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ABSTRACT. To insure its survival, the human immunodeﬁciency virus (HIV), the causative agent of acquired immunodeﬁciency syndrome (AIDS), utilises more than one gate to enter a target cell. This strategy makes it more diﬃcult for the immune system to defeat the
virus. This has also made it diﬃcult for scientists working in the HIV research to understand how exactly HIV infects a susceptible human
cell. Such understanding will no doubt open many gates for scientists to vanquish the virus by designing agents that can block HIV entry
into target cells, thus rendering the virus vulnerable to immune destruction. This will also help in understanding the replication of the virus
and the pathogenesis of the disease. The present article brieﬂy describes the past and current thinking of how HIV-1 infects a susceptible
human cell, and the dilemma scientists are facing when studying the infectivity of this virus and applying current knowledge to design
agents that can block HIVs entering target cells. In the context of our own experience with HIV infectivity in vitro, the present article will
also address the behaviour of diﬀerent HIV isolates, both laboratory-adopted and clinical (primary) isolates in culture and the diﬃculties in
performing HIV infectivity testing. Moreover, our experience of peripheral blood mononuclear cells’ (PBMCs) susceptibility to HIVs infection
in vitro is discussed.
Key words: HIV, AIDS, infection, immune, virus, susceptible cell
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CQUIRED IMMUNODEFICIENCY SYNDROME
(AIDS) was ﬁrst described in 98 as a group
of clinical signs and symptoms caused by the
impairment of the immune system, mainly the cellular
immune response.1,2 The conditions deﬁning AIDS were
recognised by the Centre for Disease Control (CDC), in
Atlanta, Georgia (USA), before the identiﬁcation of the
human immunodeﬁciency viruses (HIVs) as the causative agents for the syndrome. The CDC classiﬁcation for
AIDS, list numerous opportunistic infections and neoplasms (cancers) which in the presence of HIV infection

constitute an AIDS diagnosis.3 In addition, a CD4+ Tcell count below 200 per mm3 in the presence of HIV
infection constitutes an AIDS diagnosis. People with
AIDS often suﬀer infections of the lungs, brain, eyes and
other organs, and frequently suﬀer debilitating weight
loss, diarrhoea and are vulnerable to a type of cancer
known as Kaposi’s sarcoma. Although there is no cure
for AIDS at present, multiple drug therapy dramatically
improves the quality of life for most people with AIDS.4
The HIVs are well accepted as the causative agents of
AIDS.5–8

Department of Microbiology and Immunology, College of Medicine & Health Sciences, Sultan Qaboos University, P.O. Box 35, Al Khod-123, Muscat, Sultanate of Oman.
Email: aaljabri@squ.edu.om

32

AL-JABRI

To be able to defeat the HIVs and design the proper
prevention tools, basic scientiﬁc knowledge on how
exactly these viruses infect human susceptible cells is
essential. Although the literature is immense on this
topic, in this short article I will brieﬂy review our current
understanding of how HIVs infect human susceptible
cells and the application of this knowledge in designing
drugs that can inhibit HIVs entering susceptible human
cells.
THE HUMAN IMMUNODEFICIENCY
VIRUSES (HIVS)
The HIVs are members of the lentivirus subgroup of
the Retroviridae family. They are RNA viruses that posses the enzyme reverse transcriptase (RT). This enzyme
allows the virus to reverse-transcribe its own RNA, and
the resultant complementary DNA (cDNA) is incorporated into the cellular DNA of the host. Two main types
of HIV exist: HIV- and HIV-2, which diﬀer in genomic
structure and antigenicity as well as in their latent period
as pathogenicity. HIV- was identiﬁed, as the causative
agent of AIDS, by three diﬀerent groups in the early eighties. These were Montagnier’s at the Pasteur Institute in
Paris (France), Gallo’s at the National Institute of Health
(NIH) USA, and Levy’s at the University of California
San Francisco (UCSF), USA. The HIVs were initially
called LAV (lymphadenopathy-associated virus), HTLVIII-human T lymphotropic virus and ARV (AIDS associated retroviruses).5,6,8 In 986 a second virus (HIV-2) was
identiﬁed,9 and the original was renamed HIV- to distinguish them. The diameter of the HIV virion is approximately 00 nm and electron microscopy studies have
revealed a characteristic cylindrical core in HIV particles surrounded by an outer envelope [Figure ].

major cytopathic eﬀect of HIVs in vitro) and the gp4 is
a transmembrane segment which is important for virus
fusion.10,11,12 The HIV- lipid bilayer also contains various
host cell proteins including HLA class I and II that are
acquired during virus budding (Figure ).
HIV-2
Although the general structure of HIV-2 is similar to
that of HIV-, diﬀerences within the genomic structure
exist and genetic regulation of HIV-2 also diﬀers from
that of HIV-.9,11,12 This article will be referring mainly
to HIV-.

Figure 1. Electron micrograph of HIV-1 and HIV-2 (MN and
ROD).
HIV-1 (MN) virions are shown budding (arrow). HIV-2 (ROD) virions are shown in (b)
(above). Magnification is 100,000 x. Scale bar =100nm.
This electron microscopy was kindly performed by Dr. Robert Dourmashkin.

HIV-
The inner core of HIV- consists of p24 protein (capsid). Inside this capsid are two copies of single stranded
genomic RNA and the enzymes required for the initial
stages of HIV- replication. These include the reverse
transcriptase (p5/66), integrase (p32) and protease
(p22). The inner core also contains p7 nucleic acid binding protein and p9 gag binding protein. The inner core
is surrounded by a p7 myristylated gag matrix protein, thought to be essential for maintaining the structure of the virus or stabilising the exterior and interior
components of the virion. The p7 protein is bounded
by a lipid bilayer membrane (the outer envelope). This
outer envelope contains spikes made up of gp20 and
gp4. The gp20 contains the receptor binding region
involved in infectivity as well as in syncytia formation (a

Figure 1 b. Simple diagram illustrating the main
components of the basic structure of HIV-1.
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SUBTYPES OF HIVS
Now it is well established that there exist many subtypes of HIVs. The HIV--M (main) group subtypes are
phylogenetically associated groups or clades of HIV-
sequences, and are labelled A, A2, B, C, D, F, F2, G, H,
J and K. The sequences within any one subtype or subsubtype are more similar to each other than to sequences
from other subtypes throughout their genomes. “O” is
the “outlier” group, and group N is also a very distinctive
form of the virus that is Non-M, Non-O (also sometimes
referred to as the “new” group). For HIV-2, there exist
A, B, C, F or G clades (formerly known as “subtypes”,
now referred to as “groups”). The nomenclature of HIVs
is becoming even more diﬃcult with the introduction of
Recombinants and Circulating Recombinant Forms as a
result of inter-subtype recombinant genomes of diﬀerent HIV clades. The existence of many subtypes of HIVs
make it extremely diﬃcult for vaccinologists to design
the proper vaccine against HIVs, since certain subtypes
circulate more than others in diﬀerent populations. For
example subtype B of HIV- is more common in western
countries than subtypes C and D. HIVs are also named
according to how they behave in culture producing
cytopathic eﬀects: sysncytium inducing isolates (SI) and
none syncytium inducing isolates (NSI). Moreover, HIVs
can also be called macrophage tropic (M-trpic), T cell
line tropic (T-tropic), or dual tropic, when they are able
to infect macrophages, T cells and both macrophage and
T cells, respectively.
CELL TROPISM IN HIVS
HIVs are termed retroviruses because they “reverse”
the normal ﬂow of the genetic information, i.e. RNA is
reverse-transcribed to DNA. Until the mid nineties, it
was considered that HIV- enters its host cell through
the attachment of the envelope glycoproteins (gp20) to
the CD4 molecules (receptors), found on T-helper cells,
monocytes and macrophages.10 HIVs can also enter cells
by other means, for example, through the Fc receptors of
antibodies and complement receptors CR2 and CR3.11,12
After gp20 binds to a CD4 molecule, a conformational
change is induced in the gp20, leading to its dissociation from the viral membrane. This results in the exposure of the amino terminal hydrophobic domain of the
gp4which initiates the fusion process. The HIV, then,
enters its host cell via membrane fusion, a pH independent process.13,14,15 The virus sheds its protein coat after
entry into the cell, exposing the RNA core [Figure 2].
The enzyme reverse transcriptase is activated and transcribes the RNA into complementary DNA. The RNA is
removed by ribonuclease H activity, and a second DNA
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strand is synthesised complementary to the ﬁrst. This
double-stranded DNA is integrated into the genome
of the host cell by the viral integrase, with the potential
for viral production at any time. The integrated DNA is
termed a provirus and this provirus DNA can be transcribed into mRNAs, which direct the synthesis of viral
proteins.12
V3 LOOP OF THE GLYCOPROTEIN (GP) 20
Before HIV is able to gain entry into a target susceptible
cell, the third hypervariable region (V3) loop of the surface glycoprotein gp20 molecule has been implicated as
an important factor for cell tropism and for cell fusion.
The determinants of HIV tropism can be mapped to the
viral envelope gene,16–22 thus indicating that tropism is
restricted at the level of virus entry. A signiﬁcant ﬁnding was that a major determinant of HIV- tropism is the
V3 region of the surface gp20.16–18 The HIV- envelope
gene is approximately 2.5 Kb in length and gp20 has a
.6 Kb nucleotide sequence. The gp20 is divided into six
constant (C–C6) and ﬁve hyper-variable regions (V–
V5).19,20 Studies have already shown that mutations (substitutions) in the V3 loop are essential in cellular tropism
and in the antigenicity of gp20.21 The V3 loop, known as
the principal neutralising domain (PND), is considered
to be the major immunodominant region of the gp20
for both HIV-22,23 and HIV-2.24 This domain induces
neutralising antibodies and is the target for cytotoxic T
lymphocyte killing.25 Neutralising antibodies are able to
block infection in vitro by blocking fusion of the virus.23
The acquisition of the syncytium inducing (SI) phenotype is linked to substitutions of acidic or neutral amino
acids by more basic amino acids in the V3 loop.26
The V3 loop does not seem to play an important role
in CD4 binding, since V3 speciﬁc antibodies do not
aﬀect the attachment of gp20 to CD4. However, the V3
loop is essential for virus infection, since V3 loop speciﬁc antibodies can block fusion and entry of HIV to susceptible cells.27
The V3 loop typically begins at amino acids number
300 and consists of between 33 to 35 amino acids
bounded by disulphide linkage. At the tip of the loop is
the sequence Gly-Pro-Gly-Arg (GPGR), known to be the
most conserved region among HIV- clade B isolates.28
While the GPGR crown of the V3 loop of HIV- is conserved within all clade B isolates, the equivalent in HIV2, FSHQ, seem to be conserved among HIV-2 isolates.
A single amino acid substitution in the HIV- V3 loop
has already been shown to change an isolate from non
syncytium inducing (NSI) to a syncytium inducing (SI)
phenotype.21
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Figure 2. The life cycle of HIVs

CHEMOKINES ARE THE CO-RECEPTORS FOR
HIVS ENTRY
Nowadays it is well understood that the CD4 molecule
alone is not suﬃcient to render a target cell permissive for fusion with virions (see below). Although the
main receptors for HIV- entry into target cells is the
CD4 molecules, the seven trans-membrane spanning G
protein chemokine receptor family are now accepted as
important co-receptors for virus entry.14,29,30,31,32
Many chemokine co-receptors were identiﬁed,
including CCR-5 and fusin, and known to act as secondary receptors for virus entry.33,34,35 Fusin is expressed
on a wide range of human cell lines; those which do
not express fusin are not infected by T cell-tropic HIV. Importantly, cells expressing both CD4 and fusin
remained refractory to macrophage (M)-tropic HIV
envelope mediated fusion, consistent with the earlier
prediction that fusion cofactors for T- and M-tropic
HIV- strains would be distinct moieties. Furthermore,
a CXC chemokine (SDF-), has subsequently been identiﬁed as a ligand which both binds fusin and speciﬁcally
blocks infection by T-tropic but not M-tropic HIV-
strains.36,37 Based on the identiﬁcation of its chemokine
ligand, fusin was renamed CXCR-4.
The discovery that CXCR-4—whose closest known
homologous is the IL-8 receptor (CXCR-2)—constitutes
a functional co-receptor for T-tropic HIV- strains, added

signiﬁcance to the earlier ﬁnding that the C-C chemokines MIP--alpha, MIP--beta and RANTES are able to
block infection of CD4+ human T-cells by M-tropic but
not T-tropic HIV-.38 Thus, since certain chemokines
are known to bind several of the seven transmembrane
receptors, it became likely that the discovery of a chemokine receptor that is recognised by all three of these
chemokines would also result in the identiﬁcation of an
M-tropic HIV- speciﬁc co-receptor.
ROLE OF CHEMOKINE CO-RECEPTORS
The interaction of HIVs with a target cell is initially
with CD4, thereby inducing a conformational change in
gp20, which facilitates subsequent binding of envelope
to the co-receptor.33,34 It is likely that the virus binding
site or sites on the co-receptor involve multiple extracellular domains, and that within each of these domains
multiple amino acids contribute to co-receptor function.
While this complexity has largely frustrated attempts to
deﬁne precise virus binding sites, studies of chimeric and
mutant co-receptors have, to some extent, illuminated
our understanding of how HIV interacts with co-receptors and suggested that several, functionally redundant,
interactions between co-receptor and virus envelope are
likely to occur. This has implications for the feasibility
of using co-receptor targeted inhibitors of virus entry as
therapies.39
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CO-RECEPTOR RECOGNITION
Culturing virus in the laboratory imposes diﬀerent
selective pressures on viral populations that are likely to
impact on the nature of their interaction with receptors.
In addition, there are examples of very minor envelope
sequence changes drastically inﬂuencing co-receptor
recognition,39,40,41,42 thus diﬀerent results are likely to be
obtained with cloned versus uncloned forms of the same
virus isolate. The relative expression levels of co-receptors on transfected cells, as compared to the natural targets of virus infection, remain largely unexplored and
clearly aﬀect the eﬃciency of infection. It was noted that
over-expression of some chemokine receptors render
cells permissive for viral envelope induced cell fusion,
while cells expressing lower levels of the same co-receptor remain resistant to infection by cell-free virus.43 It
is clear that there is considerable plasticity in co-receptor usage, both in terms of the viruses ability to use one
or more of a number of “optional” co-receptors and the
ability of strains to use a given co-receptor in diﬀerent
ways.40,42

concentration of the MN strain (TCID50 of approximately 05/ml). All these experiments, performed on cell
lines, were reproducible conﬁrming that the syncytium
inducing ability of each HIV strain was a stable property for that particular virus. This is important in studies
when infectivity results are compared between diﬀerent
experiments. Due to the diﬀerences in the behaviour of
these cell lines to infection by each virus, and because
these cell lines diﬀer in their human leukocyte antigens
(HLA) type, it is possible that HLA may have a role to
play in HIV infectivity. The HLA-A allele, expressed on
the surface of the C866 cells, is believed to be associated
with progression of AIDS from in vivo studies. In contrast, the CEM cell line which expresses none (or very
low levels) of HLA class II DR antigens when activated12
showed very small syncytia which took longer to develop
compared to the other cell lines (C866 and H9). Thus,

CELL LINES AND IN-VITRO INFECTION
WITH HIVS
Our experience with T cell lines, namely, C866, H9 and
CEM which we tested and compared in relation to infectivity by four diﬀerent HIVs, showed variation in both
the time at which the HIV cytopathic eﬀects (syncytia formation) were ﬁrst observed, and the number of
syncytia formed.44,45,46 Moreover, the replication capacity of each virus in each of the cell lines diﬀered widely.
The CEM cell line was shown to be the least infectable,
whereas C866 was very susceptible to infection by the
three laboratory-adopted HIVs, MN, CBL-20, ROD and
one fresh clinical HIV- isolate (H995). Although other
factors may be involved in the susceptibility of the C866
cells to HIV infection, the characteristic tendency of
these cells to clump in culture may facilitate the infectivity process. The C866 cell line was shown to be the most
susceptible to infection by the laboratory adopted HIV
strains MN, ROD and CBL-20 with high rates of replication. The C866 cells showed large syncytia (balloon
shaped) early in culture usually by day two post infection compared with other cell lines whilst the number of
syncytia formed depended directly on the concentration
of the virus [Figure 3].
The H9 cell line was also infectable by all four mentioned HIVs. However, it was not as susceptible as C866
in terms of the number of syncytia observed and the levels of viral replication. The CEM cell line was the least
infectable showing very few syncytia at the highest
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Figure 3a. Normal healthy H9 cells.

Figure 3b. Cytopathic effects of HIV-1 infection in vitro,
using H9 cells (syncytia formation)
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these results on cell lines support the possibility of a role
for the HLA in the HIV infectivity process. Furthermore,
we have shown that HLA do correlate, although weakly,
with in vitro high or low HIV virus replication.44,45,46 Our
in vitro results showed clearly that certain HLA specificities were signiﬁcantly correlated in vitro with infectivity by both HIV-s and HIV-2s and that each isolate
had its own correlation with HIV infection.44,45 This may
partly explain the diﬀerences in the in vivo results on the
association of HLA with certain features of AIDS and
the diﬃculty in conﬁrming such correlation. However,
more studies in vitro and in vivo on a large scale and
on groups who are at high risk or low risk need to be
addressed with the identiﬁcation of the HIV isolate that
is predominant in each individual patient. These studies will characterise better those HLA speciﬁcities that
are important for infectivity by HIV- and HIV-2. The
existence of a signiﬁcant HLA association with all the
known HIV- and all HIV-2 isolates infecting human
populations may lead to the identiﬁcation of important
immunodominant epitopes that can be useful in vaccine
development against the diﬀerent clades (subtypes) of
HIVs. There is a possibility that HLA are not the actual
genes responsible for susceptibility or resistance to HIV
infection, rather other, as yet unidentiﬁed genes closely
linked to HLA, or masked by the HLA, could be the real
genes determining susceptibility or resistance to HIV.
This can be revealed only by intensive future research
work and by better knowledge and understanding of the
genes that are linked to the HLA molecules.45
While many immortalised human T-cell lines can be
infected by laboratory adapted HIV- and HIV-2 strains,
other CD4 positive cell lines are sometimes selectively
permissive only for speciﬁc virus types.32 From our
laboratory experience, when dealing with HIV- and
2, laboratory-adopted strains compared to fresh clinical (primary) isolates, heterogeneity in tropism is evident within a given virus type. For HIV-, virtually all
strains replicate eﬃciently in CD4+ peripheral blood
mononuclear cells (PBMCs). However, many freshly
isolated or primary strains are also able to propagate
eﬃciently in primary macrophages but not in immortalised T-cell lines and are thus termed M-tropic.
Conversely, other strains, particularly those which have
been adapted to growth in immortalised T-cell lines (Ttropic), generally do not eﬃciently infect primary macrophages.47,48,49,50 Other groups of HIV isolates (termed
dual-tropic) are able to replicate well in both T-cell lines
and primary macrophages in addition to PBMCs.51,52,53
Dual-tropic and T-tropic strains induce cell fusion in
primary and immortalised T-cells and are also referred

to as syncytium-inducing (SI). The V3 loop is an excellent candidate for being a component of a co-receptor
binding site. The V3 loop is not the sole determinant of
co-receptor recognition. In some cases, alternative tropisms can be mapped to non-V3 sequences.20,21,22
HIVS AFFECT ON RECEPTOR USAGE
To speculate as to why HIVs have evolved plasticity in their interactions with co-receptors is important. The ability to use multiple functionally redundant
contacts with co-receptors could conceivably facilitate
immunological escape.54-60 Thus, in the face of a neutralising antibody response (which, in signiﬁcant part, is
directed against V3 sequences,61-65 a major modulator of
co-receptor interaction), the selection of variants with
altered envelope sequences would be permitted without
compromising the ability of the virus to use a given coreceptor. 39 Furthermore, changes in envelope sequence,
that enable the virus to use additional co-receptors while
retaining the ability to interact with CCR-5, could be tolerated. It appears that dual-tropic strains that use both
CCR-5 and CXCR-4 are less tolerant of perturbations
in CCR-5 sequence than are M-tropic strains,66,67 suggesting that acquisition of the ability to utilise CXCR4 might involve the sacriﬁce of a degree of functional
redundancy and/or aﬃnity in the envelope/CCR-5 interaction.39
During the early, asymptomatic phase of HIV- infection M-tropic strains predominate. It is quite possible
that this is the simple consequence of a ‘founder eﬀect’:
It is likely that the major route of transmission of HIV-
is via infection using CCR-5 as a co-receptor, given the
observation that CCR5 delta32 homozygous individuals
are much less likely to be HIV infected than those with
other genotypes.39 However, why do strains that also use
CXCR-4 tend to arise only late in the course of infection,
when in many cases they retain the ability to use CCR-5?
While it has often been noted that SI viruses are associated with poor prognosis it is important to emphasise
that the occurrence of SI viruses that can use CXCR-4
(and usually CCR-5) is only a correlate of disease progression.64,65 Although it is possible that a presumptive
expansion in tropism might accelerate the course of
HIV- disease, particularly since CXCR-4 is expressed
on the naive T-cells subset from which CCR-5 is largely
absent,68 it is equally possible that CXCR-4 utilising
viruses arise as a consequence of, rather than being the
cause of immunosuppression. Viruses isolated from a
laboratory worker who was accidentally infected with
the exclusively T-tropic, IIIB strain became M-tropic
with time.69 It is known that the selective pressures on
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co-receptor utilisation are diﬀerent in vivo as opposed
to in vitro. At least two scenarios could be envisaged that
provide CCR-5 utilising viruses with a selective advantage: Firstly, it is conceivable that major selective inﬂuences are the result of envelope directed neutralising
immune responses, which could impose a restriction
on the nature of co-receptor utilisation. Indeed, neutralisation phenotype and viral tropism (and therefore,
presumably, co-receptor selection) are not independent properties of the viral envelope.70 A general observation is that primary HIV- isolates (which tend to use
CCR-5 but not CXCR-4) are somewhat more resistant to
neutralisation by naturally occurring HIV- antibodies
than are laboratory adapted strains.71 Thus, it is possible
that immunological constraints are placed on envelope
sequence and conformation that could negatively inﬂuence the ability of the virus to use CXCR-4 as a co-receptor.39 Therefore, the occurrence of CXCR-4 utilising
variants late in the course of disease might be a reﬂection of compromised ability of the infected individuals
to mount immune responses to new variants capable
of utilising CXCR-4 that would have been readily neutralised earlier during the infection. Conversely, a selective advantage for HIVs that use CCR-5 may be immune
response-independence. An equally plausible hypothesis is that CXCR-4 utilising strains become prevalent
only late in disease as a result of the selective depletion
of CD4+ memory T-cells (the subset that preferentially
expresses CCR-5). These are replaced at a high rate by
naive counterparts which (at least in uninfected individuals), express higher levels of CXCR-4 than of CCR-5,68
thus providing T- or dual-tropic strains with a selective
advantage. Regardless of the selective pressures on coreceptor usage, the occurrence of SI viruses in only about
50% of patients with advanced disease indicates that the
ability of the virus to use CXCR-4 is by no means necessary for the onset of immune suppression.72,73,74,75
GLYCOPROTEIN-20 CO-RECEPTOR
INTERACTIONS
It is known that gp20 CD4 interaction induces conformational changes in envelope, which expose previously
concealed epitopes.76 These changes are not suﬃcient to
induce membrane fusion; rather they are likely to facilitate co-receptor binding. Presumably co-receptor binding results in additional conformational modiﬁcation,
ultimately resulting in exposure of the gp4 N-terminal fusion peptide. The physiological function of seven
trans-membrane receptors is to transduce signals via
coupling to G-proteins. In several cases where post signalling events have been studied (using predominantly
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the beta-2-adrenergic receptor as a prototype) signalling
is rapidly followed by receptor phosphorylation (mediated by speciﬁc G-protein coupled receptor kinases).
Phosphorylation results in desensitisation of the receptor and recognition by arrestins that are necessary for
the subsequent internalisation and recycling of the
phosphorylated receptor.77 Other scientists have investigated whether any of these processes are coupled to
the function of CCR-5 as an HIV- co-receptor.39,78,79,80
It may be possible that gp20/CCR-5 interaction might
result in signalling, even though this may not be a necessary event for HIV- entry to occur.
Clearly much remains to be learned about the nature
of viral envelope–co-receptor interactions. The functional sequences of the ﬁrst wave of co-receptors are
only partially characterised, and more data relating to
those of the newly identiﬁed co-receptors is awaited.
Moreover, the extent to which non-V3 sequences inﬂuence recognition of the expanding array of co-receptors
is yet to be determined. It is also unclear to what extent
co-receptors other that CCR-5 and CXCR-4 are truly utilised in vivo. For example, do viruses present in CCR-5
delta32 homozygotes utilise exclusively CXCR-4? Is the
frequency of viruses using alternative receptors more
frequent in individuals who express low levels of CCR-5?
Virtually nothing is known about how the expression of
co-receptor genes is regulated, and whether or not this
might be a potential target for therapeutic intervention.
Given the many unanswered questions, there can be no
doubt that the already substantial number of publications on the subject of HIVs co-receptors will continue
to grow for the foreseeable future.39
INHIBITION OF HIVS ENTRY
The entry of HIVs is currently understood to be
essentially a three-step process consisting of attachment, chemokine co-receptor interaction, and fusion.
Therefore, speciﬁc areas of interest to inhibit HIVs entry
include blocking gp20 binding to CD4 cell receptors
(attachment inhibitors), blocking the binding sites of
co-receptors such as CCR5 and CXCR4 (chemokine coreceptor inhibitors), and disrupting the fusion process
(fusion inhibitors).
The fusion inhibitor, enfuvirtide (formerly called T20), a 36-amino acid peptide being developed jointly
by Trimeris and Roche, is in the most advanced stage
of clinical development. HIV fusion with CD4 cells is
a complex process, and not very well understood, and
involves a conformational change in the HIV envelope
gp20/gp4, leading to an interaction between gp4 that
lead to intimate proximity between the HIV envelope
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and the cell membrane, allowing fusion to occur.
Enfuvirtide is active against both CCR-5- and CXCR4using viruses and are synergistic with CCR5 and CXCR4
antagonists.60
Many companies including Glaxo SmithKline are
now investigating inhibitors of CCR5 and CXCR4. The
lead Pﬁzer compound, UK-427, 857, is a non-competitive inhibitor of CCR5 that has an IC50 of 0.7 nmol in
PBMCs, making it a more potent inhibitor of the coreceptor than RANTES, one of CCR-5’s natural ligands.
The agent is active across a range of HIV- subtypes.
Another candidate, the Takeda compound, TAK-220,
has a mean IC50 of 4.37–0.5 nmol in PBMCs with no
toxic eﬀects observed in cell cultures at concentrations
up to 00 nmol. The Ono compound, known as AK602,
is active against HIV- with an IC50 of 0.2–0.6 nmol, and
appears to bind non-competitively to the receptor.60
The identiﬁcation of co-receptors that mediate HIVs
entry might well have major signiﬁcance for attempts
to treat HIV infection. The chemokines themselves are
inhibitors of HIV entry,36,37,38 and modiﬁed forms of
RANTES, which bind CCR-5 yet fail to induce signal
transduction, have similar properties.54,55 Beta chemokine homologues encoded by Kaposi’s sarcoma associated
herpes virus have also been shown to block HIV- infection.56, 57 The lack of an overt phenotype associated with
CCR-5 delta32, even among homozygotes,58,59 suggests
that antagonists targeted speciﬁcally to this co-receptor should be relatively free of undesirable side eﬀects.
It might be possible to develop small molecule inhibitors that block viral interactions with CXCR-4 without
compromising SDF- signal transduction, peptide and
bicyclam compounds targeted to CXCR-4 that prevent T-tropic HIV infection have been described.61, 62,
63
However, all of these compounds also block signalling through CXCR-4. A potentially serious obstacle in
the development of co-receptor targeted therapeutics is
the plasticity of envelope co-receptor interactions.39 It is
quite conceivable that co-receptor targeted compounds
would simply select for strains that use an alternative
co-receptor, or diﬀerent regions of the same co-receptor.
Furthermore, since AIDS has been documented in CCR5 delta32 homozygotes, it is unlikely that even total ablation of the CCR-5 entry pathway will achieve much more
than retardation of disease progression, once infection
has been established. There is a possibility that CCR-5
targeted therapy might accelerate the course of disease
by selection of viral strains that use alternative co-receptors (most notably CXCR-4, but also including CCR-2b
and CCR-3) whose occurrence is associated with disease
progression.64 It is possible that combinations of agents

that ablate the co-receptor function of both CCR-5 and
CXCR-4 would have a signiﬁcant impact on the ability of
HIV to propagate in vivo.
CYTOPATHIC EFFECTS PRODUCED BY IN VITRO
INFECTION WITH HIVS
The molecular mechanism by which HIV induces
cytopathology in susceptible cells is not well understood. In vitro HIV infected cells formed multinucleated
giant cells (syncytia) [Figure 3] that can produce large
amounts of virus before they die, within a period of a
few days, normally within 48 hours.81 Syncytia formation in culture results from fusion of infected cells with
uninfected CD4+ cells82 and involves the CD4 molecule
and HIV gp20 and gp4 proteins.83,84 Although the precise mechanism is still not known, syncytia formation is
linked to the V3 loop of gp20 envelope region.85,86 Thus,
the diﬀerences in the amino acids sequences of the V3
loop determine SI versus NSI isolates and whether an
HIV isolate will induce syncytia formation or not. T cell
tropic (SI) viruses generally have a basic amino acid at
one or more of the positions , 24, 25 and 32 of the V3
loop, whereas macrophage tropic (NSI) viruses have
either an acidic amino acid or alanine at position 25.
Generally syncytia formation is the most common
event preceding cell death in vitro. There is some evidence that syncytia can occur in vivo and syncytia have
been observed in the lymph nodes of homosexual men
with lymphadenopathy, in lymph nodes and lungs of
children with AIDS and in brain tissues of some adult
patients who died with AIDS and is therefore possibly
important in the pathogenesis of AIDS.87
Although syncytia formation may be an indirect indication of how virulent an HIV isolate is, syncytia formation itself is a direct eﬀect of viral replication. Since the
replication of HIVs depends on cellular activation and
because HLA can cause activation of T cells through a
mimicry mechanism,44,45,46 syncytia formation may indirectly depend on the HLA type of the PBMCs, which will
determine the degree of cellular activation and hence the
degree of viral replication.
As explained earlier, antigenic variation of the envelope protein of HIV is believed to be essential for the virus
to escape speciﬁc humoral and cell-mediated immune
responses that otherwise would suppress the replication
of the virus. Moreover genetic variation can also lead to
the emergence of more virulent syncytium-inducing (SI)
isolates of HIV that may accelerate the progression of disease in infected individuals.88 Millions of genetic variants
of HIVs can exist within one host and this diversity may
be essential for the survival of the virus within its host.
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SUSCEPTIBILITY OF PBMCS TO INFECTION WITH
HIVS
PBMCs include monocytes, lymphocytes and circulating dendritic cells. Monocytes can be infected by HIVs,
and the susceptibility to infection can be observed at all
stages of maturation.89 However, the kinetics of virus
replication depends on the stage of cellular diﬀerentiation at the time of virus infection. CD4 (T helper) cells,
the main target for HIVs, express the CD4 receptors and
their destruction is associated with the deterioration of
the immune system. T-lymphocytes do not support a
productive infection with HIVs in vitro, unless they are
ﬁrst stimulated with agents such as mitogens or antigens.90 Activated T lymphocytes are easier to infect than
non-activated ones.
Our experience of the diﬀerences of HIV infection
observed among PBMCs from diﬀerent individuals was
not due to the diﬀerences in cell types (T cells, B cells
and monocytes). Yamada et al,91 had found that diﬀerences between cultures still exist even if monocytes
were removed and the remaining cells were only T cells.
Williams and Cloyd92 also reported diﬀerences between
CD4+ cell clones to infection by HIV indicating that the
diﬀerences observed between diﬀerent PBMCs to infection were most likely due to cellular factors. Moreover,
these diﬀerences were not related to diﬀerences in CD4
antigen positive lymphocytes or to diﬀerences in cell
growth.91
In addition, our ﬁnding that cells from some individuals produced more virus than others may indicate that
this was due to the diﬀerences in lymphocytes proliferating in culture.44,45,46 However, considering that the concentration of PHA (and also IL2) used for lymphocyte
stimulation and activation was the same in all cultures
used in our tests, and that the cell concentration was also
the same, then cell proliferation due to the presence of
PHA may not be the answer for the diﬀerences observed
among individual PBMCs. Therefore, factors that can
cause cellular activation (which are diﬀerent between
diﬀerent batches of PBMCs—e.g. HLA system)44,45,46
may provide an explanation for the diﬀerences in viral
replication. Knowing the factors that determine susceptibility of PBMCs of an individual may also be important
for in vitro initial HIV drug screening using PBMCs.44,46
RESISTANCE TO HIV INFECTION
The poorly understood phenomenon associated with
the HIV- epidemic is the existence of individuals who
have been repeatedly exposed to the virus but remain
uninfected. It has been suggested that HIV- resistant
individuals may have a non functioning co-receptor
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(such as CCR-5) preventing the virus from entering
cells.59,93 The CCR-5 receptor was demonstrated as one
of the main co-receptors for NSI (macrophage tropic)
strains of HIV-.34 Samson et al.,59 reported that a 32
bp deletion within the coding region for the CCR-5
generating a non-functional receptor that did not support infection by NSI strains of HIV-. Moreover, white
blood cells from individuals homozygous for the mutant
CCR-5 were found to be highly resistant to infection
by NSI viruses.59,93 Population studies indicate that the
homozygous defect is found in only % of Caucasians of
western European ancestry whereas the heterozygous
defect is present in approximately 20% of this population.58 These results indicate that variants of the CCR-5
receptor could be responsible for the relative resistance
to HIV- infection exhibited by some individuals and
also for the variability of the course of the disease in
infected patients.
In vitro results reported by many studies and our
own44–46,91,58,94 showed no single PBMC was completely
resistant to infection by diﬀerent HIVs. The possibility that certain individuals are completely resistant
to either, HIV-, HIV-2, or both, still exists. Studies of
larger groups may reveal whether certain individuals are
completely resistant to HIV infection.
In some of these cases, a substantial in vitro infection resistance (speciﬁcally to CCR-5 utilising, M-tropic
strains) of PBMCs and macrophages is evident.95,96 In
addition, it is well known that there are large variations
in the rate of progress of the disease among individuals who do become infected. Analysis of CCR-5 genes
has revealed the existence of a defective CCR-5 allele
that may contribute to each of these observations.58,59,97
Moreover, individuals who are heterozygous for the
two major CCR-5 alleles do not manifest a high degree
of infection resistance.59, 97 However, once infected, the
progression of disease in heterozygotes appears to be
somewhat retarded. This phenotype is associated with a
measurably reduced virus load post seroconversion, and
a decrease in frequency of symptomatic primary infection.98 Taken together, these observations strongly imply
that the major route of HIV transmission both between
individuals and between cells within an individual (at
least during the early stages of infection) is mediated by
the CCR-5 co-receptor.
Other receptors such as CCR-3 is only expressed in a
restricted sub-population of T-cells99 and is, therefore,
unlikely to play a major role in HIV infection of these
cells. However, it is relatively abundant on microglial
cells, the major targets of HIV- in the brain.100 Eotaxin,
the physiological ligand for CCR-3, and a CCR-3 reactive
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monoclonal antibody have both been reported to possess
infection inhibiting properties in primary brain cultures.
M-tropic strains that are unable to use CCR-3 can also
infect brain cultures, suggesting that both CCR-3 and
CCR-5 play a role in infection of these cells. An interesting, but as yet unexplained, observation is the association of a CCR-2b polymorphism with retarded disease
progression.101 This is unexpected given that the great
majority of HIV- strains are not able to use CCR-2b as
a co-receptor. The mutant CCR-2b allele, which encodes
a receptor with a single valine to isoleucine change, is
invariably associated with an intact CCR-5 allele. Since
the two genes are very closely linked, it is quite likely
that the mutant CCR-2b gene is associated with some,
as yet unidentiﬁed, defect in CCR-5 expression, although
this has not yet been thoroughly investigated. The wide
variation of CCR-5 expression levels among individuals
homozygous for intact reading frames has been documented, as has a measurably lower expression level in
CCR-5 delta32 heterozygotes.102 It might well be that coreceptor expression levels contribute to the very large
variation in rates of disease progression, particularly
since the amount of CCR-5 expressed on PBMCs from
diﬀerent donors correlates with their ability to support
the replication of M-tropic strains in vitro.102
CONCLUSION
This review has brieﬂy described how HIVs use diﬀerent molecules, including CD4 receptors and chemokine co-receptors, to gain entry into a human susceptible
cell causing infection. Knowing exactly how HIVs infect
peripheral blood mononuclear cells, and the factors that
control the susceptibility or resistance of these cells to
infection, is of importance for the understanding of the
HIVs’ infectivity process. The chemokines are believed
to be the most important molecules so far discovered
which act as co-receptors for HIV entry. I believe that
in the near future we will be seeing more details on the
already discovered chemokine co-receptors, and more
new co-receptors being discovered. This should aid in
designing more potent weapons against the HIVs.
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