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Abbreviations: HIV, Human immunodeficiency Virus; 
AIDS, Acquired immunodeficiency syndrome; ENV, Envelope; 
SU, Surface glycoprotein; TM, Transmembrane glycoprotein; V1/
V2, Variable regions 1 and 2; V3, Variable region 3; CCR5, CC 
Chemokine receptor 5; CCR8, CC Chemokine receptor 8; CXCR4, 
CXC Chemokine receptor 4; GALT, gut‒associated lymphoid tissue; 
LFA‒1, lymphocyte function‒associated antigen 1; α4β7, alpha4‒
beta7 integrin

Introduction
Human immunodeficiency virus 2 (HIV-2) is less virulent  in 

vivo  compared to human immunodeficiency virus 1 (HIV-1). This 
reduced virulence is revealed by a longer asymptomatic period, minor 
T-cell depletion and lower viral load. The basic molecular mechanisms, 
(both viral and cellular) underlying this reduced virulence is far 
from being fully characterized or even identified. We hypothesize 
that the way HIV-2 interacts with cellular receptors contributes 
decidedly to this lower virulence and enables the preservation of host 
immune function for a longer period of time. In this review the main 
characteristics of HIV-2 interaction with cellular receptor are focused 
and the major differences to HIV-1 are highlighted.

Discussion
Disease progression in HIV infection is accompanied by a 

continuous and irreversible decline of CD4+ T-lymphocyte numbers, 
predisposing the host to life-threatening opportunistic infections. 
Understanding the mechanism of CD4 cell loss in HIV infection is 
essential to understand viral pathogenesis and for the development 
of effective therapeutic strategies. In this regard, HIV-1 and HIV-2 
show some important differences in vivo. Although sharing the same 
transmission routes, HIV-2 infection is in general characterized by:

i.	A longer asymptomatic stage

ii.	A lower viral load

iii.	A minor T-cell depletion and consequently to a lower rate of 
disease progression (reviewed in1,2).

In fact, despite both viruses are linked to the onset of Acquired 
Immunodeficiency Syndrome (AIDS), HIV-2 infection has little 
impact on survival of infected individuals.3-5 These observations 

lead to the assumption that virtually all HIV-2 infected patients fit 
in a definition of “long-term non-progressors” or “elite-controlers”, 
a condition that appropriately define those rare HIV-1 infected 
individuals.6 That remains healthy for several decades without any 
antiretroviral therapy, with undetectable plasma viral load and CD4+ 
cell counts above 500 cells/μL.

The initial events that lead to viral entry have been related to 
several important characteristics of HIV. Modifications, either in 
cellular receptors or in viral receptor-interacting glycoproteins, lead 
inevitably to major viral phenotype changes that include adjustment 
of cell tropism, altered replicative fitness, different abilities to 
induce T-cell depletion or to escape neutralizing antibodies and, 
ultimately, to unique pathogenic characteristics. In the most favored 
model(reviewed in7,8), HIV entry begins with a specific interaction 
between the virion heterodimeric Env complex, formed by surface 
(SU) and trans membrane (TM) glycoproteins, and two cellular 
proteins: CD4 and a chemokine receptor (referred as co receptor). 
Several of these receptors have been described  in vitro as potential 
cofactors for HIV entry into target cells. However, despite this 
extensive range of molecules that could act as viral co receptor, CCR5 
and CXCR4 are considered as the main coreceptors for HIV-1 and the 
only that has a well-defined role in HIV pathogenesis.9,10

Based on our previous work we hypothesize that one of the factors 
that greatly contributes to the lower virulence of HIV-2 is related with 
the efficiency with which HIV-2 uses cellular receptors to interact 
with target cells. This hypothesis stems from our previous observation 
regarding CD4-independent infection11 and non-usage of neither 
CCR5 nor CXCR4 by HIV-2 strains.12-15

These observations clearly support the notion that HIV-2 and HIV-
1 use cellular receptors in different ways with direct implications 
in viral pathogenesis.1 Furthermore, the molecular determinants of 
coreceptor engagement seem also to be different in HIV-1 and HIV-2. 
While in HIV-1 the variable region 3 (V3) of Env SU glycoprotein 
is the major determinant of coreceptor usage,16-19 in HIV-2 the 
contribution of V3 region seems to be much less defined. In this 
regard, we recently show12 that the use of CCR8 as coreceptor and the 
switch from CCR8 to CCR5 or CCR5/CXCR4 usage is determined by 
amino acids located in variable regions 1 and 2 (V1/V2) of HIV-2 SU 
envelope glycoprotein.
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Abstract

Although sharing several properties, human immunodeficiency virus 1 and 2 (HIV-1 and 
HIV-2) have shown some important differences in vivo. A significant amount of data 
suggest that HIV-2 is in general less virulent than HIV-1. This reduced virulence is revealed 
by a longer asymptomatic period, a minor T-cell depletion and lower viral load. Due to its 
inherently attenuated phenotype, the study of HIV-2 infection constitutes an exceptionally 
good model to understand virologic and pathogenic mechanisms that enable the human 
host to cope with an HIV infection for such a long period of time and may help to learn 
more about HIV-1 pathogenesis, and to viral-cell interactions, opening to new strategies 
to vaccines or therapeutic design. The molecular mechanisms underlying this reduced 
virulence are far from being fully characterized or even identified. In this review the 
contribution of virus-cell interactions for this phenotype will be discussed with particular 
emphasis in the events involved in binding of envelope glycoproteins to cell co receptors.
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The usage of cellular receptors by HIV enables the virus to 
overcome the plasma cell membrane barrier and permits the delivery 
of its genetic material into host cell cytoplasm. In addition, the 
interactions between HIV Env glycoproteins with coreceptor and 
the misappropriation of chemokine receptor function, triggers the 
activation of several intracellular pathways that leads to an array of 
physiological changes in infected cell (e.g. chemo taxis, proliferation, 
cytokine secretion, differentiation). Although receptor signaling is 
not required for coreceptor function,20-22 these chemokine signaling 
cascades  in vivo  may prepare the target cells for viral replication 
and conceivably they could be responsible for some of the cellular 
responses to the virus.23

One of them is the induction of apoptotic signaling. This HIV 
mediated apoptosis is largely responsible for the gradual depletion 
of CD4+ T-lymphocytes, although other mechanisms have also been 
described. Although HIV encodes several apoptogenic proteins (e.g. 
Env, Tat, Vpr, Vpu and Nef), Env interaction with cellular receptors 
has been consistently referred as a principal mechanism of T-cell 
apoptosis.23 The mechanisms underlying this programmed cell death 
are directly dependent on Env glycoprotein and the way it interacts 
with cell receptors (reviewed in24). Accordingly, different Env proteins 
with different coreceptors usage profiles induce different signaling 
pathways and conceivably could induce different levels of apoptosis 
in infected and bystander non-infected cells.25

In addition, it was shown26 that HIV-1 is able to bind and signal 
through the integrin alpha4-beta7 (α4β7) that mediates the migration 
of lymphocytes to gut-associated lymphoid tissue (GALT). Regardless 
of the route of transmission, HIV-1 rapidly establishes infection in 
GALT, converting this lymphoid tissue in the principal site of viral 
replication, followed by a severe CD4+ T-cell depletion.27,28 The 
slower rate of CD4+ T-cell decline in HIV-2 infection may reflect 
differences during the initial phase of HIV-1 and HIV-2 infections and 
directly related with GALT infection. Since HIV-2 induces a naturally 
less pathogenic infection, an obvious question arises: is HIV-2 
interaction with α4β7 as efficient as HIV-1? And does this interaction 
leads to the same sort of cellular signaling such as the activation of 
LFA-1, an integrin that facilitates cell-to-cell transfer of HIV through 
the induction of virological synapses29? Although these effects are 
hypothetically viral strain-dependent, we hypothesize that HIV-2 may 
interact with α4β7 less efficiently leading to a minor colonization of 
the GALT and hence to a lower depletion of CD4+ T-lymphocytes.

Conclusion
Very few data exists about the cellular consequences of HIV-2 

interaction with cellular receptors. The plasticity of HIV-2 Env SU 
glycoprotein, leading to an unusual profile of coreceptors usage, could 
allow HIV-2 to “accidentally” infect inappropriate cell populations 
or induce less-than-optimal signaling after interaction with cellular 
receptors and thus be responsible for abortive infections, lower viral 
yields and minor T-cell apoptosis. It is thus important to assess the 
outcome of these interactions since them could explain the attenuated 
disease of HIV-2. Further studies are of utmost importance focusing 
in particular viruses obtained from asymptomatic individuals, since 
the main differences between HIV-1 and HIV-2 pathogenesis are 
particularly striking during this stage where a significantly slower 
clinical progression and lower CD4+ T-cell depletion are observed.
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