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The priniary 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 contributhg to immune 

dysfùnction and disease progression in HIV-I infected individuals. During this study, the relationship between 

the level of CTL activity against CD4 lymphocytes and disease progression was assessed by canying out a 

series of in v i ~ o  experiments in a HIV-positive cohort of -70 individuats, 

It is well established that CTL use clonotypic T ce11 receptors (TCR) associated with the invariant 

CD3 signalling cornplex, to recognize antigenic peptides bound to major histocompatibility cornplex (MHC) 

rnoIecules on the target cells. Since P8 15 ceIls express an FcR and Fas antigen. IgG anti-CD3 antibodies can 

trigger non-specific killing of P8 15 cells by a variety of effector cells. Comparable inhibition of cellular 

cytotoxicity against P8 1 5 cells by JO-2 or by cycloheximide, a pmtein synthais inhibitor preventing Fas ligand 

induction, confirmed that the different levels of killing of 10-2 treated and untreated P8 15s reflected the 

extent that perfionn and Fas ligand, respectively, were utilized in target ce11 kiNing. 

Abnomally 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 F M a s  ligand (FasL) interactions might contribute to AICD in HIV infection. We used treatment with 

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

PMNionomycin-induced AiCD measured using Cr release, DNA analysis and electron rnicroscopy, 

demonstrated that PMA and ionomycin acted synergistically to induce up to 70% release of incorporated Cr 

fiom fiesh PBMC of HIV-infected individuals compared with up to 26% reIease by healthy volunteers. Cell 

death required cell-ceil contact and e ~ c e l l u l a r  calcium, while it did not involve FaslFasL interactions or 



ii 
DNA hgmentation, but showed plasma membrane disniption with intact nuclear membranes of darnaged cell. 

We describe a novel fonn of AiCD in T lymphocytes fiom 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 individuak and disease progression. A significant 

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

cytolysiç of PHA-activated uninfected lymphocytes. These autoreactive CTL were found to be CD28' CD8' 

T celis which expanded with disease progression. A high proportion of C D X  CD8' T cells was seen in al1 

HIV-infected individuals with demonstrabIe levels of circulating CTL. 

We have shown direct association between the autoreactivity and other markers of disease progression 

such as plasma viral load, CD4' T-ceIl count, CD8' T ce11 count, and plasma leveis of pz microglobulin . The 

data is in agreement with the proposed hypothesis that these CTL actually contribute to irnmunodeficiency 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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C W T E R  1. 

INTRODUCTION' 

1. 1.0 INTRODUCTION 

This chapter broadly outlincs current concepts of the irnmunopathogenesis of hurnan 

irnmunodeticiency virus (CW) infection. This is followed by a more specific discussion of cytotoxic 

T lymphocytes (CTL) and their possible roles in the progression of HTV infection to the invariably fatal 

immunodeficient state or acquired immune deficiency syndrome (AIDS). 

1. 1.1 DISCOVERY OF THE VIRUS CAUSING AIDS 

HIV is a lentivirus that has only recently been recopised as the causative agent of AIDS. ï he  

first indication that AIDS couid be caused by a retrovirus came in 1983, when Barre-Sinoussi et al. 

(1 983) at the Pasteur Institute recovered a reverse transcriptase containing virus from the lymph node 

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

ai. (1 983) reported the isolation of human T-ceIl leukemia virus (HTLV-III) fiom individuafs 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 hurnan retroWus was distinct nom HTLV. Their virus, later cailed lymphadenopathy 

associated virus (LAV), grew to high titer in CD4' ceIls and killed these celIular targets (Montagnier 

et ai. 1984). These obsematïons on LAV supported the potential etiologica1 roIe of a retrovirus in AIDS. 

Levy et al. (1984) also reported the identification of a retrovirus, they narned the AIDS-associated 
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retrovirus (ARV). A11 these viruses were recovered from AIDS patients fiom different known risk 

groups, as well as fiom other syrnptomatic and asyrnptornatic people. HTV isolates were subsequently 

recovered fiom the blood of many patients with O S ,  AIDS related complex (ARC), and neurological 

syndromes, as well as fiom the peripherd blood mononuclear cells (PBMC) of several clinically 

healthy individuals (Levy et al., l98Sa; Salahuddin et al.. 1 985). Soon after the discovery of HIV- 1. 

a separate virus, HIV-2, was identified in Western Afiica (Clavel et al. 1986). It is now established that 

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

1. 1.2 HIV VIRION 

By electron microscopy, HIV-1 and HN-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 dependent DNA polymerase (Pol or reverse transcriptase) and the nucleocapsid (NC) 

proteins are cIoseIy associated. The inner portion of the viral membrane is surrounded by a 

m yristoy lated p 1 7 core (Gag) protein that provides the rnatrix (MA) for the viral structure and is vital 

for the integrity of the virion (Gelderbiorn et al., 1988; Gelderblom et al., t 989). Recent studies have 

suggested that MA is required for incorporation of Env proteins into mature vinons (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 et al., L988; Pinter et al., 1989; Weiss et al., 1990). The 

mature Env proteins are derived fiom a 160,000 D precursor, which is cleaved inside the ce11 into a 

glycoprotein (gp) 120 extemal surface (SU) envelope protein and a gp41 transrnembrane (TM) protein 

(McCune et al., 1988). These proteins are iransported to the ce11 surface, where parts of the cenaal and 

N terminal portions of gp4l are also expressed on the outside of the virion. The central region of the 

TM protein binds to the extemal viral ml20 in a noncovalent manner, most probably in the 
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hydrophobic regions in the amino and carboxy termini of ml20 (Helseth et al., 199 1). Generaily, the 

virion has about 1 00 times more p25 Gag protein than envelope gp 120 (Layne et al., 1992; Moore et 

al., 199 1) and 1 O times more p25 than the polymerase protein (Layne et al., 1992). 

The gp 120 situated on the virus surface contains the binding site for celluiar receptor (s) and 

the major neutralizing domains. Nevertheless, the extemal portion of gp41 and perhaps part of p 17 

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). 

1. 1.3 TRANSMISSION OF HIV 

ïhere are essentially three modes of transmission of the virus fiorr. an infected individuai to 

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

1. 1.3.1 TFtANSMISSION BY BLOOD AND BLOOD PRODUCTS. 

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

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

to disease (Perkins et al., L987). 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). 

1. 1.3.2 SEXUAL TRANSMISSION 

A i D S  was fm identified as a sexually ûansmitted disease in homosexual men, However 

subsequent studies demonstrated heterosexuai spread of HN, which accotmts for the large majority of 

infections worldwide (Mcowane et al., 199 I ; Stoneburner et al., 1990). Transmission of HN m genital 
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fluids most probabiy occurs through virus-infected cells since they cm be present in large numbers in 

the body fluids. Presence of other concomitant sexua1ly transmitted diseases can increase levels of HIV 

in genital fluids and thus make transmission more likely (Cameron et al., 1989; Plumer et al., 199 1). 

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

especiafly those on the bowel mucosa (Yahi et d., I992) or the attachent of virus-antibody complexes 

to Fc receptors on the mucosal cells (Hussain et al., 199 1). Another possible means of HIV entry couId 

be via intestinal M cells present in the bowel epithelium (Amerongen et al., [ 99 1). 

In the case of vaginal intercourse, the columnar and squamous ceIl epitheliurn of the vagina 

c m  be a barn'er 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 reiatively 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 orai-genital contact could also potentially lead to infection 

of either partner, albeit at a lower frequency (Winkelstcin et ai., 1987). Non traumatic oral exposure 

to ceII-fiee Si!! was shown to infect adult macaques (Baba et al., 1996). These infected macaques Iater 

developed full blown AiDS indicating the possibitity of an oral transmission of the virus and 

subsequent systemic disease in hiimans also (Baba et al., 1996). In al1 routes of sexual contact, an 

hcreased number of virus infected cells in the genitd fluids and or Iesions on the mucosal surfaces (eg., 

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

I. 1.3.3 TRANSMISSION FROM MOTHER TO CHILD 

The transmission of HIV fiom mother to chiId appears to occur in 1 I to 60% of 

children bom to HIV' mothen (Ades et al., 1991; Blanche et al., 1989). It appears that transmission 
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can occur either in trrero during or after delivery (Rossi, 1992). Support for intrauterine transmission 

cornes fiorn the detection of HIV in placentas and fetuses by in situ hybridization, polymerase chain 

reaction (PCR) and immunohistochemistry (Courgnaud et al., 199 1). HIV bas also been isolated fiom 

cord btood amniotic fluid, and placenta1 and fetal tissues (Chandwani et al., 1991). 

The factors invoived in transfer of HIV fiom 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 

sexualiy active and not during birth (McClure et al., 1992). SiV transmission to one of the three 

ofkprings was demonstrated in pigtailed macaques (Macaca nemesirina) (Ochs et al., 199 1). The 

consistency of this resu It, which resem bles 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 et al., 1992). If the factors influencing matemal transmission of HIV 

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

1. 1.4 CLINICAL SYNDROME OF ACUTE HIV iNFECTION 

A recentiy infected individual can pnsent within I to 3 weeks with signs of acute virus 

infection. Symptoms include headaches, retroorbital pain, muscle aches, sore throats, Iow grade or high 

grade fever, and swollen lymph nodes, as wel1 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 cornplaints have dso been reported (TindaiI and 

Cooper, 199 1). These symptoms usualIy Iast for 1 to 3 weeks, aIthough lymphadenopathy, Iethargy, 

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

asymptomatic period of many months to years. 
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In a group of 23 pesons at nsk of W infection who were folIowed every six months and who 

became infected, 87% had symptomless acute infection and 95% of these patients sought medicat 

evaluation (Schacker et al., 1997). But only one in four patients in this midy received the appropriate 

diagnosis of acute EW 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 thrornbocytopenia, but atypical lymphocytes are infiequent (Quinn, 1997). 

lnfected individuab are often lyrnphopenic and thrornbocytopenic dunng 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 

CD47CD8' cell ratio is inverted. Moreover, atypical lymphocytes can appear in the blood (Cooper et 

al., 1988) but usually in smalkr numbers in primary HIV infection than in EBV, CMV or other 

infections that elicit a similar response (Cooper et al., 1988; Gaines et al., 1988). Over the following 

months, number of the CD8' cells remains greater than that of the CD4' cells, which increases io a 

smaller extent and so the ratio remains inverted. 

Dunng acute HIV infection, the infected individuai dernonstrates antigenemia and virernia with 

high leveis of infectious virus in the peripheral blood (Clark et al., 1991; Daar et a[., 199 1). 

Seroconversion can occur days after infection, but antibodies to HIV generally appear &er 1 to 4 

weeks. In studies performed by Cooper et aI., (1985) and Gaines et al., (1988), IgM antibodies were 

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

demonstrated by an indirect-immunofluorescent assay within two weeks. 

Some studies have reported HIV specific helper T ce11 responses shortly d e r  acute infection 

before seroconversion (CIerici et al., 199 1). ConceivabIy other celluiar immune tzsponses are evident 
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before humoral immunity is evident (Clenci et al., 1992a). Mackewicz and Levy, (1 992) have reported 

CD8' ceII anti-HIV activity in one individual before seroconversion. 

1. 1.5 HIV INFECTION OF CELLS 

HIV infection of human cells involves a series of steps. 

1. 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 oPHIV in CDJV lymphocytes was then explained by its attachment 

to the CD4 protein on the ce11 surface (Dalgleish et al., 1984; Klatzmann et al.. 1984; Klatmiann et ai.. 

1984a). 

With the crystal structure of CD4 now know (Ryu et al., 1990; Wang et al., 1990) the gp 120 

binding site has been located on a protuberant ridge along one face of the VI domain. Recently using 

vira1 mutants and hi@ resoIution CD4 atomic structure, Moebius et al., (1 992) 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 gp 120-binding site. (Moebius et al., 1992). Thus, this overlap might affect the 

use of inhibitors of the CD4-gp 1 20 interaction. 

Further sites on CD4 couId still be involved in HN binding and /or fkion such as the CDR.3 

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

play a role because CDR.3-related peptides block the CD4-gp 120 interaction (LX5on et ai., 199 1) and 

mutations in this region decrease fusogenic activity of HIV (Carnerini and Seed, 1990). 

Recent fkdmgs by Deng et ai. (1 996) and Dragic et al. (1 996) have Uidicated that in order to 

infect a cell, not only does HIV have to bind to the CD4 receptor on the ceil d a c e ,  it must also 
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enrd the help of a second receptor known as CC-CKR-5. This CO-receptor is a binding site for the 

attractant rnolecuIes RANTES, MIP-1 a, and MIP- 1 P. These studies show that ELQJTES, MIP- 1 a, and 

MIP-1 P al1 inhibit EUV-1 infection by blocking viral h i o n  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) sûains of HN-1. It is not yet clear whether the respective 

chemokines compttit ive Iy b lock their receptors against HIV entry, or whether the chemokine binding 

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

1. 1.5.1.1 CORECEPTORS IN HIV INFECTION 

The first identified coreceptor, CXCR-4, is a receptor for the CY (CXC) subclass of chemokines 

and rnediates entry/fÙsion of T-cell tropic strains of HIV (Feng et ai., 1996). Another receptor for the 

rnembea of the p (CC) chemokine subclass, CCR-5, mediates entryhion of macrophage-tropic 

isolates of H N  (Alkhatib et aI., 1996). This molecule serves as a receptor for RANIES, MP- t a, and 

MIP-I P and thus provides the basis for chemokine-rnediated suppression of HIV. Later, a CXC 

chemokine called SDF-1, a Iigand for CXCR-4 was shown to suppress replication of T-celI tropic KiV 

isoIates (BIeul et al,, 1996). 

The selectivity for the specific coreceptor is govemed by the KIV envelope giycoprotein 

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

et ai., 1996). Paradoxicaily the V3 loop is &O the ieast consewed region of gp 120 and contains highIy 

main specific neutralizhg epitopes. However, certain highly conserved residues are present, and they 

may contribute to a conserved smicturaI motifthat bmadly facilitates chemokine receptor interactions. 

Chernokines suppress HIV infection by blocking the viral entry process supported by chemokine 



9 

receptoa. Following the binding of oligomeric viral gp 120 to CD4 on the host celI surface, the 

resulting CM-gp120 cornplex binds a coreceptor (Wu et al., 1996) which in tum, exposes the N- 

terminal tiisogenic sequence of gp4l (Chan et al., 1997). Chemokines dismpt this process by inducing 

coreceptor internalization (Chan et al. 1997) into endosomes (Chan et al., 1997) which effectively 

prevents the Formation of gp 120/CD4/corecptor tricomplex. Moa of the evidence indicates that this 

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

is a seiective inhibitor of G proteins involved mainly in chernokine-induced intracellular signalling, 

faiis to reduce chemokine-mediated suppression of HiV replication. Doranz et ai., 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 

antagonists oftheir wild-type counterparts, but do not trigger receptor activation, and are active as anti- 

Hn/ (Simmons et al., 1996). Finally, some monoclonal antibodies that possess anti-HIV activity bind 

to bind to CCR-5 or CXCR-4 without triggering intrace1lula.r signalling (Endres et al., 1996). 

Another enigmatic feature of chernokine-mediated HIV suppression is that a ligand specific 

for one coreceptor can be effective against some viral mains even when other usable coreceptor species 

are present. Brain derived cell cultures expressing both CCR-3 and CCR-5 were pmtected from 

infection by reported pseudovirions containing NSI envelopes by treatment with either eotaxin or MIP- 

1 p aione (Bron et al., 1997). This suggests that certain chernoreceptoa rnight be downregulated fmm 

the cell surface in a cwrdinated manner or that there may be cooperative use of dBerent coreceptoa 

by at least some HIV isolates. 



1. 1.5.1.2 ROLE OF CHEMOIUNES IN HIV PATHOGENESIS 

At the coreceptor Ievel, 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 (632) 

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

is not transported to the ce11 surface. Homozygosity of this gene confers strong resistance to HN 

infection although a few cases of W-infected A32 homozygous individuals have been reported 

(Michael et al, 1997). Heterozygosity for the mutated ailele is associated with a slower course of disease 

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

of wild-type CCR-5 coreceptor Ciinction due to an intracellular association of defective and normal gene 

products (de Roda Husman et al., 1997) Ieading 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. 

In addition to the controt at the genetic level, coreceptor expression is a hnction of receptor- 

ligand interactions that mediate surface down-regulation. Given the significant effects of reduced 

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

thernselves correlate with disease progression. It is also possible that certain genetic alIeles that reduce 

coreceptor expression work in concert with chemokines to modulate infection. Several groups have 

anernpted to detemine whether there is an inverse correlation with chemokine levels and disease 

progression. One approach was to measure plasma or semm levels of RANTES, MIP- 1 a and MIP-I P 

in severai cohorts. Overail, these snidies have failed to show an inverse correlation between chemokine 

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

a correlation between production of chemokines and disease progression (Luster et al., 1995; Blazevic 

et al., 1996). However, other groups subsequently found a significant correlation between RANTES 

production and resistance to infection and decreased MIP-1 a production in symptornatic t[TV patients 

(Mackewicz et al. 1 996). The disparities between various studies Iikely arise Born subtle differences 

in sample acquisition, storage and manipulation. 

Taken together, these studies present an ernerging pictue of H I V  pathogenesis in which the 

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

response to HIV antigens, C D 4  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 

asyrnptomatic state for some period of tirne in al1 individuals, but a broader and more robust response 

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

1. 1.5.1.3 SUPPRESSIVE CHEMOKINES SECRETED BY CDS' T CELLS 

It is known that CD8+ T cells fiom H I V  seropositive individuals produce a soluble non- 

cytoiytic activity that suppresses infection by HIV in v i m  (Walker et al. 1986). The production of 

suppressive activity was shown to correlate with immune status and to steadily decline in paraIlel with 

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

Because of these properties, the identification of factors responsible for HIV- 1 suppression has been 

a major objective in W- I research. 

Although SDF-1 is an obvious possiblity for the balance of solubIe activity effective with SI 

isolates, cecent studies have shown that this cytokine is not hvoIved (Moriuchi et ai., 1996). Therefore, 
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an alternate possibiIty is that other chemokines make up the b a h c e  of solubIe suppressive activity. 

When HTLV-1 Unmortalized CDS' T celis h m  HIV-1 infected individuals were screened for HIV-SF, 

using an acute infectivity assay with activated CD8' T ceil-depleted PBMCs and virus HTVIIm, a ceil 

line e-xhibited suppressive activity against HTVlllB as well as prirnary T-tropic and M-tropic isolates 

(Lacey et al.. 1997). The rnoiecule was later identified as a P chemokine, macrophage-derived 

chemokine (MDC) (Pal et ai. 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 atso expressed by activated CD4' and CD8' T cells fiom hea!thy 

individuals (Pal et al., 1997: Godiska et al., 1997). The production by CDS' T cells further implicates 

MDC as the soluble suppressive factor. 

II 1.5+1+4 CHEMOKINE-BASED THERAPEUTIC APPROACHES 

Given the features of coreceptor functions and novel insights into the pathogenesis of HW 

infection, there are at [ e s t  two different ways one c m  exploit the knowledge for therapeutic 

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

trïggering intracellular signailing. Second, molecules can also be designed that down-regulate receptor 

exposure on the ce11 sufiace. 

An approach described recently uses a noveI concept to induce receptor dom-regulation. 

Chemokine teceptors are coupled with an endoplasmic reticuIum retention signai, thus causing the 

chemokine to be retained intrace1iuIarly in the endoplasmic reticuIum ("intrakine"). Receptor 

expression on the membrane is down-regulated in ceIIs producine intrakines, as the receptor binds to 

its ligand intracelluIarly and therefore its exposure is prevented (Dorant et ai., 1997; DonzeIIa et al., 
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1998). As a result EUV infection is inhibited in cells expressing intrakines. This approach could be 

usefid as a gene therapy protocol to protect celIs from infection. 

Another recent study showed that viral pseudotypes containing CD4 and appmpriate 

chemokine receptors were able to target HIV- and SIV-infected ce11 lines and primary macrophages. 

The targeting was shown to be related to the specificity of the viral envelope for a given CDJ- 

chemokine receptor cornplex. This novel approach might contribute a new strategy to target 

specifically HIV-infected cells, thus providing an important tool for gene therapy approaches (Chen 

et al. i 997). 

1. 1.5.2 POST BINDINC EVENTS IN VIRUS INFECTION 

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

1. 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 kat afier attachment to the CD4 

rnolecule, the gp120 is displaced, uncovering the domains of gp41, which is needed for virus-ce11 

fusion (Sattentau and Moore, L99 1). Recent analyses suggest that this dispIacement results fiom the 

dissociation of a knob and socket like structure invoIving the carboxy termina1 region of gp 120 and the 

central portion of gp4 1 (Schultz et ai., 1992). Shedding does not appear to occur (Dimitrov et al., 1992) 

or to be necessary as long as the fusion domain on gp4l is exposed (Sattentau and Moore, 1991). in 

this regard, the sohble CD4 (sCD4)-mduced sheddmg of gp120 from viruses, observed in vim, has 

not correlated weII with v h s  entry or the v i d  enveiope syncytial properties (Berger et al., 1992)- 
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1. 1.5.2.2 ENVELOPE CLEAVAGE 

Another event involving the HIV envelope that influences HIV entry into cells is the intracellular 

cleavage of gpL20. Certain studies of gpI20 have revealed sites within the V3 loop that could be 

sensitive to selected ceI1uIar 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 ir, turn facilitates 

a conformational change in the envelope so that a vira1 region Iike gp41 can subsequently fuse with the 

ce11 membrane (Sattentau and Moore, 199 1). Thus, the CD3' 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 cIeavage has gained some support fiom evidence demonstrating 

gp120 digestion by proteases (Clements et al., 199 1). Recent studies have show that exposure of KiV 

to sCD4 leads to cleavage of gp 120 by proteolytic enzymes (Moore et al,, 199 1). This phenomenon cm 

be blocked by monoclonal antibodies (mAbs) to certain regions of the V3 loop (McKeating et al., 

1992). However the importance of thk event has to be fùrther investigated. 

I. 1-53 ViRUS CELL FUSION 

EnveIoped vimses such as Hn/ enter celIs foUowing fusion with the cell membrane. The 

mechanism for this process in HIV invasion is not yet known. The hsion step couId foIIow a 

confomationa1 change in the CD4 rnolecuie as wel1 as, dissociation of the envelope gp12O or exposure 

of its V3 Ioop to proteolytic cleavage. 

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

white the fusion takes place (Dimitrov et al., 1992). Thus, cornpiete gp 120 shedding does not occur 
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although some displacement, rnight be involved. The V3 loop as well as gpJl could be important in 

this membrane h i o n  event (Berger et al., 1992). [nfectivity presumably results fiom the virus-ce11 

tùsion (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 ce11 surface. Elimination of the proximal region of CD4 

through molecular techniques reduces viral infection. It also elhinates the ability oFcelIs to fuse to the 

infected cells (Poulin et al., 1991). Nevertheless, whether virus-ceIl fùsion and cell-ce11 h i o n  involve 

the same processes is still unknown. Finally, the nature of putative ceIIuIar tùsion receptor (s) is 

unknown although a glycolipid that mediates HIV infection has been identified on CD4- brain-derived 

and bowei-denved cells (Harouse et al., 199 1). 

1.5.4 DOWN MODULATION OF THE CD4 PROTEIN 

Another early event sern with HW infection in human T cells is the disappearance of the CD4 

protein fiom the ce11 surface (Hoxie et al., 1986). The extent and timing ofthe 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 generaIIy occurs seved days after WIV infection of celk when 

suficient progeny virions are produced. Thus, a reduction in chronic HIV production of a T-ce11 line 

with a Tat antagonist, restored CD4 expression (Shahabuddin et al., 1992). The mechanism for altered 

expression of this ceIl sufice receptor is still not clear. By using interviral recombinants, this CD4 

down-rnoduIation has been linked to the envelope region (York-Higgins et al., 1990). The CD4 

receptor does not internaiize with HIV during infection, and CD4-retated signal transduction events 

are not involved in virus entry (OrIoff et ai., 199 1a & b). 
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Some reports indicate that down-modulation involves an arrest of CD4 mRNA transcription 

(Salmon et al., I988), while others demonstrate complexing of CD4 with the envelope gp160 within 

the ceIl (Crise et al., 1990). Some studies have also suggested masking of CD4 by the enveIope gp 120 

attached to the ce!! 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 CIW expression again most probably depends on the particular 

virus and the cell infected. The relevance to pathogenesis is unclear since some vinises do not modulate 

the expression of CD4, however the removal of this HIV binding site does prevent superinfection of 

the cells with other HW strains. 

1. 1.5.5 POSSiBILlTY OF ANOTHER CELLULAR RECEPTOR: UYFEC'MON OF CD4' 

CELLS 

HD/ c m  infect many types of CD4- cells. These include human skin fibroblasts. (Tateno et 

a1.. 1989) muscle and bone derived fibroblastoid cell linrs (Clapham et al., 1989), human trophoblast 

cells, follicular dendntic cells, brain derived glial cells (Cheng Meyer et al., 1987), brain capillary 

endotheLa1 cells fetal adrenal cells (Barboza et al., 1992) and human Iiver carcinoma ceII lines (Cao 

et aI., 1990). Evidence for another ceflular recptor in virus entry into these celIs cornes tiom studies 

with Mabs to CD4, incubation of virus with sCD4, and Iack of detectable CD4 rnRNA in the virus- 

targetîed cells. 

nie rate of vitai replication is genemlly low in the CD4 ceils (Tateno et al., 1989), and the 

Iimited virus production is a consequence of inefficient viral entry, since usually fewer than 1 % of CD4 

cells become infected (MeiIert et aI., 1990). To detect HN production in these CD4- ceIls, CO- 

cultivation of the celis with other sensitive mgets, such as PBMC, has been required (Tateno et af,, 
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1989). Recent studies suggest that cytokines produced by the PBMC cm enhance M V  production in 

C D 4  cells, in particular those of brain origin (Swingler et al., 1992). 

The nature of the ce11 swface molecule (s) responsible for viral entry into the CD4' cells is not 

known, but entry conceivably could involve a fiision 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 attachent to CD4 enhances the interaction of the viral envelope with 

the ce11 surface fusion receptor. Cells lacking the CD4 molecule would use the same mode of entry but 

it would be much Iess efficient. 

FinaHy, work demonstrating the lymphocyte function associated antigen- 1 (LFA-1) adhesion 

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

appears primarily to be in ceIl-ce11 fusion (Hansen et al., 1989). 

1. 1.5.6 CELL-TO-CELL TRANSFER OF VIRUS 

Besides entering a celt as a fiee infectious partide, HiV might be passed during cell to ceil 

contact. Evidence has been presented that HiV can spread rapidly fiom one ceIl to another without 

forming mature virions (Sato et al., 1992). Transfer of nucIeocapsids is pmbably involved with 

subsequent de novo reverse transcription (Li et al., 1992). Moreover. HIV can be msmitted fiom 

monocytes or lymphocytes to epithelial cells during such close contact that neutralizing antibodies do 

not block the transfer (Philips et ai., 1992). Thus, HIV spread in the host couId resuIt Ciom ceIEto ceII 

transfer (via cores or virions) as we11 as fiom circulating fixe virus. During cell-to-cell contact, 

neuûaiizing antibodies might not prevent this type of infection. 

In surnmary, the Ieading concept on early events in HN infection is that attachment of KiV 

to the CD4 molecule most probably leads to some conformational changes in virus gp 120 and perhaps 
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CD4 molecule. The initial attachment appears to be at one site on CD4 (the cornplementarity 

detemining region (CDR) 2 domain). Subsequent displacement of gp120 or cleavage of the envelope 

protein by cellular enzymes most likely causes changes in the virai envelope, permitting the interaction 

of gp4l with the target cell membrane. This could possibly involve another ce11 surface receptor and 

subsequently, virus-ce11 fusion occun (Sattentau and Moore, 1991). Without CD4 expression, fusion 

of viral gp41 with the ceil membrane might take place but the efficiency of this process might be 

greatly limited. Finally, the spread of the HIV in the host results fiom production of infectious progeny 

and also, most probably, by cell-to-ce11 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 receptoo. Anti body-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 vimses as cofactoo in KiV infection. Since these vinises 

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 cells for HIV. Further serological studies of individuals infected 

with HTV are needed to answer the question of the cIinicaI relevance of ADE. 

Another mechanism for HIV entry into cells is phenotypic mYing (Boettiger, 1979). By this 

process, a viral genome can be enclosed within the envelope of a dflerent vinis and have the host range 

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

rhabdovinises (cg., vesicuIar stomatitis virus) (Weiss et al., 1986). Viruses that can undergo 

phenotypic miking with HIV-I are HIV-2, HTLV-1 , vesicular stomatitis virus, herpes virus and murine 
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xenotropic, amphotropic, and polytropic type C retrovinises. Whether formation of pseudo-type virus 

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

herpes vimses or with HTLV-1 would have virus populations representing phenotypic mixtures with 

these two agents (Landau et al., 199 1). 

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-I and HIV-2 are docurnented (Evans et al., 

1988; Rayfield et al., 1988), akhough this event is most probably uncornmon. Moreover, chimpanzees 

cm be simuItaneously infected by more than one KiV-1 strain (Fultz et al., 1989). In none of these 

cases, has recovery of two distinct viral strains fiom the same ceil been documented. 

1. 1.7 HIV CYTOPATHOLOGY 

Another important biologic feature of HN infection is formation of multinucleated cells in 

culture (syncytium), resulting fiom the tùsion of infected cells with uninfected CD4' cells (Lifson et 

al., 1986; Lifson et al.. 1988). Syncytium formation is often the fim sign of HIV infection in culture 

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

probably resulting fiom membrane permeability changes. This ceIlse11 fusion does not requue DNA, 

RNA or protein synthesis (Hansen et al., 1989; Tang and LevyJ990). Whether this process is directly 

related to vinis-cell fusion is not clear, but the ce11 fuçion process certainly involves the CD4 molecule 

and both the HW gp 120 and gp4 1 envelope proteins (Sodroski et al., 1 986). 

The role of ceIluIar membrane proteins, such as the adherin LFA-1, in celI-celI fusion has 

recently been emphasized (Hildreth and Orentas, 1989). Monoclonal anhaodies (Mab) CO this ce11 

surface protein bIock ce11 aggregation and syncytium formation, but not virus infection (Pantaîeo et ai., 
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199 1). The process of cell fusion has been linked to viral cytotoxicity and ceil death (Lifson et a!., 

1986). 

Cytopathology and ce11 death during acute HIV infection in vitro is often associated with 

accumulation of vira1 DNA in the cytoplasrn of the infected cetk (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 anested in division (Tang et al, 1992). These 

observations support the conclusion that high levefs of intracelIular viral DNA can be toxic to the cell 

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

cell killing is not associated with accumulation of viral DNA in the cytoplasm (Bergeron and Sodroski 

1992). A vanety of processes can be involved in virus-mediated cell death, reflecting toxicity of viral 

proteins. 

1. 1.8 CONTROL OF HIV REPLICATION 

Once the virus enters cells as a ribonucleocapsid, several intracelIular events take place that 

lead to the integration of a proviral form into the ce11 chromosome. The viral RNA, &Il associated with 

core proteins, undergoes reverse transcription, using its RNA dependent DNA poiymerase and Rnase 

H activities and eventually forms doubled stranded DNA (reviewed in Greene, L991). 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 randorn and is essential for the cells to produce 

progeny virions. Recent observations on the early events of virai infection have revealed noteworthy 

features of HIV replication. In T ceils arrested in division, v h s  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., 1990). in 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 ce11 have Iow 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 production of Rev. Presumably, the predominance 

of any one of these gene products cm 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 wouId dom-regulate its own production 

and cause decreased progeny formation and perhaps latency. In ceils 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 (Pornerantz et al., 1990). 

Cellular proteins that could influence virus replication are those reported to increase Tat 

binding to TAR (Alonso et al., 1992). Recent expenrnents 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 a e c t  HIV production (Nelbock et al., 1990; Shibuya et al., 1992). Their 

mechanisms of action need hrther ducidation. The potential for using these observations with Tat to 

develop more effective antiviral therapy merits fùrther evaluation. 

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

rep Iication via the interaction of inûacelIuiar regulatory factors w ith regions in the virai 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 moIecutes affects gene expression within the ceII- 

The activation is refiected by an increase in the concentration of intraceIIuIar Çee calcium and depends 

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

events (Kinter et al., 1990). Fo[Iowing the T ceII stimulation, ceiluIar transcription factors are rdeased 
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From intracellular inhibitors (e.g., NF-@ fiom its inhibitor IKB) (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 transcnptional 

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

transcription factors involved is ni11 ongoing, but many have been recognised (reviewed in Gaynor, 

1992). Certain cytokines. as well as transactivating proteins encoded by other vinises, can also increase 

HIV production via these intrace llular events (Kinter et al., 1990). 

Cytokines and other external stimuli often effect HIV expression via interaction with the vira1 

LTR. through their influence on intracellular factors, like NFKB (Matsuyama et al., 199 1). For 

example, tumor necrosis factor (RJF-a) increases HIV production. Some viruses such as CMV and 

herpes simplex virus cm enhance HN production through activation of the viral LTR by viral proteins. 

Finally, a fat gene product, after interacting with celluIar factors binds to the TAR of the viral 

LTR in conjunction with cellular RNA binding proteins (Wu et al.. 199 1) 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 celluIar factors interact to affect HIV replication. 

Many viruses also enhance HIV production by induction of cytokines. Co-infection of cells 

with viruses like herpes vims, papovavhs, hepatitis viruses, and retroviruses can enhance the 

production of HIV-1. Generally, the ûansactivating factors produced by the infecting virus, usually 

early gene products, interact directly or indirectly via intracellular factors with the HN-LTR, usually 

at the responsive KB region. For example, CMV, human herpes virus 6 (E4HV-6) and EBV activate the 

HIV-LTR as measured in ce11 culture by the chIoramphenico1 acetyl &amfierase (CAP assay (reviewed 
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in Nelson et al., 1990). Some biological iissays involving HTLV-I and other animal viruses have 

demomtrated an increased production of HN d e r  coinfection (Canivet et al., 1990). Similarly, severai 

B ce11 lines already transformed by EBV appear to replicate the virus best, perhaps resulting h m  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. 

1. 1.9 MECHANISMS OF HIV WDUCED KILLING 

Some undentanding of the pathogenesis of HIV infection has corne fiom studying the direct 

toxic effect of the virus or its proteins on individual cells. Certain strains of HIV-1. particularly those 

recovered from indiv iduals with advanced disease, have a greater capac ity for killing infected cells. 

Several observations associate cell death with direct toxicity of the vitus or viral proteins. The 

relative quantities of viral envelope pmtein produced by the ce11 can detemine cytopathicity (Sodroski 

et al., 1986). Moreover, the ceIl fusion that ofien Ieads to ce11 death has been associated with gp 120 

(Lifson et al., 1988). In one study, doubling the production of gp 120 pmduced cytopathic effects and 

ce11 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 vifgcne 

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

199 1). 

The mechanism of this induction of ce11 death by the viral envelope protein is not clear at the 

moment. Disturbances in the membrane permeability could be involved, as reflected by the balIoon 

degeneration of cells observed in vitro. HiV binding to and enûy into these cells produces membrane 

discontinuities and pores in association with bailooning (Fennin and Garry, 1992). Hence, ceils 
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infected by and producing cytopathic EUV demonstrate an inability to control the influx of monovalent 

and divalent cations that accumulate in the ce11 along with water (Cloyd and Lynn, 199 1). The resulting 

Ioss in intracellular ionic strength not only leads to ce11 death, but also at relatively non-cytopathic 

levels, could change the electric potential of the ce11 so that normal ce11 function is compmmised. 

1. 1.9.1 HIV INDUCED APOPTOSIS 

. Recently, apoptosis was put fonvard as a cause of CD4' ce11 loss in HIV infection (Groux et 

al., 1992; Laurent-Crawford et al., 199 1). 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 ce11 death that is a normal physiological response during thymocyte maturation (Cofin, 

1992; Ken et al., 1977). The process requires ce11 activation, protein synthesis, and the action of a 

calcium dependent endogenous endonuclease that produce hgmentation of cellular DNA. Apparently 

CD4' cells do not undergo apoptosis in HN-infected chirnpanzees (DeRienzi et al., 1992). This may 

help to explain the lack of  disease in these anirnals. Ce11 pmliferation induced by phytohemagglutinin 

(Pm) 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 CDC 

ceils fiom asymptomatic HIV-infected individuais in two days (Groux et al., 1992). Although most 

studies focus on CD4' cells undergoing apoptosis in HIV-infected individuais, some indicate that many 

CD8' cells &O die by this process (Meyaard et al, 1992). However, the role of CDS' T ce11 apoptosis 

in the pathogenesis of HIV infection requires further investigation. 

There is considerable speculation as to whether apoptosis resuh fiom direct effects of HIV or 

its viral proteins, antibodies to CD4, gp 120 antibody complexes, variations in cytokine production, or 

fmaily superantigens fiom other infecthg pathogens (e.g., staphylococci, streptococci, or mycoplasma). 
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Some results suggest that gp 120 or virus-antibody complexes cm elicit apoptosis (Terai et al., 199 1). 

Recently, cross Iinking of the gp 120 bound to human CD4' lymphocytes followed by T ce11 activation 

by anti CD3 antibodies was shown to induce apoptosis (Banda et ai., 1992). Sorne cytokines Iike I 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 fiom the infected individual do not undergo apoptosis, 

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

suggesting enhanced ceII death from this process even in PBMC taken directly fiom the blood of 

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

1. 1.9.2 INFLUENCE OF SUPERANTIGENS 

iUV may have a peptide that acts like a superantigen by attaching to CD4' lymphocytes by one 

portion of the T ce11 receptor and triggering ce11 death by apoptosis (Coffin, 1992). Support for this 

concept cornes fiom the observation that the individuais with AIDS show a disproportionate loss of T 

cells with a certain TCR P chain V regions (Irnberti et al., 1991). Moreover, superantigens are 

responsible for the loss of T cells in other retrovirus infections, such as the murine mammary tumour 

v h s  and the murine mode1 of AIDS (Woodland et al., 199 1). If this process occurs in HIV  infection 

the antigen involved has yet to be characterised. Conceivably, this rnechanism for the elirnination of 

CD4+ cells may be caused by other organisms or antigens present during HN infection. 
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1. 1.9.3 OTHER CAUSES OF HIV-WDUCED CELL DEATH 

A number of other events in the viral cycle have ais0 been believed to be involved with ce11 

death, The accumulation of unintegrated viral DNA appears to be toxic, and the viral Tat protein cm 

kill brain cells (Sabatier et al., 199 1). Moreover, interactions of certain cytokines. like TNF-a, with 

EUV-infected fiagile cells might bring about additional damage (Matsuyama et al., 199 1). Finally, anti 

cellular responses of immune cells also could be involved. 

1. 1.10 HIV INDUCED IMMUNE DEFICIENCY 

The mechanism by which HIV causes a loss of immune responsiveness is a major mystery in 

AlDS research. Numerous studies have confirmed that immune abnomatities cari be observed in T 

cells, B cells, and macrophages early in the infection well before los  of CDJ* cells begins (Clerici et 

ai., 1992b). 

1. 1.10.1 DIRECT CYTOPATHICITY OF THE VIRUS 

The prorninent imrnunologic disorder recognised in-patients with AIDS is a loss of CD4- T 

lymphocytes (Mildvan et al., 1982). Whether this ceII Ioss reflects direct ce11 destruction by the virus 

or its proteins or a secondary effect of immune dysfunction is unclear. 

Many feahires of direct HIV- I infection may contribute to the reduction in CD4' ceils and their 

function. First, despite the hability to detect HIV-1 in a large number of CD4' cells, even in healthy 

individuais, HlV could be present in a latent or sirent state and affect the fiinction, long term viability, 

and proiiferation of these ceIls (Bagasra et al., 1992). Second, the virus could infect or suppress the 

production of the earIy precursors of the CD4' celis and reduce the quantity of f k h  lymphocytes added 

regularly fiom the bone m m w  to the peripheral bIood (Fo lks et ai., 1 988). A Ioss of memory T cells 
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has been reported in asymptomatic HIV individuals (van Noesel et al., 1990). Third. the HIV fat gene 

expressed in infected cells might reduce the responses of CD4' cells to recall antigens (Viscidi et ai ,  

1989) and contribute to irnmunodeficiency. Finally, even if W does not replicate at high levels, it 

might alter the membrane integrity of CDJ' cells suficiently to affect not only normal function but ako 

increase their overall sensitivity to cellular factors. 

1, 1.10.2 SIGNAL TRANSDUCTION ABNORMALITIES 

Besides the direct effects of HIV on CD4' lymphocytes and macrophages, infection 

of these cells by H N  could interfere with the normal events in signal transduction. This rnay involve 

activation by an extracel Iular signal that subsequently affects the activity of sequence specific 

transcription factors. This process occurs when natural ligands bind to CD4 or interact with other 

membrane surface proteins activating T cells and elliciting immune response in vivo (reviewed in 

Greene, 199 1 ). The HIV-1 gp 120 has been found to fom an intracellular cornplex with CD4 and p56'* 

in the endoplasmic reticulum (Crise and Rose, 1992). The retention of this tyrosine kinase in the 

cytoplasm could be toxic to the cell or affecîs its function. Furthemore, a possible gpl 20-receptor 

interaction with cellular proteins on CD4 negative brain cells with subsequent activation of tyrosine 

phosphorylation of certain cellular proteins might be involved in the pathogenesis of neurological 

manifestations of HIV infection (Schneider-SchauIies et al., 1992). 

1. 1.10.3 BYSTANDER EFFECT 

Another possible mechanisrn of CD4' cell loss is absorption of soluble gp 120 by uninfected 

cells carrymg the CD4 molecule. These cells can be then recognized as virus infected cetls by NK 

effector cells or CTLs (Lanzavechia et al. 1988) and destroyed, even though they are not infected by 
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the virus. This hypothesis requires the detection of circulating gpl 20 in the blood of individuals or on 

uninfected cells. Although some gl2O released h m  cells has been found by in vivo studies (Gilbert 

et al., 199 L), this feature has not been well documented in vivo. 

1. 1.10.4 LMMUNE COMPLEXES OF VIRAL PROTEINS 

Many investigaton have showed that viral envelope proteins have immunosuppressive effects 

on the mitogenic responses of T lymphocytes (Chanh et al., 1988) or NK cell activity (Cauda et al., 

1988). In the case of B ce11 function, gp120 could interfere with normal T ce11 help via a block in 

contact-dependent interactions (C himule et al.. 1 992). Finally, the formation of anti-viral antigen 

complexes (Morrow et al., 1 986) could tie up the reticulo-endothelial system, &ect cytokine 

production and influence immune function. 

1. 1.10.5 CYTOTOXIC T CELLS AND CDS' SUPPRESSOR CELL DERIVED 

FACTORS 

Studies using lymphocytes from infected individuals have suggested that cytotoxic CD8* cells 

may kill normal CD4' cells as wel1 as those infected with HIV (Pantaleo et a1 1990; Zarling et al., 

1990). Some have found cytotoxic CD4' T cells against infected CD4' cells (Orentas et al., 1990). 

Production of immunosuppressive factors by CDS' ceils has been described (Laurence, 1990) and 

recently a factor produced by CD8' cells was found to reduce the response of CD4- cells to certain 

recall antigens (Clerici et al., 1992). Production of th& factor could explain the early abnormdities seen 

in heIper T ce11 firnction (Shearer and CIerici, 1992). 
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1. 1.10.6 ANTI-LYMPHOCYTE ANTIBODIES 

Autoantibodies to Iymphocytes could also play a role in immunodeficiency. ln early studies, 

antibodies to both helper and suppressor T lymphocytes were detected, and their presence has since 

been confmed (Ardman et ai., 1990). Some of these antibodies may result from anti-MHC responses 

induced by HIV proteins. Moreover, autoantibodies to CD4 protein itself have been detected in HIV 

infected individuals (Thiriat et al. 1988) and might contribute to CD4' lymphocyte death. 

1. 1.10.7 ROLE OF CYTOKN3S 

Cytokines are produced by a v&ety of immune cells during infection and inflammation. Many 

of these can affect HN replication in vitro (reviewed in Matsuyama et al., 199 1) and in some instances 

promote ceII death. Sorne snidies suggest that on stimulation, HIV-infected macrophages release 

diminished amounts of cytokines or show no change in production of these cellular factors upon 

stimulation (Roy and Wainberg, 1988). nius, the relative extent of cytokine expression dunng HIV 

infection is not cIear, and whether these cellular products act as cofactors to influence the CD4' ce11 

destruction or compromise their fùnction needs fùrther evafuation. 

1. 1.11 HUMORAL IMMUNE: RESPONSES TO HIV INFEXTION 

In this section, the host humoral immune responses that could influence W-induced dkease 

are discussed. 

1. 1.1 1.1 NEUTRALIZING ANTIBODIES 

A conventional response of the host to a viral infection is the production of antibodies that 

attach to the vûus and neuaalize h The HIV envelope is the major targPt for the humoral antibody 

responses. The vira1 proteins believed to be primariiy invoIved in antibody neutraIization have been 
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localized to the envelope gp 120 and the extemal portion of gp4 1 (Broliden et al., 1992). Moreover, as  

the disease progresses neutralizing antibodies can be replaced by enhancing antibodies (Homsy et al., 

1990)- In general, sera fiorn HN-1 infected individuals cm neutralize W-I but not W - 2  strains. 

In con- sera from HTV-2 infected individuals have been reported to cross react with and neutralize 

sorne HIV-1 strains (Weiss et al., 1988). This cross reactivity could be govemed by antibodies to the 

CD4 binding site, pmicularly conformational epitopes (Steimer et al., 199 1 ). 

The principal neutralizing domain of gp 120, called the V3 loop, is found in the central portion 

of the third variable region, located in the N -terminal portion of gp 120 (Broliden et al , 1992). The V3 

loop contains botb neutralizing and nonneutralizing epitopes, since sera with high titer antibody to V3 

peptides do not always neutraIize the homologous HIV strain (Warren et al , 1992). 

The neutntizing antibodies detected against gp4 1 have received IittIe attention. Nevertheless, 

immunization of anirnals with the N-terminal portion of this envelope protein (Chanh et al. , 1986) hm 

elicited antibodies to homologous and heterologous strains. 

The clinical relevance of these neutralizing antibodies remains uncertain. Whether levels of 

neutralizing activity correlate directly with the clinical state is stil1 controversial (Alesi et al., 1 989). 

Patients including those with AIDS can have substantial titen of neutralizing antibodies against 

laboratory strains (Robert -Guroff et al., 1985). In mon cases, however, their anti viral response to a 

homotypic strain, which would be of great importance clinically, was not demonstrated. Moreover, the 

virus mutates under immunologie pressure to escape neutralization (Nara et al., 1990). Thus, the 

induction of neutralizing antibodies would appear to be most beneticial early in the course of HZV 

infection and to have Iess influence at tater stages. 



1. 1.11.2 ANTIBODY DEPENDENT CELL CYTOTOXICITY 

Antibodies to both gp120 and gp41 envelope prottins induce antibody dependent cetlutar 

cytotoxicity (ADCC) (Koup et al., 1989). Here, the antibody coated celis are recognized by effector 

celis, Iike NK celfs, bearing the Fc receptors or by monocytes and killed by a cytotoxic mechanism, 

most probably cytokine mediated (reviewed in Yagita et al., 1992). Whether ADCC is relevant 

chnically in E-iiV infection is not known. 

1. 1.11.3 ANTIBODY ENHANCEMENT 

In HIV infected individuais, the presence of antibodies, that can enhance viral infection either 

via comptement or Fc receptors, has been demonstrated (Robinson et al., 1988). Whether the CD4 

molecule play a d e  in this process is nill controvenial. If CD4 is involved in ADE, many investigatoa 

prefer to conclude that the enhancement occurs because the virus-antibody complexes are brought 

cioser to the CD4 molecule f i e r  attachent to the Fc or complement receptoa. Alternatively, if CD4 

is not involved, perhaps HIV is brought to the cell via Fq-receptor binding and then the virus fuses 

directly with the ce11 membrane. The clinical significance of ADE in HIV infection is not known but 

its association with disease suggests that it ptays a roIe in the pahogenesis (Homsy et ai., 1990). 

In summary, it can be concluded that neutralizabIe HIV strains cm mutate to become resistant 

to or enhanced by the sarne antibody species. Immunization of individuak, with a particular virus 

strain, might induce neutralizing antibodies to the immunizing strain, but enhancement of a different 

strain, particularly one fiom another part of the world. Defming envelope regions that will induce only 

neutdzing and not enhancing anbbody responses could be very ditficult Some studies have suggested 

that a very srnail change at the critical region, perhaps in one amino acid, might detemine the 

sensitivity of a virus to anîibody neutralization or enhancement- 



1. 1.12. CELL MEDIATED M.MUNE FWWONSES TO HiV 

In the next few pages, the cellular immune responses that are directed against HIV through 

specific recognition of the virus or virus infected ceIl are reviewed. In most viral infections, the cell- 

mediated immune response plays a critical role in anesting or eliminating the infectious agent (Doherty 

et ai,, 1984). 

1, 1.12.1 CYTOTOXIC NATURAL KILLER CELLS 

A major component of cellular immunity is the NK cell, which recognizes and kills virus 

infected cells in a non-MHC dependent manner. In HIV infection. this cell type has been foçnd to 

decrease hnction, particularly as infected individuals progress to disease (Cai et al., 1 990). This finding 

appears to reflect a reduction in NK cytotoxic factor production (Bonavida et al., 1986) and polarization 

of cytolytic machinery upon binding to target cells does not occur (Sirianni et al.. 1988). Recently, the 

reduced NK-ceIl activity noted in v i m  was countered by the addition of a B cell cytokine I L 4 2  to the 

assay (Chehimi et al., 1992). Since IL42 also restored the responses in vitro, the potential of LL- 12 Tor 

therapy has to be considered. 

1, 1.12.2 CD~'  CELL RESPONSES 

CD4' T ce11 responses cm also be decreased earIy in EW infection. Recent observations 

indicate that, like in the murine system, human CD4' cells can be separated Uito two fundional subsen, 

TH1 and TH2. TH1 celk secrete IL-2, and IFN-y; while TH2 celis produce IL-4, IL-6 and IL-lO. From 

studies of HIV infected individu&, a hypothesis was put forward that Ievels of TH1 and TH2 cytokines 

play an imrnunoregulatory rote in HIV infection and they can affect progression to k l D S  (Shearer and 
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Clerici, 1991; Sher et al., 1992). It is noteworthy that TH1 responses are found primarily in healthy 

asymptornatic individuals and high-rkk individuals without evidence of HTV infection (Clerici et al., 

1992b; Shearer and Clerici. 199 1). Several investigators have suggested that this type of cell mediated 

immune response could protect individuals fiom HN infection (Sher et al., 1992). A subsequent TH2 

response would lead to B ce11 activation and hypergammaglobulinemia, most probably secondary to 

LL-4 and IL-6 production by the TH2 cells. In this regard. the balance appears to favour TH2 cells, in 

AiDS patients. Moreover the secretion of high levels of IL40 by TH2 cells can suppress the TE-il 

response (Shearer and Clerici, 199 1 ; Sher et ai., 1 992). 

Since TH1 cells produce [L-2 and other cytokines that enhance the generation and activity of 

CD8' cells. this subset could also be very important in the cellular immunologic control of HW 

infection and prevention of AIDS. Some studies with human T ce11 clones demonstrate that certain 

CD4' lymphocytes, although sensitive to infection by KiV, cm also show cytotoxicity against HIV- 

infected targets (Orentas et al., 1990). 

Virus-specific CD4 T lymphocytes are particularly undetectable in human immunodeficiency 

syndrome infection. In indiv iduals who control the infection without the antiviral therapy, polyclonal 

antiviral CD4 responses are present and they persist (Rosenberg et al., 1997). HIV-1 specific 

proliferative responses were also demonstrable afler treatment of acute HN infection (Rosenberg et 

al., 1997). 

1. 1.12.3 CYTOTOXIC CDS ' CELLS 

Cytotoxic T lymphocytes (CTL) use clonotypic T cd1 receptors (TCR) associated with the 

invariant CD3 signal hg corn plex, to recognize antigenic peptides bound to major histocompatibility 

cornplex (MHC) molecules on the target cell. It has long been reaiized that more than one mechanism 
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of cytolysis is used by cytotoxic Iymphocytes (CL). Even when redirecting human peripheral blood T 

lymphocyte subsets to lyse antigen coated red blood cells (RBC) or nucleated target cells, it was 

apparent that effector T cells were using distinct mechanisms depending upon the target ceII, the 

presence of ca2', the need for de novo protein synthesis, and effector granule exocytosis (Smyth and 

OrtaIdo, 1993). More recently, through the development of gene knockout mice and identification of 

membrane-bound mediators of target ce11 apoptosis, it has become evident that two major foms of 

cytotoxicity are used by CTL. 

1. 1.12.3.1 THE GRANULE EXOCYTOSIS MECHANISM 

Although the mechanisrns of recognition of target cells by CTL and NK celIs are very 

different, evidence indicates rhat the Iethal hit delivered by both cell types involves components of 

their characteristic electron dense cytoplasmic granules (Fienkart, 1994). In the presence of ~ a " ,  CTL 

cytotoxic granules are vectorially secreted into the intercellular space forrned during conjugation of the 

CTL and the target ce11 (Henkart, 1985) and Iysis is ofien associated with membrane lesions on the 

target ce11 (Podack and Dennart, 1983). The granules of CTL contain a number of proteins including 

a pore fonnig protein tenned perforin, and a family of serine proteases coIIective1y cal Ied granzymes. 

Perforin causes osmotic darnage through its binding of phosphory l choline headgroups, 

polymerization and subsequent pore formation in the lipid bilayer of the target cell. These pores fonned 

in the presence of ca2+ have been shown to alIow etnux of large proteins and ions, and it was thought 

that this darnage was Iethal to the target cell. These observations dong with the purification and 

subsequent cloning of perfonR led some to believe that the mechanism of cet1 mediated cytolysis was 

uitimateiy sotved (LichtenheId et aL, 1 988). However, Cn-mediated target ce11 death generaily 

hvolves changes such as chromatin condensation, extensive membrane blebbing and ultimately, 



35 

nuclear DNA fragmentation (apoptosis) (Duke et al., 1983). These events clearly occur some time 

before appreciable perforin mediated ce11 lysis, and punfied p e r f b ~  aIone is incapable of causing DNA 

hgmentation (Duke et ai., 1989). The ment development of perforin gene knockout rnice has aIiowed 

the cytotoxic fbnction of perforin in vivo to be definitively addressed (Kagi et al., 1994a & b). 

Experiments in perforin (4) homozygous gene knock out mice indicated that perforin is critical for: 

(1)  effective C R  clearance of lymphocytic choriomeningitis virus (LCMV) Le. anti viral activity; (2) 

CTL lysis of allogeneic fibroblasts and tumor cells; (3) clearance of Listeria monocyrogenes infection 

(Kagi et al., 1994a & b) (i.e. intracellular bacterial infection and (4) the cytotoxicity of peritoneai 

exudate, lymphokine activated killer celIs (LAK) and NK effector cells. 

1. 1.12.3.2 GRANZYME-PERFORIN SYNERGY 

Considenble in vitro and Nt vivo experimental evidence soggests a supplementary role for 

granzymes in target ce11 killing. The enzyme activities of various granzymes have been designated 

accordhg to their hydrolysis of synthetic thio benzyl ester substrates, such as tryptase (cleavage afier 

arg or lys) aspase (cleavage after asp or glu), chymase (cleavage d e r  aromatic amino acids) and met- 

ase (cleavage d e r  met) (Odake et al., 199 1). Three enzyme activities that have been defmitely matched 

with certain granzymes are tryptase (granzyme-A and Trypbse-2) (Sayers et al., 1994), Aspase 

(granyme B); (Poe et al ., 199 I),and Met-ase (Met-ase -1); (Smyth et al., L992b). A role for granzymes 

in ceilular cytotoxicity had been postuiated for several years, principaIIy on the basis that cytotoxicity 

could be completely abrogated in some cases by a variety of protease inhibitors (Shi et al., 1992). 

Granzymes by themselves do not have cytolytic activity, but the ability to induce DNA fragmentation 

has been descnbed for many granzymes (Shi et al., 1992). Granzymes are able to fragment the DNA 

fiom many target cells of diverse lineages and the actions of different granzymes can be synergistic. 



36 

heversible inhibitors like aspartate (Shi et al., 1992) can effectively block DNA fi-agmentation induced 

by granzymes. Transfection studies have demonstrated that expression of perforin by a granulated 

noncytolytic rat basophil leukemia (RBL) enables this ce11 line to kill non-nucleated target cells, such 

as immunoglobulin E coated erythrocytes provided the cells are cross linked using RBL Fc& receptor 

(Shiver and Henkart, 199 1). However, nuçleated target cells could not be killed in this rnanner unless 

the RBL transfectants also expressed granzyme A or B. Co-transfected perforin and granzymes are 

perfectly targeted to the granules of RBL, and these transfectants were several fold less cytolytically 

active than CTL. 

Gene knockout mice with a homozygous nul1 mutation of p z y m e  A (Ebnet et al., 1995) or 

granzyme B (Heusel et al., 1994) genes develop nonnally and have normal hematopoesis, 

lymphopoiesis, and CL granuIe formation. In vitro, CTL, NK, and LAK derived from the granzyrne 

B knockout mice are unable to induce rapid DNA ftagmentation in ailogenic iarget cells. The defect 

is kinetic in naîure and can be rescued with longer incubation periods. implying that other granule 

5 i proteins may also play an important suppiementary role. In addition, Cr release due to low 

concentrations of perforin can be augmented in a dose dependent manner by the addition of granzyme 

B. n e  granzyme A (4) mice recover from primary listena monocytogenes infection and eradicate 

syngeneic Nmon with kinetics similar to those of the wild type littermates. Also, die absence of 

granzyme A or 0 results in delayed clearance of LCMV from spleen and Iiver. 

To summarise these in vivo observations, it can be concluded that while -es may not 

play a prirnary role in CL effector responses to foreign or infected target cells, their peculiar function 

rnay be in host CL endication of viral infection. 



1. 1.12.3.3 PERFORIN-GRANZYME COLLABORATION 

Detergents and other pore foming agents (as a substitute for perfiorin) cannot synergise with 

grannFes to cause DNA fragmentation. Furthemore, microinjection of graruyme B into the target ce11 

cytoplasm induced plasma membrane bleb bing, but on ly limited nuclear darnage and chromatin 

condensation (Greenberg, 1996). These data suggest that perforin does more than merely enable other 

cytotoxic granule contents to enter the cell. More recently, irnrnunoelectron microscopy and other 

studies have indicated that granzyme B can enter the cells in the absence of perforin, but without 

rneasurable cytotoxic effect (Greenberg, 1996; Froelich et al., 1996). Hence perforin's major role 

following pore formation in target cells may be help to trigger an intemal disintegration pathway in the 

cell. 

1. 1.12.3.4 EFFECTS ON CELL CYCLE CONTROL 

It remains to be established what downstream events are triggered immediately after perforin 

binds to the target ce11 membrane and granzyme B enten the cytoplasm, but clearly both sets of events 

coincide in a death signal. Shi et al, (1992) have been able to demonstrate that cdcî, the mitosis- 

regulating cyclin dependent kinase is required for penorin/granzyme induced apoptosis. When added 

with perfonn to target cells, granzyme B induces premature activation and tyrosine dephosphorylation 

of cdc2 and apoptosis is induced at dl stages of cell cycle. This c o n m  with the dogma that quiescent 

cells are refractory to DNA fiagrnentation and that Go cells appear to be relatively resistant to CL- 

induced apoptosis (Nishioka and Welsh . 1994). Nonnally, throughout the ceii cycle and until the ce11 

is prepared to enter mitosis, a nuc lear kinase, Wee- 1, which maintains mitotic timing negative ly 

regulates cdc2 kinase activity by phosphorylation of a residue within ifs A T '  binding domain. Wee-1 

can rescue a target cell h m  granzyme B-induced apoptosis by p~venting cdc2 dephosphorylation 
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(Chen et al., 1995). CL mut  activate a mechanism for which al1 the necessary molecules are already 

present in the target cell, as DNA Fragmentation induced by granzyme B/perforin does not depend on 

new protein synthesis in the target cell. It makes evolutionary sense for this type of defense system to 

operate independently of the host ceIl protein synthesis, since many vimses shut off host ce11 protein 

synthesis early in infection. 

1. 1.12.3.5 SPECIFIC SITE OF GRANZYME ACTION 

The fact that granzyrne B can enter target cells independently of perforin suggests that 

receptors for granzymes mut  exist in the plasma membrane. The fun report of a novel senne pmtease 

proteolytic mechan ism of receptor activation is drawn fiom the isolation and subsequent cloning of a 

thrombin receptor (Vu et al., 1991). A sirnilar subfamily of G protein coupled receptors have been 

suggested to be possible candidate granzyme recepton, given that granzyme A can activate the 

thrombin receptor itself. These receptors do not internalize their ligands and therefore this would not 

explain the uptake of granzyme B into target cells. Many have dnwn parallels between granzyme B 

and a farnily of intraceIIuIar cysteine proteases [such as the interieukin- 1 B converting enzyme (ICE)] 

based upon their shared Aspase-induced apoptotic activity (Vaw et al., 1994). These proteases 

probably have common or similar intracellular target substrates. 

1. 1.123-6 A SECOND MECHANISM - THE FAS / FAS LIGAND SYSTEM 

Previous observations that target ce11 death can also occur in the absence of ca2&, g~anule 

exocytosis or perforin suggested the existence of an dernative pathway of CL-mediated cytotoxicity. 

Rouvier et ai. (1993) dernonstrated that this ~a"-independent killing involves CTLmediated 

crosdinking of the target ce11 Fas receptor. This induced death process occun within a few hours, in 
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the absence of new protein synthesis or extracelIular calcium and can be triggered in target cells by 

monoclonal antibodies against Fas (Trauth et al., 1989). Stmcturally, Fas belongs to the tumor necrosis 

factor (TNF) and nerve growth factor (NGF) receptor families (Itoh et al., 1 99 1). Mutational analyses 

of the cytoplasmic domains of these receptors have identified a conserved region that is necessary for 

transduction of the apoptotic signal (Tartaglia et al., 1993). Fas ligand (FasL) is a CL surface receptor 

of the TNF family (Suda and Nagata., 1994). FasL expression appears to be constitutive in NK cells 

(Arase et al., 1995) and can be rapidly induced in T cells by activation with phorbol esters or by K R  

engagement (Anel et al., 1994). 

1. 1,123.7 THE NATURE OF THE FAS DEATH SIGNAL 

Signaling via the Fas receptor can trigger apoptosis, with characteristic cytoplasmic and 

nuclear condensation and DNA fragmentation (Trauth et al., 1989; Itoh et al, 199 1). Triggenng of this 

pathway generally requires cmss-linking of Fas and, like TNF, the soluble form of FasL has a trimeric 

structure. The Fas triggered pathway to death is independent of extracellular cap and macro molecular 

synthesis (Rouvier et al., 1993; Itoh et al., 199 1). As for most death pathways, the cellular environment 

plays an essential role in the interpretation of the Fas-originating signal and thus ce11 sensitivity 

involves other factors than just the leveI of Fas expression. Conflicting evidence exists concerning the 

sensitivity of Fas-transduced cell death to bcI-2 expression as sorne groups claim no effect (Chiu et al., 

1995), while others observed partial inhibition (Itoh et al., 1991) or complete inhibition, by CO- 

expression of bcl-2 and its binding protein BAG- I (Takayama et al., 1995). it is unknown whether 

molecules Iike cdc2 kinase play a role in Fas-dependent ceil death, however, cytosolic moIecules have 

been identified that c m  associate with other members of the RlFMGF receptor family (Rothe et al., 

1994). Furthemore. thymocytes fiom ICE (4) deficient rnice were resistant to apoptosis induced by 
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anti-Fas rnAb, suggesting that this cysteine protease normally plays a role in the Fas death pathway 

(Kuida et al., 1995). In addition, the cornplex lipid, ceramide, a breakdown product of sphingomyelin 

(a sp hingosine-fatty acid-phosphory l choline molecute found in the plasma membrane and the 

cytoplasm), can specifically activate protein kinases that have been implicated in Fas mediated ce11 

death signalling (Cifone et al., 1994). 

The death receptors that have been defined are CD95. RIFRI ,  TRAMP (MF-receptor-related 

apoptosis-mediating protein), TRAIL (TNF-related apoptosis-inducing ligand) and TRAIL-R2 

(reviewed in Peter et al., 1998). Al1 ligands form trimers and trimerire their recepton upon binding. 

The pathway that was reported to be involved in CD95 and TNF-R1 signaling was the activation of 

acidic sphingomyelinase (asMase) and generation of ceramide. a putative mediator of apoptosis. The 

aSMase was abo reported to be significant for the production of another rnediator of ceil death, the 

GD3 ganglioside (De Maria et al., 1997). The role of ceramide has been challenged recently by many 

investigators. Fintly, C2-cemide, at low concentrations, induces apoptosis by upregulation of CD95L 

and not by direct engagement of an intracellular apoptosis inducer (Hem et al. 1997). Secondly, 

production of ceramide has been noted by many people to be independent of activation of caspases that 

are essential for apoptosis (Watts et al., 1997). Thirdly, in a ~ ~ a s e " '  mice, the role of activation of 

aSMase in CD95-mediated apoptosis could be tested. The asMase-knockout mice have a partial defect 

in radiation-induced apoptosis, even though no defect in death receptor signaling has so far been 

reported in these mice (Santana et al., 1996). 

Oligomerization of CD95 creates a conformationai change of the death domain @D), which, 

attracts the adapter Fas-associated death domain (FADD) through its DD. FADD also possesses an 

amino terminai death effector domain (DED), through which it attracts, procaspase-8a-b and CAP3, 

Procaspase-8a/b is then cleaved at the death-inducing signding complex (DISC) Ieading to the 
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formation of the active caspase-8 (Medema et al. 1997). The prodomain of the caspase-8 remains at the 

DISC while active caspase-8 dissociates h m  the DISC to initiate the cascade of caspases leading to 

the execution of apoptosis. 

Several transgenic mice and knockout rnice have recently been generated in experiments that 

underscore the central role of the DISC-associated molecules FADD and caspase-8 in signaling via the 

the death receptoa. In FADD'" chimeric mice, CD95-mediated apoptosis was completely blocked in 

the thymocytes. In addition, fibroblasts fiom these mice showed no defect in TRAiL-RL-mediated 

apoptosis, whereas those signals through TNF-RI and TRAMP were impaired (Yeh et al., 1998). In 

these T- celis, activation-induced proliferation was severely impaired in spite of normal IL-2 secretion 

(Zhang et ai.. 1998). These data suggest that death receptors that use FADD*- as a signaling adapter 

may mediate apoptosis and pro t iferation. 

So far, ten caspases have been described in humans (Alnemri et al., 1996). Caspases are 

classified into three groups that may have redundant functions. Firstly, Caspase-1, 4 and 5, then 

Caspase 3 ,7  and 2 and lady caspase 6.8 and 9 (Thornberry et al.. 1997). In CD9Smediated apoptosis. 

caspase-8 plays an important role. It is the apicaI caspase and is activated at the DISC (Medema et ai., 

1997). Activated caspases finaily cleave a multitude of cellular substrates that yield the morphological 

picture of apoptosis and oligosomal DNA damage (Martin and Green 1995). 

In many foms of apoptosis, one of the fint events that is noticed is a drop in mitichondrial 

trammembrane potentiai (AYm) which may be in part due to the opening of permeability transition (PT) 

pores, multiprotein complexes built up at the contact site between the inner and outer membrane (Susin 

et al. 1997). Mitochondria ais0 release cytochrome c into the cytoplasm resulting in the activation of 

caspase-9, which in turn activates caspase-3 (Zou et al., 1997). 
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Recent work has thrown some light into the function of Bcl- in blocking apoptosis (Scfidi  

et al., 1998). There have been two different apoptosis-signaling cell types (type I and type II) described 

so fix. In type 1 cells, caspase-8 is activated at the DISC in large quantities resulting in pmcessing of 

caspase-3. This step is independent of mitochondrial activation and cannot be blocked by BcI-2. Ln type 

II cells, the arnount of active caspase-8 generated at the DISC is very srnail. Apoptosis in type U ceils 

depends on mitochondrial activation and large quantities of caspase-3 are activated. In these cells the 

overexpression of Bcl-2 and Bct-x completeiy blocks activation of caspases (Scafidi et al, 1998). 

Release of cytochrome c is believed to be essential for the activation of caspases downstream of 

mitochondria (Zou et al., 1997). 

1. 1.12.3.8 IMMUNOREGULATION BY FAS/FASL 

The mouse spontaneous mutants ipr (lymphoproliferation) and gld (generalized 

lymphoproliferative disease) carry autosomal recessive mutations. Lpr/ipr and gld/gd mice develop 

lymphadenopathy and splenomegaly and produce large quantities of immunoglobulin G and M 

antibodies, inchding anti-DNA and rheumatoid factor (Cohen and Eisenberg, 1991 ). They develop 

nephritis and arthritis and usually die around five months of age. Many studies indicate that the lpr 

mutation is a loss of function mutation in the Fas gene and the gid represents a point mutation in the 

FasL pne,  abolishing the ability of FasL to bind Fas. The abnormal accumulation of lymphocytes the 

ipr and gld mice suggest that Fas and Fas L are involved in normal lymphocyte regdation. Positive and 

negative selection in the thymus is apparently normal in the Ipr mice (Sidman et al., 1992), indicating 

that a Fas mediated regulatory mechanimi is not criticai for the t h p i c  selection processes. However, 

peripherai clonal deletion and elimination of activated T cells are impaired in Zpr and gld mice (Singer 

and Abbas, 1994), suggestng that Fas and FasL are normally involved bath in the clonai deIetion of 
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autoreactive T cells in peripheral lyrnphoid organs and in the elimination of activated T cells following 

recognition of foreign antigens. Among the classical C M *  T helper populations, TH1 celk cm express 

FasL and lyse target cells in a Fas dependent rnanner more readily than TH2 cells (Ju et al., 1994). In 

con- CD8' T cells and NK cells, the pmfessional CTL, can usually utilize both the Fas based and 

perforin based mechanisms (Arase et al, , 1995; Ju et al., 1994). 

Fas and FasL may interact on the same cell (Russel et al., 1993) or on different cells or 

altematively, FasL may be secreted and activate Fas in solution (Dhein et al., 1995). In each case, the 

cytotoxicity is not directed against nonîelf, or rnodified self, but against activated self. However, in 

the physiological context it is unclear whether Fas induced elimination of mature T cells is strictly 

suicidal, or FasL is effectively provided by neighbooring activated T cells, or possibly even antigen 

presenting cells. Although T cells upngulate Fas expression within 24 hours of TCR stimulation, they 

only become sensitive to Fas-mediated cell death several days later. Therefo~~ an antiviraf CDS" T ceII 

rnay normally have only a nanow tirne-span in which to cary out its immune hnction, prior to its Fas- 

rnediated 'suicide' or 'murder'. In addition, it is not yet cfear how NK cells that constitutively express 

FasL fit into various proposed models of Fas-medited immunoreguIation (Cnipe, 1994). There is 

considerable collective data (Kagi et al.. 1994a & b) to argue that a combination of granule exocytosis 

and Fas pathways account for al1 cytolysis measured in vitro, but it remains to be established whether 

there is cross-talk between these mechanisms of cytotoxicity. 

1. 1.12.3.9 FAS IFASL IN PATHOLOGY 

The Fas system rnay play several different roles in human pathology. First, several patients 

have been described with a phenotype simiIar to that of [pr mice (Sneller et al., 1992). Furthemore, 

Cheng et al., (I994), have suggested that soluble Fas may cause the systemic lupus erythematosus 
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(SLE) phenotype. This second category of Fas-related diseases rnay be caused by excessive act of the 

Fas system. There is circumstantial evidence that Fas rnight be involved in the death of CD4- T cells 

during the course of an HIV infection (Debatin et al., 1994; Ameison et al., 1995), and the death of 

hepatocytes during acute fulminant hepatitis B (Ando et al., 1993). Katsikis et al. (1995) have shown 

that peripherai blood CD4' and CD8' T lymphocytes from HIV-infected individuals undergo apoptosis 

in vitro in response to antibody stimulation of Fas at a much higher kequency than from uninfected 

controls. Clearly, more work is required to establish the possible pathophysiologicd roles of FaslFasL 

interactions and the results should contribute to a better undentandhg of the basic mechanism of many 

human diseases. 

1. 1.12.3.10 IMPLICATIONS OF FAS -MEDIATED CELL DEATH IN HIV 

FreshIy isolated T cells fiom many HIV' individuals spontaneously undergo apoptosis in vinb 

(Ameison and Capmn, 199 1 ). These cells were increasingly susceptible to apoptosis when stimuiated 

with mitogens (Groux et al., 1992). This led some researchers to propose that depletion of CD4-T cells 

in HIV infected individuals occurred via apoptosis (Ameison and Capron, 199 1 ). Freshly isolated T 

celIs from heaIthy volunteers do not undergo apoptosis to the same extent as the fieshIy isolated T cells 

from KW individuals. Hence the hypothesis that inappropriate apoptosis rnay be responsibie for the 

CDS' T ce11 Ioss in these individuals. 

Cross-linking of CD4 on murine T cells primes these ceils to undergo apoptosis (Newell et al. 

1990). Oyaizu et al. (1993) observed simiIar results using human T cells when CD4 was crosslinked 

using gp 120/anti-gp 120 immune complexes. CD4' ceiis h m  normal mice, but not fiom Ipr/Ipr mice, 

show selective depletion in vnto after treatment with the anti-CD4 antibody (Wang et aL, 1994). It was 

also shown that T celis fiom mice expressing a CD4 transgene were susceptible to apoptosis when 
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treated with gp130/anti-g-p 120 immune complexes (Wang et al., 1994a). The crosslinking of CD4 

molecules on the surface of T cells appears to induce the expression of Fas on the ce11 causing these 

cells to become susceptible to Fas-mediated ce11 death. It has been shown that CD4 crosslinking can 

upregulate the expression of Fas on human T celis (Oyaizu et al., 1994). In addition. mti-Fas antibodies 

can induce a markedly higher rate of apoptosis in T lymphocytes from HIV-infected individuals than 

in the controls (Katsikis et al., 1995). Therefore, this hypothesis of Fas-mediated activation-induced 

cell death (AICD) is one of the mechanisms for CD4 depletion in HIV holds a lot of promise and has 

to be explored in greater detail. 

Interestingly, TH1 cells can be induced to express FasL whereas TH2 cells show Iittle or no 

FasL expression upon stimulation. The circulating immune complexes composed of gp 1 20 and 

antibody in H N  individuals can stimulate both TH 1 and TH2 ce1 1s of which only TH 1 cells express 

FasL. Thus, the activated M1 cells express FasL and might be interacting Iethally with other TH1 

cells. Moreover, the stimulation of TH1 cells would lead to clonal proliferation of TH1 cells that are 

susceptible to Fas-mediated apoptosis. This situation would be expected to iead to the preferential loss 

of THI cells resulting in a relative increase in the proportion of TH2 cells. Many people have 

associated an increased hquency of TH2 like cells with progression of disease in HIV-infected 

pesons. This could be a second mechanism by which the Fas /FasL regdatory system influences the 

course of HIV infection (Clerici et al., 1994). 

In summary, CTL primarily utilize a potent pore-fonning toxin, perforin, in conjunction with 

a series of serine proteases capable of inducing fragmentation of t a . t  cell DNA. FasL, a ce11 surface 

molecule belonging to the TNF farnily, binds to its receptor Fas and induces apoptosis of Fas bearing 

celk. Description of the exact nature of these mechanisms may tead to a better understandhg of al1 
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forms of cell death and the pathophysiology of many diseases. This may ultimately lead to the 

introduction of novel therapeutic reagents in the management ofa variety of pathological conditions. 

1. 1.12.3.11 ROLE OF CTL IN VLRAL INFECTIONS 

Another ce11 type, besides NK. that commonly react with virus infected cells is the cytotoxic 

T lymphocyte (CTL). Classicaliy, th is response is human leukocyte histocompatibility antigen (HLA) 

dependent and requires ce11 to ce11 contact. These cells are very important in the control of certain viral 

infections (Doherty et al 1984) and probably in the control of HIV. Specific cellular cytotoxicity can 

be dernonmated with high numbers of unstimulated CDS' cells, typically at a CD8 to target ratio of 

25: 1.50: 1. to 1 00: 1, is measured in a 4h " ~ r  release assay. Moreover, as expected. the cytotoxicity is 

observed only with viral protein expressing target cells with the same MHC class 1 phenotype as the 

CDS* ceIIs. 

Al1 these studies have shown that CD8" cells from HIV-infected individuais can kill cells 

expressing several different HIV proteins, including reverse transcriptase (Rn, envelope, core, and 

some accessory proteins (Autran et al., 199 1 ; Clerici et ai., 199 1 ; Hoffenbach et a[. , 1989; Kundu and 

Merigan, 1992; Langlade-Demoyen et al., 1988; Nixon and McMichael, 199 1 ; Plata, 1989). The 

cytotoxic CDS' cells can be found in relatively large numbers dunng the asymptomatic period, but 

then, they appear to declme, at least in anti-HIV activity in some individuals, with disease progression 

(Autran et al., 1992; Gotch et al., 1992; HoKenbach et al., 1989). Incubatmg the effector cells with anti 

CD8 or anti-CD3 antibodies blocks target ce11 killing. A surprishg observation is the finding of high 

IeveIs of anti-HiV CTL precursors in normal uninfected individuah (Hoffenbach et al., 1989). 

Although this kind of antiviral activity has prevented virus spread in some animal mode[ 

systems (Byme et al., I984), the role of CTLs in HIV infection is not clear. Despite some correlation 
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of CTL activity with a healthy clinical state (Autran et al., 199 1; Gotch et al., 1992), progression of 

disease with increasing levels of E-üV infected cells occurs in the presence of these CTLs. Recently, 

a ceilular factor that blocks the CTL response was identified in symptomatic individuals (Autran et al., 

199 1). Finally, several studies suggest that HIV can escape the CTL response (Philips et al., 199 1) 

which could be a means for progression towards the disease. Recently, Wolinsky et al. (1996) 

demonstrated arnino acid changes within the appropriate epitopes of HLA-restricted CTL dunng the 

natural course of HIV infection. Thus, evolutionary dynamics exhibited by the HTV virus under natural 

selection might play a role in progression of disease. 

In addition to cytotoxic activity. CD8' cells can suppress HIV replication in CD4' cells. 

Initially, this celIuIar antiviral activity was identified in infected asyrnptomatic individuals whose 

culturrd PBMC did not y ield E-iIV. When their CD8' cells were removed from the blood sample by 

panning, high levels of virus were reieased from the CD4' cells rernaining in the culture (Walker et 

al., 1986). n i e  replacement of CD8' cells in this culture at levels far below those used to demonstrate 

cytotoxicity, led to complete suppression of virus replication. Subsequent removal of CDS- cells again 

revealed virus-~Ieasing cells. 

Several other studies have indicated that the CD8' cells could suppress virus production 

without affecting activation marken on CD4' cells or by killing the virus infected cells (Mackewicz 

and Levy, 1992). This was confirmed in a large number of studies in which the number of virus 

infected cells before and after mking with CD8' cells remained mentiaily the sarne or even increased 

( Walker et al., 1 99 1 ; W iviot et al., 1 990). This noncytotoxic antiviral response can be measured with 

naturaily infected CD4' cells obtained from infected individuals, as weIl as with normal CD4' cells 

obtained fiom seronegative individu& acuteIy infected in culture with HIV (Mackewicz and Levy, 

1992) 
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The extent of CD8' cell suppression varies among subjects (Walker et al., 1989) and decreases 

in patients with disease (Landay et al., 1993). In many asymptomatic individuals. a ratio of CDS* cells 

to CD4' cells as low as 120 in the cell culture assay suppresses endogenous virus replication; but in 

AIDS patients the ratio often changes to 2: 1. Healthy infected individuals monitored over time show 

a reduction of this CD8' ceIl response concomitant with the onset of symptoms (Landay et al., 1993). 

The significance of this Ioss of antiviral activity is of special interest as the absolute number of CD8' 

cells does not correlate with this antiviral activity (Landay er al., 1993). The CD8' cell-suppressing 

activity has also been demonstrated in the SIV system (Kannagi et a1.,1988) and in HIV infected 

chimpanzees (Castro et al., 1992). Moreover, human CD8' cells show similar erectiveness againa 

different isolates of HTV-1. FIN-2, and S N  (Walker et al., 1991). CDS' cells fiom several uninfected 

individuals ako demonstrate this response. However, their reactivity occurs only with naturally infected 

individuals, not acutely infected cells and generally only at a CD8':CD4' cell ratio of 0.5: 1 or higher. 

It has been shown that a soluble factor produccd by CD8' ce1Is is invoived in part in this CDS' 

antiviral response (Walker and Levy, 1989) even though ceIl to ce11 contact is the most effective 

method of suppressing HZV replication. The presence of the factor c m  be shown by adding supernatant 

from CD8' ce11 cultures directly to infected CD4' cells (Walker et al., 1991). Virus replication is 

substantially reduced without any effect on ceII viability or replication. The level ofthe factor produced 

is associated with the clinical state (Walker and Levy, I 989) as the highest IeveIs are derived from 

CD8' cells Eorn hedthy HIV -infected individuals with high C W *  counts. 

ïhe rnechanism by which the CDS' cells inhibit HIV replication hm been an interesthg area 

of study. Suppression appean to occur at or before RNA transcription (Levy et al., 1991). Naturally 

infected CM' cells mixed with autologous CD8' cells have a marked reduction in viral RNA and 

protein synthesis. However, at the time of suppression, almost equal number of infected CD4' cells in 
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the cuIture as those present in cuntrol cultures cm be detected. Thus, no infected cells are lost, and a 

reduction in virus expression occurs. Recently, Cochi et al. (1 995) described three chernokines, 

RANTES, MIP-1 alpha, and MIP-1 beta as HW suppressive factors. Recombinant RANTES, MIP-I 

alpha, and MIP-1 beta induced a dose-dependent inhibition of different strains of W-1. HIV-2, and 

SiV (Cochi et ai., 1995). These findings may have relevance for the prevention and treatrnent of AIDS. 

The literature aIso relates CD8' ceil activity to chical outcome through the resistance shown 

by PBMCs h m  asymptomatic individuals to superinfection by other strains of HIV-I. Despite the 

known presence of many uninfected CD4- celts in these culhired PBMC, no acute infection takes place 

unless CD8' cells are fmt removed. Apparently, the uninfécted CD4' cells are protected from infection, 

mostly by the CD8' cells, the factor (s) they secrete or both. The study on protection against disease 

progression in WIV infection has always focussed on the suppmsive effects oPCD8' cells on virus 

replication by cytolytic and non-cytotlytic mechanisms (Walker et al., 1987). Van Kuyk and his 

colleagues (1994) have also showed that anti-HN CTL cm protect SCID/Hu mice from HW infection. 

Hence, it was proposed that a gradua1 decline in these CD8 cell nsponses rnight allow for progression 

of the disease. There have been a lot of discussions regarding the causes for the ultimate failure of an 

anti-HIV CTL response. Selective emergence of viral escape mutants (Philips et al., 1991), ctonal 

exhaustion theory (Moscophidis et al., I993), anergy of specific CTL (Pantaleo et ai., 1990), 

inappropriate T ceIl help (Shearer et al., I991), and Re11 rnediated suppression (JoIy et al., 1989) have 

ail been put forth to explain the defect in CTL. activity in AiDS patients. A wide variety of 

experimentai straîegies for enhancing the CTL function in HIV patients have ken attempted. However, 

it will take time to determine whether these novel therapeutic modaiities are actually beneficial or even 

denimental for the patients (Ho et ai., 1993). Rapid significant activation of CD8 cells incfudhg those 

that are capable of Iysing uninfected Iymphocytes occurs during HIV infection (ZarIing et ai. 1990; 
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Grant et al., 1993; Grant et al., 1994). It has also been reported that many ?UV-infected individuais with 

very low CD4 counts have high Ievels of circulating anti-HIV CTL (Grant et al., 1992). Most of the 

patients with AlDS retain their anti-HN CTL activity, at Ieast in vitro (Grant et al., 1992). In sumrnary 

it can be concluded that increased numbers of CD8 celis bearing markers associated with anti-HN CTL 

activity signifies a poor clinical prognosis (Giorgi et al., 1993; Ho et al., 1993a). Altematively, the 

relative dynamics of the stimulation and expansion of anti-HIV CTL and viral replication and spread 

determines the role for these CTL in terms of protection or damage (Odenatt et al., 199 1). 

1. 1.13 CTL IN HIV INFECTION: ARE THEY AUTOREACTIVE? 

The initiai hematological data h m  HIV individuais indicating reciprocd changes in CD4' and 

CDS' lymphocyte populations Ied to the idea that the CDS' cells couid be autoaggressive (Ziegler and 

Stites, 1988). This argument Iooked attractive as progressive histopathological observations of 

lymphoid sections fiom HIV patients showed CD8 ce11 hyperplasia foilowed by a lymphocyte depletion 

(Ziegler and Stites. 1988). Based on the previous conclusions regarding the immunopathology of 

Iymphocytic chorio-rneningitis virus (LCMV) infection in mice and human hepatitis B, a proposa1 was 

put forward that KW infection produces a sirnilar CTL-rnediated immunopathology (Zinkernagel and 

Hengartner, 1994). These studies suggested that anti-EiIV CTL-mediated lysis of CD4 cells and other 

antigen presenting cells ( M C )  infected with KiV cause CD4 cell depletion and subsequent 

immunodeficiency. 

1. 1.13.1 EPLDEMIOLOGICAL EVIDENCE 

Polk et al, (1987), in a comprehensive epidemiological study of factors contributhg to disease 

progression in HIV idection, found that individuais with CD8 counts above 600/pL peripheral blood 



5 1  

had increased relative risks (fiom 2.0 1 to 3.69) of developing AIDS within the next LO-L 8 rnonths. 

Many recent epidernioIogica1 studies also corroborate an association between the elevated CD8 ce11 

counts and proximity of AIDS (Anderson et al. 199 1). It was shown by Giorgi et al., (1994), that non- 

progressors (those with persistent CD4 counts >500/p.L), exhibit a slower rate and lesser absolute 

increases in CD8' ceIl counts following HiV infection than apid progressors. 

1. 1.13.2 PHENOTYPE OF CD8 

The percentage of particular su bsets of CD8' cells may be more relevant to disease progression 

than the total CD8 ceIl number. Multiparametric fIow cytometric studies have indicated that an increase 

in CDS'T cells that are T cell receptor (TCR) yK, HLA-DR', CD38', interleukin-2 receptor IL-ZR-. 

or CD57', precedes disease progression (Kestans et al., 1992; Autran et al., 1989). Class II HLA and 

IL-2R are markers expressed on activated T cells, while CD38 is expressed on immature and activated 

T cells. The expansion of CD3 8- CD8- T ceils was recently shown to indicate a poor prognosis for 

HN-infected individuals even though the majority of anti-HW CTL is CD38' and HLA DR' (Ho et 

al., 1993). CD57 may distinguish T cells with a particular function or specificity and y6 T cells 

constitute a distinct T lymphocyte lineage with an unclear function. 

Although a causal relationship between the proliferation of CD8' T cells and progression to 

AIDS cannot be implied at this tirne, disease progression and changes in the CD8' cell repertoire are 

closely tinked. [t is possible that activation of CDS' cells reflects increased replication of HN or other 

opportunistic pathogens. The inevitable course of HN infection indicates that the CD8 ce11 response 

is at best temporady protective. Altematively, it could be suggested that a strong anti-virai CD8' T ceU 

response could turn pathological. in any case, the presumption that viral replication is the primary 
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factor responsible for the activation of CD8' T cells and that these cells are in turn protective in H N  

infection is unsubstantiated. 

However, several expenmental (Grant et al., 1993; Grant et al., 1994), epidemiological (Polk 

et al., l987), and clinical (Devergne et al., 1991) studies suggest that some of the CD8s activated in 

MV infection may contribute to disease progression. CD8 cells rise eariy following HnT infection and 

remain elevated during the stages when opportunistic infections are rare and HIV levels are low. An 

aberrant CD8 repertoire is a consistent and early observation in HIV infection dunng the clinically 

asymptornatic period. CD8' T cell infiltration c m  cause irnmunopathology of many organs and tissues 

including the skin (Ringler et al.,. I992), lungs (Autran et al., 1988), salivary glands (Itescu et al., 

1 990), central nervous system (Jassoy et al., I992), lymp h nodes (Devergne et al., 199 1 ), and b lood 

vessels (Calabrese et al., 1989) of H N -  infected individuals. 

Many cytotoxic dmgs block T lymphocyte activation in vivo and are used clinically to prevent 

diseases or conditions with an underlying immune pathology. Many HIV-infected individuals 

classitied according to the Center for Disease Control (CDC) stages 2 and 3, who received cyclosporin 

A (CsA), an immunosuppressive drug, showed a dramatic reversal of the abnormal CD4 to CD8 ratio 

as well as showed reduced Iymphadenopathy (Andrieu et aI., 1988). Upon discontinuation of the drug, 

the previous abnormalities were restored. These positive results were not reproduced when CsA was 

administered to AIDS patients (Philips et al., 1989). The response to this immunosuppressive dmgY at 

least in the early stages of disease, could be the result of an inhibition of T ceil activation leading to 

reduced viral replication rather than a direct effect on the virus. In a recent study, W-infected 

individuals were immunized with their own peripherai blood lymphocytes (PBL), or given an 

inûavenous injection of S6.F 1, an antibody againsr an activation-induced conformational deteminant 

of LFA-1 on CTL (AIIen et al., 1993). The level of CD8s kIl and that of CD4s increased. The CD4 
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increases were sustainable with repeated immunizations with PBLs, but it appeared that the percentage 

of S6F1- PBL in the vaccine dictated the initial outcome (Allen et al.. 1993). This suggests the 

autologous lymphocyte vaccines induced an immune response that down-regulated the CTL levels 

when the proportion of CTL in the vaccine preparation was above a certain threshold level. Individuals 

treated with S6F 1 also showed reversion of cutaneous anergy to recall antigens, suggesting an inverse 

relationship between the CD8 ce11 count and immune responsiveness (Allen et al.. 1995). Since 

treatment with an antibody against CTL is not expected to reduce viral replication, the increases in the 

CD4 ce11 levels appear more directly linked to diminished CD8 cell activity. 

In the human-PBL-SCID mouse mode1 of HN infection, CD4 cell depletion occurred more 

rapidly when scid rnice reconstituted with human PBL were infected with non-cytopathic variants of 

HIV (Mosier et al., 1993). These non-cytopathic viruses also induced the greatest proliferation and 

activation of CD8' lymphocytes (Mosier et al., 1993). Enhanced CD8 cell activation in this system is 

not pmtective and since anti- EüV CTL were not detected among the CD8 cells activated by HIV, it 

does not necessarily reflect an adaptive response to greater r~plication of HIV (Mosier et al., 1993). 

Specutations that CD8 cells might contribute to CD4 cell depletion and disease progression 

are supported by experimental observations like CD&rnediated killing of W-infected CD4 cells 

(Siliciano et al., 1988). More recently, it was shown that CTL fiom HN patients directIy kilt uninfected 

CD4' cells (Grant et al., 1993; Zarling et al., 1990). Zarling et al. (1990) also detected CTL, which 

killed uninfected CD4- cells in 1 1 out o f  13 HN individuals. They also showed that HN-infected 

chimpanzees in contrast to humans, do not have CTL that kill uninfected CD4' cells (Zarling et al. 

1990). Even when Uifected with an iUV variant highty cytopathic to chimpanzw lymphocytes in vitro, 

chimpanzees do not suffer CD4 depletion and hence are not susceptible to AiDS (Watanabe et al., 

1991). AIthough they become chronically infected and mount a vigorous anti-W response, HN- 
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infected chimpanzees show none of the CD8 ce11 subset derangements or immune dysfunctions 

characteristic of human HIV infection (Ferrari et al., 1993). 

ïnvestigators have also found that CTL that cm kill uninfected CD4s can be isolated fiom the 

cultureci PBL of HIV-infected hemophiliacs and homosexuals (Grant et al., 1993; Lederman et ai., 

1996). CTL activity against uninfected CD4s detectable following in vitro stimulation and is selectively 

present in stirnulated PBL €rom HIV-infected individuals (Grant et al., 1993). An important 

consideration is that these CTL may act locally in vivo within the spleen or lymph nodes and the 

activity detectable in the peripheral blood is a weak reflection of in vivo events. 

Ln rnurine mode1 systems, such as LCMV infection, otherwise innocuous viruses c m  induce 

CTL responses that kill the host (Zinkemagel et al., 1985: Odennatt et al., 199 1). The pathogenesis 

of HIV infection could be exacerbated by the unusualfy vigorous CD8 cell response. without being an 

al1 or none system, like LCMV. This has to be investigated further especially in Iight of recent reports 

by PantaIeo er al. (1994) of oligoclonal expansion of CD8' T lymphocytes among individuals infected 

with HIV. The oligoclonal expansions were rnost notably in a restricted set of variable-domain beta 

chah families. Cells expressing the expanded V betas predominantly expressed the CD8' T-cell 

differentiation antigens and mediated HIV-specitic cytotoxicity (Pantaleo et al., 1 994). 

More effective antiviral regimens and the more accurate picture emerging of the relationship 

between HN and CD4' lymphocyte dynamics suggest that factors other than virus replication cm limit 

CD4' lymphocyte replenishment (Wei et al., 1995: Ho et al., 1995). The actual mechanism of CD4 

depletion in HIV infection remains unknown and given the reported ability to replenish up to 5% of 

CD4' celis daily, t remains dificult to explain persistently falling CD4' lymphocyte counts purely as 

a consequence of the level of HIV replicatioa. CTL fiom HIV-infected individuais kill CD4 cells in 

vitro and this couId indicate a rnechanûm of CD4 depletion in vivo. Determining whether these CTLs 
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operate in vivo and if their actions contribute to disease progression is critical for understanding the 

pathogenesis of AIDS and for incorporating rational CDS-based approaches into the management of 

HiV infection. 

1.14. IS AIDS AN AUTOIMMUNE DISEASE? 

Since HIV disturbs the balance of the immune system, it is not surprising that autoimmune 

diseases like Reiter's syndrome, systemic lupus erythematosus, Sjogren's syndrome,vasculitis and 

polymyositis accompany this viral disease (Calabrese et al., 1989). Vasculitis in HIV-infected patients 

has been Iinked to deposition of immune complexes (Calabrese et al., 1989) but immune complex 

glomenilonephritis is rare. 

In terms of humoral immune responses, in early studies of AIDS, antibodies, often associated 

with clinical disorden, were detected against platelets, T cells, and peripheral nerves (Morrow et al., 

199 1). The reasons for these sequelae are not known. 

A lack of T ceil regulation in HIV infection can Iead to a proliferation of B ceIIs with resultant 

polyclonal proliferation and antibody production. These kinds of reactions have been reported in other 

viral infections like EBV infection, in which hypergamrnagiobulinemia and autoimmune disorders have 

been documented (Henle and HenIe, 1979). Polyclonal B ce11 activity has been observed in HIV 

infected individuals and is associated with high Ievels of antibody production (Shirai et al., 1992). 

When a microrganism shares either sequence or amino acid homoIogy with a normal cellular 

component, molecular mimicry can ex&. In this regard, similanties between HN protems and normal 

cellular proteins could eIicit antiviral antibodies or cellular immune responses that cross react with 

normai cells. Evidence in favour of this possibility indude the presence of IL-1, IL-2 receptor, MHC 
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class 1 and class U molecules and interferon like sequences in several HN genes, as well as other 

potential cross-reacting epitopes within the Env proteins of the virus (Levy, 1989). 

One popular mechanism for autoimrnunity involves the production of a network of antibodies 

produced &er an antigen is introduced into the host. Besides making antibodies to the incoming 

antigen, the antibodies to these anti-antigen antibodies are induced. These so-called anti-idiotype 

antibodies could be mirror images of the epitope against which the initial antibody was produced. Thus, 

antibodies to HIV envelope gp120 might induce autoantibodies to the CD4 protein to which the gp 120 

attaches. Although the possibility for these antibodies to form and be detrimental for the hoa is 

proposed, evidence for such a phenornenon has not yet been nported. 

Although a role for autoimmunity in HN-induced disease is as yet unsubstantiated, the 

presence of autoantibodies in HIV should be considered as a potential co-factor in AIDS pathogenesis. 

An autoimmune response has been linked to the loss of neutrophils and platelets and to the induction 

of penpheral neuropathy (Kiprov et al., 1988). 

There is potential danger that vaccination with HN proteins could elicit, via molecular 

mimicry, immune responses that deplete CD4' cells, compromise the immune system, and funher 

induce autoimmune pathology in other tissues. Measuring this pathological response could therefore 

fom part of the evaluation of any therapeutic approach to HIV infection. 

1. 1.15 COFACTORS IN HIV WECTION 

Following the discovery of HIV, came appreciation that many other factors, besides itself, the 

virus itself might influence the outcorne of the disease. The major observation supporthg an important 

roIe 
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for cofactors is the variation in the time fiom infection to development of symptorns and AIDS among 

different individuals. Host genetic differences and age have been recognized as important variables 

influencing the progression of disease. in addition, the T cell activation for efficient HIN infection and 

spread must be considered. A CO-factor role for other viruses iike herpesviruses and papovaviruses, 

antigens, and cytokines that increase immune activation has been proposed. Finally, addtional immune 

suppression, resuiting from other infectious agents, dmgs, or toxins was considered as a possible 

contributor. 

One potentially important CO-factor in HN pathogenesis is infection by another virus. When 

herpemiruses, adenoviruses, hepatitis B virus, or specific genes from these viruses were introduced 

into cells transfected with a construct of E-üV LTR linked to the chioramphenicol acetyl transferse 

(CAT) gene, an increase in production of the CAT protein occurred (reviewed in Laurence, 1990). In 

spite of vari'ous in vitro results suggesting the role of other vimses as CO-factors in HIV pathogenesis, 

clinka1 studies of individuals have not yet indicated a contributory role for specific viruses. Certain 

viruses may contribute to opportunistic infections or tumoua observed in some patients, however an 

association with enhanced progression to disease has not been welI documented. 

Certain studies have suggested that agents other than viruses could play a d e  in the pathology 

observed in KJY infection. Lo and coworken in 1991showed that a mycoplasma that was found 

associated with a Kaposi's sarcoma tissue (Mycopla~mo incognitas a strain of M.fennentem), induced 

immune deficiency and death when injected into macaques. T ceils from HN-infected individuals 

have been shown to actively respond to mycoplasma antigens (Lemaitre et al., 1990) and the potential 

role of mycoplasma (in T ceII depletion) as superantigens has dso been proposed. 

HIV is the ultimate cause of AIDS, but other infectious agents or envimnmentai fators could 

influence the progression to disease. How these cofactors collaborate in the infected individuaI is not 
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very clear. They may induce cytokines or intracellular factors that either promote HIV replication, 

compromise immune responses or both. They may also reduce the production of cellular products such 

as cytokines and affect immune function in that way. They could stimulate the immune system 

abnormally and tngger autoimmune responses. Alternatively, they rnay reduce the cellular antiviral 

activity and permit the escape of HIV fiom hoa immunologie control. It is possible that other factors, 

including opportunistic infections, can affect the overall health of the individual. Genetic facton can 

influence ce11 susceptibility and host immune response. Either by direct infection of cells or by its 

indirect effect on the immune system of the host, HIV appears p h d y  responsible for the disease 

progression observed. 

1. 1.16 FEATURES OF HIV PATHOGENESIS 

Given the viral and immunoIogical facton in HiV infection, the proposed pathogenesis is 

summarised here. The virus initially entea an individual primarily by infecting either activated T cells, 

resident macrophages, or mucosal cells in the bowel or uterine cavity. In the initial days afler the acute 

infection, high levels of virus replication will take place in the lymph nodes and will be reflected by 

p24 antigenemia and viremia (Blomberg and Schooley, 1985). Soon der, the viremia is reduced 

substantially, as a result of immune reactions against the virus and the CD4' lymphocyte count falls. 

Cellular immune responses could be the first effective antiviral activity, since in many cases CD8' ceIl 

KW responses have been detected prior to seroconvenion (Clenci et al., 1992). Over the next few 

years, the CD8' ceil nurnber remains elevated. Virus replication in the body peaists particularly in the 

iymph nodes and PBMC in very low levels as the virus is effectively suppressed. CD4' cell nurnber 

usually retums to near n o d  leveis after acute infection resoIves, but tends to fdl steadily during the 

persistent period at an average rate of 25 to 401 fl of peripheraI blood per year (Lang et al., 1989). By 
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the time the individual develops symptoms, CD4- ce11 counts are usually below 300 per pl and the 

leveis of HIV are higher than during the asymptomatic period. At this stage, a reduction in the antiviral 

activity of CD8' cells can be demonstrated (Mackewicz and Levy. 1992). When the individual 

advances to AIDS, the vins  usually has characteristics distinct h m  that recovered soon after infection. 

It takes on properties wociated with virulence in the host, including an enhanced cellular host range, 

rapid kinetics and CD4' ce11 cytopathicity. 

Because of an ongoing reduction in immunoIogic controt of HIV infection, the more virulent 

variants replicate to higher Ievels and cause destruction of a large number of CD4' cells. They 

eventua l ly eliminate the potential for any kind of immune response to control oppoministic infections. 

In the very last stages, the CD8' cells decrease in number, perhaps in part because ofthe loss of IL-? 

production by CD4- cells. 

Whether emergence of these cytopathic viruses or the suppression of immune responses occurs 

first is not yet ciear. CelIular immune responses appear to be sirnilar against al1 strains of HTV, 

suggesting that the loss of CD%' cell activity may be a major factor in the progression of the disease. 

A drop in the CD8' ceIl antiviral response occurred in three subject. just prior to a fa11 in CDJ* cell 

number (Mackewicz and Levy, 1992). The importance of CD8' ceils in controt Iing the infection over 

time must be explored in greater detail. 

Direct virus infection of CD4' cells, a compromise in cytokine production, and aberrant 

immune reactions like ADCC, CTL, autoreactive T cells, autoantibodies, and apoptosis could al1 play 

a role in the irnmunopathogenesis of the disease. The induction of apoptosis in CD4' cells as well as 

CD8' cells particularly requires further snidy. 

The major CO-factor infiuencing deIay in disease progression is the inherited genetic makeup 

of the host that determines both the susceptibility of cells to HN replication and the extent of 
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effectiveness of the antiviral immune response. Moreover, the relative sensitivity of the host immune 

system to destructive effects of viral proteins or cytokines could be important in determining whether 

there is rapid progression to disease or long term survival. 

1. 1.17 FACTORS AFFECTING PROGNOSIS 

A 14-year study of HIV infection in a defined cohort of subjects in San Francisco bas shown 

that about 80% of the individuals develop syrnptoms and that 55% have iUDS (Lifson et al., 199 1). 

These findings indicate that 20% of the infected people remain healthy after 10 years and 12 % retain 

normal CD4' cell counts (Lifson et al., 1991). 

The major factors responsible For long t e n  survival are summarised here. First, while the 

CD8' ce11 responses decrease with time as individuals progress to disease, they remain strong in long- 

term survivors and weaker in progressors (Gotch et al., 1 992). Second, relatively noncytopathic WV 

strains are found in the PBMC of long term survivors with strong CD8' cell responses (Mackewicz and 

Levy, 1992). Third, these infected individuaIs have a low vira1 Ioad as measured by the number of 

infected CD4' cells and fi-ee infectious virus in the peripheral blood. Finally, neutralizing and not 

enhancing antibodies to the virus are found in the blood of long tenn survivors (Homsy et al.. 

1990).These findings c m  be explained by the inability of the HIV strains to replicate in the presence 

of CD8' ceII antivkd activity. 

The most important question in determining the prognosis of Hnr infection rnay be what 

causes the alteration in the antiviral response of CDS* cells. A decrease in anriviral activity of the CDS* 

cells pennits increased virus replication and progression of disease. A major influence c m  be the 

genetic makeup of the individual; protection can corne fiom strong immune responses and reduced 
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inherent sensitivity of the host cells to virus replication. Progression does not reflect a reduction in the 

total nurnber of CD8' cells since the level of this subset ofien remain elevated until the late stages of 

the disease (Lang et al., 1989). In cell culture. CD28' CD8' cells demonstrate high antiviral activity 

against a11 HIV mains whether cytopathic or not (Mackewicz and Levy, 1992). Thus. it appears that 

an intrinsic loss of CD8' cell activity is involved. This is an important area, which has to be explored 

so as to shed light on the prognosis of HIV infected individuals. 

1. 1-18 GENERAL PURPOSE AND HYPOTHESIS 

The objective of this thesis was to assess functional CTL activity in W-seropositive 

individuals and to monitor CTL function over the course of disease progression. The assays were 

designed in a way to study the nature of CTL activity and to find out whether this may contribute CO 

the CD4' T ceII loss in HIV-infected patients. The fmt step was to design an assay to define the nature 

of cytotoxicity among the CD8+ T lymphocytes in KIV-infected individuals. It has been proposed that 

there are two pnmary mechanisrns of cell-mediated cytotoxicity, one mediated by interactions behveen 

FasL on the effector ceil and Fas antigen on the target cell and the other mediated by directed release 

of perforin and granzymes by the effector cell. In rhe next chapter, 1 describe the assay, which was 

designed to distinguish between FasL-rnediated and perforin-rnediated cytotoxicity. This in v i o  assay 

uses murine P8 1 5 celis, that express Fas antigen and FcyR receptors as targets. IgG anti-C D3 antibodies 

bind FcyR receptor of P8 15 cells and non-specifically sensitize them to CTL-mediated Iysis. Human 

FasL interacts with murine and human Fas antigen and, therefore, Pt31 5 cells are sensitive to FasL- 

mediated killing by human CTL. The cytotoxicity is assessed by a five-hour chrornium release assay. 
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The results as shown in the next chapter will demonstrate that this is an accurate and easy way to 

measure the cytotoxicity of CTLs in HIV infection. 

When cytotoxicity assays were performed using the assay system described in chapter il, it was 

observed that cytotoxicity was reduced when PMA and ionomycin were used to activate T celIs. This 

phenornenon was studied fùrther in chapter m. As previously reported, i found that T lymphocytes 

fkom HIV-infected individuals are more prone to undergo activation-induced ceIl death than T 

lymphocytes fiorn uninfected individuals. However, we observe surprisingly, that the PMA and 

ionomycin-induced death of the T lymphocytes from HIV-infected individuals was predominantly non- 

apoptotic ce11 death. The results of chromium reIease assays, flow cytometry studies, electron 

rnicroscopy studies and nuclear fragmentation assays clearly demonstrated that this noveI fom of 

activation-induced ceil death is not mediated by F a  and dors not involve nuclear fragmentation. 

Cytotoxicity assays were done using PBMC fiom HIV-infected individuak as effectors at fmed 

intervals. Total cytotoxicity was measured using P8 15 cells as targets and autoreactive CTL activity 

was measured using PHA-activated uninfected T lymphocytes as targets. The phenotype of the 

autoreactive CTLs was determined by flow cytometry and depietion/selection experiments. Occurrence 

of CTL-mediated ki1Iing of uninfected lymphocytes was then evahated in the context of clinicaI and 

laboratory parameters associated with disease progression in HIV infection. In chapter IV, i describe 

the results of these experiments, which indicate that the development of autoreactive CD8- CD28- T 

cells is a fundamenta1 component of the immunopatliogenesis of HIV infection. 
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Most methods for discrirninating between Fas ligand and perforin-dependent cytotoxic 

mechanisms exploit the sensitivity of the effector ce11 to agents that selectively block one or 

the other mechanism. We have developed an assay system with P8 15 cells as generic targets 

that discriminates perforin-based fiom Fas ligand-based killing by blocking the Fas receptor 

with an antagonistic monoclonal antibody (mAb). Over a five-hour assay period, P8 15cells 

are completely insensitive to direct induction of apoptosis by anti-Fas mAb Jo2, but are 

sensitive to Fas ligand expressed on effector cells. Thus. treatment of P8 15 target cells with 

Io2 blocks Fas ligand-mediated killing while allowing effector ce11 activation by whatever 

means necessary to trigger cytotoxicity. P8 15 cells express Fas and Fcy receptoa, therefore. 

IgG anti-CD3 antibodies, lectins such as phytohemagglutinin (PHA) and pharmacologie 

agents such as phorboI myristic acetate (PMA) and ionomycin c m  non-specifically trigger 

killing of P8 1 5 cells by a variety of effector cells. Since Fas ligand interacts across species 

with hurnan and murine Fas and perforin shows no species selectivity, P8 15s are sensitive 

to both types of cytotoxicity mediated by effector cells fiom various species. Comparable 

inhibition of cellular cytotoxicity against P8 15 cells by Io2 or by cycloheximide, a protein 

synthesis inhibitor preventing Fas ligand induction, confmed that the different levels of 

killing of Jo2 treated and untreated P8 15 celIs reflected the extent that perforin and Fas Iigand, 

respectively were utilized in target ce11 killing. We used murine T ceIl hybridornas, a human 

T cell clone and human and woodchuck peripheral blood mononuclear cells to show that Pa15 

cells cm be used to determine dependence on Fas ligand and perforin-mediated killing 

pathways by vimially any effector ceii population, regardess of cell type or species of origin. 

Key words: Fas ligand, Fas, perforin, cytotoxic T lymphocytes 



ZNTRODUCT ION 

Research with perforin knockout mice and with mutant mice lacking functional 

expression of Fas or Fas ligand suggests that Fas ligand-based cytotoxcity is important in 

immune regdation, whereas perforin-based cytotoxcity is critical for controllhg infections 

(1-5). This proposed dichotomy has implications in understanding the evolution of protective 

and pathological cytotoxic T ce11 (CTL) responses in chronic infections and in chronic 

inflammation (5 ,6 ) .  Perfonn-mediated killing depends on extracellular calcium but not on 

new protein synthesis, while cellular Fas ligand-mediated kiiling requires new protein 

synthesis but not extracellular calcium (7, 8). Although Fas ligand-based Ming c m  be 

distinguished fkom perforin-based killing in calcium free medium (9), induction of Fas ligand 

expression is calcium dependent and under many circumstances, calcium fkee medium 

abrogates both types of killing. Cycloheximide selectively blocks Fas ligand-based killing by 

preventing de novo protein synthesis, but in certain instances it may be cytotoxic to target or 

effector cens or may reduce cytolytic effector fcunction by inhibiting synthesis of proteins other 

than Fas ligand. Concanamycin, an inhibitor of vacuolar type H'-ATP~s~, selectively uihibits 

perforin-mediated cytotoxcity, but this requires pre-treatment of the effector celis and it is 

unclear what effects concanarnycin would have when phmacologic activation of the effector 

ceUs is required to trigger cytotoxicity (IO). An in vitro assay system without effector ce11 

pre-incubation, metabolic inhibitors or calcium fiee medium wouId be more broadly 
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applicable to discriminating between perforin and Fas ligand-based cytolysis mediated by a 

wide variety of effector cells fkom different species, triggered in diflerent ways. 

Cytolysis by perfonn is receptor independent and Fas ligand and Fas are relatively 

conserved across species. Therefore, if a cytolytic effector ceIl cm be activated to express Fas 

ligand or release its perforin containing cytolytic granules, species differences between 

effector and target ceIl would not prevent killing. Murine PB 15 cells express Fcy receptors 

and can be sensitized to CTL-mediated lysis with IgG anti-T ce11 receptor (TCR) antibodies 

(1 1). P8 15 cells can also be rendered sensitive to other types of cytolytic effector cells using 

lectins to bridge target and effector cells or using pharmacologie agents to activate the effector 

cells. P8 15 cells express Fas constitutively (12) and are sensitive to Fas ligand and 

perforin-mediated killing by murine and human effector cells. but resistant to direct lysis by 

J02, an anti-Fas antibody. P815 cells thus make a suitable generic target cell for 

discriminating between Fas ligand-based and perforin-based killing mediated by diverse types 

of effector cells f?om different species, under a variety of conditions. 

We incubated P8I5 cells with Jo2 mAb pnor to their use as targets in various 

cell-mediated cytolysis assays to selectively block killing triggered through Fas/Fas ligand 

interactions. Cycloheximide, a protein synthesis inhibitor which blocks Fas-dependent killing 

by preventing de novo expression of Fas Ligand (9,13,14), was used in p d l e l  with anti-Fas 

antibody to substantiate the selective blocking of Fas-based killing in this assay. There was 

good agreement between inhibition of killing by cyclohexunide and inhibition by anti-Fas 
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antibody treatment with both NK and T lymphocyte effector cells from 3 different species, 

trïggered by 3 distinct mechanisms. This assay system can be applied to discriminate between 

perforin and Fas ligand-based killing by Wtually any effector cell population or even the sarne 

effector cell poulation tnggered by different methods. 

MATERIALS AND METHODS 

Ce11 lines and antibodim. P8 2 5 ,  LS 102.9, K-562, Jurkat, J.RT3-T3 -5 and OKT3 

(IgGi anti-human CD3) cell lines were al1 obtained from Amencan Type Culture Collection, 

Rockville, MD (ATCC # TB-64, HB-97, CCL-243, TIB-152, TIB-153. and CRL-8001 

respectively). MT-2 tells and the HIV gp 120-specific human CD4' T ce11 clone E e d  17 ( 1 5). 

were obtained from the National Instinite for MDS and uifectious Diseases (NIAID) NDS 

Research Reference Reagent Prognun. 6D9, 2F5 and 2H4 are murine T ce11 hybridoma 

specific for thyroglobulin peptides that were generated and generously provided by Dr. G. 

Carayanniotis, Mernorial University. All ce11 lines were maintained in lymphocyte medium; 

RPMI 1640 supplemented with 10% fetd calf serum (FCS), 10 mM HEPES, 2 rnM 

L-glutamine, 1% penicillin and streptomycin (ail h m  Gibco, Grand Island, N'Y) and 2 X 104 

M 2-mercaptoethanol (Sigma Chernical Co., St. Louis, MO) in a 5% Ca humîdity controlled 

incubator. Een217 cells were restimuiated every 10 days with irradiated (3000 Rad) 

diogeneic peripherd blood lymphocytes and 0.25 pg/d purified phytohemaggiutinin 
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(Pm-P) (Welhark Diagnostics, Guelph, ON) in Lymphocyte medium supplemented with 50 

U/ml recombinant human interleukin-2 (IL-2) (Hoffmann-La Roche Inc., Nutley, NJ). 

Hamster IgG anti-murine Fas antibody Jo2 and hamster anti-murine CD3 antibody 

2C11 were fiom Pharmingen Canada, Mississauga, ON. IgGi anti-hurnan Fas antibodies 

BMS 13 8 and ZB4 were obtained from Biowhittaker USA, Walkersville, MD and Karniya 

Biomedical Comany, Thousand Oaks, CA respectively. 

Peripherai blood mononzdear cell (PBMC) isolation Human blood was collected 

fiom a forearm vein into heparinized vacutainen and woodchuck blood was collected under 

general anesthetic from a fernoral vein. Blood samples were diluted 1 :1 with phosphate 

buffered saline (PBS) pH 7.2, Iayered over Ficoll-Paque gradient separation medium 

(Pharmacia Chemicals, Dorval, Quebec) and centnfuged at 400g for 30 minutes. Interface 

cells were collected, washed three times in PBS containing 1% FCS. counted and used 

imrnediately in cytotoxicity assays. 

Activation of effectt ce lk  Murine T cell hybridoma ceIIs were activated to kiII 

P8 1% by including 1 pglml hamster anti-murine CD3 antibody ZC 1 1 in the assay medium 

and were activated to kill P8 15, LS 102.9 and human Fas-expressing Jurka~ I.RT3-T3.5 and 

MT-2 T ceils by including 10 ngmi PMA and 500 @mi ionomycui (Calbiochem- 

Novabiochem Corporation, LdoIIa, CA) in the assay medium. Killuig of huma. and murine 

Fas-expressing target cell Iines by the murine hybridomas also occurred following 3 hotus 

incubation in medium with 10 n g h i  PMA and 500 n@ ionomycin prior to canying out the 
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assay in plain lymphocyte medium. The human T ce11 clone Een2 17 was triggered to kill 

P815s by adding 1 p g M  OKT3 anti-CD3 antibody to the assay medium. Other IgG anti-CD3 

antibodies such as UCHTl and HT3a generally work as well as OKT3. Killing of K-562 

cells by the Een2 17 clone and ldling of P8 1 Scells by human and woodchuck PBMC was 

triggered by adding 3 pg/rnl PHA to the assay medium. 

Chrornizm release msays. Approximately 2x 1 o6 target cells were incubated for 90 

minutes at 3 7 ' ~  with 100 pCi ~ a r s ' ~ r 0 4  (Amersham, Boston. MA) in approximately 500 pl 

of lymphocyte medium. Labeled cells were then washed 4 times in PBS containing 1% FCS 

and counted. For discrimination of Fas ligand-based killing, a sficient nurnber of labeled 

P8 15 cells were incubated for 30 min in a small volume of medium with 5 pg ~02/10~ celis, 

washed once and resuspended at 2xl0'/ml in medium. Untreated target cells were 

resuspended at the same concentration and effector cells were then tested against both 

untreated and antibody-treated P815 cells at the indicated effector to target (ET) ratios. 

Target cells were added at 1 x 1 ~'/well in 50 pi of medium to round bottom microtitre plates 

(ICN Pharmaceuticals Canada hc. Montreal, Quebec). Effector cells were added to duplicate 

wells in 50,25 and 12.5: 1 volumes for 3 different E:T ratios. Cycloheximide (Calbiochem- 

Novabiochem Corporation, La loua, CA) and colchicine (Sigma Chemicai Co. S t  Louis, MO) 

were added to certain test w e h  at final concentrations of 50 pg/ml and 1 mM respectively to 

c 0 d i . m  the nature of cytotoxicity mediated by different effector cells studied. The volume 

in each test weU was made up to 300 pl with medium and targets were dso added to duplicate 
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test wells containing either medium alone (spontaneous release) or 1 N HCL (maximum 

release). Once both effector and target cells were added, the assay plates were incubated for 

5 hours at 3 7 ' ~  in a hurnidified 5% CO2 incubator. After 5 hours, LOO pi of cell-free 

supernatant was transferred to tubes and counted in a gamma counter. Percent specific lysis 

mediated by the effector cells was calcuiated using the following formula: 

(Experimentd ' ' ~ r  release - Spontaneous release / (Maximum release - Spontaneous 

release) X 100. In ail assays reported, spontaneous "CI- release was < 25% of total " ~ r  

release. 

RESULTS 

Pa15 cells are resistanr [CI anti-Fas mrl b-mediated kiIZing. To assess the relative 

sensitivities of 2 Fas-expressing murine cell lines, LS 102.9 and P8 15, we labeled both cells 

with " ~ r  and incubated them for 5 hours with different amounts of soluble Jo2, a hamster IgG 

anti-murine Fas antibody. Percent 5 1 ~ r  release tnggered by the antibody was used to indicate 

sensitivity to direct killing by Jo2. Whereas incubation of LS 102.9ceiis with less than 5 n g / d  

of Jo2 increased " ~ r  release above background levels, " ~ r  release by P815 cells remained 

near background at levels of Jo2 up to 5 pg/d  (Fig. 1). This demonstrates that Fas expressing 

ce11 h e s  ciiffer markedy in nisceptibility to anti-Fas antibody-induced Lysis, that P8 I Scells 
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are relatively resistant to direct killing by J02 over a five-hour incubation period and that 

LS 1 02.9 cells are extraordinady sensitive to rapid induction of apoptosis by Jo2. 

Far ligand-rnediated kz'IIing of P8IScelZ.s is inhibited by Jo2 The sensitivity of 

LS 102.9 and P8 1 5 to Fas Iigand-mediated lysis was tested using murine T ce11 hybndomas 

that express Fas ligand upon activation by specific antigen or treatment with P M .  and 

ionomycin. These hybridomas efficiently kill LS 102.9 cells pulsed with specific peptide and 

this killing is completely abrogated by adding cycloheximide to the assay medium (data not 

shown). Since P815 cells do not express IAs. we could not use specific peptide to activate the 

hybridoma. Surprisingly, the LS 102.9 cells and P8 1 5cells were equally sensitive to Fas 

ligand-rnediated killing by the murine T ce11 hybridoma 6D9 activated by PMA and 

ionomycin (Fig. 2). PMA and ionomycin were not toxic to the target cells and the hybridoma 

was not cytotoxic without activation by PMA and ionomycin. Since the P815cells were 

sensitive to Fas ligand-rnediated killing and resistant to anti-Fas antibody-mediated lysis, Jo2 

was used to selectively block murine Fas ligand-mediated killing of P8 15 cells (Fig. 2). Lysis 

of P8 15 cells was reduced by approximately 80% when the target cells were pre-incubated 

with Io2 (Fig.2). The same 6D9 hybridoma activated with PMA and ionomycin was tested 

against 3 human Fas-expressing T ce11 lines, Jurkat, J.RT3eT3.5 and MT-2. The activated 

hybridoma killed the 3 human T ce11 lines, c o n f i ï n g  a productive interaction between 

murine Fas ligand and human Fas. This killing was effectively blocked (-80% inhibition) 

with the anti-Fas adbodies BMS138 (Fig. 3) or ZB4 (data not shown). Two additional 



112 

murine T cell hybridomas, 2F5 and 2H4 (designated 9 and 10 respectively in this experiment), 

were triggered to kill P8 1 5cells by anti-murine CD3 mAb. Neither hybridoma killed P8 15 

ceiIs without anti-CD3 and killing was effectively blocked either by including cycloheximide 

in the assay medium or by pre-incubating P8 15 cells with Jo2 anti-murine Fas d b  (Fig. 4) 

Fas ligand-mediated killing of P8 15 cells was aiso studied using PBMC fiom healthy 

woodchucks. Since antibodies agauist the woodchuck T ce11 receptor are not available, PHA 

was used to cross-link effectoa and targets and activate the effector cells. Effector cells fiom 

woodchucks were tested against untreated P815 cells and P8 15 cells pre-incubated with 

anti-Fas antibody in the presence of PHA and against untreated P8 15 celis in the presence of 

PHA and cycloheximide. The reduction in killing of P8 15 cells pre-treated with ad-Fas 

antibody indicates that the majority of the cytotoxic activity within circulating woodchuck 

PBMC is mediated via expression of Fas ligand (Fig. 5). 

Killing of P8 L5 cells by PBMC from woodchucks 293 and 297 was reduced by 67% 

and 80% respectively when target cells were pre-incubated with Io2. A similar reduction in 

the level of killing observed in the presence of cycloheximide confirms the predominance of 

Fas ligand-mediated killing (Fig. 5). 

Perforin-mediated kiZIing ofP815celZs is unaffecteci by JoZ. The mechaaimi of cytotoxicity 

of circulating PBMC fiom two healthy humans was studied using the same assay system. 

Neither pre-treatment of target ceIIs with Jo2 nor inclusion of cycIohexunide in the assay 

medium had a major effect on the level of k i b g  (Fig. 6). This iilustrates that the circdating 
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cytotoxic cells in healthy humans are predorninantly perforin-dependent. These are 

presumably N K  cells, which previously have been reported to mediate both perforin and 

Fas-dependent killing ( 16, 1 7). Results with our assay system suggesting predorninantly 

perforin-dependent killing were confined by using Fas-negative K-562 cells as targets and 

EGTA to chelate extracellular calcium required for perforin polmerization and by using 

colchicine to inhibit the microtubule dependent degranulation required for NK ce11 perforin 

release. Both colchicine and EGTA reduced the level of PHA-triggered killing of P8 15cells 

by human PBMC practicdly to background levels (Fig. 7). 

Cytotoxicity assays carried out with the human Een217 CD4' T cell clone aiso showed 

that treating P815 cells with Jo2 does not affect perforin-mediated killing. This clone 

mediated little cytotoxicity against either P8 15 cells or K-562 cells in the absence of anti-CD3 

or PHA (Fig. 8). Anti-CD3 triggered killing of P8 1 5 cells by the CD4' clone and surprisingiy, 

this killing was not inhibited by cyclohexunide or anti-Fas antibody. Utilkation of the Fas- 

independent mechanisrn of cytotoxicity by this clone was confumed by its abiiity to kill Fas- 

negative K-562 cells in the presence of PHA. Killing of K-562 cells by Een217 was also 

unafZected by cyclo heximide (Fig. 8). 

DISCUSSION 

We have developed a simple, broadly applicable assay system that discriminates 

between perforin and Fas ligand-based ceII mediated cytotoxicity by selectively blochg 
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interaction between Fas ligand and Fas. The keys to this assay system are the promiscwus 

cross-species productive interaction between Fas and Fas ligand and resistance of the Fcy 

receptor-positive P8 15 ce11 line to direct killing by the anti-Fas antibody Jo2 coupled with 

sensitivity to Fas ligand-mediated killing. Presumably, expression of Fas ligand on the fluid 

membrane of an effector ce11 a h w s  for localization into the area of cell to ce11 contact and 

efficient aggregation and cross-linking of Fas antigen. With P8 15 cells, it appears that this 

is necessary for apoptosis induction. whereas very low levels of soluble divalent Jo2 are 

sufficient to induce apoptosis of LS 102.9 cells. Despite this discrepancy, both ce11 lines were 

equally sensitive to Fas ligand-mediated cytolysis by murine T ce11 hybridomas. These 

observations reiterate the important role of poorly understood extra- and intmcelluiar factors 

in modulating the ability of the Fas receptor to transduce signals leading to apoptosis. 

Using anti-receptor antibodies, lectins or pharmacologic agents to trigger a wide 

variety of effector cells, murine P8 15 cells c m  serve as universai targets in this assay system. 

We utilized murine P8 15 cells to analyze the cytotoxic rnechanism ernployed by various types 

of effector cells from 3 different species. KilIing of P8 15 cells by mutine T cell hybndomas 

that express Fas ligand when activated with PMA and ionomycin was almoa completely 

inhibited when P815 target cells were pretreated with Jo2. Killing by murine T ceil 

hybridomas triggered with anti-CD3 was Uihibited to vimially the same extent with Jo2 as 

with cycloheximide, indicating that blocking the Fas receptor with Jo2 prevents Fas 

ligand-rnediated k i h g  as eEectively as b lochg  Fas Ligand expression. KiIIing of P8 15 cells 
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by fieshly isolated PBMC nom heaithy woodchucks triggered with PHA was markedy 

inhibited either by cycloheximide or by pretreating the P815 cells with Jo2, indicating 

predominant use of the Fas ligand-mediated pathway of cytotoxicity by these effector cells. 

In contrast, using the same assay Mem,  we showed that PBMC fiom healthy humans 

predominantly Lysed P8 15 cells via perforin release. We also used the assay system to show 

that a hurnan C D ~ +  T ce11 clone mediated Fas-independent killing of P8 15 cells and K-562 

cells. This is apparently a rare example of perforùi-mediated killing by human CD4' T cells. 

The advantage of this discriminatory assay system over other methods of selectively 

blocking one or the other mechanism of cell-mediated cytotoxicity is its broad utility and the 

lack of any possible interference with different methods employed to trigger killing of P8 15 

cells by diverse effector cells. Calcium chelation can only be used in a system where the 

effector cells are pre-activated to express Fas ligand. This requires preincubation of efTector 

ce11 s and expression of Fas ligand will then decay over the t h e  course of the assay. Inhibition 

of perforin-mediated killing by concanarnycin also requires pre-treatment of effector cells 

(1 0). Cycloheximide c m  be added in some assay systems to prevent Fas ligand expression, 

but cycloheximide may be toxic to cells under certain conditions and generalized inhibition 

of protein synthesis can afTect cytotoxicity in other ways. Ji this assay system, activation of 

effector cells and protein synthesis are allowed to occur normally, but the target cells are 

rendered insensitive to Fas ligand-mediated kilthg by blocking the Fas receptor. Therefore, 

whatever stimdus is necessary to trigger the effector celis c m  be fÏeely incorporated hto the 
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assay and the relative conservation of Fas and Fas ligand across species allows anaiysis of 

clones, hybridomas, cell lines and fresh PBMC tiom diverse species. We showed that 

circulating cytotoxic cells in PBMC frorn healthy woodchucks, presumably NK cells, killed 

prirnarily via Fas ligand expression, whereas circulating human NK cells primarily kill via 

perforin release. Murine T ce11 hybndomas were shown to kill susceptible human and murine 

targets via Fas ligand expression and a human CD4'T ce11 clone was shown to mediate Fas- 

independent cytolysis. The accuracy of this assay system in discriminating perforin from Fas 

ligand-mediated killing was confinned by using Fas-negative K-562 cells as targets and by 

using cyclohexirnide and colchicine to inhibit Fas ligand expression and microtubule- 

dependent perfonn release respectiveiy. 

Since Fas/Fas ligand interactions occur between species, this assay system with 

murine P8 15 target cells can readily be applied to midy the role of CTL subsets both in human 

diseases and in various animai models of human disease. For example, infection of 

woodchucks with woodchuck hepatitis virus is an accepted model of human hepatitis B 

infection and this assay system can be used to characterize CTL activity in the woodchuck 

hepatitis model during different stages of disease or following infection pmtocols that lead 

to resolving, chronic latent or chronic active hepatitis. This assay system can be equally wel1 

applied to monitor the Ievel and Fas liganddependence of CTL activity over the course of 

HIV infection using anti-human CD3 antibodies to tngger killing. 



In summary, we used P8 15 cells as genenc target celIs to discriminate between Fas 

ligand and perforin-based cyto toxicity mediated by three different types of cyto toxic ce11 s 

from humans, woodchucks and mice ushg three different methods to trigger effector ce11 

fwiction. nierefore, using P8 15s as targets and cornparing levels of killing with or without 

pre-treatment with Jo2 anti-murine Fas mAb, the nature of cytotoxicity mediated by vimially 

any lymphocyte population immediately ex vivo, following different modes of activation, or 

&er various selection, cloning, and transformation procedures can be rapidly and easily 

detennined. 
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CHAPTER III 

A Novel Form of Activation-Induced Ce11 Death Without DNA Fragmentation in T 

Lymphocytes from HIV-infected Individuals 
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S. ~ottilil ', M. I. ~owme?, J. T'rahey3, C. campbel13, M. ~allantl and M. D. ~ ran t ' .  

' h u n o l o g y  Prograrn, the ' ~ a c u l t ~  of Medicine, Memonal University oCNewfoundIand 

and the 3 ~ t .  John's Health Care Corporation, St. John's, Newfoundland, Canada. 

Address correspondence to: 

Dr. MichaeI Grant, 

H 1809, Immunology, Faculty of Medicine 

Mernorial University of Newfoundland 

300 Prince Philip Drive 

St. John's, Newfoundland 

Canada AI B 3V6 

Phone: 709-737-503 9 Fax: 709-737-5 127 

Key words: activation-induced ce11 death, HIV, T lymphocytes 



Abnormaliy high nurnbers of T cells fiom HIV-infected individuals undergo 

spontaneous and activation-induced ce11 death (AiCD). T cells fiom HN-infected individuais 

also are especiaily sensitive to Fas-mediated apoptosis, suggesting that FadFas ligand (FasL) 

interactions might contribute to AICD in HN infection. Treatment of T ce11 lines, clones and 

hybridornas with phorbol myrystic acetate (PMA) and ionomycin induces FasL expression, 

therefore, we used this treatment to investigate the possible role of FaslFasL interactions in 

AICD in HIV infection. PMNionomycin-induced AiCD was examined by Chromiurn (j1cr) 

release, DNA analysis, propidium iodide (PI) uptake and electron microscopy. PMA and 

ionomycin acted synergistically to induce up to 70% release of incorporated jlCr from k s h  

PBMC of HIV-infected individuals, compared with up to 26% ' ' ~ r  release fkorn fksh PBMC 

of healthy uninfected volunteen. Cr release increased in a linear fashion throughout the 5 

hour assay period, consistent with the kinetics of ceII-mediated cytotoxicity. uihibition of Cr 

reiease by addition of cold targets and the lack of cytotoxicity of supematants fiom 

PMAIionomycin treated PBMC also suggested that cd-to-celi contact was required to trigger 

AICD. Chelating extracellular caLC reduced AICD to background fevels, but neither 

antagonistic anti-Fas antibodies nor cycloheximide inhibited NCD. Fasf P8 15 cens and Fm- 

K-562 celis were e q d y  effective in cold target inhibition experiments, also suggesting that 

Fas/FasL interactions were not involved in this AICD. Electron microscopy revealed 

disruption of the plasma membrane whüe the nuclear membranes of damaged ceUs remained 
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intact. Analysis of DNA isolated from PMAhnomycin treated PBMC revealed no 

fragmentation, while PI uptake contiirmed loss of plasma membrane integrity and identified 

the majority of cells undergoing AICD as T lymphocytes. Treatment with PMA and 

ionomycin induces a novel form of AICD with no associated DNA Gagmentation in T 

lymphocytes fiom HIV-infected individuals, and to a lesser extent, in T lymphocytes from 

non-HIV-infected volunteers. 

In recent years, AICD has been considered a possible factor in the depletion of CD4+ 

T lymphocytes and degeneration of CD8+ T cell-mediated immunity in Hn/ infection. 

Spontaneous and activation-hduced apoptosis has been observed for CD4+ and CD8+ T ceils 

in hurnan HIV infection and in non-human primates infected with pathogenic sûains of simian 

Mmunodeficiency virus (SN)  [ 1 -41. In vipo HIV gp 1 ?O-induced apoptosis of uninfected 

CD4+ T celIs and apoptosis of W-infected T cells, apoptosis of uninfected CD4+ T cells 

within lymph nodes, HIV-infected macrophage-mediated T ce11 apoptosis and modulation of 

T cell apoptosis by cytokines with aitered expression patterns in HIV infection illustrate the 

possible relationship between T ceii apoptosis and progressive HIV infection 15-91. AMJD 

of mature T cells occurs largely through FaslFas ligand (FasL) interactions [IO]. Thus, 

increased expression of Fas on PBL in HIV infection, hcreased sensitivity of CD4' and CDS' 

T ceus fiom Hnr-infected individuais to anti-Fas antibody-mediated apoptosis, FasL- 
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mediated apoptosis of T cells by macrophages fiom HIV-infected individuais and anti-Fas 

antibody production in H N  infection suggests FadFasL interactions may play a major role 

in T cell apoptosis in HIV infection [8, 1 1-14]. 

Since sensitivity to exogenous anti-Fas antibody-rnediated apoptosis increases in 

parailel with disease progression in HIV infection [Iî-1- we stimulated PBMC f?om 60 HIV- 

LLfected individuais with PMA and ionomycin to induce FasL expression and investigated 

whether increased sensitivity to autocrine or paracrine cellular FasL expression occurs in HIV 

infection. While this treatment produced significant MCD, we found no dependence on 

FaslFasL interactions and no evidence of DNA fragmentation. Three different techniques 

eharacterized this AICD as manifest primarily through loss of membrane integrity. These 

fuidings raise the possibility that a novel pathway of AICD unrelated to Fas/FasL interactions 

and not associated with DNA hgrnentation may contribute to physiologicai and pathological 

T ceIl regulation. 

Subjects 

HN-infected individuah participahg in this project were recruited through the 

Infectious Disease Clinic of the St. John's Generd Hospital, S t  Johns, Newfoundiand, 

Canada. Subjects were assessed clinicdy concurrent with fl ow cytomeaic measurement of 
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CD4' and CD8' T lymphocyte counts at each visit. Non-HIV-infected volunteers were 

recruited h m  laboratory personnel. Al1 subjects gave infomed consent and the study 

received local ethics approval fiom the Mernonal University Human Investigation Cornmittee. 

Blood was collected in vacutainers with EDTA anticoagulant. Whole blood was diluted 1 : 1 

with phosphate-buffered saline (PBS), underlaid with FicolCPaque gradient separation 

medium (Pharmacia Chemicals, Dorval Quebec) and centrifuged at 400 g for 30 min. 

Interface cells were coilected, washed 3 tirnes in PBS plus 1% fetai calf serum (FCS) (Gibco, 

Grand Island, New York), and counted. 

Chromizirn release assay 

Approximately 2x 106 freshiy-isolated PBMC were incubated for 90 minutes in about 

500 :1 total volume lymphocyte medium (RPMI plus 10% FCS, 10 mM HEPES, 2 rnM L- 

glutamine, 1 % penicillin/~eptomycin, 2x 10-5 M 2-mercaptoethanol, al1 fkom Gibco) with 

100 pCi N ~ ~ S ' C ~ O J  (Amersham Life Sciences, Arlington Heights, a). Labeled cells were 

washed 4 times with PBS plus 1% FCS and resuspended in L ml medium. Minimum and 

maximum release wells were set up in duplicate with 250pI of medium or 1N HCI 

respectively in 96 well round bottom microtitre plates (ICN Canada hc., Montreai, Quebec). 

50 pl of the Iabeted PBMC suspension was added to the control wells and to duplicate test 

wens containhg 250pl of medium with 10 nM phorbol myrystic acetate (PMA) and 500 nM 

ionomycin (Cdbiochem, La Jolla, CA). For some samples, dupiicate test wells were 
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supplemented with 5 pg/mi anti-CD3 antibody OKT3 (ATCC CEU-8001) or HIT3a 

(Pharmingen Canada, Mississauga, ON) or 5 p g h l  anti-Fas antibody ZB4 (Kamiya 

Biomedicd CO., Thousand Oaks, CA), 5 pg/ ml anti-HLA-A, B and C antibody PA26 (ATCC 

HB-118), 50 pg/mI cycioheximide (Calbiochem, La Jolla, CA), I mM colchicine (Sigma 

Chernical Co., St. Louis, MO), 50 Ulm1 recombinant human interleukin-2 (rIL-2) (Hoffmann- 

La Roche, NutIey, NJ), 1 m M  EGTA with 1.5 rnM MgC1i6Hz0 or M x  10' unlabeled K-562 

(ATCC CCL-243) or P815 (ATCC TB-64) cells, always in a final volume of 300 pl 

lymphocyte medium. Cells were incubated for 5 hrs at 37' C in a 5% CO2 humidity 

controlled incubator and 100 pl supernatant was removed from each weil for counting in a 

Wallac 1480 gamma counter. Percent specific ' l ~ r  release was calculated by the following 

formula: 

fexperimentai " ~ r  release - s~ontaneous ' ' ~ r  release) x 100 

(maximum " ~ r  release -spontaneous release) 

Spontaneous " ~ r  release was less than 30% of maximum release in al1 assays. 

DN. fragmentation anabsis 

1 x106 PBMC fiom HTV-infected individuals were incubated either for 5 or 16 hours 

in lymphocyte medium with 10 nM PMA and 500 nM ionomycin. DNA waç extracted from 

these ceiis as  previously described [151. Briefly, pelleted ceus were washed once in PBS with 

1 % FCS, Iysed with 0.2% sodium dodecyl sulfate and incubated with 0.16 m g l d  protehase 
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K (Gibco, Grand Island, New York) for 1 hr at 37' C. DNA was isolated from the digest by 

phenol extraction (Gibco, Grand Island, New York), followed by extraction with 

chloroform/isoamyl aicohol 24: 1 (Sigma Chemical Co., St. Louis, MO). DNA was then 

precipitated with 100% ethanol (Sigma Chemical Co., St. Louis, Mû) and washed once in 

70% ethanol. As a positive control for visualization of DNA fragmentation, DNA was 

extracted as above fiom LS 102.9 (ATCC HB-97) cells incubated for 5 hours with 100 n g / d  

hamster anti-murine Fas antibody, JO-2 (Pharmingen Canada, Mississauga, ON). Isolated 

DNA was separated by electrophoresis on 1.6% agarose gels for 45 min at 50 mA and 

visualized with ethidium bromide (Sigma Chemical Co.. St. Louis, MO). 

FZo w cytomeoy 

Approximately 2x 106 PBMC Eorn HIV-infected individuals were incubated for 16 hrs 

at 37' C in a 5% COz humidity controlled incubator in lymphocyte medium with or without 

10 nM PMA and 500 nM ionomycin. These celis were pelleted and washed in PBS plus 0.1% 

BSA and 5 rnM EDTA. Cells were incubated for 30 min at 4' C with FITCtonjugated 

murine IgG l isotype control or FK-conjugated anti-CD3, ad-CD4, or anti-CD8 (ail fiom 

DAKO Co., Carpinteria, CA) or anti-CD28 (Immunotech S. A., Marseille, France). Samples 

were washed once and incubated at 4' C for 15 min with 10 pg/ml PI (Sigma Chemicai Co., 

St. Louis, MO) in PBS and celis were anaiyzed for PI uprake at 576*26 nm and FITC- 



'135 

conjugated antibody binding at 5 3 W 0  nm with a F A C S ~ ~ ? ~ ~ ~  analyzer (Becton Dickinson, 

Mississauga, ON) f i e r  excitation at 488 nm with an argon laser. 

Elecrron rnicroscopy 

5x10~  fieshly isolated PBMC were incubated for 5 hr at 37' C in a 5% COz humidity 

controlled incubator in lymphocyte medium with or without 10 nM PMA and 500 nM 

ionomycin. îhese cells were then centrifuged at 400g, washed with PBS plus 1 % FCS and 

resuspended in 1 ml Karnovski's fixative (4 g parafomaidehyde, 5% glutaraldehyde in 0.2 

M sodium cacodylate buffer). M e r  6 hours in fixative, the ce11 pellet was treated with 1% 

osmium tetmxide for 20 min and the cells were then washed and dehydrated with ascending 

concentrations of alcohol fiom 70400%. The cells were then washed with acetone and 

suspended in epoxide resin overnight at 70' C. Ultra thin (90 np) sections were cut, 

counterstained ~ 6 t h  uranite acetate and examined with a Je01 1220 X electron microscope. 

RESULTS 

Chrornium release assays 

To assess AiCD in PBMC fiom HIV-infected individuals, freshiy isoiated PBMC 

were iabeled with %rand incubated in iymphocyte medium with 10 nM PMA and 500 nm 

ionomycin. Percent * ' ~ r  release over a 5 hour assay period was measured with PBMC fiom 

60 HIV-infected individuafs and 15 healthy non-uifected volunteers. The percent ' ' ~ r  release 
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ranged fiom 5% to 26% (mean k SD = 16.1% k 5.7%) for the controls and h m  5%-70% 

(mean k SD = 29.3% * 13%) for the HIV-infected individuals (fig. 1). Mean NCD triggered 

by PMA and ionornycin-induced activation as measured by release was signif~cantiy 

higher in the HIV-infected group (Student's t test, pC.001). Both the PMA and ionomycin 

contributed to AICD. With PBMC fiom subjects 10, 12, 13.27,36,50,5 1 and 8 1 there was 

a strong synergistic effect of combining the 2 agents, whereas with subjects 5,45,46 and 64. 

the effects of the 2 agents were approximately additive (fig. 2). A tirne course study with 

labeled PBMC fkom 5 HN-infected individuals showed that " ~ r  release from the PMA and 

ionomycin treated PBMC increased in a roughiy linear fashion over the five hour assay period 

(fig* 3)- 

Since the Iinear increase in release over the 5 hour assay period was consistent 

with cell-mediated killing, we investigated the role of cell-cell contact in this tom of AiCD 

by adding cold target K-562 or P8 15 celis at a ratio of 10: 1 to the labeled PBMC. Both the 

Fas-expressing P815s and Fas-negative K-562s reduced the leve1 of Cr release to near 

background levels (fg. 4), suggesting that cell-to-cell contact is involved in this form of 

AICD and that Fas is not a primary mediator of signais leading to AICD. Supematants from 

the PBMC of Winfected individuals incubated with PMA and ionomycin were not 

cytotaxic even when substantial AICD occurred during the 5 hour incubation (data not 

shown). This apparent requirement for ceil-to-ceU contact suggested that cell-mediated Hing 

might be involved and when the AICD assay was carried out in calcium fiee medium, Cr 
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release fell to background levels (fig 5). IL2 did not rescue cells from AICD and neither 

cycloheximide nor colchicine, which inhibit FasL expression and granule exocytosis 

respectively, significantly reduced the level of AICD. Antagonistic anti-Fas or anti-perforin 

antibodies also did not reduce MCD. blonoclonal anti-CD3 antibody OKT3 significantly 

reduced AICD in this system, whereas HIT3a, another IgGî-a anti-CD3 antibody with similar 

reported characteristics, did not inhibit AICD at the same concentration of 5 pg/ml (fig 5).  

At 5 pg/ ml, PA2.6, an anti-HLA class 1 antibody that blocks HLA-A, B and C-restrïcted 

cytotoxic T cell-mediated killing also did not reduce the level of AICD (data not shown). 

DNAPagmeniaiion annfysis 

To test for DNA hgmentation associated with this form of AICD, DNA was 

extracted fiom the PBMC of HN-infected individuals following incubation in lymphocyte 

medium with PMA and ionomycin for 5 or 16 hours. Agarose gel electrophoresis of the DNA 

isolated from the PBMC of four subjects with high levels of AICD as measured by Cr release 

revealed no breakdown into hgments characterïsticalIy spaced 180 base pairs apart after 

either 5 or 16 hours of incubation with PMA and ionomycin (fig. 6). At both Lime points, the 

isolated DNA appeared completely intact, indicating that this form of AICD does not involve 

DNA hgmentation. 
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Flow cytornetry 

Cr release data and DNA analysis suggested this fonn of AICD was associated 

primarily with reduced plasma membrane integrity. Therefore, we analyzed PI uptake through 

flow cytometry in order to confimi the loss of membrane integrity and dso to phenotype the 

PBMC subsets undergoing AICD. Lymphocyte gates based on ceIi forward and side scatter 

were expanded to detect and analyze the majority of PI+ cells (fig 7). Flow cytometric 

quantitation of cells failing to exclude PI following overnight incubation in lymphocyte 

medium or medium with PMA and ionomycin clearly demonstrated that PMA and ionomycin 

treatment substantially increased the nurnber of P I+ cells. The correlation coefficient between 

% Cr release after 5 hours and the percentage of cells taking up PI following ovemight 

incubation with PMA and ionomycin was 0.74, suggesting that these 2 measures were both 

representative of the cell death induced by PMA and ionomycin. Counter staining the cells 

with FITC-labeled anti-CD3 identified the majority of PI+ cells as T cells (fig. 7 and Table 

1). Although PMA and ionomycin has been reported to down modulate CD4 and CD8 (16), 

and we did observe this with several controls, increased numbers of CD4+ and CD8+ cells 

appeared in the PIC population following treatment with PMA and ionomycin. With most 

HIV-infected individuais, no CD4+ T cells remained in the lymphocyte popuiation that 

excluded PI after treatment, while a sigaificant portion of the C D ~ '  T ceil population was 

usuaiiy spared (Table 1). Both CD28+ and CD28- T cells appeared equally susceptible to this 

form of AICD (data not shown). 



EZectron microscopy 

In order to visualize cellular ultrastructural changes related to the loss of plasma 

membrane integrity, PBMC treated with PMA and ionomycin for 5 hours were fixed and 

analyzed by electron microscopy. Treated cells showed a pale cytoplasm, excess 

vacuolization, membrane elongation and marked plasma membrane dimption relative to ceiis 

cultured for 5 h o u  in unsupplemented medium (figs. 8a and 8b). Very few cells were seen 

with the nuclear degeneration and disintegration into discreet vesicles characteristic of 

classicai~apoptosis. The vast majority of the cells with plasma membrane darnage showed no 

Ioss of integrity to the membrane or interior of any intracellular organelle, including the 

mitochondnon and the nucleus. Although rounding of the nucleus and some chromatin 

condensation against the nuclear membrane was ofien observed, the nuclear membranes 

themselves appeared normal even at 40,000~ magnification (fig. 8c). Ultrastructural changes 

such as vacuolization and plasma membrane damage did not occur to any significant extent 

when PBMC fiom uninfected individuals were incubated with PMA and ionomycin (not 

shown). 

In this study we showed that T ceUs fiom HIV-infected individuals are susceptible to 

a novel form of AICD induced by stimulation with PMA and ionomycin. PMA and 
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ionomycin-induced AICD was initially detected by above background Cr release fiom fieshly 

isolated PBMC over a 5 hr incubation penod. The elevated release of ' ' ~ r  suggested a loss 

of plasma membrane integrity, which was confimed both by flow cytometnc assessrnent of 

PI uptake and by visualization through electron microscopy. The failue of either antibodies 

that block Fas signaling or an inhibitor of protein synthesis to prevent NCD indicated that the 

FitS/FasL pathway played no role in this form of AICD. Furthemore, no evidence of nuclear 

degeneration or DNA fragmentation was seen by electron microscopy or by agarose gel 

electrophoresis of DNA isoiated fiom stimulated cells. inhibition of cell lysis with cold target 

inhibitor cells indicated that cell-to-ce11 contact was required for AICD, but an anti-class I 

antibody that biocks class 1-restricted CTL did not block AICD. Chelating fiee calcium in the 

assay medium prevented MCD, but neither anti-perforin antibodies nor inhibition of 

lymphocyte degranulation with the micronibule poison colchicine reduced AiCD. 

Counter stauiing the cells that failed to exclude PI after incubation with PMA and 

ionomycin with RTC-labeled anti-CD3, anti-CD4, anti-CD8 and anti-CM8 demonstrated 

that the dead and damaged Pr cells were predoMnantiy T cells, that both C ~ 2 8 '  and CD28' 

T cells were susceptible to AICD and that there was relative sparing of C D ~ '  T ceils over 

C D ~ '  T cells. T cells were not rescued by IL-2, but MCD was substantidly reduced by the 

anti-CD3 antibody OKT3. Electron microscopy revealed cellular vacuolization with plasma 

membrane rupture, while the nucleus and intracellular organelies remained intact. 
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This AICD observed in these studies is novel in the absence of DNA fragmentation 

and in the effects of different inhibitors of known mechanisms of contact dependent cell 

death. The requirement for cell-to-ce11 contact and inhibition with calcium fiee medium or 

anti-CD3 antibodies is consistent with celi-rnediated cytotoxicity through perforin release, but 

the lack of inhibition by other anti-CD3 antibodies that block CTL-mediated killing, or by 

anti-perforin antibodies, or by colchicine argues against this being the primary rnechanism of 

ce11 destruction. We considered the possibility that the PMA and ionomycin might induce 

non-targeted degranulation of C n  resdting in the death of neighbonng cells in such close 

contact that anti-perforin antibodies could not reduce killing. However, we found in several 

perforin-dependent CTL systems that inclusion of PMA and ionomycin in the assay medium 

substantidly reduces killing. nie effect of calcium tiee medium could be through antagonimi 

of the effects of ionomycin or PMA on activation of the PBMC, rather than through inhibition 

of perforin polyrnerization in the cytotoxic effector phase. Absence of nuclear bgmentation 

and lack of inhibition with cycloheximide or anti-Fas antibodies clearly exclude a role for 

TM: or FasL-mediated cytotoxicity in this system. Therefore, the role of ceii-to-ceil contact, 

the nature of the intercellular interactions leading to T ce11 death and the rnechanism by which 

OKT3 reduces ce11 death in this systern are unknown. 

Non-apoptotic death of activated lymphocytes was previously reported following 

treatment with a mAb, RE2, that mcts  with an MHC cIass 1-associated determinant on 

activated lymphocytes (17). Scanning electron micrographs of celIs treated with RE2 showed 
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plasma membrane damage similar to what we observed foilowing incubation of PBMC f?om 

HIV-infecteci individuals in PMA and ionomycui. Killing by RE2 was independent of 

extracellular cali, which differs Eom our observations, but the requirement for C'a'* in our 

system may relate to lymphocyte activation and acquisition of sensitivity rather than to the 

actual kiliing mechanism. Antibodies are unlikely to play any role in our system, but the 

absence of DNA fragmentation and ultrastructural similarities in both instances raise the 

possibility that the target of the RE2 antibody may have a conesponding cellular ligand that 

triggers AICD or that the intracellular pathway leading to AICD may be common to both 

systerns. A novel type of lymphocyte cell death Uivolving apoptosis-like nuclear morphology 

and rnitochondrial swelling without DNA hgmentation was aiso recently reported within the 

lyrnph nodes of HIV-infected and uninfected individuals with chronic lymphadenopathy (1 8). 

The refevance of AICD to lymphocyte depletion and disease progression in HIV 

infection is presently unknown. It seems likely that susceptibility of the T lymphocytes from 

the HIV-infected individuals to AICD relates to the history of in vivo activation and current 

activation status of the T cells. In general, AICD was highest with PBMC isolated from HIV- 

infected individuals with high C D ~ '  T ceIl counts and low CDJ' T cells counts and was Iow 

at later stages of disease once absolute T lymphopenia occurred. Elevated levels of plasma 

B-2 microgiobdin and shortened teIomeres in the CD~ '  T cells of HZV infected individuals 

indicate a hi& rate of lymphocyte turnover (1 9,20). Nthough it remains unclear just how 

such sensitivity is acquked in vivo, sensitivity to both apoptotic and non-apoptotic forms of 
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AICD may contribute to T cell turnover and depletion and to the loss of effective 

immunological surveillance in progressive HN infection. 
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Figure Captions 

Fig. 1. A?CD induction by PMA and ionomycin. The level of ce11 death induced by PMA 

and ionomycin treatment of PBMC fIom 60 HIV-infected individuais and 15 uninfected 

volunteen was estimated by Cr release. Mean Cr release values k standard deviation for both 

groups are indicated by the solid horizontal and vertical lines bisecting the data points. 

Fig. 2. Contributions of' PMA and ionomycin to AICD of PBMC from HIV-infected 

individuals. AiCD triggered by PMA or ionomycin either aione or in combination was 

estimated by Cr release from freshiy-isolated PBMC of 12 W-infected individuais. 

Fig. 3. Time coune of AICD triggered by PMA and ionomycin as estimated by Cr release 

From the PBMC of HIV-infiected individuals. Cr release From the PMA and ionomycin- 

treated PBMC of 5 HIV-infected individuals was measured at 1 hour intervais for 5 hotus, 

Fig. 4. The effect of cold target ceIIs on AICD triggered by PMA and ionomycin in PBMC 

fiom 6 HIV-infected individuais. AICD was measured by Cr release in the absence of cold 

target cells and with a 10: 1 ratio of either Fas-negative K-562 ceIIs or Fas-expressing Pt? I5 

ceI1s added as cold targets. 



Fig. 5. The effects of Ca free medium and 2 different anti-CD3 antibodies on PMA and 

ionomycin-triggered AICD of fieshl y-iso lated PB MC fiom 6 HIV-infected individuals. AICD 

was induced as desctibed and rneasured by Cr release in the presence of 5 Cp/ml OKT3, in 

the presence of 5 pg/ml HIT3a and in Ca fiee medium. 

Fig. 6. Agarose gel electrophoretic analysis of DNA isolated fiom PBMC undergoing PMA 

and ionomycin-triggered MCD as indicated by Cr release. Lane 1 contains positive control 

DNA isolated from the LS 102.9 ce11 line ûiggered to undergo apoptosis by 5 hour incubation 

with 100 ng/ml of the anti-Fas antibody Jo2. Lanes 2 through 5 contain DNA isolated From 

PBMC of 4 HIV-llifected individuais afier 5 hours of incubation with f O nM PMA and 500 

nM ionomycin. Cr release values d e r  5 hours for these subjects were 38%, 39%, 48% and 

40% respectively. Lane 6 contains DNA isolated fiom the PBMC of subject four after 16 

hours of incubation with PMA and ionomycin. 

Fig. 7. Flow cytometric analysis ofcells undergoing AICD triggered by PMA and ionomych. 

PBMC cultured for 16 hours in lymphocyte medium with or without PMA and ionomycin 

were harvested, washed and stained with FITC-conjugated isotype control antibodies or 

antibodies against CD3, CD4 or CD8 before incubation with propidium iodide (PI). 

Lymphocyte gates based on ce11 forward and side tight scatter characteristics were expanded 



161 

to include most of the PI+ cells in the anaiysis (a and b). The proportions of PBMC that failed 

to exclude PI are compared for SWI an uninfected control (a) and 042, an HIV-infected 

individual (b), afier ovemight incubation in lymphocyte medium with or without PMA and 

ionomycin. Determination of the proportion of C D Y  lymphocytes undergoing AICD in 

medium alone, and the proportion of CD3', CD4+ and CD8+ lymphocytes undergoing AiCD 

tollowing stimuiation with PMA and ionomycin is also shown for the HIV-infected individual 

042 (fig. 7c). 

Fig. 8. Visualization of ultrastmcturd changes in PBMC undergoing AICD triggered by 

PMA and ionomycin. PBMC were harvested after 5 hours incubation in medium dom or 

medium supplemented with PMA and ionomycin and processed for transmission electron 

microscopy. PBMC of an HIV-infected individual are shown at 3000x magnification afier 

incubation in medium with PMA and ionomycin (a) or medium alone (b). A single PBMC 

undergoing AICD is s h o w  at higher magruf~cation (40,000~) to reveai the nuclear membrane 

(c). TheSe micrographs are representative of results observed with electron microscopy of 

treated PBMC fiom more than 15 HIV-infected individuals. 



Table 1. Phenotype of PBMC failing to exclude propidiun iodide (PI') f ier  16 hr 

incubation with PMA and ionomycin* 

SubjectS hr"Cr CD4s CDRs PBMC PI+ CD3+B+ CD3+- CD4+PJ+ CD8+PJ+ 
ReLease PBMC 

004 RPMI 

004 PMM 

005 RPMI 

005 PMAII 

014 RPMI 

014 PMAA 

022 REM 

022 P M  

023RPMT 

OS3 P M  

029 RPMI 

029 PMAn 

042 RPMI 



068 RPMI 

068 PMAA 44% 683 855 

SW RPMI Control 

Table 1. Legend 

'The percentage of PBMC that did not exclude PI after incubation in medium aione or afker 

treatment with PMA and ionomycin was estimated by flow cytometric analysis and the 

phenotype of the PI' cells detemined by CO-staining with FITC-conjugated anti-CD3, anti- 
p p p p p p p p p - - - - - - - - - - - - - - - - - - - - -  

C D h r  &tr-cB8. 

Five hour Cr release data is shown for the same time point for cornparison with PI exclusion 

data and CD4+ and CD$+ T lymphocyte counts at the tirne of testing are presented for each 

individual to illustrate the composition of the starhg PBMC population. 



CHAPTER IV 

Circulating Autoreactive Cytotoxic T Lymphocyte Activity is Associated with Disease 

Progression in HIV-1 lnfectiool 

Running head: Autoreactive C n  in HIV Infection 

text = 4963 words 

Shyamasundaran Kottilil, Jane C. Gamberg, M. Ian. Bowmer, Julia C. Tmhey, Constance M. 

Campbell, Maureen E. Gallant and Michael D. Grant 

ImmunoIogy Program, Faculty of Medicine, Mernorial University of Newfoundland and the 

Health Care Corporation of St. John's, St. John's, NF, Canada A1 B 3V6 

Address correspondence to: 

Michael Grant 

Division of Basic Medical Sciences 

Faculty of Medicine 

Merno rial University o f  Newfoundland 

300 P ~ c e  Philip Drive 

St. John's, NIF, Canada Al B 3V6 

Telephone; 709-737-5039 Fax: 709-7374 137 e-mail: mgrant@morgan.ucs.mun.ca 

'This research was supported by a grant fiom the National Health Research Development 

Program (NHRDP), Health and Weelfare Canada. MDG is a recipient of an NHRDP A I D S  

scholar award. 



Objective: To investigate the relationship between circulating autoreactive cytotoxic T 

lymphocytes (CTL) and disease progression in HN-1 infection. 

Design and methods: Peripheral blood mononuclear ceUs (PBMC) fiorn 75 HIV-infected 

individuals at various stages of disease were tested directly ex vivo for T lymphocyte-mediated 

killing of uninfected activated T lymphocytes. CD4' and C D ~ '  T lymphocyte counts were 

measured for each subject when blood was drawn for cytotoxicity testuig and in certain 

samples, the proportion of cD8' T cells expresshg CD28 was determined. Plasma P-2 

microglobulin and HIV RNA were dso measured in selected sarnples. Mean levels of each 

of these parameten were compared in groups of HIV-infected individuals separated on the 

basis of whether at any time over the study penod their eeshiy isolated T cells killed 

uninfected activated T lymphocytes. The prevalence of detectable autoreactive CTL activity 

was also compared in groups stratified by levels of markers associated with an increased 

relative risk of rapid progression to AIDS. 

Results: Circuiating autoreactive CTL activity was detected in >50% of the individuals tested 

over the penod of ~ ~ c i y .  As a group, HIV-infected individuals with autoreactive CTL activity 

had significantly more C D ~ +  T cells, fewer C D ~ '  T cells, a higher proportion of c D 2 8 T ~ 8 '  

T celIs, and higher plasma 1eveIs of HIV RNA and P-2 microglobulin. Autoreactive CTL, 

prevalence was higher in groups of HIV-infected individuais with immunological and 

virological parameters indicating an increased relative risk of rapid disease progression. 
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Depletion and enrichment experiments showed the autoreactive CTL were predominantly, if 

not exclusively, CD28*. 

Conclusions: Circdating autoreactive CTL activity in HIV infection is associated with cD4' 

T ce11 loss, immune activation, CDS' T ce11 expansion, selective expansion or accumuiation 

of CD28- C D ~ '  T cells and inadequate suppression of H[V replication. 

Key words: CTL, CD28, HIV, autoimmunity 

Introduction 

Eventual depletion of virtually al1 CD4' T lymphocytes in HIV infection, despite the 

low percentage of HN-infected CD4+ T cells in vivo, irnplies that HIV indirectly targets 

uninfected C D ~ '  T cells. Marked activation of cD8' cytotoxic T lymphocytes (CTL) is a 

prominent imrnunological feature of HIV infection and severai mechanisms have been 

proposed through which persistent CD8' CTL activation and expansion might contribute to 

C D ~ '  T ce11 depletion. The potential for HIV-specific CTL, to kil1 HIV-infected C D ~ +  T cells 

and antigen presenting cells offers an active rnechanism wtiereby CD8* CTI, could mediate 

CD4 depletion and immunodeficiency, but this rnechanism would target onIy infected cells 

[ l ,  21. Another possibility is that if total T ce11 numbers were regulated by a homeostatic 

mechanism blind to T ceIl nibset proportions, the extent of CDI' T ce11 proliferation and 

accumulation commonly triggered by HIV infection couid depress new C D ~ '  T celi 
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production [3]. Through this passive mechanism, cD8' T cells might exacerbate HIV-related 

C D ~ '  T cell Ioss independent of any specinci~ for HIV as a byproduct of persistent expansion 

of the CD8' T ce11 population as a whole. 

.4lthough C D ~ '  T ceUs may contribute to CD4 depletion through one or both of these 

proposed mechanisms, neither can account for the increased death of uninfected CD4s directiy 

illustrated by in situ analysis OF apoptotic C D ~ '  T cells within lyrnph nodes of HIV-infected 

humans and SIV-infected macaques [4]. Several investigators have reported CTL that kill 

activated uninfected T lymphocytes within the penpheral blood lymphocytes (PBL) of HIV- 

infected individuals and the relationship between expansion of distinct CDS' T ce11 subsets 

and disease progression in HIV infection suggests that some uninfected cD4' T ce11 death 

rnight retlect C D ~ +  T cell-mediated immunopathoIogy [3-101. Development of these 

autoreactive C n  is generally associated with S N  or HIV uifections progressing to A l D S  as 

they do develop in SIV-infected macaques, but don? develop in HN-infected chimpanzees 

[5, 111. In an early study of autoreactive CTL in HN infection, Zariing et al. reported 

circulating CTL against activated uninfiected T lymphocytes in 1 1/13 HN-infected 

individuals, but provided no other Somation on the individuais tested [SI. Subsequent 

studies addressing the prevdence, character and role of these autoreactive CTL in cohorts of 

HIV-infected individuds folIowing in viîro activation of circuiating PBMC, have produced 

conflicting interpretations of their role. In one study of the prognostic significance of these 

CTL, more short t e m  C D ~ +  T ceU loss was observed in HN-Uifected individuals with 
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autoreactive CTL. [12]. In contrast, a subsequent study following more subjects over a longer 

time period found the presence of these CTLs conferred a more favourable prognosis for 

C D ~ '  T ce11 Ioss [13]. Since levels of these autoreactive CTLs foilowing in vitro stimulation 

may bear little relation to their concomitant eminence in vivo, we carried out a cross-sectionai 

study comparing imrnunological and virological markers of disease in HN-infected 

individuals grouped on the bais  of circdating autoreactive CTL activity. Direct detection of 

the autoreactive CTL within circulating PBL should indicate that these CTL are active in vivo 

or at least that the conditions underlying their in vivo activation ir. HIV infection currentiy 

exist within the test subject. 

We fotmd the presence of circulating autoreactive CTL activity in HIV infiection was 

associated with more severe irnrnunological and Wological signs of disease progression. O u  

results establish development of autoreactive CD8' CTL as a prominent feature of progressive 

HIV infection and suggest a causal relationship between development of this CTL activity and 

the irnrnunopathogenesis of A I D S .  Therefore, we propose that a destructive synergy between 

HIV replication and immune activation dnves the development of autoreactive C n ,  underlies 

the relationship between developrnent of autoreactive CTL and disease progression, and links 

C D ~ '  T cell-mediated immunopathology with the degeneration of effective anti-HIV 

irnmunity. 



Methods 

Study Subjects and Clinical Laboratory Evaluation 

HIV-infected individuals were recmited through the lnfectious Diseases C h i c  of the 

St. John's General Hospital, St. John's. NF, Canada. Seroconversion was detected by ELISA 

testing with commercial kits (Abon Labontories, Chicago, IL) and confirmed by western blot. 

Depending upon disease stage, subjects visited the c h i c  every 1, 3 or 6 months. At each 

visit, dinical evaluation and blood work, including measurement of peripheral blood CD4' 

and C D ~ '  T lymphocyte numbers was carried out. Over the last part of the study, plasma HIV 

RNA was measured at each visit using Amplicor HIV-I Monitor quantitation kits (Roche 

Diagnostic Systems uic., Mississauga, ON). Ethical approvai for this study was obtained from 

the Memonal University FacuIty of Medicine Human investigation Cornmittee and informed 

consent for drawing blood samples and accessing medical records was obtained fiom al1 çtudy 

participants. 

Sample prepantion 

Whole blood was drawn by venipuncture into vacutainers containing heparin or 

ethylene diamine tetra acetic acid (EDTA) to prevent clotting and aU samples were processed 

within 4 hours of withdrawai. Whole blood samples were centrifuged at 500g for 10 min and 

plasma was coiiected, Iabelled and immediately stored at -80' C. The packed blood was 
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diluted to twice the original volume with sterile phosphate buffered saline (PBS; pH 7.2), 

transfened to sterile 50 ml centrifuge tubes and underlaid with an approximately equal 

volume of Ficoii-paque lymphocyte separation medium (Pharmacia Chemicals, Dorval, Que). 

Mer centrifuging for 30 min at 400g, peripheral blood mononuclear cens (PBMC) were 

collected fiom the gradient interface, washed 3 times in PBS with 1% fetd calf senim (FCS; 

Gibco, Grand Island, NY), resuspended in lymphocyte medium (RPMI 1640 with 10% FCS, 

10 rnM hepes, 2 m M  L-glutamine, 1% penicillin/streptomycin and 2x1 o - ~  M 2- 

mercaptoethanol; dl h m  Gibco) and counted. Freshly-isolated cells were tested immediately 

in cytotoxicity assays or in some cases, cultured for 7 days in lymphocyte medium 

suppiemented with I O  @ml Concanavalin A (Con A; Difco, Toronto. ON) and 5 Ulm1 

interleukin-2 (IL-2; Hoffmann La Roche, Nutley, NJ) before cyto toxicity assays. 

To measure the proportion of CD8' T cells expressing CD28, PBMC were washed 

once in PBS with 5 rnM EDTA and 0.1% bovine serum albumin (BSA; Sigma Chernical Co.. 

St. Louis, MO) and incubated for 20 min at 4' C with either fluorescein isothiocyanate 

(F1TC)-conjugated anti-CD3 and phycoerythrb (PE) conjugated anti-CDS, anti-CD8 FITC 

and anti-CD28 PE or isotype controls. Anti-CD28 was fiom Becton Dickinson, Mississauga, 

ON and dl other antibodies for fiow cytometry were fiom Dako Diagnostics, Mississauga, 

ON. Samples were washed once after staining, resuspended in 0.5% paraformaldehyde in 

PBS and analyzed on a F A C S ~ ' ~  anaiyzer (Becton Dickinson, Mississauga, ON) after 

excitation at 488 nm with an argon laser. 



Lymphocyte separations 

In some cases, specific T cefl subsets were removed before cytotoxicity assays. Ceils 

were pelleted, washed in PBS with 0.1% BSA and 5 m M  EDTA and incubated in a small 

volume for 30 min at 40C with 5 pg/106 cells of anti-CD4 (OKT4; ATCC CRL8002), anti- 

CD8 (OKT8; ATCC CRL8014) or anti-CD28 (Becton Dickinson, Mississauga, ON). After 

incubation with pnmary antibodies, the cells were washed and incubated at 3x10'/mi in PBS 

plus 0.1% BSA and 5 rnM EDTA at 4' C for 45 min on a rotating shaker with goat anti-mouse 

IgG magnetic beads (Dynal Inc., Great Neck NY) at a 10: 1 bead to target ce11 ratio. Ceils 

bound to the beads were removed by positioning the tubes against a magnet, removing 

supernatant, washing the beads gently in PBS and repeating the process. For some assays, the 

unbound cells were centrifuged, resuspended and used directly in cytotoxicity assays while 

in others, they were counted and effectortarget (E:T) ratios were set with the purified cells. 

Analysis by flow cytornetry showed that this method removed 98% of the target ce11 

population (data not show). 

Cytotoxicity assays 

Target cells were PBMC isolated fiom an HIV-seronegative individual and cdtured 

for 7 days in lymphocyte medium with 5 @mi purined phytohemagiuttinin (Pm-P; 

Welhark Diagnostics, Guelph, ON). Previous studies suggest the target of the autoreactive 
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CTL is non-polymorphic and relatively uniformfy expressed on activated cD4' T 

lymphocytes fiom different individuals, however? we always generated target cells from 

individuals previously shown in multiple assays to provide sensitive target cells [Ml. On the 

day of assay, the PHA-activated cells were harvested, washed and b b a t e d  in a smaii volume 

of lymphocyte medium for 90 min at 37' C with 100 pCi of bJa2"cro4 (Amersham Life 

Sciences, Arlington, IL). The labelled target cells were washed 4 times with PBS plus 1% 

FCS, counted and resuspended in medium at ~xl~'/rnl for use as targets. In most cases, 

efiector cells were freshly-isolated PBMC from HIV-infected individuals, but we also used 

M e r  purified k s h  ce11 populations and culnired cells. Effector cells were washed. counted 

and resuspended in fiesh medium at 5xl0~/rn1. For depletion studies, E:T ratios were based 

on the starting ce11 number and effectors were not recounted, while for enrichment -dies, 

the E:T ratio was established with pkfied cells. Killing of uninfected activated T cells was 

tested at E T  ratios of 50,25 and 12.5: I and at 50: 1 in the presence of 5 pg/ml OKT3 to 

confïrm that killing was T cell-mediated. Assays were carried out in duplicate in microtitre 

plates (ICN Canada Inc., Montreal, Que). F 3 y  pl of target celIs were added to each well for 

a total of 5000 targets, while 50,25 or 12.5 pl of effector ceiIs were added to set the E:T ratio. 

Final volume in each well was adjusted to 300 pl with medium. Minimum and maximum 

release wells were generated by incubating target cells in medium alone or LN HCI 

respectively. Once effector ceils and target ceiis were added, the assay plates were incubated 

for 5 hr in a 5% COz humidity controlIed incubator. One hundred pI of ceII-fke supernatant 
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was then rernoved and counted in a Wallac 1480 gamma counter. Percent killing of the 

uninfected lymphocytes by the effector cells was calculated by the following formula: 

(experimental " ~ r  release - soontaneous "Cr release) x 100 

maximum ' ' ~ r  rekase - spontaneous "Cr release 

Spontaueous ' ' ~ r  release was less than 25% of maximum release in al1 assays. 

Mensurement of plasma P-2 microglobulin 

For meanirement of P-2 rnicroglobulin, plasma was separated from freshly drawn 

whole blood by 10 min centrifugation at 500g and immediately stored at -80' C. Immulon-2 

ELISA plates (VWR Scientific, Mississauga, ON) were coated ovemight at 4' C with 250 

ng/welI goat anti-mouse IgG (Bio/Can Scientific, Mississauga, ON) in 100 pl carbonate 

buffer. The following morning the plates were washed once with PBS plus 0.5% Tween 

(Sigma Chernicd Co., St. Louis, MO) and biocked for 60 min with 200 pVwe1l 1% BSA in 

PBS. The plates were then washed twice and 100 ngwell monoclonal anti-p-2 microglobulin 

(MC 1 15, Serotec Canada, Mississauga, ON) was added for 60 min in 1 O0 p1 PBS with 0.1 % 

BSA. The plates were then washed 6 times and IO0 pl of purified B-2 rnicroglobulin (Sigma 

Chemicai Co., St. Louis, MO), renispended in PBS with 0.1% BSA at concentrations ranging 

h m  1 - 1 O ng/rni or plasma samples diiuted between 1 500 and 1 :2M0 were added for 90 min. 

The plates were again washed 6 hmes and 100 pl of a 1:1000 dilution of horseradish 

peroxidase (HM?)-conjugated rabbit anti-human B-2 microglobulin @ako Diagnostics, 
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Miçsissauga, ON) in PBS with 0.1% BSA was added for 60 min. The plates were washed a 

€inal 6 times and 100 pVwell HRP substrate was added. After 30-min colour development, 

the reaction was stopped with 50 pVwell2.5 N and the optical density (OD) read at 

490 nm on an ELISA reader. The level of P-2 microglobufin in each sarnple was calculated 

Eom the sample OD 490 and the standard curve constnicted from the OD 490 of the standards 

made with purified P-2 rnicrogiobulin. 

Statis tical analysis 

DiEerences in the rnean levels of continuous parameters in groups of HIV-infected 

individuals separated on the basis of circulating auroreactive CTL activity were assessed by 

Student's t test. Differences in the prevaience of autoreactive CTL activity in groups soned 

by levels of various continuous parameters previously associated with risk of rapid 

progression to A I D S  were assessed by cZ analysis of contingency. A normal dishibution of 

the parameters measured within the cohort was assumed from the percentage of rneasures 

fdling within the mean 2 standard deviations (SD). Correlations between different 

parameters were assessed by linear regression anaiysis. 

Results 

Overail incidence of circulating autoreactive CTL activity 

Over the course of this study, 43/75-HN-Îdected individuals tested for circdating 
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autoreactive CTL, activity demonstrated 4 0 %  kiliing of uninfiected activated T lymphocytes 

on 1 or more occasions. The level of killing observed at an E:T ratio of 50: 1 ranged fiom O 

to 55%. When freshly-isolated PBMC mediated between 10 and 15% killing, individuals 

were considered indeterminate in ternis of circulating autoreactive CTL activity unless <IO% 

killing was observed on another occasion. Six individuals fell into this indeterminate 

category, therefore, we report the overall incidence of circulating autoreactive CTL against 

uninfiected lymphocytes within our cohort as 37/69 or 54%. Two distinct groups without 

circulating autoreactive CTL were revealed fiom the distribution of C D ~ '  and CD8' T ce11 

counts in the cohort (fig. 1). One group of 20 (soiid diamonds), clustered towards the lower 

right region of the scatter plot, generaily had high CD4' T ce11 counts and low CD8' T ce11 

counts signi@ng limited disease progression. The other group of 12 (open circles), tightly 

clustered within the extreme Ieft hand lower corner of the scatter plot, occupied the opponte 

end of the spectnim with very low cD4' and total T cell counts signifjhg end-stage disease. 

The T ceIl counts of these 12 individuals indicated a terminal, rather than active stage of 

disease progression and they likely had already passed through the progressive stage of 

infection wherein autoreactive CTL activity might be relevant to disease progression. 

Therefore, we excluded HN-uifected individuals with less than 500 total T cells/pl penpherai 

blood fiom our andysis of associations between circulating autoreactive CTL activity and 

markers of disease activity or disease progression. The upper Ieft region of the scatter plot, 

representing individuals with hi& C D ~ +  T ceil counts and Iow CD~'  T ceil counts and active 
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progressive HIV disease, was densely and exclusively populated with individuals 

demonstrating circulating autoreactive CTL activity over the course of the study. 

Mean levels of imrnunological and virological marken of disease progression in groups 

with or without circulating autoreactive CTL 

Mean levels of peripheral blood CD4' T lymphocytes, C D ~ '  T lymphocytes, plasma 

p-2 microglobulin, plasma HIV RNA and the mean proportion of CDS' T cells expressing 

CD28 were calculated after separating the cohort into groups with or without circulating 

autoreactive CTL and excluding those individuals with >500 total T cells. Significant 

differences between the 2 groups were then assessed using Student's t test. The group of 

HIV-infected individuals with circulating autoreactive CTL activity had a higher rnean CD8' 

T ce11 count @t006), a higher mean Ievel of plasma HIV RNA (pc.01 I), and a higher rnean 

Ievel of plasma P-2 microglobulin (pc.025). This group also had a lower mean proportion 

of circulating C D ~ +  T cells expressing CD28 (p<.003) and a lower mean CD4' T ce11 count 

@<002) (Table 1). As a group, HIV-infected individuds with circulating CTL activity 

against uninfected activated lymphocytes have significantly higher leveis of markers of 

immune activation, HIV replication and disease progression. 
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Frequency of autoreactive CTL activity in HIV-infected individuals stratified by level 

of immuaological and virological markers of disease progression 

individuals clearly classified as positive or negative in lems of having circulating 

CTL against uninfected lymphocytes were stratified by C D ~ '  T lymphocyte count as an 

indication of disease progression to compare the prevalence of circulating CTL activity 

against uninfected activated T lymphocytes in different groups. Two of 6 HIV-infected 

hdividuals with C D ~ '  T ce11 counts >500/p1 peripherai blood were positive for circulating 

autoreactive CTL activity compared to 18/38 with CD4' T cell counts between 200 and 499 

and 15/17 with CD4+ T ce11 counts Q00. Due to the scarcity of HIV-infected individuals 

with >500 CD4' T cells in our cohort, we cornbined this group and those with between 200 

and 499 C D ~ '  T cells into a single group with 4 0 0  CDJ' T cells/pl penpheral blood. Chi- 

square anaiysis of contingency was then used to determine if C D ~ +  T lymphocyte counts 

afFected the proportion of HIV-infected individuais with circulating autoreactive CTL activity. 

We subdivided the cohort into 2 groups of QOO (n=17) and >200 (n=40) C D ~ '  T ceIls/pl 

peripherai blood and the nurnber of individuals with circulating CTL activity against 

uninfected activated T lymphocytes in each group was 15 and 22 respectively. Wiîh Yate's 

correction, the c' statistic of 6.5 indicated that autoreactive CTL occurred more hquently in 

HIV-infected individuals with C D ~ +  T lymphocyte counts Q00/pl peripherai blood (pt025). 

Similar analyses were doue based on CD8 count, proportion of C D ~ +  T ceus expressing 

CD28, plasma $-2 microglobulin and viral Ioad. Autoreactive C'IL aiso occurred more 
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frequently in HIV-inf'ected individuais with C D ~ '  T lymphocyte counts >600/p1 peripheral 

blood @<-025), with ~ 4 0 %  of their C D ~ '  T cells expressing CD28 @<.005), with plasma P-2 

rnicroglobulin >3 p g / d  (pC.01) or with plasma H N  viral load > 10" copies/ml (pc.025). 

Correlations between immunological and viroIogica1 markers of disease progression in 

groups with or without circulating autoreactive CTL 

The distribution of values of the parameters rneasured for this cohort within groups 

of HIV-infected uIdividuals with or without autoreactive CTL, is shown in figures 2a, b and 

c. in figure 2% the level of HIV RNA in the plasma is plotted venus C D ~ +  T ce11 counts to 

show the direct correlation (Pemon product-moment correlation coefficient. r) between CD8' 

T ceil counts and virus load in the group without circulating autoreactive CTL activity 

(r=.625, pc.05). Note that no HIV idected individuals with circulating autoreactive CTL. 

within our cohoa had a plasma virus load below the assay detection limit of loglo 2.3. The 

percentage of circulating CDS' T cells expressing CD28 was plotted against C D ~ '  T ce11 

counts in fig. 2b to show the direct correlation between CDJ' T ce11 counts and the percentage 

of C D ~ +  T ceils expressing CD28 in the group with circulating autoreactive CTL activity (r 

=.463, p<.05). in this case, a region defined by 400 CD4' T cells and <40% C D ~ '  T cells 

expressing CD28 completely excludes individuais without autoreactive CTL in our cohort. 

Fig. 2C shows a preponderance of hi& plasma P-2 rnicrogIobulin Levels in H[V-infected 

individuais with autoreactive CTL activity, but many HN-infected individuals with 
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autoreactive CTL, activity also had P-2 microgIobuIin levels in the normal range. 

Phenotype of autoreactive CTL 

The relationship we observed between circulating autoreactive CTL activity and the 

proportion of C D ~ '  T cells expressing CD28 prompted phenotypic anaiysis of the autoreactive 

CTL. Depletion experiments with Freshly isolated PBMC fiom HIV-infected individuals 

showed the circulating autoreactive CTL found in HIV-infected individuals were 

predominantly, if not exclusively CD28- (fig 3). It is also noteworthy that the effector cells 

were al1 T cells as the killing is completely abrogated by addition of OKT3 to the assay (fig 

3). In each of 4 cases shown, removal of ~ ~ 2 8 '  cells pior to setting the final E:T ratio 

produced at Ieast a modest increase in killing and in no case did removai of CD28' cells 

reduce killing. This is consistent with the low (<30%) Ievei of CDS' CD28' cells present 

within the circulating T ce11 population of these individuais (data not shown). Depletion and 

e ~ c h m e n t  experiments were carried out with effector cells cdtured for 7 days in Con A and 

IL-2, which have a much higher proportion of CD28' C D ~ '  T cells than freshly isolated 

PBMC (generaiIy %O%, data no t sho wn). Depletion experiments without re-establishing the 

original E:T ratios show that removal of ~ ~ 2 8 '  or C D ~ '  cells does not reduce killing, but 

removal of CD8' cefls reduces killing to background levels (fig. 4a). Removai of cDB' cells 

fiom cdhired effector cens foIIowed by re-establishment of E:T ratios enriches autoreactive 

CTL activity as the CD28- population mediates higher killing of uninfected activated 



lymphocytes at equivaient E:T ratios (fig 4b). 

Discussion 

Autoreactive CTL against uninfected C D ~ +  T lymphocytes were first descnbed in 

HIV-infected individuals nearly 10 years ago, but neither the origin, nor the role of these CTL 

has been clarified [S, 61. The absence of autoreactive CTL in HIV-infected chunparuees, then 

thought completely resistant to disease following HIV infection, prompted initial speculation 

these CTL might contribute to CD4' T ce11 depletion and disease progression [SI. Other 

investigaton did not confirm the high prevalence of circulating autoreactive CTL initially 

reported, therefore, subsequent studies focussed on in vitro activation of autoreactive CTL and 

produced conflicting data conceming the association between autoreactive CTL and disease 

progression [12, 131. The discrepancies O bserved may reflect the diminished relevance of in 

vitro stimulated CTL activity compared to circulating CTL activity in tems of accurately 

representing the in vivo situation. Since circulating autoreactive CTL against uninfected 

lymphocytes were originally detected by routine means in 1 11 1 3 HIV-infected individuais, 

while subsequent investigators were unable to detect them at ail, it seemed plausible that 

circulating autoreactive CTL would be concentrated within a particuiar subset of HN-infècted 

individuals [5]. ùi this cross-sectionai study, we confirmed this was the case and investigated 

imrnunologifal and viroiogical characteristics of HIV infection associated with deveiopment 
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of autoreactive CTL. 

Mer excluding individuds with terminal disease ( 4 0 0  total T cells/pl penpherai 

blood), we found that 1 9 1  7 HIV-infected individuals with <200 CD4' T cells/pl peripheral 

blood had circulating autoreactive CTL activity. This is much higtier than the overail 

frequency of circuiating autoreactive CTL in our cohort (37/69), but similar to the fiequency 

reported by Zarling et al, suggesting the participants in their study were at a similar stage of 

disease [SI. A CD4' T ceU count of -QOO/p1 peripheral blood was clearly enough associated 

with an increased risk of rapid progression to clinically-defined A i D S  that it now serves as 

a laboratory-defined criterion for AIDS in the United States [15]. We also saw an increased 

fiequency of circulating autoreactive CTL in groups de fmed by the level of other parameters 

associated with increased rkk for rapid progression to AIDS, hcluding a CD8' T ceil count 

>600/p1 peripheral blood, a plasma P-2 microgiobulin IeveI >3 pg/mi and an HIV plasma 

virus load > I 0' copieslml [16- 1 81. Aithough the proportion of circulating T lymphocytes 

expressing CD28 is not comrnonly recognized as a prognostic indicator in HIV infection, this 

proportion decreases overall and especiaiiy within the CD~ '  T cell population in parailel with 

disease progression [9, 101. We also observed an increased prevalence of circdating 

autoreactive CTL in HIV-infected individuals with 4 0 %  of their CDS+ T cells CD28'. The 

observed merences in autoreactive CTL prevalence and the difference in mean Ievels of 

virologicd and immunologicai markers associated with disease progression in HIV-infected 

individuals with circulathg autoreactive CTL activity ail support a relationship between 
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active disease progression and deveiopment of autoreactive CTL activity. 

The association between different markers of disease progression and development 

of autoreactive CTL activity in HIV infection does not address mechanisms underlying their 

activation or prove a role for these CTL in disease progression, but the various relationships 

observed outline the conditions under which these autoreactive CTL develop in vivo. 

Previous studies showed the autoreactive C R  express the ab fom of T ce11 receptor and that 

kiiling is T ce11 receptor-rnediated even though it is not classically HLA-restricted [7J. This 

suggests some form of antigen-specific activation triggered by HIV, but not necessarily 

involvhg HIV as an antigen. Although loss of CD28 expression in some cases may reflect 

extensive previous proliferation, the predominant C D X  phenotype of the CTL is also 

consistent with autoreactivity and recognition of antigens through non-conventional 

presenting molecuies [20-221. T cells lacking CD28 expression appear rapidIy during primary 

HN infection and are present shortly after birth in verticaily-infected uifants, therefore, if loss 

of CD28 reflects a previous extent of proliferation mitigating replicative senescence, this can 

apparently occur in a matter of weeks [23,24]. One alternative explmation proposed for the 

rapid emergence of C D X  T cells in HIV infection is mobilization of resident CD28' T cells 

fiom mucosai sites of HIV replication 1251. The constitutive cytotoxicity, autoreactivity, 

oligoclonaiity and timited proliferative potential of the CD28- C D ~ '  T cells found in the 

peripheral circulation in H[V infection are also features of the resident CD28- intestinal 

epithelial lymphocyte (IEL) population [26-281. Surprisingly, anti-SN CTL. activity is 



183 

detectable in E L  fiom SN-infected macaques, despite the marked oligoclonality of this 

population [29]. Although there is no direct evidence for emigration of E L  to the periphery, 

there are intriguing phenotypic, functional and molecular genetic similarities between this 

population and the circulating C D ~ '  T cells predominating in progressive HIV infection. 

The results of this study iead us to speculate that the appearance of CD28- T cells in 

HN infection reflects conditions driving intense CD8' T ce11 proliferation. Whether they 

originate From mucosal sites, selective expansion of circulating CD28- precursors or 

proliferation-dependent transformation of circulating ~ ~ 2 8 '  precursors remains to be 

detemiined. The CD28- CD8' T cells of HIV-infected individuals have shorter telomeres than 

~ ~ 2 8 ~  cells, consistent with Ioss of CD28 expression as the number of cell divisions reaches 

a critical limit [30]. Rapid clonai exhaustion of T cells stimulated in primary HIV USection 

has aiso been reported, however, the telomeres of CD28' T cells in uninfected individuals are 

longer than those in H1V-infected individuals, suggesting that inherently CD28- cells may be 

selectively proliferating in HIV infection [30,3 11. In either case, the cells that are CD28- in 

HIV infected individuais are undergoing, or have undergone selective proliferation. We and 

others have found that the proportion of CDî8- T ceiis in the circulation increases with disease 

progression, either because responding cells are approaching senescence or conditions change 

to favour the selective accumulation of C D X  cells [9. IO]. The general relationship between 

immune activation, development of autoreactive CTL, HIV replication and accumulation of 

CD28 T cells is consistent with a destructive synergy between HIV repIication and immune 
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activation that underlies the C D ~ +  T cell-mediated immunopathology associated with HN 

infection. We have recently s h o w  that autoreactive CTL are indistinguishable from those 

found in the circulation of HIV-infected individuals can be generated in vitro fiom 

seronegative individuals by stimulation of PBL with autologous activated C D ~ '  T 

lymphocytes (unpublished data). HIV replication is dependent upon T ce11 activation and 

through its antigenic potency and expression of transactivating gene products (tat and possibly 

nef), HIV replication could drive T cell activation in a self-arnpli&ing cycle. Over a certain 

threshold, the activated T cells themselves could compete with HN as antigens for CD8' T 

cells and shift the balance from a predominance of effective CD28' anti-HIV CTL towards 

a predominance of CD28- autoreactive irnmunoregulatory CTL and inefficient anti-HIV CTL. 

This shift could occur From primary infection onwards and may be susceptible to bi- 

directional modulation by immune activation or antiretrovid therapy. in the absence of 

effective antiviral therapy, the shift would likely be reflected by increases in plasma virus 

load, emergence of a syncytia-inducing (SI) viruses, and inmased rates of C D ~ '  T ce11 loss. 

In summary, the development of autoreactive CTL activity is a prominent feature of 

HIV infection associated with viraI replication, immune activation, CD4' T celi loss and 

accumulation of C D X  T cells. We propose that HIV capitalizes on immune activation by 

tnggering an immunoreguiatory pathway that diverts the CDS' T celI response away fiom 

efficient suppression of HIV replication and towards immunopathology. Thus, immune 

activation may be an integral component of HN disease progression that could be carewy 
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targeted in constructive synergy with antiretroviral therapy to develop increasingly efficient 

corn bination therapies. 
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Table 1. Different mean levels of parameters associated widi disease progression in 

groups of HN-infected individuds with or without circulating autoreactive CTL 

Group 1 

CTL against 264i25 

uninfected C D4s n=3 7 

Group 2 

no CTL against 436k57 

uninfected CD4s n=20 

t test pl+. 

p-2 pgiobulin HIV RNA 

pg/ml plasma cqieuinl 

plasma (log,.) 

HIV-infected individuais tested for circdating autoreactive CTL activity were grouped 

accordhg to presence or absence of these CTL over the observation period and mean 

levels of certain parameters were compared between groups by Student's t test. 



CHAPTER V 

SUMMARY AND FUTURE DIRECTIONS 

The purpose of this snidy was to analyze the fûnctions of CTL in W infection. Many 

investigaton have descnbed the cellular immunological signs of HIV infection as a decreased 

CD4KD8 ratio in the peripheral blood, a progressive quantitative and qualitative reduction of CD4' 

lymphocytes. and also an elevated level of CD8' lymphocytes (Pantaleo et al. I W O ) .  This expansion 

of CD8 ' T lymphocytes penists until the very late stages of the disease, when their depletion allows 

uncontrolled repl ication of HIV as well as overwhelming infections with opportunistic pathogens 

(Pantaleo et al. 1990). Although attempts were made to study the hnctional significance of CD8' T 

lymphocytes in W-I infection (Grant et al. 1992), many aspects of CTL function Iike the mechanism 

of cytotoxicity, changes in the overali specificity of cytotoxicity and relationship with established 

prognostic markers like plasma viral load were not clearly demonstrated. Determining the role of CD8' 

T cells in EUV-1 infection and AIDS, with regard to control of infection, immunopathology and 

immune system dysregulation, is absotutely necessary for understanding the imrnunopathogenesis of 

AIDS. 

Many investigaton agree that apoptosis plays an important role in the pathogenesis of HIV 

infection. HIV-infected chimpanzees and Afncan green monkeys infected with the sirnian 

immunodeficiency virus (SiVagm) do not develop disease and do not show abnormal leveb of CD4' 

T-ceIl apoptosis. However, rhesus macaques infected with a pathogenic s-n of S N  develop simian 

AIDS and show an increase in the number of CD4' T-cells that undergo apoptosis (Estaquier et al. 

1994). ùiterestingly, the number ofapoptotic CD4' T celk round in the peripheral blood Lymphocytes 



200 

is greater than the number of infected cells, indicating that uninfected cells are dying by apoptosis 

(Carbonari et al. 1995). One major pathway of lymphocyte apoptosis is mediated through the tumour 

necrosis receptor family, particularly Fas. Ligation of Fas by Fas ligand present on the same or a 

neighbouring ce11 can induce apoptosis (Anderson et al. 1993) and it has been shown that in KN- 

seropositive individuals, a higher proportion of PBLs express F a  (Katsikis et al. 1995) and also more 

Fas is expressed per ce11 (Gougeon et al. 1996). More significantly, both the CD4' and CDSf T-ce11 

subpopulations fiom HIV-infected persons have been shown to be more susceptible to death induced 

by Fas ligation (Silvestris et ai. 1996). Since most of these studies did not investigate vis a vis FasL and 

perforin-mediated cytolytic properties of CD8' T cells, we decided to develop an assay system to 

cIearly and easily distinguish between Fas-mediated and perforin-mediated killing. The assay system 

descnbed in chapter 2, uses no metabolic inhibitors, is simple and is less time consuming than many 

other assays, which rely on biochernical and rnolecular features of celI death. In th is assay, we use an 

anti-Fas antibody, JO-2 to block Fas-mediated cytolysis of P8i5 ceIls rendered sensitive ta CTL 

redirected lysis. The results obtained c h l y  demonstrate we can distinguish between both types of CTL 

cytotoxicity using a five-hour chromium retease assay. 

During this study we have tried to analyze the hctional significance of CD8' CTL fiom HIV- 

infected subjects. The major aspect of this study includes the nature of CTL cytotoxicity, the 

phenotypic characteristics of CTL, and the abiIity of CTL to Iyse PE-iA-activated uninfected 

Iymphocytes. When we used PMA and ionomycin to induce expression of Fas ligand on peripheral 

blood lymphocytes, we obsewed that the lysis of Fas-expressing target ceil line, P8 1 5, was significantiy 

reduced. We followed up on this observation by incubating 51~r-label~ed fresh PBL h m  HIV-infected 

iudividuaIs in the presence or absence of PMA and ionomycin for five hours The resuits descnied 

in chapter 3 dernonstrate that fresh PBL fiom HIV-seropositive individuals are highly susceptibIe to 
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activation-induced ce11 death. The nature of this ce11 death was further investigated and the results 

showed that this ce11 death involved the loss of ceIl membrane integrity without prior or coincident 

nuclear fragmentation. The cells susceptible for activation-induced death were mainly lymphocytes. 

The results are in agreement with many others who also have suggested that lymphocytes from HIV- 

infected individuals are highly susceptible to activation-induced ceIl death. Our results clearly ruled 

out any involvement of Fas or Fa& in the cytolysis. We have found that the AICD was more prominent 

in HIV-seropositive individuals with low CD4 counts and higher than normal CD8 counts, but the 

exact role played by the CDS'T cells in this type of ce11 death is not known. Our results showed that 

CD8' T ceIIs are also susceptible to activation-induced cell death and this might be one underlying 

mechanism of CD8' Tîell loss in the Iate stages of HIV-infection. This possibility is supported by 

the observation that activation-induced lymphocyte death is less prominent in KiV-seropositive subjects 

with absolute lymphopenia. An interesthg observation during these experiments was the capacity of 

an anti-CD3 antibody, OKT3 to rescue the lymphocytes fiom ceIl death. This was found to be a specific 

property of OKT3, as similar results were not obtained with other mitogenic anti-CD3 antibodies such 

as HIT3a and UCHTl , If there is an in vivo significance to the activation-induced death triggered by 

phorbol esters in HN-infection, OKT3 could potentially be used to rescue the T lymphocytes fiom 

AKD and block the rapid depIetion of T Iymphocytes. 

Many investigators have shown that the presence, number and proportion of activated CD8'T 

lymphocytes in the penpheral blood of HIV-infected individuais correlate with disease progression 

(Giorgi et al. 1989; Kestens et ai. 1992; Levacher et al. 1992). This at lest partially rPflects an 

adaptive immune response to increasing HN replication but may also reflect the active involvement 

of CD8' T lymphocytes in the pathogenesis of O S .  Several scientists initiai Iy proposed a roIe for 

CD8' T lymphocytes in the pathogenesis of AIDS based on lymph node histopathoIogy and n a d  
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history of disease in EUV-infected individuals (Ziegler and Stites 1986) and ZinkemageI(1988) also 

proposed that CD8' T cells cause AIDS based on similar immunopathology in human hepatitis B, 

murine lymphocytic choriomeningitis virus infection, and HIV infection. Walker et al. (1987) 

suggested that CD8 ' CTL contribute to CD4' T cell depletion by killing HIV-infected CD4' T-cells. 

However, some CDS' CTL from HTV-infected subjects kill even uninfected C D4' T lymphocytes never 

exposed to infectious HiV or HIV antigens (Zarling et al. 1990; IsraeCBiet et al. 1990; Lederman et 

al. 1988; Moody et al. 1988; G m t  et al. 1993; Grant et al. 1994). The characteristics of these CTL 

irnply possible autoimmune depletion of activated CD4- T-lymphocytes in HW infection. 

In this study we examined the associations between these autoreactive CTL in the peripheral 

blood of HIV-infected individuals and disease progression. A significant percentage of HIV- 

seropositive persons (>50%) in our study cohort, showed cytolysis of PHA-activated uninfected 

lymphocytes. Surprisingly, a high level of killing was oRen mediated by freshly isolated peripheral 

blood lymphocytes. Gruten et al.(199 1) presented data from six HIV-infected individuals indicating 

a progressive decrease in CD28- T lymphocyte subset population during the evolution from 

seroconversion to AIDS. Brinchrnann et al. (1994) reported a functional defect within the CD8' but 

not CD4' T cells fiom HIV-infected individuals. They also reported that this functional derangement 

was restricted to the CD28' CD8' T cells aithough it was seen in all CD8* T cells later in the infection. 

These observations lead us to investigate the phenotypic characteristics of autoreactive CTL. The 

results as shown in chapter 3. clearly show that CD28- CD8' T cells are responsible for the 

autoreactivity. We have also confinned the expansion of CDî8' CD8' T cells during progression of 

diseaset A high % of CD28' CDS' T ceils was seen in a11 KIV-infected individuais with demonstrable 

leveis of circulating CTL. 
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Immunodorninance associated with biased TCR VP gene repertoires haç been identitied among 

blood and tissue tymphocytes of AIDS patients (Pantaleo et al. 1994; Dwyer et ai. 1993) and also with 

in vitro response to HN components (Kalams et al. 1994). Expansion ofan autoreactive CD28- CD8' 

T lymphocyte subset seen in WN-infected subjects of our study suggested that the T cells may be 

oligoclonal. TCR VP gene expression pattern as show in chapter 3 indicated that the CD28' CD8' T- 

cells were oligoclonal with respect to their TCR VP gene usage. The expansion of an oligoclonal 

autoreactive T ce11 subset population strongly suggest that these CTL not only play a role in the in vivo 

destruction of the CD4' T cells but may actually be responsible for the progression of the disease as 

manifested by the appearance of opportunistic infections. 

Based on our hypothesis that these autoreactive CTL actually conaibute to disease progression 

we tried to correlate the autoreactivity with marken of disease progression such as plasma viral load, 

CD4' T-cell count, CD8' T cells count and total T cell counts. nie data show in chapter 5 show that 

the autoreactive CTL are associated with those disease progression markers, examined in this study. 

As a group those HN-infected individuals with autoreactivity had higher plasma viral Ioad, higher Pt 

microglobulin, lower CD4 counts and higher CD8 and total T ce11 counts. The data is in agreement with 

the proposed hypothesis that these CTL actually contribute to irnmunodeficiency and c1inica.i 

progression to AiDS. If they do not actually contribute they Iikely reflect a hndamental component of 

disease progression. Further studies based on longitudinal folIow up of these patients may help uncover 

the fùnctional significance of this T ceIl subset. 



FUTURE DCRECTIONS 

It has been shown that there is an imrnunodominance of T cells with biased TCR VP gene 

usage (Fantaleo et al. 1994, Dwyer et al. 1993) indicating a poor pmgnosis in HN infection. It has aho 

been shown by many investigators that there is expansion of CD28- CD8' T cells in HIV infection with 

defective function in terms of L-2  production and cytotoxicity (Brinchman et a!. 1994; Gniten et al. 

i 99 1). Some investigators have s h o w  that CD8' CTL from KiV-infected individuals can lyse 

activated uninfected CD4' T cells (Israel-Biet et al. 1990; Zarling et al. 1990; Grant et al. 1993: Grant 

et al. 1994; Ledennan et al. 1988). Here we have demonstrated that there is an autoreactive CD28' 

CDS- T cell subset associated with relevant markers of disease progression in HIV infection. This data 

is highly significant in the present context as most of the therapeutic mesures employed target only 

the virus. The host factors responsible for disease progression in KIV infection have always been 

obscure and cornplicated (Fauci 1 996) and the role of C D8' CTL in HIV infection is possibly the most 

obscure of al1 immunoIogic features of HIV infection. The possibiiity of whether there could be C n  

populations which function as suppresson of HIV replication in a lytic Eishion or in a non Iytic fashion 

as weil as some CTL which possess autoreactivity (Grant et al. 1994) were never properly studied. 

This study focuses on the possible pathogenic role for CTL in EUV infection. The curent data indicate 

that the CD28' CD8' T cell subset k autoreactive and may contribute to disease progression. Further 

Învestigations into the nature of this subset are necessary to Fully understand the immunapathogenic 

role of C ' I l  in HIV Section. It wil1 be interesthg to further investigate the hinctionai characteristics 

of CD28 CDS' T cells. One midy has reported that the CD28* CD8' T cells fiom HIV-infected 

individuals have shortened telorneres than the CD28' T cells of age-matched controls (Effios et al. 

1996). Shortened telomere length rnay indicate replicative exhaustion of CD8* T cells. It is certainly 
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worthwhile to see whether the autoreactive CTLs h m  our cohort show signs of senescence. Telorneres 

crin be arnplified using a potymerase chain reaction and cornpared with either CD28' T cells frorn HTV- 

infected individuals or with T cells from uninfected volunteen. Lymphocyte senescence has been 

proposed as a rnechanism for unresponsiveness of T cell subsets in HIV infection (EFfi.os et al. 1996). 

Many investigators have reported expansion of CD28' CD8' T cells in HIV-infection 

(Brinchmann et al. 1994; Caruso et al. 1994). Roos et al (1996) have showed that the expansion of 

CD28- CD8' T cells exists in HIV-1 seronegative homosexual control individuals and remained at 

comparable levels in HIV-1 infected asymptomatic individuals and patients with AiDS. They have 

pmposed an expianation that the immune system of individuals at high risk for HIV-1 infection is 

continuously stimulated as a consequence of fiequent viral infections. This hypothesis cm be tested 

by investigating the proportion of CD28' T cells in hornosexual individuals who are not at high risk for 

HIV-1 infection. Several other investigators have demonstrated that CD3' CD28- T cells accumulate 

in HIV-infection but are actually unresponsive to anti-CD3 rnAb, mitogens, CD28 mAb and 

staphy Iococcai superantigens (Borthwick et al. 1994; Vingerhoets et al- 1995; Brinchmann et al. 1994; 

Azurna et al. 1993). [t has been suggested by Azuma et al. (1993) that CD28' CD3- T cells are 

generated as a resuit of an immunological event in the periphery. Subsequently, CD28' T cells were 

supposed to be a population of activated terminally differentiated eKector cells that are cytotoxic only 

in short-term cultures (Borthwick et al 1994; Azuma et al. 1993). 

Given the fact that there is actualIy an expansion of C D X  T ceIls in HIV infection, the source 

of these celIs remain a mystery. Kotler et al. (1984) reported that individuais infected with HiV showed 

characteristic histological features in the intestine. The jejunal biopsy in al1 HIV seropositive 

homosexual men showed viIIous atrophy, crypt hyperpIasia and an increased number of himepithelid 

lymphocytes (Kotler et a!. 1984). Intraepithelial lymphocytes (EL) are aimost entkly T ceIIs and they 



206 

differ h m  peripheral blood lymphocytes by their high proportion (80%) of CD8-postive T cells and 

lacked CD28 (Lefrancois 199 1). The principal in vitro functions of IELs appear to be cy?olysis and 

interferon-y production (Sydora et al. 1993; Mosley et al. 199 1 ; Camerini et al. 1993). In both mice 

and humans, the TCR repertoire of ELs is oligoclonal, and limited to about 100 clones (Blumberg et 

al. 1993). EL oligoclonaIity in conjunction with the observation k i t  intestinal epithelial cells express 

nonpoiymorphic, nonclassic class I molecules (such as CD 1 and thymic leukemia antigen) has led to 

the hypothesis that these molecules on intestinal epithelial celis cm positively select CD8-positive ELs 

(Bak et al. 199 1 ). The features of E L  are remniscent of the nature of autoreactive CXs we find in the 

peripherai blood of HIV-infected individuals. Even ihough there is no evidence so far that IELs 

circulate, it is possible that some lymphoid replenishment in HiV infection actually occurs from the gut 

In this scenario, the oligoclonal CD28 CD8' T cells from gut reconstitute the continuously 

disappearing T cells in HIV infection. Being oligoclonal they are unable to respond to a wide range of 

antigens including HIV. This could explain the slow progression of disease in HIV infection as well 

as the terminal irnmunodeficiency state in spite of the absolute increase in CDS' T cells. Schmidt et a[. 

(1996) have reported that CD28- T cells are erpanded in rheumatoid arthritis and that they are 

characterized by autoreactivity. This observation suggens that the expanded autoreactive CTL 

population seen in HIV infection might be responsible for CD4 loss could also contribute to the 

developrnent of opportunistic infections. 

The fact that these T cells are cytotoxic provokes the question of whether they also possess 

ant i-W CTL activity. if they lack anti-HIV activity and at the same tirne are autoreactive, it couId be 

speculated that they play a major rofe in the imrnunopathogenesis of HIV infection. It will be 

interesthg to test different subsets of CD8' T cells fiom HN infected individuals for anti-HIV CTL 
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activity to establish the functionai significance of different subsets of T cells in the peripheral blood 

of HIV-infected subjects. 

It has also been argued by some investigators that the expanded CD28- CDS' T cells have 

actually down-regulated their CD28 molecules (Vingerhoets et al. 1995). This argument will certainly 

have to be addressed before we conclude that the CD28- autoreactive CTLs are actually gut-derived. 

Since there are no defmite surface markers that discriminate T ceIls derived fiom gut Etom those in the 

peripheral blood with CD28 down-regulation, we will have to adopt indirect ways to detennine the 

nature of CTLs. Since the gut-derived CD28- T cells are oligoclonal with respect to their TCR VP gene 

usage, analysis of TCR VP gene expression of CD28 and CD28' T cells will help to identi@ whether 

the cells rnay be gut-derived. The CD28' T cells derived from the gut will definitely be o t igoclonal 

whereas the CD28- T cells will show a polyclonal or unbiased TCR VP gene usage. Whereas, T celis 

having undergone CD28 down-regulation should be no different frorn their CD28' T celis with respect 

to T ce11 V gene usage. The observations in Chagas disease that Trypanosorna Cmzi probably down- 

regulates CD28 on the surface of CD4' T cells as well as CD8' T cells unravels a different rnechaoism 

of host immune evasion by parasites. If the s m e  hoIds true in HIV infection, this wil1 be a novel 

mechanism by which the virus could shut down anti-viral responses. 

Finaily, we have shown a clear association between the presence of autoreactive CTL and 

many parameters of HIV disease progression, including plasma viral Ioad. This will have to be followed 

up over the course of disease to further address the role of autoreactive CTLs in the pathogenesis of 

AIDS. it wil[ aIso be interesthg to look at the influence of anti-viral drugs in controlling or increasing 

the number and hnction of autoreactive CTL. 
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A complete characterimion of this subset at the cellular and molecuiar level is necessary to 

clearly delineate their functional significance. Correlation of autoreactive CTL activity with disease 

progression will present a potential immunopaîhoIogicaI contribution to the course of disease in HN-1 

infected individuais. 
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