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ABSTRACT

The primary objective of this thesis is to determine whether cytotoxic T lymphocytes (CTL) detectable
against CD4" lymphocytes in vitro act in vivo to promote CD4" depletion and thereby contributing to immune
dysfunction and disease progression in HIV-1 infected individuals. During this study, the relationship between
the level of CTL activity against CD4 lymphocytes and disease progression was assessed by carrying out a
series of in vitro experiments in a HIV-positive cohort of ~70 individuals.

It is well established that CTL use clonotypic T cell receptors (TCR) associated with the invariant
CD3 signalling complex, to recognize antigenic peptides bound to major histocompatibility complex (MHC)
molecules on the target cells. Since P815 cells express an FcR and Fas antigen. [gG anti-CD3 antibodies can
trigger non-specific Killing of P815 cells by a variety of effector cells. Comparable inhibition of cellular
cytotoxicity against P815 cells by Jo-2 or by cycloheximide, a protein synthesis inhibitor preventing Fas ligand
induction, confirmed that the different levels of killing of Jo-2 treated and untreated P815s reflected the
extent that perforin and Fas ligand, respectively, were utilized in target cell killing.

Abnormally high numbers of T cells from HIV-infected individuals undergo spontaneous and
activation-induced cell death (AICD), and also are especially sensitive to Fas-mediated apoptosis, suggesting
that Fas/Fas ligand (FasL) interactions might contribute to AICD in HIV infection. We used treatment with
PMA and ionomycin to investigate the possible role of Fas/FasL interactions in AICD in HIV infection.
PMA/ionomycin-induced AICD measured using Cr release, DNA analysis and electron microscopy.
demonstrated that PMA and ionomycin acted synergistically to induce up to 70% release of incorporated Cr
from fresh PBMC of HIV-infected individuals compared with up to 26% release by healthy volunteers. Cell

death required cell-cell contact and extracellular calcium, while it did not involve Fas/FasL interactions or
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DNA fragmentation, but showed plasma membrane disruption with intact nuclear membranes of damaged cell.
We describe a novel form of AICD in T lymphocytes from HIV-infected individuals.

The presence, number and proportion of activated CD8” T lymphocytes in the peripheral blood of

HIV-infected individuals correlates with disease progression. We examined the associations between

autoreactive CTL in the peripheral blood of HIV-infected indivi and disease ion, A sij
percentage of HIV-seropositive persons (>50%) in our study cohort, in contrast to healthy individuls showed

cytolysis of PHA-activated uni These ive CTL were found to be CD28" CD8"

T cells which expanded with disease progression. A high proportion of CD28" CD8" T cells was seen in all

HIV-infected indivi with levels of cii ing CTL.

We have shown direct association between the autoreactivity and other markers of disease progression
such as plasma viral load, CD4™ T-cell count, CD8" T cell count, and plasma levels of B, microglobulin . The
data is in agreement with the proposed hypothesis that these CTL actually contribute to immunodeficiency and
clinical progression to AIDS. Based on our data, CTL appear to be a major contributor to disease progression.
Further studies based on longitudinal follow-up of these patients may help uncover the functional significance

of autoreactive CTL.
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CHAPTER L

INTRODUCTION'

L 1.0 INTRODUCTION

This chapter broadly outlines current concepts of the immunopathogenesis of human
immunodeficiency virus (HIV) infection. This is followed by a more specific discussion of cytotoxic
T lymphocytes (CTL) and their possible roles in the progression of HIV infection to the invariably fatal

immunodeficient state or acquired immune deficiency syndrome (AIDS).

L 1.1 DISCOVERY OF THE VIRUS CAUSING AIDS

HIV is a lentivirus that has only recently been recognised as the causative agent of AIDS. The
first indication that AIDS could be caused by a retrovirus came in 1983, when Barre-Sinoussi et al.
(1983) at the Pasteur Institute recovered a reverse transcriptase containing virus from the lymph node
ofa man with persistent lymphadenopathy syndrome (LAS). A concomitant publication by Gallo et
al. (1983) reported the isolation of human T-cell leukemia virus (HTLV-III) from individuals with
AIDS and argued that the causative virus was this previously recognised human retrovirus. Further
studies by Montagnier and coworkers clarified these issues regarding the LAS agent, indicating that
AIDS-associated human retrovirus was distinct from HTLV. Their virus, later called lymphadenopathy
associated virus (LAV), grew to high titer in CD4” cells and killed these cellular targets (Montagnier
etal.1984). These observations on LAV supported the potential etiological role of a retrovirus in AIDS.

Levy et al. (1984) also reported the identification of a retrovirus, they named the AIDS-associated
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retrovirus (ARV). All these viruses were recovered from AIDS patients from different known risk
groups, as well as from other symptomatic and asymptomatic people. HIV isolates were subsequently
recovered from the blood of many patients with AIDS, AIDS related complex (ARC), and neurological
syndromes, as well as from the peripheral blood mononuclear cells (PBMC) of several clinically
healthy individuals (Levy et al., 1985a; Salahuddin et al., 1985). Soon after the discovery of HIV-1.
a separate virus, HIV-2, was identified in Western Africa (Clavel etal, 1986). It is now established that

both viruses can lead to AIDS, although the pathogenic course with HIV-2 appears to be longer.

L 1.2 HIV VIRION
By electron microscopy, HIV-1 and HIV-2 have cone shaped cores which are biochemically

constituted by the viral p25 Gag protein. Inside the capsid, are two identical RNA strands with which

the viral RNA DNA (Pol or reverse i} and the id (NC)
proteins are closely associated. The inner portion of the viral membrane is surrounded by a
myristoylated p17 core (Gag) protein that provides the matrix (MA) for the viral structure and is vital
for the integrity of the virion (Gelderblom et al., 1988; Gelderblom et al., 1989). Recent studies have
suggested that MA is required for incorporation of Env proteins into mature virions (Yu et al., 1992).

The viral envelope (env) is characteristically made up of trimers or tetramers of glycoproteins
(Earl et al., 1990; Gelderblom et al., 1988; Ozel etal., [988; Pinter et al., 1989; Weiss etal., 1990). The
mature Env proteins are derived from a 160,000 D precursor, which is cleaved inside the cell into a
glycopratein (gp) 120 external surface (SU) envelope protein and a gp4! transmembrane (TM) protein
(McCune et al., 1988). These proteins are transported to the cell surface, where parts of the central and
N terminal portions of gp41 are also expressed on the outside of the virion. The central region of the

TM protein binds to the external viral gpl20 in a noncovalent manner, most probably in the



hydrophobic regions in the amino and carboxy termini of gp120 (Helseth et al., 1991). Generally, the
virion has about 100 times more p25 Gag protein than envelope gp120 (Layne etal., 1992; Moore et
al., 1991) and 10 times more p25 than the polymerase protein (Layne et al., 1992).

The gp120 situated on the virus surface contains the binding site for cellular receptor (s) and
the major neutralizing domains. Nevertheless, the external portion of gp41 and perhaps part of pl7
have also been reported to be sensitive to neutralizing antibodies (Chanh et al., 1986; Dalgleish et al.,

1988; Naylor et al., 1987; Sarin et al., 1986).

L 1.3 TRANSMISSION OF HIV
There are essentially three modes of transmission of the virus from an infected individual to

another person: exposure to blood or blood products, sexual transmission and vertical transmission.

L 1.3.1 TRANSMISSION BY BLOOD AND BLOOD PRODUCTS.
The potential risk of infection of transfusion recipients depends on the virus load in the

blood used for ion, which increases as an infected individual (as donor) advances

to disease (Perkins et al., 1987). In hemophiliacs, infection could only occur through transmission of
free virus and was associated with receipt of many vials of unheated coagulation factors (Evatt et al.,

1984; Eyster et al., 1987; Goedert et al., 1989; Koerper et al., 1989).

L 1.3.2 SEXUAL TRANSMISSION

AIDS was first identified as a sexually transmitted disease in homosexual men. However

studies spread of HIV, which accounts for the large majority of

infections i etal, 1991; etal, 1990). Transmission of HIV in genital
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fluids most probably occurs through virus-infected cells since they can be present in large numbers in
the body fluids. Presence of other concomitant sexually transmitted diseases can increase levels of HIV
in genital fluids and thus make transmission more likely (Cameron et al., 1989; Plummer et al., 1991).

Infection through anal intercourse could occur following interaction of virus with cellular receptors.

especially those on the bowel mucosa (Yahi et al., 1992) or the of vi ibody
to Fc receptors on the mucosal cells (Hussain et al.. 1991). Another possible means of HIV entry could
be via intestinal M cells present in the bowel epithelium (Amerongen et al., 1991).

In the case of vaginal intercourse, the columnar and squamous cell epithelium of the vagina
can be a barrier to virus infection, so that ulcerations caused by venereal diseases might be required for
infection at this site.

The insertive partner in sexual contact carries a relatively lower risk of infection, although
(Winkelstein et al., 1987) transmission could occur through infection of macrophages or lymphocytes
in the foreskin or the urethral canal. Finally oral-genital contact could also potentially lead to infection
of either partner. albeit at a lower frequency (Winkelstein etal., 1987). Non traumatic oral exposure
1o cell-free SIV was shown to infect adult macaques (Baba et al., 1996). These infected macaques later
developed full blown AIDS indicating the possibility of an oral transmission of the virus and
subsequent systemic disease in humans also (Baba et al., 1996). In all routes of sexual contact, an
increased number of virus infected cells in the genital fluids and or lesions on the mucosal surfaces (eg.,

resulting from venereal disease) would increase the risk of transmission of the virus.

L 1.3.3 TRANSMISSION FROM MOTHER TO CHILD
The transmission of HIV from mother to child appears to occur in 11 to 60% of

children born to HIV™ mothers (Ades et al., 1991; Blanche et al., 1989). It appears that transmission
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can occur either in utero during or after delivery (Rossi, 1992). Support for intrauterine transmission
comes from the detection of HIV in placentas and fetuses by in situ hybridization, polymerase chain
reaction (PCR) and immunohistochemistry (Courgnaud et al., 1991). HIV has also been isolated from
cord blood amniotic fluid, and placental and fetal tissues (Chandwani et al., 1991).

‘The factors involved in transfer of HIV from mother to child could be studied in relation to the
SIV infection. Transmission of this primate virus appears to occur primarily when the animals are
sexually active and not during birth (McClure et al., 1992). SIV transmission to one of the three
offsprings was demonstrated in pigtailed macaques (Macaca nemestrina) (Ochs et al., 1991). The
consistency of this result, which resembles transmission in humans, needs further study. However this
observation could suggest an HIV transmission model, since pigtailed macaques have been found to
be sensitive to HIV infection (Agy etal., 1992). If the factors influencing maternal transmission of HIV

can be well defined, antiviral approaches could be better targeted.

L 1.4 CLINICAL SYNDROME OF ACUTE HIV INFECTION

A recently infected individual can present within | to 3 weeks with signs of acute virus
infection. Symptoms include headaches, retroorbital pain, muscle aches, sore throats, low grade or high
grade fever, and swollen lymph nodes, as well as a non pruritic maculopapular erythematous rash
involving the trunk and later the extremities (Cooper et al., 1985). In acutely infected individuals,
pneumonitis, diarrhea, and other gastrointestinal complaints have also been reported (Tindall and
Cooper,1991). These symptoms usually last for 1 to 3 weeks, although lymphadenopathy, lethargy,
and malaise can persist for many months. [n general, primary HIV infection is followed by an

asymptomatic period of many months to years.
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In a group of 23 persons at risk of HIV infection who were followed every six months and who

became infected, 87% had symptomless acute infection and 95% of these patients sought medical
evaluation (Schacker et al., 1997). But only one in four patients in this study received the appropriate
diagnosis of acute HIV infection at the first clinical visit, even though there should have been a high

level of suspicion. Laboratory studies performed during the initial infection may show lymphopenia

and ia, but atypical are i (Quinn, 1997).

Infected indivi are often ic and ic during the first week

following HIV infection. In the second week, the total number of lymphocytes increases, primarily
because of expansion of CD8" cells. CD4 cells are reduced in number. Thus, during this period. the
CD4’/CD8" cell ratio s inverted. Moreover, atypical lymphocytes can appear in the blood (Cooper et
al., 1988) but usually in smaller numbers in primary HIV infection than in EBV, CMV or other
infections that elicit a similar response (Cooper et al., [988; Gaines et al., 1988). Over the following
months, number of the CD8" cells remains greater than that of the CD4" cells, which increases to a
smaller extent and so the ratio remains inverted.

During acute HIV infection, the infected individual demonstrates antigenemia and viremia with
high levels of infectious virus in the peripheral blood (Clark et al., 1991; Daar et al., 1991).
Seroconversion can occur days after infection, but antibodies to HIV generally appear after | to 4
weeks. [n studies performed by Cooper et al., (1985) and Gaines et al., (1988), [gM antibodies were

first detected in some patients as early as 6 days post infection. IgG levels could usually be

by an indirect-is assay within two weeks.
Some studies have reported HIV specific helper T cell responses shortly after acute infection

before seroconversion (Clerici et al., 1991). Conceivably other cellular immune responses are evident
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before humoral immunity is evident (Clerici et al., 1992a). Mackewicz and Levy, (1992) have reported

CD8" cell anti-HIV activity in one individual before seroconversion.

L 1.5 HIV INFECTION OF CELLS

HIV infection of human cells involves a series of steps.

L 1.5.1 CD4 MOLECULE: VIRUS RECEPTOR ON CELLS

An early breakthrough in the study of HIV was the discovery of its major cellular receptor, the
CD4 molecule. Preferential growth of HIV in CD4” lymphocytes was then explained by its attachment
to the CD4 protein on the cell surface (Dalgleish et al., 1984 Klatzmann et al.. 1984; Klatzmann et al..
1984a).

With the crystal structure of CD4 now known (Ryu et al., 1990; Wang et al., 1990) the gp120
binding site has been located on a protuberant ridge along one face of the V1 domain. Recently using
viral mutants and high resolution CD4 atomic structure, Moebius et al., (1992) have delineated the viral
attachment site further. These studies indicate that the class I MHC binding site appears to include the
same CD4 region as the gp120-binding site. (Moebius et al., 1992). Thus, this overlap might affect the
use of inhibitors of the CD4-gp!20 interaction.

Further sites on CD4 could still be involved in HIV binding and /or fusion such as the CDR3
domain of the V1 region (Autiero etal., 1991; Corbeau et al.,, 1993). It was suggested that this region
play a role because CDR3-related peptides block the CD4-gp120 interaction (Lifson etal., 1991) and
mutations in this region decrease fusogenic activity of HIV (Camerini and Seed, 1990).

Recent findings by Deng et al. (1996) and Dragic et al. (1996) have indicated that in order to

infect a cell, not only does HIV have to bind to the CD4 receptor on the cell surface, it must also
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enrol the help of a second receptor known as CC-CKR-5. This co-receptor is a binding site for the
attractant molecules RANTES, MIP-1a, and MIP-1B. These studies show that RANTES, MIP-la, and
MIP-1p all inhibit HIV-1 infection by blocking viral fusion and entry, and that expression of CC-CKR-
5 chemokine-receptor gene together with that for CD4 renders the cells susceptible to infection by
primary non-syncytium forming (NSI) strains of HIV-1. It is not yet clear whether the respective
chemokines competitively block their receptors against HIV entry, or whether the chemokine binding

results in dq lation of cell-surface ion of the receptor.

L 1.5.1.1 CORECEPTORS IN HIV INFECTION

The first identified coreceptor, CXCR~4, is a receptor for the a (CXC) subclass of chemokines
and mediates entry/fusion of T-cell tropic strains of HIV (Feng et al., 1996). Another receptor for the
members of the B (CC) chemokine subclass, CCR-5, mediates entry/fusion of macrophage-tropic
isolates of HIV (Alkhatib et al., 1996). This molecule serves as a receptor for RANTES, MIP-la, and
MIP-1p and thus provides the basis for chemokine-mediated suppression of HIV. Later, a CXC
chemokine called SDF-1, a ligand for CXCR~4 was shown to suppress replication of T-cell tropic HIV
isolates (Bleul et al., 1996).

The selectivity for the specific coreceptor is governed by the HIV envelope glycoprotein
£p120. The third hypervariable region (V3) of the molecule appears to be the major determinant (Cochi
etal., 1996). Paradoxically the V3 loop is also the least conserved region of gp120 and contains highly
strain specific neutralizing epitopes. However, certain highly conserved residues are present, and they
may contribute to a conserved structural motif that broadly facilitates chemokine receptor interactions.

Chemokines suppress HIV infection by blocking the viral entry process supported by chemokine
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receptors. Following the binding of oligomeric viral gp120 to CD4 on the host cell surface, the
resulting CD4-gp120 complex binds a coreceptor (Wu et al., 1996) which in turn, exposes the N-
terminal fusogenic sequence of gp41 (Chan et al., 1997). Chemokines disrupt this process by inducing
coreceptor intemalization (Chan et al. 1997) into endosomes (Chan et al., 1997) which effectively
prevents the formation of gp120/CD4/corecptor tricomplex. Most of the evidence indicates that this

inhibition does not require coreceptor activation. First, treatment of cells with pertussis toxin, which

is a selective inhibitor of G proteins involved mainly in ine-induced i ignalling,

fails to reduce i ediated ion of HIV ication. Doranz et al., 1996). Second.
mutant chemokine receptors are impaired in their ability to transduce intracellular signal-exhibited
coreceptor activity (Atchison et al., 1996). Third, the chemokines modified at their N-termini act as

of their wild-type but do not trigger receptor activation, and are active as anti-

HIV (Simmons et al., 1996). Finally, some monocional antibodies that possess anti-HIV activity bind
to bind to CCR-5 or CXCR-4 without triggering intracellular signalling (Endres et al., 1996).

Another enigmatic feature of il diated HIV ion is that a ligand specific

for one coreceptor can be effective against some viral strains even when other usable coreceptor species
are present. Brain derived cell cultures expressing both CCR-3 and CCR-5 were protected from
infection by reported pseudovirions containing NSI envelopes by treatment with either eotaxin or MIP-

1B alone (Bron et al., 1997). This suggests that certain might be from

the cell surface in a co-ordinated manner or that there may be cooperative use of different coreceptors

by at least some HIV isolates.



L 1.5.1.2 ROLE OF CHEMOKINES IN HIV PATHOGENESIS

At the coreceptor level, it has been established that specific alleles in coreceptor genes
modulate expression and profoundly influence HIV infection. The most studied is a CCR-5 allele (A32)
encoding a 32 base pair deletion. This gene produces a truncated and non-functional receptor form that
is not transported to the cell surface. Homozygosity of this gene confers strong resistance to HIV
infection although a few cases of HIV-infected A32 homozygous individuals have been reported
(Michael et al, 1997). Heterozygosity for the mutated allele is associated with a slower course of disease
progression (Endres et al. 1996). The effect in heterozygotes appears to be a transdominant suppression
of wild-type CCR-5 coreceptor function due to an intracellular association of defective and normal gene
products (de Roda Husman et al., 1997) leading to retention in the endoplasmic reticulum. The net
result is decreased surface CCR-5 expression relative to wild-type homozygotes. However. the presence
of A32 CCR-5 is not associated with any known pathology in either the homozygote or the
heterozygote.

[n addition to the control at the genetic level, coreceptor expression is a function of receptor-
ligand interactions that mediate surface down-regulation. Given the significant effects of reduced

coreceptor expression on HIV infection, it is entirely plausible to expect that chemokine levels

correlate with disease ion. It is also possible that certain genetic alleles that reduce
coreceptor expression work in concert with chemokines to modulate infection. Several groups have
attempted to determine whether there is an inverse correlation with chemokine levels and disease
progression. One approach was to measure plasma or serum levels of RANTES, MIP-1a and MIP-18
in several cohorts. Overall, these studies have failed to show an inverse correlation between chemokine

levels and disease status (Zanussi et al., 1996). A much more succesful approach has been to measure
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chemokine release by primary PBMCs activated in vitro. In early studies, two groups failed to detect

a ion between ion of ines and disease ion (Luster et al., 1995; Blazevic

etal., 1996). However, other groups found a signif ion between RANTES

production and resistance to infection and decreased MIP-la production in symptomatic HIV patients
(Mackewicz et al. 1996). The disparities between various studies likely arise from subtle differences
in sample acquisition, storage and manipulation.

Taken together, these studies present an emerging pictue of HIV pathogenesis in which the

of i ines controls disease ion. The results also suggest that in
response to HIV antigens, CD4" effector T cells release antiviral chemokines at the site of viral
production. This will not only protects local target cells, but will also protect the activated effector cells
by inducing autocrine down-regulation of CCR-5. The induction of this response produces an
asymptomatic state for some period of time in all individuals, but a broader and more robust response

leads to non-progression or in rare cases, protection from infection.

L 1.5.1.3 SUPPRESSIVE CHEMOKINES SECRETED BY CD8" T CELLS

It is known that CD8+ T cells from HIV seropositive individuals produce a soluble non-
cytolytic activity that suppresses infection by HIV in vitro (Walker et al. 1986). The production of
suppressive activity was shown to correlate with immune status and to steadily decline in parallel with
disease progression (Walker et al. 1986), indicating that the responsible factors may control infection.

Because of these ies, the identification of factors ible for HIV-1 ion has been

a major objective in HIV-1 research.
Although SDF-1 is an obvious possiblity for the balance of soluble activity effective with SI

isolates, recent studies have shown that this cytokine is not involved (Moriuchi et al., 1996). Therefore,
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an alternate possibilty is that other chemokines make up the balance of soluble suppressive activity.
When HTLV-I immortalized CD8" T cells from HIV-1 infected individuals were screened for HIV-SF,
using an acute infectivity assay with activated CD8" T cell-depleted PBMCs and virus HIVyyp, a cell
line exhibited suppressive activity against HIVyg as well as primary T-tropic and M-tropic isolates
(Lacey et al.. 1997). The molecule was later identified as a B chemokine, macrophage-derived
chemokine (MDC) (Pal et al. 1997). The purified chemokine suppressed a variety of T-tropic and M-
tropic primary isolates and thus demonstrated a broader pattern of suppression. It has been reported that
MDC mRNA and protein are also expressed by activated CD4™ and CD8" T cells from healthy
individuals (Pal et al., 1997: Godiska et al., 1997). The production by CD8" T cells further implicates

MDC as the soluble suppressive factor.

L 1.5.1.4 CHEMOKINE-BASED THERAPEUTIC APPROACHES
Given the features of coreceptor functions and novel insights into the pathogenesis of HIV
infection, there are at least two different ways one can exploit the knowledge for therapeutic

implications. First, molecules can be designed that can prevent HIV binding to the coreceptors, without

triggering it i ing. Second, molecules can also be designed that down-regulate receptor
exposure on the cell surface.
An approach described recently uses a novel concept to induce receptor down-regulation.

Chemokine receptors are coupled with an endoplasmic reticulum retention signal, thus causing the

to be retained i in the ic reticulum (“intrakine™). Receptor
expression on the membrane is down-regulated in cells producine intrakines, as the receptor binds to

its ligand intracellularly and therefore its exposure is prevented (Doranz et al., 1997; Donzella et al.,
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1998). As a result HIV infection is inhibited in cells expressing intrakines. This approach could be
useful as a gene therapy protocol to protect cells from infection.

Another recent study showed that viral ining CD4 and

chemokine receptors were able to target HIV- and SIV-infected cell lines and primary macrophages.
The targeting was shown to be related to the specificity of the viral envelope for a given CD4-
chemokine receptor complex. This novel approach might contribute a new strategy to target
specifically HIV-infected cells, thus providing an important tool for gene therapy approaches (Chen

etal. 1997).

L 1.5.2 POST BINDING EVENTS IN VIRUS INFECTION

The post binding events of HIV entry are also made up of a set of sequential steps.

L 1.5.2.1 ENVELOPE SHEDDING

The HIV envelope proteins can be involved in steps other than binding to cell surface
receptor, during virus infection of a cell. Some reports have suggested that after attachment to the CD4
molecule, the gp120 is displaced, uncovering the domains of gp41, which is needed for virus-cell
fusion (Sattentau and Moore, 1991). Recent analyses suggest that this displacement results from the
dissociation of 2 knob and socket like structure involving the carboxy terminal region of gp120 and the
central portion of gpd | (Schultz et al., 1992). Shedding does not appear to occur (Dimitrov et al., 1992)
or to be necessary as long as the fusion domain on gp41 is exposed (Sattentau and Moore, 1991). In
this regard, the soluble CD4 (sCD4)-induced shedding of gp120 from viruses, observed in vitro, has

not correlated well with virus entry or the viral envelope syncytial properties (Berger etal., 1992).
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L 1.5.2.2 ENVELOPE CLEAVAGE
Another event involving the HIV envelope that influences HIV entry into cells is the intracellular
cleavage of gp120. Certain studies of gp120 have revealed sites within the V3 loop that could be
sensitive to selected cellular proteases (Hattori et al., 1989). The proposed concept was that these
enzymes, when present in the cell, cleave gp120 in the V3 region after binding. This in tum facilitates
a conformational change in the envelope so that a viral region like gp41 can subsequently fuse with the
cell membrane (Sattentau and Moore, 1991). Thus, the CD4" cells that cannot be infected by certain
HIV strains might lack the necessary proteolytic enzymes recognizing a cleavage site of that particular
viral V3 region.

The hypothesis of envelope cleavage has gained some support from evidence demonstrating
2p120 digestion by proteases (Clements et al., 1991). Recent studies have shown that exposure of HIV
to sSCD4 leads to cleavage of gp120 by proteolytic enzymes (Moore et al., 1991). This phenomenon can
be blocked by monoclonal antibodies (mAbs) to certain regions of the V3 loop (McKeating et al..

1992). However the importance of this event has to be further investigated.

L 1.5.3 VIRUS CELL FUSION

Enveloped viruses such as HIV enter cells following fusion with the cell membrane. The
mechanism for this process in HIV invasion is not yet known. The fusion step could follow a
conformational change in the CD4 molecule as well as, dissociation of the envelope gp120 or exposure
of its V3 loop to proteolytic cleavage.

‘The kinetics of this fusion reaction suggests continued attachment of virus to membrane CD4

while the fusion takes place (Dimitrov et al., 1992). Thus, complete gp120 shedding does not occur



15
although some displacement, might be involved. The V3 loop as well as gp4! could be important in
this membrane fusion event (Berger et al., 1992). Infectivity presumably results from the virus-cell
fusion (Bergeron et al., 1992).

Some observations suggest that the CD4 molecule, in addition to binding could be required
for the fusion of the viral envelope with the ceil surface. Elimination of the proximal region of CD4
through molecular techniques reduces viral infection. It also eliminates the ability of cells to fuse to the
infected cells (Poulin et al., 1991). Nevertheless, whether virus-cell fusion and cell-cell fusion involve
the same processes is still unknown. Finally, the nature of putative cellular fusion receptor (s) is
unknown although a glycolipid that mediates HIV infection has been identified on CD4" brain-derived

and bowel-derived cells (Harouse et al., 1991).

L 1.5.4 DOWN MODULATION OF THE CD4 PROTEIN

Another early event seen with HIV infection in human T cells is the disappearance of the CD4
protein from the cell surface (Hoxie et al., 1986). The extent and timing of the down-regulation depend
on the level of virus production in the infected cells (Stevenson et al., 1987; Zagury et al., 1986).

In vitro, loss of CD4 expression generally occurs several days after HIV infection of cells when
sufficient progeny virions are produced. Thus, a reduction in chronic HIV production of a T-cell line

with a Tat ist, restored CD4 i in etal., 1992). The ism for altered

expression of this cell surface receptor is still not clear. By using interviral recombinants, this CD4
down-modulation has been linked to the envelope region (York-Higgins et al., 1990). The CD4
receptor does not internalize with HIV during infection, and CD4-related signal transduction events

are not involved in virus entry (Orloff et al., 1991a & b).
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Some reports indicate that down-modulation involves an arrest of CD4 mRNA transcription
(Salmon et al., 1988), while others demonstrate complexing of CD4 with the envelope gp160 within
the cell (Crise etal., 1990). Some studies have also suggested masking of CD4 by the envelope gp120
attached to the cell surface (McDougal et al., 1986: Sattentau et al.. 1986). Finally. some researchers
suggest that the CD4 molecule is removed by budding virions (Meerloo et al., 1992). The relative
effect of each of these processes on CD4 expression again most probably depends on the particular
virus and the cell infected. The relevance to pathogenesis is unclear since some viruses do not modulate
the expression of CD4, however the removal of this HIV binding site does prevent superinfection of

the cells with other HIV strains.

L 1.5.5 POSSIBILITY OF ANOTHER CELLULAR RECEPTOR: INFECTION OF CD4

CELLS

HIV can infect many types of CD4- cells. These include human skin fibroblasts. (Tateno et
al.,1989) muscle and bone derived fibroblastoid cell lines (Clapham et al., 1989), human trophoblast
cells, follicular dendritic cells, brain derived glial cells (Cheng Meyer etal., 1987), brain capillary
endothelial cells fetal adrenal cells (Barboza et al., 1992) and human liver carcinoma cell lines (Cao
etal., 1990). Evidence for another cellular recptor in virus entry into these cells comes from studies
with Mabs to CD4, incubation of virus with sCD4, and lack of detectable CD4 mRNA in the virus-
targetted cells.

The rate of viral replication is generally low in the CD4" cells (Tateno et al., 1989), and the
limited virus production is a consequence of inefficient viral entry, since usually fewer than 1% of CD4~
cells become infected (Mellert et al., 1990). To detect HIV production in these CD4" cells, co-

cultivation of the cells with other sensitive targets, such as PBMC, has been required (Tateno et al.,
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1989). Recent studies suggest that cytokines produced by the PBMC can enhance HIV production in
CD4 cells, in particular those of brain origin (Swingler et al., 1992).

The nature of the cell surface molecule (s) responsible for viral entry into the CD4" cells is not
known, but entry conceivably could involve a fusion receptor (Tateno et al., 1989). This route of entry,
however, as noted above, is quite limited when compared to the CD4-mediated process. One conclusion
could be that for CD4" cells. the attachment to CD4 enhances the interaction of the viral envelope with
the cell surface fusion receptor. Cells lacking the CD4 molecule would use the same mode of entry but
it would be much less efficient.

Finally, work ing the function iated antigen-1 (LFA-1) adhesion

molecule as a participant in HIV infection offers alternative mechanism for viral entry, although its role

appears primarily to be in cell-cell fusion (Hansen et al., 1989).

L 1.5.6 CELL-TO-CELL TRANSFER OF VIRUS

Besides entering a cell as a free infectious particle, HIV might be passed during cell to cell
contact. Evidence has been presented that HIV can spread rapidly from one cell to another without
forming mature virions (Sato et al., 1992). Transfer of nucleocapsids is probably involved, with

de novo reverse iption (Li et al., 1992). Moreover. HIV can be transmitted from

monocytes or lymphocytes to epithelial cells during such close contact that neutralizing antibodies do
not block the transfer (Philips et al., 1992). Thus, HIV spread in the host could result from cell-to cell
transfer (via cores or virions) as well as from circulating free virus. During cell-to-cell contact,
neutralizing antibodies might not prevent this type of infection.

In summary, the leading concept on early events in HIV infection is that attachment of HIV

to the CD4 molecule most probably leads to some conformational changes in virus gp120 and perhaps
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CD4 molecule. The initial attachment appears to be at one site on CD4 (the complementarity
determining region (CDR) 2 domain). Subsequent displacement of gp120 or cleavage of the envelope
protein by cellular enzymes most likely causes changes in the viral envelope, permitting the interaction
of gp41 with the target cell membrane. This could possibly involve another cell surface receptor and
subsequently, virus-cell fusion occurs (Sattentau and Moore, 1991). Without CD4 expression, fusion
of viral gp41 with the cell membrane might take place but the efficiency of this process might be
greatly limited. Finally, the spread of the HIV in the host results from production of infectious progeny

and also, most probably, by cell-to-cell transfer of immature virions.

¥ 1.6 OTHER MECHANISMS OF HIV ENTRY INTO CELLS

HIV can infect cells by mechanisms other than the interaction of its envelope proteins with
surface receptors. Antibody-dependent enhancement (ADE) of HIV infection involves binding of the
Fab portion of non-neutralizing antibodies to the surface of the virion and transfer of the virus into cells
through complement or Fc receptors (Homsy et al., 1989; Horvat et al.. 1989). Fc-mediated infection
by HIV highlights a potential role of herpes viruses as cofactors in HIV infection. Since these viruses
can induce Fc receptors on the surface of infected cells (Keller et al., 1976; Bauke and Spear, 1979)
they can then serve as potential target celis for HIV. Further serological studies of individuals infected
with HIV are needed to answer the question of the clinical relevance of ADE.

Another mechanism for HIV entry into cells is phenotypic mixing (Boettiger, 1979). By this
process, a viral genome can be enclosed within the envelope of a different virus and have the host range
of that virus. Moreover, HIV pseudo-types have been produced in vitro with herpes virus and
rhabdoviruses (e.g., vesicular stomatitis virus) (Weiss et al., 1986). Viruses that can undergo

phenotypic mixing with HIV-1 are HIV-2, HTLV-1, vesicular stomatitis virus, herpes virus and murine
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ic, and polytropic type C retroviruses. Whether formation of pseudo-type virus

particles occurs in nature is unknown. If this is the case, HIV-infected individuals co-infected with

herpes viruses or with HTLV-1 would have virus populations representing phenotypic mixtures with
these two agents (Landau et al., 1991).

The term *superinfection’ is also used to denote infection of an individual by more than one

HIV strain. In this case, individuals carrying both HIV-1 and HIV-2 are documented (Evans et al.,

1988; Rayfield et al., 1988), although this event is most probably uncommon. Moreover, chimpanzees

can be simultaneously infected by more than one HIV-| strain (Fultz et al., 1989). In none of these

cases, has recovery of two distinct viral strains from the same cell been documented.

L 1.7 HIV CYTOPATHOLOGY

Another important biologic feature of HIV infection is formation of multinucleated cells in
culture (syncytium), resulting from the fusion of infected cells with uninfected CD4" cells (Lifson et
al., 1986; Lifson et al.. 1988). Syncytium formation is often the first sign of HIV infection in culture

and can appear within 2-3 days. ing of the cells jes this cytopathic effect most

probably resulting from membrane permeability changes. This cell-cell fusion does not require DNA,
RNA or protein synthesis (Hansen et al., [989; Tang and Levy,1990). Whether this process is directly
related to virus-cell fusion is not clear, but the cell fusion process certainly involves the CD4 molecule
and both the HIV gp120 and gp41 envelope proteins (Sodroski et al., 1986).

The role of cellular membrane proteins, such as the adherin LFA-1, in cell-cell fusion has
recently been emphasized (Hildreth and Orentas, 1989). Monoclonal antibodies (Mab) to this cell

surface protein block cell aggregation and syncytium formation, but not virus infection (Pantaleo et al.,
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1991). The process of cell fusion has been linked to viral cytotoxicity and cell death (Lifson et al..
1986).

Cytopathology and cell death during acute HIV infection in vitro is often associated with
accumulation of viral DNA in the cytoplasm of the infected cells (Levy et al.. 1986: Shaw et al.. 1984).
However, it is not known whether this process occurs during virus infection in vivo. Similar
observations have been made with infected T cells arrested in division (Tang et al, 1992). These
observations support the conclusion that high levels of intracellular viral DNA can be toxic to the cell
and, in the early events of infection, contribute to cell killing (Levy et al., 1986). Nevertheless, single
cell killing is not associated with accumulation of viral DNA in the cytoplasm (Bergeron and Sodroski
1992). A variety of processes can be involved in virus-mediated cell death, reflecting toxicity of viral

proteins.

L 1.8 CONTROL OF HIV REPLICATION

Once the virus enters cells as a ribonucleocapsid, several intracellular events take place that
lead to the integration of a proviral form into the cell chromosome. The viral RNA, still associated with
core proteins, undergoes reverse transcription, using its RNA dependent DNA polymerase and Rnase
H activities and eventually forms doubled stranded DNA (reviewed in Greene, 1991). These DNA
copies of viral RNA then migrate into the nucleus, where they integrate randomly to the cell
chromosome. Integration of the provirus appears to be random and is essential for the cells to produce
progeny virions. Recent observations on the early events of viral infection have revealed noteworthy
features of HIV replication. In T cells arrested in division, virus infection is abortive, whereas in
nondividing macrophages and epithelial cells, progeny production takes place. In permissive activated

T cells, HIV undergoes integration and replication within 24 h (Kim et al., [990). [n macrophages, the
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process is similar but progeny production appears to require 48 h (Munis et al., 1992). The earliest
mRNA species made in the infected cell have low molecular weights, representing the viral long

terminal repeats (LTR) and the regulatory genes, particularly tar, rev and nef (Greene, 1991). It

appears that Tat is made first and up regulates the ion of Rev. P the

of any one of these gene products can determine whether HIV infection will lead to a productive or
latent state. The presence of Tat at high levels will stimulate substantial virus production (Dayton et
al., 1986). In the late stages of the virus replicative cycle, Rev would down-regulate its own production
and cause decreased progeny formation and perhaps latency. In cells not fully permissive to HIV
replication, the relative expression of these regulatory proteins can differ. leading to abortive infection.
persistence of virus traces, or a latent state (Pomerantz et al., 1990).

Cellular proteins that could influence virus replication are those reported to increase Tat
binding to TAR (Alonso et al., 1992). Recent experiments have suggested that two related cellular Tat-
binding proteins might compete to up regulate (e.g., MSSI) or down-regulate (e.g., Tat binding protein
1) Tat activity and thereby affect HIV production (Nelbock et al., 1990; Shibuya et al., 1992). Their
mechanisms of action need further elucidation. The potential for using these observations with Tat to
develop more effective antiviral therapy merits further evaluation.

The processes involved in T cell activation are not fully defined but are known to affect HIV

via the it ion of i regulatory factors with regions in the viral LTR (reviewed

in Gaynor, 1992). This activation is part of a signal transduction process by which the binding of
antigens or mitogens to the surface TCR and CD28 molecules affects gene expression within the ceil.
‘The activation is reflected by an increase in the concentration of intracellular free calcium and depends

on the activation of calcit protein kinase C (PKC) and other phosphorylation

events (Kinter et al., 1990). Following the T cell stimulation, cellular transcription factors are released
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from intracellular inhibitors (e.g., NF-xB from its inhibitor [xB) (Nolan et al, 1991), via
phosphorylation by PKC. They enter the nucleus, where binding to other cellular proteins and, in the
case of HIV, attachment to viral DNA sequences take place. The interaction of these transcriptional
factors with viral LTR regions can up regulate viral replication. [dentification of the cellular
transcription factors involved is still ongoing, but many have been recognised (reviewed in Gaynor,
1992). Certain cytokines, as well as transactivating proteins encoded by other viruses, can also increase
HIV production via these intracellular events (Kinter et al., 1990).

Cytokines and other external stimuli often effect HIV expression via interaction with the viral
LTR. through their influence on intracellular factors, like NFxB (Matsuyama et al., 1991). For
example, tumor necrosis factor (TNF-ct) increases HIV production. Some viruses such as CMV and
herpes simplex virus can enhance HIV production through activation of the viral LTR by viral proteins.

Finally, a tar gene product, after interacting with cellular factors binds to the TAR of the viral
LTR in conjunction with cellular RNA binding proteins (Wu et al.. 1991) that may be phosphorylated
(Han et al., 1992) and up-regulation of viral expression occurs. The induction of TNF-a production in
T cells by HIV Tat could also be involved in increased virus production (Buonagouro et al.. 1992).
These observations reflect how both viral and cellular factors interact to affect HIV replication.

Many viruses also enhance HIV production by induction of cytokines. Co-infection of cells
with viruses like herpes virus, papovavirus, hepatitis viruses, and retroviruses can enhance the
production of HIV-1. Generally, the transactivating factors produced by the infecting virus, usually
early gene products, interact directly or indirectly via intracellular factors with the HIV-LTR, usually
at the responsive xB region. For example, CMV, human herpes virus 6 (HHV-6) and EBV activate the

HIV-LTR as measured in cell culture by the chloramphenicol acetyl transferase (CAT) assay (reviewed
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in Nelson et al., 1990). Some biological assays involving HTLV-1 and other animal viruses have

an increased ion of HIV after coinfection (Canivet et al., 1990). Similarly, several

B cell lines already transformed by EBV appear to replicate the virus best, perhaps resulting from a
postinfection process (Dahl et al., 1987; Monroe et al., 1988; Montagnier et al., 1984). The mechanism
(s) for this enhanced expression of HIV in coinfected cells is unknown, but again could reflect a cross-

reaction of the HIV LTR.

L 1.9 MECHANISMS OF HIV INDUCED KILLING

Some understanding of the pathogenesis of HIV infection has come from studying the direct
toxic effect of the virus or its proteins on individual cells. Certain strains of HIV-1. particularly those
recovered from individuals with advanced disease, have a greater capacity for killing infected cells.

Several observations associate cell death with direct toxicity of the virus or viral proteins. The
relative quantities of viral envelope protein produced by the cell can determine cytopathicity (Sodroski
etal., 1986). Moreover, the cell fusion that often leads to cell death has been associated with gpl20
(Lifson et al., 1988). In one study, doubling the production of gp120 produced cytopathic effects and
cell death following HIV infection (Stevenson et al., 1988). Moreover, addition of gp120 to PBMC
or cultured brain cells caused killing in a dose dependent manner (Dreyer et al., 1990). The vif gene
has been linked to cytopathic effects, probably by increasing infectious virus replication (Sakai etal.,
1991).

The mechanism of this induction of cell death by the viral envelope protein is not clear at the

moment. Di in the ility could be involved, as reflected by the balloon

degeneration of cells observed in vitro. HIV binding to and entry into these cells produces membrane

and pores in iation with ing (Fermin and Garry, 1992). Hence, cells
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infected by and producing cytopathic HIV demonstrate an inability to control the influx of monovalent
and divalent cations that accumulate in the cell along with water (Cloyd and Lynn, 1991). The resuiting
loss in intracellular ionic strength not only leads to cell death, but also at relatively non-cytopathic

levels, could change the electric potential of the cell so that normal cell function is compromised.

L 1.9.1 HIV INDUCED APOPTOSIS

Recently, apoptosis was put forward as a cause of CD4" cell loss in HIV infection (Groux et
al., 1992; Laurent-Crawford et al., 1991). This process has also been observed in T cells during other
viral infections like EBV (Uehara et al., 1992). This phenomenon involves the reemergence of a

programmed T cell death that is a normal iological response during th ion (Coffin,

1992; Kerr et al., 1972). The process requires cell activation, protein synthesis, and the action of a
calcium dependent endogenous endonuclease that produce fragmentation of cellular DNA. Apparently
CD4” cells do not undergo apoptosis in HIV-infected chimpanzees (DeRienzi et al.. 1992). This may

help to explain the lack of disease in these animals. Cell proliferation induced by

(PHA) alone. does not lead to apoptosis. However. stimulation with MHC-restricted class II recall
antigens (e.g., tetanus toxin) or with the pokeweed mitogen can cause death of up to 40% in the CD4~
cells from asymptomatic HIV-infected individuals in two days (Groux et al., 1992). Although most
studies focus on CD4” cells undergoing apoptosis in HIV-infected individuals, some indicate that many
CD8" cells also die by this process (Meyaard et al., 1992). However, the role of CD8" T cell apoptosis
in the pathogenesis of HIV infection requires further investigation.

‘There is considerable speculation as to whether apoptosis results from direct effects of HIV or
its viral proteins, antibodies to CD4, gp120 antibody complexes, variations in cytokine production, or

finally superantigens from other infecting pathogens i, i, or
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Some results suggest that gp120 or virus-antibody complexes can elicit apoptosis (Terai et al., 1991).
Recently, cross linking of the gp120 bound to human CD4” lymphocytes followed by T cell activation
by anti CD3 antibodies was shown to induce apoptosis (Banda et al., 1992). Some cytokines like [L-4
can also increase apoptosis in macrophages by countering the protective effects of other cytokines
(TNF-a and interferon-y) on these cells (Mangan et al., 1992). These types of interactions could be
taking place in HIV infection.
Since unstimulated CD4” cells removed from the infected individual do not undergo apoptosis,
whether this phenomenon occurs to a substantial extent in vivo is not clear. However, recent reports
suggesting enhanced cell death from this process even in PBMC taken directly from the blood of

infected individuals (Groux et al., 1992) are especially relevant.

L 1.9.2 INFLUENCE OF SUPERANTIGENS

HIV may have a peptide that acts like a superantigen by attaching to CD4” lymphocytes by one
portion of the T cell receptor and triggering cell death by apoptosis (Coffin, 1992). Support for this
concept comes from the observation that the individuals with AIDS show a disproportionate loss of T
cells with a certain TCR B chain V regions (Imberti et al., 1991). Moreover, superantigens are
responsible for the loss of T cells in other retrovirus infections, such as the murine mammary tumour

virus and the murine model of AIDS (Woodland et al., 1991). If this process occurs in HIV infection

the antigen involved has yet to be i C i this ism for the elimination of

CD4" cells may be caused by other organisms or antigens present during HIV infection.
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