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VIH et  glycosaminoglycanes 

Le virus de l’immunodéficience humaine (VIH), qui cause le SIDA, est à l’origine de plus de 25 millions de 
décès et de plus de 5 millions de nouveaux cas d’infections chaque année.  
L’infection des cellules commence par la fixation de gp120, une glycoprotéine de l’enveloppe virale, sur le 
récepteur CD4 de la cellule cible (lymphocyte T4). Cette interaction gp120-CD4 est suivie de la fixation du 
virus à deux co-récepteurs , fixation qui entraîne la fusion de la membrane virale et de la membrane 
plasmique de la cellule cible et donc l’entrée du virus (on notera au passage l’importance de la fluidité 
membranaire!).  

Figure 1 : mécanismes d’entrée du VIH dans un lymphocyte T4 

Des études récentes ont montré que l’interaction gp120-CD4 est facilitée par la fixation préalable du virus sur 
des GAG comme l’héparane (HS) sulfate (figure 2). En effet, la fixation aux GAG permet de concentrer le 
virus à proximité de la membrane plasmique de la cellule cible. L’HS favoriserait également le passage de la 
barrière hémato-encéphalique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Connell and Lortat-Jacob Human immunodeficiency virus and heparan sulfate

FIGURE 3 | HIV-1 entry mechanism. (A) Schematic representation of the
multi-step process of HIV-1 entry; from attachment to CD4 (left) to fusion
between the viral and the cell membrane (right). The gp120 trimer, upon
binding to CD4 (in green), experiences extensive structural changes that open
up the variable loops V1/V2 and V3 (orange and yellow), and concomitantly
expose and/or fold the so called CD4 induced bridging sheet that will be
recognized by the co-receptor (CCR5 and/or CXCR4). This second interaction

triggers the insertion of the gp41 fusion peptide into the cell membrane and
promotes viral entry (Reprinted from Ref. (102), with permission from
Elsevier). (B) Three-dimensional structure of gp120 in the CD4-bound
conformation (from pdb:2b4c), showing the inner and outer domains, the
V1/V2 loop stem, and the four b strands (CD4 induced bridging sheet in blue)
that together with the V3 loop (in green) contribute to co-receptor selectivity
and interaction.

of the C1, C3, and C4 domains that are brought into proxim-
ity in the folded gp120 and located into a depression formed at
the interface of the outer and inner domain and the region that
connects these two domains (71). Binding to CD4 triggers exten-
sive structural alterations, in particular within the inner domain
of the protein. Although X-ray crystallographic analysis have led
to atomic models for gp120 on which the V1/V2 and V3 loops
were deleted, it seems likely that these structural modifications
include both a relocation of the V3 and shifts of the V1/V2 loops,
whose base in the inner domain (b2 and b3 strands) is brought
into close proximity to a b-hairpin of the outer domain (b20 and
b21 strands). This exposes new regions that, partially masked by
the V1/V2 and V3 loops, were cryptic in the unliganded gp120,
and concomitantly folds a four-stranded b-sheet located within
the bridging sheet that connects the inner and the outer domain
of the glycoprotein (71, 72). In conjunction with the V3 loop (73),
this b-sheet (known as CD4i for CD4 induced epitope) makes
up the binding site for either CCR5 or CXCR4 (70, 74, 75). The
V3 loop has a major influence on HIV-1 tropism and appears to

be a key determinant for co-receptor selectivity, which in turn,
affects the overall process of viral pathogenesis. Its sequence is
important for defining the extent to which the CD4-bound form
of the gp120 interacts with CCR5 or CXCR4, and hence the abil-
ity of a particular HIV-1 virus to enter cells using either CCR5
(viruses called R5-tropic) or CXCR4 (X4-tropic viruses). R5X4 or
dual tropic strains constitute a third class that can use either of
these two co-receptors. It has been reported that in the major-
ity of the infected subjects, the HIV-1 primarily uses CCR5 in
order to initiate the infection. However, during the course of
infection, the co-receptor usage preference of HIV-1 shifts from
CCR5 to CXCR4 in 50% of the infected individuals, a change
that is frequently associated with the accelerated CD4+ T-cell
decline and the rapid progression toward AIDS. In the context of
the interaction between gp120 and HS, it is worth noting that,
in general, the R5 to X4 tropism switch is associated with an
increase in the net positive charge of the V3 loop (75), which
will also determine to which extent gp120 will interact with HS
(see below).
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Figure 2 : rôle de l’héparane sulfate dans l’infection par le VIH 
A : l’HS concentre les virus à proximité de la membrane plasmique de la cellule cible et augment al probabilité de rencontre avec 
son récepteur. 
B : l’HS séquestre le virus et peut ainsi le présenter à une cellule cible 
C : l’HS favorise le passage du virus entre les cellules d’un épithélium : transcytose.  
 

Figure 3 : structure de l’héparane sulfate 
La flèche indique un site de sulfatation reconnu par de nombreux virus et permettant leur fixation. 

Les dernières recherches sur des traitement portent sur le blocage de la fixation du VIH aux molécules HS. 
Ces recherches passent notamment par le masquage du site O-sulfaté. 
Un équipe de chercheurs (1) a tenté de bloqué l’entrée du virus en créant une protéine chimère formée de 
CD4 liée à HS. Cette glycoprotéine entre en compétition avec le récepteur endogène CD4 et les molécules 
d’HS de la MEC. Le virus ne peut donc plus se fixer ni à son récepteur CD4 ni aux molécules d’HS. 
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which delineates the contour of endothelial cells in lymphoid tis-
sue high endothelial venules, does not substitute for HIV-1 entry
receptors but captures HIV-1 and presents it to passing permis-
sive T cells, thus mediating an in trans mechanism of infection.
Furthermore, whereas unbound viruses lose infectivity in 1 day,
syndecan-attached HIV-1 remains infectious for up to 1 week (60).

Finally, HSPGs also significantly contributes to HIV-1 invasion
in the brain and neurological complications that often character-
ize AIDS patients. Whereas HIV-1 can enter the central nervous
system within infected CD4+T-cell and monocytes that traffic
across the blood brain barrier, several in vitro and in vivo reports
described that free HIV-1 can be taken up by brain endothelial
cells in a HS dependant manner, internalized and exocytosed, as
a way to cross the blood brain barrier before infection and repli-
cation can occur in central nervous system cells such as microglia
and astrocytes (61–63).

Although this review is devoted to HIV-1 attachment and
entry, it is worth noting that, in addition to gp120, several other
HIV proteins regulating various aspects of the virus life cycle
also appeared to bind cellular HS after being released from HIV-
infected cells. These protein-HS interactions contribute to trigger
a variety of biological effects related to AIDS-associated patholo-
gies. This includes p17, the matrix protein (64) which up-regulates
cytokine production thus deregulating the functions of many
immune cells; TAT, the transacting activator of transcription (65)
which exerts angiogenic, cell proliferation, chemoinvasion activ-
ities and induces peripheral neuropathies, immune suppression,
and tumorigenesis; and finally Vpr, the Viral protein R (66), which
induces cell cycle arrest and apoptosis.

Altogether, regarding attachment and entry, these studies
showed that HSPG serves a number of purposes during the early
steps of HIV-1 dissemination, from capturing and presenting in
trans free virions to replicative cells, to permitting the transfer of
viral particles across epithelial or endothelial barriers (Figure 2).
HSPG, when expressed by CD4+ permissive cells may also increase
infectivity by favoring in cis viral particle concentration at the cell
surface (see below).

A number of polyanions have been investigated for their ability
to inhibit HIV-1 infection in clinical trials. In addition to suramin,
dextran sulfate, and heparin, which were considered for systemic
use, this includes many other sulfated/acidic compounds such as
carrageenan, cellulose sulfate, polystyrene sulfonate or maleic acid,
naphthalene sulfonate, and cellulose acetate phthalate, developed
as anti HIV-1 microbicides. Unfortunately, none of these com-
pounds proved to be effective in vivo presumably due to poor
availability, toxicity, sequestration by plasma proteins, induced
reduction in epithelial integrity and concomitant increases in per-
meability to HIV-1 particles (67, 68). Their variability, in terms
of molecular weights and degrees of sulfation also made them
difficult to standardize.

THE CELL SURFACE LIGANDS OF gp120 AND THE ENTRY
PROCESS
CD4, CCR5, AND CXCR4
Once in contact with permissive cells, i.e., cells that are CD4 and
CCR5 and/or CXCR4 positive, the HIV-1 can start its replica-
tion cycle. HIV-1 entry into its target cells is initiated by a highly
complex series of interactions, which first involve the binding of
gp120 to its primary receptor, CD4 (69). This initial step not
only enables the viral particles to attach to the cell, but also dri-
ves extensive structural alterations that primes the envelope for
binding to either CCR5 or CXCR4 (70). This second interaction,
which elicits further modifications in Env, triggers the activation
of the gp41 fusion peptide whose insertion into the host mem-
brane ultimately leads to the delivery of the viral contents into
the host cytoplasm (Figure 3). The gp120 thus constitutes the
central element for all interactive events occurring during the
pre-entry steps and, accordingly, this molecule features several
interactive regions and is structurally complex; It consists of five
relatively conserved regions (C1–C5), that fold into a “core” struc-
ture organized into two distinct regions termed the “inner” and
“outer” domains that are connected by a bridging segment, and
five surface-exposed variable loops (V1–V5). The CD4 binding
site is formed from conserved residues in discontinuous segments

FIGURE 2 | In cis and in trans capture of HIV-1 by heparan sulfate. HS can
play multiple roles during viral infection. (A) On top of cells that express large
amount of HS, but low CD4, such as macrophages, HS can capture viral
particles and facilitate in cis subsequent interaction with specific entry

receptors. (B) HS from non-permissive cells such as endothelia or epithelia
can sequester HIV-1 and then mediate in trans infection by presenting the
virus to permissive cells. (C) HS can contribute to both attachment and
transcytosis of HIV-1 through epithelia.
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1. Introduction  

Heparan sulfate (HS) glycosaminoglycans are hybrid molecules with unbranched polysaccharide 
polymers covalently attached to the protein core [1–3]. The backbone of HS polymer is assembled by 
sequential addition of D-glucuronic acid; GlcA (or iduronic acid) alternating with N-acetylglucosamine 
(GlcNAc), reaching up to 100–150 residues in length (Figure 1).  

 

Figure 1. Structural features of heparan sulfate (HS). HS is a linear polymers composed of 
repeating uronic acid [D-glucuronic acid (GlcA) or L-iduronic acid (IdoA)] and D-glucosamine 
(GlcN) disaccharide subunits. Synthesized chain of HS is representing assembly of the 
tetrasaccharide linker region (GlcA-Gal-Gal- Xyl) at reducing end on serine residues of the 
protein core followed by the addition of alternating GlcA and GlcNAc residues. The chain 
extension is also accompanied by a series of modifications which includes 6-O, 3-O 
sulfations on glucosamine residue and the 2-O sulfation on glucuronic acid. The arrow 
shows the 3-O position of the glucosamine residue where sulfation is essential for HSV-1 
glycoprotein D (gD) binding.  

The synthesized chains are then modified heterogeneously, and in domains, by multiple enzymes [4,5]. 
Most common among these modifications is the addition of sulfate groups at various positions within 
the chain, which leads to the generation of specific motifs, making HS highly attractive for microbial 
adherence [6–8]. This structural diversity which is usually concentrated in the area of sulfation enables 
specific binding sites for >400 proteins, including cell adhesion molecules, growth factors, 
chemokines, and factors regulating angiogenesis and blood coagulation [9–12]. Because of the later 
properties HS plays important role in multiple pathological processes such as angiogenesis, and 
inflammation. Heparan sulfate proteoglycans (HSPG) have also been implicated in pathogenesis 
induced by human herpesviruses and multiple clinically relevant viruses [6,7,13–17]. The abundant 
expression and ubiquitous presence of HS on mammalian cell surfaces makes it ideal platform to 
capture the viruses and wide variety of pathogens including parasites [7]. Several lines of evidence 
have helped define the role of HS during viral infection. For instance, multiple envelope glycoproteins 
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