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ABSTRACT

The primary objective arthis thesis is to determine whether cy1()(oxic T lymphocytes (CTl) detectable

against CD4" lymphocytes in vitro act in vivo to promote CD4- depletion and thereby contributing to immune

dysfu.nc:tion and disease progression in HIV-I infected individuals. During this study, the relarionship between

the: level ofen activity against CD4 lymphocytes and disease progression was assased by carrying out a

series of in vitro experiments in a HIV-posilive cohon of -70 individuals.

£[ is well established mat eTL use c1onotypic T cell ~eplors (TCR) associated with the invariant

CDJ signalling complex. to recognize antigenic peprides bound to major histocomparibility compl~'l: (MHC)

molecules on the wget cells. Since PSI S cells express an FeR and Fas wligen. IgG ant'-CD3 antibodies can

trigger non-specific killing of PSIS cells by a variety of effector cells. Comparable inhibition of cellular

cytotoxicity against PSIS cells by 1~2 or by cycloheximide, a protein synthesis inbibilorprevenling Fas ligand

indLICtion.. confumed that the differenl levels of killing of10-2 treated and untrealtd. PSISs reflected the

extent that perforin and Fas ligand. rc:spectively. were utilized in larget cell killing.

Abnonnally high numbers of T cells from HIV·infected individuals undergo spontaneous and

aclivalion-induccd cell dead! (AleD), and also arc especially sensitive 10 Fas-mcdiakd apoplOSis. sUgge:sling

that FaslFas ligand (FasL) interactions might contribute to AlCD in HIV infection. We used treatmenl with

PMA and ionomycin to investigate the possible role of FaslFasL interactions in AICD in HIV infection.

PMAlionomycin·induced AICD measured using Cr release, DNA analysis and electron microscopy.

demonstrated that PMA and ionomycin acted synergi:stically to induce up 10 70% ~Icasc of incorporated Cr

from fresh PBMC ofHIV-infected individuals COOlpared with up to 26% rc:ase by healthy volunteers. Cell

delth required ceU-«1I coatllct and extracellular calcium. while it did not involve F~asL interactions or



ii
DNA fiagmenlation. bUI showed plasma membrane disruption with intact nuclear membranes ofdamaged cell.

We describe a novel fonn of AICO in T lymphocytes from HIV-infected individuals.

The presence. number and proportion of activated CDS" T lymphocytes in the peripheral blood of

HIY-inf«ted individuals correlates with disease progression. We examined the associations between

autoreactive CTL in the peripheral blood of HlY-infected individuals and disease progression. A significant

percentage ofHlV-seropositive persons (>50%) in our study cohort, in contrast to healthy individuls showed

cytolysis of PHA-activated uninfected lymphocytes. These autoreactive CTL were found to be C02S· CDS'

T cells which expanded with disease progression. A high proportion ofC028· CD8" T cells was seen in all

HIV-infected individuals with demonstrable levels of circulating CTL.

We have shown direct association between dte autoreaetivity and other markers of disease progression

such as plasma viral load. CD4- T-cell count, CDS' T cell count. and plasma levels OfPl microgloblilin. The

data is in agreement with the proposed hypothesis that dtese CTL actually conDiblite to immunodeficiency and

clinical progression to AIDS. Based on our data. CTL appe:1r to be a major conDibutor to disease progression.

Further studies based on longitudinal follow-up ofthese patients may help uncover the functional significance

ofautoreactiveCTL.
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CHAPTER!.

INTRODUCTION'

1.0 lNTROOUCTION

This chapter broadly outlines current concepts of the immunopathogenesis of human

immunodeficiency virus (HIV) infection. This is followed by a more specific discussion ofcytoto:l:ic

T lymphocytes (CTL) and their possible roles in the progression ofHIV infection to the invariably falal

immunodefICient state or acquired immune deficiency syndrome (AIDS).

1.1 DISCOVERY OF THE VIRUS CAUSING AIDS

HIV is a Ientivirus thaI has only recently been recognised as the causalive agent of AIDS. The

fll5t indication that AIDS could be caused by a retrovirus came in 198]. when Barrc-Sinoussi et aI.

(1983) at the Pasteur Institute recovered a reverse transcripuse containing virus from the lymph node

of a man with persistent lymphadenopathy syndrome (LAS). A concomitant publication by Gallo et

al. (1983) reponed the isolation of human T<ellieukemia virus (HTLY.UI) from individuals with

AIDS and argued that the ca.usaJive virus was this previously rcalgllised human retrovirus. Further

studies by Montagnier and coworkers clarified these issues regarding the LAS agent, indicating thac

AlDs..assoc::iated hwnan retrovirus was distinct from HTLY. Their virus. later called lymphadenopathy

&ocialed virus (LAV)_ gm¥ 10 high liter in CD4' cells and lOlled these cellular targets (Mootagnier

etaLJ934). These observations on LAY supported the potential etiological role ofa mrovirus in AIDS.

Levy C1 aI. (1984) also reported the identification of a retrovirus, they named the AIDS-associated



retrovirus (ARVl. All diese viruses w~~ recovered from AIDS palients from diffeRnl known risk

groups., as w~11 as from other sympcomatic and asymplomatic people. HIV isolales we:R subsequently

recovered from die blood of many patients with AIDS. AIDS related complex (ARC), and neurological

syndromes. as well IS from die peripheral blood mononuclear cells (PBMC) of scveral clinically

healthy individuals (Levyet al.. 1985a; Salahuddin et al.. 1985~ Soon after the discovery ofHJV-1.

a scparale virus. HIV·2. was identified in We:sr:e:m AtTica (Clavel et al. 1986). It is IlOwcstablished that

bolh viruses can lead to AIDS, although the pathogenic course with HIV-2 appears 10 be longer.

I.l HIVVIRJON

By electron microscopy, HJV·I and HlV-2 have cone shaped cores which are: biochemically

conslilUte:d by the viral p25 Gas protein. Inside the capsid, ue two identical RNA stlands with which

!he viral RNA dependent DNA polym~rase (Pol or reverse Il'anscripWC) and the nucleocapsid (NC)

proteins are c1ose[y associated. The inner portion of the viral membrane is surrounded by a

myrisloylated pl7 co~ (Gag) pnKein that provides the matrix (MA) for me vinl SInlCILlte and is vital

for me integrity of the virion (Gclderblom Cl al_ \988: Gc[derblom et al., 1989). Recenl studies have

suggested mat MA is required for incorporation orEnv proteins into mature virions (Yu et al., 1992).

The viral covelopc{cov) is characteristically made up oftrimcrsor tetrame:rsofglycoptoteins

(Earl ClaL. 1990; Gelderblom cut.., \98S; Oztlet aL [988; Pinteretal_ 1989: Wei$setaL. 1990). The

mature Env proteins are derived from a 160,000 D precursor, which is cleaved inside the c~1l into a

glycoprotein (gp) 120 external surface (SU) envelope protein and a gp41 transmembrane (TM) protein

(McCune et aL, 1988). Thescprnteins art; transported 10 Ibcccil surface, where partJoftheccntral and

N tenninal portions ofgp41 are also expre::sscd on me outside oflhc virion. The central region oftbe

TM protein binds to the external viral gp[20 in a noncovaleot manner, most probably in the



hydrophobic regions in the amino and carboxy termini ofgpl20 (Helseth et al., 1991). Generally. die

virion has about 100 limes more p2S Gag protein than envelope gpl20 (Layne etaL 1992; Moore et

al., 1991) and 10 times more p2S dian Ihe polymaase prolein (Layne et al.• 1992).

The gpl20 sinwed on the virus surface emlains the binding site for cellular receptor(s) and

die major neutralizing domains. Nevertheless, die external ponion of gp41 and perhaps pan ofpl7

have also been reported to be sensitive to neUlraJizingantibodies (Chanh et al.• 1986; Dalgleish el al..

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

lJ TRANSMISSION OF HIV

There are essenlially Ihree modes ofrransmission oflhe virus from an inf~ted individual 10

another person; exposure 10 blood or blood products., sexual transmission and vertical transmission.

IJ.1 TRANSMISSION BY BLOOD AND BLOOD PRODUCTS.

The polenlial risk of infection of transfusion recipients depends on the virus load in the

conlaminated blood used for transfusion. which increases as an infmcd individual (as donor) advances

to disease (Perkins eI at, 1987). In hemophiliacs. infection could only occur through transmission of

free virus and was associated with receipt of many vials of unheated coagulation faclOfS (Evan et aI.,

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

IJ.2 SEXUAL TRANSMISSION

AIDS was fltSl identified as a sexually lrans.mitted disease in bomosexual men. However

subsequent studies dernonsttated heterosexua.l spreadofHJV. which accounts for the large majorilyof

infections work:Iwide(Nkowane et al_ 1991; Stonebumeret al, 1990). Transmission ofHIV in genital



fluids most probably occurs through virus-infected cells since they can be presenl in large numbers in

the body fluids. Presence ofocherconcomitant sexually transmitted diseases can~ IevelsofHIV

in genital fluids and lhus make transmission more likely (Cameron et aI.. 1989; Plununeret aL 1991).

Infection through anal inlercourse could occur following inlenlction of virus with cellular receptors.

especially those on the bowel mucosa Cfahi et ai. 1992) or the attachment of virus-antibody complexes

to Fe receptors on the mucosal cells (Hussain et aL 1991). Anolher possible means ofHIV entry eould

be via intestinal M cells present in the bowel epithelium (Amerongen el al.. 1991).

In the case of vaginal intercourse. the columnar and squamous cell epithelium oflhe vagina

can be a barriu to virus infection. so thai ulcerations caused by venereal diseases might be required for

infection at this site.

The insertive partner in sexual contact carries a relalively 'ower risk of infection, although

(Winkelstein elal.. 1987) transmission could occur through infection of macrophages or lymphocytes

in the foreskin or the urethral canal. Finally oral-genital contact could also potenlially lead to infection

of either partner. albeit at a 'ower frequency (Winkelstein et aL 1987). Non tnIumaric oral exposure

to cell-free srv was shown to infect adult macaques {Baba Cl a.l~ 1996). These infected macaques later

developed full blown AIDS indicating the possibility of an onll transmission of the virus and

subsequent systemic disease in humans also (BIba et al, 1996). In all roules of sexual contact. an

increased numberofvirus mfectedcells in the genital fluids andar ksionson the mucosal surfaces(eg....

resulting from venereal disease} would increase the risk oftransmission oflhe virus.

1.J.J TRANSMISSION FROM MOTHER TO CHILD

The tnmsmission of HIV from mother" to child appe:m to occur in II to 60% of

children born to HIV'" mothers (Ades el at, 1991; Blancbeel at., 1989). It appears thai tnnsmission



can occur either in utero during or after delivery (Rossi, (992). Suppan for intrauterine transmission

comes from the detet:tion of HIV in placentas and fetuses by in situ hybridization. polymerase chain

reaction (PCR) and immunobistochemisuy (Coorgnaud el aL, 1991~ HJV has abo been isolated lTom

con:! blood amniotic fluid. and placental and fetal tissues (Chandwani et aI., 1991).

The factors involved in transfer ofHIV from mother to chikl could be studied in relation 10 Ihe

SIV infection. Transmission of this primate virus appears to occur primarily when the animals are

sexually active and not during binh (McClute et al.. 1992). SlY transmission to one of the three

offsprings was demonstrated in pigtailed macaques (Mac:oco nemesrrina) (Oehs et al.. 1991). The

consistency of this result. which resembles lransmission in humans. needs funhersrudy. Ho~erthis

observation could suggest an HIV transmission model. since pigtailed macaques have been found 10

be sensitive to HJV infection (Agy et al.. 1992). If the factors influencing maternal transmission ofHIV

can be well defined. anliviral approaches could be better IargCled.

1.4 CLlNICAL SYNDROME OF ACUTE HIV lNFECTION

A recendy infected indiyidual can present wilhin I 10 3 weeks with signs of acule virus

infection. Symptoms include headaches, reIrOOrbital pain. muscle aches, sore throats. low grn or high

grade fever. and swollen lymph nodes, IS well as a non pnlritic. maculopapular erythematous rash

involving the II'\lnk and laler lhe exttmlities (Cooper et aL (98S). In acutely infected indiyiduals.

pneumonilis, diarrhea, and other gastrointestinal complainES have also been reponed (Tindall and

Cooper.1991). These symptoms usually last for 1 10 3 weeks. although lymphadenopathy, lethargy,

and malaise can persist for many months. In general, primary H1V infection is followed by an

uymplonwic period ofmany months to years..



In a groupof23 persons at riskofHJV infection who wen: followed evff'j sbc: months and who

became infected. 11% I\ad symptomless acute infection and 95% of these patients sought mcd.ical

evaluation (Schacker et al., 1997). But only one in four patienlS in this study received die appropriate

diagnosis of acUie HIV infection at the first clinical visit, even though there should have been a high

level of suspicion. Laboralory studies perfonncd during the initial infection may show lymphopenia

and thrombocylopcnia, but atypical Iymphocylcs are infrequent (Quinn, 1997).

Infected individuals are often lymphopenic and thrombocylopenic during the first week

following HIV infection. In the second Wft:k, lite lola! number of lymphocyteS increases. primarily

because ofe:<pansion ofCOl' cells. CD4' cells are reduced in number. Thus. during ltIis period, the

C04'/C08' cell "llio is invened. Moreover, atypical lymphocyles can appear in Ihe blood (Cooperct

al.. 19&8) but usually in smaller numbers in primary HIV infection Ihan in EBV, CMV or olher

infections IItal elicit • similar response (Coopetet aI., 1988; Gaines er at., 1988). Overthc following

months, number ofltle CD8- cells remains grealerthan that of the CD4' cells, which increases 10 a

smaller extent and so the ratio remains invcned..

During acute HJV infection, the infected individual dcmonstraIcs antigcnemia and viremia with

high levels of infectious virus in the peripheml blood (Clark el aI., 1991; Our et aI., 1991).

Seroconvcrsion can occur days after infection, but antibodies to HlV generally appear after I to 4

weeks. In studies performed by Cooperer aI., (198S) and Gaines etal.. (1988), {gM antibodies were:

fIrSt detected in some paticnlS IS early as 6 days post infection. IgO levels could usually be

demonstrated by an indirect-immunofluorescent assay within two week!.

Some studies have reported HIV specific: helper T cell responses shortly after acute infection

before seroconversioa (Clerici et aI.. 1991). Conceivably other cellular immune responses are evident



before humoral immunity is evident {Clerici et aI.• 1992a). Mackewiczand Levy, (1992) have reported

COS' cell &nri-HIV activity in one individual before sernconvenion.

1.5 KJV INFECTION OF CELLS

HIV infection of human cells involves a series of steps.

1.5.1 CIM MOLECULE: VIRUS RECEPTOR ON CELLS

An early breakthrough in the study ofHIV was the discovery of its major cellular receptor, the

C04 molecule. P~fe~ntial growth of HlV in C04· lymphocytes was then e:<plaincd by its anachment

to IheC04 prn(ein on the cell surface {Dalgleish et at, 1984: Klaamann et al.. 19&4; Klaamann et aL

[984a).

With the cryStal structure ofC04 now known (Ryu el al .• 1990; Wanget al.. 1990) the gpl20

binding site has been located on a protube1'1Ult ridge along one face of the VI domain. Recently using

viral mutanlS and high resolution CD4 a1omic: SttUCture. Moebius er 81.• (1992) have delinea!ed the viral

attaclunentsite further. These studies indicate that Ihe class n MHC binding site appears to include the

same CD4 region as the gp12(l.binding sire. (Moebius ct al.. (992). Thus. this overlap might affect the

use of inhibitof$ of the CD4-gp120 interaction.

Further Si1CS on CD4 could still be involved in HlV binding and (or fusion such as the CoRJ

domain of the VI region (Autiero erat., 1991; Corbeau etal., 1993). It was suggested that this region

playa role because CDRJ·related peptides block the CD4-gp120 interaction (LiMn et al., 1991) and

mutations in this ~gion decrease fusogenic activityofHIV (Camerini and Seed, 1990).

R.eml.t findings by Deng et al (1996) and Dragic et at. {I 996) have indicated that in on:Ier to

infect a cell, not only does HIV have to bind to the CD4 receptor on the cell surface. it mUSt also



Cl\rol the help ofa second rec~orknown as CC-CKR·5. This co-re«ptor isa binding site fortbe

attractant molecules RANTC:S. MIP-Ia, and MIP-Ip,. These studies show that RANTES. MTP-Ia. and

MlP.\P, all inhibit HJV·\ infection by blocking viral fusion and Cl\try, and dwexpressim ofCC-CKR·

S chemokine-receptor gene together with that for CD4 renders the cells susceptible to infectm by

prinwy non-syncytium forming (NSl) strains ofHIV·\. It is not yet clear whether the respective

chemokines competitively block their receptors against HIV entry, or whether the chemokine binding

results in down-regulation ofcell-surface expression of the receptor.

1.5.1.l CORECEPTORS IN HIV INFECfION

The first identified coreceplor. CXCR-4. is a receplor lor the a. (CXC) subclass ofchemokines

and mediates Cl\try/fusion of T-cell tropic strains ofHIV (Fcng et aJ.. 1996). Another receptor forthc

members of the p, (ee) chemokine subclass, eCR·S. medilUes entry/fusion of mac:rophage-tropic

isolatcsofHIV (Alkhatibetal.• 1996). This moleculc SCTVes as a receptor for RANTES. Mlp·1a.and

MIP-\P and thus provides the basis for chemokine-mcdiated supp~ion of HIV. Later. a CXC

chemokinecalkd SDF·I. a ligand forCXCR-4 was shown to suppteU replication of1-«1I tropjc HIV

isolatcs(Bleuletal•• l996).

The selectivity for the specific cOre<:eptor is governed by the HIV envelope glycoprotein

gp120. The third hypervariable region (V3) ofthe molecule appears to be the major determinant (Cochi

et al.• 1996). Paradoxically the V) loop is also the leastconservcd region ofgpl20 and contains highly

strain specific neutralizing epitopes. However, certain highly conserved residues are present, and they

may contribute to a conserved structural motiftbat broadly facilitates chemokine receptor interactions.

Chemokines supp~ HI\' infection by blocking the viral entry process supported by chernokine



meptoTS. Following the binding of oligomeric vil'lll gpl20 10 CD4 on the host cell surface. the

resulting CD4-gp 120 complex binds a coreceptor (Wu et aI.• 1996) which. in tum. exposes the N­

terminal fusogenic sequence ofgp41 (Chan et a1~ 1997). Che:rnokinesdisrupt this process by mueing

cOttCeptor internalization (Chan et al. 1997) into endosomes (Chan et aI~ 1997) which effectively

prevents the fonnation of gpI201CD4/corecptor tricomplex. Most of the evidence indicates !hat this

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

is a sele1:!ive inhibitor ofG proteins involved mainly in chemokine-induced intracellular signalling,

rails 10 mfuce chemokine-mediated suppression or HIV replication. Doranz et al.. I~ Second,

mutanl chemokine receptors are impaired in their ability to transduce intracellular signal-cxhibited

comeptor activity (Atchison et al.. 1996). Third. the chemokines modified at their N-tennini act as

antagonists ortheir wild-type counterpartS. but do not trigger receptor activation. and are: active as anli­

HIV (Simmons etaL, 1996). Finally, some monoclonal antibodies mat possess anti-HJV activity bind

to bind to CeR-S or CXCR-4 without triggering intracellular signalling (Endres el aI.• 1996).

Another enigmatic reature orchemokine-mediated HJV suppression is that a ligand specific

ror one cote1:eplor can be effective againsl some viral strains even when other usable coreceptor species

are present. Brain derived cell cultures expressing both CCR-] and CCR-S were protected from

intemon by reponed pseudovirions containing NSI envelopes by treaIment with either eotaxin or MlP­

I~ alone (8ron et aI., 1997). This suggests that certain chemoreceptCltS might be downregulaled from

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

by at [east some HJV isolates.
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1.5.1.2 ROLE OF CHEMOKINES IN HIV PATHOGENESIS

At the coreccptor level, it has been established that specifIC alleles in coreceptor genes

modulate expression and profoundly influence HIV infection. The most studied is a CCR·S allele (.132)

encoding a 32 base pair deletion. This gene produces. truncated and non-functional receptor form that

is not transported to the cell surface. Homozygosity of rhis gene confers strong resistance to HlV

infection although a few cases of HIV·infected 632 homozygous individuals have been reported

(Michael et aL 1997). Heterozygosity for Ihe mutated allele is associated with a slower cour.;e ofd~

progression (Endres et al. 1996). The effect in hClerozygoles appears to be a transdominant suppression

o(wiJd..typeCCR.S coreceptor function due 10 an intracellular association ofdefective and nonnaI gene

products (de Roda Husman et aI., 1997) leading to retention in the endoplasmic reticulum. The net

ft:Sult is decreased surface CeR·S exp~ion relati~ to wil~type homozygOCcs. However. lhep~

of .632 CCR·) is not associated with any known patliology in either the homozygote Of" the

heterozygote'.

In addition 10 the conuol al the il:nd:M: level, coreccptOr exp~ion is a function of ~eptOf·

ligand inleractions that mediale surface down·regulalion. Givl:n the Significant effeclS of red.uced

co~eplor expression on HIV infeclion, it is entirely plausible to expect that chemokine levels

themselves axrelate with disease. progression. " is also possibll: thaI certain get1d:ic alleles that red~

~ptor expression wort in concert with chemokines 10 modulate infection. Several groups have

attempted to determine whether there is an inverse COI'TCIa!ion with chemokine levels and disease

progression. One approach was to measure plasma or serum levels ofRANffiS, MIP·IQ.and MIP.lp

in several cohorts. Overall, these studies have failed 10 show an inverse comlation between chemok.ine

levels and disease: sIaIUs (ZanlJSSi etaL, 1996). A much moresuccesful approach has been to measure
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chemokine release by primlllY PBMCs activated in vitro. In early studies. two groups failed 10 delect

• com:larion between production ofchemokincs and disease progmsion (Lusteret al.. 1995: Bl.a2rlic

et aL, 1996).. However. adler groups subsequently found a signirtcanc corT'elation between RANTES

prodUC1ion and resistance to infection and ckcreased MIP-Ia. production in symptOmatic HIV' patients

(Mackewicz et at 1996). The dispariti~ between various studies likely arise from subtle differences

in sample acquisition. storage and manipulation.

Taken together. these stUdies present an emerging picrut of HIV pathogenesis in which the

production of suppressive chemokines controls disease progression. The results also suggest that in

response 10 HIV antigcns. CD4- etTCl:tor 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 effcclOr cells

by inducing autocrinc down-regulal:ion of eCR-S. The induction of this response pmduc:cs an

asymptomatic state for some period oftime in all individuals, but a broader and more robust response

leads [0 non-progression or in~ cases. pltlrection from infection.

1.5.1.3 SUPPRESSrvE CHEMOKINES SECRETED BY CDS'" T CELLS

It is known thai CD8+ T cells fiom HIV seropositive individuals produce a soluble non·

cytolytic activity thai suppresses infection by HIV in "jrro (Walker et a!. \986). The production of

suppressive activity was shown 10 correlate with immune stalUS and to steadily decline in parallel with

disease progression (Walker et a!. 1986), indicating that the responsible factors may control infection.

Because ofthese propenies, the identification offactors responsible for HIV·l suppression has been

a major objective in HIV·\ research.

Although SDF-\ is an obvious possiblity for the balance ofsoluble activity effective with SI

isolates., recent studies have shown thalthiscytokine is noc: involved(Moriuchi etaJ., 1996). Therefore.
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an alternate possibilty is that other c:hemokincs make up lhe balance of soluble suppressive activity.

When HTLV·! immortalized CDS" Tcells ftom HrV~1 infected individuals werescreencd focHIV-SF.

using an acute infectivity assay with activattd. CDS' T cell-depleted PBMes and virus HlV lllll. a cell

line exhibited suppressive activity against HlVWB as well as primary T.tropic and M.tropic isolates

(Lacey et aI.• 1991). The molecule was later identified as a ~ chemokine. macrophage-derived

chemokine (MOC) (Pal et aI. 1997). The ptIrifted chemokine suppressed a variety ofT-tropic and M·

tropic primary isolates and thus demonsQ"llted a broader panern ofsuppression. It has been reponed thal

MDC mRNA and protein are also expressed by activated CD4' and CDS" T cells from healthy

individuals (Pal ct aI.. 1997: Godiskaet aJ.. 1997). The production byCDS' T cells further implicates

MDC as lIle soluble sup~ive faclor.

1.5.1.4 CHEMOKINE·BASED THERAPEUTIC APPROACHES

Given the features of com:epior functions and novel insights into me pathogenesis of HIV

infection. there are at least two different ways one can exploit the knowledge for therapeutic

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

aiggering intracellular signalling. Second, mokcules can also be designed that down~1ale receptor

c:xpos~ on dte cell surface.

An approach described recently uses a novel concept to induce receptor down-regulation.

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

chemokine to be retained intracellularly in the endoplasmic reticulum ("intrakine"). Receptor

expression on the membrane is down~gulated in cells producine intrakincs. as the receptor binds 10

its ligand int:raeellularly and therefore its exposure is prevented (Ooranzet al.. 1991; Donzellaet al••
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1998). As a result HN infection is inhibited in cells exp~ing intrakines. This approach could be

useful as a gene: therapy protoeol 10 ptofectcells from infection.

Another recent study showed that viral pseudotypes containing CD4 and appropriate

chemokine recepfors were able 10 urget HfV- and SlY-infected cell lines and primary macrophages.

The targeting was shown 10 be related 10 the spe<:ificity of the viral envelope for a given CD4·

chemokine receptor complex. This novel approach might contribute a new stralegy 10 talXet

specifically HJV·infecled ccl!s.lhus providing an imponanllool for gene therapy approaches (Chen

etal. 1997).

1.5.2 POST BINDING EVENTS IN VIRUS INFECTION

The post binding events ofHIV corry are also made up ofa sel ofsequenlial steps.

1.5.2.1 ENVELOPE SHEDDING

The HIV envelope proteins can ~ involved in steps other than binding to cell surface

receptor. during virus infection ofa cell. Some reports have suggestat that after attaehmenl to the CD4

molecule, the gp120 is displaced. uncovering the domains of gp41. which is needed for virus-ceJl

fusion (Saneotau and Moore. (991). Recent analyses suggest that this displacement ~ults from the

dissociation ofa knob and socket likestruetule involving the carboxy lCmIinai~ ofgpl20 and the

cenrral ponioo ofgp41 (Sc.hullZetal., 1992). Shedding does not appear to occur (Dimitrov et aL. 1992)

Orlo be necessary as long as the fusion domain on gp41 is exposed (Sanentau and Moore. 1991). tn

this regani. the soluble CD4 (sCD4}-induced sheddingofgpl20 from viruses, observed in vitro. has

not correlated well with virus entry or the viral envelope syncytial properties (Berger et al.• 1992).
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1.5.2.2 ENVELOPE CLEAVAGE

Another event involving the HJV envelope that influences HJV entry infO cells is the intracellular

cleavage of gp120. Certain studies of gpl20 have revealed sites within the V] loop that could be

sensitive to selected cellular proleases (Hattori el a!., 1989). The proposed concept was that these

e!ttymes, when present in the cell. cleave gpl20 in the V) region after binding. This m tum facilirates

a conformational change in lhe envelope so that a vn! region like: gp41 can subsequently fuse with the

cell membrane ($anentau andM~ 1991}. Thus, theCD4' cells dtatcannOl be infected by certain

HlV strains mighllack lhe netessary proteolytic enzymes recognizing a cleavage site oflhat particular

viral V3 region.

The hypothesis ofenvelope: cleavage has gained some: support f'rom evidence demonsrntini

gpl20 digestion by proteases (Clements el aI., 1991). Recent studies have shown thate.~~ ofHIV

to sCD4 leads 10 cleavage ofgpl20 by proteolytic enzymes (Moore et at. 199 [). This phenomenon can

be blocked by monoclonal antibodies (rnAbs) to certain regions of the V3 loop (McKuting el al..

199'2). However the importanCe arlhis event has to be funher investigated.

1.5.3 VIRUS CE:LL FUSION

Enveloped viruses such as HIV enter cells following fusion with the cell membrane. The

mechanism for this process in HN invasion is noc yet known. The fusion step could follow a

confonnarional change in !he CD4 molecule as well as. dissociation ofthe envelope gpl20 or~

of its V) loop (0 prolcolytic cleavage.

The Unerics orlhis fusion reaction suggestS continued attaclunentofvirus 10 mcmbraneCD4

while the fusion takes place (Dimitrov et al, 1992). Thus, a»npicte gpl20 shedding docs nOI occur
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although some displacement. might be involved.. The V) loop as well as gp41 could be important in

this membl1lllc fusion C'VCl\t (Berger Cl aI.• 1m). Infectivity presumably results from the virus<ell

fusion (Bergeron et at. 1992).

Some observations suggest that the CD4 molecule. in addition to binding coukl be required

for the fusion afme viral envelope with the celJ surface. Elimination aCIhe proximal region ofCD4

through molecular techniques reduces viral infection. It also eliminates the ability ofcells to fuse to the

infected cells (Poulin et at. 1991). Nevenheless. whether virus-cell fusion and cell-eell 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 bowcl-derived cells (Harouse ec al" 1991).

1..5.4 DOWN MODULAnON OF THE CD4 PROTEIN

Anomerearlyevenlse.=n with HIVinfed:ion in human Tc;cl1s islhe disappc:ar.lnct: of the CD4

pmtein from meccll surface (Hoxie et al. 1986). Thee.xte:nt and timing aCme down.;egulation depend

on lbe level ofvirus production in the infected cells (Stevenson etaL, 1987; Zaguryet aI., 1986).

In viao. lossofC04 e:~prt:SSion gtnerallyoccurs sevem days after HI\' infectionofceUs when

suffkiem progeny virions are produced. Thus. a reduction in chronic HI\' production ofa T-cell line

with a Tal antagonist, restored CD4 expression (Shahabuddin e1aL. 1992). The mechanism for allered

expression of this cell surface receptor is still nOI dear. By using interviral recombinants, this CD4

down-modulation has been linked to the envelope region (York-Higgins et aI., 1990). The CO'

receptor does not internalile with HIV during infection, and CD4-related signal transduction events

are not involved in virus entty (Orloffel at, 1991a& b).
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Some reportS indicalc that down-modulation involves an amst ofCD4 mRNA transcription

(Salmon el aL. 1988), wbile others demonsttatecomplexing ofCD4 with the envelope gpl60 within

(he cell (Crise CI aI., (990). Some studies have also suggested masking ofCD4 by the envelope gp120

attached to the cell surface (McDougal el al.. 1986: Sanentau et al.. 1986). Finally. some researchers

suggest thai 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 rtlevance 10 pathogenesis is unclear since some viruses do not modulale

the expression ofC04. however the removal armis HIV binding site dots prevent superinfection of

the cells with other HIV wains.

1.5.5 POSSIBILITY OF ANOTHER CELLULAR RECEPTOR: lNFECf10N OF CJ).f"

CELLS

HIV can infeel many types of CD4- cells. These include human skin fibroblasts. (Tareoo et

al..1989) muscle and bone derived fibroblastoid «lIlincs (Clapham et al.. 1989), human aophoblast

cells. follicular dendritic cells. brain derived glia.! cells (Cheng Meyer et al.. 1987), brain apillary

endothelial cells fetal adrenal cells (Barboza et al .• 1992) and human liver carcinoma cell lines (Cao

et aI.• 1990). Evidence for another cellular re<:plor in virus entry into these cells comes from studies

with Mabs 10 CD4, incubation of virus with sCD4, and lack of detectable CD4 mRNA in the vina­

wgettedcells.

The rate of viral replication is generally law in the CD4' cells (Tateno et aI., 1989), and the

limited virus production is a consequence ofincfficient viralcnay, since usually fewer than l%ofCD4­

cells become infected (Mellen et at, 1990). To detect HIV production in these CD4- cells, co-­

cultivation ofme cells with other sensitive targets, such as PBMC, has been required (Tateno et aI .•



1989), Recent sNdies su~t that eytOkinc:s product<! by the PBMC can enhance mv production in

CD4'cells. in partK:ular tbose of brain origin (Swingleret al .• 1992).

The nature of theeell surface molecule(s) responsible for viral entry into lheCD4' cells is not

known. but entry conceivably amid involve a fusion reeeplor (Taleno et al.. 1989). This route ofentry.

however. lIS noted above. is quile limited when compared to the CD4-mediared process. One conclusion

could be thai forCD4' cells. !heanachmenl [() CD4 enhances the inlt:raction ofthe viral envelope with

the cell surface fusion recepIOr. Cells lacking the CD4 molecule would use the same mode ofentry but

it would be much less efficienl

Finally. work demonstrating !he lymphocyte funcljon associated antigen' I (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-eell fusion (Hansen el al.. 1989).

1.5.6 CELL-TO-CELL TRANSFER OF VIRUS

Besides entering a cell as a free infeclioos particle. HIV might be passed during cell to cell

contacl Evidence has been presetlted that HIV can spread rapidly from one cell 10 anolher without

fonning mature virions (Sam et &I.. 1992). Transfer of nudeocapsids is probably involved. with

subseqUeDl de novo reverse transcriplion (Li et aI.• 1992), MOm)ver. HIV can be ttansmined from

monocytes or lymphocytes 10 epi!helial cells during such close contact that neutralizing antibodies do

nOI block !he transfer (Philips el al.. 1992). Thus. HlV spread in Ihe host could result from cell·to cell

transfer (via cores or virions) as well as from circulating free virus. During cell-to-eell contact,

neutralizing antibodies might not prevent this !ype ofinfeclion.

In summary. the leading coocepl on early evenlS in HJV infection is that .attachment of HIV

[Q the CD4 molecule most probably leads to some confonn.ation.al changes in virus gpl20 and perhaps
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CD4 moIKu[e. The initial attachment appears to be at one site on CD4 (the complementarity

determining region (CDR) 2 domain). Subsequent displacement of gp 120 or cleavage afthe 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 receplor and

su~uently. virus-celt fusion occurs (Sanentau and Moore. (991). 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 aflhe HIV in the host results ftom production of infectious progeny

and also. most probably. by cell·!Q.Cell transfer of immature virions.

1.6 OTHER MECHANISMS OF "IV ENTRY INTO CELLS

HIV can ioret! cells by mechanisms olher than the interaction of its envelope proteins with

surface receptors. Anlibody-dependent enhancemenl (ADE) ofHIV infei::tion involves binding of the

Fab portion ofnon-neulralizing antibodies to the surface oflhe virion and transfer ofthe virus into cells

through complement or Fc receplors (Homsy et aI., 1989: Horvat et aL. 1989). Fc-mediated infection

by HIV highlights a polenlial role of herpes viruses as cofaclors in l-DV infection. Since these viruses

can induce Fc receptors on the surface of infccled cells (Keller et aI., 1976; Bauke and Spear, 1979)

they can then serve as polential target cells for HIV. Further serological slUdies of individuals infected

wilh HIV are needed to answer the question of the clinical relevance of ADE.

Another mechanism for HIV entry inlo cells is phenolypic mixing (Boettiger, (979). By this

process. a viral genome can be enclosed within the envelope ofa different virus and have the hOSlrange

of that virus. Moreover, HIV pseudo-typeS have been produced in vitro willi herpes virus and

rhabdoviruses (e.g., vesicular stomatitis virus) (Weiss et aI., 1986). Viruses lhat can undergo

phenotypic mixing with HIV-I are HIV-2. HTI..V·I. vesicular stomatitis virus, herpes virus and murine



'9
xenotropic, ampholropic. and polytropic type C retroviruses. Whether fonnation ofpseudo-lYpe virus

particles occurs in nature is unknown.lflhis is the case, HIY·infetted individuals co-infected with

herpes viruses or with HnV-\ would have virus populations representing phenotypic mi.'tlUres with

these two agents (landau e! al, 1991).

The tenn 'superinfeaion' is also IJSCd to deno!t infection of an individual by more than one

HIV strain. In this case. individuals canying both HJV·J and HIV-2 are documenled (Evans et at,

1988; Rayfield et aI., 1988). although this event is most probably uncommon. Moreover. chimpantte:S

can be simultaneously infected by more than one HrV·l strain (Fultz et at, 1989). In none oflhese

cases, has recovery of two dinincl viral strains from lhe same cell been documented.

1.7 HIV CYTOPATHOLOGY

Anot:her important biologic feature ofHJV infection is fonnation of multinucleated cells in

culture (syncytium). resulting from the fusion of infcc led cells with uninfected CD4' cells (Lirson el

al.. 1986; Lifsonetal.. (988). Syncytium formation is often the fimsign of HIV inf~tion in culture

and can appear within 2·] days. Ba[[ooning of the cells accompanies this cytopathic effect most

probably resulting from membrane permeability changes. This ce[k:cll fusion does not require DNA.

RNA or protein synthesis (Hansen et aI.• [989: Tang and Levy.l990). Whether this process is directly

relaled to virus<ell fusion is no( clear. but the cell fusion process certainly involves the CD4 molecule

and both the HlV gp120 and gp41 envelope proteins (Sodroski et ai., 1986).

The role of cellular membrane proteins. such as the adherin LFA·l, in cell-cell fusion has

recently been emphasized (Hildreth and Orenw, 1989). Monoclonal antibodies (Mab) to this cell

surface protein block cell aggregation and syncytiwn fonnation, but not virus infection (Pantaleo et aL,
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1991). The process oreel! fusion has been linked 10 viral cytolO:ticiry and cell death (Lirson et aL

1986).

Cytopalhology and cell death during acute HIV infection in vitro is often associated with

accumulation ofvlral DNA in the c:y1Oplasm ofthe inf«tedceUs (Levyet aL 1986: Shaw et aL 1984).

However, it is not known whether Ihis process occurs during virus infection i" vivo. Similar

observations have been made with infected T cells arrested in division (Tang et al. 1992). These

Observalions support the conclusion that high levels of intracellular viral DNA can be !Oxie to the cell

and, in the early events of infection. contribute to cell killing (Levy et al.. 1986). Nevertheless, single

cell killing is not associatcd \Nitti accumulation of viral DNA in the cytOplasm (Bergeron and SodI'O$k.i

1992). A variety ofpnxesses can be involved in virus-mediated cell death. reflecting toxicity of vimI

proteins.

U CONTROL OF HIV REPLICATION

Once the virus enters cells as a ribonucleocapsid. several intnu:cllular events lake place that

lead to thc integration ora proviral form into the cellcluomosome. The viral RNA. still assoc:ialerl with

core proteins. undergoes revene transcription, using its RNA dependenl DNA polymerase and Rnase

H activilies and eventually fonns doubled stranded DNA (reviewed in Greene, 1991), These DNA

copies of viral RNA then migrate into the nucleus, where rhey inlegrate randomly to the cell

chmmosome.lnlegmion ofl:he provirus appears to be random and is essential for tbe cells 10 produce

progeny virions. Recent observations on the early evenlS ofviraJ infection have revealed notewonhy

featur~ of HIV replication. In T cells arresttd in division. virus infection is abortive. wheteas in

nondividing macrophages and epithelial cells, progeny production takes place. In pennissive activated

Tcells., HIV undergoes integration and replication within 24 h (Kim et at, 1990). In macrophages., the
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process is similar but progeny production appears to require 48 h (Munis et &I., 1992). The earliest

mRNA species made in the infected cell have low molecular weights, representing the vinllong

terminal repealS (lTR) and the rcgulallxy genes, particularly tQt. rno and lief (Greene, 1991). (I

appears thai Tal is made first and up regulates the production arReY. Presumably, the predominance

ofany one oflhese gene products can determine whether HIV infection will lead to a productive or

latent stale. The pr6ence of Tat at high levels will slimulate substantial virus production (Dayton et

al.., 1986).ln the Ialestage$ ofthe vinas replicative cycle., Rev would down-regulaJe its own production

and cause: decreased progeny formalion and perhaps latency. In cells nOI fully permissive to HIV

replication. the relative e.xpression ofthese regulatory pro(einscan differ. leading to abortive infection.

persistence of virus traces. or a talcOI state (Pomerantz el aI., 1990).

Cellular proteins thaI could innuence virus ll:plication are those reponed 10 increase rat

binding 10 TAR (Alonso et aI., 1992). Recent experimenlS have suggested thai two related cellular Tat­

binding pl'Olt:ins might compete to up regulate (e.g.. MSSI) or down-regulate (e.g.. Tat binding p('O(ein

I) Tat activily and thereby affecl HIV production (Nclbock et aI., 1990: Shibuya et aI., 1992). Their

mechanisms ofldion need furtherclucidation. The potential for using these observations with Tat 10

develop more effective antiviral therapy merits further evaluation.

The processes involved in T cell activalion are IK)( fully defined but are known to affect HIV

replication via the inlmlCtion ofinlnCellular regulatory factOB 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 COO8 molecules affects gene expression within the cell.

The activation is reflected by an incrnsc in the concentration ofintraeellular frtc calcium and depends

on the subsequent activarion ofcakium-dependent protein kinase C (pKC) and odin phospkorylarion

events(Kinteretal., 1990). Following the T cell stimulation. cellular transeriprion factors are released
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fi'om intracellular inhibitors (e.g., NF·dl &om its inhibitor IKB) (Nolan et aI.. 1991). via

phosphorylation by PKC. They enter the nucleus, where binding to other cellular proteins and. in the

case ofHlV. attachment to vir.L.I DNA sequences take place. The interaction of these transcriptional

factors with viral LTR regions can up regulate viral replication. Identification of the cellular

transcription factors involved is still ongoing. bUI many have been rerognised (reviewed in Gaynor.

1992). Certain cytOk.ines.. as well as rransactivaling proreinsencodcd by other viruses. can also increase

HIV production vi. these intracellular events (Kinter cl at. 1990).

CytOkines and other e.'<temal stimuli often effect HIV expr$ion via interae:tion with the viral

lTR. through their influence on intracellular factors. like NFJeB (Matsuyama et at. (991). For

clGlIT1ple. rumor necrosis factor (TNF~) increases HIV production. Some viruses such as CMV and

herpes simplex virus can enhance HlV production through activation oflhe viral LTR by viral proteins.

Finally, a {at gene product. after interacting with cellular factors binds to the TAR of tile viral

lnt in conjunction with cellular RNA bindingpmleins (Wu et aL 1991) that may be pbosphorylal:ed

(Han et a.I., 1992) and up-regulalion ofviral expression occurs. The induction oflNF-a production in

T cells by HIV Tar could also be involved in increased virus production (Buonagouro et II.. 1992).

These observations reflect how bod! viral and cellular factOl'S intenlCt 10 affect HIV replicatiolL

Many viruses also enhance HlV production by induction ofcytokines. Co-infection of cells

with viruses like herpes virus, papovavirus. hepatitis viruses, and retroviruses can enhance the

production ofHIV·1. GenuallY,d!e lran5aetivating factol'S produced by die infecting virus, usually

early aene products, interact dmtly or indirectly via Ultr.lcellular faclol'S with the HIV·LTR, usually

at the responsive d3 region. For example, CMV. human herpes virus 6 (HHV-6) and EBV activate the

HIV·LTR as measured in cell culnm by the chloramphenicol acetyl transferue (CA1) assay (reviewed
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in Nelson et a!.. 1990). Some biological assays involving HTLV.! and other animal viruses have

demonstrated an increased production ofHIV aftercoinfet:tion (Canivc[ et aI., 1990). Similarly. several

B cell lines already tnlnsfonned by EeV appear!O replicate the virus best. perhaps resulting from a

postinfection prncess(DahI etaL. 1987: Monroe:et a1~ 19118: Montagnieret a1.. 19&4). The mechanism

(5) for this enhanced expression of HIV in coinfected cells is unknown, bot again could reflect a cross­

reaction orlhe HIV LTR.

1.9 MECHANISMS OF HIV lNDUC£D KILLING

Some understanding orlbe pathogenesis of HIV infection has come ftom studying the direct

loxic effec:tofthe virus or its prtllcins on individual cells. Cenain strains ofHlV-I. particularly those

recovered from individuals with advanced disease, have a grtater capacity for killing infected cells.

Seven.1 observations associate cell death with directtoxic:ity ofthe ViNS Of viral prol:cins. The

relative quantities of viral envelope protein produced by the cell can determine cytopathicity (Sodmski

etaL. (986). Moreover.lhe cell fusion Ihatoften leads to cell death has been associated with gpl20

(Lifson e1 aL 1981). (n one study. doubling Ihe production ofgpl20 pcoducedcylopaIhic effects and

cell death following ffiV infection (Stevenson ct II.. 1988). Moreover, addition ofgp[20 to fBMe

Of cultured brain cells caused killing in a dose dependent mann« (Dreyer et aJ.. [990). The ,((gene

has been linked to cytopathic effects, probably by increasing infectious virus replication (Sakai et a.I.•

1991).

The mechanism ofthis induction ofcdIdeath by the viral envelope p""ein is not clear at the

moment. Disturbances in the membtanc: permeability could be involved., as reflected by the balklon

degeneration ofcells observed in vitro. HN binding to and entry into these cells produces membnne

discontinuities and pores in association with ballooning (Fermin and Garry, 1992). Hence, cells



2.
infected by and prnduc:ing cytopalhic HIV demonstrate an inability 10 control the infllL,( o[monovalenl

and divaJentcarions lhat accumulate in the cell along with waIer(C1oyrl and lynn, 1991). The resuhing

loss in intracellular ionic strength noI only leads 10 cell death, but also at relarively non.cytopathic

levels. could change the electric potential afme cell so thai nonnal ccllliJnction is compromised.

1.9.1 HIV INDUCED APOPTOSIS

R«enlly. apoptosis was put forwani as a cause ofCD4' cell loss in HIV infection (Growe: cl

al.. 1992; Laurent-Crawford cl aJ., 1991). This process has also been observed in T cells during other

viral infections like EBV (Uehara cl aI., 1992). This phenomenon involves the reemergence of a

programmed T cell death that is a normal physiological response during thymocyte maturation (Coffin.

1992; Ken' et al.. 1972). The process requires cell activation. protein synlhesis., and the action of a

calcium dependent endogenous endonuclease that produce fragmentation ofcellular DNA. Apparently

C04" cells do not undergo apoplosis in HIV-infecled chimpanzec:s(DeRienzi et aL. 1992). This may

help 10 explain me Ial:k of disease in these animals. Cell proliferation induced by phytOhemagglutinin

(PHA) alone. does no[ lead [0 apoplOSis. However. Slimulation with MHC-restricted class II recall

anligens(e.g..letal1US 10xin) or with !he pokeweed mitogen can cause death of up to 40% in !he CD4­

cells from asymptomalic HJV-infected individuals in two days (Groux et al.• 1992). Although most

studies focus on CD4' cells undergoingapoptosis in HIV-infected individuals, some indicate that many

C08" cells also die by this process (Meyaard et aJ.. 1992). However, the role ofC08
4

T cell apoptosis

in the pathogenesis ofHlV infection requires further investigation.

There is considerable speculation as 10 whether apoptosis results from direct effects ofHIV Q("

its viral proleins, antibodies to CD4, gp!20 antibody complexes., variations in cytokine production. Q("

fmally super.wigens from other infecting parhogens (e.g.. srapbylococci, SIrepIOCOCCi, or myatplasma).
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Some l'CSults suggest that gpl20 or virus-antibody complexes can elicit apoplosis(ferai et al.. 1991).

Recently, cross linking afthe gpl20 bound to human CD4- lymphocytes followed by T celllCtival:ion

by anti COJ antibodies was shown to induce apopl:osis (Banda et at, 1992). Some c:ytOkines like Il4

can also increase apoptosis in macrophages by countering me protective effects of other cytokines

(TNF-a. and interferon-y) on lh6e cells (Mangan et al.. 1992). These rypes of interactions could be

taking place in HIV infection.

Since unstimulated CD4" cells ~moved from the infected individual do nol undergo apoplOSis.,

whether this phenomenon occurs to a substantial extent in vivo is not clear. However, recent reports

suggesting enhanced cell death from Ihis process even in PBMC taken directly from the blood of

infected individuals (Groux et al" 1992) are especially relevant

1.9..1 INFLUENCE OF SUPERANTIGENS

HIV may have a peptide thatac15 like asuperantigen by attaching to CQ4-lymphocytes by one

ponion aCme T cell receptor and rriggering cell death by apopcosis (Coffin. (992). Support for this

concept comes fiom me observation that the individuals with AIDS show a disproportionate Ios:s ofT

cells with a cenain TCR ~ chain V regions (Imberti et al.. 1991). Moreover, superantigens are

responsible for the loss ofT cells in other retrovirus infet:tions, such as the murine mammary nunour

virus and the murine model ofAIDS (Woodlandet at. 1991). If this process occurs in HIV infection

the antigen involved has yet to be characterised. Conceivably, this mechanism for the eliminalion of

CD4· cells may be caused by other organisms or antigens present during HIV infet:tion.
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