
 Current HIV Research, 2007, 5, 47-54 47 

 

 1570-162X/07 $50.00+.00 © 2007 Bentham Science Publishers Ltd. 

Immune Responses to HIV Gp120 that Facilitate Viral Escape 

Liljana Stevceva
*
, Victor Yoon, Daphne Anastasiades and Mark C. Poznansky 

Partners AIDS Research Center, Department of Infectious Diseases, Massachusetts General Hospital, Harvard Medical 

School, CNY Building 149, 13
th

 Street, Charlestown, MA 02129, USA 

Abstract: The gp160 complex of the envelope of the HIV virus and its component gp120 are essential for viral entry into 

the host cell. Gp120 binding to its receptor CD4 and co-receptor, CXCR4 or CCR5 is required for fusion of viral and cel-

lular membranes. The presence of gp120 facilitates immune escape of the virus through its profound effect on the immune 

cells. It is a polyclonal activator of B cells, causing them to differentiate into immunoglobulin producing cells while acti-

vating the complement cascade. This results in the formation of immune complexes that are unable to kill the virus but in-

stead shield it from the attack of other immune cells. Such HIV-1 virus that is trapped within immune complexes and is 

bound to the B cells via CD21 is more infectious than the free virion. In addition, HIV virions are trapped on the mem-

brane of follicular dendritic cells (FDC) processes in immune complexes or through complement receptors. Thus, FDC 

can serve as a ‘Trojan horse’ and transmit the trapped virus to CD4+ T lymphocytes as they migrate through the germinal 

centre to the follicular mantle and paracortical areas. It was demonstrated that CXCR4-binding HIV-1 X4 gp120 causes 

the movement of T cells, including HIV-specific CTL, away from high concentrations of the viral protein and its expres-

sion by target cells reduces CTL efficacy in vitro. Therefore, apart from the essential role in viral attachment and infection 

of cells, gp120 possesses several properties that affect the behavior of immune cells and skew the immune response to the 

virus facilitating viral escape. 
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CHEMICAL STRUCTURE OF HIV GP120 

 The HIV virus is about 0.1μm wide and consists of an 
inner, pill-shaped core containing the RNA genome pro-
tected by a capsid protein known as p24 and an outer viral 
membrane (see Fig. 1). HIV is a retrovirus and its RNA ge-
nome exists as a dimer with enzymes that are essential for 
the survival of the virus; the protease that is used to cleave 
viral proteins, the reverse transcriptase that transcribes the 
RNA back to DNA once the virus infects a host cell and the 
integrase that integrates the viral DNA into the host cell 
DNA (Fig. 1). 

 The viral membrane is a spherical bi-lipid layer that sur-
rounds the inner core with an average of 14 spikes, known as 
gp160 complexes that the virus uses to attach itself to host 
cells [108]. These complexes exist as trimers of gp120 pro-
teins, each of which is linked to a gp41 protein forming a 
tripod shape that anchors the gp120 proteins through the 
membrane (Fig. 1) [25, 59, 108]. 

 Wyatt et al. identified five variable regions (loops) of the 
gp120 molecule interposed among more conserved regions 
[104]. The V1/V2 loop, classified together because of being 
connected by a disulfide bridge, consists of one loop of 
about 25 amino acids for V1 and about 45 amino acids for 
V2 [104]. The V3 loop, is around 30 amino acids in length 
[39]. Mutagenesis of the protein and investigation of the re-
sultant gp120-CD4 interaction was conducted to further clar-
ify the importance of each of these loops [39]. It is thought  
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that these loops change in structure and conformation from 
time to time, thereby allowing the virus to elude the immune 
response. This has particularly been described for the V3 
loop [39, 53, 89]. While some authors describe a lack of V3-
specific neutralizing antibodies in patients who develop 
AIDS [89], others have found that neutralizing antibodies for 
one strain of HIV-1 to the V3 loop could fail to neutralize 
another strain of the same virus and even enhance infection 
in a third strain [53]. These findings have identified the vari-
able position 311 proximal to the conserved GPGR motif at 
the top of the V3 crown as important for viral sensitivity to 
neutralization or enhancement by antibodies. In addition, 
two small deletions on both arms of the V3 stem altered the 
tropism of the dual tropic 89.6P viral strain so that only 
CXCR4+ cells were infected. This mutation, in combination 
with the deletion of the V1 and V2 loops, enhanced the abil-
ity of the envelope to elicit neutralizing response [106]. 

 The bridging sheet is an area of the gp120 molecule that 
is involved in the binding of a co-receptor of CD4, the 
chemokine receptor CCR5 [61]. This particular region is 
highly conserved in all of HIV viruses and it is thought that 
the co-receptor affinity may be linked to viral tropism and 
subsequently, to pathogenesis. 

 As research into this area advances, it is becoming very 
clear that the chemical properties of the gp120 and the 
changes that occur in its structure might be crucial factors in 
allowing the virus to escape immune recognition and subse-
quent killing. 

THE ROLE OF GP120 IN VIRAL ENTRY 

 As previously mentioned, HIV gp120 is a part of a 
trimeric complex known as gp160, where it is associated 
with gp41. This complex is cleaved during transport to the 
surface of HIV-infected cells to form 2 fragments, gp120 and 
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gp41, which leaves gp41 in a membrane-anchored state (see 
Fig. 2). 

 The main receptor for gp120 is CD4, which is essential 
for virus entry [22, 51, 85]. Occasionally, CD4 negative cells 
can also get infected by the HIV virus [12, 40, 60, 62, 90] 
restricting inhibition of productive infection of CD4+ cells 
by certain HIV strains even by anti-CD4 monoclonal anti-
bodies [81]. This could partially be explained in lympho-

cytes in content of their origin from CD4+ precursor cells 
[50] or in other cells by phenotypic mixing of the virus with 
human T cell leukemia viruses [63]. 

 Gp120 binding to its receptor CD4 and a co-receptor [71] 
is required for fusion of viral and cellular membranes, which 
occurs in a multi-step process [22, 51] (see Fig. 2). The 
chemokine receptors CXCR4 or CCR5 function as co-
receptors for HIV viral entry into the host cell [71]. During 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Schematic diagram of the structure of the HIV virus. The so-called ‘spikes’ (gp160) consist of the gp120 trimers connected to 

the gp41 protein (augmented to the left). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). The process of HIV entry into the cell. Binding of gp120 to CD4 induces a conformational change in gp120 that alows for expo-

sure of the co-receptor binding domain (left). The change also allows for the fusogenic domain of gp41 to be exposed (middle), resulting in 

fusion of the HIV virion membrane and T-cell membrane (right). 
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this process, the major function of CD4 binding to gp120 is 
to stimulate changes in its structure that will allow for expo-
sure and stabilization of the co-receptor binding site [86, 96]. 
Clayton found that mutation of key residues in domains I or 
II of CD4 can eliminate or reduce binding to gp120 [17]. Wu 
et al. [102] also showed that mutant forms of the CD4 recep-
tor had decreased affinity for gp120 compared to the normal 
CD4 molecule. 

 Early infection primarily employs CCR5 as the co-
receptor whereas later infection often utilizes the co-receptor 
CXCR4 in most but not all individuals [15, 20, 28, 107]. The 
V3 loop on the gp120 molecule determines the chemokine 
receptor usage [18, 93]. In V3-deleted mutants, gp120 does 
not bind the chemokine receptor CCR5 [58, 97]. Rizzuto et 
al. used gp120 mutants to determine that a highly conserved 
region, adjacent to the V3 loop of gp120 is essential for 
CCR5 binding [82]. When CD4 undergoes binding, the vari-
able loops V1 and V2, shift to allow exposure of residues 
that were otherwise protected [70]. This shift presents the 
necessary region for co-receptor association with CXCR4 
[57, 82, 103], or CCR5 [1, 24]. On the other hand, CD4 has 
been shown to have little conformational change after bind-
ing gp120 [56, 57, 84]. An increase in positive charge of the 
third variable region of gp120 may signify a CXCR4-
dominating phenotype [85]; moreover, a switch from the 
CCR5 to a CXCR4 phenotype is accompanied by a positive 
V1/V2 loop charge increase [21, 38, 100]. 

 The fusogenic activity of HIV-1 depends on several re-
gions [41]. Kowalski et al. [54] replaced specific N-terminal 
hydrophobic amino acids of gp41 with charged amino acids 
and found the syncytium formation to diminish. The conse-
quence of this replacement was a disruption of the alpha-
helical structures of fusion regions of gp41 that get inserted 
into CD4+ T-cell membranes [99]. CD4 binding to gp120 is 
thought to allow dissociation of gp120 from gp41 by the 
resulting conformational changes, thus exposing the fu-
sogenic domain of gp41 [26]. Conformational changes occur 
in the V3 loop of gp120 after CD4 binding [86] and the V3 
loop has been shown to be involved in HIV-1 penetration 
CD4+ T-cells and syncytium formation [23, 31]. Further-
more, the C4 domain of gp120, which is also involved in 
CD4 binding, interacts with the V3 loop [105]. Conforma-
tional changes could expose a masked thrombin cleavage site 
[46]. This would lead to cleavage of gp120 and dissociation 
from gp41 and thereby expose the fusogenic domain of gp41 
[87]. Researchers continue to study the role of gp120 in viral 
entry and especially the nature of the association of the pro-
tein with the CD4 molecule and how to prevent it. However, 
as new data on gp120 emerge, it has become increasingly 
important to look into the effects that this protein has on the 
‘key players’ of the immune response to the virus. 

HOW GP120 INFLUENCES T CELL FUNCTION 

Gp120 and T Cells: Chemokines, Chemokine Receptors 

and HIV-1 

 The HIV protein gp120 has been shown to mediate che-
motaxis of T cells [43, 65]. It has been demonstrated that, in 
contrast to CD4-dependent gp120 signaling via CCR5, enve-
lope signaling through CXCR4 is CD4-independent, induc-
ing chemotaxis of both CD4 and CD8 T cells [43]. The in-
teraction of CXCR4 and gp120 resulted in their CD4-

independent co-internalization with both molecules translo-
cating into early endosomes. Binding of gp120 to CXCR4 
resulted in a CD4-independent phosphorylation of Pyk2 and 
an induction of chemotactic activity, demonstrating that this 
interaction has functional consequences [65]. CCR5-binding 
HIV-1 gp120 or so-called R5 HIV-1 gp120 induces CCR5-
dependent as well as CD4-dependent intracellular signals 
that are involved in cell adhesion and chemotaxis [16]. These 
findings may be of particular interest in view of the fact that 
the HIV-1 gp120 molecule has been shown to dissociate 
from HIV-1 virions [48, 49, 73]. HIV-1 gp120 shedding has 
been shown to be increased in the presence of soluble CD4 
(sCD4) [69]. The relevance of HIV-1 gp120 shedding in vivo 
is unknown, although a recent study by Altmeyer et al., 
demonstrated that gp120 derived from transgenically ex-
pressed gp120/41 envelope protein could be detected in both 
the cytoplasm and at the plasma membrane in animal brains 
in situ [3]. Furthermore, the fact that HIV-1 gp120 itself can 
dysregulate immune effector cell migration may contribute 
to an explanation of why immunization with recombinant 
gp120 have been shown to date, to induce minimal neutraliz-
ing antibody and CTL responses against HIV-1 infection in 
humans [19, 77]. 

 There is no clear evidence to date for the exact role that 
chemotactically active HIV proteins play in the pathogenesis 
of the retrovirus. There is speculation that HIV employs its 
chemotactically active proteins to attract uninfected mono-
cytes and T-cells to a site of infection. We proposed that 
chemokinetically active HIV proteins, in particular HIV-1 
gp120, serve as bidirectional cues for immune cells and may 
dysregulate immune effector cell migration. This may allow 
HIV-infected cells to evade the host immune response. 

Gp120 and T Cells: HIV-1 Infection, Immune Control 
and Immune Evasion 

 HIV-1 establishes a chronic infection in humans that the 
host immune system fails to eradicate. This virus exploits 
various mechanisms in order to evade the immune system 
including the infection and killing of HIV-specific helper 
cells, and the maintenance of a latent state and mutation of 
its immunogenic envelope protein [2, 10, 37, 78]. Studies of 
the immune control of HIV-1 have recently been focused on 
the role of HIV-specific CD8+ CTLs and HIV-specific 
CD4+ T-cell help in containing HIV infection [10, 37]. 
There is an increasing evidence from the studies of long-
term non-progressors that HIV-1-specific cytotoxic T cell 
(CTL) activity correlates with protection from progression to 
AIDS [7, 35, 52, 79]. These findings in HIV-infected indi-
viduals were definitively supported by in vivo studies of ma-
caques whose CD8+ T-cells had been depleted using a 
monoclonal antibody. CD8+ T-cell depleted macaques 
showed significantly increased levels of viral load following 
primary challenge with SIV-1 [88]. Conversely, viral load 
declined with the subsequent reappearance of CD8+ T-cells 
in the periphery and lymph nodes [45, 88]. In addition to the 
induction of a CTL response, HIV-1 clearly induces strong 
helper cell responses. This HIV-1 specific help, specifically 
related to Gag specific T-helper cells, was recently defined 
as being critical for the control of viremia in cross-sectional 
studies of HIV-infected individuals [47]. However, HIV-1 
specific help in general may be reduced in magnitude in pa-
tients with chronic progressive HIV-disease [29]. 
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 Despite HIV-specific CTLs and HIV-1 specific help, the 
vast majority of HIV-infected individuals fail to control their 
viremia in the long term. The issue of how much immune 
pressure is exerted against HIV-1 by these immune effector 
cells in vivo is currently being examined [8, 11,  36, 75]. 
Initial studies suggest that CTL responses in vivo may not be 
maximally functional and that CTLs in vivo may in fact be 
unresponsive. This mismatch between in vitro activity of 
CTLs and in vivo evidence of effector T-cell function was 
exemplified by an adoptive transfer study in which autolo-
gous gag-specific CTLs were infused into HIV-infected in-
dividuals. CTLs co-localized with HIV-infected cells but no 
sustained reduction in HIV infected cells was seen [94]. The 
failure of CTLs to contain HIV in vivo has been explained by 
a lack of adequate T-cell help, HLA class I homozygosity 
and the loss of HIV-specific CTLs over time due to a num-
ber of mechanisms including macrophage induction of apop-
tosis and tolerization to antigen by B-cells [11, 36]. A further 
study examined the persistence of specific CTL clones in 
primary infection [75]. The authors demonstrated that HIV-
specific T-cell clones that were present at the time of acute 
infection rapidly disappeared. This finding was explained by 
the concept of high-dose tolerance or clonal exhaustion. The 
results of a recent study of the distribution of virus-specific 
CTL in blood and lymph in primarily HIV infected individu-
als suggest an alternative mechanism. Clonotype specific 
PCR and the analysis of activated HIV-specific CTL in vivo 
demonstrated that CTLs preferentially accumulated in the 
blood whereas HIV infected cells were predominantly local-
ized to the lymph nodes [75]. The authors suggested that 
HIV-specific immune effector cells may fail to migrate to 
those areas in which HIV proliferation is high as in the 
lymph nodes into the peripheral blood, where low levels of 
HIV replication take place by as yet an unknown mechanism 
[74]. 

 Other subtle effects of HIV-1 on the localization of spe-
cific subpopulations of HIV-specific T-cells to the peripheral 
blood and lymph node have been detected. Brodie et al., 
examined the localization of adoptively transferred in vitro 
expanded gag specific CTLs in three HIV-infected patients 
without detectable HIV-specific T-helper responses [11]. 
They demonstrated the localization of adoptively transferred 
CTLs to parafollicular areas containing productively infected 
T-cells at a single time point following a second infusion of 
CTLs. However, the CTLs were not found within the follicu-
lar dendritic cell network that contained free virions. The 
localization of CTLs in the peripheral blood declined over 14 
days and was undetectable by 28 days. This decline in pe-
ripheral blood CTLs was associated with a rebound in HIV-
infected cells and was attributed to a failure of HIV-specific 
helper responses to support lymph node CTLs. The ultimate 
fate of the CTLs that were localized to the lymph node was 
not examined in this study. It is clear from the presented data 
that the percentage of peripheral blood CD4+ T-cells ex-
pressing HIV gag continued to rise in all three patients fol-
lowing the single time point at which lymph node biopsy 
was performed despite the co-localization of CTLs to para-
follicular areas of lymph nodes. 

 Experimental data from our laboratory show that the 
gp120 protein of HIV deregulates immune effector cell mi-
gration [9]. It was demonstrated that CXCR4-binding HIV-1 
X4 gp120 causes the movement of T cells, including HIV-

specific CTL, away from high concentrations of the viral 
protein. This migratory response is CD4 independent and 
inhibited by anti-CXCR4 antibodies and pertussis toxin. Ad-
ditionally, the expression of X4 gp120 by target cells reduces 
CTL efficacy in an in vitro system designed to account for 
the effect of cell migration on the ability of CTL to kill their 
target cells. Recombinant X4 gp120 also significantly re-
duced antigen-specific T-cell infiltration at a site of antigen 
challenge in vivo. The repellant activity of HIV-1 gp120 on 
immune cells in vitro and in vivo was shown to be dependent 
on the V2 and V3 loops of HIV-1 gp120. These data suggest 
that the active movement of T cells away from CXCR4-
binding HIV-1 gp120, which we previously termed fuge-
taxis, may provide a novel mechanism by which HIV-1 
evades challenge by immune effector cells in vivo [9]. This 
novel mechanism may contribute to an explanation of why 
the HIV-specific immune response or adoptive transfer of 
targeted HIV-specific immune effector cells in vivo fails to 
significantly diminish viral load in the peripheral blood or in 
tissues in HIV infected individuals. Further studies examin-
ing this phenomenon in depth on animal models of disease 
are ongoing. 

GP120 ALSO AFFECTS B CELLS 

 Increased B cell activation is a characteristic feature of 
the HIV-infection. This is manifested by polyclonal B cell 
activation [67], elevated immunoglobulins in sera, presence 
of circulating immunocomplexes and the presence of autoan-
tibodies. The number of spontaneously immunoglobulin se-
creting cells also increases. B cell immunodeficiency occurs 
and responses to immunization with polysaccharide and pro-
tein antigens are impaired [4]. It has been shown that im-
paired B cell responses to antigens are due to the dysfunction 
of T cell-dependent B cell proliferation. HIV gp120-treated 
T cells fail to provide adequate help to B cells because of the 
interference of T-B cell contact-dependent interaction and 
the inhibition of cytokine secretion by T cells [14]. 

 The B cell dysfunction in HIV infection is also character-
ized by impairment of isotype switching [6, 72]. In fact, it 
was recently described that the negative factor protein of 
HIV (Nef) suppresses immunoglobulin class-switch DNA 
recombination by inducing I B  and SOCS proteins that 
block CD154 and cytokine signaling via NF- B and STAT. 
Consequently, HIV-1 could evade the T-cell dependent class 
switching in bystander B cells to protective IgG and IgA-
producing cells and in such a way avoid neutralization and 
clearance [80]. 

 In addition, the carboxy terminus of the gp41 region 
(amino acids 739-863) has been shown to be able to induce 
polyclonal activation of normal B cells, causing them to dif-
ferentiate into immunoglobulin-secreting cells [13]. Fur-
thermore, binding of gp120 to the VH3 domain of surface 
IgM on B cells was shown to cause T cell-independent B cell 
differentiation suggesting a role for gp120 as B cell superan-
tigen [5]. 

 B cells are also a potential reservoir of infection. It has 
been demonstrated that the heavily glycosylated and partly 
sialylated envelope proteins gp120 and gp41 bind to cells 
expressing the complement receptor CR2 (CD21). The bind-
ing requires activation of the alternative complement path-
way and in the absence of CD4, it does not result in cell in-
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fection [68]. A recent study demonstrated that lymphoid tis-
sue and peripheral blood-derived B cells of HIV-1 infected 
viremic patients carry replication-competent virus on their 
surface [66]. The mechanism of binding was found to in-
volve binding of HIV-containing immune complexes to the 
CD21 on the surface of the B cells [66]. Such HIV-1 virus 
that is trapped within the immune complexes and bound to 
the B cells is more infectious than the free virion [44]. Fur-
thermore, another study had shown that B cells deliver a 
potent CD86/CD28 costimulatory signal that induces T cell 
proliferation and simultaneously enhances HIV-1 replication 
[55]. 

 Multiple research groups continue to investigate the in-
fluence of gp120 on B cell function and B-T cell interaction. 

DENDRITIC CELLS AND GP120: HOW THE NOR-
MAL PROCESS OF ANTIGEN PRESENTATION EN-
HANCES HIV INFECTION 

 Immature dendritic cells (DCs) residing at mucosal sur-
faces of the rectum, uterus, cervix and skin are the first cells 
targeted by HIV infection. These DCs bind the HIV virus via 
interaction of the gp120 protein with a DC-specific C-type 
lectin, DC-SIGN [33]. Mucosal DC of the uterus and rectum 
express high levels of DC-SIGN and coexpress CD4 but do 
not express CCR5 [32]. DC-SIGN might therefore play a 
crucial role in mediating binding of the HIV virus to DC via 
a gp120-DC-SIGN interaction. The virus might then exploit 
the migratory capacity of these activated DC to reach 
CD4+CCR5+ T cell-rich lymphoid tissues and mediate effi-
cient infection of permissive cells [32]. In addition to DC-
SIGN, HIV-1 gp120 binding to at least two more C-type 
lectin receptors was observed; mannose receptor on imma-
ture DC and langerin on Langerhans cells [98]. When these 
cells migrated out of mucosal sites and skin, pattern of bind-
ing changed from predominantly C-type lectin receptor to 
CD4-dependent [98]. 

 In the early stages of HIV infection, germinal centers 
serve as important reservoirs of free virus in the interstitial 
spaces and this reservoir disappears as the germinal centers 
involute with advancing disease [30]. Follicular dendritic 
cells (FDCs) are found in germinal centers of all secondary 
lymphoid tissues, where they trap and retain antigens in the 
form of immune complexes formed with specific antibodies 
and complement proteins [64]. It has been previously de-
scribed that the HIV virions are trapped on the membrane of 
the FDC processes in immune complexes or through com-
plement receptors [27]. The FDC-trapped virus remained 
infectious in vivo at all time points examined over a period 
of 9 months and for at least 25 days in vitro, while virus 
without FDC lost infectivity in only a few days in in vitro 
conditions [91]. FDCs maintain virus infectivity in a dose-
dependent manner and both virus-specific antibody and 
FDC-Fc  receptors are needed for this activity [92]. There-
fore, not only did FDCs facilitate the HIV infection in the 
presence of an active humoral immune response but they 
also provided a sanctuary in which the replication-competent 
virus persists for a long time in order to reignite infection 
when conditions are permissible. At the same time, most of 
the cells infected with HIV in lymph nodes were identified 
as CD4+ T cells. That led to the hypothesis that, similar to 
other lentiviral infections, FDCs serve as ‘Trojan horse’ [76] 

and transmit the trapped virus to CD4+ T lymphocytes as 
they migrate through the germinal center to the follicular 
mantle and paracortical areas [27]. 

 Overall, the overwhelming experimental evidence pre-
sented above points out that the role of gp120 envelope pro-
tein in HIV infection is much more complex than previously 
thought. It has been described long time ago that some sera 
from HIV-1 seropositive individuals and animals immunized 
by HIV-1 mediates enhancement of virus infection [42,  83, 
95], via Fc -mediated interaction of the bound antibody with 
Fc receptor bearing cells or via the complement CR2 recep-
tor [83]. This activity was later attributed to the variability of 
the V3 loop of the gp120 protein [53]. In addition, an in-
crease in positive charge of the V1/V2 loop is accompanied 
with a switch from CCR5 to CxCR4 receptor use for viral 
entry, a phenotype that occurs in late infection [21, 38, 100]. 
In short, variability of the loops has often been pointed out as 
one of the major factors that allow the virus to escape the 
immune response. Furthermore. a recent study found an oc-
currence of resistant strains of the HIV virus in the presence 
of neutralizing antibodies that was attributed to a changing 
‘glycan shield’-selected changes in N-linked glycosylation 
that are located throughout the envelope and prevent binding 
of neutralizing antibody [101]. In addition, it was recently 
pointed out that enhanced macrophage (M)-tropism of R5 
HIV-1 observed in disease progression, results from adaptive 
viral evolution selecting for HIV-1 variants that have in-
creased ability to utilize relatively low levels of CD4 and 
CCR5 expressed on macrophages. The evidence also sug-
gests that these late-emerging, R5 viral strains have reduced 
sensitivity to entry inhibitors, and increased ability to cause 
CD4+ T-lymphocyte loss as reviewed in [34]. 

 Here we reviewed immune responses to the envelope 
protein in order to show that even without the mutations in 
the virus (or prior to it), the gp120 protein elicits immune 
responses that contribute to the viral escape. In other words, 
gp120 has a deleterious effect on the three main players of 
the immune response: the primary antigen presenting cell-
dendritic cell, B cells and T cells. In fact, it would appear 
that gp120, through its fugitactic activity for T cells, the 
polyclonal activation of B cells that leads to the formation of 
a protective coating of complement complexes and through 
its binding and persistence on FDC processes shields the 
HIV virus from destruction by the immune mechanisms of 
the body. The extent and the exact mechanisms by which 
this occurs are yet to be dissected. 

REFERENCES 

[1] Alkhatib G, Combadiere C, Broder CC, Feng Y, Kennedy PE, 

Murphy PM, Berger EA. (1996). CC CKR5: a RANTES, MIP-
1alpha, MIP-1beta receptor as a fusion cofactor for macrophage-

tropic HIV-1. Science. 272: 1955-1958. 
[2] Altfeld M, Rosenberg ES. (2000). The role of CD4(+) T helper 

cells in the cytotoxic T lymphocyte response to HIV-1. Current 
Opinion in Immunology. 12: 375-380. 

[3] Altmeyer R, Mordelet E, Girard M, Vidal C. (1999). Expression 
and detection of macrophage-tropic HIV-1 gp120 in the brain using 

conformation-dependent antibodies. Virology. 259: 314-323. 
[4] Ammann AJ, Schiffman G, Abrams D, Volberding P, Ziegler J, 

Conant M. (1984). B-cell immunodeficiency in acquired immune 
deficiency syndrome. JAMA. 251: 1447-1449. 

[5] Berberian L, Goodglick L, Kipps TJ, Braun J. (1993). Immuno-
globulin VH3 gene products: natural ligands for HIV gp120. Sci-

ence. 261: 1588-1591. 



52    Current HIV Research, 2007, Vol. 5, No. 1 Stevceva et al.  

[6] Bernstein LJ, Ochs HD, Wedgwood RJ, Rubinstein A. (1985). 

Defective humoral immunity in pediatric acquired immune defi-
ciency syndrome. The Journal of Pediatrics. 107: 352-357. 

[7] Betts MR, Krowka JF, Kepler TB, Davidian M, Christopherson C, 
Kwok S, Louie L, Eron J, Sheppard H, Frelinger JA. (1999). Hu-

man immunodeficiency virus type 1-specific cytotoxic T lympho-
cyte activity is inversely correlated with HIV type 1 viral load in 

HIV type 1-infected long-term survivors. AIDS Research and Hu-
man Retroviruses. 15: 1219-1228. 

[8] Borrow P, Lewicki H, Hahn BH, Shaw GM, Oldstone MB. (1994). 
Virus-specific CD8+ cytotoxic T-lymphocyte activity associated 

with control of viremia in primary human immunodeficiency virus 
type 1 infection. Journal of Virology. 68: 6103-6110. 

[9] Brainard DM, Tharp WG, Granado E, Miller N, Trocha AK, Ren 
XH, Conrad B, Terwilliger EF, Wyatt R, Walker BD, Poznansky 

MC. (2004). Migration of antigen-specific T cells away from 
CXCR4-binding human immunodeficiency virus type 1 gp120. 

Journal of Virology. 78: 5184-5193. 
[10] Brander C, Walker BD. (1999). T lymphocyte responses in HIV-1 

infection: implications for vaccine development. Current Opinion 
in Immunology. 11: 451-459. 

[11] Brodie SJ, Lewinsohn DA, Patterson BK, Jiyamapa D, Krieger J, 
Corey L, Greenberg PD, Riddell SR. (1999). In vivo migration and 

function of transferred HIV-1 specific cytotoxic T cells. Nature 
Medicine. 5: 34-41. 

[12] Cao YZ, Friedman-Kien AE, Huang YX, Li XL, Mirabile M, 
Moudgil T, Zucker-Franklin D, Ho DD. (1990). CD4-independent, 

productive human immunodeficiency virus type 1 infection of he-
patoma cell lines in vitro. Journal of Virology. 64: 2553-2559. 

[13] Chirmule N, Kalyanaraman VS, Saxinger C, Wong-Staal F, 
Ghrayeb J, Pahwa S. (1990). Localization of B-cell stimulatory ac-

tivity of HIV-1 to the carboxyl terminus of gp41. AIDS Research 
and Human Retroviruses. 6: 299-305. 

[14] Chirmule N, Oyaizu N, Kalyanaraman VS, Pahwa S. (1992). Inhi-
bition of normal B-cell function by human immunodeficiency virus 

envelope glycoprotein, gp120. Blood. 79: 1245-1254. 
[15] Choe H, Farzan M, Sun Y, Sullivan N, Rollins B, Ponath PD, Wu 

L, Mackay CR, LaRosa G, Newman W, Gerard N, Gerard C, So-
droski J. (1996). The beta-chemokine receptors CCR3 and CCR5 

facilitate infection by primary HIV-1 isolates. Cell. 85: 1135-1148. 
[16] Cicala C, Arthos J, Ruiz M, Vaccarezza M, Rubbert A, Riva A, 

Wildt K, Cohen O, Fauci AS. (1999). Induction of phosphorylation 
and intracellular association of CC chemokine receptor 5 and focal 

adhesion kinase in primary human CD4+ T cells by macrophage-
tropic HIV envelope. Journal of Immunology. 163: 420-426. 

[17] Clayton LK, Hussey RE, Steinbrich R, Ramachandran H, Husain 
Y, Reinherz EL. (1988). Substitution of murine for human CD4 

residues identifies amino acids critical for HIV-gp120 binding. Na-
ture. 335: 363-366. 

[18] Cocchi F, DeVico AL, Garzino-Demo A, Cara A, Gallo RC, Lusso 
P. (1996). The V3 domain of the HIV-1 gp120 envelope glycopro-

tein is critical for chemokine-mediated blockade of infection. Na-
ture Medicine. 2: 1244-1247. 

[19] Connor RI, Korber BT, Graham BS, Hahn BH, Ho DD, Walker 
BD, Neumann AU, Vermund SH, Mestecky J, Jackson S, Fenam-

ore E, Cao Y, Gao F, Kalams SA, Kuntsman KJ, McDonald D, 
McWilliams N, Trkola A, Moore JP, Wolinsky SM. (1998). Immu-

nological and virological analyses of persons infected by human 
immunodeficiency virus type 1 while participating in trials of re-

combinant gp120 subunit vaccines. Journal of Virology. 72: 1552-
1576. 

[20] Connor RI, Sheridan KE, Ceradini D, Choe S, Landau NR. (1997). 
Change in coreceptor use coreceptor use correlates with disease 

progression in HIV-1--infected individuals. Journal of Experimen-
tal Medicine. 185: 621-628. 

[21] Cornelissen M, Hogervorst E, Zorgdrager F, Hartman S, Goudsmit 
J. (1995). Maintenance of syncytium-inducing phenotype of HIV 

type 1 is associated with positively charged residues in the HIV 
type 1 gp120 V2 domain without fixed positions, elongation, or re-

located N-linked glycosylation sites. AIDS Research and Human 
Retroviruses. 11: 1169-1175. 

[22] Dalgleish AG, Beverley PC, Clapham PR, Crawford DH, Greaves 
MF, Weiss RA. (1984). The CD4 (T4) antigen is an essential com-

ponent of the receptor for the AIDS retrovirus. Nature. 312: 763-
767. 

[23] de Jong JJ, Goudsmit J, Keulen W, Klaver B, Krone W, Tersmette 

M, de Ronde A. (1992). Human immunodeficiency virus type 1 
clones chimeric for the envelope V3 domain differ in syncytium 

formation and replication capacity. Journal of Virology. 66: 757-
765. 

[24] Doranz BJ, Rucker J, Yi Y, Smyth RJ, Samson M, Peiper SC, 
Parmentier M, Collman RG, Doms RW. (1996). A dual-tropic pri-

mary HIV-1 isolate that uses fusin and the beta-chemokine recep-
tors CKR-5, CKR-3, and CKR-2b as fusion cofactors. Cell. 85: 

1149-1158. 
[25] Dowbenko D, Nakamura G, Fennie C, Shimasaki C, Riddle L, 

Harris R, Gregory T, Lasky L. (1988). Epitope mapping of the hu-
man immunodeficiency virus type 1 gp120 with monoclonal anti-

bodies. Journal of Virology. 62: 4703-4711. 
[26] Eiden LE, Lifson JD. (1992). HIV interactions with CD4: a contin-

uum of conformations and consequences. Immunology Today. 13: 
201-206. 

[27] Embretson J, Zupancic M, Ribas JL, Burke A, Racz P, Tenner-
Racz K, Haase AT. (1993). Massive covert infection of helper T 

lymphocytes and macrophages by HIV during the incubation pe-
riod of AIDS. Nature. 362: 359-362. 

[28] Feng Y, Broder CC, Kennedy PE, Berger EA. (1996). HIV-1 entry 
cofactor: functional cDNA cloning of a seven-transmembrane, G 

protein-coupled receptor. Science. 272: 872-877. 
[29] Finzi D, Blankson J, Siliciano JD, Margolick JB, Chadwick K, 

Pierson T, Smith K, Lisziewicz J, Lori F, Flexner C, Quinn TC, 
Chaisson RE, Rosenberg E, Walker B, Gange S, Gallant J, Sil-

iciano RF. (1999). Latent infection of CD4+ T cells provides a 
mechanism for lifelong persistence of HIV-1, even in patients on 

effective combination therapy. Nature Medicine. 5: 512-517. 
[30] Fox CH, Tenner-Racz K, Racz P, Firpo A, Pizzo PA, Fauci AS. 

(1991). Lymphoid germinal centers are reservoirs of human immu-
nodeficiency virus type 1 RNA. Journal of Infectious Diseases. 

164: 1051-1057. 
[31] Freed EO, Myers DJ, Risser R. (1991). Identification of the princi-

pal neutralizing determinant of human immunodeficiency virus 
type 1 as a fusion domain. Journal of Virology. 65: 190-194. 

[32] Geijtenbeek TB, Kwon DS, Torensma R, van Vliet SJ, van 
Duijnhoven GC, Middel J, Cornelissen IL, Nottet HS, KewalRa-

mani VN, Littman DR, Figdor CG, van Kooyk Y. (2000). DC-
SIGN, a dendritic cell-specific HIV-1-binding protein that en-

hances trans-infection of T cells. Cell. 100: 587-597. 
[33] Geijtenbeek TB, Torensma R, van Vliet SJ, van Duijnhoven GC, 

Adema GJ, van Kooyk Y, Figdor CG. (2000). Identification of DC-
SIGN, a novel dendritic cell-specific ICAM-3 receptor that sup-

ports primary immune responses. Cell. 100: 575-585. 
[34] Gorry PR, Churchill M, Crowe SM, Cunningham AL, Gabuzda D. 

(2005). Pathogenesis of macrophage tropic HIV-1. Current HIV 
Research. 3: 53-60. 

[35] Goulder PJ, Bunce M, Krausa P, McIntyre K, Crowley S, Morgan 
B, Edwards A, Giangrande P, Phillips RE, McMichael AJ. (1996). 

Novel, cross-restricted, conserved, and immunodominant cytotoxic 
T lymphocyte epitopes in slow progressors in HIV type 1 infection. 

AIDS Research and Human Retroviruses. 12: 1691-1698. 
[36] Goulder PJ, Phillips RE, Colbert RA, McAdam S, Ogg G, Nowak 

MA, Giangrande P, Luzzi G, Morgan B, Edwards A, McMichael 
AJ, Rowland-Jones S. (1997). Late escape from an immunodomi-

nant cytotoxic T-lymphocyte response associated with progression 
to AIDS. Nature Medicine. 3: 212-217. 

[37] Goulder PJ, Walker BD. (1999). The great escape - AIDS viruses 
and immune control. Nature Medicine. 5: 1233-1235. 

[38] Groenink M, Fouchier RA, Broersen S, Baker CH, Koot M, van't 
Wout AB, Huisman HG, Miedema F, Tersmette M, Schuitemaker 

H. (1993). Relation of phenotype evolution of HIV-1 to envelope 
V2 configuration. Science. 260: 1513-1516. 

[39] Gzyl J, Bolesta E, Wierzbicki A, Kmieciak D, Naito T, Honda M, 
Komuro K, Kaneko Y, Kozbor D. (2004). Effect of partial and 

complete variable loop deletions of the human immunodeficiency 
virus type 1 envelope glycoprotein on the breadth of gp160-specific 

immune responses. Virology. 318: 493-506. 
[40] Harouse JM, Kunsch C, Hartle HT, Laughlin MA, Hoxie JA, Wig-

dahl B, Gonzalez-Scarano F. (1989). CD4-independent infection of 
human neural cells by human immunodeficiency virus type 1. 

Journal of Virology. 63: 2527-2533. 



Immune Responses to HIV gp120 that Facilitate Viral Escape Current HIV Research, 2007, Vol. 5, No. 1    53 

[41] Hirsch I, Salaun D, Brichacek B, Chermann JC. (1992). HIV1 

cytopathogenicity-genetic difference between direct cytotoxic and 
fusogenic effect. Virology. 186: 647-654. 

[42] Homsy J, Meyer M, Tateno M, Clarkson S, Levy JA. (1989). The 
Fc and not CD4 receptor mediates antibody enhancement of HIV 

infection in human cells. Science. 244: 1357-1360. 
[43] Iyengar S, Schwartz DH, Hildreth JE. (1999). T cell-tropic HIV 

gp120 mediates CD4 and CD8 cell chemotaxis through CXCR4 in-
dependent of CD4: implications for HIV pathogenesis. Journal of 

Immunology. 162: 6263-6267. 
[44] Jakubik JJ, Saifuddin M, Takefman DM, Spear GT. (2000). Im-

mune complexes containing human immunodeficiency virus type 1 
primary isolates bind to lymphoid tissue B lymphocytes and are in-

fectious for T lymphocytes. Journal of Virology. 74: 552-555. 
[45] Jin X, Bauer DE, Tuttleton SE, Lewin S, Gettie A, Blanchard J, 

Irwin CE, Safrit JT, Mittler J, Weinberger L, al. e. (1999). Dra-
matic rise in plasma viremia after CD8+ T cell depletion in simian 

immunodeficiency virus-infected macaques. Journal of Experimen-
tal Medicine. 189: 991. 

[46] Johnson ME, Lin Z, Padmanabhan K, Tulinsky A, Kahn M. (1994). 
Conformational rearrangements required of the V3 loop of HIV-1 

gp120 for proteolytic cleavage and infection. FEBS Letters 337: 4-
8. 

[47] Kalams SA, Buchbinder SP, Rosenberg ES, Billingsley JM, Col-
bert DS, Jones NG, Shea AK, Trocha A, Walker BD. (1999). Asso-

ciation between virus-specific cytotoxic T-lymphocyte and helper 
responses in human immunodeficiency virus type 1 infection. Jour-

nall of Virology. 73: 6715-6720. 
[48] Kalyanaraman VS, Pal R, Gallo RC, Sarngadharan MG. (1988). A 

unique human immunodeficiency virus culture secreting soluble 
gp160. AIDS Research and Human Retroviruses. 4: 319-329. 

[49] Kalyanaraman VS, Rodriguez V, Veronese F, Rahman R, Lusso P, 
DeVico AL, Copeland T, Oroszlan S, Gallo RC, Sarngadharan 

MG. (1990). Characterization of the secreted, native gp120 and 
gp160 of the human immunodeficiency virus type 1. AIDS Re-

search and Human Retroviruses. 6: 371-380. 
[50] Kitchen SG, Uittenbogaart CH, Zack JA. (1997). Mechanism of 

human immunodeficiency virus type 1 localization in CD4-
negative thymocytes: differentiation from a CD4-positive precursor 

allows productive infection. Journal of Virology. 71: 5713-5722. 
[51] Klatzmann D, Barre-Sinoussi F, Nugeyre MT, Dauguet C, Vilmer 

E, Griscelli C, Brun-Vezinet F, Rouzioux C, Gluckman JC, Cher-
mann JC, Montagnier L. (1984). Selective tropism of lymphade-

nopathy associated virus (LAV) for helper-inducer T lymphocytes. 
Science. 225: 59-63. 

[52] Klein MR, van Baalen CA, Holwerda AM, Kerkhof Garde SR, 
Bende RJ, Keet IP, Eeftinck-Schattenkerk JK, Osterhaus AD, 

Schuitemaker H, Miedema F. (1995). Kinetics of Gag-specific cy-
totoxic T lymphocyte responses during the clinical course of HIV-1 

infection: a longitudinal analysis of rapid progressors and long-
term asymptomatics. Journal of Experimental Medicine. 181: 1365-

1372. 
[53] Kliks SC, Shioda T, Haigwood NL, Levy JA. (1993). V3 variabil-

ity can influence the ability of an antibody to neutralize or enhance 
infection by diverse strains of human immunodeficiency virus type 

1. Proceedings of National Academy of Sciences United States of 
America. 90: 11518-11522. 

[54] Kowalski M, Bergeron L, Dorfman T, Haseltine W, Sodroski J. 
(1991). Attenuation of human immunodeficiency virus type 1 cyto-

pathic effect by a mutation affecting the transmembrane envelope 
glycoprotein. Journal of Virology. 65: 281-291. 

[55] Krzysiek R, Lefevre EA, Legendre C, Treton D, Dormont D, 
Galanaud P, Gras G, Richard Y. (1998). B cell-driven HIV type 1 

expression in T cells: an essential role of CD86 costimulatory 
molecule. AIDS Research and Human Retroviruses. 14: 989-997. 

[56] Kwong PD, Wyatt R, Majeed S, Robinson J, Sweet RW, Sodroski 
J, Hendrickson WA. (2000). Structures of HIV-1 gp120 envelope 

glycoproteins from laboratory-adapted and primary isolates. Struc-
ture. 8: 1329-1339. 

[57] Kwong PD, Wyatt R, Robinson J, Sweet RW, Sodroski J, Hen-
drickson WA. (1998). Structure of an HIV gp120 envelope glyco-

protein in complex with the CD4 receptor and a neutralizing human 
antibody. Nature. 393: 648-659. 

[58] Lapham CK, Ouyang J, Chandrasekhar B, Nguyen NY, Dimitrov 
DS, Golding H. (1996). Evidence for cell-surface association be-

tween fusin and the CD4-gp120 complex in human cell lines. Sci-

ence. 274: 602-605. 
[59] Leonard CK, Spellman MW, Riddle L, Harris RJ, Thomas JN, 

Gregory TJ. (1990). Assignment of intrachain disulfide bonds and 
characterization of potential glycosylation sites of the type 1 re-

combinant human immunodeficiency virus envelope glycoprotein 
(gp120) expressed in Chinese hamster ovary cells. The Journal of 

Biological Chemistry. 265: 10373-10382. 
[60] Li XL, Moudgil T, Vinters HV, Ho DD. (1990). CD4-independent, 

productive infection of a neuronal cell line by human immunodefi-
ciency virus type 1. Journal of Virology. 64: 1383-1387. 

[61] Liu S, Fan S, Sun Z. (2003). Structural and functional characteriza-
tion of the human CCR5 receptor in complex with HIV gp120 en-

velope glycoprotein and CD4 receptor by molecular modeling stud-
ies. Journal of Molecular Modeling (Online). 9: 329-336. 

[62] Livingstone WJ, Moore M, Innes D, Bell JE, Simmonds P. (1996). 
Frequent infection of peripheral blood CD8-positive T-

lymphocytes with HIV-1. Edinburgh Heterosexual Transmission 
Study Group. Lancet. 348: 649-654. 

[63] Lusso P, Lori F, Gallo RC. (1990). CD4-independent infection by 
human immunodeficiency virus type 1 after phenotypic mixing 

with human T-cell leukemia viruses. Journal of Virology. 64: 6341-
6344. 

[64] Mandel TE, Phipps RP, Abbot A, Tew JG. (1980). The follicular 
dendritic cell: long term antigen retention during immunity. Immu-

nological Reviews. 53: 29-59. 
[65] Misse D, Cerutti M, Noraz N, Jourdan P, Favero J, Devauchelle G, 

Yssel H, Taylor N, Veas F. (1999). A CD4-independent interaction 
of human immunodeficiency virus-1 gp120 with CXCR4 induces 

their cointernalization, cell signaling, and T-cell chemotaxis. 
Blood. 93: 2454-2462. 

[66] Moir S, Malaspina A, Li Y, Chun TW, Lowe T, Adelsberger J, 
Baseler M, Ehler LA, Liu S, Davey RT Jr., Mican JA, Fauci AS. 

(2000). B cells of HIV-1-infected patients bind virions through 
CD21-complement interactions and transmit infectious virus to ac-

tivated T cells. Journal of Experimental Medicine. 192: 637-646. 
[67] Monroe JG, Silberstein LE. (1995). HIV-mediated B-lymphocyte 

activation and lymphomagenesis. Journal of Clinical Immunology. 
15: 61-68. 

[68] Montefiori DC, Stewart K, Ahearn JM, Zhou J, Zhou J. (1993). 
Complement-mediated binding of naturally glycosylated and gly-

cosylation-modified human immunodeficiency virus type 1 to hu-
man CR2 (CD21). Journal of Virology. 67: 2699-2706. 

[69] Moore JP, McKeating JA, Weiss RA, Sattentau QJ. (1990). Disso-
ciation of gp120 from HIV-1 virions induced by soluble CD4. Sci-

ence. 250: 1139-1142. 
[70] Morikita T, Maeda Y, Fujii S, Matsushita S, Obaru K, Takatsuki K. 

(1997). The V1/V2 region of human immunodeficiency virus type 
1 modulates the sensitivity to neutralization by soluble CD4 and 

cellular tropism. AIDS Research and Human Retroviruses. 13: 
1291-1299. 

[71] Moser B. (1998). Human chemokines: role in lymphocyte traffick-
ing. Science Progress. 81 ( Pt 4): 299-313. 

[72] Pahwa S. (1988). Human immunodeficiency virus infection in 
children: nature of immunodeficiency, clinical spectrum and man-

agement. The Pediatric Infectious Disease Journal. 7: S61-71. 
[73] Pal R, Kalyanaraman VS, Hoke GM, Sarngadharan MG. (1989). 

Processing and secretion of envelope glycoproteins of human im-
munodeficiency virus type 1 in the presence of trimming glucosi-

dase inhibitor deoxynojirimycin. Intervirology. 30: 27-35. 
[74] Pantaleo G, Soudeyns H, Demarest JF, Vaccarezza M, Graziosi C, 

Paolucci S, Daucher M, Cohen OJ, Denis F, Biddison WE, Sekaly 
RP, Fauci AS. (1997). Accumulation of human immunodeficiency 

virus-specific cytotoxic T lymphocytes away from the predominant 
site of virus replication during primary infection. European Journal 

of Immunology. 27: 3166-3173. 
[75] Pantaleo G, Soudeyns H, Demarest JF, Vaccarezza M, Graziosi C, 

Paolucci S, Daucher M, Cohen OJ, Denis F, Biddison WE, Sekaly 
RP, Fauci AS. (1997). Evidence for rapid disappearance of initially 

expanded HIV-specific CD8+ T cell clones during primary 
HIV infection. Proceedings of National Academy of Sciences 

United States of America. 94: 9848-9853. 
[76] Peluso R, Haase A, Stowring L, Edwards M, Ventura P. (1985). A 

Trojan Horse mechanism for the spread of visna virus in mono-
cytes. Virology. 147: 231-236. 



54    Current HIV Research, 2007, Vol. 5, No. 1 Stevceva et al.  

[77] Poli G, Bottazzi B, Acero R, Bersani L, Rossi V, Introna M, Lazza-

rin A, Galli M, Mantovani A. (1985). Monocyte function in intra-
venous drug abusers with lymphadenopathy syndrome and in pa-

tients with acquired immunodeficiency syndrome: selective im-
pairment of chemotaxis. Clinical and Experimental Immunology. 

62: 136-142. 
[78] Poli G, Pantaleo G, Fauci AS. (1993). Immunopathogenesis of 

human immunodeficiency virus infection. Clinical Infectious Dis-
eases. 17: s224-229. 

[79] Pontesilli O, Klein MR, Kerkhof-Garde SR, Pakker NG, de Wolf F, 
Schuitemaker H, Miedema F. (1998). Longitudinal analysis of hu-

man immunodeficiency virus type 1-specific cytotoxic T lympho-
cyte responses: a predominant gag-specific response is associated 

with nonprogressive infection. Journal of Infectious Diseases. 178: 
1008-1018. 

[80] Qiao X, He B, Chiu A, Knowles DM, Chadburn A, Cerutti A. 
(2006). Human immunodeficiency virus 1 Nef suppresses CD40-

dependent immunoglobulin class switching in bystander B cells. 
Nature Immunology. 7: 302-310. 

[81] Rey F, Donker G, Hirsch I, Chermann JC. (1991). Productive in-
fection of CD4+ cells by selected HIV strains is not inhibited by 

anti-CD4 monoclonal antibodies. Virology. 181: 165-171. 
[82] Rizzuto CD, Wyatt R, Hernandez-Ramos N, Sun Y, Kwong PD, 

Hendrickson WA, Sodroski J. (1998). A conserved HIV gp120 gly-
coprotein structure involved in chemokine receptor binding. Sci-

ence. 280: 1949-1953. 
[83] Robinson WE, Jr, Montefiori DC, Mitchell WM. (1988). Antibody-

dependent enhancement of human immunodeficiency virus type 1 
infection. Lancet. 1: 790-794. 

[84] Ryu SE, Kwong PD, Truneh A, Porter TG, Arthos J, Rosenberg M, 
Dai XP, Xuong NH, Axel R, Sweet RW, Henorickson WA. (1990). 

Crystal structure of an HIV-binding recombinant fragment of hu-
man CD4. Nature. 348: 419-426. 

[85] Sattentau QJ, Dalgleish AG, Weiss RA, Beverley PC. (1986). Epi-
topes of the CD4 antigen and HIV infection. Science. 234: 1120-

1123. 
[86] Sattentau QJ, Moore JP. (1991). Conformational changes induced 

in the human immunodeficiency virus envelope glycoprotein by 
soluble CD4 binding. Journal of Experimental Medicine. 174: 407-

415. 
[87] Sattentau QJ, Moore JP, Vignaux F, Traincard F, Poignard P. 

(1993). Conformational changes induced in the envelope glycopro-
teins of the human and simian immunodeficiency viruses by solu-

ble receptor binding. Journal of Virology. 67: 7383-7393. 
[88] Schmitz JE, Kuroda MJ, Santra S, Sasseville VG, Simon MA, 

Lifton MA, Racz P, Tenner-Racz K, Dalesandro M, Scallon BJ, 
Ghrayeb J, Forman MA, Montefiori DC, Rieber EP, Letvin NL, 

Reimann KA. (1999). Control of viremia in simian immunodefi-
ciency virus infection by CD8+ lymphocytes. Science. 283: 857. 

[89] Schreiber M, Muller H, Wachsmuth C, Laue T, Hufert FT, Van 
Laer MD, Schmitz H. (1997). Escape of HIV-1 is associated with 

lack of V3 domain-specific antibodies in vivo. Clinical and Ex-
perimental Immunology. 107: 15-20. 

[90] Semenzato G, Agostini C, Ometto L, Zambello R, Trentin L, 
Chieco-Bianchi L, De Rossi A. (1995). CD8+ T lymphocytes in the 

lung of acquired immunodeficiency syndrome patients harbor hu-
man immunodeficiency virus type 1. Blood. 85: 2308-2314. 

[91] Smith BA, Gartner S, Liu Y, Perelson AS, Stilianakis NI, Keele 
BF, Kerkering TM, Ferreira-Gonzalez A, Szakal AK, Tew JG, Bur-

ton GF. (2001). Persistence of infectious HIV on follicular den-
dritic cells. Journal of Immunology. 166: 690-696. 

[92] Smith-Franklin BA, Keele BF, Tew JG, Gartner S, Szakal AK, 
Estes JD, Thacker TC, Burton GF. (2002). Follicular dendritic cells 

and the persistence of HIV infectivity: the role of antibodies and 

Fcgamma receptors. Journal of Immunology. 168: 2408-2414. 
[93] Speck RF, Wehrly K, Platt EJ, Atchison RE, Charo IF, Kabat D, 

Chesebro B, Goldsmith MA. (1997). Selective employment of 
chemokine receptors as human immunodeficiency virus type 1 

coreceptors determined by individual amino acids within the enve-
lope V3 loop. Journal of Virology. 71: 7136-7139. 

[94] Stefano GB, Weeks BS, Cadet P. (2000). GP120 promotes HIV 
survival by distracting immune surveillance. Modern Aspects of 

Immunobiology. 1: 63-68. 
[95] Takeda A, Tuazon CU, Ennis FA. (1988). Antibody-enhanced 

infection by HIV-1 via Fc receptor-mediated entry. Science. 242: 
580-583. 

[96] Thali M, Moore JP, Furman C, Charles M, Ho DD, Robinson J, 
Sodroski J. (1993). Characterization of conserved human immu-

nodeficiency virus type 1 gp120 neutralization epitopes exposed 
upon gp120-CD4 binding. Journal of Virology. 67: 3978-3988. 

[97] Trkola A, Dragic T, Arthos J, Binley JM, Olson WC, Allaway GP, 
Cheng-Mayer C, Robinson J, Maddon PJ, Moore JP. (1996). CD4-

dependent, antibody-sensitive interactions between HIV-1 and its 
co-receptor CCR-5. Nature. 384: 184-187. 

[98] Turville SG, Cameron PU, Handley A, Lin G, Pohlmann S, Doms 
RW, Cunningham AL. (2002). Diversity of receptors binding HIV 

on dendritic cell subsets. Nature Immunology. 3: 975-983. 
[99] Venable RM, Pastor RW, Brooks BR, Carson FW. (1989). Theo-

retically determined three-dimensional structures for amphipathic 
segments of the HIV-1 gp41 envelope protein. AIDS Research and 

Human Retroviruses. 5: 7-22. 
[100] Wang WK, Essex M, Lee TH. (1995). The highly conserved aspar-

tic acid residue between hypervariable regions 1 and 2 of human 
immunodeficiency virus type 1 gp120 is important for early stages 

of virus replication. Journal of Virology. 69: 538-542. 
[101] Wei X, Decker JM, Wang S, Hui H, Kappes JC, Wu X, Salazar-

Gonzalez JF, Salazar MG, Kilby JM, Saag MS, Komarova NL, 
Nowak MA, Hahn BH, Kwong PD, Shaw GM. (2003). Antibody 

neutralization and escape by HIV-1. Nature. 422: 307-312. 
[102] Wu H, Myszka DG, Tendian SW, Brouillette CG, Sweet RW, 

Chaiken IM, Hendrickson WA. (1996). Kinetic and structural 
analysis of mutant CD4 receptors that are defective in HIV gp120 

binding. Proceedings of National Academy of Sciences United 
States of America. 93: 15030-15035. 

[103] Wu L, Gerard NP, Wyatt R, Choe H, Parolin C, Ruffing N, Borsetti 
A, Cardoso AA, Desjardin E, Newman W, Gerard C, Sodroski J. 

(1996). CD4-induced interaction of primary HIV-1 gp120 glyco-
proteins with the chemokine receptor CCR-5. Nature. 384: 179-

183. 
[104] Wyatt R, Kwong PD, Desjardins E, Sweet RW, Robinson J, Hen-

drickson WA, Sodroski JG. (1998). The antigenic structure of the 
HIV gp120 envelope glycoprotein. Nature. 393: 705-711. 

[105] Wyatt R, Thali M, Tilley S, Pinter A, Posner M, Ho D, Robinson J, 
Sodroski J. (1992). Relationship of the human immunodeficiency 

virus type 1 gp120 third variable loop to a component of the CD4 
binding site in the fourth conserved region. Journal of Virology. 66: 

6997-7004. 
[106] Yang ZY, Chakrabarti BK, Xu L, Welcher B, Kong WP, Leung K, 

Panet A, Mascola JR, Nabel GJ. (2004). Selective modification of 
variable loops alters tropism and enhances immunogenicity of hu-

man immunodeficiency virus type 1 envelope. Journal of Virology. 
78: 4029-4036. 

[107] Zhang L, Huang Y, He T, Cao Y, Ho DD. (1996). HIV-1 subtype 
and second-receptor use. Nature. 383: 768. 

[108] Zhu P, Liu J, Bess J, Jr, Chertova E, Lifson JD, Grise H, Ofek GA, 
Taylor KA, Roux KH. (2006). Distribution and three-dimensional 

structure of AIDS virus envelope spikes. Nature. 441: 847-852. 

 

 

Received: May 5, 2006 Revised: July 31, 2006 Accepted: August 21, 2006 
 

 

 


