolonged interactions with the
target cell. The infectivity of virus particles away from the
infected cell after budding is greatly diminished suggesting
that the dynamic forces of a virological synapse are probably
not sufficient to maintain the attachment of the virus long
enough. Such stable interactions can be provided by the
immunological synapse. The virus can potentially exploit the
contact between the antigen presenting macrophage and the
responding CD4+ T cell by incorporating the gp120/gp41
hetero-dimeric trimer structure to the immuno-synaptic site,
thus creating an immuno-viral synapse. There are several
lines of evidence which could support this hypothesis: i) CD4
molecules can be cross-linked by membrane-bound Env or
virions (56); ii) T cell CCR5 is recruited at the immunological
synapse during antigen presentation leading to enhanced T
cell activation (58); iii) dimerization of CCR5 invokes G-
protein mediated tyrosine kinase activation and subsequent
signaling cascades that affect T cell function (59); and iv) the
semi-conserved domain of the gp120-V3 region incorporated
onto the macrophage surface induces an enhanced and accel-
erated activation in effector/memory CD45RO+/CD4+ T cells
during antigen presentation (38). V3 interacts functionally, at
least, with CCR5 (38,40), delivering an ionically-dependent
single triggering signal to responding T cells rather than a
repeatable activation signal (39). Interestingly, V3 - CCR5
sulphated N-terminal peptide-peptide interaction studies
with surface plasmon resonance showed an optimal complex
formation at a molar ratio of 3:2 suggesting that three V3
domains are needed to dimerize CCR5. This may well explain
functionally the trimeric nature of the gp120/gp41 complex. 
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Figure 1. Proposed antigen presentation between an HIV-1-infected macrophage and a responding effector/memory CD4+ T cell that leads to enhanced and
accelerated T cell activation and death. (A) Participating key surface components at the approach of effector/memory T cell to the HIV-1-infected
macrophage. (B) Assembly of an immuno-viral synapse: immune complex formation and gp120-CD4 cross-linking causing conformation changes to gp120
with V3 protruding. (C) Dimerization of recruited CCR5 by three V3 domains triggers signals that contribute to T cell receptor transactivation pathways.
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7. Proposed theoretical model of R5 HIV-1 cell attachment
and concluding remarks

The asymptomatic phase is perhaps the most critical stage of
HIV-1 infection as it causes chronic dysfunction of the immune
system. During this phase HIV-1 R5 variants that utilize CCR5
as co-receptor are predominant. CCR5 is present on the surface
of macrophages and activated CD45RO+/CD4+ T cells and is
therefore a potential target for the virus. The macrophage-
tropism of these HIV variants reveals the pattern of infection
which resembles the Trojan horse principle. Infected macro-
phages retain their ability to present antigens. Effector/memory
T cells that respond to the presentation process are engaged to
an immune synapse via the T cell receptor complex. During
the assembly of the immune synapse structure, polarization
of CCR5 molecules and HIV gp120/gp41 trimeric structures
to the site of cell contact leads to a supra molecular immuno-
viral synaptic complex. At the synapse, gp120 cross-links with
T cell CD4 molecules causing conformational changes to
gp120 and thus exposing the V3 region (46). The protruding
V3 domains from the viral trimer complex dimerize CCR5 and
trigger intracellular signaling which are probably directed to
enhance T cell receptor transactivation pathways that regulate
proliferation, cytokine secretion and activation-induced cell
death (Fig. 1). This interaction also causes further gp120
conformational changes that lead to the dissociation of gp41
from the hetero-dimeric complex thus allowing the fusion
peptide domain of gp41 to attach to the target cell plasma
membrane and conjugate (49-51). HIV-1 cell entry is, there-
fore, a complex, dynamic and multifunctional process prone to
incompletion due to viral-induced down-regulation of antigen
presentation components in the HIV-infected macrophages.
Disruption of the immuno-viral synapse, probably the most
common outcome, condemns the engaged T cells to a pre-
mature Fas-FasL-mediated activation-induced cell death (FasL
is over-expressed during enhanced T cell activation). This
results in insufficient recovery of memory T cells to the specific
cognate antigen which gradually leads to an accumulated loss
of CD4+ T cell memory. In the case of successful cell entry,
the virus possesses several accessory molecular ‘tools’, such
as Nef, to halt the target cell from going to apoptosis and also
to evade immune surveillance (42).

In essence, we are proposing a ‘kiss of death’ functional
model of HIV-1 transmission from macrophage to T cell that
may help to explain the observed depletion of uninfected
effector/memory CD4+ T cells that characterizes the asympt-
omatic phase of the infection. Understanding the assembly,
organization and precise function of a potential immuno-viral
synapse mediated by R5 HIV-1 may assist in elucidating
strategies to combat infection. Interference of in vitro trans-
mission of R5 HIV-1 virions by X4-derived peptides (60) is a
hopeful indication in that direction.
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