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ABSTRACT

The activation response of T lymphocytes was investigated and compared in 

HIV-1 infected and uninfected individuals and patients with acute viral infections 

(AVI). A spontaneous cell death was seen in unstimulated T cells from AVI patients 

and to a lesser extent in HIV-1 infection. This spontaneous death occurred by 

apoptosis, associated with a decrease in CDS'*' T cells expressing Bcl-2, a protein 

that blocks apoptosis. Bcl-2 negative lymphocytes expressed CD45RO, a marker of 

primed T cells that is greatly increased during viral infections. After activation, 

CD45RA^ T cells from HIV-1“  individuals lost Bcl-2 expression as the T cells 

acquired CD45RO, indicting that the loss of Bcl-2 may occur as a normal 

consequence of acute stimulation, providing a mechanism for the removal of effector 

T cells. The presence of IL-2 greatly reduced spontaneous cell death, indicating the 

absolute requirement for IL-2 of this vulnerable population.

Cell death in HIV-1 infection was greatly increased after mitogenic 

stimulation. Activation associated death did not correlate with Bcl-2 expression and 

could not be prevented by IL-2. In addition, it did not appear to occur by apoptosis. 

This proliferative defect was due to the absence of the co-stimulatory molecule, 

CD28, on CD3+.CD8+ T cells. This increased CD 3+,CD8+,CD28~ population 

expressed the activation markers CD45RO, HLA-DR and CD38 and was responsible 

for the CDS'*' lymphocytosis observed throughout the course of HIV-1 disease. The 

CD28“  T cells did not lack expression of Bcl-2 but did contain the cytotoxic granule 

proteins TIA-1 and perforin. Indeed, CD8 ^ T cells from HIV-L*' individuals were 

highly cytolytic in a redirected killing assay, indicating that this population may be 

terminally differentiated cytotoxic effector cells. Cell death after stimulation may be 

an abortive response that occurs because of the absence of a second signal normally 

provided through CD28.
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CHAPTER 1 

INTRODUCTION AND AIMS

Infection with the human immunodeficiency virus type I (HIV-1) causes a 

progressive impairment of the immune system, most clearly demonstrated by the 

relentless decline in the number of CD4^ lymphocytes. This ultimately results in 

opportunistic infections and cancers, the hallmark of AIDS. However, it is clear 

from many studies that factors other than CD4^ T cell depletion also play an 

important role in AIDS pathogenesis. In particular the inability of T cells from 

infected individuals to respond normally to antigenic challenge is likely to contribute 

greatly to the disease. Paradoxically, this occurs not only in the presumptively HIV- 

1 infected CD4^ cells but also within the expanded CDS'*" population. The role of 

CDS'*' T cells in HIV-1 infection is unclear since on one hand HIV-1 specific CTL 

might play a critical role in the removal of infected cells and the control of virus 

replication, while on the other they could contribute to the immunopathology 

through the lysis of uninfected cells or the release of immunosuppressive factors.

The elucidation of the function of T cells in HIV-1 infection is therefore of crucial 

importance in understanding the pathogenesis of HIV-1 infection and AIDS.

The Human Immunodeficiency Virus (HIV)-1

The link between a viral pathogen and the acquired immune deficiency syndrome 

(AIDS) came with the isolation of a novel retrovirus from the lymph node of a 

patient with AIDS (Barre-Sinoussi et al 1983). The virus was originally called 

lymphadenopathy-associated virus (LAV), human T lymphotropic virus III 

(HTLV-III; Popovic et al 1984) and AIDS associated retrovirus (ARV; Levy et al

1984). HIV-1 is a retrovirus, so-called because it contains reverse transcriptase, an 

enzyme involved in the formation of DNA copies of the viral RNA genome. Unlike 

some other retroviruses, including Rous and murine sarcoma virus, HIV-1 is 

non-transforming but it does share structural and biological similarities with visna 

virus of sheep (Nathanson et al 1985) and equine infectious anaemia virus (EIAV) 

both of which, like HIV-1, cause a slowly progressive and ultimately fatal disease. It 

is also closely related to simian immunodeficiency virus (SIV), that causes an 

AIDS-like disease in macaque monkeys and to HIV-2, a human retrovirus prevalent



in West Africa that also causes AIDS (Brun-Vezinet et al 1987).

The Structure and Regulation of HIV-1

Under electron microscopy, HIV-1 has an electron dense core that contains viral 

RNA and the enzymes associated with the initial steps of virus replication. The core 

is surrounded by a lipid outer membrane lined on the inside with a matrix protein 

(p i7) and on the outside with the envelope glycoprotein g p l20  which is anchored 

into the membrane by a smaller, transmembrane glycoprotein, gp41. These viral 

proteins are encoded by three structural genes named gag, pol and env (Kieny 

1990).

The life-cycle of HIV-1 begins with the binding of the virus to its specific 

receptor on the cell surface. This is mediated by the envelope glycoprotein gpl20 

which binds to the CD4 (Leu3/T4) antigen on the surface of target T-lymphocytes 

(Klatzman et al 1984a,b, Dalgleish et al 1994). Although CD4 is the primary 

receptor for HIV-1 a second receptor may also be involved. This has been proposed 

because mouse cells expressing human CD4 molecules cannot be infected with HIV- 

1. Recent studies have suggested that the co-receptor for HIV-1 might be dipeptidyl 

peptidase (CD26), a serine protease, thought to bind to the V3 loop of gpl20 and 

aid virus penetration into the cell (Callebaut et al 1993). However, this suggestion 

could not be confirmed (Broder et al 1994, Patience et al 1994). After penetration, 

the viral ssRNA is converted to dsDNA by the action of polymerase and reverse 

transcriptase enzymes within the virus. The DNA migrates to the nucleus and is 

inserted into the host cell DNA by a viral integrase enzyme (Rabson 1990). A period 

of latency may then occur during which the virus is not expressed but remains 

hidden within the cellular DNA. This period of latency may persist for some time 

until an 'extracellular event triggers replication (Rabson 1988). Once triggered to 

replicate, the host cell RNA polymerase forms RNA copies of the viral DNA within 

the nucleus. Cellular enzymes process the initial RNA transcript to give a complex 

pattern of fragments that serve as the mRNA for viral proteins. The full length 

transcript is incorporated into newly formed virus particles which bud from the cell 

surface, acquiring their envelope as they do so (Kieny 1990).

HIV-1 replication is controlled by a set of regulator genes that determine when



latency is broken and how much virus is made. In resting cells very little if any viral 

RNA is made. However, when cells are activated, either specifically with antigen or 

non-specifically by mitogen, viral RNA is transcribed and replication begins (Rabson 

1988). This association between T-cell activation and virus replication is due to the 

presence of binding sites in the long terminal repeat (LTR) of the virus for many 

cellular factors, including NF-kB. Mitogenic or antigenic stimulation of T-cells leads 

to the induction of k B  binding proteins that interact with the HIV-1 enhancer element 

to initiate transcription of HIV-1 mRNA (Nabel & Baltimore 1987).

The transactivator (tat) gene is a positive feedback regulator that can accelerate 

viral production in HIV-infected cells (Sodroski et al 1986, Lee et al 1986, Rice & 

Mathews 1988). It encodes for a 14-kd protein which binds to the tat-responsive 

element (TAR) in the LTR and is thought to act by allowing transcription to bypass 

an early stop codon (Rice et al 1988, Kao et al 1987). The LTR also contains the 

negative regulatory element (NRE) which binds to the viral negative early factor 

(NEF) and suppresses the initiation of replication (Shaw et al 1988, Siekevitz et al

1987).

The regulator of virion protein expression (rev) gene encodes a 20-kd protein 

which inhibits the transcription of the regulatory genes and virion proteins (Sodroski 

et al 1986, Rosen et al 1988). This negative effect can be overcome to allow 

expression of viral proteins if the rev product binds to a cis-acting antirepressive 

sequence (CAR). This acts to relieve repression of the expression of the env and gag 

genes either by stabilizing the unspliced mRNA transcripts or by assisting in their 

transport from the nucleus to the cytoplasm (Felber et al. 1989; Malim et al. 1989).

GP120/CD4 Interactions

Once HIV-1 had been isolated, it was found to have tropism for CD4^ cells and 

to use the CD4 molecule as its primary cellular receptor. It was shown by Klatzman 

et al (1984a,b) in PBL, that only CD4‘*' lymphocytes could be infected with HIV-1 

and that pre-incubation of cells with anti-CD4 antibodies could block infection as 

measured by reverse transcriptase activity. This was also true for cell lines, where 

only CD4^ cell lines could be infected. The anti-CD4 antibodies not only prevented 

infection but also the formation of multi-nucleated giant cells or syncytia (Dalgleish



et al 1984) which occur when infected cells with viral proteins on their surface fuse 

with uninfected cells bearing the virus specific receptor (Hoshino et al. 1983).

The virus glycoprotein gpl20 was implicated as the ligand for CD4 when it was 

discovered that this protein coprecipitated with CD4 from infected cells (McDougal 

et al 1986). Further evidence in support of gpl20 came from studies using 

recombinant gpl20 which was found to bind with high affinity to CD4 (Lasky et al

1987). It is now known that the gp 120 binding site on the CD4 molecule is located 

in the first 179 amino acids of the N-terminal, VI domain (Berger, Fuerst & Moss

1988).

The gpl20 molecule has been fully sequenced. Although some regions have a 

high degree of variation between isolates, the cysteine residues that form disulphide 

links in the molecule and result in loop structures are highly conserved 

(Kieber-Emmons, Jameson & Morrow 1989). The CD4 binding activity is found 

between amino acids 422-437 with a critical residue at 417 (Richardson et al 1988). 

As HIV-1 seropositive individuals or animals immunised with gpl20 fail to produce 

antibodies that prevent the virus from binding to CD4, it has been postulated that 

the CD4 binding site on the gpl20 may be a valley or cleft similar to that proposed 

for rhinoviruses (Rossman et al 1985), that may be inaccessible to antibody.

Clinical Course of HIV-1 Infection

HIV-1 has been isolated from the blood, semen, vaginal secretions, urine, 

cerebro-spinal fluid, saliva, tears and breast milk of infected individuals (Osmond 

1990). It is primarily sexually transmitted although direct injection of any of these 

fluids into the bloodstream could theoretically result in infection. The clinical course 

of HIV-1 disease has been classified by the U.S. Centers for Disease Control and 

Prevention (CDC; Anonymous 1986, Anonymous 1987, Anonymous 1993). Listed 

below is a summary of the CDC classification which was used to group the patients 

in this study.

(i) CDC stage I  acute HTV-1 infection

Within 3-6 weeks following infection with HIV-1, 50-70% of 

individuals have an acute clinical syndrome (Cooper et al 1985, Ho et 

al 1985) defined as "a mononucleosis-like syndrome, with or without



aseptic meningitis, associated with seroconversion for HIV antibody". 

This syndrome is analogous to what is observed in other acute viral 

infections (CMV, EBV; Sinicco et al 1990) and includes symptoms 

such as fever, lethargy, malaise, soar throat, headaches, 

lymphadenopathy, myalgias and a maculopapular rash. During this 

acute phase there is also a CD8 ^ lymphocytosis with an increase in 

activated CD8 ^ cells (Sinicco et al 1990).

(ii) CDC stage II asymptomatic HIV-1 infection

Individuals then enter a prolonged period of clinical latency in which 

the parameters of virus replication are difficult to detect in peripheral 

blood (Fauci et al 1991). Although defined as an asymptomatic stage 

individuals still present with a variety of conditions which are not 

AIDS defining but which reflect the deterioration of the immune 

system during this period. These include oral thrush, diarrhoea and 

skin complaints which may either be a re-emergence of pre-existing 

problems eg psoriasis, acne or a new condition eg HIV folliculitis.

(ill) CDC stage III (PGL)

Some individuals whilst still asymptomatic, present with persistent 

generalized lymphadenopathy (PGL; previously known as 

lymphadenopathy syndrome LAS). This is defined as lymph node 

enlargement of 1cm or more at two or more extrainguinal sites 

persisting for more than three months in the absence of a concurrent 

illness or condition other than HIV infection to explain the findings, 

(iv) CDC stage IV

The final stage of HIV-1 infection is symptomatic AIDS classified by 

the presence in the individual of an AIDS-defining illness. These are 

sub-grouped and include constitutional disease (subgroup A), 

neurologic disease (subgroup B), secondary infectious diseases 

(subgroup C), secondary cancers (subgroup D) and other conditions 

(subgroup E). This group contains individuals previously designated as 

AIDS related complex (ARC) which was defined as patients with 

constitutional disease (severe weight loss, night sweats) and recurrent



infection eg oral thrush.

More recently the CDC has revised the classification system for HIV-1 

infection to emphasize the clinical importance of the CD4^ lymphocyte count. The 

three CD4^ T lymphocyte categories are defined as follows; category 1 > 500  

cells//xl; category 2 200-499 cells/^1; category 3 <200 cells/ul. The AIDS 

surveillance case definitions now include all HIV infected individuals who have 

CD4^ lymphocyte counts of <  200//d or 14% of total lymphocytes (Anonymous 

1993). This revised system was not used in the present study although many of the 

findings were compared to the CD4^ lymphocyte count.

Virus Burden

The acute stage of HIV-1 disease is associated with high levels of viraemia in 

peripheral blood as measured by virus isolation and the detection of viral p24 in the 

plasma (Daar et al 1991, Clark Saag & Decker 1991, Graziozi et al 1992). This 

decreases with the emergence of HIV-1 immunity indicating that the host immune 

response can control viral replication. During the long clinically latent stage of the 

infection it had been assumed that the virus also entered a latent phase as indicated 

by the paucity of HIV-1 infected cells. However, as detection systems became more 

sensitive it has become clear that there is no true virus latency in HIV-1 infection. 

Although the number of CD4^ T cells infected by HIV-1 remains low; estimates 

range from 1/100-1/10,000 for asymptomatics to 1/20-1/100 in full blown AIDS 

(Schnittman et al 1990a, Bagasra et al 1992), virus burden increases dramatically as 

patients progress to AIDS. For example, it was shown by Genesca et al (1990) using 

the polymerase chain reaction (PCR) to detect proviral DNA that although 96% of 

HIV-1^ individuals contained HIV-1 DNA, the number of copies per 10^ PBMC 

increased from 67 in CDCII patients to 802 in full blown AIDS. In addition, a 

longer term study showed that patients remaining asymptomatic had a lower virus 

burden than those who progressed to AIDS (Schnittman et al 1990a). Using PCR, 

viral RNA can be detected in the plasma in the majority of HIV-1 ^ individuals at all 

stages of the disease (Holodniy et al 1991, Michael et al 1992). This may be 

explained by recent the findings that HIV-1 is active in lymphoid tissue during 

clinical latency (Pantaleo et al 1991, Pantaleo et al 1993) and may contribute to the



high levels of viral RNA detected in the serum. Thus, although there is a period of 

clinical latency in HIV-1 disease, this does not necessarily reflect a low virus burden 

or true viral latency.

The Cellular Immune Response to HIV-1 Infection

The host cell mediated immune response against a viral pathogen involves the 

expansion of specific CD4^ T cells which are implicated in the subsequent 

generation of cytotoxic lymphocytes (Borysiewicz et al 1983). This initial cellular 

response can be measured by the induction of DNA synthesis after culture of T cells 

with viral antigens and has proved to be a good prognostic indicator of the ability of 

the host to overcome the infection (Levandowski Ou & Jackson 1986, Ljungman et 

al 1985). Using this assay, individuals infected with HIV-1 were found to have poor 

proliferative responses to HIV-1 antigens (Wahren et al 1986). This occurred even in 

asymptomatic patients but became more prevalent with disease progression (Wahren 

et al 1987) and could not be restored by exogenous IL-2. In addition, this lack of 

HIV-1 specific cell mediated immune responses occurred while patients retained 

responses to other viral infections such as cytomegalovirus (CMV) and Herpes 

simplex virus (HSV) (Wahren et al 1986, Wahren et al 1987).

Natural Killer Cells

Natural killer (NK) cells mediate two forms of cytolysis, MHC non-restricted 

killing and antibody dependant cytotoxicity (ADCC), both of which may be 

important in the control of viral infections. Morphologically NK cells are large 

granular lymphocytes which express CD 16 and/or CD56 (Leu 19) antigens but do not 

have a CD3/Ti complex or rearrange T-cell antigen receptor genes (Lanier et al 

1986). A subset of NK cells expresses the CD57 (Leu7, HNK-1) antigen which is 

expressed on approximately half of the CD16^ population and is associated with 

lower NK cytotoxic activity (Lanier et al 1983). Natural killer cells display MHC 

non-restricted killing in vitro against a variety of tumour cell targets eg K562 

(Lanier et al 1983) and virally infected target cells (Diamond et al 1977). ADCC 

involves the interaction of CD16^ lymphocytes with antibody coated target cells 

(Perussia et al 1983), antibody giving specificity to the activity.



The importance of NK cells in the anti viral immune response in vivo has 

been demonstrated in mice with genetically low levels of NK cells. These animals 

are more sensitive to murine CMV than those with high levels (Bancroft Shellam & 

Chalmer 1981) while beige mice, deficient in NK cytolytic function, are highly 

susceptible to infection (Roder & Duwe 1979). It has been demonstrated in vitro 

using human effector cells that NK cells can lyse a number of virus infected targets 

including CMV infected fibroblasts (Borysiewicz et al 1985) and can also limit viral 

replication (Fitzgerald, Mendelson & Lopez 1985)). Resistance to infection by some 

viruses is also correlated with NK activity eg in mice resistant to severe infection by 

HSV-1 (Lopez 1980) and mouse CMV (Bancroft Shellam & Chalmer 1981).

NK Activity in H IV -l Infection

The numbers of NK cells as measured by morphology or CD 16 expression 

are normal throughout the course of HIV-l disease (Lifson et al 1984, Poli et al

1985), however there is an increased expression of CD57^ lymphocytes (Poon et al 

1983, Lifson et al 1984, Poli et al 1985). These NK cells are active against HIV-l 

infected targets in vitro and this activity can be augmented by IL-2 (Ruscetti et al

1986). Cytolytic activity against K562 or U937 is normal or only slightly decreased 

in the early stages of infection (Reuben et al 1983, Lazzarin et al 1984, Poli et al 

1985, Lewis et al 1985, Burkes et al 1987) but is impaired in patients with AIDS 

(Gerstoft et al 1982, Poon et al 1983, Rook et al 1983, Lifson et al 1984, Poli et al 

1985, Lewis et al 1985, Bonavida Katz & Gottlieb 1986). This is apparently due to a 

post-binding defect which may involve defective tubulin rearrangement (Sirianni et al

1988) as the binding frequency of the NK cells to the target is normal but no lysis 

takes place (Poli et al 1985, Bonavida Katz & Gottlieb 1986). The defect can be 

overcome if cells are stimulated with Con A or TP A or if IL-2, IL-12, INF-7  or 

IFN-/3 are added to the system (Bonavida Katz & Gottlieb 1986, Poli et al 1985, 

Chemimi et al 1992)

The ability of cells to acquire lymphokine activated killer (LAK) activity after 

culture with IL-2 is normal or even slightly increased in AIDS patients compared to 

H IV -l- individuals (Chin et al 1989). These LAK cells have been shown to have 

activity against HIV-l infected monocytes (Melder et al 1990)



Several investigators have shown ADCC reactivity against HIV-l envelope 

glycoproteins (Koup et al 1989b). In most cases normal donor lymphocytes were 

used with sera from HIV-1^ individuals. Using this system the majority of HIV-l 

infected individuals at all stages of the disease were shown to have high titres of 

anti-HIV-1 antibodies that could direct ADCC (Ljunggren et al 1987, Lyerly et al 

1987, Emskoetter et al 1989) although some investigators have reported a rather low 

titre (Sinclair et al 1988). Using sera and effectors from the same individuals, 

Ljunggren et al (1989) reported ADCC activity in 70% of HIV-l ^ individuals 

tested. Nevertheless, killing was of lower efficiency than the control group, 

apparently due to an effector cell defect (Tyler et al 1990)

Cytotoxic T Lymphocytes (CTL)

CTL were first shown to recognize viral antigens in the context of self MHC 

by Zinkernagel & Doherty (1975) in the mouse. It was originally thought that CTL 

were directed against external viral proteins expressed on the surface of infected 

cells but it is now clear that CTL also recognize internal viral proteins (Townsend, 

Gotch & Davey 1985) which are processed by the infected cell and presented as 

peptides in association with the MHC class I molecule (Townsend et al 1986).

Initially virus specific CTL were thought to be exclusively CD8 ^ and class I 

restricted, however, virus specific CTL which are CD4^ and class II restricted have 

been described (Meuer et al 1982). These are directed towards MHC class II bearing 

target cells which include monocytes, macrophages, B-cells and activated T-cells and 

may arise because of the selective binding of different viral peptides to MHC class II 

molecules or because of the trophism of viruses to class II positive cells. 

Alternatively, it has been suggested that CD4^ CTL are involved in the termination 

of a specific immune response through the lysis of antigen presenting cells 

(Braakman et al 1987).

Human class I restricted, virus specific CTL have been described against a 

number of different viruses including influenza (McMichael & Askonas 1978), EBV 

(Moss et al 1981), HSV (Yasukawa, Shiroguchi & Kolayashi 1983) and CMV 

(Borysiewicz et al 1983) and have been shown to play an important role in both the 

resolution of acute viral infections (Quinnan et al 1982) and the control of chronic or



persistent infection (Yao et al 1985). The importance of the CD8 ^ cell-mediated 

response in acute viral infections was shown in studies on mice depleted of CD8 '*' 

lymphocytes or mutant mice lacking CD8 ^ cells. In these animals it was 

demonstrated that CD8 ^ lymphocytes were responsible for the clearance of 

lymphocytic choriomeningitis virus (LCMV) and were the most dominant anti-viral 

response (Moskosphidis et al 1987; Fung-Leung et al 1991). The protection effected 

by CD8 ^ CTL can be passively transferred. For instance, influenza specific 

cytotoxic clones passively transferred into naive recipients protected against viral 

challenge (Lin & Askonas 1981) and mediated recovery from primary pneumonia 

(Lukacher, Braciale & Braciale 1984). Similarly, cloned HSV-1 virus specific CTL 

protected mice from fatal HSV-1 infection (Sethi, Omata & Schneweis 1983) and 

cloned CMV specific CTL introduced into an infected mouse substantially reduced 

the virus load (Reddehase et al 1987).

CTL in H IV -l Infection

HIV-l specific CTL were first described by Plata et al (1987) using 

lymphocytes from the lungs of infected patients. These were class I restricted, 

CD 3^CD8^ lymphocytes with cytolytic activity against autologous alveolar 

macrophages infected in vitro with the virus. The demonstration by this group of 

circulating activated CTL in freshly isolated lymphocyte preparations (primary CTL) 

was unusual as they are not found in other chronic viral infections (Quinnan et al 

1982). It was proposed that the CTL in the lung might be directed against HIV-l 

infected alveolar macrophages and were contributing to the alveolitis seen in these 

patients. Alveolar macrophages, which express low levels of CD4, were later found 

to be naturally infected with HIV-l (Plata et al 1990) indicating that they could act 

as targets in vivo. At the same time. Walker et al (1987) demonstrated CD3^ CTL 

in peripheral blood directed against autologous B-lymphoblastoid cell lines (BCL) 

infected with vaccinia vectors expressing the gag and env gene products of H IV -l. 

Again, primary CTL were measured without restimulation in vitro. Freshly isolated 

PBMC from 17 out of 20 HIV-1^ patients were found to lyse autologous targets 

expressing HIV-l gag (Riviere et al 1989). The response was mediated by CD8 ^ 

lymphocytes and was MHC restricted. Similarly, in H IV -l^  haemophiliacs CD8 ^ ,
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class I restricted CTL were demonstrated without preactivation (Koup et al 1989a). 

Primary CTL have also been found which are specific for the HIV-l pol gene 

product reverse transcriptase (Walker et al 1988).

In asymptomatic patients primary CTL responses have also been found 

against BCL pulsed with peptides of gpl60 (Clerici et al 1991). The effector cells 

are class I restricted, CD8 ^ lymphocytes and the magnitude of the response 

increases after pre-incubation of CTL with the peptide.

Using a restimulation protocol in which PBMC from HIV-l ^ patients were 

cultured for a number of days with autologous PHA blasts, CTL were identified 

which were directed against both structural viral proteins such as env (Shepp et al

1989) and gag (Nixon et al 1988) and the regulatory protein «e/(Chenciner et al 

1989, Culman et al 1989). Such reactivation protocols measure memory CTL 

responses. Activation of PBMC with PHA or anti-CD3 has also been used to 

measure CTL precursor frequencies and to generate HIV-l specific CTL clones. In 

HIV-l ^ individuals env specific CTL clones were raised which were able to lyse a 

murine cell line, P815, which had been doubly transfected with human HLA-A2 and 

HIV-l env (Langlade-Demoyen et al 1988). These clones were CD8 ^ and class I 

restricted but CD4^ class II restricted CTL clones have also been demonstrated in 

humans immunised with recombinant gpl60 (Orentas et al 1990).

HIV-l specific CTL appear soon after seroconversion and remain at a high 

frequency during the asymptomatic stages of HIV-l infection. However, they are not 

found to the same extent in patients with AIDS (Weinhold et al 1988, Hoffenbach et 

al 1989, Pantaleo et al 1990a) and are therefore thought to play an important role in 

controlling the viral load maintaining the asymptomatic stage (Walker & Plata

1990). In addition, CD8 ^ T lymphocytes have also been shown to suppress HIV-l 

replication by a non-cytolytic mechanism (Walker Moody & Stites 1986, Tsubota et 

a 1989) supporting the hypothesis that the CD8 ^ subset is important in the control 

of HIV-l infection.

Conversely, it has been proposed that HIV-l specific CTL might also 

contribute to the pathogenesis of the disease through the lysis of autologous, 

uninfected CD4^ cells. It is known that the association of gpl20 and gp41 is 

unstable and quantities of free gpl20 are shed into the medium (Gelderblom Reupke
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& Pauli 1985). This circulating gpl20 has the capacity to bind to the CD4 molecule 

on uninfected cells which may then become targets for CTL (Lanzavecchia et al 

1988, Siliciano et al 1988)

T Cell Functional Defects in HIV-l Infection

The very earliest descriptions of clinical AIDS included observations 

concerning the abnormal responses of T cells to mitogenic stimulation in vitro. 

Patients with AIDS or ARC showed marked decreases in proliferation after 

stimulation either with mitogen or recall antigens such as purified protein derivative 

(PPD) and tetanus toxoid (Table 1.1). This proliferative deficiency was measured 

using ^HTdR uptake and confirmed using assays of colony forming cells where it 

was shown that the number of colonies formed after PHA stimulation was decreased 

in HIV-l ^ patients (Winkelstein et al 1985, Lunardi-Iskander et al 1985,

Winkelstein et al 1988). Such defects also occurred in vivo as AIDS patients were 

found to be anergic to recall responses by skin testing (Reuben et al 1983, 

Femandez-Cruz et al 1988)

A summary of the range of proliferative defects described in HIV-l infection 

is shown in Table 1.1. From these studies it is clear that although T cells from 

AIDS patients are profoundly handicapped, such defects also arise in asymptomatic 

individuals, including those with high CD4^ lymphocyte counts (Miedema et al

1988). Nevertheless, there is strong evidence that the degree of handicap increases 

with disease progression. For instance, responses to stimulation with mitogens such 

as anti-CD3 and PHA are lower in patients with symptomatic AIDS compared to 

HIV-l ^ asymptomatic individuals (Winkelstein et al 1989, Hofmann et al 1989a, 

Gruters et al 1990). Such responses have also been found to correlate positively with 

absolute CD4^ lymphocyte counts (Antonen et al 1987, Hagier et al 1988, 

Winkelstein et al 1989) indicating that assays of T cell function can provide 

additional information concerning the progress of the disease. In addition, the low 

responses to anti-CD3 or pokeweed mitogen (PWM) in asymptomatic individuals 

have been shown to predict progression to AIDS (Schellekens et al 1990, Hofmann 

et al 1987).
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Table 1.1 Proliferative defects identified in vivo using ^HTdR uptake

Cell
Type Stimuli

Patient Group 
Ab+/Asy. ARC/AIDS

PBMC anti-CD2 D ( l )
anti-CD3 D (15,16) D (1,5,17)

N (19)
Candida I) (12)
Con-A I) (12) D (2,3,6)

N (19)
CMV I) (18)
PHA D (9,12,13) D (1,2,3,4,6,8,10,13,16)
PHA N (19)
PPD D (9)
PWM D (9,12,19) D (2,3,8)

N (6 )
TT D (13,19) D (8,13)

T-Cells Con-A D (10) D (10)
MLR N ( 7 , l l )

CD4+ anti-CD3 D (14,17)
Con-A D (10) D (5,10)
PHA D (5)

N (8 )
PWM N (8)
TT D (8 )

CD8+ anti-CD3 D (14,17)
Con-A D (5 )
PHA D (5)

N (8 )
PWM N (8 )

AB^ Antibody Postive (HIV-1, HTLVIII, LAV)
Asy. Asymptomatic
TT Tetanus toxoid
PPD Purified protein derivative
D Decreased ^HTdR uptake £pDîparêdo normal; p < 0 .05
N Normal ^HTdR uptake; p <  0,05
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These activation defects are unlikely to be due to a direct cytopathic effect of 

HIV-1 which using the most sensitive techniques including in situ hybridisation and 

PCR, can be detected in <  1% of peripheral T cells (Schnittman et al 1990). In 

addition they are not limited to CD4^ lymphocytes but also occur in CDS'*' T cells 

(Hofmann et al 1985, Ebert et al 1985). For example, both CD4^ and CD8 ^ cells 

from a wide range of patients respond poorly to anti-CD3 stimulation (Miedema et 

al 1988, Bentin et al 1989, Gruters et al 1990) and limiting dilution analyses of 

purified CD4^ and CD8 ^ cells from AIDS patients demonstrate a decrease in the 

number of clonable cells from both populations (Margolick et al 1985),

Interleukin-2 Release in HIV-1 Infection

It has been proposed that functional deficiencies in HIV-1 infection are due to 

an inadequate supply of IL-2 (Bell et al 1992, Winkelstein et al 1988, Ammar et al

1992). This is produced mainly by CD4^ T cells and in lesser amounts by CD8 ^ T 

cells in response to stimulation with specific antigen or mitogens and stimulates their 

growth in an autocrine fashion (Smith 1980). Interleukin 2 also acts as a paracrine 

factor influencing the activity of other cells such as NK cells (Henney et al 1981) 

and B cells (Waldemann et al 1984). Therefore a deficiency in IL-2 is likely to have 

far reaching effects.

There are conflicting reports concerning the amount of IL-2 released by T 

cells from infected individuals after activation in vitro. After stimulation with PHA 

individuals with AIDS were shown to have a 2 to 10 fold reduction in the amount of 

IL-2 released into the culture medium (Creemers et al 1986, Burkes et al 1987,

Borzy et al 1987, Hofmann et al 1989b). However, other studies were unable to find 

any difference between HIV-1 ^ patients and normal controls (Prince Kermani & 

Fahey 1984, Reuben et al 1985, Murray et al 1985, Winkelstein et al 1989) perhaps 

reflecting the wide variation between HIV-1^ individuals or differences in 

technique. Defects in IL-2 release after stimulation with mitogen or antigen were 

also noted at earlier stages of the disease (Antonen et al 1987). In particular it was 

noted by Shearer et al (1986) that asymptomatic HIV-1 ̂  individuals showed a 

progressive decline in their ability to produce IL-2 in response to different stimuli. 

Patients initially lost the ability to make IL-2 in response to recall antigen, followed
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by allo-antigen and finally PHA suggesting a selective depletion of Ty function in 

the development of AIDS. It was later shown by these authors that the loss of IL-2 

production was associated with an augmented release of IL-4 which they suggested 

was indicative of a switch from a T y l- to a Ty2-type of response (Clerici et al

1993), the classification system for CD4^ T cell clones in the murine system 

(Mosmann & Coffman 1987).

There are also conflicting reports concerning the effect of exogenous IL-2 on 

lymphocyte function. T cells from a range of HIV-1^ patients were shown to have 

normal (Alcocer-Varela et al 1985, Linette et al 1988) or lower than normal (Borzy 

et al 1987, Donnenberg et al 1989) responses to IL-2 alone while the addition of IL- 

2 to cultures stimulated with mitogen or antigen was found to increase the 

proliferation of cells as measured by ^HTdR uptake (Ciobanu et al 1983, Ebert et al 

1985, Gluckman et al 1985, Gruters et al 1990). IL-2 was also found to improve 

defective NK cell function in HIV-1 infection and resulted in normal LAK cell 

generation (Chin et al 1989, Melder et al 1990). Conversely, it was shown by 

Hausser et al (1984) that IL-2 had no effect on the proliferative capacity of T cells 

from HIV-1 ^ individuals after stimulation with PHA. These differences may in part 

be due to the source and amount of IL-2 used which can greatly influences the 

response.

IL-2 Receptor Expression in HIV-1 Infection

Interleukin-2 mediates its effect through binding to its receptor. The receptor 

is composed of at least three membrane components; the a-chain (IL-2Ra, p55, 

CD25; Robb & Greene 1983), the /?-chain (IL-2R/Î, p75 CD122; Sharon et al 1986, 

Tsudo et al 1986, Dukovich et al 1987) and the 7 -chain (IL-2 R7 , p64; Takeshita et 

al 1990). The expression of combinations of these chains results in the generation of 

alternative forms of the IL-2R, each with different binding affinities for IL-2. The 

high affinity receptor is composed of all three chains (Takeshita et al 1990,

Takeshita et al 1992, Arima et al 1992). The isolated a-chain forms the low affinity 

receptor (Robb & Greene 1983) and the and 7 -chains together form the 

intermediate affinity receptor (Dukovich et al 1987, Teshigawara et al 1987). The /?- 

chain has the largest cytoplasmic domain and plays an important role in IL-2 induced
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signalling (Smith 1988, Hatakeyama et al 1989), while IL-2Ro: facilitates binding 

only and has no signalling role (Wang & Smith 1987). The recently described y-  

chain is also thought to be critical for signal transduction (Arima et al 1992) and to 

be essential for ligand internalization (Takeshita et al 1992)

The constitutive expression of both IL-2R/Î and CD25 on peripheral T cells is 

very low but after mitogenic stimulation in vitro mRNA for CD25 and membrane 

expression of the protein is upregulated (Uchiyama Broder & Waldman 1981, Robb 

Greene & Rusk 1984)

In HIV-1 infection a deficient IL-2R expression has been postulated by many 

investigators to cause the poor proliferative response of T cells (Prince & John 

1986, Greene, Bohnlein & Ballard 1989). However, there are conflicting reports 

concerning the expression of CD25 after stimulation in vitro. Using PHA as the 

stimulus, some investigators have reported normal percentages of CD25^ cells in 

patients with AIDS or LAS in both CD4^ and CDS'*' T cell subsets (Lane et al

1985, Creemers, O ’Shaughnessy & Boyko 1986, Hofmann et al 1989b, Allouche et 

al 1990). However, using this same stimulus, others have found a reduced CD25 

expression (Prince, Kermani-Arab & Fahey 1984, Gluckman et al 1985, Gupta et al

1986, Winkelstein et al 1988, Sahraoui et al 1992) occurring at all stages of the 

disease (Gupta et al 1986). There is also some confusion about the constitutive 

expression of CD25 on unstimulated lymphocytes from HIV-1 ̂  patients with both 

increased (Gupta 1986) and decreased (Zola et al 1991) levels reported.

There is little information concerning the alterations of IL-2R/J chain 

expression during HIV-1 infection. It has been shown that infection of T cells with 

HIV-1 in vitro induces an impaired expression of both CD25 and IL-2R/3 after PHA 

stimulation (Sahraoui et al 1992) and that although PBL from HIV-1^ patients have 

a reduced constitutive expression of IL-2Rj6, CD8^ lymphocytes from broncho- 

alveolar lavage have increased expression (Zambello et al 1992). However, it is 

unclear how such gross changes are related to the considerable shifts in T cell 

subsets observed in HIV-1^ patients.

T Cell Dysfunction Due to gpl20/CD4 Interactions

The studies outlined above indicate that defects in antigen and mitogen driven
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proliferation of HIV-1 infected individuals are not simply the result of reduced 

CD4^ lymphocytes but are influenced by other factors including IL-2 and IL-2 

receptor pathways. There is another mechanism of immunosuppression which occurs 

either as a direct result of infection with HIV-1 or through the interaction of the 

envelope glycoprotein gpl20 with the CD4 molecule (Krowka et al 1988).

Direct infection of cell lines and peripheral CD4^ T cells with HIV-1 has 

been reported to inhibit the responses of these cells to further mitogenic stimuli with 

anti-CD3 or anti-CD2 antibodies (Laurence et al 1989, Margolick et al 1987, Gupta 

& Vayuvegula 1987). The gpl20 envelope glycoprotein which is released by infected 

cells and can be detected in the serum (Oh et al 1992) has been shown produce a 

similar effect. This protein suppresses T cell proliferation induced by PHA (Mann et 

al 1987), anti-CD3 (Oyaizu et al 1990, Weinhold et al 1989) and specific antigen 

(Krowka et al 1988, Gurley et al 1989, Oyaizu et al 1990, Faith et al 1992). These 

suppressor activities appear to be specific because only CD4^ T cells were 

susceptible and soluble CD4 or anti-gpl20 antibodies neutralized the activity (Terai 

et al 1991, Faith et al 1992). The binding of gpl20 to the CD4 molecule was shown 

to give rise to increases in intracellular inositol triphosphate and Ca^^ (Komfield et 

al 1988) indicating that the inhibitory activity may rely upon negative signalling 

through binding to CD4 (Corado et al 1991). In addition, it has been reported that 

gpl20 bound to CD4^ T cells primes the cells for death by apoptosis after 

subsequent stimulation through the TCR (Banda et al 1992).

Activation Induced T Cell Death

Mitogenic stimulation of mature peripheral T cells normally results in a 

positive response, ie proliferation or cytokine production, but under certain 

circumstances these same signals result in the death of the responding cells (Kabelitz 

Pohl & Pechhold 1993). Several studies have demonstrated that activation of 

immature thymocytes or T cell hybridomas through the TCR causes the death of the 

cells by a process of programmed cell death. More recently, activation induced cell 

death has also been shown to occur in mature T cells (Liu & Janeway 1990, Russell 

et al 1991, Janssen et al 1991)

Programmed cell death (PCD) is a mechanism of cell death which requires
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new gene expression and which is common during embryonic development 

(Reviewed in Cohen 1991). Apoptosis refers to the morphology of PCD as opposed 

to necrosis which is the appearance of accidental death. Both mechanisms have 

distinct morphological differences (Searle, Kerr & Bishop 1982). In apoptosis the 

main target of damage is the nucleus, the DNA of which is cleaved into nucleosomal 

fragments through the action of an endonuclease (Wyllie 1987). This is an active 

process and is accompanied by a massive loss of cell volume and membrane 

blebbing (Thomas & Bell 1981). However, this nuclear degradation occurs whilst 

cell membrane integrity is maintained. Necrosis involves damage to the mitochondria 

resulting in the loss of the cells ability to regulate its osmotic pressure (Searle, Kerr 

& Bishop 1982). This ultimately leads to cell swelling and lysis. During this process 

the nuclear structure remains relatively intact in direct contrast to apoptosis. An 

important difference between the two mechanisms is the tissue damage resulting 

from necrosis. This occurs when the cell contents are released, inducing a local 

inflammatory reaction. In apoptosis the cell remains intact and is engulfed by the 

nearest macrophage (Duvall, Wyllie & Morris 1985; Savill et al 1990) thus 

removing the cell and avoiding the massive tissue damage seen in necrosis.

Genes Involved in Apoptosis

The control mechanisms for apoptosis have not yet been elucidated but there 

are a number of genes whose expression is directly involved in regulating cell death. 

For instance in the nematode Caenorhabditis elegans three genes; ces-2, ced-3 and 

ced-4 are required for cell death to occur (Ellis Jacobson & Horovitz 1991).

Similarly in mammals p53  and c-myc are necessary for apoptosis (Lowe et al 1993, 

Shi et al 1992). Expression of the proto-oncogene c-myc is necessary to allow cells 

to progress through the s-phase of the cell cycle (Bishop et al 1991). Gene and 

protein expression of c-myc are increased after mitogenic stimulation (Almendral et 

al 1988) and its enforced expression results in apoptosis of growth factor dependent 

cell lines upon factor deprivation (Askew et al 1991). Thus it is thought that c-Myc 

drives cells out of GO and into cycle where the lack of other factors or survival 

signals leads to death by apoptosis. It has been proposed that cell cycle progression 

genes such as myc prime cells for two opposing fates; proliferation or apoptosis.
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Apoptosis is the default pathway and must be actively suppressed to support 

proliferation (Evan et al 1992).

Certain genes including ces-1 and ced-9 in the nematode, are known to limit 

the extent of cell death (Ellis Jacobson & Horovitz 1991, Hengartner Ellis & 

Horovitz 1992). Another such gene is bcl-2, which has been shown to block 

apoptotic cell death in a variety of cell Systems (Williams et al 1991, Raff et al 

1992, Dancescu et al 1992, Bissonnette et al 1992).

The bcl-2 gene was first identified in follicular B cell lymphomas at the 

breakpoint of the translocation between chromosome 14 and 18 (Tsujimoto et al 

1985) and has subsequently been associated with other lymphoproliferative disorders 

(Said et al 1990, Dancescu et al 1992; Campana et al 1993). Although the protein is 

expressed in high levels in many malignant B and T cell lines it is absent from 

proliferating germinal centre B cells and cortical thymocytes, both of which are 

undergoing selection and are susceptible to apoptosis (Liu et al 1989, Liu et al 1991, 

Hockenberry et al 1991, Korsmeyer 1992). In addition, the induction of Bcl-2 

expression in transgenic mice has been shown to prolong the lifespan of B and T 

cells, preventing clonal deletion of self-reactive clones (Siegel et al 1992) and 

ultimately resulting in autoimmune disease in these animals (Strasser et al 1991). 

Enforced Bcl-2 expression will block Myc-induced apoptosis (Bissonnette et al 1992) 

suggesting that the default pathway to apoptosis opened by inappropriate expression 

of proto-oncogenes can be blocked by survival signals provided by genes such as 

bcl-2. Thus Bcl-2 is intimately involved in the survival of lymphocytes and in its 

absence cells are susceptible to apoptosis.

An important receptor involved in apoptosis is the Fas/APO-1 molecule 

which is a surface protein and a member of the TNF receptor superfamily. When 

cross-linked by antibody, it induces cell death by apoptosis (Itoh et al 1991, Klas et 

al 1993). A clue to the role of Fas-induced apoptosis came from observations that 

Ipr mice, which show accumulation of lymphocytes in the periphery and the 

production of autoantibodies (Cohen & Eisenberg 1991), have a mutation in the fa s  

gene resulting in the absene of Fas protein (Watanabe-Fukunaga et al 1992). The Fas 

protein is expressed at high levels on double positive thymocytes and activated 

peripheral Tcells (Ogasawara et al 1993, Drappa et al 1993, Trauth et al 1989).
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Lymphocyte Death in HIV-1 Infection

After culture in vitro in the absence of growth factors or mitogen, T cells 

from HIV-1 infected individuals show a certain vulnerability and die more quickly 

than cells from uninfected people. This was first described by Prince & Czaplick 

(1989) who found that CD8^ lymphocytes co-expressing the marker CD45RO, 

HLA-DR or Leu8- were particularly affected. This could be partially prevented by 

either IL-2 or IL-4 but even in the presence of these cytokines CD8^ T cells were 

prone to die (Prince & Jensen 1991a). Thus cells with an activated phenotype died 

after culture in vitro. This spontaneous cell death was later shown to occur by 

apoptosis (Meyaard et al 1992). Interestingly, similar spontaneous cell death was 

reported in patients with acute EBV infection (Uhehara et al 1992, Moss et al 1985) 

again predominantly within the activated T cell population. In HIV-1 infection cell 

death by apoptosis was also seen after stimulation with anti-CD3 (Meyaard et al 

1992), superantigen or PWM (Groux et al 1992). Activation with anti-CD3 

increased the apoptosis seen in the CD8^ population but not the CD4^ (Meyaard et 

al 1992). Conversely, Groux et al (1992), demonstrated that superantigen or PWM 

induced apoptosis occurred preferentially in CD4^ lymphocytes and could be 

prevented by co-stimulation with anti-CD28.

Phenotypic Changes in T Cells from HIV-1^ Patients

Infection with HIV-1 is associated with a range of phenotypic changes in 

peripheral blood T cells which could influence the function of the T lymphocyte 

population as a whole. The progressive decline of CD4^ lymphocyte counts is a 

well documented feature of the infection and is one of the best markers predicting 

progression to AIDS (Tindall et al 1988, Phillips et al 1989, Fahey et al 1990). 

However, phenotypic changes within the CD8^ T cell subset also occur and these 

are now recognized as important surrogate markers for AIDS (Levacher et al 1990, 

Bogner & Goebel 1991).

Both the percentage and absolute number of CD8^ lymphocytes are increased 

during the acute stage of HIV-1 disease (CDCI; Sinicco et al 1990) and this CD 8 

lymphocytosis remains high throughout the asymptomatic stage (CDCII; Nicholson 

et al 1986, Krowka et al 1988, Giorgi et al 1989, Lang et al 1989). It was reported
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by Lang et al (1989) that numbers of CDS'*’ cells begin to fall six to twelve months 

prior to the development of AIDS but even in this patient group CD8^ lymphocytes 

are higher than the HIV-1- control (Fahey et al 1984, Stites et al 1986, Ziegler- 

Heitbrock et al 1988). The total number of CD8^ lymphocytes predicts the steep 

decline of CD4^ cells (Munoz et al 1988) and progression to AIDS (Stites et al 

1989, Anderson et al 1991).

A range of phenotypic changes have been reported within the CD8^ subset. 

These include an increased number of cells expressing the markers HLA-DR 

(Nicholson et al 1984, Stites et al 1986, Krowka et al 1988, Ziegler-Heitbrock et al

1988) and CD38 (Prince et al 1985, Giorgi et al 1989) both of which are expressed 

on normal cells after activation. However, CD38 is also expressed on thymocytes 

leading to some speculation that these CD8^CD38^ cells might represent an 

immature population (Salazar-Gonzalez et al 1985). In addition there is an increase 

in the number of CD8^ lymphocytes expressing CD57 (Leu 7; Stites et al 1986, 

Ziegler-Heitbrock et al 1988, Krowka et al 1988) and losing Leu 8 (L-selectin; 

Nicholson et al 1984, Giorgi et al 1987). However, these changes have also been 

reported to occur in HIV-1- homosexuals (Plaeger-Marshal et al 1987) and 

haemophiliacs (Prince et al 1985, Ziegler-Heitbrock et al 1985) suggesting they may 

not be related to HIV-1 infection per se. CD8^ lymphocytes expressing HLA-DR, 

CD38 and CD57 form overlapping populations which have variously been associated 

with disease progression (Stites et al 1989, Levacher et al 1992, Bogner & Goebel 

1991).

The function of this CD 8^, activated population in HIV-1 infection is not 

known but cells with a CD8^HLA-DR^ phenotype from HIV-1^ individuals have 

been shown to have cytolytic activity in a redirected killing assay (Vanham et al 

1990) and to have HIV-1 specific CTL activity (Pantaleo et al 1990a). These cells 

also have decreased proliferation after activation with a range of mitogens including 

anti-CD3 (Pantaleo et al 1990b) and die selectively after culture in vitro without 

stimulation (Prince & Czaplick 1989). Similarly, CD8^CD57^ lymphocytes from 

HIV-L*" donors were also shown to have cytolytic activity in a redirected killing 

assay (Vanham et al 1990) but are also reported to have a suppressor role (Joly et al

1989) and to secrete suppressor factors (Quan et al 1993).
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Lymph Node Involvemeut in HIV-1 Infection

Infection with HIV-1 is also associated with dramatic changes within 

lymphoid tissues. The histological changes of lymphadenitis are progressive and 

involve an initial expansion of the follicles (follicular hyperplasia) resulting in 

germinal centres with unusual shapes surrounded by a rather thin lymphocyte corona 

(Pileri et al 1986, Pallesen Gerstoft & Mathiesen 1987, Tenner-Racz et al 1987).

This is followed at later stages by involution and fragmentation of follicular germinal 

centres and finally degeneration of the follicles (Schuurman et al 1985, Biberfeld et 

al 1987). Phagocytic macrophages accumulate in the paracotical areas. There are 

also signs of hypervascularization (Nakamura et al 1988) and the sinusoids show an 

increased frequency of polymorphs (Racz 1988). In addition, there are increased 

numbers of plasma cells in the medullary cords.

Follicular dendritic cells (FDC) form a network within the germinal centres 

and have a crucial role in the regulation of the humoral immune response by 

trapping and retaining antigen in the form of immune complexes (Gerdes & Stein 

1982). In early HIV-1 infection, HIV-1 virus particles complexed with 

immunoglobulin or complement accumulate in the germinal centres and are trapped 

within the expanded FDC network (Racz et al 1985, Tenner-Racz et al 1986, 

Cameron et al 1987, Fox et al 1990). However, as the disease progresses the FDC’s 

degenerate and there is less trapping. It is postulated that the loss of FDC might 

contribute to the pathogenesis of HIV-1 by interfering with the maintenance of 

memory or responses to new antigenic challenge.

The mechanisms of GC involution is not known. Using in situ hybridisation 

Speigel et al (1992) found HIV-RNA in the majority of FDC in a pattern which was 

consistent with active infection rather than Just virus trapping on the cell surface. 

Therefore, active infection may play a role in FDC depletion. Alternatively, CD8^ 

lymphocytes are found in unusually high numbers in the germinal centres during 

HIV-1 infection and it has been suggested that these are CTL effectors which are 

directed against the FDC (Laman et al 1989, Devergne et al 1991). This influx of 

CD8^ cells also occurs in the paracortical areas (Janossy et al 1985, Wood et al 

1986, Brask et al 1987). The majority of these CD8'*' lymphocytes express the 

C D 45R0^ antigen and are therefore primed (Racz et al 1990, Janossy et al 1991)
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Comparison of Chronic HIV-1 Infection with Acute Viral Infections

The acute stage of HIV-1 infection is similar to the mononucleosis-like 

syndromes induced by other viruses eg EBV and CMV. The symptoms of all of 

these are immunopathological in that it is the immune response to the virus, rather 

than the virus itself which causes the symptoms. However, while other viral 

infections resolve and viral replication is controlled by the immune response, HIV-1 

is released throughout the course of the disease and is therefore a chronic or 

persistent infection. The acute stage of viral infections share some similarities with 

chronic HIV-1. For example CD8^ lymphocytosis, lymphadenitis and the 

appearance of activated cells in the circulation. A comparative study between these 

two groups might therefore provide useful information concerning the fundamental 

differences that on one hand lead to viral clearance and immune memory but on the 

other, complete destruction of the immune system and ultimately death.
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AIMS

Infection with HIV-1 results in a progressive decline in immune function 

which is unlikely to be due solely to the loss of CD4^ T cells. Qualitative defects in 

T cell function both in vivo and in vitro have been reported and are likely to be of 

crucial importance to the pathogenesis of the disease. In this study such qualitative 

defects in CD4^ and CD8^ T lymphocytes from peripheral blood were investigated 

using assays of T cell function in vitro. As HIV-1 is a chronic viral infection, 

responses were compared to those in individuals suffering acute viral infections 

(AVI) to determine if defects were unique to HIV-1 or were common to other viral 

diseases. The broad aims of the study were as follows:

(i) To develop an assay of T cell function in vitro that could easily be 

used to measure responses of peripheral blood T cell subsets in a 

routine laboratory setting and to use this assay to compare blastogénie 

responses to mitogenic stimuli in different T cell subsets and HIV-1 ^ 

patient groups.

(ii) By investigating CD45RA^ and CD 45R0^ T cell subsets, to 

determine if losses of immunological memory were particularly linked 

to losses of, or defects within, the CD 45R0^ population.

(iii) To determine the role, if any, of IL-2/IL-2R in

qualitative defects in T cell function both by investigating the effects 

of exogenous IL-2 and by measuring IL-2R expression after 

activation.

(iv) As activation can, under certain circumstances, result in cell death, 

the next aim was to determine if this was an important factor in HIV- 

1 infection. The mechanism of cell death would be investigated as 

well as the role of Bcl-2, a protein known to be involved in the 

prevention of cell death.

(v) Efficient proliferation involves not only TcR engagement but also co­

stimulatory signals provided by other receptor:ligand interactions. One 

such signal is provided through CD28 on the T cell. The next aim was 

to determine if co-stimulation through CD28 could restore defective T
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cell function and to investigate any change in expression of this 

molecule in HIV-1 infection.

(vi) As both HIV-1 and the acute stages of other viral infections are 

associated with a CDS'*" lymphocytosis, one aim of the study was to 

measure the cytolytic function of the CD8^ T cells and to determine 

if this was directed against the HIV-1 virus. As there are a number of 

phenotypic changes within the CD8^ subset it was also our aim to 

define more clearly the phenotype of CTL precursor and effector 

cells.

(vii) The majority mature T cells are located within the

secondary lymphoid tissue. Therefore, the aims listed above were also 

investigated in lymphoid tissue to determine if this would provide 

further information concerning the pathogenesis of HIV-1.
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CHAPTER 2 

METHODS

This chapter describes a number of general procedures that were used 

throughout the study. Methods pertaining to particular chapters are given in detail at 

the beginning of each individual chapter.

A Lymphocyte Separation Techniques 

Isolation o f PBMC

Venous blood was taken into preservative free heparin and diluted 1:1 with 

Hanks Balanced Salt Solution (Hanks BSS, Gibco Ltd, Glasgow, Scotland). The 

blood was layered onto Lymphoprep (Nycomed Ltd, Oslo, Norway) to give a final 

ratio of 4:3, blood: lymphoprep and centrifuged at 400 x g for 25 minutes. The 

PBMC at the interface were taken off and the cells washed twice with Hanks BSS at 

160 X g for 10 minutes to remove contaminating platelets.

Preparation o f lymph node and tonsil suspensions

Lymph nodes were obtained from HIV-1^ individuals with suspected lymphoma 

and normal tonsils from patients after tonsillectomy. The tissue was gently teased 

apart with forceps and a single cell suspension prepared by aspiration through a 

pasteur pipette. The cell suspension was layered onto lymphoprep as described to 

remove contaminating red cells.

Lymphocyte enumeration and viable cell counts

Trypan Blue at a final concentration of 0.08% in saline was used to determine 

lymphocyte viability after isolation. Cells obtained from HIV-1 infected patients 

were routinely fixed with 8 % formalin in PBS before removal from the safety 

cabinet to the microscope. The cell : formalin: trypan blue ratio used, 1:1:2, was 

found not to effect cell viability as measured by trypan blue uptake. The cell 

concentration was determined using an improved neubauer counting chamber (BDH 

Ltd, Dagenham, Essex) under light microscopy.
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Preparation o f conditioned medium

PBMC were isolated as described and adjusted to 2 x 10^/ml in RPMI-1640 

(Gibco Ltd) supplemented with 10% foetal calf serum (PCS), lOOIU/ml penicillin 

and 100/zg/ml streptomycin (all purchased from Gibco Ltd) and 2mM L-glutamine 

(ICN Biomedicals Ltd, High Wycombe, Bucks.). The cells were stimulated with 

5/xg/ml PHA (Welcome Diagnostics, Hartford, Essex) and cultured in 250cm^ tissue 

culture flasks for 4 hours at 37°C in a humidified CO2 incubator. After this initial 

short culture period the cells were harvested and washed repeatedly to remove the 

PHA. The cells were recultured in supplemented RPMI-1640 without PHA for a 

further 2 days when the supernatant was recovered. This was passed through a 

0.22/xm millepore filter and stored at —20°C until use.

Preparation o f T lymphocytes

Sheep Red Blood Cells (SRBC) bind to human T lymphocytes via the CD2 

antigen on the lymphocyte surface. This phenomenon was exploited to separate 

CD2^ cells from the heterogeneous population. Isolated PBMC were adjusted to 2 x 

10^/ml in RPMI-1640 medium supplemented with 10% PCS. The SRBC (TCS Ltd, 

Botolph Clayton, Bucks.) in alsevers, an anti-coagulant, were washed three times 

with HBSS by centrifugation at 400g for 10 minutes. The SRBC were resuspended 

in 10ml of serum free RPMI-1640 and 300/xl of 1 unit/ml neuraminidase (Sigma 

Ltd, Poole, Dorset) added. The red cells were incubated for 1 hour at 37°C, washed 

twice in HBSS and resuspended to 10% in RPMI-1640. One millilitre of 10% 

neuraminidase treated SRBC was added to 10ml of adjusted PBMC and incubated 

for 30 minutes at 37°C. The SRBC/PBMC mixture was pelleted and incubated for a 

further 2 hours on ice. The pellet was then resuspended gently and 13ml of 

lymphoprep layered underneath. After centrifugation at 400 x g for 25 minutes the 

non-T cell fraction (B cells, monocytes) settled at the interface while the T 

cell/SRBC rosettes and free SRBC were located in the pellet. The non-T cells were 

removed and the lymphoprep poured off leaving the pellet. To remove the red cells, 

10ml of Hofmanns lysis buffer (0.82% Ammonium chloride, 0.37mg/100ml EDTA 

and O.lg/lOOml Potassium carbonate) was added to each tube and left for a couple 

of minutes until the red cells had lysed and the solution become transparent. The
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tubes were then topped up with HBSS and the cells washed twice.

Complement lysis

Mouse monoclonal antibodies eg L eu llb  (CD 16) and RFT8/x (CDS) were used 

together with rabbit complement to deplete cells bearing these antigens

from the heterogeneous PBMC. All antibodies were titrated before use to determine 

saturating concentrations. The antibody, normally in the form of culture supernatant 

or ascites, was added to the cell pellet and mixed well. This was incubated at room 

temperature for 15 minutes and washed twice with serum free RPMI-1640. Thirty 

day old rabbit serum (Serological Reagents Ltd, East Grinstead, Sussex) was used as 

a source of complement to lyse the antibody coated cells. The amount required to 

lyse the cells was titrated out for each new batch of complement but was normally in 

the region of 200/xl for every ten million lymphocytes. Complement was added to 

the cell suspension at a final ratio of 1:2, complement:cell suspension. The tubes 

were incubated for 45 minutes at 37°C, washed twice with HBSS and the depletion 

procedure repeated with another aliquot of complement. In every experiment control 

depletions in which cells were incubated with complement in the absence of antibody 

were run simultaneously and used as complement controls in the functional 

experiments.

To check the efficiency of the depletion procedure an aliquot of lymphocytes 

was removed before and after the procedure and the expression of the antigen 

investigated.

Cell separations using magnetic beads

Dynabeads (Dynal, Oslo, Norway) are magnetic polystyrene beads which, when 

coated with antibody are used for immunomagnetic separations. The beads were 

normally coated with purified goat anti-mouse immunoglobulin (GAM-Ig) and used 

to remove the unwanted cell population. Negative selection rather than

positive was used to prevent the possible interference of normal lymphocyte 

responses by antibody. Dynabeads were either conjugated in house with GAM-Ig 

following the procedure recommended by the manufacturer or were purchased 

already conjugated from the company.
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Separation procedure The volume of dynabeads required to remove the desired 

population was titrated for each new batch of either beads or GAM-Ig but was 

generally in the region of 200/d for every 10^ cells. PBMC were incubated with 

saturating amounts of antibody for 15 minutes at 20°C and washed twice with 

HBSS. Dynabeads were washed five times with HBSS using a magnetic particle 

concentrator (MPC, Dynal) and resuspended to their original volume in HBSS. The 

beads were added to the cell pellet and centrifuged briefly to aid cell:bead contact. 

The dynabead/cell suspension was incubated for 30 minutes at 20°C and then 

resuspended in 5ml of HBSS. The MPC was used to remove cell:bead rosettes and 

free dynabeads. The supernatant was centrifuged to recover the unbound cells and 

the procedure was repeated. After depletion, an aliquot of cells was removed to 

check the efficiency of the procedure. As a control PBMC without antibody were 

simultaneously subjected to identical depletion procedures.

Positive selection using dynabeads

In order to obtain extremely pure CD4^ or CDS'*' T cell subsets quickly, 

positive selection procedures were used. Dynabeads conjugated to either anti-CD4 or 

anti-CD8 were added to PBMC at a cell:bead ratio of 3:1 and incubated for 30 

minutes at 4°C with rotation. The cell:bead rosettes were recovered using the MPC. 

To uncouple the cells from the beads the rosettes were incubated with one unit of 

detach-a-beads (Dynal Ltd) for 45 minutes at room temperature with agitation. The 

detached beads were removed using the MPC and the free lymphocytes washed prior 

to use.

Preparations o f cytospins

Normal PBMC, isolated by density gradient centrifugation as previously 

described were adjusted to 1 x 10^/ml in HBSS and cytospins prepared using a 

Cytospin 2 (Shandon Scientific Ltd, Runcorn, Cheshire) from two drops of the cell 

suspension by centrifugation at 400rpm (20 x g) for four minutes. The slides were 

removed from the rotor, air dried rapidly and left at room temperature overnight.

The following morning the cells were fixed by immersion in acetone (BDH Ltd.) 

and the slides wrapped in clingfilm prior to storage at —40°C. When dealing with
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PBMC from HIV-1 infected individuals cell smears were prepared rather than 

cytospins. The PBMC were transferred to a 1.5ml eppendorf tube and pelleted by 

centrifugation. The supernatant was drawn off using a fine tipped pasteur pipette and 

the cells transferred onto the slide. The cell smear was immediately dried under hot 

air and the slides fixed and stored as previously described.

Preparation o f cryostat sections

Small tissue blocks (5 x 5 x 3mm) were snap frozen in liquid nitrogen and 

stored at —70®C. These were transferred to a Frigocut 2800 cryostat (Reichert-Jung, 

Germany) and 4/xm section cut onto glass slides and allowed to dry overnight at 

room temperature. The following day the slides were fixed for 30 minutes in 

acetone, air dried and stored at —40°C until use.

B Imm unophenotyping of Cell Suspensions for FACScan Analysis

Fig. 2.1 shows a table of the monoclonal antibodies used in study. The majority 

of these were mouse monoclonals prepared in house. Polyclonal, affinity purified, 

goat anti-mouse (GAM) secondary antibodies conjugated with either Fluorescein 

isothiocyanate (FITC), R-Phycoerythrin (PE) or biotin were purchased from 

Southern Biotechnology Associates, Europath Ltd, Stratton, Cornwall). These were 

used in the indirect staining procedures. In three colour studies on the FACScan a 

third fluorochrome either Tandem (SBA) or Tricolor (Bradsure Biologicals Ltd, 

Shepshed, Loughborough) conjugated to streptavidin was used together with biotin 

conjugated monoclonal antibodies.

Direct immunofluorescence

Direct immunofluoresence (IF) is a single step staining procedure in which 

fluorochrome conjugated antibodies eg CD4-PE are added directly to the cells. 

Procedure’. The PBMC were adjusted to 1 x 10^/ml in PBS-A (PBS, 0.2% BSA and 

0.2% Sodium azide) and lOOjul dispensed into a 3ml FACScan test tube (Becton 

Dickinson, Cowley, Oxford) together with pre-titrated, optimal concentrations of the 

directly conjugated antibody. The contents of the tube were mixed by flicking and 

incubated at room temperature for 10 minutes. The tube was topped up with PBS A
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Table 2.1 Monoclonal antibodies used in this study^

CD
N um ber

Nam e Isotype A lternative
Nam es

M olecular
S tru c tu re

M ain
E xpression

P roposed
Function

S ource

CD2 GT2ID7
O K T ll

IgG l
IgG l

E-rosette 
receptor, 
T i l .  LFA-2

50kD I  Cells, 
NK Cells,

Adhesion 
molecule 
T cell 
activation

P ro f PCL 
Beverley^

CD3 0K T3
T10B9
Mem57

IgG2a
IgM
IgG2a

1 3 , Leu4 5 chains
16,20,25-
28kD

T Cells Signal
Transduction

ATTC^:
D r S Brown^ 
D r J H orejsF

CD4 RFT4
Edu-2

IgG l
IgG2a

1 4 , Leu3 50kD M HC class II 
restricted 
T cells

Signal
Transduction

Royal Free^
Cymbus
Biosciences®

CDS R FT 8 7
RFTSfi

IgGl
IgM

18 , Leu2 2 chains a/3 
34kD, a a  or 
a/3 dimer

M HC Class I 
restricted 
T cells

Signal
Transduction

Royal Free

CD16 L e u llb IgM FCR7 III 50-70kD NK Cells, 
Granulocytes

Low affinity 
Fc7  receptor, 
ADCC

Prof JR 
Thompson'^

CD25 RFT5 7 I
RFT572

IgG l
IgG2a

TAC, p55 
IL-2Ro!, low 
affinity IL-2R

55kD Activated T & 
B cells, 
activated 
macrophages

Com plexes with 
p75 to form 
high affinity 
receptor

Royal Free 
Royal Free

CD28 Kolt2
L293

IgG l
IgGl

Tp44 44kD T cells
Most C D 4+ & 
subset o f C D 8 ^

Co-stimulation 
Ligand for B7/ 
BBl (CD80)

D r K Sagawa'
Becton
Dickinsorr*

CD38 RFTlO/x IgM TIO 45kD Germinal centre 
B cells, plasma 
cells, activated 
T  cells.

Signal trans­
duction? 
Adherence to 
endothelium

Royal Free

CD45RA SN130 IgG l CD45R, high 
MW t form of 
CD45

220kD "Naive" T 
cells, B cells

Role in signal 
transduction 
(Tyrosine phos­
phatase)

Royal Free

CD45RO U C H L l JgG2a Low MWt form 
of CD45

ISOkD Primed T 
cells,
monocytes

As above Prof PCL 
Beverley

CD56 N K H IA IgM L eul9 ,N C A M
N K H l

135 & 220kD 
heterodim er

NK cells Homotypic
Adhesion

Coulter*^

CD57 HN Kl IgM Leu7 llO kD NK cells. 
Subset o f T 
cells

Unknown ATCC

CD122 Tu27
MIK/31

IgG l
IgG2a

p75, IL-2R/3 
intermediate 
IL-2R

75kD LGL, CD16 + 
NK cells, some 
C D 8 + T cells

Complexes with 
p55 to form 
high affinity 
receptor

Prof Sugam ura' 
Eurogenetics'"
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Table 2.1 Continued

CD
Num ber

Name Isotype Alternative
Names

M olecular
Structure

Main
Expression

Proposed
Function

Source

bcl-2 IgGl 25kD Small B cells 
in LN corona, 
GC blasts are 
negative, many 
cells in T area 
positive

Inhibition 
o f apoptosis

Dako Ltd"

TIA-1 IgG l 15kD Subset o f 
peripheral T 
cells with 
cytolytic 
function

T arget cell 
killing by 
CTL

Coulter

PA l IgG2b Anti-perforin
(PEP)

70kD NK cells 
CTL

As above Prof B Dupont"

N a2.I IgGl Anti-HLA-A2 ProfAMcMiehaeP

Differentiation Antigens.
Prof. P .C .L . Beverley, University College, London 
American Tissue Typing Culture Collection, Rockville, M aryland, USA 
Dr S Brown, University of Kentucky, Lexington, Kentucky, USA 
Dr J Horejsi, Charles University, Prague
Produced by the Department of Immunology, Royal Free Hospital, London 
Cymbus Bioscience Ltd, Southampton, UK
Prof J R. Thompson, University o f Kentucky, Lexington, Kentucky, USA 
Dr K. Sagawa, Kurume University, Kurume, Japan 
Becton Dickinson UK Ltd, Cowley, Oxford 
Coulter Immunology, Luton, Beds.
Prof K. Sugamura, Tohoku University, Sendai, Japan 
Eurogenetics Ltd, Teddington, Middlesex 
Dako Ltd, High W ycombe, Bucks.
Prof B Dupont, M emorial Sloan Kettering Cancer Center, New York, New York 
Prof A M cM ichael, John Radcliffe Hospital, Oxford
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and centrifuged at 200 x g for 7 minutes. The cells were washed in this way twice 

and then fixed with 100fi\ of 4% formalin in PBS and stored at 4®C prior to 

FACScan analysis.

Indirect immunofluorescence

This is a two step procedure in which unconjugated antibodies in the form of 

either culture supernatant, ascites or purified immunoglobulin are used together with 

a GAM fluorochrome conjugated second layer.

Procedure: PBMC, prepared and adjusted as before, were incubated with the 

unconjugated antibody for 10 minutes at room temperature. After the second wash, 

the pellet was resuspended and the conjugated GAM-Ig added. In single colour 

analyses the GAM-Ig used was normally FITC conjugated and was not isotype 

specific. The cells were incubated with the GAM-Ig for 10 minutes and then washed 

and fixed as before.

Two colour immunofluorescence

Two colour IF studies allow the investigation of two antigens simultaneously. 

This was achieved using two fluorochromes, FITC and PE that can be excited at the 

same wavelength but which emit at different wavelengths. By using a combination of 

filters and compensation controls both fluorochromes can be visualised on the 

FACScan at the same time. The simplest way to perform two colour studies is to use 

direct IF with antibodies coupled to different fluorochromes eg CD3-FITC with 

CD4-PE. This method is particularly useful when the antibodies used are of the 

same isotype. Alternatively, an indirect method can be used which exploits the 

isotype of the primary antibody eg CDS (IgM) plus PE conjugated GAM-IgM 

together with CD45RO (IgG2a) plus FITC conjugated GAM-IgG. When using this 

method the primary antibodies were added together ie CDS and CD45RO and 

incubated and washed as before. The two fluorochrome conjugated second layers 

were then added, also together and the cells were incubated, washed and fixed as 

previously described. A combination of direct and indirect immunofluorescence can 

also be used eg Leullb (IgM, CD 16) plus FITC conjugated GAM-IgM together with 

PE conjugated SN130 (IgGl, CD45RA). In this case the directly conjugated
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antibody was added at the same time as the GAM.

Three colour immunofluorescence

Three colour studies use a third fluorochrome which is excited at the same 

wavelength as FITC and PE but which emits in the far red. The third fluorochrome, 

either tandem or tricolor, was coupled to streptavidin and was used in an indirect 

staining procedure with biotinylated primary antibodies. Broadly similar principles 

apply to three colour staining procedures as described for two colour. Antibodies 

were either directly conjugated eg CD3-FITC, CD4-PE plus a third biotin 

conjugated antibody which reacted with the strep-tandem eg CD8-biotin, or the 

isotype of the primary antibodies were exploited using isotype specific fluorochrome 

conjugated GAM eg RFT8/x (CD8) plus GAM-IgM-FITC, SN130 (CD45RA, IgG l) 

plus GAM-IgG 1-PE and biotin conjugated UCHLl (CD45RO, IgG2a). For triple 

colour IF any indirect staining procedures were carried out first and the directly 

conjugated antibodies added together with the strep-tandem.

Immunophenotyping using the whole blood method

Single, double and triple colour IF studies were also performed on whole blood. 

This is a more accurate method of immunophenotyping as cells are lost during the 

ficoll separation procedure. It is also quicker and more cost effective than using 

separated PBMC.

Procedure'. All staining procedures were as previously described for PBMC except 

that lOOjLtl of whole blood was used instead of PBMC. Generally slightly more 

antibody was required when using whole blood. This was added in a larger volume, 

20^1 per sample, to facilitate proper mixing. After the final wash and prior to 

fixation, the RBC were lysed using 2ml of 1 in 10 Facs lysing solution 

(Becton-Dickinson) in H2O. The cells were incubated with the lysing solution for 10 

minutes at room temperature and then spun gently (TOOrpm) for 5 minutes to recover 

the white blood cells. These were washed twice with PBS A and fixed in the normal 

way.
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Controls fo r  immunophenotyping

The controls were incorporated to determine the degree of background IF due 

to non-specific binding of the antibodies and thus to locate the negative population 

during data analysis

Indirect immunofluorescence: The control consisted of either an irrelevant antibody 

of the same isotype as the test antibody eg RFALIO (CD 10) or normal mouse 

immunoglobulin together with GAM-fluorochrome conjugated second layer.

Direct immunofluorescence: For this method the controls incorporated were either 

normal mouse immunoglobulin conjugated to FITC or PE and used at the same 

concentration as the test conjugate or an irrelevant directly conjugated antibody eg 

RFALIO.

Double and triple colour immunofluorescence: For double and triple colour IF 

studies on the FACScan it was necessary to stain each of the parameters separately 

in order to set up the compensation levels of the machine for each combination.

Once these had been determined it was not necessary to repeat this for every run 

unless a new combination or new batch of antibody was being tested. Controls were 

essentially those for direct and indirect IF except that a biotin conjugated normal 

mouse immunoglobulin was incorporated as a control for the biotinylated reagents.

Immunofluorescence staining o f tissue sections and cytospins

For single or double IF studies G AM-conjugated FITC or TRITC reagents 

(SBA) were used and the slides viewed in a Zeiss epifluorescence microscope, 

equipped with selective filters for both of these fluorochromes.

Procedure: Microscope slides were removed from the —70°C freezer and allowed 

to warm to room temperature before unwrapping. The position of the tissue section 

or cytospin was ringed with a diamond marker and the intervening space painted 

with water repellant (15% Dimethy 1-polysiloxane in Iso-propanol plus 1% 

concentrated Sulphuric acid). Once the water repellant had dried, the slides were 

wetted in PBS and were not allowed to dry out throughout the staining procedure.

The dilution of monoclonal antibody was determined for each antibody used but was 

generally in the region of 5-20/xl of culture supernatant plus 30/xl of PBS per 

section. The slides were incubated with antibody for 1 hour at room temperature and
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washed twice in a Coplin jar containing PBS for 5 minutes. The fluorescent 

conjugated GAM second layer was then added and the slides incubated and washed 

as before. After the final wash the slides were mounted in Citifluor (Citifluor Ltd, 

London, UK). Negative controls consisting of either normal mouse serum or 

fluorescent conjugate alone were run simultaneously as background controls.

C Statistical Analyses

Two tests were used to determine if mean values in patient groups were 

statistically significantly different from the normal control. The first, the Students t 

test, is a parametric test that compares the differences between means of two 

independent samples, of less than or equal to 30. A prerequisite for using this 

analysis is that both sets of data are approximately normally distributed. The formula 

used to calculate "t" is different depending if the variances of the two populations 

are equal or unequal. This test can be used for larger sample numbers, provided "Z" 

distribution is used instead of "t". Where sample numbers were small ( < 6 )  or the 

data had a skewed distribution, a non-parametric analysis of the data was performed. 

In such cases, the data are presented as median values rather than arithmetic means. 

These data were analysed using the Mann-Whitney U test, in which ranked data are 

compared. To determine if two variables were connected eg CD4^ lymphocyte 

count and CD4^ proliferation, linear regression analyses were performed. This 

measures the strength of a linear relationship and reflects the consistency of the 

effect that a change in one variable has on the other. All tests were performed using 

CSTAT computer software. Probability values (p) of <0 .05  for two tailed tests 

were considered statistically significant.

D Subjects Investigated

The HIV-1 seropositive cohort investigated attended outpatient clinics at the 

Royal Free Hospital, London between January 1989 and December 1992. This 

cohort was composed of mainly male homosexuals (85%), mean age 35 years, age 

range 19-61 years. Subjects were grouped according to CDC classification as 

previously outlined (Chapter 1). The HIV-1 seronegative group were healthy 

laboratory personnel with a mean age of 31 years, range 21-60 years. The
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serological status of the individuals was confirmed at the Department of Virology at 

the hospital using a Wellcozyme HIV recombinant assay (Wellcome Diagnostics) in 

combination with an HIV-1 enzyme immunoassay (Abbott Diagnostics, Maidenhead, 

England) and Serodia particle agglutination test (Mast Diagnostics, Bootle, England). 

The AVI patient group was composed of H IV -1" laboratory personnel with upper 

respiratory tract infections and also patients with acute EBV or VZV infections 

attending the infectious diseases unit, Coppetts Wood Hospital, London.
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CHAPTERS

PROLHERATIVE DEFECTS IN HIV-1+ AND AVI PATIENTS 

Introduction

Defects in the ability of lymphocytes from HIV-1+ patients to respond to 

antigen and mitogens in vitro have been widely reported (Table 1.1) and are thought 

to be of great importance in the pathogenesis of the disease. These observations are 

mainly based on decreases in uptake of ^HTdR into the DNA of the proliferating 

cells and are therefore not fully quantitative in terms of the number or phenotype of 

the responding cells and give no information concerning cell viability. Lymphocyte 

death after short-term culture in vitro has been reported in HIV-1 infection and 

might play a crucial role in the defective activation responses.

The first aim of this chapter was to investigate more closely defective 

activation responses in CD4^ and CDS'** T cell subsets from peripheral blood of 

HIV-1 infected individuals, particularly with reference to cell viability. The second 

aim was to develop a technique to quantify proliferative responses of T cell subsets 

which could be transferred to a clinical setting for the routine investigation of T cell 

function in HIV-1 infection. To this end flow cytometric and microscopic methods 

were used to accurately enumerate viable cells and lymphoblasts developing after 

activation in vitro. When combined with IF studies the response of CD4^ and 

CDS lymphocytes and were investigated without the need for protracted 

purification procedures.

Methods

Stimulation o f  PBMC

PBMC were isolated as previously described in chapter 2 and adjusted to 1 x 

10^/ml in RPMI-1640 supplemented medium. All mitogens used in the study were 

previously titrated on PBMC from H IV -1" controls using ^HTdR uptake as a 

measure of proliferation. The cells were plated out in 200/d aliquots in flat bottom, 

96 well, tissue culture plates in the presence of optimal concentrations of mitogen 

(PHA l.OjLtg/ml; anti-CD3 0.5/ig/ml; PWM 10/ig/ml). Cultures were also routinely 

supplemented with l.Ong rIL-2 (lOunits/ml; Sandoz, Basel, Switzerland) and 30% 

PHA-conditioned medium. Control cultures in which cells were cultured in the
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absence of mitogen or additional growth factors were also set up. Cultures were 

incubated at 37®C in a humidified CO2 incubator.

Disaggregation o f PHA stimulated cells

PHA binds to sugar residues on the surface of lymphocytes and acts as an 

agglutinin causing aggregation of cells into clusters. The sugar 

N-Acetylgalactosamine (NAG) binds PHA and can be used competitively to remove 

PHA from the surface of the lymphocyte and so aid disaggregation.

Procedure The PHA activated cells were recovered by centrifugation and the pellet 

resuspended in lOOmg/ml NAG (Sigma, Poole, Dorset). The lymphocytes were 

incubated with the sugar solution for 20 minutes at 37®C and then washed to remove 

the PHA and sugar. Unactivated cells underwent identical procedures and were used 

as the controls.

Quantitation o f lymphocyte activation and viability

(i) Tritiated thymidine uptake

This method is widely used to quantify DNA synthesis after lymphocyte 

activation. Tritiated thymidine (^HTdR) is added to the cultures and is incorporated 

into the replicating DNA. This procedure does not provide any information on cell 

viability.

Procedure Lymphocyte cultures were set up as described and 16 hours prior to 

harvesting 25KBq of ^HTdR (2Ci/mM; Amersham Pic, Amersham, Bucks) was 

added to each well. Control unactivated cells were also pulsed to give a measure of 

the background stimulation. The cells were collected onto filter paper using an 

automatic cell harvester (Skatron, Lierbyan, Norway). The filter paper disks were 

air dried and transferred to scintillation vials along with 2 ml of scintillant (NES 

Biologicals, Hatfield, Herts). The radioactivity was measured on a Beta counter 

(LKB Ltd, Croydon, UK) and the results expressed as counts per minute (cpm).

(ii) Measurement o f viable cells and lymphoblasts by microscopic examination 

Before a cell divides it increases in size. This change in size can easily be seen

by microscopic examination. An improved neubauer counting chamber was used to
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count the number of cells and lymphoblasts. Cells were viewed under light 

microscopy using trypan blue exclusion to determine viability. This technique had 

the advantage that dead cells and debris were easy to distinguish from live cells 

however small changes in cell size were difficult to quantify.

Enumeration o f lymphoblasts by flow cytometry

The changes in cell size which occur after activation can easily be visualised 

using the FSC and SSC profiles on the FACScan (Fig. 3.1a). However, because the 

FACScan does not give a quantitative measurement of cell numbers, a method was 

standardised which utilized reference beads to accurately enumerate lymphoblasts. 

This method relied on the proportion changes in lymphocytes:beads which occurred 

when known numbers of cells were mixed with fixed numbers of beads.

Procedure The FSC and SSC settings on the FACScan were adjusted to allow the 

lymphoblasts to be cleanly gated separate from the small lymphocytes and cell 

debris. Beads of 7.2/xm diameter (FCSC Reference Standards, Becton-Dickinson) 

were diluted to 5x10^/ml in PBS and lOO/xl added to known numbers of PBMC also 

in 100/xl aliquots. This mixture was run on the FACScan and analysis gates drawn 

around the cell and bead populations. The ratio of cells:beads was plotted against the 

lymphocyte count to construct a standard curve (Fig. 3.1b). After culture of PBMC 

in 96 well plates, the entire contents of each well was transferred to a FACScan tube 

and 100/xl of beads added. The number of lymphoblasts was then calculated from the 

standard curve.

Lymphocyte counts using the CytoronAbsolute

The acquisition of a CytoronAbsolute (Ortho Diagnostics Ltd, High 

Wycombe, Bucks) enabled the accurate enumeration of Doth small lymphocytes and 

lymphoblasts. This flow cytometer directly enumerates cells. This is a time based 

process as compared to the FACScan which counts events. The use of this flow 

cytometer bypassed the need for bead standards. After culture with mitogen, cells 

were again harvested from each well and the volume was adjusted to 2ml with 1 % 

paraformaldehyde in PBS. These were run through the CytoronAbsolute and were 

then analysed using preset gates for small viable cells or lymphoblasts (Fig. 3.2a).

41



Figure 3.1 Enumeration of lymphoblasts using the FACScan

After activation in vitro cells were mixed with reference beads and run on the 

FACScan (A). Analysis gates were drawn around the beads (b) and lymphoblasts and the 

ratio of events, cells:beads, used to calculate the cell count from a previously constructed 

calibration curve (B).

b reference beads, L lymphocytes (resting), M monocytes
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Figure 3.2 Enumeration of lymphoblasts using the CytoronAW/ffre

The CytoronA/?joMg is a flow cytometer which accurately counts cells 

gated on the basis of forward (FSC) and side (SSC) scatter profiles and 

fluorescence. Using this cytometer, cells were analysed before and after activation 

in vitro and the percentage of lymphoblasts determined in relation to the original 

input.
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This could also be combined with fluorescent markers to obtain accurate counts of 

lymphocyte subsets. To achieve this, directly conjugated antibodies were added to 

the cells for 10 minutes prior to the addition of the paraformaldehyde. This 

technique was useful as it allowed the enumeration of both small lymphocytes and 

lymphoblasts.

Results

A comparison o f  ̂ HTdR incorporation and lymphoblast development fo r the 

enumeration o f lymphocyte activation

The number of lymphoblasts measured by flow cytometry was compared to 

^HTdR incorporation to determine if DNA synthesis correlated with blast 

development. PBMC from 10 HIV-1 ^ donors were stimulated with PHA and the 

lymphoblast percentage plotted against the ^HTdR counts for each individual (Fig. 

3.3). PHA was chosen as the stimulus because it is a strong mitogen that transforms 

the majority of T cells into large lymphoblasts that are easily gated by flow 

cytometry. The time course for PHA stimulation was previously determined using 

PBMC from H IV -1" individuals, with maximal lymphoblasts and ^HTdR 

incorporation occurring after 3 days activation. The results show a highly significant 

correlation between the two sets of data ( r= 0.927; p <  0.001) indicating that an 

increase in cell size correlates well with activation induced DNA synthesis as 

measured by ^HTdR incorporation. Thus a flow cytometric method can be used to 

measure lymphocyte activation responses in vitro.

The development o f lymphoblasts after mitogenic stimulation

In the next part of the study, the proliferative response of PBMC from a 

range of HIV-1^ donors and H IV -1" controls to three different mitogens; anti-CD3, 

PHA and PWM were compared using the flow cytometric technique for the 

enumeration of lymphoblasts. These mitogens were chosen since responses to anti- 

CD3 and PWM have previously been shown by other investigators to predict 

progression to AIDS and PHA induced activation also declines with disease 

progression. The number of CD4^ and CDS'*" lymphoblasts present after 3 days 

stimulation was determined in relation to the original input of resting cells (Fig.
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Figure 3.3 The correlation between ^HTdR uptake and lymphoblast recovery

PBMC from 10 HIV-1^ individuals were activated with PHA and the 

responses compared using ^HTdR uptake and lymphoblast recovery measured by 

flow cytometry. The data are compared using regression analysis.
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Figure 3.4 The percentage of CD4^ and CDS'*' lymphoblasts recovered after 

3 days stimulation with anti-CD3, PHA or PWM.

PBMC from 15 HIV-1 ^ and 10 HIV-1" individuals were investigated by 

flow cytometry for the development of lymphoblasts after stimulation. The results 

are shown as the mean lymphoblast recovery in relation to input of CD4+ or 

CD8+ cells on day 0. Mean values for CD4+ and CD8+ T cell subsets from 

HIV-1 ^ individuals were compared to the control using the students t-test.
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3.4). All cultures were supplemented with rIL-2. Using this assay a profound 

proliferative defect was observed in HIV-1^ individuals using either anti-CD3 or 

PHA.

In H IV -1" individuals, activation with either anti-CD3 or PHA induced the 

transformation of a large proportion of both CD4^ and CD8^ lymphocytes. 

However, there was evidence that the CDS'*" population were preferentially 

stimulated by these mitogens (anti-CD3 CD4 64+8.1% , CD8 123 +  15.9%; PHA 

CD4 110+4.3% , CD8 165 +  11.9%). In HIV-1^ donors, the proportion of both 

CD4^ and CD8^ lymphoblasts developing after activation with anti-CD3 or PHA 

was significantly reduced compared to the control group (Fig. 3.4). However, the 

CD8^ subset was proportionally more handicapped than the CD4'*' when compared 

to the responses of the H IV -1" group, due to the preferential stimulation of the 

CD8^ subset in normal individuals.

Stimulation of PBMC with PWM resulted in the development of far fewer 

lymphoblasts compared to either anti-CD3 or PHA. In normal individuals both 

CD4^ and CD8^ cells responded equally well (CD4"^ 38+2.8% ; CD8^ 41+4.6% ) 

and this was not significantly reduced in HIV-1 infection (CD4^ 27+5.5% ; CD8^ 

33+3.3)

Large scale study o f activation defects in HIV-1 infection using the flow cytometric 

technique

Because of the weak stimulatory properties of PWM, this was thought to be 

unsuitable for a large flow cytometric based study. However, both anti-CD3 and 

PHA induced lymphoblasts which could easily be enumerated using this technique. 

The HIV-1 ^ patients investigated previously showed defective responses to both of 

these mitogens, although the degree of handicap was greater after PHA activation. 

As anti-CD3 stimulation is more reliant on adherent cells than PHA the latter was 

chosen as the preferred mitogen.

In this study 551 individuals were stimulated with PHA and the number of T 

lymphoblasts developing in the cultures used as a measure of the activation response. 

This test was incorporated by the NHS staff into the HIV routine service. The 

results of this quantitative analysis (Fig. 3.5) are expressed in relation to CD4^
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Figure 3.5 Lymphoblasts recovered from PHA stimulated cultures from 77 HIV-1" 

and 474 HIV-1^ individuals.

The percentages shown are blasts per lymphocyte input; >70% , 30-70% and <  

30%. The subjects are grouped according to the absolute CD4^ lymphocyte count in 

peripheral blood. The width bars are proportional to the number of people in each group 

(shown on the right).
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lymphocyte counts and reveal a significantly poorer blast recovery even in HIV-1 ̂  

individuals whose CD4^ lymphocyte count is within the normal range (>  600/mm^). 

Only 31% of these individuals have a blast recovery >70%  of input compared to 

82% in H IV -1" control group while 21% of patients already have very poor blast 

transformation responses, <30% . This study reveals an obvious deterioration in the 

blastogénie response with disease progression. The numbers of patients showing 

<30%  blast recovery was increased as CD4+ lymphocyte counts fell from 400-600 

(40%) to 200-400 (48%) and below 200 (65%; Fig. 3.5).

In 215 HIV-1 patients and 57 controls, cultures were also assessed for the 

activation response of CD4^ and CD8^ lymphocyte subsets (Fig. 3.6). The results 

here are grouped according to the CDC classification system and reveal a poorer 

lymphoblast recovery within the CD8^ population compared to the CD4^ 

population. In the control group the CD4+ lymphoblast recovery was 118%. This 

was decreased in the CDCII group (78%) but near normal levels (103%) of CD4^ 

lymphoblasts developed in the CDCIII individuals. At the same time the number of 

CD8^ lymphoblasts dropped from 95% in the control group to 37% and 40% in the 

CDCII and CDCIII groups respectively. The lymphoblast recovery in the CDCIV 

patients (18-20%) reflects the activity of the CD8^ population as these late stage 

patients have few remaining CD4+ lymphocytes.

Decrease in viable lymphocytes after short-term culture In Vitro

As the flow cytometric method provides no information about lymphocyte 

viability, a microscopic study using trypan blue exclusion was undertaken to 

investigate changes in viability after culture. In this study lymphocytes from control, 

HIV-1^ and AVI individuals were compared after culture in the presence or absence 

of anti-CD3. This mitogen binds to the CD3 component of the TcR complex and 

therefore mimics antigen, providing a more physiological stimulus than PHA. Anti- 

CD3 stimulated cultures were supplemented with Ing/ml rIL-2 and 30% PHA- 

conditioned medium (Chapter 2) to allow for any cytokine deficiencies due to low 

CD4^ lymphocyte counts. Samples of cultured cells were removed daily and the 

proportion of viable CD4^ and CD8^ lymphocytes determined by IF using either 

CD4 or CD8-PE. Cell viability was measured by trypan blue exclusion (Chapter 2).
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Figure 3.6 Lymphoblasts recovered after 3 days stimulation with PHA.

The percentages shown are CD3^, CD4+ and CD8^ lymphoblasts 

assessed within the CDC disease stages shown. The bars represent the mean ± 

s.e.m.; n.d. not determined due to the small numbers of CD4+ lymphocytes. The 

data for CD4+ and CD8+ lymphoblast recovery in the HIV-1 infected individuals 

was compared to the control group using the Students t-test; ** p < 0.005, ***

p<0.001
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(i) Culture Without Stimulation

After short-term culture in medium alone, the number of viable lymphocytes 

from normal individuals was only slightly reduced and after 3 days, 75 ±2.8%  of the 

original cell input remained viable (Fig. 3.7). Thus in the control group only 25% of 

lymphocytes died spontaneously during the three day culture period. Spontaneous 

cell death was more pronounced in the HIV-1 ̂  patients and by day 3 significant 

differences were found between the number of cells recovered from H IV -1" control 

and HIV-1 + CDCIII & IV individuals (% of input; CDCIII 58±6.8% , CDCIV 

49±5.2% ; p < 0 .0 3  and p < 0.001 respectively; Table 3.1). As previously reported, 

spontaneous cell death was increased in patients with acute viral infections compared 

to the H IV -1" group (% of input; control 75±2.8% , AVI 47±5.1% ; p <0.001) and 

was comparable to the levels found in the HIV-1 CDCIV patients (49±5.2% ).

(ii) Anti-CD3 Activation

Stimulation of lymphocytes from HIV-1^ patients with anti-CD3 significantly 

increased the degree of lymphocyte death (Fig. 3.7). In the control group, activation 

over the short 3 day culture period did not cause any significant change in cell 

numbers and by day 3, 103% of the original cell input remained viable. In HIV-1 

infected individuals however, activation induced a dramatic decrease in the number 

of viable cells recovered. A significant cell loss was apparent in all CDC categories 

after only 24 hours in culture, (% of input; CDCII 72.6%, CDCIII 73.6% and 

CDCIV 59.5%). Thereafter, the number of cells declined steadily until by day 3 

only 41.5%, 44.3% and 21.4% of the original input of cells from CDCII,III & IV 

patients respectively, remained viable. This cell death was significant in all CDC 

categories compared to the H IV -1" group after only 2 days in culture (CDCII 

p < 0.001, CDCIII p < 0.006, CDCIV p < 0.001; Table 3.1) and became more 

pronounced on day 3 (p <  0.001). Although cell death occurred even in the CDCII 

patients, the degree of handicap increased with disease progression 

(CDCII&CDCIII >  CDCIV ; p< 0 .03 ). It is important to note that activation 

significantly increased the degree of cell death in both CDCII and CDCIV stages of 

HIV-1 infection compared to the unstimulated cultures (CDCII p <  0.013; CDCIV 

p < 0.001; Fig. 3.7). Thus, in addition to spontaneous cell death, a proportion of the
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Figure 3.7 Time course for numbers of viable lymphocytes present after 

culture in the presence or absence of anti-CD3.

PBMC were cultured for the time periods shown and the numbers counted 

by microscopic examination using trypan blue exclusion to determine viability.

The results are shown as the percentage of the initial input on day 0. The mean ± 

SEM are plotted. The mean values in the patient groups are compared to the HIV- 

1“  control in Table 3.1

Viable cells remaining on day 3 with or without stimulation were compared using 

the paired students t test; * p<0.01 , ** p <  0.001
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Table 3.1: Comparison of mean values obtained after stimulation 
with anti-CD3^

Patient Time in Culture
Groups Dayl Day2 Day3

Unstimulated CDCII ns ns ns
lymphocytes

CDCIII ns ns 0.03*'

CDCIV 0.023 0.01 0.001

AVI ns ns 0.001

Anti-CD3 CDCII ns 0.001 0.001
stimulated
lymphocytes CDCIII ns 0.006 - 0.001

CDCIV 0.001 0.001 0.001

AVI ns 0.011 0.023

CD4+ CDCII 0.014 0.008 0.029
lymphocytes

CDCIII ns ns ns

CDCIV 0.035 0.002 0.001

AVI 0.048 0.013 ns

CD8+ CDCII ns 0.013 0.001
lymphocytes

CDCIII ns ns 0.003

CDCIV ns 0.001 0.001

AVI ns ns ns

The mean number of viable ceils in the test groups were compared to the 
corresponding value in the HIV-1" control group using the Students t-Test.

b
ns

Significance level at which the null hypothesis was rejected 
Not significant
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cells die in response to a signal that would normally induce proliferation.

In AVI patients an increase in cell death after activation was not apparent. 

Although the number of lymphocytes recovered after 1-2 days stimulation declined 

in parallel with the unstimulated cells, by day 3 the cell number had risen to 

72+8.3%  of input. This suggests that a proportion of the lymphocytes from these 

individuals will die spontaneously but that residual cells are able to respond normally 

to anti-CD3.

The name we have given to the increase in cell death which occurs in HIV- 

1 individuals after activation in vitro is activation associated lymphocyte death 

(AALD; Janossy, Borthwick, Lomnitzer et al 1993).

Comparison o f AALD in CD4^ and CD8^ lymphocytes

To determine if AALD occurred in both CD4^ and CDS'*' T lymphocytes, 

cultures from H IV -1" control, HIV-1^ and AVI individuals were investigated daily 

for proportional changes in these subsets (Fig. 3.8). Both CD4^ and CD8^ 

lymphocytes from the control group responded to the anti-CD3 stimulus and 

proliferated (day 3: CD4 107±13.8% ; CD8 124±14.7% ). However, there was a 

significant loss of cell viability in both the CD4^ and CD8^ populations from HIV- 

1^ donors compared to the equivalent cells in the control group (day3: CD4^ 

p < 0.035; CD8^ p < 0.003; Table 3.1). The only exception occurred in the HIV- 

1" ,̂ CDCIII donors where the CD4^ lymphocyte population was less handicapped. 

Interestingly, in the AVI patients, the proliferation described previously in whole 

PBL was due to a preferential response within the CD8'*' subset (day 3: CD4^ 

55.4%; CD8+ 124%).

AALD after activation with PHA

To determine if PHA also induced AALD in HIV-1^ patients, lymphocytes 

from 10 HIV-1 CDCII patients were activated with PHA in the presence of rIL-2 

and 30% conditioned medium as described above. In these short term cultures PHA 

induced a similar degree of proliferation in normal individuals when compared to 

anti-CD3 (day 3: PHA 115%; anti-CD3 107%). Using PHA, AALD was again 

observed in the HIV-1 ̂  cultures (day 3 63.4±11.5% ; p < 0 .0 2 ) and there was some
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Figure 3.8 Time course for the numbers of CD4^ and CDS'*' cells recovered 

from anti-CD3 stimulated cultures.

PBMC were cultured for the time periods shown and the number of cells 

counted by microscopic examination using trypan blue exclusion to determine 

viability. The proportion of CD4^ and CDS^ lymphocytes was measured daily by 

flow cytometric analysis using CD4-PE/CD8-FITC double IF. The results are 

shown as the percentage of the initial input on day 0. The mean ± SEM are 

plotted. The mean values in the patients groups are compared to the HIV-1" 

control in Table 3.1
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evidence that CD8^ T cells were more affected by AALD than the CD4^ subset (% 

of input; CD4+ 75±19.5, CD8+ 59±17.5).

To confirm that both CD4^ and CD8^ lymphocytes from HIV-1^ 

individuals were affected by AALD, purified populations prepared by negative 

selection of E""" cells (Chapter 2), were stimulated with PHA plus rIL-2 in the 

presence of 10% autologous non-T cells (Fig. 3.9). The data shown is from 

representative HIV-1 CDCII and CDCIV individuals and one normal control. As 

expected, the normal individual showed no evidence of spontaneous cell death in 

either lymphocyte subset and both of the isolated populations responded well to the 

stimulus. In the HIV-1 CDCII individual AALD was greatest in the CD8^ subset 

(Day 3, % of input; CD4 91%, CD8 45%). However, in symptomatic AIDS 

(CDCIV), both CD4^ and CD8^ subsets showed evidence of AALD (Day 3, % of 

input; CD4 37%, CD8 35%). This supports the data in Fig. 3.6 showing that CD4^ 

cells are less susceptible to AALD early in HIV-1 disease. However, when similar 

experiments were carried out using anti-CD3 as the stimulus, both CD4^ and CD8^ 

subset from a range of patients were handicapped (eg HIV-1 CDCII, CD4^ 48%, 

CD8^ 20%) indicating that the stimulus used can effect the degree of AALD in the 

CD4^ subset.

Exogenous IL-2 does not prevent AALD

As the defective proliferative responses described above occurred even in the 

presence of exogenous IL-2 and PHA-conditioned medium, it was unlikely that a 

deficiency in IL-2 alone was responsible for the effect. To confirm this, lymphocytes 

from H IV -1" controls, HIV-l'*’ individuals with high CD4^ lymphocyte counts 

(>  400/mm^) and AVI patients were cultured alone or stimulated with either IL-2, 

anti-CD3 or anti-CD3 plus IL-2 (Table 3.2). This group of HIV-1'*’ individuals were 

chosen to ensure that any proliferative deficiency was not simply due to low 

numbers of CD4'*' lymphocytes. In the H IV -1" control group, the presence of IL-2 

alone did not significantly alter cell viability after 3 days in culture but it did have a 

mild enhancing effect on the response to anti-CD3. In HIV-1 ^ individuals, IL-2 

reduced the degree of spontaneous cell death (% cell recovery; unstimulated 57%, 

IL-2 70%) but did not reverse the AALD phenomenon (% cell recovery; anti-CD3
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Figure 3.9 The survival of purified CD4^ and CDS'*’ T cell subsets after 3 days 

culture in the presence or absence of PHA.

T cell subsets were purified from T cells by negative depletion procedures and 

cultured either alone or together with 10% autologous non-T cells rIL-2 (Ing/ml) and 

PHA. The numbers of viable lymphocytes were enumerated daily using microscopy and 

trypan blue exclusion. The data are shown as a percentage of the initial input of CD4^ 

or CD8^ cells at the start of the culture.The results from one representative HIV-1 ^ 

CDCII (A), CDCIV (B) and H IV -l"  (C) individual are shown.
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Table 3.2 The effect of rIL-2 on lymphocyte survival after culture in vitro^

Control IL-2 anti-CD3 anti-CD3 
+  rIL-2

H IV -1-'’ 73+2.2^" 78+5.8 103+9.8 112 +  10.7

HIV-1+ 57+3.3 70 +  8.0 . 30+4.1 27+ 4.9

AVI 48+5.2 66+3.1 41+ 5 .0 40+ 5.6

Lymphocytes were cultured in the presence or absence of rIL-2 or 
anti-CD3 for 3 days and the number of viable cells enumerated. 
Five individuals in each group were investigated.
The results are viable cells recovered as percentage of input; mean 
+ sem
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30%, anti-CD3 +  IL-2 27%; Table 3.2). Similarly, the addition of IL-2 improved 

the survival of lymphocytes from AVI patients in these short term cultures but had 

no effect on anti-CD3 induced stimulation. These results suggest that IL-2 has a 

pronounced effect on the survival characteristics of unstimulated cells which may 

require the presence of the growth factor to live. However, AALD occurs even in 

the presence of IL-2 indicating that this cytokine is not the limiting factor.

The correlation between AALD and the absolute CD4^ lymphocyte count

To determine if the activation defect correlated with disease progression, 

lymphoblast recovery after activation with anti-CD3 or PHA was compared to the 

absolute CD4^ lymphocyte count (Table 3.3). Using regression analyses, the 

response of both CD4^ and CDS''' lymphocyte subsets to anti-CD3 stimulation 

correlated well with the CD4^ lymphocyte count (p< 0 .05). However, when PHA 

was used as the stimulus, a significant correlation was seen only in the response of 

CDS'*' cells ( p < 0.001). The response of this subset to PHA stimulation was also 

found to correlate well with the rate of decline of CD4^ lymphocyte counts in 

individual patients ie the faster the CD4^ lymphocytes declined, the more 

pronounced was the handicap in the CDS'*' subset after stimulation (data not shown).

AALD occurs even in the presence o f normal cells

The next experhnent was designed to more clearly establish the importance of 

the culture conditions in AALD. In this assay PBMC from H IV -1" and HIV-1 ^ 

individuals were activated with PHA simultaneously in the same well. The donors 

were identified in these mixed cultures by their differential expression of HLA-A2, 

measured in double labelling combinations with CD4 and CDS. As the activation 

stimulus given by PHA is stronger, and the response faster, than seen in a mixed 

lymphocyte reaction (MLR), the PHA response effectively masks the allogeneic 

reaction. The results from one representative experiment are shown in Fig. 3.10. 

Although the original input of the two donors was the same, there was a rapid 

decline in the total number of lymphocytes from the HIV-1 ^ donor until by day 5 

only 36% of the original number remained viable. In contrast, the number of 

lymphocytes from the H IV -1" donor had risen to 164% of input. Similarly, the
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Table 3.3 Linear regression analyses of activation data compared to CD4^ 
lymphocyte count^

Mitogen
Used

Total
Lymphocytes

CD4+
Lymphocytes

CD8+
Lymphocytes

anti-CD3 -0.298*) -0.286 -0.272
(n=57) (0.030) (0.040) (0.050)

PHA -0.523 -0.634
(n=66) (0.001) ns^ (0.001)

 ̂ Linear regression analyses were performed to determine if defective proliferation
responses correlated with CD4+ lymphocyte counts.

 ̂ The regression coefficient "r" is shown with the significance in brackets
 ̂ ns, not statistically significant
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Figure 3.10 Representative mixing experiment using HLA-A2 disparate 

lymphocytes from HIV-1"" (HLA-A2“ ) and HIV-1^ (HLA-A2^) donors.

Lymphocytes were set up in equal numbers (50%) and incubated in the 

presence of PHA plus rIL-2 for the time periods shown. The total number of 

viable lymphocytes and the number for each individual were determined by 

microscopic examination in combination with FACScan analysis.
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number of CD4+ and CD8^ lymphocytes from the HIV-1 ^ donor declined (CD4^; 

48% and CD 8^; 34%) while the normal cells proliferated (CD4^; 117% and 

CD 8^; 240%). This experiment indicates that differences in growth patterns 

between the cells are not attributable to culture conditions but are inherent within the 

cells.

AALD also occurs in lymphoid tissue

In three HIV-1^ individuals it was possible to measure activation responses 

in cell suspensions prepared from biopsied lymph nodes. All three individuals were 

diagnosed as PGL (CDCIII). Two of the patients showed very poor activation 

responses after stimulation with PHA (T cells recovered on day 3 as % of input; 

patient 1 40%, patient 2 22%) while the third responded well (patient 3 99.9%). In 

the latter case, the addition of rIL-2 greatly improved lymphocyte recovery (control 

unstimulated 17.3%; IL-2 alone 20.4%; PHA 61.1%; PHA IL-2 99.9%)

In one patient it was possible to directly compare the activation responses of 

CD4^ and CD8^ subsets in lymph node and peripheral blood. These were found to 

be comparable (CD4 blood 40%, lymph node 46%; CD8 blood 54%, lymph node 

35%) indicating that T cells in lymphoid tissue also have defective activation 

responses.

Discussion

The inability of lymphocytes from HIV-1^ individuals to respond to 

antigenic stimuli is thought to play a crucial role in the pathogenesis of AIDS. The 

failure to respond normally not only to the HIV-1 virus but also new or pre-existing 

pathogens ultimately causing the disease condition. In this chapter these defective 

responses were further investigated using the T cell mitogens PHA and anti-CD3. It 

was found that peripheral blood T cells from HIV-1 infected individuals die after 

short term culture in vitro. Thus, many of the proliferative defects reported in HIV-1 

infection may be due to lymphocyte death.

Two types of lymphocyte death were noted; spontaneous death and AALD. 

The spontaneous death occurred when lymphocytes were cultured in the absence of 

any stimuli or growth factors and was most prevalent in AVI patients and those with
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AIDS. Previous studies have also shown that PEL from HIV-1 infected individuals 

die rapidly after culture in the absence of any activation stimuli (Prince & Jensen 

1991a, Gougeon et al 1992). Such spontaneous cell death has also been reported in 

patients with acute EBV (Moss et al 1985, Uehara et al 1992). In both cases cell 

death was detected primarily in the CDS'*' lymphocyte subset. In contrast, cell death 

after activation was limited to HIV-1^ individuals and was of a greater magnitude 

than spontaneous death. Such activation induced death in HIV-1 infection was also 

reported by Meyaard et al (1992) after anti-CD3 stimulation and by Groux et al 

(1992) after stimulation with the bacterial superantigen, staphylococcus enterotoxin B 

(SEE). Stimulation with anti-CD3 induced cell death in both CD4+ and CDS'*" 

subsets although in patients with high CD4+ lymphocyte counts the CDS'*' subset 

were more handicapped (Meyaard et al 1992). Conversely, using SEE activation- 

induced death occurred only in the CD4'*' subset. In this study, using flow 

cytometric and microscopic techniques, it was found that both CD4^ and CD8^ T 

cell subsets were susceptible to AALD induced by anti-CD3 or PHA, however the 

degree of handicap was greatest in the CDS'*' subset, particularly when PHA was 

used as the stimulus. Thus the PHA response of CD 4+ cells from asymptomatic 

patients was less affected by AALD than the CDS'*' subset. However, in the later 

stages of HIV-1 disease, the CD4+ subset became more vulnerable. This is in 

agreement with other studies which have shown the relative maintenance of PHA 

responses early in HIV-1 disease (Groux et al 1992).

It has been postulated that apoptosis of CD4^ lymphocytes provides one 

mechanism for immunosuppression in HIV-1 infection. This has been shown to 

occur both as a direct result of infection with HIV-1, and after stimulation of 

uninfected CD4^ T cells with viral gpl20 on their surface (Banda et al 1992). 

Similarly, spontaneous cell death in HIV-1 and EBV infection occurs by apoptosis 

(Gougeon et al 1992; Uehara et al 1992) and it was reported that the cell death 

induced by anti-CD3 or by the superantigen SEE also occurred by apoptosis (Groux 

et al 1992, Meyaard et al 1992). This implies that apoptosis may act in CD4^ and 

CD8^ T cell populations in HIV-1 infection and is involved in the functional 

deficiencies of both populations.

Not all of the lymphocytes underwent AALD; those that transformed
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proliferated normally and could be used to generate cell lines. This indicates that a 

particular subset within the CD4^ and CD8^ populations is vulnerable to AALD. In 

support of this, it has been shown by Pantaleo et al (1990a,b) that CD8^,HLA-DR^ 

lymphocytes from HIV-1 infected individuals have a particularly poor clonogenic 

potential after stimulation with anti-CD3 or PHA. Similarly, in normal individuals, 

cells which express CD57 do not transform after mitogenic stimulation (Campana 

Coustan-Smith & Janossy 1988). Cells of this phenotype are expanded in HIV-1 

infection (Stites et al 1986, Ziegler-Heitbrock et al 1988) and may contribute to the 

AALD phenomenon. Therefore, changes in the composition of peripheral T cells 

might greatly effect AALD.

The reason why activation results in death rather than proliferation is not 

known although it has been demonstrated in other systems that both processes are 

intimately linked (Kabelitz Pohl & Pechhold 1993). Many transformed lymphoid cell 

lines and bone-marrow derived cells have strict growth factor requirements for 

culture in vitro. For instance, the cytotoxic T cell line CTLL proliferates in response 

to IL-2 but will die rapidly in the absence of the cytokine. Therefore, growth factor 

deprivation provides one means whereby cells die rather than proliferate. In HIV-1^ 

infection, the depletion of CD4+ lymphocytes results in a deficit of IL-2 which 

adversely effect activation responses in vitro. A number of studies on HIV-1'*' 

patients have shown that when cells are stimulated with specific antigen (Wahren et 

al 1987) or mitogens (Ciobanu et al 1983, Lifson et al 1984, Gluckman et al 1985, 

Gruters et al 1990) poor proliferative responses could be enhanced by the addition of 

exogenous IL-2. However, IL-2 did not completely reverse the defect and responses 

did not return to normal levels. In this study, cultures were routinely supplemented 

with PHA conditioned medium and rIL-2 but defective blastogénie responses were 

found even in individuals with high CD4+ counts. To further eliminate a cytokine 

deficiency as the cause of AALD, PBMC from normal and HIV-1 ^ individuals were 

co-cultured and activated with PHA in the same well. In this way the T cells from 

both individuals were exposed to identical culture conditions and antigen presenting 

cells (APC). Under these conditions, only the HIV-1^ donor showed any evidence 

of AALD, suggesting that the defect is inherent within each cell and does not result 

from a cytokine or APC deficiency.
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The activation of T cells requires not only interactions between the TCR and 

MHC but also involves co-stimulatory signals provided by accessory molecules on 

APC (Meuller Jenkins & Schwartz 1989). Several pairs of receptor: ligand 

interactions have been identified as co-stimulatory for activation via the TCR. These 

include B7/BB1:CD28, CD58(LFA-3):CD2, CD54(ICAM-1):LFA-1 and CD72:CD5 

(Linsley et al 1991; Van Seventer et al 1990, Van Seventer et al 1991, Imboden et 

al 1990). Among these, co-stimulation through CD28 provides the strongest 

accessory signal described so far. Therefore, defects in accessory molecule/ligand 

interactions might account for AALD.
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CHAPTER 4

THE ACTIVATION RESPONSE OF PRIMED AND UNPRIMED

LYMPHOCYTES

Introduction

Recall responses to soluble antigens are a feature of primed/memory T cells. 

Such recall responses are defective in HIV-1 infection both in vivo, as manifest by a 

loss of skin test responsiveness to a range of commonly encountered pathogens 

(Reuben et al 1983, Femandez-Cruz et al 1988) and in vitro as assessed by antigen 

stimulated proliferation and IL-2 production (Lane et al 1985; Hofmann et al 1985; 

Prince et al 1986; Clerici et al 1989a,b; Quinti et al 1991). This is one of the 

earliest defects in T cell function and can occur before CD4+ lymphocytes fall 

below 400/mm^ but while cells still retain responses to other stimuli such as PHA 

and alloantigens (Lane et al 1985, Miedema et al 1988, Clerici et al 1989b). The 

loss of recall responses has led to a general hypothesis that HIV-1 infection causes 

early T memory cell defects and that this is an important component in the 

pathogenesis of the disease (Clerici 1989b, Miedema Tersmette & Van Lier 1990, 

Shearer & Clerici 1990).

Although there is no definitive marker for memory T cells, it has been 

suggested that differential expression of two of the isoforms of the leucocyte 

common antigen (LCA, CD45) can split human T cells into unprimed (CD45RA''") 

and primed (CD 45R0^) populations (Beverley 1987, Akbar et al 1988). This has 

been proposed for a number of reasons: Firstly and perhaps most importantly, 

proliferative responses to recall antigens in vitro are retained exclusively within 

C D 45R 0^ T cell population (Merkenschlager et al 1988, Beverley, Merkenschlager 

& Terry 1988) while primary T cell proliferative responses are restricted to 

CD45RA^ T cells (Plebanski et al 1992). Secondly, the CD 45R0^ subset performs 

a number of effector functions either exclusively or more efficiently than the 

reciprocal CD45RA^ cells. For instance, CD 4^C D 45R 0^ cells provide help for 

specific antibody production while those which express the CD45RA do not 

(Morimoto et al 1985a, Beverley Terry & Pickford 1986). Similarly, although allo- 

specific CDS’*" CTL can be generated from both CD45RA^ and CD 45R0^ 

populations (Merkenschlager & Beverley 1989, Yamashita & Clement 1989, Akbar
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et al 1990) the most efficient CTL effector cells are C D 8^C D 45R 0^ (Yamashita & 

Clement 1989, Akbar et al 1990). Also, EBV specific CTL precursors are 

predominantly found within the C D 8^C D 45R 0^ subset (Merkenschlager &

Beverley 1989). In view of their functional activity it is therefore not surprising that 

CD45RO^ T cells express more adhesion molecules than the reciprocal subset 

(Sanders et al 1988, Buckle & Hogg 1990) and have a much wider cytokine profile 

(Reviewed in Akbar, Salmon & Janossy 1991). These findings together with the low 

levels of CD25 on CD 45R0^ lymphocytes (Wallace & Beverley 1990) suggest that 

CD45RO^ cells might represent an activated population. Thirdly, although CD45RA 

and CD45RO are reciprocally expressed on resting T cells, after activation with 

mitogens such as PHA (Byrne, Butler & Cooper 1988; Akbar et al 1988; Sanders et 

al 1989) or with allo-antigen (Akbar et al 1988) CD45RA^ T lymphocytes lose 

expression of this antigen and acquire CD45RO while activated C D 45R 0‘*’ cells 

retain this phenotype. Finally, CD45RO is low or absent on T cells from cord blood 

(Bofill et al 1994) but increases with age (Hayward Lee & Beverley 1989, Gabriel 

Schmitt & Kinder 1993), a feature expected of a primed cell marker. Although there 

is some speculation that CD 45R0^ T cells can revert to a CD45RA^ phenotype 

(Brod et al 1989; Bell & Sparshott 1990; Warren & Skipsey 1991; Michie et al 

1992) the expression of either CD45RA or CD45RO on T cells remains a reliable 

method of distinguishing between unprimed and recently activated lymphocyte 

populations.

Studies on the expression of CD45RA and CD45RO on T cells in HIV-1 

inefection have shown an expansion of the CD 8^C D 45R 0^ lymphocyte subset in 

the peripheral blood of infants (Froebel et al 1991, Borkowsky et al 1992) and adults 

(Prince & Jensen 1991b). Similar investigations on lymph nodes from HIV-1 

infected individuals also show an accumulation of C D 8^C D 45R 0^ lymphocytes 

within the paracortical areas and infiltrating the germinal centres (Racz et al 1990; 

Janossy et al 1991).

In this chapter the reported loss of memory responses in HIV-1 infection was 

investigated in two ways. Firstly, the presence of primed cells, defined by CD45RO, 

in the CD4^ and CD8^ subsets was measured by flow cytometry to determine if 

HIV-1 infection resulted in a depletion of memory cells. Secondly, the ability of

67



both primed and unprimed cells to respond to mitogenic stimulation was investigated 

to determine if these subsets were functioning normally.

Results

The accumulation o f CD8^ CD45RO^ lymphocytes in HIV-1^ and AVI patients 

Initial flow cytometric studies were performed to determine the proportion of 

CD4^ and CD8^ lymphocytes expressing CD45RA and CD45RO. In normal 

individuals CD45RA and CD45RO are expressed on CD4+ T cells at a ratio of 

approximately 1:1. Although HIV-1 infection caused a depletion of CD4^ 

lymphocytes the remaining cells showed no significant differences in the proportions 

of CD45RA and CD45RO in the CD4^ T cell subset compared to the seronegative 

control group (Control: CD45RA 43+5.7 , CD45RO 49+ 4.4 , n=10; HIV-1 

CD45RA 38.8+4.8 , CD45RO 40.3+3.6 , n=20). Therefore, HIV-1 infection does 

not result in a preferential depletion of C D 4^C D 45R 0^, primed lymphocytes. In 

contrast, patients with acute viral infections showed a shift towards a CD 45R0^ 

phenotype (CD45RA 27.5+4.5 , CD45RO 72.5+4.5; n= 7)

Cells falling within a normal lymphocyte gate on the FACScan, have a t r i -  

modal distribution of CD8 with a clearly distinguishable CD8^‘̂ ^, CD8^°^ and 

CD8“  populations. In both normal and HIV-1 ^ individuals, the majority of CD8^ 

lymphocytes were CD8^^^^. The minor CD8^°^ cells were CD3~, expressed the NK 

associated markers CD56, CD16 or CD57 and were CD45RA^ (Fig. 4.1). Although 

this population was not expanded in HIV-1 infection a small population of 

CD3^CD8^°^ cells were found in a number of HIV-1 ̂  and AVI patients and 

therefore all CD8^ cells were included in the phenotypic study.

The total percentage of CD8^ lymphocytes in peripheral blood was increased 

compared to the seronegative control in each of the patient groups investigated 

(p <  0.001, Table 4.1). In the HIV-1 seropositive donors this was due both to a loss 

of CD4^ lymphocytes and a rise in the absolute number of CD8^ cells. The 

greatest increase in CD8^ lymphocytes was found in the AVI patients who showed a 

massive rise of 700% over the control group ( p < 0.001) but significant increases 

were also seen in each of the HIV-1 CDC categories ( p < 0.005 & p < 0 .0 5 ; Table 

4.1). The CD8^ lymphocytes from seronegative controls expressed CD45RA and
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Figure 4.1 FACScan profile of normal CD8^ lymphocytes

CD8^ lymphocytes (y-axis) were stained in double combination with CD3 (A), the 

NK markers CD56 (B), CD16 (C) and CD57 (D) and CD45RA (E). Note that the 

population is mainly CD3“  and expresses NK cell markers.

69



Table 4.1 Changes in CD8+ lymphocyte populations during HIV-I infection**

Patient
Groups n

Percentage o f lymphocytes^ Total absolute counts/mm^

Total 
CD8 +

CD8 + 
CD45RA +

CD8+ 
CD 45R 0 +

Total 
CD8 +

CD8 + 
CD45RA +

CD8 + 
C D 45R 0 +

Normal Control 14 28 .4 ± 1 .6 " 72.5 +  3.4 2 7 .1 + 3 .2 581+ 65 412+ 57 169 ± 24

HIV-1+CDCII 11 46.3±2.4**** 53.7+4.0*** 41.6±4.2** 755±61* 406 ±45 305 ±35***

CDCIII 11 46.4±4.9**** 63.4 +  7.2 2 5 .3 + 5 .6 850+123*** 602 +  66* 264 ±73

CDCIV 11 67.2 +  2.5**** 45.1+4.7**** 48.1+4.7**** 898+216*** 340 ± 70 468 ±129*

AVI 11 48.8±5.1**** 37.0+6.3**** 64.7±6.9**** 4,018+1720 851 ±396 3 ,237± 1 ,418

The expression of CD45RA and CD45RO on C D 8+  lymphocytes was investigated by two colour immunofluorescence.
The percentage of C D 8^C D 45R A ^ and C D 8^C D 45R 0^  lymphocyte populations are depicted in Figure 4.3
Mean +  SD; mean values were compared to the normal control using the Students t-Test; * p < 0 .0 5 , ** p < 0 .0 1 , *** p < 0 .005  and **** p < 0 .0 5
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Figure 4.2 CD45RA and CD45RO expression within the CD8^ subset

PBMC from 14 normal individuals, 33 HIV-1 ^ and 11 AVI patients were 

investigated by two colour indirect IF using the combinations CDS// plus GAM IgM-PE 

and either CD45RA or CD45RO plus GAM IgG-FITC. During data acquisition a live gate 

was set up around the lymphocytic, CDS^ population and the percentage of CD45RA^ or 

CD45RO^ cells within this determined. The total length of the bars represents the mean 

percentage of CD8^ cells ±  sem, with the relative percentages of CD45RA^ (hatched) 

and CD45RO* (filled) shown within.
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CD45RO in a ratio of 3:1. In all virally infected patients this ratio was reduced due 

to an increase in C D 8^C D 45R 0^ lymphocytes (Fig. 4.2). The absolute numbers of 

CD8^CD45RA^ lymphocytes in HIV-1 CDCII/IV patients were similar to those 

found in the control group but the number of CD 8^C D 45R 0^ cells was 

significantly increased (p <  0.005, p< 0 .05 ), indicating that this population is 

expanded in HIV-1 infection. Similarly, the CD8^ lymphocytosis seen in the AVI 

group was due almost exclusively to a rise in the absolute number of 

C D 8^C D 45R 0^ cells. Therefore, the increase in CD8^ lymphocytes seen in both 

the acute and chronic stages of viral infection are due primarily to an expansion of 

the C D 8^C D 45R 0^ population while the CD8^CD45RA^ remains relatively 

unaltered.

The predominant proliferative defects o f CD45RO^ lymphocytes from HFV-1^ 

patients

Purified CD45RA^ or CD 45R0^ cells prepared by negative selection from 

T cells as described (Chapter 2) were stimulated with anti-CD3 Mab plus rIL-2 

in the presence of 10% autologous non-T-cells and the number of viable CD4^ and 

CD8^ lymphocytes determined daily by flow cytometric analysis (Fig. 4.3). The 

responses of HIV-1 CDCII individuals and normal seronegative controls were 

compared to determine if either of the CD45RA^ or CD 45R0^ populations were 

handicapped early in the disease. In H IV -1" individuals, cell recovery from both 

CD45RA^ and CD 45R0^ cultures was high (> 80% ) and little difference was 

found between the response of either subset. However, in HIV-1^ individuals 

differences were found between the responses of the CD45RA^ and CD 45R0^ 

lymphocytes. In the CD45RA^ purified population the percentage of viable cells 

decreased to 55% after 2 days in culture but recovered to 90% by day 4, indicating 

that these cells were actively proliferating. In contrast, by day 2 60% of the 

C D 45R0^ cells had died and by day 3-4 only 20% of the initial input was 

recovered. When examined more closely, it was clear that more lymphoblasts were 

found in the CD45RA^ cultures from HIV-1^ patients compared to the C D 45R 0^. 

This is illustrated in Fig. 4.4 which shows an example of the FACScan profile 

obtained from CD45RA^ or CD 45R0^ cells after stimulation with anti-CD3 for 3
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Figure 4.3 Time course of the numbers of CD45RA^ and CD45RO^ cells recovered 

from anti-CD3 stimulated cultures.

Purified CD45RA^ and CD45RO^ T cells were prepared from T cells by 

negative selection and stimulated with anti-CD3 plus rIL-2 in the presence of 10% 

autologous non-T cells. The number of viable cells was determined at the time points 

shown. The data is shown as the mean percentage of cells recovered in relation to the 

initial input of CD45RA+ or CD45R0+ on day 0 for 10 normal and 20 HIV-1 + , CDCII 

individuals.
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Figure 4.4 The appearance of CD45RA^ and CD45RO^ cells after stimulation

FACScan profile o f the appearance of CD45RA^ and CD45RO+ lymphocytes from 

a representative normal and HIV-1  ̂ patients after stimulation with anti-CD3 for 3 days.

The forward scatter (FSC; size; x-axis) and side scatter (SSC; granularity; y-axis) profiles 

of purified CD45RA^ and CD45RO^ lymphocytes are shown after culture with anti-CD3 

Mab. Large lymphoblasts (bl) are seen in both populations from normal individuals and the 

CD45RA^ population from the CD45RA^ cells from the HIV-1 ^ patient. These are absent 

in the CD45RO^ population and are replaced by dead cells and debris (d).
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days. In the seronegative individual both subsets responded to the stimulus and 

transformed into lymphoblasts. However, in the HIV-1 infected patient more 

lymphoblasts (bl) were found in the CD45RA^ culture and larger amounts of dead 

cells (d) and cell debris, but few blasts, were seen in the CD45RO^.

When CD4^ and CD8^ lymphocytes were compared, all four populations in 

HIV-1^ patients were found to be affected by AALD although the degree of 

handicap was greatest in the CD 8^C D 45R 0^ cells, as shown in Fig. 4.5 in a 

representative HIV-1'*' patient and seronegative control. Anti-CD3 preferentially 

stimulated the CD8'*' cells in the control and proliferation was greatest in the 

CD 8’̂ CD45RO'*' cells (250%), numerically the smallest subset. A loss of viability 

was seen in each of the four subsets in the HIV-1^ individual but the greatest 

proportional loss was found in the CD 8^CD 45R0^ population (57%). This pattern 

of cell loss was found consistently in all the HIV-1'*' patients investigated (n=10), 

although the degree of AALD in each of the subsets varied considerably between 

individuals.

The preferential defect in CD45RO'^ lymphocytes also occurs in unseparated 

PBMC

The activation response of primed and unprimed lymphocytes was also 

examined in unseparated PBMC in order to ensure that the findings described 

previously were not due to cytokine deficiencies which might occur when CD45RA'*' 

or CD45RO'*' subsets are cultured alone. Mononuclear cells from a range of HIV- 

1 '*' patients and seronegative controls were triple stained with the following directly 

conjugated reagents, CD3-FITC; CD45RA-PE and CD45RO-Biotin plus 

streptavidin-tandem, prior to stimulation and after 3 days in culture with PHA plus 

rIL-2. During data analysis, the CD3'*' cells were gated and the percentage of 

CD45RA'*' or CD45RO'*' T cells and lymphoblasts determined. Although CD3 is 

modulated from the cell surface early after lymphocyte activation, by day 3 it had 

reappeared, enabling the use of this triple combination to investigate the phenotype 

of the lymphoblasts. During activation CD45RA'*' lymphocytes switch to 

CD45RO'*', passing through a transient CD45RA^°^CD45R0^°^ stage. After 3 days 

activation the full CD45RA to CD45RO change has not yet occurred but cells
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expressing the CD45RA^®^CD45RO^®^ phenotype were taken to have arisen from 

the CD45RA'*' population.

The same trend previously described in the purified populations was also 

found in the unseparated cultures. In the seronegative donors, both CD45RA^ and 

CD45RO'*' cells responded to the stimulus and transformed into lymphoblasts (Table 

4.2). In each of the HIV-1, CDC categories, the number of C D 45R0^ lymphoblasts 

recovered was lower than the number of CD45RA'*'. This was most evident in the 

asymptomatic (CDCII) patients where the pattern of responses was similar to that 

found using anti-CD3 in that the CD45RA^ lymphocytes produced only a slightly 

lower response compared to the HIV-1“  individuals (70% of normal) while the 

CD 45R0^ population was much more severely impaired (37% of normal). This 

dichotomy became less apparent in the more advanced stages of HIV-1 disease, 

CDCIII/IV, when both CD45RA^ and CD 45R0^ populations were equally affected 

by AALD.

Discussion

The early loss of memory responses is a well documented feature of infection 

with HIV-1 and is thought to have important implications in the pathogenesis of the 

disease (Miedema Tersmatte & van Lier 1990; Shearer & Clerici 1990). However, 

no study has yet identified the lymphocyte subsets affected nor determined how such 

responses change over the course of the disease. In this chapter primed and 

unprimed lymphocytes, identified by expression of CD45RO and CD45RA 

respectively, were isolated and examined for their ability to respond to stimulation 

with anti-CD3 in cultures supplemented with rIL-2. In the asymptomatic patients 

tested the CD 45R0^ cells preferentially died after stimulation indicating that primed 

cells are more vulnerable.

In normal individuals CD45RA^ and CD 45R0^ T cell subsets have different 

requirements for optimal stimulation. Unprimed, CD45RA^ cells have a more 

stringent dependence on accessory signals in the form of monocytes, IL-1 or anti- 

CD28 (Horgan et al 1990). For instance, CD4^CD45RA^ cells respond to anti- 

CD3 or anti-CD2 Mabs only in the presence of a second signal provided by 

monocytes or exogenous IL-2 while CD 4^C D 45R 0^ cells do not (Matsuyama et al
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Table 4.2 The response of CD45RA'*' and CD45RO'’’ lymphocytes to 
stimulation with PHA in unseparated cultures^

n CD3+CD45RA+^ CD3+CD45R0+

H IV -1- Control 9 119.5+20.8^" 94.6 +  11.0

HIV-1 + CDCII 19 81.8 +  10.8 35.1+5.4***^

CDCIII 7 46.1+21.1 25 .8+ 7 .7

CDCIV 10 44.4+9.6 23 .8+4.7

PBMC were isolated and stimulated with PHA plus rIL-2.
The number of CD3^CD45RA^ and CD3^CD45R0^ cells were determined prior
to stimulation and after 3 days in culture using the triple combination CD3-FITC,
CD45RA-PE and CD45RO-biotin plus streptavivdin-Tricolour
The numbers shown are the percentage of lymphcytes recovered in relation to the
initial input of CD3^CD45RA^ or CD3^CD45R0^ cells; mean ±  sem
The data in each patient group were compared using the paired Students t-Test to
determine if there was a difference in the response of either subset; p <  0.001
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Figure 4.5 T cell subsets recovered after stimulation of purified CD45RA^ and 

CD45RO^ T cells from a representative normal (A) and HIV-1 ̂  (B) individual.

Purified CD45RA^ and CD45RO^ populations were investigated for the relative 

contribution of CD4^ and CD8^ T cell subsets before and after 3 days activation. The 

bars show the absolute number of lymphocytes before and after culture with anti-CD3 Mab 

plus rIL-2 for 3 days. The proportion of CD4^ and CD8^ lymphocytes in the cultures was 

determined by two colour IF using CD4-PE and CD8-FITC.
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1988, Byrne Butler & Cooper 1988, Byrne et al 1989). Also the magnitude of the 

proliferative response induced by anti-CD3 is greater in CD 45R0^ T cells (Sanders 

et al 1989, Schnittman et al 1990b). Conversely, CD45RA^ cells respond 

preferentially to stimulation with PHA (Matsuyama et al 1988; Salmon et al 1988, 

Schnittman et al 1990b, Wallace & Beverley 1990). Differences between subset 

responses may also depend upon the degree of stimulation. Optimal amounts of anti- 

CD3 Mab have been reported to stimulate CTL function in both CD8^CD45RA^ 

and CD 8^C D 45R 0^ populations while sub-optimal amounts only stimulate the 

C D 8^C D 45R 0^ population although the responses can be equalized by the presence 

of rIL-2 (de Jong et al 1991).

To minimise these subset variations, purified CD45RA^ and C D 45R0^ 

populations were cultured in the presence of autologous macrophages and rIl-2 but 

the CD 45R0^ lymphocytes from HIV-1^ patients remained less viable than the 

CD45RA^ cells. Activation with either anti-CD3 Mab or PHA as well as activation 

of unseparated PBMC resulted in the same defective response in the C D 45R0^ 

subset, confirming that these cells are particularly handicapped and that this is not a 

function of the differential activation requirements of the subset per se.

Using conventional ^HTdR incorporation assays it has been demonstrated that 

CD4^CD45RA^ cells from HIV-1 ^ patients proliferate normally after stimulation 

with PHA or Con A but that responses of CD 4^C D 45R 0^ cells to anti-CD3 and 

tetanus toxoid are impaired (Schnittman et al 1990b). We can now confirm this 

defect in CD 4^C D 45R 0^ cells and extend this to include the C D 8^C D 45R 0^ 

population using either anti-CD3 Mab or PHA as the stimulus. Furthermore, this 

failure to proliferate is due to the death of the responding CD45RO^ cells.

Studies in vitro have shown that CD 45R0^CD 4^ lymphocytes have a higher 

viral burden than the unprimed subset and preferentially replicate HIV-1 after PHA 

stimulation (Cayota et al 1990, Schnittman et al 1990b). Therefore, one reason for 

the vulnerability of the CD 4^CD 45R0^ population may be infection with HIV-1. 

However, studies in asymptomatic individuals have shown that HIV-1 virus 

replication occurs in both CD4^CD45RA^ and C D 4^C D 45R 0" subsets after anti- 

CD3 stimulation and is therefore a function of the activation signal employed 

(Cayota et al 1993). Also, using in situ hybridisation techniques, comparatively few
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virus positive cells can be identified (1 in 2,000 to 1 in 350; Lewis et al 1990) and 

these alone are unlikely to account entirely for the degree of handicap observed.

The acute stage of a range of viral infections, including HIV-1, is associated 

with an expansion of CD8^ lymphocytes which express the activation markers 

HLA-DR and CD45RO (Reinherz et al 1980, Crawford et al 1981, Thomas et al 

1982, Maher et al 1985, Tindall et al 1988, Miyawaki et al 1991). While in the 

acute condition this CD8^ lymphocytosis disappears with disease resolution, in 

chronic HIV-1  ̂ patients it remains high (Nicholson et al 1984, Zeigler-Hfiitbjockt 

al 1985, Prince et al 1985, Nicholson et al 1986) and has been shown to predict 

progression to AIDS (Lang et al 1989). A CD8^ lymphocytosis was also observed 

in both HIV-1  ̂ and AVI patients in this study. This was found to be due entirely to 

the expansion o f the CD45RO^ subset. Thus we can confirm previously reported 

data on the inreased expression of CD45RO whithin the CD8^ T cell subset in HIV- 

1 infection. Additionally, in contrast to the CD8^ population, CD4^ lymphocytes 

from HIV-1  ̂ patients show no alteration in CD45RA or CD45RO expression.

In direct contrast, using CD29 as a marker for memory (Morimoto et al 

1985) some investigators have reported a loss of memory T cells in HIV-1 infection 

(van Noesel et al 1990, Gruters et al 1990). This is apparently due primarily to the 

selective loss o f CD4^CD29^ cells in the asymptomatic stages of the disease (de 

Paoli et al 1988, Fletcher et al 1989, Gruters et al 1991, Klimas et al 1991) while in 

the later stages both CD4^CD45RA^ and CD4^CD29^ cells decline (de Paoli et al 

1988, de Martini et al 1988, Gruters et al 1991). However, recent data suggests that 

while CD4^ T lymphocytes decline, there is no selective loss o f phenotypically 

defined memory cells (Chou et al 1994). Also, no change was noted in the number 

of CD8^CD29^ cells (de Paoli et al 1988, Gruters et al 1991). As the distribution 

of CD45RO and CD29 do not completely overlap (Sohen et al 1990) and some 

CD45RA^ cells express CD29 (Okumura et al 1993), statements involving the loss 

of memory cells in HIV-1 infection can be misleading. What does seem clear from 

this study is that cells with a primed phenotype do exist in HIV-1^ patients and are 

in fact expanded within the CD8^ subset. However, these cells are particularly 

vulnerable and die after short-term culture in vitro.
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CHAPTER 5

INTERLEUKIN-2 RECEPTOR EXPRESSION IN HIV-1+ AND AVI

PATIENTS

Introduction

In chapter 3 it was demonstrated that AALD occurs despite the presence of 

exogenous IL-2 in the culture medium, indicating that a deficiency in this cytokine 

alone cannot account for the phenomenon. The possibility remains however, that 

cells lack the second signal normally provided through IL-2, due to a defective IL-2 

receptor expression which may already be detectable in resting lymphocytes.

The IL-2Ra (CD25) and IL-2R/5 are differentially expressed on subsets of 

unstimulated PBMC. Large granular lymphocytes (LGL) or NK cells defined by the 

marker NKH-1 (Leu 19, CD56) or CD 16 express IL-2Rj6 (Tsudo et al 1987, Siegel 

et al 1987, Ohashi et al 1989, Voss et al 1990, Nishikawa et al 1990) estimated by 

binding of ^^^I-labelled IL-2 at 540-1,630 sites per cell (Ohashi et al 1989) and by 

immunofluorescence at 12,000 sites per cell (Voss et al 1990). The IL-2R/3 chain is 

also found on a subpopulation of CDS'*' lymphocytes at a slightly lower density, 

estimated by binding of IL-2 at 180-410 sites per cell (Ohashi et al 1989, Taga et al 

1991). In contrast, CD25 is found on CD4^ lymphocytes and B cells but is absent 

from resting CD8 or NK cells (Smith 1980, Ohashi et al 1989, Taga et al 1991). 

Both CD25 and IL-2R/5 are preferentially expressed on CD 45R0^ lymphocytes 

within the CD4^ and CD8^ subsets respectively (Wallace & Beverley 1990, Taga et 

al 1991, Akbar et al 1991).

After stimulation in vitro with mitogens such as PHA or anti-CD3, mRNA 

for CD25 and membrane expression of the protein is upregulated. A CD25 

expression of 59,100+10,800 sites per cell is reached after 72 hours (Uchiyama 

Broder & Waldman 1981) returning to normal levels 2,500+600 by day 10 (Robb 

Greene & Rusk 1984). Mitogenic stimulation also increases the surface expression of 

IL-2R/5 but to a far lesser extent that CD25 (Akbar et al 1991).

The aim of this chapter was to determine if HIV-1^ individuals showed any 

changes in IL-2R expression that might help to explain AALD. To this end, 

quantitative IF techniques were used to compare IL-2R expression in T cell subsets 

from patient groups, while resting and after activation in vitro.
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Methods

Flow cytometric methods were used to enumerate IL-2R expression on T cell 

subsets. As both direct and indirect IF techniques could be applicable, both methods 

were compared using commercially available reagents to c- enumerate cell surface 

antigenic sites.

Quantitative analysis o f indirect immunofluorescence staining

The number of molecules of CD25 present on the cell surface was measured 

by indirect immunofluorescence using QIFIKIT beads (Biocytex Genie Cellulaire, 

Marseille, France). In this technique cells labelled with the primary antibody, RFT5 

(CD25, IgG2a) and beads bearing defined quantities of the mouse monoclonal 5T1 

(CD5, IgG2a) are stained with the same GAM-FITC conjugate second layer. The 

intensity of the staining on the beads is then used to construct a standard curve (Fig. 

5.1) from which the unknown can be calculated.

Procedure: Eight bead preparations were provided which differed according to the 

number of CD5 molecules on their surface. The beads were resuspended by vortex 

mixing and 100/xl removed into separate tubes. These were washed once with PBS-A 

and then incubated for 10 minutes with the FITC-labelled second layer (GAM-FITC, 

SB A) at saturating concentrations. The beads were then washed and fixed with 1% 

paraformaldehyde in PBS prior to flow cytometric analysis. The MFI of each bead 

standard was determined and plotted against the number of CD5 molecules per cell 

(Fig.5.1). PBMC stained with saturating concentrations of both CD25 and GAM- 

FITC were then investigated for CD25 expression.

Provided care is taken that cytometer settings are constant between samples, 

the same standard curve can be used on different occasions for the enumeration of a 

variety of antigens. However, it is important when using this technique that 

saturating concentrations of all reagents are used otherwise the results obtained are 

inaccurate.

Quantitative analysis o f direct immunofluorescence staining

CD25 staining was also quantified on lymphocytes and T cell subsets directly 

using Simply Cellular Microbeads (Flow Cytometry Standards Corporation, Leiden,
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Figure 5.1 QIFIKIT beads used to construct a standard curve

In order to enumerate the molecules of CD25 per cell using indirect 

immunofluorescence, QIFIKIT beads were stained with saturating amounts of GAM-FITC 

conjugate. The beads, which are coated with varying amounts of a mouse monoclonal 

antibody were then run of the FACScan Part I; (a) bead control, no antibody, (b) 5 x 

1 0 \ (c) 10 X 1 0 \ (d) 20 X 1 0 \ (e) 40 x 1 0 \ (f) 80 x 1 0 \ (g) 160 x 1 0 \ (h) 400 x 10^ 

The mean fluorescence intensity (MFI) of the bead standards was then used to construct 

a standard curve. Part II
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The Netherlands). The simply cellular beads have four calibrated binding capacities 

of GAM-IgG on their surface together with a negative bead control (Fig. 5.2). These 

are provided together in the same tube. When mixed with a directly FITC- 

conjugated Mab the MFI of the beads can again be used to construct a standard 

curve. In this case, an analysis program is provided which constructs the standard 

curve and calculates unknown values based upon the data provided by the cytometer. 

Procedure: The beads were resuspended by vortex mixing and two drops (100/xl) 

added to a 5ml test tube. A saturating concentration of CD25-FITC Mab was added 

to the beads and incubated for 10 minutes at room temperature. The beads were 

washed once with PBSA and fixed with 1 % paraformaldehyde prior to analysis on 

the FACScan. The MFI of each bead peak was determined and fed into the analysis 

program. Because of the different scatter profiles of the beads and lymphocytes, 

PBMC and beads were stained in separate tubes.

Again, provided care was taken to ensure uniform cytometer settings, the 

same standard curve could be used to measure CD25 expression on different 

occasions.

Results

Quantitative analysis of CD25 expression on normal T cells before and after 

stimulation in vitro

The QIFI and simply cellular methods were used to compare CD25 

expression on normal lymphocytes after stimulation with PHA and anti-CD3. The 

QIFI method could not be used to quantify anti-CD3 induced CD25 expression 

because the presence of the anti-CD3 antibody interfered with the second layer 

staining. Both methods revealed a weak constitutive expression of CD25 on resting 

cells (4-10 X 10^ MPC; Table 5.1), equivalent to the levels reported previously. The 

expression increased with time after stimulation with either PHA or anti-CD3, but 

expression of CD25 was greater after stimulation with PHA regardless of the 

quantitation method employed. This suggests that the number of CD25 molecules on 

the cell surface may be a function of the strength of the activation stimulus. 

Alternatively, a difference in the relative size of the lymphoblasts induced by PHA 

might account for the discrepancy.
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Figure 5.2 Simply cellular microbeads used for the quantitation of direct 

immunofluorescence

The microbeads were incubated with a saturating concentration of CD25-FITC 

conjugate. A standard curve was then constructed based upon the relative binding capacity 

and MFI for each bead.
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Table 5.1 Quantitation of CD25 expression on PBMC after stimulation^

Time in culture (hours)

Stimulus 0 24 48 72

anti-CD3 Simply
Cellular 4.1^ 4.8 18.8 65.3

PHA Simply
Cellular 4.1 9.9 56.8 96.5

Q IFI 10.0 7.0 28.0 78.0

The simply cellular and QIFI methods were used to measure CD25 
expression on PBMC from normal individuals after stimulation with anti-CD3 
or PHA for the time periods shown.
The numbers represent CD25 molecules per cell x 10^ calculated from the 
standard curve
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Although both quantitation methods gave comparable results, the simply 

cellular method had certain advantages; (1) because it employed directly conjugated 

reagents it could be used to measure CD25 expression after stimulation with anti- 

CD3, (2) it could easily be adapted for double and triple immunofluorescence 

studies, therefore allowing the investigation of CD25 expression in T cell subsets 

and (3) the fluorescence of the negative control beads was lower allowing the 

quantitation of weak immunofluorescent staining. Therefore, where possible the 

simply cellular quantitation method was used. However, indirect IF techniques are 

more sensitive than direct. Therefore when measuring weak constitutive expression 

of CD25 and IL-2R/Î indirect techniques were used.

IL-2R expression on resting lymphocytes

A comparison of CD25 and IL-2R/5 on resting PBMC from H IV -1" control, 

HIV-1^ and AVI patients revealed an apparent loss of constitutive CD25 expression 

in HIV-1 infection (Fig 5.3). The percentage of CD25^ cells was reduced in 

CDCII, asymptomatic individuals (control 14.8±2.2% ; CDCII 8 .6±1.6% ; 

p <  0.004) and was further decreased in the symptomatic, CDCIV patients 

(6 .9±1.6% ; p < 0.001). However, the intensity of CD25 expression on those cells 

which retained the antigen was unaltered. In addition, although CD25 was reduced, 

IL-2R/? levels were found to be equivalent to normal (control 18.8±1.6% ; CDCII 

13.3±3.2% ; CDCIV 17.1 ±3.2% ). The acute in vivo stimulation in the AVI patients 

did not result in an enhanced CD25 expression (18.3±4.2% ) nor was any significant 

change noted in the levels of IL-2R/3 (13.2±5.9% ).

As any virus specific changes in IL-2R expression could be masked by 

proportional alterations in T cell subsets, it was necessary to clearly define the cell 

subsets which normally constitutively express IL-2R and relate this to the equivalent 

populations in HIV-1 ^ patients. Therefore, the expression of CD25 and IL-2R/3 on 

NK cells and T cells from seronegative individuals were investigated using two 

colour IF, combining FITC labelled CD4, CD8, CD28 or CD 16 with an indirect PE 

staining for the IL-2 receptor chains (Fig. 5.4). The majority of CD25 staining in 

seronegative individuals was found on CD4^ lymphocytes (24%), while little was 

detected on either CD8^ T cells or CD16^ NK cells. As the majority of CD4^
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Figure 5.3 The expression of CD25 and IL-2Rj8 on PBMC from normal and patient groups

P B M C  from  10 H I V - l "  controls ,  23 H1V-1+ (CDCII 13; C D C IV  10) and 8 AVI patients 

w ere investigated by indirect IM using anti-CD25 (R F T 5 7 ; Ig G l)  or anti-lL-2R/5 (Tu27; Ig G l)  

together with G A M  IgG-PE. T he  bars represent the mean ±  sem o f  the data.



Figure 5.4 The expression of CD25 and IL-2Rj8 on normal T cell subsets

PBMC from HIV-1“  individuals were investigated by two colour IF for the 

presence of CD25 or IL-2Rj8 on lymphocyte subsets. An indirect staining procedure using 

anti-CD25 or anti-IL-2R/3 plus GAM IgG-PE was combined with direct IF with FITC 

labelled reagents against CD4, CDS, CD28 and CD 16. During data acquisition an 

analysis gate was set up around the lymphocytic population based upon FSC and SSC 

characteristics and 5000 events collected. The results from one representative individual 

are shown. The numbers shown indicate the percentage of cells within each quadrant.
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lymphocytes express CD28, this accounts for the positivity of this subset. In 

contrast, IL-2R/3 was mainly seen on CD16^ NK cells (62%) and intermediate 

staining CD8^ lymphocytes (CD8^™, CD28“ ) but was largely absent from CD4'*' 

and CD28^ cells.

The distribution of CD25 and IL-2RjS on CD 45R0^ T lymphocytes was 

investigated in purified CD 45R0^ and CD45RA^ T cell subsets. These were 

prepared by negative selection from T cells isolated and depleted of CD16^ NK 

cells (Chapter 2). The expression of CD25 was mainly confined to the 

CD4+CD45RO+ subset (10.4%) while IL-2Rj8 was restricted to CD8+CD45RO+ 

cells (35.5%; Fig. 5.5). After removal of NK cells, which retain the CD45RA^ 

phenotype, there was no detectable IL-2 receptor on the CD45RA^ population. In 

summary, the constitutive expression of CD25 is restricted to the C D 4^C D 45R 0^

T cell subset. In whole PBMC, IL-2R/Î is mainly found on NK cells but is also 

found on a proportion of CD 8^CD45R0^ lymphocytes.

The expression o f CD25 and IL-2R^ on T cell subsets from HIV-1'^ and AVI 

patients

In the following part of the study equivalent T cell subsets known to 

constitutively express IL-2R in seronegative individuals were compared in HIV-1^ 

and AVI patients. Purified T cells depleted of CD 16 were investigated for CD25 and 

IL-2R/5 by indirect IF in combination with direct IF for the subset markers CD4, 

CD8, CD28, CD45RO and CD45RA (Table 5.2). Within the CD4+ T cell subset 

the percentage of CD25^ cells was reduced by more than two thirds in both HIV-1^ 

CDCII and CDCIV patients (p <  0.001) suggesting that as well as CD4^ lymphocyte 

depletion, changes within the subset also cause a loss of CD25 expression. Other 

significant losses in CD25 were seen in the CD 45R0^ subsets where CD25 was 

again reduced by two thirds (p <  0.001) and in the CD28^ subset from HIV-1 

CDCIV patients (p <  0.025). Conversely, there was an increased IL-2Rj8 expression 

on CD8^ lymphocytes from AIDS patients (p< 0 .05) and on the CD 45R0^ subset 

from both HIV-1^ groups when compared to the normal control (p <  0.001).

As CD25 and IL-2R)3 are preferentially expressed on C D 45R0^ lymphocytes 

within the CD4^ and CD8^ subsets respectively it was necessary to investigate if
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Figure 5.5 The expression of CD25 and EL-2Rj8 on CD45RA^ and CD45RO^ T cell 

subsets

CD45RA^ (A) and C D 45R0^ (B) T cells prepared by negative depletion 

procedures were investigated for the presence of IL-2R. An indirect staining procedure 

using anti-CD25 or anti-IL-2R/3 plus GAM-IgG-FITC (y-axis) was combined with direct 

IF with PE labelled anti-CD4 or CD8 (x-axis). During data acquisition an analysis gate 

was set up around the lymphocytic population and 5,000 events collected. The numbers 

shown indicate the percentage of cells within each quadrant.
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Table 5.2 IL-2 receptor expression on T cell subsets^

CD4*^ CDS CD28 CD45RA CD45RO

CD25

H IV -1 - C o n tro l 23.4+2.4^ 2 .5+ 0 .5 18.7+2.7 9.0 +  1.3 21 .3+ 0 .6

HIV-1+ CDCII 7.9+2.5*** 0.6+0.4* 18.7+8.5 8 .9+ 3 .8 6.3+2.0***

CDCIV 7.9 +  1.7*** 1.9+0.6 9.2+2.9** 4.5 +  1.4** 5.7 +  1.9***

AVI 29.5 +  10.5 13.2+5.9* ND ND ND

IL -2R 5

HIV-1— Control 1 .3+0.2 7 .5+ 2 .9 1.9+0.8 1.2+0.5 5 .1+ 0 .9

HIV-1 + CDCII 1.2+2.0 8.2 +  1.7 8.3+2.5** Q.8 +  1.0 15.9+0.9**

CDCIV 1.0+0.6 13.5 +  1.1* 8.4 +  1.7*** 0 .4 + 0 .6 15.7+2.8**

AVI 1.2+0.5 12.8+2.5 ND ND ND

The expression of CD25 and IL-2RjS was determined on E""" T cells depleted of 
CDlâ"*" NK cells. The T cell subsets were identified directly using FITC conjugated 
reagents.
During data acquisition the FITC positive cells were gated and 5,000 events 
collected.
A minimum of 7 individuals in each group were investigated.
The data shown is the percentage of PE postive cells within the gated population 
(mean±SEM). These were compared to the control values using the Students T-test; 
* p < 0 .0 5 , ** p< 0 .025 , *** p<0.001  
Not determinedND
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the comparable subsets in HIV-1 infected patients were defective in IL-2R 

expression. To achieve this, E ‘''NK~ T cells were further depleted of CD45RA^ 

cells using magnetic dynabeads leaving a >95%  C D 45R0^ population. This was 

investigated by two colour IF for CD25 and IL-2R/3 expression on CD4^ and CD8^ 

cells (Table 5.3; Fig. 5.6). In HIV-1~ individuals, 27% of C D 4^C D 45R 0^ cells 

were found to express CD25. This was reduced in HIV-1 infection (CDCII 16%; 

CDCIV 19%) indicating a small preferential loss of the CD 4^CD45R0^CD 25 ̂  

lymphocyte subset. A modest decrease in CD25 expression on C D 8^C D 45R 0^ 

cells was also seen in patients compared to the control group (control 9%, CDCII 

2%; CDCIV 3%). However, levels of IL-2R/3 expression on C D 8^C D 45R 0^ T 

cells were unchanged (control 13%; CDCII 11%; CDCIV 12%).

In conclusion therefore, to a large extent the reduced constitutive expression 

of CD25 seen in HIV-1 infection is due to CD4^ and CD 4^C D 45R 0^ lymphocyte 

depletion, however, even within these subsets there is a selective loss of CD25 

cells. Although, increases in IL-2R/5 were detected in the CD8^ and CD45RO^ 

subsets from HIV-1^ patients, the C D 8^CD 45R0^ subset expressed levels 

comparable with the control group. This indicates that HIV-1 infection does not 

cause a selective increase in the receptor but rather induces a shift towards a 

CD8+CD45RO+IL-2R/Î+ phenotype.

The activation induced upregulation o f CD25

In the next part of the study, the expression of CD25 after stimulation with 

anti-CD3 was investigated. Lymphocytes were stimulated in bulk cultures 

supplemented with rIL-2 and the expression of CD25 on CD4^ and CD8^ 

lymphocytes measured daily by direct IF using CD25-FITC and CD4/CD8-PF 

conjugates. During data acquisition a wide gate incorporating both live and dead 

cells was used and 5,000 events collected. When the data were subsequently 

analysed, only the viable PF positive cells were gated. The number of viable cells 

and developing lymphoblasts was determined using a combination of dye exclusion 

and cell size. The mean values are shown in Fig. 5.7 and representative individuals 

are illustrated in Fig. 5.8.

In HIV-1“  individuals the upregulation of CD25 was already apparent in
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Figure 5.6 The presence of CD25 and IL-2Rj3 on CD45RO^ T cell subsets

The presence of CD25 and IL-2R/3 in C D 4+C D 45R 0+ and CD8+CD45R0+ T cell 

subsets was determined in 5 HIV-1“  controls and 9 HIV-1  ̂ individuals. Purified 

CD45RO^ T cells were investigated by two colour, indirect IF using the combinations; 

anti-CD25 or anti-IL-2R/3 plus GAM IgG-PE and anti-CD4 or anti-CD8 plus GAM  

IgG2a/IgM-FITC.
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Table 5.3 The expression of CD25 and IL-2R/S on CD45RO+ T cell subsets*

CD4+CD45RO+** CD8+CD45RO+

n CD25 IL-2Rjg CD25 IL-2Rjg

HIV-1 Control 5 27(23-36)" 2(1-3) 9(4-17) 13(7-21)

HIV-1+ CDCII 5 19(11-25) 4(3-6) 2(0-3) 11(5-16)

HIV 1+ C D c rv 4 16(5-21) 4(3-6) 3(1-4) 12(4-21)

The expression of CD25 and IL-2Rj8 was measured on a CD45RO enriched 
population prepared from E'''NK~ T cells by removal of CD45RA4- lymphocytes. 
The CD4'*’ and CD8^ subsets were identified using FITC conjugated reagents, 
IL-2R expressionon CD4^ and CDS'*' cells was measured by two colour IF. During 
data acquisition the FITC positive cells were gated and 5,000 events collected.
The data shown is the percentage of PF positive cells within the gated population; 
mean (range).
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Figure 5.7 Time course of CD25 expression in CD4^ and CDS’*" T cell subsets

PBMC cultured in the presence of anti-CD3 and rIL-2 were investigated daily by direct 

IF using CD25-FITC and CD4/CD8-PE conjugates. The total number of CD25^ cells 

and lymphoblasts present in the cultures was determined by microscopic and flow 

cytometric analysis. A total of 9 H IV-1", 20 HIV-1^ and 5 AVI individuals were 

investigated. The data is shown as the mean percentage of total CD25^ cells and 

lymphoblasts present at the time points indicated in relation to the initial input of CD4^ 

or CD8^ lymphocytes on day 0.
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Figure 5.8 Time course of CD25 expression in anti-CD3 stimulated cultures

Representative example of an HIV-1~ control (a), AVI (b), HIV-1 ^ CDCII (c) and 

HIV-1" CDCIV (d) individual. The cells were investigated daily by direct IF using 

CD4/CD8-PE and CD25-FITC.
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both CD4^ and CD8 ^ subsets (25-30%) after 24 hours in culture, while the cells 

were still small or intermediate in size (Fig. 5.8a). Thereafter, the cells increased in 

size until by day 3 44% (range 18-73%) of CD4^ and 52% (range 19-152%) of 

CD8 ^ lymphocytes had transformed into CD25^ lymphoblasts. A striking feature of 

cultures from HIV-1 ^ patients was the failure of the cells to develop into 

lymphoblasts despite the initial increase in CD25 on day 1. In all HIV-1^ 

individuals CD25 was upregulated in both CD4^ and CD8 ^ populations after 24 

hours in culture and involved a similar proportion of lymphocytes as found in the 

seronegative (Fig. 5.7). Thereafter, the number of CD25^ cells declined (Fig. 5.7) 

indicating that some lymphocytes die after they have acquired IL-2 receptor. 

Nevertheless, a proportion of cells transformed into lymphoblasts and it was in fact 

possible to expand the few responding cells and to generate IL-2 dependent cell lines 

that could be maintained for some weeks.

In the HIV-1^ patients a small proportion of cells failed to acquire CD25 

after 24 hours stimulation with anti-CD3. The size of this population declined with 

time but whether this was due to subsequent acquisition of CD25 or the death of the 

cells was not clear.

In the AVI patients investigated (Fig. 5.7; Fig. 5.8b) the number of CD4^ or 

CD8 ^ T cells that acquired CD25 after 24 hours was similar or increased when 

compared to the number of lymphoblasts that subsequently developed (CD4^ day 1 

40%, day 3 45%; CD8 ^ day 1 42%, day 3 152%). This suggests that none of the 

cells that responded normally to the stimulus and expressed CD25 died and that 

AALD is not operating in this group. The cell death therefore occurred in the 

population that failed to upregulate CD25.

The intensity of CD25 after activation

Using the simply cellular method for fluorescence quantitation, no difference 

was noted between levels of CD25 expression in the control and patient groups. 

Maximum M FI’s were achieved by all groups after 3 days in culture and no 

significant difference was found in either CD4^ or CD8 ^ lymphocyte subsets (range 

54-102 X 10  ̂ MFC). Thus AALD occurs after the upregulation of CD25 and does 

not result from deficient CD25 expression.

98



Discussion

It has been proposed that defective IL-2 receptor expression could account for 

the poor proliferative responses of lymphocytes from HIV-1^ patients (Prince &

John 1986, Greene, Bohnlein & Ballard 1989). However, previous reports have 

given conflicting information concerning the expression of IL-2R in HIV-1 infection.

In this study it was found that C D 4^CD 45R0^ T cells constitutively express 

low levels of CD25. However, when the equivalent subset in HIV-1 ^ patients was 

investigated, these were found to have a reduced CD25 expression indicating a 

preferential loss of the CD4 ̂ CD45R0 ̂  CD25 ̂  subset in HIV-1 infection. This 

confirms the findings of Zola et al (1991), who found a reduced expression of CD25 

in HIV-1 infected patients. Although this was more pronounced in AIDS patients, it 

was independent of CD4^ lymphocyte count, probably due to variations in the 

C D 4^C D 45R 0^ population.

Lymphocytes which constitutively express CD25 are thought to represent 

primed cells which have recently encountered antigen (Taga et al 1991). The loss of 

this population in HIV-1 infection might therefore occur as a direct result of HIV-1 

cytopathicity. The virus is known to infect CD4^ lymphocytes (Klatzman et al 

1984a,b, Dalgleish et al 1984) and as replication is triggered by lymphocyte 

activation (Zagury et al 1986, Rabson et al 1988), the decrease in 

CD25 ̂  ,CD4^ ,CD45R0 ̂  cells may result from the deletion of infected cells after 

stimulation in vivo. In support of this it has recently been demonstrated that the 

removal of CD25^ T cells prior to infection with HIV-1 dramatically reduces the 

levels of p24 and that although both CD25^ and CD25“  cells can be infected, only 

CD25^ cells release viral proteins (Ramilo et al 1993). Alternatively, it has been 

documented that cell lines and peripheral T cells infected in vitro with HIV-1 or 

preincubated with gpl20, down regulated CD25 expression after activation 

(Hofmann et al 1990, Oyaizu et al 1990, Sahraoui et al 1992). Also, plasma from 

HIV-1 ^ individuals has been shown to suppress the proliferative response of normal 

PBMC to PHA through a decrease in IL-2 production and CD25 expression (Farmer 

et al 1986, Donnelly et al 1986) suggesting that an indirect mechanism might also 

contribute to the deficient constitutive expression of CD25.

In other chronic viral infections eg Hepatitis B virus (HBV), although there is
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an increase in T cells expressing the activation marker HLA-DR, no increase in 

CD25 is found (Nouri-Aria et al 1988). Similarly, no increase in CD25 was found in 

the acute stages of CMV, EBV or VZV infection (Mercante et al 1991, Ebihara et al 

1990, Yoshiike et al 1991) again despite the increased expression of class II. 

Interestingly, in acute EBV or CMV induced mononucleosis, an increase in soluble 

CD25 (sCD25) in serum was reported (Tomkinson et al 1987, Marcante et al 1991). 

Such increases have also been reported in HIV-1 infection (Honda et al 1989, Scott- 

Algara et al 1991). Therefore, it may be possible that CD25 upregulated during 

immune stimulation in vivo is cleaved from the surface of T cells as part of a 

feedback control mechanism. The loss of CD25 on CD4^ cells might therefore not 

be HIV-1 specific and could be a measure of immune activation in these individuals.

The IL-2R/3 is of particular importance as it contains the signal transducing 

part of the IL-2R complex (Smith et al 1988, Hatakeyama et al 1989). After removal 

of NK cells which express high levels of IL-2Rj3 (Tsudo et al 1987), the 

CD 8^C D 45R 0^ subset from normals was found almost exclusively to express IL- 

2Rj8. When this subset was compared in normal and HIV-1 infected patients no 

change was seen in the percentage of cells expressing the receptor. Although both 

increased and decreased levels of IL-2R/Î have been reported in HIV-1 infection 

(Sahraoui et al 1992; Zambello et al 1992, Vanham et al 1993) no study has 

previously investigated equivalent subsets in normal and HIV-1^ patients. The 

discrepancies between this and previous studies could therefore result from 

proportional differences in CD 8^CD 45R0^ lymphocytes.

The expression of CD25 is upregulated after normal lymphocyte stimulation. 

This is an early event occurring during the first 12 hours and is maintained 

throughout the cell cycle (Uchiyama, Broder & Waldman 1981). By clearly defining 

and enumerating viable lymphocytes and lymphoblasts, we have shown that this 

early upregulation of CD25 occurs normally in HIV-1^ patients. However, the 

number of lymphoblasts which subsequently develop is reduced. In general, 

discrepancies in the reported levels of CD25 after stimulation in vitro can be 

accounted for by differences in experimental procedures. Those studies which 

investigated viable cells after stimulation reported no alterations in CD25 expression 

compared to normals (Lane et al 1985, Creemers et al 1986, Hofmann et al 1989,
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Allouche et al 1990). In this study the number of CD25 molecules per cell after 

stimulation for 72 hours was estimated by quantitative IF at 54-102 x 10^/cell in 

H IV -1", HIV-1 ^ and AVI patients. This is in agreement with the quantitative study 

by Lane et al 1985 who showed CD25 levels of 58 x 10^ and 45 x 10^ 

molecules/cell in normal and HIV-1^ patients respectively. The amount of CD25 

also relates to the number of high and low affinity receptors for IL-2. Based upon 

IL-2 binding studies the number of IL-2 receptors, both high and low, was estimated 

at 44 X 10^/cell (Foxwell et al 1990) which is also in agreement with the results for 

CD25 obtained using quantitative immunofluorescence.

In conclusion, the lack of CD25 or IL-2Rj8 are not responsible for the 

proliferative defects previously described (chapter 3). However, we cannot rule out a 

possible defect in the expression of the IL-2R7  chain particularly in view of the 

recent association between mutations in the IL-2R7  gene and X-linked severe 

combined immunodeficiency (Noguchi et al 1993).

101



CHAPTER 6

THE SIGNIFICANCE IF LOW BCL-2 EXPRESSION IN HIV-Î INFECTION 

AND THE ROLE OF APOPTOSIS IN SPONTANEOUS AND ACTIVATION

ASSOCIATED CELL DEATH

Introduction

During acute viral infections there is a greatly expanded circulating CDS’*" T 

cell population which arises in response to, and is directed against, the invading 

pathogen (Enssle & Fleisher 1990, Ebihara et al 1990). Many of these CD8 ^ T cells 

have a blastic appearance and express high levels of HLA-class II and CD45RO, 

indicating immune stimulation in vivo (Miyawaki et al 1991). Indeed, isolated CDS'*' 

T cells are highly cytotoxic (Enssle & Fleisher 1990, van Binnendijk et al 1990) 

supporting their role as an "effector" population. This CDS lymphocytosis is 

transient, the absolute number of circulating T cells quickly returning to normal 

upon resolution of the disease (Tomkinson et al 1987, Cauda et al 1987, Cheeseman 

1988, Miyawaki et al 1991). Thereafter, individuals retain a circulating pool of 

memory T cells specific for the pathogen which can easily be detected in CTL or 

proliferation assays. Therefore, a mechanism must exist in vivo for the safe removal 

of effector cells while at the same time generating a memory population.

It has recently been demonstrated that T cells from patients with acute EBV 

induced infectious mononucleosis die by apoptosis after short-term culture in vitro 

(Uhehara et al 1992, Moss et al 1985) suggesting that death in this population is pre­

programmed within the cell. Similarly, spontaneous and activation induced death in 

HIV-1 infection are reported to occur by apoptosis (Meyaard et al 1992, Groux et al 

1992) indicating an analogous pre-programming. Thus, under certain circumstances 

cells may be induced to die as part of a normal mechanism for the safe removal of 

effector cells and the maintenance of iymphocyte homeostasis. If this mechanism is 

somehow permanently or abnormally "switched on" in HIV-1 infection then 

apoptosis might account for CD4 depletion and immune dysfunction.

The bcl-2 gene has been shown to play a fundamental role in the control of 

cell death in a variety of systems. Therefore, the presence of Bcl-2 in T cells from 

HIV-1~, HIV-1^ and AVI patients was investigated using flow cytometric and 

microscopic methods. As this protein is found in the cytoplasm, a number of
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permeabilising and staining protocols were compared to determine the level of Bcl-2 

expression in these individuals. In addition the presence of cells in apoptosis was 

investigated using a variety of techniques to determine if cell death in HIV-1 

infection could be identified as apoptosis.

M ethods

Standardisation o f  cytoplasmic staining procedures fo r  FACScan analysis

It has previously been reported that germinal centre B-blasts do not express 

Bcl-2 while resting B and T cells within the lymphoid tissue express levels detectable 

by IF immunofluorescence (Hockenbery et al 1991). An unconjugated anti-Bcl-2 

reagent (clone 124, IgG l, Dako Ltd, High Wycombe, UK) was titrated out on tonsil 

sections using an indirect staining procedure with GAM IgG-FITC (SBA). The 

antibody concentration which gave the clearest distinction between the negative 

germinal centre and positive B-cell corona (lO/xl culture supernatant in 50fi\ PBS per 

section) was then used to study Bcl-2 staining on cytospin preparations of PBMC 

from normal and patient groups. These studies showed that Bcl-2 was expressed in 

the cytoplasm of the majority of PEL in normal individuals but that a proportion 

(10-20%) of cells did not express the protein. This negative population was 

increased in AVI patients. To more closely investigate Bcl-2 expression in T cell 

subsets a method was developed to allow the combined analysis of cell surface and 

intracellular antigens by flow cytometry. This method involved the permeabilisation 

of the cell membrane without destroying membrane antigen expression or altering 

lymphocyte morphology.

Three permeabilising reagents were compared using the following technique; 

Procedure: PBMC were adjusted to 2 x 10^/ml in PBSA and 100/xl added to a 5ml 

test tube. Cell surface antigens were stained as described in chapter 2. After the 

final wash the cells were fixed with 4% paraformaldehyde in PBS for 2 minutes at 

room temperature and than washed once with PBSA. The pellet was resuspended in 

50/xl of FCS and the cells cooled on ice for 5 minutes. Cells were then 

permeabilised with either (i) 150/xl 1% saponin (ii) 1.0ml 0.3% tween (Schmid 

Uittenbogaart & Giorgi 1991) or (iii) 500/xl 1:1 acetone/methanol solution. The cells 

were incubated for 15 minutes on ice and then washed twice with ice-cold PBSA.
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Because the cells were fragile after the permeabilising procedure all washes were 

carried out at lOOOrpm for 10 minutes. Indirect staining procedures were then 

carried out as normal. To check if the permeabilising procedure had been successful, 

propidium iodide (20/xg/ml; 1.0ml) was added to the cells. This dye fluoresces when 

bound to DNA but can only gain access to the nucleus if the membrane has been 

permeabilised. As a negative control purified mouse IgG at 10/xg/ml was used in 

place of anti-Bcl-2.

All three reagents caused some change in cell scatter (Fig. 6.1) on the 

FACcan but this was most pronounced when cells were permeabilised with saponin 

(Fig 6.1a). None of the procedures were found to cause any change in membrane 

expression of the markers used in the study including; CD3, CD4, CDS, CD45RA, 

CD45RO. Although both GAM-FITC and -PE second layers gave similar percentage 

results for bcl-2 expression, staining with FITC was very weak and tended to merge 

with the negative control while PE staining was generally brighter (Fig. 6.2). Using 

saponin all cells stained brightly for Bcl-2 (Fig. 6.1b). However, the negative 

population seen in cytospin preparations was not apparent. Using tween, no Bcl-2 

staining was detected (Fig. 6 . Id) despite positive propidium iodide uptake, 

suggesting the detergent may interfere with the Bcl-2 protein or that the pore sizes 

induced by tween were too small to allow entry of the antibodies. The most 

discriminating of the techniques which also compared well with the results obtained 

from cytospins was the acetone/methanol permeabilisation (Fig. 6 . If). This method 

did not significantly alter cell scatter profiles on the FACScan and was therefore the 

preferred technique for the measurement of Bcl-2 expression in cell suspension by 

flow cytometry.

Triple colour immunofluorescence studies o f lymphoid tissue by confocal 

microscopy

The expression of Bcl-2 was also investigated on cryostat sections of 

lymphoid tissue from control and HIV-1^ individuals. In particular it was of interest 

to determine if HIV-1 infection induced a change in Bcl-2 expression on T cell 

subsets. As three colour studies would provide more information concerning any 

change within T cell subsets, conventional epifluorescence techniques were combined
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Figure 6.1 Comparison of three permeabilising reagents for the measurement of 

Bcl-2 in cell suspension

Three reagents saponin (a,b), tween (c,d) and acetone/methanol (e,f) were 

compared for their effects on cell scatter profiles (FSC x-axis, SSC y-axis; a,c,e) 

and the intensity of Bcl-2 expression using an indirect immunofluorescence technique 

with GAM -IgGl-PE (b,d,f). The control for the immunofluorescence studies is 

shown in dotted lines, right hand panel
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GAM-lgG-FITC

MFI 10.6  
82.4%
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Figure 6.2 Comparison of FITC and PE second layers in cytoplasmic staining 

of Bcl-2

PBMC from an AVI patient with acute VZV were investigated for Bcl-2 

expression by indirect IF using either GAM-IgG-FITC or -PE. Cytospin preparations 

of the same cell suspension were studied in parallel and results were in agreement 

with the FACScan data (77%).
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with three colour IF using confocal microscopy.

In confocal microscopy the specimen is scanned by a spot of laser light and 

only in focus fluorescence emissions are collected. This has the effect of reducing 

the out-of-focus blur associated with epifluorescence. In addition, the Krypton/Argon 

mixed gas laser has three laser lines at 488nm, 568nm and 647nm, allowing three 

fluorochromes to be used simultaneously.

Procedure: Three fluorochromes with peak excitation wavelengths in the region of 

the laser lines were chosen, (i) FITC; excites at 488nm and emits at 520nm; 

(ii)Lissamine rhodamine (LR; Jackson Immunoresearch Laboratories Inc, West 

Grove, PA, USA); excites at 557nm and emits at 595; (iii) Cy5 (Jackson 

Immunoresearch Laboratories Inc); excites at 650nm and emits at 660nm. These 

reagents were used together with the appropriate filter block sets to prevent the 

fluorochromes bleeding into other channels. Indirect staining procedures were used 

throughout. The second layers were GAM-IgG2a-FITC, GAM-IgM-LR and 

streptavidin-Cy5, used in a three layer staining procedure with GAM-IgGl-biotin. 

Sections were stained as for epifluorescence procedures. Controls included mouse Ig 

and Ig-biotin together with the second layers. Also single and double combinations 

of each fluorochrome were tested in the three laser lines to ensure the filter blocks 

were correct and to check background, non-specific levels of fluorescence.

Quantitation o f  Bcl-2 expression

The quantitation of Bcl-2 in tissue sections was achieved by measuring the 

optical or pixel density of the fluorescence staining using confocal microscopy. For 

this procedure it is essential that all staining protocols are standard and that machine 

settings, laser voltage and acquisition times are always uniform. The method 

involves the capture of different fields on the section without prior exposure to either 

UV or laser light. This field was then scanned for CD8 ''' cells which were marked 

and the Bcl-2 intensity measured. The information obtained using this technique is 

similar to the MFI value from a flow cytometer. Towards the end of this study, a 

directly FITC-conjugated anti-Bcl-2 reagent became available (Dakopatts Ltd) and 

this was used together with Quantum beads to confirm levels of Bcl-2 staining.
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Measurement o f  cells in apoptosis

Because the precise steps leading to apoptosis are unknown, "dterB is no single 

characteristic that unequivocally defines the process. There are however a number of 

morphological features that are shared by the majority of cells undergoing apoptosis. 

One very early event is the condensation and fragmentation of the nucleus. Other 

changes include rounding of the cell, blebbing of the plasma membrane, cytoplasmic 

condensation and the breakdown of cells into membrane bound apoptotic bodies. 

These morphological changes are very easily identified in cytocentrifuge preparations 

after May-Grunewald-Giemsa staining.

Procedure’. Cytospins were first air dried then fixed by immersing in a Jar of 

methanol for 10-20 minutes. They were then transferred to a staining jar containing 

May-Grunwald’s stain (Merck Ltd) freshly diluted with an equal volume of buffered 

water. The slides were stained for 5 minutes and then transferred without washing to 

a jar containing Giemsa’s stain (Merck Ltd) freshly diluted with nine volumes of 

buffered water. After staining for 10-15 minutes the slides were washed in three or 

four changes of water and left to stand in water for 2-5 minutes to allow 

differentiation to take place. The slides were air dried and mounted in D.P.X. 

(Merck Ltd)

This procedure had the advantage that it was simple to perform and involved 

very little manipulation of the samples which might damage already fragile cells. It 

was also quantitative in that the proportion of cells in apoptosis was determined by 

simple counting. In addition, neutrophils undergoing apoptosis were easily 

distinguished from apoptotic lymphoid cells. This is particularly important in HIV-1 

infection as PBMC prepared by centrifugation over ficoll are frequently 

contaminated by granulocytes. This method is however time consuming and can be 

subjective in cases where apoptosis is not immediately obvious.

A key biochemical event of apoptosis is the activation of an endonuclease 

which cleaves double stranded DNA into oligosomal fragments visible by gel 

electrophoresis. This method was used to confirm the presence of apoptosis in the 

cultures

Procedure-. DNA was extracted from 2 x 10^ lymphocytes. The cell suspension was 

pelleted and the cells lysed with 500ml lysis buffer (lOmM Tris pH7.5; ImM
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EDTA; 0.2% TritonX 100) for 2 minutes at room temperature. The DNA was 

precipitated by the addition of IOO/.1I 5M NaCl and 600jnl ice-cold propanol after 

incubation at -20®C overnight. The following day the tubes were centrifuged at 

10,000rpm for 15 minutes, the supernatant discarded and the DNA pellet washed 

with 70% ethanol. The pellet was air dried and then dissolved in 20/d Tris/EDTA 

buffer. The contaminating RNA was removed by the addition of 2/xl RN-ase 

(0.5mg/ml, DN-ase Free RN-ase, Boehringer Mannheim, Lewes East Sussex), 

incubated at 37°C for 30 minutes. The samples were then heated to 65°C for 10 

minutes and 5/tl of loading buffer added (46% glycerol, 50mM EDTA, 0.2% 

bromophenol blue) prior to loading. The DNA was run on a 1.5% agarose gel 

(Bethesda Research Laboratories, Gaitherburg, USA) in TBE running buffer (lOmM 

Tris; ImM EDTA; 5mM Boric acid ) for 2 hours at 80V. The DNA was visualised 

by washing the gel in excess Ethi dium bromide (5mg/ml; 10/d/100ml TBE buffer) 

for 30 minutes and viewed under fluorescence.

Although this method allows the visualisation of fragmented DNA it is poorly 

adapted to quantitation. However, using the above procedure in which a very limited 

number of purification steps are used, allows a crude comparison of cells provided 

the same starting numbers are compared.

Results

Cytoplasmic staining for Bcl-2 in cell suspension for FACSscan analysis

For flow cytometric studies on Bcl-2 expression, cell suspensions were 

permeabilised with acetone/methanol and stained using an indirect technique with 

GAM-IgGl-PE conjugate second layer. In all studies, staining was confirmed on 

cytospin preparations of cell suspensions. Using this procedure a suspension of 

normal tonsil was investigated for Bcl-2 expression as this tissue contains both 

positive (B corona, paracortical T cells) and negative (germinal centre B cells) 

subsets (Fig. 6.3). The CD38^* ‘̂®̂  ̂population represent the B lymphoblasts within 

the germinal centre and were universally Bcl-1“  (Fig. 6.3a&b). The IgD ^ B cells 

contained both a Bcl-2''' and Bcl-2" fraction but were all lymphocytic.
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Figure 6.3 Bcl-2 expression in normal tonsil suspension

The presence of Bcl-2 in the cytoplasm was detected in cell suspension by 

FACScûaî analysis using an acetone/methanol permeabilisation procedure. Normal 

tonsil was double stained with CD38-FITC and Bcl-2 plus GAM-IgGl-PE (a,b) or 

IgD-FITC (c,d). The figure shows the presence of blasts in red (a) which

lack Bcl-2 while a proportion of small IgD^ cells (c) are Bcl-2 ̂  (d)

110



The expression o f  Bcl-2 by T  cell subsets

PBMC were isolated and examined for Bcl-2 expression using the 

cytoplasmic staining procedure for FACScan analysis. This was a dual colour 

method which allowed the analysis of Bcl-2 within T cell subsets identified by 

membrane markers. The majority (80%) of CD3^ T cells from normal individuals 

(n=10) expressed Bcl-2 (Table 6.1; Fig. 6.4). A minor Bcl-2" population was 

however consistently found in each individual tested mainly among the C D 45R0^ 

subset (37%). When CD4^ and CDS^ subsets were compared both were found to 

contain a Bcl-2" component (CD4 18%; CD8 17%). Interestingly, an inverse 

relationship between CD45RO and Bcl-2 was often seen with those cells strongly 

expressing CD45RO lacking Bcl-2 and vice versa (Fig. 6.4). The reciprocal 

CD45RA^ (CD45RO") population also contained some Bcl-2" cells (11%) but 

significantly fewer than the CD 45R0^ lymphocytes (p <  0.005). As the CD45RO" 

population contained a B cell and NK cell component, the expression of Bcl-2 on 

CD 45RO " T cells could not clearly be determined using whole PBMC. Therefore, 

purified subsets were prepared from E ^ , NK depleted T cells using negative 

depletion procedures (Chapter 2). The Bcl-2 negative T cells were invariably found 

within the CD 45R0^ population in both CD4^ (23%) and CD8 ^ (20%) subsets 

(Fig. 6.5c,d) and few (< 5 % ) were found in CD45RA^ cells (Fig. 6.5a,b). In 

addition, the intensity of Bcl-2 was consistently lower in the CD 45R0^ cells 

compared to the CD45RA^.

When the Bcl-2 expression of T cells from normal and HIV-1 ^ individuals 

were compared, the Bcl-2" subset within the CD3^ T cell population was expanded 

particularly among the CDCIV patients (p <  0.005; Table 6.1). This was due to 

changes within the CD8 ^ and CD45R0^ subsets which contained significantly more 

B cl-2" cells than the normal group (p< 0 .01) while Bcl-2 levels within CD4^ 

lymphocytes were unchanged. The AVI patient group showed the greatest decline in 

Bcl-2 expression within the CD3^ T cells (54%; p <  0.001). All T lymphocyte 

subsets investigated showed lower than normal Bcl-2 expression but a similar pattern 

was seen, with CD8 ^ and CD45RO^ cells showing the most significant expansion 

of the Bcl-2" subset ( p < 0.001).

The low Bcl-2 expression in HIV-1^ and AVI patients was confirmed on
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Table 6.1 The expression of Bcl-2 by T cell subsets from HIV-1 control, HIV-1^ and AVI patients

Groups n CD3 CD4 CD8 CD45RO+ CD 45RO -

HIV-1“  Control 10 80(73-84)^ 82(63-95) 83(68-93) 63(53-73) 89(78-96)

HIV-1 + CDCII 7 67(44-85)*^ 70(60-80)^^ 53(37-75)**** 52(37-75)* 77(56-89)*

CDCIV 5 58(45-81)*** 79(70-93)^^ 66(43-83)** 46(31-68)** 60(40-84)****

AVI

a > x > u -__________

14 54(33-67)**** 70(48-82)* 56(17-89)**** 44(16-70)** 66(46-89)****

(and range) of bcl-2 cells in the different subsets as shown.
The mean values for each group were compared to the normal using the Student’s t test; * p<0.05, ** p<0.01, *** p < 0.005, 
Not significantly different from normal

b
NS

p < 0 .001 .



Figure 6.4 Bcl-2 expression in T cell subsets

The expression of Bcl-2 by T cell subpopulations from a normal individual, an HIV-l'*', asymptomatic and a patient with acute EBV 

infection. PBMC were analysed for co-expression of Bcl-2 (y-axis) with other T cell markers (x-axis) by double-colour 

immunofluorescence. During acquisition, lymphoid cells were gated and 5,000 cells collected. The percentages shown represent the 

proportion of cells in each quadrant of the fluorescence gates, set using negative control antibodies.
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Figure 6.5 The expression of Bcl-2 in purified CD45RA^ and CD45RO+ T cells

Purified CD45RA^ (a,b) and CD45R0^ (c,d) T cell subsets were prepared 

from one normal individual and the expression of Bcl-2 on the CD4+ (a,c) and 

CD8 ^ (b,d) subsets determined by two colour immunofluorescence. During 

FACSca/z analysis the CD4+ or CD8 + cells were gated (5,000 cells) and the levels 

of Bcl-2 within the gate determined. The percentages shown are the proportion of 

Bcl-2^ cells for each subset set using negative control antibodies. MFI mean 

fluorescence intensity
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cytospins of PBMC double stained with CDS and Bcl-2 (Fig. 6 .6 ). Note that in the 

control individual the majority of the CDS^ lymphocytes express Bcl-2 (Fig.

6 .6 a&b) while in the AVI patient shown all of the CDS’*" cells are Bcl-2~.

The expression o f Bcl-2 by normal T cells after activation in vitro

The differences in Bcl-2 expression between the CD 45R0^ and CD45RA^ T 

cell subsets shown previously suggested that changes in the expression of Bcl-2 

might be linked to T cell differentiation as a result of recent priming. To investigate 

this possibility further, purified CD4^CD45RA^ and CD8^CD45RA^ populations 

were stimulated with PHA and the levels of Bcl-2 determined during the transition 

from CD45RA to CD45RO (Fig. 6.7). Before stimulation both of the purified 

populations were >95%  CD45RA^ and Bcl-2"''. After 3 days of stimulation with 

PHA 79% of the CD4^ and 78% of CD8 ^ T cells had started to express CD45RO 

but the majority (92%) of both CD4^ and CD8 ^ T cells remained Bcl-2"'". After 5 

days 93% of CD4"'" and 92% of CD8 "'" T cells expressed CD45RO and a bimodal 

distribution of Bcl-2 had developed in both CD4^ and CD8 ^ subsets (34% and 26% 

Bcl-1~ respectively). This Bcl-2" population was still observed after 7 days of 

activation. Therefore, the appearance of Bcl-2" cells is associated with lymphocyte 

activation and differentiation towards a CD45RO"'" phenotype.

Low Bcl-2 expression by CD8^ lymphocytes in lymph nodes from HIV-T^ 

individuals

The low expression of Bcl-2 in peripheral blood T cells from HIV-1"'" 

patients was even more apparent when lymphoid tissue was investigated. The 

expression of Bcl-2 on lymphocytes subsets determined using both epifluorescence 

and confocal microscopy, revealed an expansion of CD8 "'" lymphocytes which lacked 

Bcl-2 in the HIV-1 infected lymph node (Table 6.2). This occurred in both the 

paracortex (pc) and germinal centre (gc) areas where as few as 5% of CD8 ^ cells 

retained a Bcl-2"'" phenotype. The loss of expression of Bcl-2 on CD8 "'" lymphocytes 

in lymphoid tissue was confirmed in cell suspension using a semi-quantitative 

technique on the confocal microscope. Cytospin preparations of tonsil and lymph 

node suspensions were examined using the dual excitation filters on the confocal
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Figure 6 .6  The expression of Bcl-2 on cytospins

The absence o f Bcl-2 on CD8^ T cells from AVI patients was confirmed in 

cytospin preparations investigated by conventional immunofluorescence microscopy. 

PBMC from one normal (A,B) and one patient with acute EBV infection (C ,D) were 

double stained with CD8ju plus GAM-IgM-TRITC (A,C) and Bcl-2 plus GAM-IgG- 

FITC (B,D). The arrows indicate the presence of CD8^BcI-2~ lymphocytes.



Figure 6.7 The changes in Bcl-2 expression after PHA activation

, Purified CD4^CD45RA^ (A-D) and CD8^CD45RA^ (E-H) T cell populations were investigated for Bcl-2 expression in 

coi^parison with the appearance of CD45RO reactivity. The numbers shown are the percentages of cells in each quadrant of the 

fluorescence gates, set using negative control antibodies.
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Table 6.2 The expression of Bcl-2 on CD8^ T cell subsets in the lymph node^

Normal Tonsil HIV-1 ̂  Lymph Node 
PC^ GC PC

CD8+Bcl-2+ 80(62-88)(= 13(5-50) 33( 18-79)

CD8+CD45RO+ 24(14-31) >95 78(52-95)

CD8+CD45RO+
B cl-2- 40(0-66) 79(70-90) 75(20-96)

 ̂ Tissue sections from 8 normal tonsils and 9 HIV-1 -I- lymph nodes were
investigated by two and three colour immunofluorescence for expression of 
CD8,CD45RO and Bcl-2. Two colour studies were performed using 
conventional epifluorescence microscopy. Three colour studies were 
performed on the confocal microscope (see text)

^ CD8 + lymphocytes are not found within the germinal centre.
 ̂ The numbers shown are the median and range

PC Paracortex
GC Germinal centre
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microscope. The CD8 ^ lymphocytes stained with LR were identified in one channel 

and the intensity of the Bcl-2/FITC staining for each cell determinedTntdiannel two. 

As shown in Fig. 6 .8a, the mean intensity of Bcl-2 on CD8 ^ lymphocytes was far 

lower in the H lV-f'" individual, (< 50%  of the normal tonsil) due to the presence of 

B cl-2- and Bcl-2^®^ cells (Fig. 6 .8c).

As many of the CD8 ^ lymphocytes infiltrating the HIV-1^ lymph node co­

express CD45RO, studies were performed using triple colour IF to determine if the 

low expression of Bcl-2 was simply due to this population shift or to changes within 

the C D 45R0^ population. Using confocal microscopy tissue sections from normal 

tonsil and HIV-1^ lymph nodes were triple stained using the combination 

CD45R0'y2a plus GAM-IgG2a-FITC, CD8 jLt plus GAM-IgM-LR and Bcl-2 plus 

GAM-IgGl-biotin together with streptavidin-Cy5. A representative example is 

illustrated in Fig. 6.9 which shows a paracortical area from one seronegative and 

one HIV-1 infected individual. In Fig. 6.9a&c CD8 ^ cells in green are shown 

together with CD 45R0^ cells in blue, the double positive cells appearing cyan.

Note that the HIV-1^ patient has many more CD8 ^ lymphocytes and that these are 

mainly C D 45R 0^. The second doublet (Fig. 6.9b&d) shows CD8 in green together 

with Bcl-2 in red which combine to form yellow (CD8 '*',Bcl-2■*■). In the normal 

tonsil the majority of CD8 ^ cells express Bcl-2 (yellow) including in this individual 

all of the CD 45R0^CD 8^ cells. Overall the HIV-1— tissue shows a red/yellow 

staining pattern indicating that most cells express Bcl-2. In contrast, green 

predominates in the HIV-1 ^ individual due to the absence of Bcl-2.

Triple staining using CD8 , CD45RO and Bcl-2 on sections from 8 separate 

HIV-1— and 9 HIV-1^ individuals revealed a similar loss of Bcl-2 on CD8 ^ cells in 

HIV-1 infection (Table 6.2). The majority, >70%  of CD8 ^ cells in both the 

paracortical areas and germinal centres of the HIV-1 infected tissue had a primed, 

CD45RO^ phenotype. Of these, >75%  lacked expression of Bcl-2 compared to 

only 40% in the normal tonsil. Taken together this data suggests that the loss of Bcl- 

2  on CD8 ^ cells in lymph nodes is not simply due to an accumulation of 

C D 8^,C D 45R 0^ lymphocytes but results from changes within this subset.
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Figure 6.8 The intensity of bcl-2 staining in tonsil and HIV-1  ̂ lymph node

Cell suspensions of normal tonsil (b) and HIV-1^ lymph node (c) were 

investigated for Bcl-2 expression using the confocal microscope. Cytospin preparations 

were double stained with CDSfx plus GAM-IgM-LR (red) and Bcl-2 plus GAM-IgG- 

FITC (green). The intensity of Bcl-2 on the CDS^ cells was determined for each cell 

by measuring the pixel density of the FITC fluorescence (a). The results are shown as 

the mean pixel density of 100  CDS^ cells ±  sem.
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Figure 6.9 Triple colour study of CD8,CD45RO and Bcl-2 in tissue section 

using confocal microscopy

Sections of normal tonsil (A,B) and HIV-1 ̂  lymph node (C,D) were triple 

stained using the combination CDS-lissamine rhodamine, CD45RO-FITC and Bcl-2- 

biotin plus streptavidin-Cy5. The data are shown as two sets of doubles. In the first 

CDS in green combines with CD45RO in blue to form doubles in cyan (A,C). In the 

second CDS in green combines with Bcl-2 in red to form doubles in yellow (B,D). 

The arrows show the presence in the HIV-1^ individual of CDS^CD45R0^ cells 

that lack Bcl-2. Two paracortical areas are shown.
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The association between low Bcl-2 and apoptosis

To investigate if the low expression of Bcl-2 by T cells fron rffiV -l and AVI 

patients reflected their susceptibility to death by apoptosis, PBMC were isolated and 

apoptosis measured after culture. Apoptosis was determined morphologically in 

cytospin preparations stained with May Grunwald Giemsa. These were clearly 

distinguishable from live cells by the decrease in cell volume and the presence of 

fragmented nuclei (Fig. 6.10a). Apoptosis by these criteria was confirmed by DNA 

electrophoresis where oligosomal DNA fragmentation was observed in AVI and 

HIV-1 patients but was absent in seronegatives (Fig. 6.10b). The expression of Bcl-2 

on freshly isolated PBMC from HIV-1“ , HIV-1 ^ and AVI individuals was 

determined by flow cytometry. The cells were then cultured in the presence or 

absence of anti-CD3 plus rIL-2 and analysed daily in cytocentrifuge smears for the 

morphological signs of apoptosis. After only 24 hours in culture in the absence of 

any stimuli significantly more apoptotic cells were found in the AVI patients 

compared to both the seronegative and HIV-1 ^ individuals (HIV-1“  2.4%; HIV-1^ 

8.2%; AVI 20.0%; Table 6.3). Furthermore, there was a strong negative correlation 

between the proportion of Bcl-2 cells in the fresh samples and the presence of 

apoptotic cells ( r = —0.89; p < 0.001; Fig. 6.11). This was also true when AVI and 

HIV-1^ individuals were analysed separately (AVI r = —0.94 p <  0.001; HIV-1 

r = —0.85 p <  0.001) but was less clear in the seronegative group where few cells in 

apoptosis were observed.

When lymphocytes activated with anti-CD3 were similarly investigated, no 

correlation was seen between Bcl-2 expression on freshly isolated cells and the 

degree of apoptosis after 3 days in culture (r=0.34; not significant). In fact, after 

activation very few classically apoptotic cells could be identified. This is illustrated 

in Fig. 6.12 which shows the appearance of lymphocytes from H IV -1" and HIV-1 ^ 

individuals after activation for 3 days with anti-CD3 plus rIL-2. After mitogenic 

stimulation, many of the lymphocytes from the seronegative individual transformed 

into large lymphoblasts (*; Fig. 6.12a) while in the HIV-1 ̂  individual shown (Fig. 

6.12b) there are very few lymphoblasts but instead large amounts of nuclear material 

and cell debris. Although some small lymphocytes and cells with condensed nuclei 

can be seen, there is no evidence of extensive, activation induced apoptosis. This
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Figure 6.10 Detection of cells in apoptosis

Cytospins of PBMC cultured overnight were stained with MGG and 

examined for the presence of cells with the morphological features of apoptosis. 

These are seen as small shrunken cells with condensed and fragmented nuclei (A). 

Apoptosis was confirmed by DNA electrophoresis (B). The results shown are; 

dexamethasone treated rat thymocytes (a) and PBL from an individual with VZV 

(b), a normal (c) and an HIV-1 ^ individual (d) after 24 hours in culture without 

stimulation. In the second part of the figure DNA was extracted from lymphocytes 

after three days in culture with or without stimulation with anti-CD3; HIV-1^ 

unstimulated (e), HIV-1 ^ stimulated (f), normal unstimulated (g), normal stimulated 

(h), control dayO (i), DNA markers EcoRIII-HIND (j)



Table 6.3 The association between low Bcl-2 and apoptosis

n Bcl-2^ Apoptosis*’

H IV -1- 10 81 .3±3 .2‘' 2 .4 i0 .6

HIV-1 + 11 73.5±2.8NS 8.2±1.8*

AVI 22 54.9±5.5** 20.0±3.5***

The percentage of Bcl-2''" lymphocytes was determined on PBMC prior to culture 
using the permeabilisation procedure outlined. The data are shown as mean ± 
sem
The number of cells in apoptosis was determined after 24 hours in culture by 
morphological criteria.
The mean values were compared to normal using the Students t test; * p<0.01, 
**p< 0.005, ***p<0.002
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Figure 6.11 The association between low Bcl-2 expression and apoptosis in AVI 

and HIV-1 ̂  patients

PBMC were stained for Bcl-2 and analysed by flow cytometry (x-axis). 

Samples of the same cells were also cultured for 24 hours without stimulation and 

the number of cells in apoptosis determined by morphology after MGG staining (y- 

axis). Samples from normal blood (A) and from individuals with acute EBV or VZV  

(^) and HIV-1  ̂ patients (o ) are shown.
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Figure 6.12 The appearance of lymphocytes after activation

PBMC from H IV-1" (A) and HIV-1  ̂ (B) individuals were investigated for 

the presence o f apoptotic cells after stimulation with anti-CD3 for 3 days. The 

appearance o f the cells after MGG staining is shown. * lymphoblast
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was investigated further using DNA electrophoresis in which DNA was extracted 

from cells cultured for 48 hours in the presence or absence of anti-CDTplus rIl-2. 

The number of cells at the start of the culture was the same (2 x 10^) and the entire 

well was harvested for DNA extraction. Therefore, assuming equal efficiency during 

the extraction procedure, the amount of DNA recovered from each well and loaded 

onto the gel should be equivalent. However, in no individual tested (n=10) was any 

increase in the degree of DNA fragmentation noted after activation (Fig. 6.10B). 

Although this method of investigating apoptosis does not lend itself easily to 

quantitation, in combination with the morphological data it does suggest that AALD 

is not occurring via classical apoptosis.

Quantitation o f Bcl-2 expression using Quantum Simply Cellular beads

The results of a quantitative investigation of Bcl-2 expression are illustrated 

in Fig. 6.13 which shows PBMC from an AVI patient stained with Bcl-2-FITC. 

Various lymphocyte populations were colour coded according to size; red dead cells 

and debris; green blue and yellow are small, intermediate and large lymphocytes 

respectively. The background Bcl-2 staining using this reagent was set at 10,000 

mol/cell (regions 5,7,9 & 11). From this figure it is clear that as cells increase in 

size the intensity of Bcl-2 decreases, confirming that the blast-like cells in the 

peripheral blood of individuals with acute viral infections are low in Bcl-2.

Discussion

Previous studies have shown that the expression of Bcl-2 is closely involved 

in the regulation of lymphocyte survival associated with selection or deletion of 

germinal centre B lymphoblasts (Liu et al 1989, Liu et al 1991, Nunez et al 1991) 

and cortical thymocytes (Hockenberry et al 1991, Sentman et al 1991, Siegel et al 

1992). In these tissues the loss of expression of Bcl-2 is linked with cell death while 

upregulation of the protein in transgenic mice increases the lifespan of the cells and 

can prevent selection (Strasser et al 1991, Siegel et al 1992).

As shown in chapter 4, in both HIV-1^ and AVI patients, activated T cells 

expressing CD45RO develop in vivo (Froebel et al 1991, Prince & Jensen 1991, 

Miyawaki et al 1991). These in vivo activated peripheral blood populations were

127



> ; îm i • I I rnni— i m m  in; t—n  
10  ’ 1 0 '  10 '  1 0  

bcl2-F!TC

m
10  : 10  ® 

bcl2-FlTC - >

r r n r nI I I  i |  ( I I I  | i  I I I  j  1 1 1 1 1  i n “ in T |T iT i | i  H i  I I I I I  | i n  I j i i i i  | i  1 1 1 |  l i  

10 3C_ 53 -̂ 0 90  110

"orward Scatter - >

' r r r m[ ' I I  I 
10 2 10 

bcl2-FlTC - >

I  I  I  I M  I IT ^ r r r ii i i |
10 :

bcl2-FITC - >

ÏÏDV. a c u t e  v ir a l  i n f e c t i o n
ID2: 1JAN-1994 b c l - 2  c o n t e t t

Total G ated Region Parent ’/oGate IlnMeanX linStdDevX
R1 5000 5000 389 7.78 7.78 Mi/ceW
R2 5000 5000 973 19.46 19.46
R3 5000 5000 1136 22.72 22.72
R4 5000 5000 810 16.20 16.20
R5 5000 389 132 2.64 33.93 8894.13 2762.19
R6 5000 389 232 4.64 59.64 48633.10 18468.76
R7 5000 973 36 0.72 3.70 10767.35 2901.96
R8 5000 973 915 18.30 94.04 46118.40 16099.80
R9 5000 1136 271 5.42 23.86 9726.41 3225.55
RIO 5000 1136 854 17.08 75.18 39814.34 18558.46
R11 5000 810 303 6.06 37.41 10040.21 2951.07 1
R12 5000 810 459 9.18 56.67 38980.51 18537.92 1
1"! 
D s

1 1 1 1 1 I I I #  ,

i o 4  ^

-S F  :

Jib-1.
; / §



found to contain a Bcl-2~ component that was expanded compared to normal 

individuals. As naive, CD45RA^ T cells develop a primed CD45RO phenotype as a 

consequence of stimulation (Sander^ Makgoba & Shaw 1988, Beverley 1990, Akbar 

et al 1988, Clement 1992) this suggested that Bcl-2 might be down regulated during 

lymphocyte activation. This possibility was confumed in isolated CD45RA^ 

lymphocytes which were found to lose Bcl-2 expression during the transition from 

CD45RA to CD45RO in vitro. Therefore, both acute and chronic in vivo stimulation 

as well as mitogen induced activation in vitro lead to the development of a 

CD45RO'*' population which lacks Bcl-2.

The CD8^ lymphocytosis seen in acute viral infection is transient 

(Tomkinson et al 1987, Cauda et al 1987, Cheeseman et al 1988, Miyawaki et al 

1991) suggesting a rapid clearance of the cells in vivo. Indeed, it has been 

demonstrated that these cells die rapidly by apoptosis after culture (Moss et al 1985, 

Uehara et al 1992). Thus a decrease in Bcl-2 expression renders cells prone to 

apoptosis and may provide mechanism for the control of T cell numbers after virus 

induced polyclonal expansion. The correlation between Bcl-2 and apoptosis also 

holds true for the spontaneous cell death seen in HIV-1 infection. Interestingly, the 

addition of IL-2 to the activated CD 45R0^ T cells increased Bcl-2 expression and 

rescued the cells from apoptosis (Akbar et al 1993). Therefore, the lack of sufficient 

local levels of IL-2 might lead to a decreased Bcl-2 expression and predispose 

apoptosis in vivo. Such a scenario might be envisaged in HIV-1 infection where 

levels of IL-2 are decreased due to CD4^ T cell depletion.

In contrast, no association between Bcl-2 expression and AALD was found in 

this study indicating that Bcl-2 is not involved in this form of cell death. 

Additionally, based on morphology and DNA fragmentation studies, AALD could 

not identified as a classically apoptotic phenomenon. In a recent review on 

programmed cell death (PCD) Schwartz & Osborne (1993) noted that PCD and 

apoptosis are not synonymous. Not all PCD occurs by apoptosis, for instance during 

insect metamorphosis dying cells do not display the classical signs of apoptosis, 

including chromatin condensation and DNA fragmentation. Similarly, apoptosis can 

occur in the absence of new gene expression, for instance the DNA fragmentation 

induced in target cells by cytotoxic lymphocytes (Russell & Dobbs 1980, Duke
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Chervenak & Cohen 1983). Therefore, the AALD described here may be another 

example of a PCD phenomenon which does not occur by apoptosis /interestingly, 

one group who noted apoptosis in HIV-1 infected individuals after stimulation with 

anti-CD3 were unable to show any correlation or increase with disease progression 

(Meyaard et al 1994). However, levels of apoptotic cell death were far lower than 

the AALD described here, further suggesting that AALD is not classical apoptosis. 

Alternatively, AALD could be an example of necrotic cell death induced perhaps by 

some viral protein that interferes with normal cell division. Indeed there is some 

evidence that dividing cells are affected by HIV-1 infection. For example, many of 

the gut and skin complaints of patients could reflect problems of epithelial or 

epidermal cell regeneration. In addition, patients also suffer hair loss that might also 

be related to poor cell division. In this respect, viral proteins such as Tat and Nef 

are known that are known to interfere with normal lymphocyte function (Viscidi et 

al 1989, Purvis et al 1992) could be implicated.

It still remains a possibility that AALD is also an apoptotic phenomenon but 

that due to the timing of the experiment the classical signs were missed. There is 

only a narrow window during which it is possible to measure DNA fragmentation 

and if activated cells apoptose at approximately similar times early after stimulation, 

this might account for the results. Although a daily analysis of cells after stimulation 

did not reveal extensive apoptosis, a detailed time course involving a more 

quantitative assessment of apoptosis, such as the detection of DNA breaks by in situ 

nick translation (Gorczyca et al 1993), might prove useful to validate the findings.

Factors other than Bcl-2 protein expression may be involved in cell death 

after activation. Recently, two bcl-2 related genes box and bcl-X  have been reported 

(Boise et al 1993, Oltval et al 1993). Bcl-X exists in two forms, Bcl-XS and Bcl-XL 

the latter of which functions similarly to Bcl-2 and protects cells from apoptosis.

The Bax protein forms heterodimers with Bcl-2 and modifies its function (Yin et al 

1994). Thus, bcl-X  or box may be involved in AALD. In addition, activated 

C D 45R 0^ T cells from individuals with viral infections show increased expression 

of Fas/APO-1, indicating that they may be primed for Fas-mediated cell death.

Interleukin-2 is likely to be one of the key molecules involved in keeping 

activated T cells cycling. However, such continuous stimulation is probably not the
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only mechanism whereby mature T cells are maintained. For instance, the co-culture 

of apoptosis prone lymphocytes with tissue stroma-derived f ib ro b la s trc ^  extend 

viability and slow down apoptosis. Studies have shown that the viability of activated 

T cells can be extended without significant proliferation after co-culture on 

fibroblasts and that they lose their blast-like morphology (Scott, Pandolfi & Kumick 

1990). These studies suggest that stromal factors may support the survival of T cells 

in a quiescent state and that different microenvironments may influence the fate of 

activated T cells.

The greatly expanded C D 8^,B cl-2" population seen in the lymph nodes of 

HIV-1 infected individuals may reflect the influence of stromal factors on T cell 

survival in vivo as such Bcl-2 negative cells would be expected to die rapidly in the 

absence of a positive signal. The C D 8^,C D 45R 0^ lymphocytes in the lymph node 

show an even more marked loss of Bcl-2 expression than the equivalent population 

in peripheral blood. Recent data suggests that the lymph node microenvironment is 

not sufficient to promote the survival of all of these cells as, using propidium iodide 

staining, there is clear evidence of apoptosis among the C D 8^B cl-2" population 

(Bofill et al submitted). Similarly, the huge expansion of CD8^ cells in the lymph 

nodes during acute infectious mononucleosis is associated with areas of necrosis 

within the tissue. This might be expected if large numbers of cells are in apoptosis 

and the macrophages in the paracortex are unable to phagocytose the overwhelming 

number of dying cells.

This study suggests that the loss of Bcl-2 and subsequent death by apoptosis 

may be a normal physiological response to pathogen induced proliferation, designed 

to maintain lymphocyte homeostasis. However, the reasons why cells die after 

activation are less clear. Studies on cell lines and PBL in vitro point to a role for 

HIV-1 virus and viral gpl20 in cell death by apoptosis (Terai et al 1991, Martin 

Matear & Vyakamam 1994). The cross-linking of gpl20 on the CD4 molecule, 

followed by stimulation of the cell through the TCR causes an activation induced 

apoptosis of CD4^ lymphocytes (Banda et al 1992). This may be particularly 

relevant in vivo in view of the discovery of gpl20 in the serum of HIV-1 patients 

(Oh et al 1992). Therefore, the loss of CD4^ lymphocytes by apoptosis may in part 

be explained either by infection with HIV-1 or by the presence on the cell surface of
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g p l20 bound to the CD4 molecule. This however does not explain the cell death 

observed in the CD8^ population. '

Interestingly, it was reported by Groux et al (1992) that co-stimulation with 

anti-CD28 can decrease apoptosis in HIV-1 infection after activation with the 

superantigen SEE, suggesting that co-stimulation could prevent AALD.
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CHAPTER 7

THE LOSS OF CD28 EXPRESSION IN HIV-1 INFECTION: ASSOCIATION

WITH AALD

Introduction

There is increasing evidence that cross-linking of the TCR alone is 

insufficient for T cell activation and that a second signal derived from receptor 

ligand interactions between the T cell and APC are required for optimal stimulation 

(Meuller, Jenkins & Schwartz 1989). One such second signal is provided through the 

interaction of the CD28 antigen on T cells with either anti-CD28 (Pierres et al 1988, 

Ledbetter et al 1985, Ledbetter et al 1990) or with its specific ligand B7/BB1 

(Linsley et al 1991) which is expressed on a variety of APC (Freedman et al 1991, 

Young et al 1992). Such co-stimulation greatly enhances T cell activation via the 

TCR or the CD2 molecule, providing an alternative pathway to TCR engagement 

which is insensitive to Cyclosporin A (June et al 1989). Currently, the engagement 

of CD28 is the strongest known second signal in human T lymphocyte activation 

(reviewed in Lui & Linsley 1992).

In HIV-1 infection, co-stimulation with anti-CD28 has been reported to return 

the proliferative responses of anti-CD3 or anti-CD2 stimulated cells to normal levels 

(Gruters et al 1990; Van-Noesel et al 1990) and to prevent superantigen or PWM 

induced apoptosis of CD4^ lymphocytes (Groux et al 1992). However, other studies 

have shown that a sub-population of CD8^ T cells which express the activation 

associated antigen HLA-DR have a decreased response to co-stimulation through 

anti-CD28 (Pantaleo et al 1990b). Also, infection of CD4^ clones with HIV-1 leads 

to an inhibition of stimulation through CD28 (Laurence et al 1989).

The CD28 antigen is expressed on >95%  of CD4'*’ and 50% of CD8^ 

lymphocytes (Hansen, Martin & Nowinski 1980, McMichael & Gotch 1987), but is 

absent from CD3-negative, CD16+ NK cells (Nagler et al 1989). Nevertheless, 

despite the importance of CD28 as a co-stimulatory molecule in lymphocyte 

activation, its expression in HIV-1 infected individuals has not been fully 

documented. In particular, the expression of CD28 has not been correlated with the 

phenotypic shifts in lymphocyte subsets which occur in these individuals nor related 

to the functional defects characteristic of this infection. Two studies on small groups
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of HIV-1 infected individuals showed decreased CD28 expression on a subset of 

CDS'*' cells (Gruters et al 1991, Saukkonen Komfeld & Berman 1993) but these 

were not confirmed as bona fide  CD3^ T cells. In another study of HIV-1^ 

haemophiliacs CD4^ cells showed lower than normal proportions of CD28^ cells 

(Dianzani et al 1988). There is no data on the expression of CD28 in AVI patients 

or its potential role in preventing spontaneous apoptosis in this group.

One possible explanation for the activation induced cell death in HIV-1 infection 

could be the loss of CD28 antigen on T lymphocytes leading to the absence of an 

obligatory second signal during activation. Therefore the aims of this chapter were;

(1) To investigate the expression of CD28 in various lymphocyte subsets in 

normal, HIV-1 ^ and AVI individuals.

(2) To compare this with the blast transformation and proliferation of the 

same cell populations.

(3) To determine if co-stimulation via CD28 could prevent AALD 

M ethods

Analyses of CD28 expression on T lymphocyte subsets

The percentages of cells expressing CD28 were determined by two and three 

colour IF studies using the whole blood technique (Chapter 2). The absolute 

numbers were calculated from the lymphocyte counts for each patients obtained from 

routine haematology. In some cases, absolute numbers were calculated directly using 

the CyioxoT\Absolute.

Two and three colour IF combinations were used to measure CD28 

expression in whole blood from patient groups. For two colour studies CD28 plus 

GAM-IgGl-PE was combined with one of either; CD3 or CD4 plus GAM-IgG2a- 

FITC or CD8 plus GAM-IgM-FITC. Controls for these double combinations were 

Mouse Ig at 5/ig/ml plus the GAM-Ig second layers. To more closely investigate the 

C D 3^,C D 28" population, the following triple combinations were employed; CD28- 

PE, CD3-biotin plus strep-tricolor and one of the following; (a) CD8-FITC (b)

CD57 plus GAM-IgM-FITC (c) CD38 plus GAM-IgM-FITC (d) CD45RO-FITC (e) 

HLA-DR-FITC
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DNA synthesis measured using bromodeoxyuridine (BrdU)

Lymphocyte cultures were stimulated with PHA as previously^ described 

(Chapter 2). Four hours prior to harvesting, BrdU (Amersham International pic, 

Amersham, UK) at 10/xM was added to the cultures. At the end of the culture period 

the cells were harvested and membrane stained in suspension with CD57 and CD28. 

Cell smears were then prepared and stored as described (Chapter 2). To visualize the 

membrane staining cytospins were incubated with GAM-IgM-LR (for CD57) and 

GAM-IgGl-biotin plus strep-Cy5 (for CD28). The lymphocytes that had 

incorporated BrdU were identified using an anti-BrdU antibody (Amersham pic) 

together with GAM-IgG2a-FITC. This triple colour combination was viewed using 

confocal microscopy

Results

The expression of CD28 on T cells

Initial studies to investigate the normal distribution of CD28 on lymphocyte 

subsets revealed that 98±2.4%  (n=10) of CD28^ cells were CD3'*' T cells. This 

constituted about 90% of the total CDS'*" population while Ig"*" B-cells, CD4+ 

monocytes and CD3~ natural killer (NK) cells, defined by the expression of CD 16, 

CD56 or CD57, were negative.

A comparison between CD28 expression in HIV-1^ and AVI patients revealed that 

the vast majority of CD28^ lymphocytes, as with the H IV -1" control group, were 

seen within the CD3'*’ population. Nevertheless, the percentage of CD3^ T cells 

which expressed CD28 was reduced in both AVI patients and HIV-1^ individuals at 

every stage of the disease ( p < 0.001; Table 7.1). This was also reflected in a 

significant decline in absolute numbers of CD 3^,CD28^ cells in HIV-1^ patients 

compared to the normal control (p< 0 .01 ; p< 0 .001; Table 7.1) but not in the AVI 

patients where the lymphocytosis masked any percentage shifts. These changes in 

CD28 expression were due to an expansion of the C D 3^,C D 28" population which 

was significantly increased in every patient group compared to the control group 

(control 0 .14+0.03; HIV-1 + CDCII 0.68+0.13, CDCIII 1 .04+0.1, CDCIV 

0.47+0.14; AVI 0.46+0.08; p< 0 .001 ; Fig. 7.1)

The majority of CD4^ T cells in AVI patients and in the HIV-1 CDCII and
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Table 7.1
The expression of CD28 on CD3^ T-Cells

n

CD3

Percentage

+CD28+

Absolute Number^

H IV -1 - Control 10 89.8±0.7 1.27+0.116

HIV-1+ CDCII 22 49.8±6.3****’ 0.70+0.141**

CDCIII 8 27.6+8.3*** 0.40+0.131***

CDCIV 13 42.9+4.3*** 0.36+0.131***

AVI 16 65.9+5.6*** 1.55±0.132NS

 ̂The percentage and absolute number of CD28 + lymphocytes within the CD3 + T cell 
population was determined by two colour immunofluorescence in HIV-1", AVI and 
HIV-1 infected individuals. The absolute number of lymphocytes x 10^/L in peripheral 
blood was an estimate based on the percentages obtained in combination with the 
lymphocyte counts for each individual. These observations were confirmed using lysed 
whole blood method for counting CD3‘*',CD28“  cells with the Cyioxor\absolute (Ortho) 
'’The data were compared to the normal control group using the Students T-test;
***p< 0.001; **p<0.01
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Figure 7.1 The contribution of CD28^ and CD28 lymphocytes within the CDS'*’, CD4^ and CD8^ subsets from normal controls 

and HIV-1 infected individuals

Two colour IF was used to determine the percentage of CD28^ and CD28“  subsets within T lymphocyte populations. The total 

number of CDS'*’, CD4^ or CD8^ lymphocytes is shown as the total height of the bar while the shaded areas represent the mean percentage 

of CD28^ or CD28“  cells within each group.
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Table 7.2 The proportion of CD28^ and CD28 lymphocytes within CD3^, CD4+ and CD8+ lymphocyte subsets

n CD3 CD28~
CD25+

CD4 CD28-
CD28+

CD8 CD28“
CD2S+

HIV-1- Control 10 1.41±0.12^ 9.2±1.4^
90.8±1.4

0.86±0.11 5.7+1.2
94.3±L2

0.58+0.07 52.0+6.7
47.7+6.7

HIV-1 + CDCII 22 1.38±0.17 50.2±6.3
49.8±6.3

0.36±0.02 14.7+5.9
85.3±L2

0.93+0.08 59.9+6.7
47.9+6.7

CDCIII 8 1.43±0.16 72.4±8.3
27.6±8.3

0.22+0.04 4.6+5.8 
95.4±5.8

1.16+0.13 73.3+6.5
26.7+6.5

CDCIV 13 0.82±0.26 57.2±4.3
42.8±4.3

0.16+0.05 46.0+12.7
55.0±12.7

0.68+0.12 69.7+4.9
50.5+4.9

AVI

a 'T'u-

16 1.36±0.13

+ i-T>o+ 1...

34.1 ±5.6 
65.9±5.6

1.02+0.14 7.1+2.8
92.9+2.8

1.39+0.16 57.3+5.8
42.7±5.8

each individual \
The percentage of CD28"  ̂ and CD28“  lymphocytes within the CD3^,CD4^ or CD8+ lymphocyte populations was determined by two colour i 
immunofluorescence
This data is shown graphically in Fig. 7.1



CDCIII groups still expressed CD28 (CD28% in CD4; control 94 .3± 1 .2 , CDCII 

85 .3+ 5 .6 , CDCIII 96 .4+ 6 .7 , AVI 92.9+2.8). Only in HIV-1 + , CDCIV 

individuals could one detect a substantial drop in the proportion of CD28+,CD4+ 

cells (CDCIV 54.9 +  13.9) but due to the decrease of the CD4+ lymphocytes the 

overall absolute numbers of CD4+,CD28“  T cells remained the same during the 

whole course of HIV-1 infection (control 0.05+0.01, CDCII 0 .02+0.001, CDCIII 

0.01 ±0,002 and CDCIV 0.05 ±0,027 x 10®/I; Fig. 7.1).

It follows from these results that the increased numbers of CD28“  T cells in 

both AVI and HIV-1 disease were present in the CD8+ population. In both patient 

groups the CD8 lymphocytosis was mainly due to a selective increase of 

CD8+,CD28“  lymphocytes (control 0.30+0.026, CDCII 0 .56+0.07, CDCIII 

0 .87+0.15, CDCIV 0.49+0.09, AVI 0 .80+0.08 xlO^/L; p < 0.003; Fig.7.1). The 

CD8+,CD28+ population remained relatively constant throughout the course of 

HIV-1 infection (control 0.28+0.07; CDCII 0.37+0.04; CDCIII 0.29+0.06; 

CDCIV 0.20+0.045) but in AVI patients, both CD28+ and CD28“  lymphocytes 

were increased (CD8+,CD28+ 0.59+0.08; CD8+,CD28“  0 .8+ 0 .08  x 10^/L). 

Nevertheless, in both acute and chronic viral infections there is a dominance of 

CD28“  lymphocytes within the CD8+ population.

Phenotypic features o f  CD28~ T cells

As both AVI and HIV-1 infections are associated with phenotypic changes in 

peripheral blood lymphocytes, studies were performed using triple colour IF to more 

clearly define the rare CD3 + ,CD28~ lymphocyte subset in control and the dominant 

CD3 + ,CD28“  cells in the patient groups. Triple combinations using CD3-biotin, 

CD28-PE plus a third FITC-conjugated marker were therefore standardised. The 

third markers chosen were those shown in this study (chapter 4) and by other 

investigators to be increased in HIV-1 infection particularly within the CD8+ 

lymphocyte subset and included CD45RO, HLA-DR, CD38 and CD57.

CD8: Using the triple combination CD3, CD28 and CD8, it was found that in all 

individuals the majority of CD3 + ,CD28“  cells were CD8+ (control 55 +  12.9%, 

HIV-1+ 89.8+2.1% , AVI 85.5+5.8% ; Table 7.3). Additionally, C D 3-,C D 8+ NK 

cells were entirely CD28 negative and this population was not increased in either
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Table 7.3 The compostion of the CD3'^CD28 population^

CD8+ CD45RO+
Within CD3 + 
HLA-DR+

T Cells 
CD38+ CD57 + C D 57-C D 28-

Control^ 17.3±3.4 38 .8+ 3.8 <1% 21 .1+ 3 .9 6.9 +  1.5 3 .1+ 0 .7

HIV-1 + 57.9±5.5 47.8+3.1 34.2+5.7 44 .5+ 6 .2 26 .7+ 5 .0 18.4+2.9

AVI 5 7 .8 iS . 1 62 .9+ 6 .2 41 .8+ 8 .4 75.9 +  10.6 9 .5+ 2 .7 56 .4+ 4.7

CD8+ CD45R0+
Within CD3 + 
HLA-DR+

C D 28- T Cells 
CD38+ CD57 + C D 57-C D 28-

Control 55.0±12.9 52.6+10.8 <1% <1% 65 .4+ 5.2 34 .6+5.2

HIV-1 + 89.8±2.1 57 .7+ 6 .0 33.9+9.9 45 .7+ 2 .0 54.2+7.1 44 .7+ 8 .0

AVI 85 .5±5.8 71,9 +  11.5 65.6+9.5 87.4+6.7 29 .4+ 7.4 70 .4+ 7 .4

The contribution of various lymphocyte subsets to the CD3^CD28"" population was investigated by triple colour 
immunofluorescence studies. During data analysis the CD3^ or CD3‘̂ CD28~ populations were gated and the 
percentage of the test antibody determined within this gate.
10 normal, 10 HIV-1 ̂  and 9 AVI individuals were investigated



patient group. However, there was an increase in the percentage of

C D 3^,C D 8^,C D 28^ T cells compared to the control group (control 25 .6± 6 .6 ,

HIV-1 64 .5+ 4 .9 , AVI 60.7+5.4).

CD45RO: As demonstrated in chapter 4, in both HIV-1 ^ and AVI patients there is 

a switch within the CD8^ lymphocyte population towards a C D 45R 0^, primed 

phenotype. In HIV-1~ individuals, among the few C D 3^,C D 28" cells 52.6 +  10.8% 

were CD 45R0^ (Fig. 7.2b, Table 7.3). However, this represented less than 10% of 

the total number of C D 3^,C D 45R 0^ cells. In HIV-1 infection, a larger proportion 

of CD8^ lymphocytes expressed CD45RO, and the absolute numbers of 

CD3 ̂ ,C D 28^,CD 45R0^ cells were greatly increased (control 0 .05+0.01 , HIV-1^ 

0.30+0.02; p <0.001). Within the increased C D 3^,C D 28" subset 57.7+6.0%  

were CD 45R0^; the CD28~ component comprising up to 60% of the entire 

CD 3^C D 45R 0^ population (Fig. 7.2g). The greatly expanded CD 45R0^ 

population in AVI individuals also contained a large (61.1+9.4% ) CD28“  

component which made up the majority (71.9+11.5% ) of the CD 3^,CD28"' 

population. However in these acute patients there was also an increased number of 

C D 28^,C D 45R 0^ lymphocytes (Fig. 7.21).

HLA-DR'. In both HIV-1^ and AVI individuals, the number of CD3^ lymphocytes 

expressing the activation marker HLA-DR are increased (Table 7.3). In the HIV-1”  

control group CD3^ lymphocytes expressing HLA-DR were seldom found (Fig. 

7.2c). This activation marker was expressed on 34 .2+5.7  and 41.8+8.4%  of CD3^ 

T cells in HIV-1^ and AVI individuals respectively. While in HIV-1 infection the 

increase in HLA-DR expression occurred almost exclusively in the CD28”  

population (Fig. 7.2h), in AVI patients both CD3 + ,CD28+ and CD3 + ,CD28”  

lymphocytes showed increased expression (Fig. 7.2m.)

CD38'. The antigen CD38 is also increased in HIV-1 infection, although whether 

this is a function of activation or immaturity has been the subject of some debate 

(Giorgi & Detels 1989, Salazar-Gonzalez et al 1885, Janossy et al 1992). In 

seronegative donors, low levels of CD38 (< 5  x 10^ molecules/cell) were detected 

on a proportion (21.1+3.9% ) of CD3^ T cells; these were predominantly CD28^ 

(> 80% ; Fig. 7.2d). The increase in CD 3^,CD38^ lymphocytes in HIV-1 infection 

was, however, due to an expansion of the CD 3^,CD38^,CD 28”  population. These
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Figure 7.2 FACScan profile of CD28 in CD3^ lymphocytes from control and HIV-l'*' individuals

Triple colour combinations of CD3 and CD28 plus one of CDS, CD57, CD38, HLA-DR or CD45RO were used to illustrate the 

distribution of CD28~ in CD3'*’ T cells. During data acquisition a gate was set up around the CD3^ cells. The figure shows CD28 (x-axis) 

and the third marker as illustrated (y-axis). Data from one representative control (a-e), one HIV-1^ CDCII individual (f-j) and one acute 

HIV-1 infected patient (k-o) are shown. The numbers represent the percentage of cells in each of the quadrants.
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CD38^ cells constituted 45.7+2.0%  of the CD3‘̂ ,CD28“  lymphocytes. Cells 

bearing this marker were greatly increased in AVI patients (75.9±10.6%  of CD3^

T cells) indicating that in these individuals CD38 represents an activation marker. 

Again cells expressing CD38 made up a large proportion (87.4±6.7% ) of the 

C D 3^,C D 28" population but expression of this marker was also increased on 

CD3 + ,CD28+ cells (Fig. 7.2n).

CD57: A fourth marker of particular interest in HIV-1 infection is CD57. 

Lymphocytes expressing CD57 are increased in peripheral blood and alveolar 

lavages from HIV-1^ individuals and have been shown to have suppressor cell 

activity in these patients (Sadat-Sowti et al 1991). When CD57^ lymphocytes were 

investigated, CD57 and CD28 were found on separate lymphocyte populations in all 

individuals tested and few (< 5 % ) double positive cells were seen (Fig. 7.2e,j,o). 

The percentage of CD 3^,CD 57^ cells was increased in HIV-1 infection (control 

6 .9± 1 .5 ; HIV-1 26 .7±5.0 ; p< 0 .001) but was not significantly altered in AVI 

individuals (9.5±2.7% ). Most of the CD57^ cells were C D 3^,C D 28^ and 

represented a significant proportion of the CD3'^,CD28”  population in control and 

HIV-1 ^ individuals (control 63.6±4.9; HIV-1 54.2±7.1). Importantly, in HIV-1 

infection there remained a particularly large proportion of C D 3^,C D 57", CD28“  

cells (0.35±0.04, 0 .42±0.087 and 0.37±0.53 xlO^/L in the CDCII, III and IV 

groups, respectively). These cells were rare in the control blood (< 0 .0 5  xlO^/L) but 

represented the majority of C D 3^,C D 28" cells in AVI patients (70.4±7.4% ). 

Summary: Although both acute and chronic viral infections are characterised by an 

increase in the proportion of T cells expressing the activation markers CD45RO, 

HLA-DR and CD38 these subsets differ in each patient group with respect to CD28 

expression. The more chronic condition (HIV-1) leads primarily to a loss of CD28 

expression and the other markers form overlapping populations within this group of 

cells. In acute infections where cells have experienced short-term stimulation in 

vivo, although many CD28“  cells are seen there are also large numbers of activated 

cells that retain a CD28^ phenotype. This data suggests that the loss of CD28 does 

not occur after short-term activation but may require long-term or chronic 

stimulation. Similarly, the expansion of CD57^ T lymphocytes may be an important 

indicator of chronic stimulation.
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CD28 expression in lymphoid tissue

Cell suspensionsof HIV-1^ lymph node and tonsil from seronegative controls 

were investigated for CD28 expression by FACS analysis. The huge expansion of 

C D 3^,C D 8^, CD28~ T cells seen in the peripheral blood of HIV-1 infected 

individuals (HIV-1~ 25.6+6.1% , HIV-1 ^ 64.5+4.9% ) was not found to such a 

great extent in lymphoid tissue. A comparison of blood versus tonsil from 

seronegatives showed that CD28 expression was higher in the CD 8^ in the tissue 

(HIV-1~ blood 75.4%, tonsil 87.0%). This was even more marked in HIV-1 

infection (HIV-1^ blood 35.5%, lymph node 68%). One reason for this may be the 

absence of C D 57^,C D 8^ T cells in lymphoid tissue from all individuals 

investigated (< 5 % ). This suggests that CD28“  T cells do not home to lymphoid 

tissue and are primarily a blood associated population. Interestingly, the CD4^ T 

cells including the CD57^ subset found within the germinal centres, retain a CD28^ 

phenotype.

The proliferative defects o f  CD28~ lymphocytes in HIV-1 infection

In the next part of the study the defective activation response of lymphocytes 

from HIV-1^ individuals were related to the presence of C D 3^,C D 28^ cells. 

Lymphocytes from HIV-1 ^ individuals and normal controls were stimulated with 

PHA plus rIL-2 and the numbers of lymphoblasts recovered on day 3 related to the 

initial input of CD28^ cells. In 56 HIV-1^ individuals investigated there was a 

highly significant positive correlation between the number of CD28^ cells present at 

the start of the culture and the number of lymphoblasts recovered after 3 days 

activation ( p < 0.001; Fig. 7.3). This correlation was further tested on CD28~ cells 

following the removal of CD28^ T lymphocytes. Less than 10% of this population 

from HIV-1 ^ individuals were able to transform into lymphoblasts after activation 

with PHA despite the addition of rIL-2 (Fig. 7.4). Conversely, the removal of 

CD57"^ (CD28~) lymphocytes proportionally increased the number of lymphoblasts 

recovered (Fig. 7.4), indicating that in this assay the residual CD28^ cells from 

HIV-1^ donors are not handicapped and can respond to mitogens.

To further demonstrate that CD28~ T cells, but not CD 28^, have a defective 

proliferative response, we investigated the phenotypic features of cells surviving
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Figure 7.3 The correlation between CD28 expression and lymphocyte activation 

responses

PBMC from 56 HIV-1  ̂ individuals were assayed for their expression of CD28 

before activation with PHA. The percentage of lymphoblasts developing in the cultures 

compared to the total cell input (x-axis), is plotted against the percentage of CD28^ cells 

present in the culture prior to activation (y-axis). Regression analysis confirmed the highly 

significant relationship between these two variables.
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Figure 7.4 CytoronA^^o/ii^e profiles of PBMC before and after culture in vitro

Profiles of PBMC from an HIV-1“  (Part I)and HIV-l CDCII individual (Part 

II). The figure shows cells on isolation (a) and after culture for three days with or 

without PHA (b & c). Part II shows the effect of removal of either CD57^ or CD28^ 

cells on the blastogénie response. The numbers shown are the lymphocyte counts within 

the gated areas. The percentages are the proportion of gated lymphocytes in relation to 

the input at the start éf the culture.
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after 3 days activation (Fig. 7.5). The majority (95+2.0% ) of lymphoblasts 

recovered from the H IV -1" control cultures were CD28^. Among theTewer 

remaining blasts detected in the cultures from HIV-1^ donors, the CD28 positivity 

was high (89±3.70% ) and the absolute blast count at day 3 corresponded to the 

original CD28^ input at day 0. Thus the CD28^ cells selectively transformed while 

the C D 28" cells died. In addition, very few CD57"^ blasts were seen in both the 

control and HIV-1 ^ samples (control 2 .6+0.36; HIV-1 5 .5+0.63) and the rare 

surviving CD57^ blasts co-expressed low levels of both CD57 and CD28, indicating 

that the expression of CD28 might have contributed to their survival. Some other 

CD57~,CD28~ lymphoblasts constituted <10%  of the total blast population but 

these were B cells.

The expression o f CD25 on CD28T lymphocytes after stimulation

When investigated for CD25 (IL-2Rœ chain) expression after 2 days in 

culture, the majority of lymphocytes from normal or HIV-1^ donors expressed the 

IL-2R (Fig. 7.6a). This CD25^ population included both CD57^ and 

CD28“ ,CD57~ lymphocytes. However, in contrast to CD28"'' cells, the C D 28" 

population were small lymphoid cells which failed to transform into lymphoblasts as 

measured by their cell size. By day 3 of culture, these CD25^, C D 28",C D 57^ 

cells had perished.

The inability of CD57^ and CD 28" T cells to transform into lymphoblasts 

was confirmed in studies using BrdU uptake to measure cells in G2/M phase of the 

cell cycle. Three colour studies with CD28 and CD57 in combination with anti-BrdU 

were performed on cytospins using confocal microscopy. These showed that after 48 

hours stimulation with PHA, CD57^ cells were present as small, B rdU " lymphoid 

cells and that only CD28^ cells had taken up BrdU and were in G2/M of cycle (Fig. 

7.6b).

Bcl-2 expression on CD28~ lymphocytes

When spontaneous cell death in AVI and HIV-1^ patients was investigated, 

no statistically significant correlation could be found between this phenomenon and 

the lack of the CD28 antigen. It was therefore perhaps not surprising that in triple
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Figure 7.5 Phenotypic study of the lymphoblasts developing in PHA 

stimulated cultures after 3 days

The phenotype of the lymphoblasts recovered after activation with PHA 

was determined with respect to CD57 and CD28. During data acquisition a gate 

was set up around the large lymphoblasts based on their forward and side scatter 

profiles. The results are shown as the percentage of total lymphoblasts from 5 

H IV -1~, normal controls and 10 HIV-1  ̂ individuals.
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Figure 7.6 The defective activation response of CD28“  lymphocytes

The early upregulation of CD25 was investigated on CD57^, 

CD57“ ,CD28“  and CD28^ lymphocytes after 2 days in culture with PHA (a). 

During data acquisition the cells were gated according to their CD57 and CD28 

phenotypes and the cell size (x-axis) in relation to CD25 expression (y-axis) 

plotted. The result from the representative patients shown indicate that although 

CD28“  lymphocytes can upregulate CD25 they fail to transform into 

lymphoblasts. This was confirmed in cells incubated with BrdU (b). Lymphocytes 

stimulated with PHA for 2 days were pulsed with BrdU and the phenotype of the 

BrdU'*' blast cells investigated by three colour immunofluorescence using confocal 

microscopy. The BrdU^ nuclei are shown in green, the CD28^ membrane stain 

in red and the CD57^ membrane stain in blue. The BrdU and CD28 combine to 

form the yellow staining pattern. Note that the CD57^ cells are small and BrdU 

negative (blue).



marking studies using the combination CD3-biotin, CD28-PE and cytoplasmic Bcl-2- 

FITC, both CD28^ and CD28~ T cells were found to contain a Bcl-2~ component 

(Fig. 7.7a). This was investigated more closely in purified CD28~ T cells prepared 

by negative depletion procedures from T cells (chapter 2). Cytospin preparations 

were double stained with CD57-TRITC and Bcl-2-FITC and the intensity of Bcl-2 

expression was determined using a semi-quantitative technique on the confocal 

microscope. Using this procedure the CD28~ population were found to contain cells 

with a range of Bcl-2 intensities (Fig. 7.7b). Those which lacked expression of Bcl-2 

were mainly CD57“ ,CD28“  while the majority (> 85% ) of CD57^ lymphocytes 

retained Bcl-2 expression (Fig. 7.7c). This occurred in both H IV -1" and HIV-1^ 

individuals.

The effect o f co^stimulation via CD28 on activation responses

It has been reported that co-stimulation via CD28 restores the defective 

proliferative response of lymphocytes from HIV-1 infected individuals (Gruters et al 

1990, Van Noesel et al 1990) and prevents activation induced apoptosis (Groux et al 

1992). To evaluate this in relation to CD28 expression, cells were stimulated with 

combinations of anti-CD2 antibodies. These were used in suboptimal concentrations 

as this mitogenic activity is significantly boosted by adding anti-CD28. PHA 

stimulated cells were the positive controls. Lymphocyte activation was measured by 

both a bulk assay of ^H-thymidine uptake (cpm; Fig. 7.8a,b) and by determining 

lymphoblast counts at day 3 in relation to the original T cell input (Fig. 7.8c,d). In 

all cases the magnitude of response closely correlated with the expression of CD28 

(cpm: r= 0 .797 , p=0.006 and % lymphoblasts: r= 0 .834  p=0.003).

As also shown in Fig. 7.8, individuals responded to each of the mitogens 

tested. In addition, when anti-CD28 was added as a co-stimulus to CD2 there was a 

significant increase in thymidine uptake. In both the cultures of lymphocytes from 

normal donors and HIV-1 ^ individuals the enhancement was of a similar degree 

(220-240%), indicating that this pathway of lymphocyte activation is still intact in 

CD28^ cells. On the other hand, the addition of anti-CD28 to cultures of 

lymphocytes from HIV-1^ individuals did not reconstitute the number of 

lymphoblasts observed at day 3 to the much higher levels seen in cultures from
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Figure 7.7 Bcl-2 is expressed within the CD28“  T lymphocyte population

Part A: PBMC were triple stained with BcI-2-FITC, CD28-PE and CD3- 

biotin plus streptavidin tricolour. Lymphocytes were gated on CD3 positivity and the 

expression of Bcl-2 and CD28 determined within this population. Note that Bcl-2 ̂  

cells are distributed equally within the CD28^ and CD28“  T lymphocytes. A 

representative example from one HIV-1 CDCII individual is shown. Part B: T

lymphocytes were depleted of CD28^ lymphocytes and cytospin preparations stained 

for Bcl-2 and CD57. The figure shows a confocal image of the intensity of Bcl-2 

within the CD28~ T lymphocytes. Note that not all CD28“  cells are Bcl-2~. Part 

C: The same confocal image showing CD57 positive cells (*). Note that these same 

CD57^ cells are Bcl-2^ (* part A).
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Figure 7.8 The effect of co-stimulation via anti-CD28 on the activation 

responses of lymphocytes from HIV-1“  and HIV-1 ̂  individuals

PBMC from 5 H IV-1~ controls (a,c) and 9 HIV-1  ̂ individuals (b,d) were 

activated with three different stimuli; combinations o f anti-CD2, anti-CD2 plus anti- 

CD28 or PHA. The activation response was measured by ^HTdR incorporation (a,b) 

and lymphoblast recovery (c,d).
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HIV—1~ healthy donors. Neither the thymidine uptake nor the recoverable blast cell 

counts were fully normalized (Fig. 7.8b,d). These results show that, as expected, the 

defective activation of CD28“  T cells in HIV-1 ^ individuals cannot be corrected by 

co-stimulation via anti-CD28.

Discussion

We have demonstrated that in asymptomatic individuals with HIV-1 infection 

CDS'*' T cells accumulate which fail to express CD28. Such cells form only a minor 

population in HIV-1“  individuals where virtually all CD28~ cells are members of 

the NK cell family and do not express CD3. This enriched CD3'^,CD28“  

population in HIV-1 infection is essentially composed of CD8^ T cells and is 

responsible for the CD8 lymphocytosis seen throughout the whole course of disease. 

The data on CD28^,CD8^ cells extends the findings of Gruters et al. 1991 who in a 

study of five HIV-1^ individuals demonstrated a shift within the CD8"'" population 

to a CD28“  phenotype without documenting these cells’ CD3 positivity. Although 

C D 4^,C D 28^ cells have been described previously (Dianzani et al 1988) our study 

shows that such cells are rare. Similarly, during acute viral infections there is an 

accumulation of CD28~ T cells, again primarily within the CD8^ subset.

In HIV-1 infection there is an increase in the number of cells expressing the 

activation associated markers CD45RO, HLA-DR and CD38 (Froebel et al 1991, 

Prince & Jensen 1991b, Giorgi & Detels 1989, Salazar-Gonzalez et al 1985, Stites et 

al 1986). In this study lymphocytes with these phenotypes were found to form 

overlapping populations within the CD3'^CD28“  cells but were not increased in the 

CD 3^,CD 28^ population. However, in AVI patients although an increase in 

CD28“  cells was noted, many of the activated (CD 45R0‘*', HLA-DR^ or CD38^) 

lymphocytes retained CD28 expression. This suggests that the loss of CD28 might 

only occur in vivo after long-term stimulation and is therefore a marker of chronic 

infection. Similarly, an increase in CD57^ lymphocytes has been reported in many 

chronic conditions including the joints of patients with rheumatoid arthritis (RA; 

Bums, Tsai & Zvaifler 1992, Dupuy d ’Angeac et al 1993 and bone marrow 

transplant recipients (Leroy et al 1986, Valardi et al 1988) and are also increased in 

HIV-1 infection (Lewis et al 1985, Giorgi et al 1987, Joly et al 1989). These cells
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also lack expression of CD28 and are a major component of the CD 3^,C D 28~ 

population in HIV-1 infection. Patients with AVI did not show any increase in 

CD57''' cells, further implicating CD57 as a marker of chronic immune stimulation. 

The absence of large numbers of CD28~ or CD57^ cells in either normal tonsil or 

HIV-1^ lymph node suggests that this blood borne population does not normally 

home to lymphoid tissue. In contrast, broncho-alveolar lavage (BAL) from both 

seronegative and HIV-1 ^ individuals contain a large proportion of C D 8^, CD28“  

and C D 8^,C D 57^ lymphocyte subsets (Saukkonen Komfeld & Berman 1993) 

indicating that CD 8^ ,CD57 ̂  ,CD28^ T cells are the normal CD8^ T cell subset in 

the lung and that these cells also predominate in HIV-1 infection.

The CD28 antigen is the most important co-stimulatory molecule so far 

described on normal T cells as it transmits a second signal obligatory for T-cell 

activation (Jenkins et al 1991). We now confirm that the expression of CD28 is 

linked to the ability of T lymphocytes to undergo blastogenesis in response to PHA, 

anti-CD3 and -CD2 in vitro and also extend the relevance of these findings to HIV-1 

disease. The C D 3^,C D 28" population in the blood of individuals with HIV-1 

infection are deficient in responding to the strongest mitogens including PHA, anti- 

CD3, combinations of anti-CD2 and anti-CD28 stimuli even in the presence of rlL- 

2. Both the CD 3‘*',CD28^ and CD3"^,CD28~ population transiently express CD25 

but then perish in culture despite the addition of rIL-2. It has previously been 

reported that C D 57^, presumably CD28“ , lymphocytes from normal individuals do 

not respond to mitogenic stimuli as measured by BrdU uptake. A proportion of these 

cells remained lymphocytic by appearance after short term activation with PHA 

(Abo et al 1983, Campana, Coustan-Smith & Janossy 1988, Ruthlein James & 

Strober 1988) but could not be maintained in vitro for more than 48 hours (Prince & 

Jensen 1991), suggesting an inherent defect in these cells.

It has been demonstrated that activation of T-cells via ligation of TCR in the 

absence of a co-stimulatory signal induces a state of anergy (Meuller, Jenkins & 

Schwarz 1989). A powerful co-signal required for T cell activation is provided by 

the interaction between CD28 and its ligand B7/BB-1 (Linsley et al 1991) expressed 

on antigen presenting cells such as activated B cells (Yokochi, Holly & Clark 1981) 

and dendritic cells (Young et al 1992). While anergy is generally taken to be a
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transient state of unresponsiveness it has recently been suggested that there are 

various levels of tolerance including anergy, and that anergic cells remain 

susceptible to further tolerogenic signals that eventually lead to deletion (Arnold, 

Schonrich & Hammerling 1993). For example, Liu & Janeway (1990) have shown 

in mice that activation of THj clones in the absence of accessory cells causes cell 

death by an as yet undefined mechanism. The lack of expression of CD28 on T cells 

from HIV-1^ individuals may therefore explain the activation induced cell death 

observed through the absence of a second signal. 11 is perhaps important to note that 

a second ligand for B7 /BBl, CTLA4, has been described (Linsley et al 1992). This 

molecule is not present on resting cells but increases after activation and acts 

synergistically with anti-CD28 (Linsley et al 1992). The expression of this molecule, 

as well as other known to have co-stimulatory activity such as CD5, CD6, CD40 

ligand and LFA-1 have not been fully investigated in HIV-1 infection.

Co-stimulation with anti-CD28 has been reported to return the proliferative 

responses to normal levels when measured by ^H-TdR (Gruters et al 1990). These 

results have been interpreted to show that anti-CD28 is able to save some cells from 

cell death and/or apoptosis. Nevertheless, anti-CD28 accelerates the activation cycle 

of CD28^ cells while it is unlikely to act upon the CD28~ populations. Indeed, in 

our study we have confirmed that co-stimulation via anti-CD28 increased ^H-TdR 

incorporation but this enhanced uptake was not due to the activation of CD28~ cells 

which remained unresponsive. The quantitative results from the Cyioxoviabsolute 

showed that the numbers of transforming lymphoblasts on day 3 were low despite 

adding anti-CD28, thus among mixed CD28^ and CD28“  T cell populations the co­

stimulation via CD28 does not induce CD28~ cells to regain their proliferative 

potential.

The functional commitments of CD8''",CD28“  lymphocytes are still 

ambiguous. Studies using purified CD 8^,CD 28^ and CD8’̂ ,CD28~ lymphocytes 

showed that only the CD28‘*’ fractions generated cytotoxic cells during culture with 

allogeneic cells (Damle et al 1983), while CD8'^,CD28“  lymphocytes suppressed 

the MLR response. The CD8'*',CD28~ population have also been shown to have 

suppressor activity in other systems (Lum et al 1982). In HIV-1 ^ individuals 

CD8 ̂ , CD57 ̂  (CD28") cells were found to secrete suppressor factors (Sadat-Sowti
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et al 1991) although anti-viral activity resides within the C D 8^,C D 28^ subset 

(Landay, Mackewicz & Levy 1993). Other studies reveal that C D 3 ''\C D 8^,C D 28" 

cells exhibit cytotoxic activity but only when freshly isolated from blood as these 

cells do not respond well to activation in vitro (Azuma, Phillips & Lanier 1993).

The CD57^ cells in the peripheral blood of individuals with HIV-1 infection also 

include some cells with CTL activity (Vanham et al 1990). These sets of data are 

not contradictory because CD28“  T cells are likely to be a population of terminally 

differentiated effector cells which are cytotoxic only in short term cultures while 

secreting suppressor moieties.

The process which leads to the development of CD28“ ,CD8'^ T cells during 

HIV-1^ infection remains obscure. Studies on the cell line JA3 have shown that 

stimulation with anti-CD28 induces rapid modulation of CD28 (Moretta et al 1985). 

Similarly, stimulation of PHA activated lymphocytes with anti-CD28 results in a 

temporary decrease in both CD28 mRNA and surface expression of the protein 

(Linsley et al 1993). The interaction of CD28 with its ligand might therefore result 

in the loss of the antigen from the cell surface. To determine if CD28 had been 

modulated from the cell surface in vivo but was still detectable inside the cells, 

lymphocytes from HIV-1^ individuals were investigated for the presence of 

cytoplasmic CD28; this , was however undetectable. Furthermore, stimulation of 

PEL via anti-CD3 in short term cultures does not co-modulate CD28, indicating that 

these receptors are not physically linked (Moretta et al 1985). In fact, activation for 

7 days in culture has been shown to increase CD28 expression (Lesslauer et al 

1986). However, long-term cultures of T-cells in medium supplemented with rIL-2 

results in a progressive loss of CD28 (Testi & Lanier 1989). It is therefore likely 

that the CD28 reduction may require some weeks of continuous activation to occur, 

in agreement with the phenotypic characteristics suggesting the differentiated features 

of CD8+,CD28“  cells.

As anticipated from the data in the previous chapter in which no statistically 

significant correlation was drawn between AALD and Bcl-2 expression, both 

CD28^ and CD28“  T cell subsets contained a Bcl-2" component. Thus, C D 28" T 

cells are not particularly susceptible Spontaneous cell death. Interestingly, 

C D 57^,C D 28" T cells were B c l-2 su g g e s tin g  that this population are not short-
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lived in vivo but will die if restimulated.

The appearance of CD28“  T lymphocytes in the peripheral blood, as shown 

in this study, provides one mechanism for a severe functional immunodeficiency in 

asymptomatic HIV-1 infected individuals.
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CHAPTER 8

THE CYTOLYTIC FUNCTION OF CD8+ LYMPHOCYTES FROM HIV-1+

INDIVIDUALS

Introduction

In HIV-1 infected individuals CDS^ T cells characteristically exhibit a 

variety of phenotypic changes including, as shown in chapter 4, an increase in 

primed C D 45R 0^,C D 8^ cells and also an increase in CD38 and HLA-DR 

expression (Salazar-Gonzalez et al 1985, Stites et al 1986, Giorgi & Detels 1989). In 

the previous chapter it was also shown that large numbers of C D 8^,C D 28" and 

C D 8^,C D 57^ T cells appear. Cells of this phenotype are found both in the CD3^

T cell and CD3~ NK cell populations and it is the latter that is expanded in HlV-1 

infection. The acquisition of CD57 on CD8^ lymphocytes, and consequently the loss 

of CD28, are clinically associated with immunosuppression and occur after chronic 

stimulation in vivo. For example, CD 8^,CD 57^ cells appear in long-term bone 

marrow transplant survivors where they have been shown to have suppressor 

function (Leroy et al 1986) and in cardiac transplant recipients with CMV infections 

(Maher et al 1985). However, a number of studies have indicated that 

C D 8^,C D 57^ and CD8^,CD28“  T cells have a cytolytic function in vitro (Phillips 

& Lanier 1986, Azuma Phillips & Lanier 1993) and in fact represent in vivo primed 

CTL. As CD8^ lymphocytes expressing CD45RO and HLA-DR have also been 

shown to be highly efficient CTL (Yamashita & Clement 1989, Akbar et al 1990, 

Vanham et al 1990) the expanded CD8^ cells in HlV-1^ patients might represent a 

cytotoxic effector population. The presence of large numbers of CTL in the 

peripheral blood of HlV-1^ patients could play an important role in the pathogenesis 

of AIDS through the lysis of autologous lymphocytes by CTL (Lanzavecchia et al 

1988, Siliciano et al 1988, Weinhold et al 1989, Zarling et al 1990, Grant Small & 

Rosenthal 1994). Therefore, the aims of this chapter were to investigate the cytolytic 

activity of CD8^ lymphocytes from HlV-1^ patients and to determine the phenotype 

of the CD8^ CTL. In addition, cytotoxicity was measured after stimulation in vitro 

to determine the role of AALD on the effector function of this subset.

It has been postulated that the breakdown in the follicular structure that 

occurs in lymph nodes from HlV-1^ individuals might be due to the action of HIV-
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1 specific CTL directed against FDC which are either infected with the virus or have 

immune complexes on their surface that trap virus (Racz et al 1985, Tenner-Racz et 

al 1986, Laman et al 1989). Indeed, studies on lymph nodes have demonstrated the 

presence of low levels of HLA class I restricted HIV-1 specific CTL activity both in 

freshly isolated cells and after restimulation of lymphocytes in vitro with autologous 

PHA blasts (Hoffenbach et al 1989, Hadida et al 1992). In addition, it was shown in 

chapter 6 and by other investigators (Racz et al 1986, Racz et al 1990) that large 

numbers of CD 8^C D 45R 0^ cells infiltrate the germinal centres during HIV-1 

infection. The next aim of this chapter was to investigate more closely CTL activity 

in HIV-1 ^ lymph nodes and, using three colour immunofluorescence studies on the 

confocal microscope to determine if the CD8^ cells infiltrating the germinal centres 

contained the cytotoxic granule proteins, TIA-1 and perforin, which are indicative of 

CTL function (Young et al 1989, Tian et al 1991).

M ethods

Cytotoxicity assays

(i) Lectin dependant cytotoxicity (LDC) assay

The murine mastocytoma cell line P815 was used as the target cell in the LDC 

assay. The cell line was maintained in supplemented RPMI-1640 and was in the log 

phase of growth when used as a target.

Procedure: The P815 cells were harvested by centrifugation and the supernatant 

discarded. The pellet was resuspended and 3.5MBq of Chromium, 50-500 Ci/g 

Cr, added in the form of Sodium chromate (ICN Biomedicals Ltd, High Wycombe, 

Bucks.) The target cells were incubated for 1 hour at 37®C to allow the Chromium 

to diffuse into the cells and then washed twice with PBS. The cells were finally 

adjusted to 5 x lO^ /̂ml in RPMI supplemented medium and 100p\ aliquots dispensed 

into 96 well, round bottom microtitre plates (Gibco Brl).

Effector cells in RPMI-1640 supplemented medium were adjusted to give 

effector:target (B:T) ratios ranging from 50:1 to 1.5:1 and dispensed in triplicate 

into the wells together with the targets. Purified PHA (PHA-P, Welcome 

Diagnostics Ltd, Dartford) was then added to each well to give a final concentration 

of 1 ug/ml and the plates incubated at 37°C for 4 hours. The optimum concentration
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of PHA-P and the time course of the assay were determined at the beginning of the 

study.

After the incubation period, lOOul aliquots of supernatant were removed from 

each well and transferred into LP2 tubes (Luckhams Ltd, Burgess Hill, Sussex). As 

the effector cells were obtained from HIV-1^ patients, 20/xl of 40% Formaldehyde 

was added to each tube which was then sealed with paraffin wax before removal for 

counting. The samples were counted on a Minaxi gamma counter (LKB Ltd, 

Croydon, Surrey) for 3 minutes and the percent cytotoxicity calculated using the 

formula:

% Cytotoxicity =  com experimental — cpm spontaneous 

cpm total — cpm experimental 

where spontaneous release was that from target cells incubated in medium alone and 

total release was that from target cells incubated in medium containing 2.5% Triton 

X 100 (Sigma Ltd, Poole, Dorset). Any experiment where spontaneous release was 

>30%  of the total release was discarded.

(ii) CDS mediated redirected killing assay

The P815 cell line expresses on its surface a receptor for the Fc portion of 

mouse IgG and was therefore used as a target cell in the redirected killing assay . 

Procedure'. The same procedure was followed as for the LDC assay except that 

0KT3 (CD3, IgG2a) at a final concentration of 0.5/xg/ml was added to each well 

instead of PHA.

(Hi) HIV specific cytotoxicity assay

To measure HIV-1 specific cytotoxic cells, autologous B-cell lines were used 

as target cells.

Preparation o f Epstein Barr Virus (EBV)

The cell line B95/8 is chronically infected with EBV and can be induced to 

release the virus if subjected to stress in culture. B95/8 was thawed and maintained 

in log phase in RPMI 1640 supplemented medium. To induce virus release the cells 

were adjusted to 2 x 10^/ml in medium containing 2% FCS and cultured at 33°C for 

2 weeks without changing the medium or splitting the culture. The cells were then
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spun off and the supernatant passed through a 0.45 /xm filter (Sartorius Ltd, Epsom, 

Surrey). The supernatant containing EBV was aliquoted and stored in liquid 

nitrogen.

B-cell transformation

PBMC were isolated from 20ml of blood as previously described. After the final 

wash, the cells were pelleted and 1ml of B95/8 supernatant containing EBV was 

added. The cells were incubated for 1 hour at 37®C, adjusted to 2 x 10^/ml in 

RPMI-1640 supplemented medium and 1 ml aliquots dispensed into 24 well, flat 

bottom plates (Becton Dickinson, Cowley, Oxford). The plates were incubated at 

37°C in 5% CO2 and monitored for the appearance of clones. The EBV transformed 

cells became apparent after 14-21 days in culture but if no transformed cells were 

seen after 28 days the cultures were discarded. The B-cell lines were transferred to 

tissue culture flasks (Becton Dickinson, Cowley, Oxford.) and maintained in culture 

until stable. The B-cell lines were stored frozen in liquid nitrogen and thawed up 1 

week prior to the cytotoxicity assay.

This transformation method resulted in a 70% success rate. Methods using PHA 

at the initiation of culture were less successful particularly when dealing with HIV- 

1 patients and were therefore abandoned. Certain patients were difficult to 

transform particularly HIV-1 CDCIV individuals. After repeated attempts, it was 

found that the addition of 0. lug/ml cyclosporin A (Sandoz, Basel, Switzerland) into 

the cultures for the first 21 days could improve the transformation results from 

CDCIV patients.

HLA tissue typing

Polyclonal antibodies raised against HLA antigens were incubated with human 

PBMC and complement used to lyse any cell with the antibody bound to its surface. 

Cell lysis was visualised by light microscopy under phase contrast where dead cells 

gave a positive result compared to control wells containing human AB serum.

PBMC were prepared from 20ml of peripheral blood and adjusted to 1 x lO^/ml 

in serum free RPMI-1640. Anti-HLA antibodies were dispensed into the wells of 

terasaki plates and the plates immersed in liquid paraffin (BDH Ltd, Dagenham,
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Essex). One microlitre of cell suspension was added to each well and the plate 

tapped gently to aid mixing. The plates were incubated for 30 minuteTat room 

temperature. Baby rabbit serum (Serological Reagents Ltd) was reconstituted with 

distilled water just prior to use and 5ul added to each well. After incubation at room 

temperature for 1 hour the cells were stained with 2/xl of 5 % Eosin in PBS and were 

finally fixed by the addition of 5fû 40% formaldehyde.

Infection o f  target cells with Vaccinia virus

EBV transformed B-cell lines were infected with Vaccinia virus constructs, 

obtained through the MRC AIDS Directed Program. These induced the expression of 

HIVgag determinants in the B-cell.

Procedure: Autologous and HLA A, B & C mismatched B-cell lines were grown up 

for each patient assayed. One million cells were pelleted and 1 plaque forming 

unit/cell of Vaccinia gag (yhC gag) or wild type Vaccinia (VACwr) added. The cells

plus virus were incubated for 1 hour at 37®C and resuspended in 5 ml of RPMI 1640

supplemented medium. The cells were left overnight at room temperature and used 

the next day as target cells in the cytotoxicity assay.

Assay Procedure: PBMC or lymph node suspension were isolated as described 

(Chapter 2), adjusted to 1 x 10^/ml in RPMI 1640 supplemented medium and 

incubated at 37°C. One tenth of the cells were activated with 1/zg/ml PHA-P 

overnight and, after washing x 3 with HBSS, returned to the other cells. The 

effector cells were left in culture for 7 days, harvested and, cell numbers allowing, 

used in cytotoxicity assays against the following targets:

(1) Autologous VACgag infected B-cell lines

(2) Autologous VACwr infected B-cell lines

(3) Allogeneic WACgag infected B-cell lines

(4) Allogeneic uninfected B-cell line

(5) P815 plus PHA

(6) K562 (NK sensitive target)

(7) Kloek (LAK sensitive target)

PBMC and lymph node suspensions were also assayed directly against the above 

targets without preincubation with autologous PHA blasts.
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Results

A comparison o f  CTL activity before and after re-stimulation In Vitro

(i) Cytotoxicity in Unstimulated PBMC

The total cytotoxic activity of freshly isolated PBMC was measured using the 

LDC assay in 27 normal H IV -1" donors, 48 HIV-1 ̂  donors (CDCII 17, CDCIII 

16, CDCIV 15) and 11 AVI patients (Fig. 8.1). In H IV -1" individuals low levels of 

killing (8.5 +  1.6%; E:T 12:1) could be detected. This was mainly 

attributed to CD 16^ NK cells as removal of this population by complement lysis 

(Chapter 2) significantly reduced the levels of killing (1.7%; p < 0.007; Table 8.1). 

In HIV-1^ individuals there was a significant increase in the cytolytic activity of 

freshly isolated PBMC compared to the H IV -1" donors (CDCII 19.6+4.1% ,

CDCIII 16.9+2.9% , CDCIV 26.1+4.3% ; E:T 12:1; p< 0 .001). Unlike HIV-1 

specific activity which is reported to decline with disease progression (Weinhold et 

al 1988, Plata et al 1989, Joly et al 1989, Hoffenbach et al 1989), the ability of 

lymphocytes to kill P815 target cells in the LDC assay remained high throughout the 

course of the disease and in fact increased as patients progressed to CDCIV, AIDS. 

This increase in CTL activity in symptomatic AIDS patients was significant at E:T 

6:1 and 12:1 compared to the CDCII and CDCIII individuals (p< 0 .05).

Interestingly, in these CDCIV patients NK cells were found to contribute far less to 

the overall cytolytic activity (CDCII 63.4%, CDCIV 21%; Table 8.1). However, by 

far the greatest cytotoxicity was found in AVI patients who showed levels of killing 

up to 500% higher than the H IV -1" control group and 200% higher than the chronic 

HIV-1 donors (34.9+2.3% ; E:T 12:1). Removal of NK cells from these patients 

reduced cytotoxicity by 60%, but residual cells still retained high levels of killing 

(13.2+0.2% ; E:T 12:1; Table 8.1).

(ii) Cytotoxicity After Restimulation

Lymphocytes can acquire cytolytic function after mitogenic stimulation in 

vitro (Leeuwenberg et al 1985, Jung et al 1986). To test this ability in HIV-1^ 

patients whole PBMC and CD 16 depleted populations were stimulated in vitro with 

anti-CD3 and the cytotoxicity measured using the LDC assay. An initial time course 

study on PBMC from H IV -1" individuals showed that levels of killing increased
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Figure 8.1 The cytolytic activity of PMBC measured using the LDC assay

The cytolytic activity of PBMC from 27 H IV -1", 17 HIV-1 ̂  CDCII, 15 HTV-l^ 

CDCIV and 11 AVI individuals is shown. In this assay the target cell, PS 15 was incubated 

with the effectors at the ratios indicated in the presence of 1/xg/ml PHA. Arithmetic means 

were compared to the H IV -1" control using the students t-test; * p <  0.001
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Table 8.1 The Effect of CD16+ Depletion on Cytolytic Activity^ 
Part I

n
Without Activation 
PBMC CD16 Depleted

H IV -1- 10 8.3±1.6^ 1.7±0.6**‘'

HIV-1+ CDCII 6 20.2±5.5 7.4±2.3*

CDCIV 5 36.5±3.8 28 .8± 6 .9

AVI 6 37.5±4.8 13.2±0.2

Part II

n
After PHA Stimulation 
PBMC CD16 Depleted

H IV -1- 10 62 .6±4.7 45.6±2.8*

HIV-1 + 9 39.7±4.5 21.8±5.5*

 ̂ The cytolytic activity of PBMC before and after removal of CD 16^ NK
cells was compared in freshly isolated PBMC (Part I) and after 3 days 
activation with PHA plus rIL-2 (Part II).

 ̂ The percentage cytotoxicity at E:T 12:1 in the LDC assay is shown
 ̂ The data were compared using the paired Students t-test,

*p<0.05, **p< 0.005
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rapidly after only 24 hours in culture (52%; E:T 12:1) reaching a peak of around 

65% between days 2 and 3. Thereafter cytolytic activity slowly declined unless 

cultures were supplemented with IL-2 or restimulated. A comparison of HIV-1~ and 

HIV-1^ individuals revealed that the initial early increase in cytolytic activity during 

the first three days was absent in HIV-1^ patients. This is illustrated in Fig. 8.2 

which shows a representative example of one HIV-1~ and one H IV -1 d o n o r . 

Although the starting level of killing is higher in this HIV-1^ individual compared 

to the HIV-1"" control (Control 10.2%, HIV-1 ^ 27.7%; E:T 12:1), the activation 

associated increase in cytotoxicity is delayed. In fact, activation results in an initial 

drop in activity over the first three days, and reaches those seen in the seronegative 

only by day 5.

Activation with anti-CD3 also induces CTL activity in CD3~ T cells (Jung, 

Martin & Muller-Eberhard 1987) probably through the action of IL-2 on NK cells.

As this could obscure any change in T cell mediated killing, the initial failure to 

increase cytotoxic killing was further investigated in a larger group of patients after 

removal of NK cells. When CD16^ cells were removed prior to stimulation, the 

cytotoxicity that subsequently developed in both H IV -1" and HIV-1 ̂  cultures was 

reduced (Table 8.1) but was substantially higher than CTL activity in unstimulated 

cultures. A comparison of cytotoxicity in 10 H IV -1" and 10 HIV-l'*' individuals 

prior to culture and after 3 days activation with PHA plus IL-2 is shown in Fig. 8.3. 

From this it is clear that although initial levels of killing are higher in the HIV-1^ 

group (HIV-1" 8 .0±1.4% ; HIV-1 + 28.2+6.1; E:T 12:1; p< 0 .001 ), activation 

over this short time period does not significantly increase the amount of cytotoxicity 

in the HIV-1 ^ group (34.7 ±5.1% ). Lymphocytes from H IV -1" individuals on the 

other hand acquire high levels of killing after this short term stimulation 

(68.4+5.2% ; p < 0.001).

These results suggest that lymphocytes with CTL function are pre-activated in 

the blood of HIV-1'*’ patients but cannot be efficiently activated by TcR ligation 

unlike the resting CD8‘*’ T cells present in H IV -1" individuals. The failure of 

lymphocytes from HIV-1 ^ individuals to acquire cytolytic activity after activation in 

vitro was due to the rapid death of the responding cells. Activated cell cultures from 

HIV-1'*' donors adjusted for viable cells showed high levels of killing which were
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Figure 8.2 Time course of cytolytic activity after stimulation in vitro

PBMC from one HIV-1“  and one HIV-1  ̂ individual were cultured in the presence 

of anti-CD3 plus rIL-2 and the cytolytic activity measured daily using the LDC assay 

against P815 target cells. The percentage cytotoxicity at E:T 12:1 is shown.

The cytolytic activity of each well was measured at an equivalent o f E:T 

12:1 without re-adjusting for cell viability after activation
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Figure 8.3 A comparison of cytotoxicity before and after activation in vitro

PBMC were depleted of C D 16^, NK ceils and assayed before and after stimulation 

with anti-CD3 plus rIL-2 using the LDC assay against P815 target cells. The arithmetic 

mean ±  SEM from 10 H IV -1~ and 10 HIV-1  ̂ individuals at E:T 12:1 is shown.

The cytolytic activity of each well was measured at an equivalent o f E:T 

12:1 without re-adjusting for cell viability after activation
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comparable to those seen in the seronegative group (H IV -1" 58.3 ± 2 .3% , HIV-1 ^ 

56.0±1.1% ; E:T 12:1).

In conclusion, HIV-1^ individuals have high levels of circulating CTL even 

in the later stages of HIV-1 disease. These cells are, however, unresponsive and 

after short-term stimulation in vitro this activity is lost due to the death of the 

responding cells.

HIV-1 specific CTL activity

(i) Freshly Isolated PBMC

To determine if the CTL activity measured in the LDC assay was directed 

against the HIV-1 virus, 10 HIV-1 ^ patients were assayed for specific CTL activity 

in freshly isolated PBMC. Cytolytic killing (> 10%  at E:T 25:1) was detected in 4 

out of 6 asymptomatic patients but was absent in all CDCIV patients tested (n=4). 

However, CTL activity against PS 15 target cells in the LDC assay was present in all 

individuals and was highest in the CDCIV patients. This is illustrated in Fig. 8.4 

which shows a representative HIV-1 ^ patient (A) who has CTL activity against 

P815 (17%) and HIV-1 gag (27%) but does not kill the NK target, K562, or the 

uninfected control cell lines. In contrast, the CDCIV patient shown (B) has activity 

only against P815 in the lectin dependent system (37%) but has <5%  HIV-1 

specific killing. No HIV-1 specific CTL were detected when PBMC from H IV -1" 

donors were investigated (n=2).

(ii) Lymph Node Suspensions

Using the LDC assay the cytotoxic activity of fresh lymph node suspensions 

was measured in 6 HIV-1 ^ individuals. When whole lymph node suspensions were 

used as effectors, CTL activity was low in all individuals (< 5 %  at E:T 50:1). 

However, purified CD8^ lymphocytes prepared by negative selection of E"  ̂ cells 

from two individuals did show detectable CTL activity (34.2% & 10.4% at E:T 

50:1). An HIV-lgag specific CTL assay was then performed using lymph node 

suspension from one of these individuals both unstimulated and after co-culture with 

autologous PHA blasts for 5 days (Fig. 8.5). The unstimulated cells showed no HIV 

lg<3g specific killing and were cytolytic only against the P815 target cells. However, 

after co-culture, low levels of HIV-1 gag specific CTL were detected (13% at E:T
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Figure 8.4 HIV-1 specific cytotoxicity in freshly isolated PBMC

PBMC from one HIV-1 CDCII (A) and CDCIV (B) individual were assayed 

for H IV -lgag specific cytolytic activity using autologous lymphoblastoid cell lines 

infected with vaccinia virus vectors as described. As a control, cytotoxicity was also 

determined against both P815 cells using the LDC assay and against the NK sensitive 

target, K562.
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Figure 8.5 HIV-1 specific cytotoxicity in lymph node suspensions

The HIV-1 specific cytolytic activity of lymph node suspensions from one HIV- 

1 , CDCIII individual was measured before (A) and after (B) co-culture with 

autologous PHA blasts. Cytotoxicity against P815 using the LDC assay and the NK and 

LAK sensitive targets, K562 and Kloek respectively were also measured.
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50:1). Co-culture also greatly enhanced the levels of killing seen using P815 (46% at 

E:T 50:1) but did not result in high background levels of cytotoxicit^Tagainst the 

control target cells, including Kloek, the LAK sensitive target. Therefore, low levels 

of killing are detected in lymph nodes and this can be increased by stimulation in 

vitro.

The phenotype o f  CTL in HIV-1 infection

Studies were then performed to identify the T cell subset mediating 

cytotoxicity in HIV-1 infection. Initial depletion experiments in which the effect of 

the removal of lymphocyte subsets on cytotoxicity were compared, revealed that 

CDS'*" and CD 45R0^ lymphocytes contributed most to the killing detected in the 

LDC assay (80% and 68% respectively). As it had previously been shown in the 

MLR system that C D 8^CD 45R0^ T cells were the most efficient CTL, this subset 

was investigated in HIV-1 infected donors (Fig. 8.6). In the absence of NK cells 

which express CD45RA (Nagler et al 1989), there was a strong positive relationship 

between the presence of C D 8^CD 45R0^ lymphocytes and levels of killing using 

the LDC assay (r=0.619; p < 0.005; Fig. 8.6) providing indirect evidence that in 

this system also the CD 8^CD 45R0^ subset contains a cytolytic effector population.

The cytolytic activity o f  purified CD8^ lymphocytes

To further delineate the phenotype of CTL in HIV-1 infection, purified 

CD8^ lymphocytes were prepared and their cytolytic activity compared with the 

expression of a variety of markers known to be increased in HIV-1 infection.

Highly purified CD8^ populations (> 97% ) were obtained by positive selection in a 

single step procedure (Chapter 2) which was used to reduce lymphocyte death or 

degranulation which might occur over prolonged preparation times. To exclude NK 

activity a redirected killing assay was used in which anti-CD3 rather than PHA acted 

as a bridge between target and effector. Again the target used was the cell line P815 

which expresses mouse Fc receptor (Dunn & Potter 1975).

Using this assay purified CD8^ lymphocytes from HIV-1 ^ individuals 

showed high levels of killing when compared to the seronegative group (H IV -1" 

3 .2±2.2% , HIV-1 ^ 23.0+5.9% ; E:T 12:1; p< 0 .001). The phenotype of the
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Figure 8.6 The correlation between levels of cytotoxic killing and the expression of 

CD45RO on CD8^ lymphocytes

PBMC from a range of HIV-1  ̂ patients were depleted o f C D 16^, NK cells by 

complement lysis and the cytolytic activity of the remaining population measured using the 

LDC assay. These same cells were also investigated for the expression of CD45RO on 

CD8+ lymphocytes by two colour immunofluorescence. Regression analyses show a 

significant relationship between these two variables.
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CD8 ^ lymphocyte population was determined with respect to the markers CD45RO, 

HLA-DR, CD28, Bcl-2 and TIA-1, a cytotoxic granule associated protein. As 

expected, the expression of CD45RO and HLA-DR on CD8 ^ cells was increased in 

HIV-1 infection compared to the control group (CD45RO HIV-1“  17.9±0.2% , 

HIV-1 + 60.8+3.7% ; HLA-DR HIV-1“  < 5% , HIV-1 + 48 .2+4.9% ; p < 0.001). 

Similarly, expression of CD57 and TIA-1 were significantly increased (CD57 HIV- 

1 -  9 .3+ 3 .4% , HIV-1 + 30.0+7.0% ; TIA-1 H IV -l"  25 .6+3.8% , HIV-1 + 

65.2+7.9% ; p < 0 .0 5  and p < 0.001 respectively) while CD28 and Bcl-2 were 

reduced (CD28 H IV -l"  84.4+7.2% , HIV-1 + 38.5+7.9% ; Bcl-2 H IV -1- 

8 5 .0 + 2 .1%, HIV-1^ 62.1+3.9% ). Regression analyses of the HIV-1^ group 

(n=18) revealed a significant correlation between levels of cytotoxicity and the 

expression singly of CD45RO and TIA-1 (p=0.005 and p= 0 .02  respectively; Table 

8.2). However, when both markers were combined an even stronger association was 

noted ( r = 0.875, p =0.005; Table 8.2). Although other markers, notably CD57 and 

HLA-DR have been implicated in CD8 mediated CTL activity, using this analysis 

method no correlation was found between the proportion of CD8 ^ cells expressing 

these markers and the level of cytolyic activity (Table 8.2).

This data suggests that the C D 8^,C D 45R 0^,T IA -1^ population in the 

peripheral blood of HIV-1^ individuals includes lymphocytes with cytolytic activity.

The cytolytic activity of purified CD8'^CD45RO^ lymphocytes

To confirm that the CD 8^CD 45R0^ T cell subsets mediated the majority of 

the cytolytic activity purified CD 8^CD 45R0^ and reciprocal CD8^CD45RA^ 

lymphocyte subsets were prepared and their cytolytic activity compared using the 

LDC assay. The levels of killing obtained from purified C D 8^C D 45R 0^ 

lymphocytes were consistently higher than either unseparated T cells or the 

CD8^CD45RA^ subset. This is illustrated in a representative HIV-1^ donor in Fig. 

8.7 where the cytolytic activity of the T cell population is enriched by the removal 

of CD45RA^ cells. The CD8^CD45RO^ lymphocytes mediate approximately twice 

as much killing as the CD45RA^ subset (CD45R0^ 30.6%, CD45RA^ 17.9%;

E:T 12:1) suggesting that the CD 8^CD45R0^ subset are the most potent cytolytic 

effector cells. However, in this redirected killing assay the CD8^CD45RA^ subset

174



Table 8.2 Regression Analyses of Cytotoxicity and Phenotype in CD8^ T Cells®

Marker Correlation 
Coefficient (r)

Significance 
Level (p)

CD45RO+ 0.663 0.005

HLA-DR+ 0.380 NS

CD57+ 0.581 NS

CD28“ 0.105 NS

Bcl-2- 0.485 NS

TIA-1 + 0.783 0.02

CD45RO+,Bcl-2- 0.111 NS

a

CD45RO+.TIA-1 + 0.874

f  . .  j  r^T^o+ 1_____1_____

0.005

___ i o  1 +

was compared statistically to their expression of the listed markers.
Cytotoxicity was determined using a redirected killing assay and an E:T of 12:1 
used in the analyses 

NS Not significant, p>0.05
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Figure 8.7 The cytolytic activity of CD8^ ,CD45RA^ and CD8^ ,CD45RO^ 

lymphocytes

Enriched CD8^,CD45RA^ and C D 8^,C D 45R 0^ populations were obtained from 

T cells by : depletion procedures using CD4 and either CD45RO or CD45RA.

These populations were >90%  pure after the selection procedure. The cytolytic activity of 

these subsets was compared to the whole T cell preparation using the LDC assay against 

P815 target cells. Results from one representative HIV-1 CDCII individual is shown 

(n=4).
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was still able to mediate low levels of killing although this might have been due to 

contaminating NK cells.

The expression of the cytotoxic granule associated proteins TIA-1 and perforin in 

HIV-1 infection

Cytotoxic killing is thought to be achieved in part through the action of

cytolytic granule associated proteins such as perforin (Henkert 1985, Podack &
by

Konisberg 1984) and a recently described protein recognized the Mab TIA-1 

(Anderson et al 1990). As the presence of these molecules could provide important 

information concerning cytolytic function, their expression was investigated in 

PBMC and lymphoid tissue from HIV-1~ and HIV-1^ individuals.

PBMC: The expression of these intracellular markers was measured both in cytospin 

preparations and by flow cytometry after permeabilisation of the cell membrane 

(Chapter 6). Both methods gave concordant results, although cytospins were 

preferred for perforin which was only weakly stained in suspension. After removal 

of CD 16^ NK cells that expressed high levels (> 90% ) of both TIA-1 and perforin, 

a small proportion (34.0+4.2% ) of CD8 ^ peripheral blood lymphocytes from HIV- 

1~ individuals expressed TIA-1 (Table 8.3). Approximately one third of this 

population (9.4+3.5% ) also contained perforin. This trend in which a rather larger 

percentage of CD8 ^ cells expressed TIA-1 compared to perforin was maintained in 

both the HIV-1^ and AVI patient groups. However, expression of both of these 

markers was significantly increased in HIV-1 ^ (TIA-1 59 .6+3.6 ; perforin 

23 .0+ 3.5 ; p< 0 .001  & p < 0 .0 5  respectively) and AVI patients (TIA-1 82.1+6.4; 

perforin 71.8+8.6; p< 0 .001). Interestingly, TIA-1, but not perforin, was also seen 

in a small percentage (2-8%) of CD4+ lymphocytes and this was not altered in HIV- 

1 or AVI patients.

To determine the expression of TIA-1 in C D 8^C D 45R 0^ T cells triple 

colour FACScan analyses using CD8 , CD45RO and TIA-1 were performed on 

CD16 depleted PBMC. In both HIV-1" and HIV-1 ^ individuals a large proportion 

of C D 8^C D 45R 0^ cells contained TIA-1 cytotoxic granules (H IV -1" 39.6+12.0; 

HIV-1 58.0+5.1; AVI 87.6+4.3; Table 8.3). These are shown as the triple 

positive (black) population in a representative individual in Fig. 8 .8 . However, TIA-

177



or CD 8̂ CD45RO^
Table 8.3 The Expression of TIA-1 and Perforin in CD8+ Lymphocytes 
Part I Peripheral Blood^

n
CD8 + 
TIA-1 +

CD8 + ,C D 45R 0+b

TIA-1 +
CD8+
Perforin

HIV-1- 8 34.0+4.2 39.6+12.0 9.4+3.5

HIV-1 + 24 59.5 + 3.7* 58.0 + 5.1 20.9+5.3

AVI 8 82.1+6.5* 87.6+4.3 71.8 +  8.7*

Part II Lymph Node/Tonsil*

n
CD8+ 
TIA-1 +

CD8 + ,C D 45R 0 + 
TIA-1 +

CD8+
Perforin

HIV-1- 8 GC
PC

ND
39.5 + 9.3

ND
39.0+12.0

ND
<2%

HIV-1 + 9 GC
PC

87.6 + 6.1* 
79.2 + 9.6*

92.7+1.2*
86.4+4.8*

<2%
<2%

The expression o f TIA-1 and perforin in CD8+ lymphocytes in peripheral blood 
was determined by dual colour IF on cytospin preparations of NK depleted PBMC. 

 ̂ Triple staining for the investigation of C D 8 ^ ,C D 4 5 R 0 ^  lymphocytes was
performed by flow cytometry after permeabilisation of the membrane using 
acetone/methanol

 ̂ Normal tonsil sections and HIV-l""^ lymph node sections were investigated using
conventional epifluorescence and confocal microscopy as described in the text. 
Significantly increased expression compared to equivalent normal population 
(p < 0 .001) using Student’s t-test.

ND Not determined due to the absence of these cells in normal germinal centres
GC Germinal centre
PC Paracortex

178



%= 0.5 9.3 5 . y 8.8 2. 4  6.7 40.5

CD8+

CD45RO+
T I R - l T i n - 1

EMm

T I R - l CDB

Figure 8.8 Triple colour immunofluorescence study of TIA-1 expression in 

CD8+CD45RO+ lymphocytes

PBMC depleted of CD16^, NK cells were membrane stained using indirect 

immunofluorescence with CD8/x plus GAM-IgM-PE and CD45RO-Biotin plus Strep- 

Tricolour. After fixation, cells were permeabilised using the acetone/methanol procedure 

and stained with TIA-1 plus GAM-IgG-FITC. Samples were run on the FACScan, placing 

an analysis gate around the lymphocyte population. The data was analysed using paint-a- 

gate. The CDS^ ,CD45R0^ ,TIA-1 ^ triple positive population appears black. Results fron 

one AVI patient are illustrated.
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1 expression was not limited to the C D 45R0^ subset as a smaller proportion (30- 

45%) of CD8^CD45RA^ cells also contained the protein (CDS^CD45R0-TIA-1 ^ ; 

yellow population Fig. 8 .8). Using cell suspensions we were unable to detect 

perforin outside the CD16^, NK cells. These results may be due to the weak 

staining of this reagent and the consequent low detection rate in T cells that may 

express very low amounts of perforin.

The presence of both of these granule associated proteins was also 

investigated in the CD28~ population shown in chapter 7 to be susceptible to 

AALD. To achieve this E ^ , T cells were depleted of both CD16^, NK cells and 

CD28^ lymphocytes. The remaining CD28~ lymphocytes were then double stained 

in cytospin preparations with CD57 and TIA-1 or perforin, a representative example 

of which is shown in Fig. 8.9. In both HIV-1~ and HIV-1 ^ individuals a large 

percentage of CD28“  cells expressed both TIA-1 and perforin (TIA-1 27-64%; 

perforin 20-39%). The C D 57^,C D 28" subset was entirely (> 95% ) positive for 

both TIA-1 and perforin. In HIV-1 ^ individuals, TIA-1 and to a lesser extent 

perforin were also seen in the CD28“ ,CD57“  subset (TIA-1 35-44%; perforin 10- 

15%). However, both of these markers were largely absent (< 5 % ) from this same 

subset in the H IV -1" control group.

Lymph nodes: As shown previously in chapter 6  there is an expansion of 

C D 8^,C D 45R 0^ lymphocytes in the lymph nodes during HIV-1 infection. These 

cells infiltrate the germinal centres and are thought to be cytolytic effector cells 

directed against the follicular dendritic cells (Racz et al 1985, Tenner-Racz et al 

1986, Laman et al 1989). The expression of both TIA-1 and perforin was also 

investigated in tissue sections of normal tonsil and HIV-1^ lymph nodes. Using 

confocal microscopy, three colour studies were used to investigate the expression of 

CD8 , CD45RO and either TIA-1 or perforin simultaneously.

In H IV -1" individuals CD8 ^ lymphocytes were not seen within the germinal 

centres. Small numbers of CD8 ^ cells were found in the paracortex and 39.5 ±9.3%  

of these expressed TIA-1 (Table 8.3; Fig. 8.10). This occurred primarily in the 

C D 45R0^ subset. The proportion of CD8 ^ lymphocytes was greatly expanded in 

lymph nodes from HIV-1 ̂  donors and large numbers of these were seen to infiltrate 

the germinal centres. The vast majority of CD8 ^ lymphocytes in both the
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Figure 8.9 The presence of cytotoxic granules in CD28”  lymphocytes
An enriched CD28“  population was prepared from E"*", CD16-depIeted cells by 

negative selection with CD28. The remaining C D 3^,C D 28" cells were double-stained for 

the membrane marker CD57 (a,c) and one of the cytotoxic granule-associated proteins; 

TIA-1 (b) or perforin (d). Note that all CD57^ cells express both TIA-1 and perforin. The 

arrows indicate the presence of C D 57~ cells that also contain the cytotoxic granules. 

Results from one HIV-1 CDCII individual are illustrated.



Figure 8.10 The expression of TIA-1 in CD8^ ,CD45RO^ cells in lymph node 

sections

Triple colour immunofluorescence studies were performed on tissue sections of 

lymph node from HIV-1 CDCIII individuals and normal tonsil. The triple 

combinations; TIA-1 plus GAM-IgGl-FITC, CD8/x plus GAM-IgM-LR and CD45RO- 

biotin plus strep-Cy5 were used and the staining analysed on the confocal microscope. 

Both germinal centre (a,b) and paracortical areas (c-f) were investigated. The results 

from one HIV-1^ (a-d) and one H IV -1" (e,f) individual are shown. The CD8 ^ 

lymphocytes (green) combine with the TIA-1 ^ cells (red) to form the yellow staining 

pattern (a,c,e). The C D 45R 0^ cells (blue) combine with CD8 ^ (green) to form the 

cyan staining pattern (b,d,f). Note that the majority of C D 8^C D 45R 0^ (cyan) cells in 

the HIV-1^ individual also express TIA-1. The arrows indicate the presence of some of 

these cells.



HV-



paracortical and germinal centre areas expressed CD45RO (GC >95% ; PC 

74.6+3.0% ) and TIA-1 (GC 87.6+6.1; PC 79 .2+ 9.6 ; Table 8.3; Fig. 8.10). Again 

TIA-1 was restricted to the CD 45R0^ subset which was almost entirely TIA-1

Perforin was not detected in CD8 ^ lymphocytes from either normal tonsil 

nor HIV-1^ lymph node. This was not due to the inability of the reagent to stain 

tissue sections as perforin expression was detected in tissue sections of normal 

spleen where CD8 ^ cells in the red pulp are frequently perforin'"'. Perforin was also 

absent from cytospin preparations of lymph node suspensions.

In conclusion, in HIV-1 infection high levels of both TIA-1 and perforin are 

found in CD8 ^ lymphocytes in peripheral blood, particularly in the CD57^ and 

CD28“  lymphocytes subsets. In the lymph node, the majority of C D 8^C D 45R 0^ 

cells express TIA-1 but do not express perforin. This might be due to the singular 

absence of CD8^CD57^ cells from lymphoid tissue.

Discussion

During HIV-1 infection virus specific CTL effectors are present in large 

numbers in the peripheral blood of asymptomatic individuals (Gotch et al 1990) but 

decline as patients progress to symptomatic AIDS (Weinhold et al 1988, Hoffenbach 

et al 1989, Plata et al 1989, Joly et al 1989). Cells of a CD8 '"' phenotype have also 

been shown to suppress HIV-1 replication in vitro by a non-cytotoxic mechanism and 

are therefore thought to provide important mechanisms for controlling viral load and 

maintaining an asymptomatic state (Walker et al 1990, Tsuboto et al 1989). In this 

study, using an LDC assay, we have shown that HIV-1^ patients at all stages of the 

disease show high levels of CTL activity. Thus, although HIV-1 specific CTL are 

lost with disease progression, large numbers of armed, CD8 ^ effector cells remain 

in the circulation. Similar high levels of CTL activity at all stages of HIV-1 

infection have also been reported by Vanham et al 1990 and Pantaleo et al 1990 

using an anti-CD3, redirected killing assay.

The specificity of the CTL in the peripheral blood of HIV-1 ^ patients and 

the events leading to their generation are unknown. As the LDC assay measures all 

CTL activity regardless of specificity it is possible that we are measuring the activity 

of cells that have arisen in response to a secondary viral infection or to the
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reappearance of some latent infection. The symptomatic stages of HIV-1 in 

particular are associated with a number of viral illnesses such as CMV induced 

retinitis or pneumonitis, shingles {Herpes zoster) and EBV related B cell lymphomas. 

However, in patients with active CMV infections, CMV specific CTL responses 

were not detected in fresh PBMC (Rook et al 1983) and EBV specific CTL can only 

be detected after restimulation in vitro (Carmichael et al 1993). As with HIV-1 

specific CTL, precursor frequencies to other pathogens such as influenza, 

m. tuberculosis and EBV decline with disease progression (Shearer et al 1986, 

Blumberg et al 1987, Forte et al 1992). It therefore seems unlikely that CD8 ^ CTL 

arise in response to a single pathogen.

It is possible that the appearance of C D 8^,C D 45R 0^ T cells with CTL 

activity in HIV-1 infection results from a general, non-specific stimulation of the 

immune system, perhaps due to the direct infection of macrophages, or arising from 

a cytokine imbalance or a perturbation of normal control mechanisms due to the loss 

of CD4^ lymphocytes. Alternatively, a viral protein or "superantigen" might result 

in the proliferation of CD8 ^ cells and the stimulation of CTL as well as the 

subsequent deletion of selected clones. To investigate these possibilities a number of 

studies have looked at the distribution of TCR variable (V) region expression of 

CD8 ^ lymphocytes from HIV-1^ patients. Activation with bacterial superantigens 

such as Staphylococcus enterotoxin B (SEB) is known to preferentially stimulate T 

cells expressing V/?8 determinants (White et al 1989) and results in the expansion 

and subsequent deletion of Vj38 clones. It was shown by Grant et al 1993 that HIV-1 

infected patients with low CD4^ lymphocyte counts had a skewed pattern of TCR-V 

region representation indicating a selective expansion of particular CD8 ^ CTL 

which became more apparent with disease progression. However, a similar study 

(De Paoli et al 1993) detected a skewed TCR-V region distribution in only 4 out of 

66  HIV-1^ patients suggesting the expansion of CD8 ^ cells is not selective in the 

majority of HIV-1'*' patients.

Mitogenic stimulation of normal CD8 ^ T cells leads to the differentiation of 

precursor CTL into an effector population and consequently results in an increase in 

the cytolytic activity measured in vitro (Leewenberg et al 1985, Jung et al 1986). In 

this chapter it was shown that T cell cytotoxicity in HIV-1 ^ patients failed to
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increase normally after stimulation during the first 5 days but that longer term 

cultures attained normal levels of killing. This defective generation of CTL in HIV-1 

infected individuals was also reported by Gruters et al 1990 after short-term anti- 

CD3 stimulation and more recently by Watret et al (1993). We now show that this 

defect is due to the death of the responding cells because when cultures were 

adjusted for viability, levels of killing in HIV-1^ individuals returned to normal. 

Although the reported anti-CD3 induced defect (Gruters et al 1990) was restored by 

IL-2, this might have been due to the generation of LAK activity by the cytokine 

(Trinchieri et al 1984; Lanier et al 1985). In our study, CD16'*' lymphocytes were 

removed prior to stimulation and although cultures were supplemented with IL-2, 

this did not prevent the decrease in CTL activity. Therefore, AALD interferes with 

the generation of CTL effectors after stimulation in vitro.

Based on the expression of cytotoxic granule proteins and comparisons of 

CD8 ^ cell phenotype and cytotoxic function, it was concluded that 

C D 8^,C D 45R 0^ cells that contain TIA-1 ^ granules are the CTL effector 

population in HIV-1 infection. Cells of this phenotype have previously been shown 

to mediate the most potent CTL activity after MLR stimulation (Yamashita & 

Clement 1989; Akbar et al 1990). Also, as shown in chapter 4, this subset is greatly 

expanded in AVI patients, the group now shown to have the highest CTL activity. 

Triple colour studies on CD8 ^ cells in HIV-1 ^ patients have demonstrated 

overlapping expression of the markers CD45RO, CD38, HLA-DR and CD57 (Prince 

& Jensen 1991b, Kestens et al 1992, Levacher et al 1992, Bass et al 1992) all of 

which have previously been associated with CTL function {CD45RO Yamashita & 

Clement 1989, Akbar at al 1988; CD38 Ho et al 1993; HLA-DR Vanham et al 1990, 

Pantaleo et al 1990, Ho et al 1993; CD57 Vanham et al 1990). In chapter 7 these 

markers were all shown to be increased in the CD28"" population that rapidly dies 

after stimulation in vitro. Also many of these CD28~ and CD 45R0^ cells lack Bcl- 

2 expression and are susceptible to apoptosis. The CD28“  compartment is thus 

composed of a large proportion of CD8 ^ effector cells that are short-lived and die 

after stimulation. These may represent a terminally differentiated CD8 ^ population 

as proposed by Gotch et al 1990.

A huge expansion of CD8 ^ ,CD45R0^ ,TIA-1 ^ lymphocytes were also seen
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in both the germinal centre and paracortical areas of lymph nodes from HIV-1 ̂  

patients. This confirms the findings of Tenner-Racz et al (1993) who showed that the 

CD8 ^ cells in the HIV-1^ lymph node contained TIA-1 ^ cytotoxic granules. In this 

chapter we were able to demonstrate substantial levels of CTL activity in purified 

CDS'*' lymphocytes from two individuals, some of which was directed against HIV- 

Igag. Interestingly, the lymph node histopathology in HIV-1 patients with PGL is 

very similar to that seen in mice infected with lymphocytic choriomeningitis virus 

(LCMV). Particular isolates of this virus infect macrophages and result in severe 

immune suppression (Leist, Ruedi & Zinkemagel 1988). It has been shown that 

CD8 ^ CTL in these infected animals eliminate LCMV-infected FDC and marginal 

zone macrophages in the lymph nodes (Odermatt et al 1991). This causes complete 

destruction of lymphoid follicles and indicates a crucial role for FDC and marginal 

zone macrophages in maintaining follicular organization. Similarly, sheep naturally 

infected with the lenti virus Maedi visna show an infiltration of CD8 ^ lymphocytes 

into the follicles and germinal centre areas of the lymph nodes and are though to 

play a major part in the pathogenesis of visna virus induced lymph node lesions 

(Watt et al 1992). Thus in HIV-1 infection also, CD8 ^ CTL could play a critical 

role in the destruction of follicular structures and contribute significantly to the 

pathogenesis of AIDS.
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CHAPTER 9 

DISCUSSION

Qualitative defects in T cell responses after HIV-1 infection are likely to play 

a key role in the development of HIV-1 disease. Using flow cytometric and 

microscopic techniques we have shown that poor proliferative responses in vitro are 

due to the death of the stimulated cells. In fact, two forms of cell death were noted. 

Firstly, a spontaneous cell death that occurred in both HIV-1^ and AVI patients 

after short-term culture in medium alone. Secondly, an activation associated death 

that occurred after mitogenic stimulation and was of greater magnitude than the 

spontaneous cell death (Table 9.1). Cell death of this magnitude has not previously 

been reported and we propose that this provides a mechanism for the 

immunodeficiency in HIV-1 infection.

Spontaneous cell death occurred by apoptosis, associated with the loss of Bcl- 

2 protein expression and was largely prevented by the addition of IL-2 to the 

cultures. Cell death of this nature was also seen during acute viral infections where 

T cell apoptosis occurred in Bcl-2" lymphocytes. Thus, spontaneous cell death bears 

many similarities to that seen in cytokine dependent cell lines that die after growth 

factor removal (Vaux et al 1988, Nunez et al 1990) and is almost certainly due to 

IL-2 deprivation. In direct contrast, AALD could not be prevented by IL-2, was not 

restricted to Bcl-2" lymphocytes and did not occur by classical apoptosis. 

Additionally, this form of lymphocyte death was not noted in AVI patients. Thus, 

AALD differs markedly from the Bcl-2 dependent apoptotic cell death due to growth 

factor deprivation and is a separate phenomenon related to chronic HIV-1 infection. 

Both of these forms of cell death will contribute to the defective proliferative 

responses described in HIV-1 infection

The spontaneous death of T cells from HIV-1 ̂  individuals was reported 

previously and shown to occur primarily within the CD 8^C D 45R 0^ lymphocyte 

subset (Prince & Czaplick 1989, Prince & Jensen 1991a). Similarly, C D 45R0^ 

lymphocyte from acute EBV patients were found to die by apoptosis after short term 

culture (Uehara et al 1992). In HIV-1 infection, cell death restricted to CD4^ 

lymphocytes after activation with superantigen was reported by Groux et al (1992). 

However, in agreement with another study (Meyaard et al 1992) we found that both
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Table 9.1 Lymphocyte Death in HÏV-1^ and AVI Patients

Spontaneous AALD

Occurs in both AVI and HIV-1^ 
individuals

Restricted to HIV-1^ individuals

Associated with the loss of Bcl-2 Bcl-2 independent

Prevented by IL-2 IL-2 independent

Occurs by classical apoptosis Unknown mechanism

CD28 independent Occurs in CD28“  T cells
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CD4^ and CDS'*' subsets died after stimulation with anti-CD3 or PHA.

There is a great deal of evidence that memory responses are lost early in 

HIV-1 disease. This has been demonstrated in vivo as a loss of DTH skin test 

responsiveness (Reuben et al 1983, Femandez-Cruz et al 1988) and in vitro as a 

failure to proliferate or release IL-2 after culture with recall antigens (Lane et al 

1985, Antonen et al 1986, Hofmann et al 1985). The observation that CD45RO^ T 

cells in both CD4^ and CD8 ^ subsets are particularly vulnerable to AALD would 

support this idea and we would further suggest that the loss of memory responses is 

an example of cell death rather than unresponsiveness or anergy.

Although both CD4'*’ and CD8 ^ T cell subsets are affected by AALD, it is 

possible that these populations die for different reasons. There is increasing evidence 

that direct infection of CD4^ T cells or cell lines with HIV-1 causes death by 

apoptosis (Terai et al 1991, Laurent-Crawford et al 1991, Martin Matear & 

Vyarkamam 1994). In addition, cross-linking of CD4 with gpl20/anti-gpl20 results 

in the deletion of CD4^ T cells in CD4 transgenic mice in vivo (Wang et al 1994a) 

possibly through a Fas mediated pathway (Wang et al 1994b). Also, in humans, the 

presence of viral g p l20  on the surface of uninfected cells causes modulation of the 

CD4 molecule and primes the cell for subsequent death upon signalling through the 

TcR (Banda et al 1992, Theodore et al 1994). Thus, death in CD4^ T cells may be 

directly related both to the trophism of HIV-1 for CD4 T cells and the ligation of 

CD4 by virus gpl20/anti-gpl20 complexes independently of the TcR. However, the 

CD8 ^ T cell subset is not infected by the virus in vivo and there must be an 

alternative explanation for death in this population.

There are a number of possible explanations for AALD of CD8 ^ T cells in 

HIV-1 infection (Table 9.2). These are discussed below.

(!) Cytokine deprivation

Altered cytokine profiles in HIV-1 infection have been reported by many 

investigators and might play an important role in the immunodeficiency. Because of 

the decline in CD4^ T cells, HIV-1 infected individuals suffer a gross deficiency in 

IL-2 (Creemers et al 1986, Burkes et al 1987) and perhaps other cytokines released 

by this subset that could greatly influence subsequent activation responses in vitro. In
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Table 9.2 Possible causes of AALD in T lymphocytes

CD4^ Direct infection with HIV-1

CD4/gpl20 interactions 

CD4^ & CDS'*" Cytokine deprivation or imbalance

APC deficiency

Activation of previously stimulated cells (cells out of GO) 

Inappropriate activation in the absence of a co-stimulus 

Autolysis by CTL

Viral protein directly interfering with mitosis or cell 
metabolism
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this study, cultures supplemented with IL-2 showed an abrogation of spontaneous 

cell death but AALD was not prevented, indicating that a deficiency in IL-2 is not 

responsible for AALD. Also, a mixing experiment in which H IV -1" and HIV-1 ^ 

cells were stimulated together in the same well showed that only HIV-1 ̂  individuals 

were affected by AALD and that the presence of "normal" cells or factors released 

by them could not overcome the proliferative defect. Thus, the presence or absence 

of a cytokine or soluble mediator can largely be excluded as these act in an 

unrestricted fashion. Nevertheless, as allogeneic cells were mixed, a defect in 

syngeneic antigen presentation might still occur, particularly in view of the defects 

in APC function that have been demonstrated in HIV-1 infection (Shannon et al 

1985, Petit et al 1988, Knight & Macatonia 1991).

Exogenously added cytokines do however have powerful effects on in vitro 

proliferative responses in HlV-1 infection. For example, it was recently reported 

that lL-12 can restore defective proliferation and lL-2 secretion to influenza virus or 

HlV-1 envelope peptides (Clerici et al 1993b). Release of this cytokine in response 

to S. aureus is particularly handicapped in HlV-1 infection and this is related to the 

direct infection of monocytes with HlV-1 (Chehimi et al 1994). Interleukin-12 is 

also involved in NK and CTL responses (Chehimi et al 1992, Gately et al 1992) and 

if added exogenously to PBMC can improve the defective NK activity seen in AIDS 

(Chehimi et al 1992). Thus, lL-12 deficiency might have a role to play in the 

immunodeficiency associated with HlV-1 infection and it would certainly be of 

interest to determine its role in the prevention of spontaneous death and AALD.

(ii) Activation in vivo

The activation induced death of mature peripheral T lymphocytes has been 

repoited previously (reviewed in Kabelitz Pohl & Pechhold 1993). In such cases the 

activation stage of the cell is important in determining the outcome of lymphocyte 

activation signals. Thus the same stimuli that activate resting cells can trigger death 

in T lymphocytes reactivated in a non-resting state. For example, using both CD4^

T cell clones and lymph node T cells, Lenardo (1991) demonstrated that culturing T 

lymphocytes with lL-2 led to the subsequent death of the cells after stimulation with 

antigen or anti-CD3. This was interpreted to mean that the susceptibility of mature T
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cells to TcR induced death is due to the reversal of normal T cell activation where 

TcR occupancy precedes IL-2 stimulation (Lenardo 1991, Boehme & Lenardo 1993). 

However, such activation induced cell death can occur following anti-CD3 signalling 

in the absence of IL-2 (Kabelitz & Wesselborg 1992) and there is no evidence that 

IL-2 is solely responsible for this primary phase. The second stimulus, which can be 

a variety of activation signals including antigen, anti-CD3, anti-CD2, PM A plus 

Calcium ionophore or anti-TcR antibodies (Lenardo 1991, Russell et al 1991, 

Radvanyi Mills & Miller 1993, Wesselborg et al 1993), is however blocked by 

Cyclosporin A (Mercep Noguchi & Ashwell 1989) indicating that IL-2 or some 

other cytokine might be important at this stage. Indeed, using mouse TH l clones,

Liu & Janeway (1990) showed that IFN -7  played a critical role in T cell death after 

stimulation, however, it did not play any role in anti-CD3 mediated death of other 

murine TH l and TH2 clones (Russell et al 1992).

A crucial observation in this study was that levels of Bcl-2 normally decrease 

after prolonged activation in vitro as cells acquired high levels of CD45RO. Thus, 

after activation and expansion in vivo, T cells acquire CD45RO and lose Bcl-2, 

becoming susceptible to cell death unless they receive the appropriate survival 

signals. Also, it was shown in EBV infection that levels of Bcl-2 correlated inversely 

with the appearance of the Fas antigen, which further pushes cells towards apoptosis 

(Uehara et al 1992). Additionally, CD45RB^°^ T cells, that arise with progressive 

rounds of activation and division, have low Bcl-2 and express Fas (Salmon et al 

1994). These data provide further evidence for immune stimulation rendering cells 

more susceptible to cell death. Evidence of in vivo stimulation could therefore be of 

great importance in explaining cell death in HIV-1 infection.

(ill) Activation in the absence of a co-stimulus

The two signal model of lymphocyte activation first proposed by Bretcher & 

Cohn (1970) predicts that occupancy of the TCR alone is insufficient for optimal 

stimulation and that co-stimulatory signals provided by accessory molecule/ligand 

interactions are necessary for optimal proliferation (Meuller Jenkins & Schwartz 

1989, Schwartz 1992, Liu & Linsley 1992, Linsley & Ledbetter 1993). Stimulation 

in the absence of accessory signals causes cells to become unresponsive or anergic.
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This is the basis of peripheral tolerance when self-reactive T cells in the periphery 

come in contact with specific antigen presented by a non-professional APC ie an 

APC without accessory molecules. To date, the most powerful co-stimulatory signal 

in T cell activation is provided through CD28 on the T cell combining either with 

anti-CD28 antibody or with its ligand B7 on APC (reviewed in Lui & linsley 1992). 

The failure to ligate CD28 is now known to be the tolerogenic event when T cells 

are stimulated by antigen and chemically modified APC (Harding et al 1992). 

Similarly, blocking CD28/B7BB1 interactions during antigen/TcR engagement leads 

to anergy (Tan et al 1993) while co-stimulation through CD28 prevents both allo- 

antigen specific and Rabies virus specific anergy (Vassiliki et al 1993, Cells & 

Saibara 1992, Sansom et al 1993).

In mature T cells, anergy is defined as a failure to respond, either by 

proliferation or cytokine production, to specific antigen. However, such 

immunological tolerance can also be achieved through deletion as in immature 

thymocytes. For example, in CD4^ T cell clones ligation of the TcR in the absence 

of accessory signals leads to cell death rather than unresponsiveness (Liu & Janeway

1990). Deletion as a mechanism of tolerance in vivo is seen when mice are injected 

with superantigen. After an initial clonal expansion, Y 0  specific T cells no longer 

respond to the antigen and are deleted (Webb Morris & Sprent 1990, Kawabi &

Ochi 1991).

An important observation in this study was the increased proportion of T 

cells from HIV-1 infected individuals that lacked expression of CD28. The 

C D 3^CD 28^ T cells belong primarily to the CD8 ^ subset and after stimulation 

with a range of mitogens including anti-CD3 or PHA, were unable to proliferate and 

died. Other groups have also found similar increases in CD8‘''CD28“  T cells and 

have shown that these cells are functionally deficient (Gruters et al 1991, Saukkonen 

Komfeld & Berman 1993, Brinchmann et al 1994). The absence of CD28 or down 

regulation of co-stimulatory molecules, provides an alternative method for the 

induction of anergy in that even cells meeting antigen presented by a professional 

APC will be unable to proliferate. There is some evidence for different levels of 

tolerance (Miethke et al 1994). Unresponsiveness in mature T cells is associated 

with a decrease in the accessory molecules CD4, CD8 and the TcR (Kisielow et al
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1988, Schonrich et al 1991, Rocha & von Boeher 1991) and recently the induction 

of tolerance in human influenza-specific CD4^ T cell clones was shown to result in 

decreased mRNA and protein expression of CD28 (Lake et al 1992). Therefore, we 

could hypothesise that tolerogenic events in vivo, perhaps caused by uncontrolled or 

inappropriate proliferative signals, could result in the down regulation of CD28 such 

that a second proliferative signal will kill the cell.

(iv) Activation induced autolysis by CTL

One possible explanation for AALD is that after activation in vitro, CD8 ^ T 

cells kill each other; a form of self destruction that might be envisaged if the 

immune system had totally broken down. Although there is evidence that activated 

CD8 ^ T cells from HIV-1 infected individuals are able to kill uninfected CD4^ 

lymphocytes in an unrestricted manner, these same cells do not kill Con A-activated 

CD8 ^ T cells (Grant Small & Rosenthal 1994). Indeed, mechanisms are thought to 

exist which prevent autolysis of CTL (Ding-E Young 1989). Nevertheless, in HIV-1 

infected individuals CD28~ and in particular the CD 57^, T lymphocytes do contain 

both perforin and TIA-1 ^ cytotoxic granules, indicating that they are highly 

cytolytic in vivo. Bearing in mind the dominance of CD8'^CD28“  cells in HIV-1 

infection it is perhaps not surprising that PBMC and purified CD8 ^ T cells from 

HIV-1^ individuals and AVI patients were found to be highly cytolytic in a 

redirected killing assay. This activity has also been reported by two other groups 

who suggested that CD8^CD57^ or CD8 ^HLA-DR^ cells were the CTL effectors 

(Vanham et al 1990, Pantaleo et al 1990ab). However, in agreement with a number 

of other groups (Merkenschlager & Beverley 1989, Yamashita & Clement 1989, 

Akbar et al 1990) we found the greatest correlation between the expression of 

CD45RO and CTL activity. These discrepancies are not unexpected as these 

phenotypic markers form overlapping populations within the CD8 ^ T cells. The 

observation that CD 45R0^ and CD28“  lymphocytes are particularly susceptible to 

cell death and that subsequent activation in vitro decreases cytolytic activity, strongly 

suggests that within the CD8 ‘*’ population, effector CTL undergo AALD.

Of these possibilities, the most likely explanation for AALD in the CD8 ‘*‘ T
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cell subset is that uncontrolled or inappropriate stimulation in vivo causes anergy, 

including CD28 down-regulation, such that restimulation results in death. Thus 

evidence of activation in vivo could be important in explaining AALD.

Studies on lymphocytes and lymphoblastoid cell lines have shown that 

infection with HIV-1 or exposure to viral gpl20 leads to activation of the cell which 

cannot then respond normally to further stimuli (Nye, Knox & Pinching 1991). 

Similarly, there is a great deal of evidence for stimulation in vivo induced either 

directly by the virus or by indirect means. For example, B cells show evidence of 

polyclonal activation with high levels of immunoglobulin production of low 

specificity (Seligmann et al 1987). This could arise because of an increase in IL -6  

(Chehimi et al 1994) or the action of viral proteins with B cell stimulatory properties 

(Chirmule et al 1994). Also monocytes and macrophages show evidence of activation 

(Gendelman et al 1989, Fahey et al 1990) that might be linked either to the binding 

of gpl20 to CD4 or to direct infection with HIV-1 (Wahl et al 1989). Increased 

serum levels of sCD8 , sCD25 and j82-microglobulin have been reported (Fahey et al 

1990, Nishinian et al 1991, Pizzolo et al 1992) and are also indicative of immune 

activation as is the recent report concerning an increase in sCD30 (Pizzolo et al 

1994). Similarly, the phenotypic changes that we, and others, have described within 

the CD8 ^ T cell population are indicative of immune stimulation in vivo. In 

particular the appearance of large number of cells expressing CD45RO, CD38 or 

HLA class II all point to this as does the crucial observation of decreased Bcl-2 and 

CD28 expression.

By comparing AVI and HIV-1^ patients the phenotypic markers of chronic 

immune stimulation become more clear. Acute stimulation leads initially to an 

upregulation of HLA class II and a switch from CD45RA to CD45RO, with a 

concurrent loss of Bcl-2 protein expression. More prolonged stimulation results in a 

loss of CD28 followed by the appearance of CDS?'*' cells (Fig. 9.1). The evidence 

for this chain of events comes from a number of sources. Firstly, studies on T cells 

in vitro show that short-term activation causes phenotypic changes very similar to 

those seen in acute infections ie a switch from CD45RA^ to CD 45R0^ with large 

numbers of cells expressing both markers (Akbar et al 1988, Byrne Butler & Cooper 

1988, Sanders et al 1989), gain of HLA-DR and loss of Bcl-2 (Akbar et al 1993,
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Figure 9.1 Phenotypic markers on 
CD8 T lymphocytes during 

acute or chronic viral infections
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Akbar et al 1994). Studies on longer term cultures indicate that CD57^ lymphocytes 

appear only after prolonged stimulation and that IL-2 &/or IL-4 are particularly 

implicated in their generation (Dupuy d ’Angeac et al 1994). While CD57^ T cells 

are a component of many chronic conditions (Bums, Tsai & Zvaifler 1992, Dupuy 

d ’Angeac et al 1993, Leroy et al 1986) in kidney and liver transplant patients with 

primary CMV infection the appearance of CD8^CD57^ cells in vivo is preceded by 

cells with a CD8'^,CD28“ ,CD57~ phenotype (Labalette et al 1993). In addition, the 

observation that AVI patients do not have large numbers of CD57^ T cells but do 

have intermediate CD28 negativity, with cells expressing the activation markers 

CD38 and HLA-DR in both CD28^ and CD28“  populations, implies that loss of 

CD28 precedes acquisition of CD57. In accordance with the data on apoptosis, the 

C D 8^,C D 28" population were found to have a highly variable Bcl-2 expression and 

the Bcl-2”  cells were by no means all CD28” . This suggests that loss of Bcl-2 and 

loss of CD28, are separate events, linked with acute and chronic stimulation 

respectively.

It is notable that many of the observations in peripheral blood are reflections 

of changes within the lymphoid tissue. In particular, there is an expansion of 

CD 8^C D 45R 0^ T cells in the paracortex and infiltrating the germinal centres. It 

seems likely that this population does not arise within the lymph nodes but rather, 

due to the increased expression of adhesion molecules on this subset, homes to the 

lymph node. Both blood and lymph node lymphocytes have C D 45R0^ T cells with 

low Bcl-2 expression but this is far more marked within the tissue. Indeed, many of 

these cells were shown to have fragmented nuclei, indicating they were undergoing 

apoptosis in vivo (Bofill et al submitted). This re-enforces the idea that activated 

CD8 ^ T cells home to lymphoid tissue, where, in the absence of survival signals, 

they apoptose and are removed by the paracortical macrophages. The CD8 ^ T cells 

in the node also contain TIA-1^ cytotoxic granules. The cytolytic activity of CD8 ‘*‘ 

cells in the blood would indicate that cells in the lymph node have a similar function 

and yet the absence of CD57^ cells and perforin expression, which is essential for 

cytolysis (Kagi et al 1994), would suggest they are not. Indeed, cells isolated from 

lymphoid tissue were not found to be highly cytolytic unless co-cultured with 

autologous PH A blasts. This suggests that they may already have discharged their
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perforin granules or that the most efficient CTL are confined to blood. Based on 

these observations it seem unlikely that CD8 ^ T cells in the lymph nodes of HIV-1 

infected individuals are actively functioning as CTL in situ. Conversely, CD57^ and 

CD28~ T cell populations are not found within the lymphoid tissue and are 

primarily a blood-borne population. Cells of this phenotype are however found in 

lung lavage (Agostini et al 1990) suggesting that they might home preferentially to 

this tissue.

There is therefore a great deal of evidence to suggest in vivo activation in 

HIV-1 infection but what could be the cause of this? As mentioned previously, 

superantigens provide one means of oligoclonal stimulation in vivo and subsequent 

tolerance by deletion. A number of bacterial superantigens have been described that 

are recognized in the context of MHC class II molecules by T cells expressing 

particular TcR Vj8 regions (Marrack & Kapler 1990). Similarly, the Mis antigens 

encoded by mouse mammary tumour virus and the gag fusion product of murine 

leukaemia virus (MuLV) are examples of retroviral encoded superantigens that cause 

activation and subsequent deletion of T cells (Janeway et al 1991, Hugin Vacchio & 

Morse 1991). In the case of MuLV, the superantigen is thought to be responsible for 

the murine equivalent of AIDS (Hugin Vacchio & Morse 1991) and it has been 

proposed that an HIV-1 encoded superantigen might be involved in HIV-1 disease. 

To detect such a superantigen, investigators have examined patterns of V/3 usage to 

look for deletions or skewed distribution indicative of superantigens. Although 

conflicting conclusions were drawn with evidence both in favour (Imberti et al 1991, 

Dalgleish et al 1992, Dadaglio et al 1994, Rebai et al 1994) and against (Posnett et 

al 1993, Bahadoran et al 1993, Nisini et al 1994) an HIV-1 encoded superantigen, 

studies on 9 homozygotic twins discordant for HIV-1 infection did show distinct 

differences in the VjS repertoire of the infected twin (Rebai et al 1994). This 

provides compelling evidence that an HIV-1 encoded superantigen could be involved 

at some stage of HIV-1 infection, although whether it is responsible for chronic 

immune stimulation and AALD is unclear.

Alternatively, it has been proposed that immune activation in HIV-1 infection 

occurs through defective antigen presentation by HIV-1 infected macrophages (Asher 

& Sheppard 1988). This cell is crucial for the proper function of T cells and
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infection with HIV-1 might result in inappropriate activation of T cell proliferation, 

which if maintained could result in lymphocyte anergy. Also, HIV-1 infected 

macrophages might have altered cytokine profiles that could act to enhance T cell 

proliferation. For example, levels of tumour necrosis factor a  (TNF-a) are increased 

in sera from AIDS patients and increased levels are released by monocytes from 

infected individuals as well as HIV-1 infected monocytoid lines (Lahdevirta et al 

1988, Mintz et al 1989, Wright et al 1988, Roux-Lombard et al 1989, Poli et al

1990). This cytokine has previously been shown to stimulate both mitogen and 

antigen induced proliferation of T cells (Yokota Geppert & Lipsky 1989), while 

chronic exposure in vitro impairs activation through anti-CD3 (Cope et al 1994).

The viral glycoprotein gpl20 is also implicated in a mechanism of immune 

stimulation in HIV-1 infection. Central to this is the dual ability of gpl20 to bind 

CD4 (Dalgleish et al 1984, Klatzman et al 1984) and to mimic MHC (Young 1988, 

Kieber-Emmons Jameson & Morrow 1989). Gpl20 bound to CD4 is likely to 

interfere with normal CD4/class II interactions (Habeshaw et al 1990). This occurs 

because gpl20 binds to the region on the CD4 molecule that interacts with MHC 

(Lamarre et al 1989). This might result in inappropriate signalling or the 

interference of T cell recognition of class II. This is similar to the reaction with 

allogeneic class II, where subsequent antigen presentation to the TcR by class II is 

defective, leading to the induction of a chronic allogeneic response similar to 

experimentally induced graft versus host disease (GvHD; Habeshaw & Dalgleish 

1989). In addition, as regions of gpl20 have homology with class II, HIV-1 might 

mimic MHC alio determinants, interacting with and expanding alloreactive T cells 

again in an allogeneic response (Habeshaw & Dalgleish 1989). In fact, chronic 

GvHD shares many similarities with HIV-1 infection (reviewed in Ferrara & Deeg

1991) making this an attractive hypothesis.

The question remains as to why spontaneous and activation associated 

mechanisms of cell death exist. One reason may be that they provide a means of 

controlling or limiting potentially damaging cells. For example, if a virus is itself 

non-pathogenic, then the immune response may be more damaging to the host than 

the initial infection. If this response is effective in eliminating the virus then effector 

T cells should be cleared as soon as possible to limit damage to the host. The
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problem then arises when the response is insufficient to clear the virus, which may 

home to some immunologically privileged site, and a chronic infection ensues that 

continues to elicit an immune response. One example of this was seen in mice given 

overwhelming infection with LCMV. A high dose of LCMV into immunocompetent 

mice led to a transient CTL response that disappeared, leading to a chronic infection 

and immunosuppression in the animals (Roost et al 1988). The reason for this 

appears to be that reactive T cells were expanded rapidly and died resulting in a 

form of clonal depletion such that no LCMV specific CTLp were left (Moskophidis 

et al 1993). This scenario seems unlikely in HIV-1 infection. Firstly, there is no 

evidence that primary infection involves high doses of HIV-1, although a viral 

superantigen might result in a similar outcome. Secondly, the control of viraemia 

following primary infection coincides with the appearance of the HIV-1 specific 

immune response (Pantaleo et al 1994) which, in the case of CTL, can be detected 

throughout the asymptomatic stage (Weinhold et al 1988, Hoffenbach et al 1989, 

Pantaleo et al 1990a) suggesting that at this level clonal deletion is not operating. 

The continual presence of antigen might however lead to a rapid turnover of cells 

which, if demand exceeded supply, could cause a form of clonal exhaustion.

Virus associated immune deficiency is not unique to HIV-1 infection but is 

also seen in other, particularly acute, viral infections. For example, it was described 

some time ago that individuals with acute measles infection did not develop DTH 

skin reactions against tuberculin (Razvi & Welsh 1994) and it is now clear that 

lymphocytes from measles infected humans and animals fail to proliferate to a range 

of stimuli including lectins, anti-CD3 and recall antigens (Rouse & Horohov 1986, 

Whittle et al 1978, Saron et al 1990). Similarly, during acute VZV or EBV 

infections, patients show decreased proliferative responses both to viral antigens 

(Cauda et al 1987) and mitogens (Perez-Blas et al 1992) and patients with chronic 

Hepatitis B virus infection show decreased IL-2 release to PHA or anti-CD3 

(Anastassakos et al 1988). Also, during acute LCMV infection in the mouse T cells 

fail to proliferate or release IL-2 in response to Con A or anti-CD3 (Jacobs & Cole 

1976, Saron et al 1990). This was recently found to be another example of AALD 

which could not be reversed by the addition of IL-2 (Razvi & Welsh 1993). We and 

others have also shown that T cells from acutely infected individuals are activated in
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vivo and have lost Bcl-2 expression (Tamaru et al 1993, Akbar et al 1993). It seem 

likely therefore that the immune response to viral infections involves the expansion 

of T cells that are subsequently poised to undergo cell death upon TcR or mitogen 

stimulation.

The importance of cell death in AIDS pathogenesis

In this study we have clearly demonstrated the vulnerability of both CD4^ 

and CD8 ^ T cells from HIV-1 infected individuals and their propensity to die after 

culture in vitro, however, the question remains whether this in vitro phenomenon is 

relevant in vivo. The decline in CD4^ T cells is the hallmark of AIDS but CDS'*’ T 

lymphocytes do not decline and are in fact increased, suggesting that the death of 

both subsets in vitro does not occur in vivo. However, we have also demonstrated 

that the majority of CDS'*' T cells in the lymph node lack Bcl-2 expression and are 

thus poised for death. Also, there is evidence of high levels of apoptosis in HIV-1^ 

lymph nodes at all stages of the disease (Ameisen 1994, Bofill et al submitted). Thus 

both CD4+ and CD8 ^ subsets are likely to be susceptible to cell death in vivo but 

only CD4^ T cells decline. This might be envisaged if CD4'*' T cells encountered 

specific antigen more often or if the rate of replacement of CD8 ^ cells was quicker 

than CD4^. There is some evidence for the latter as after whole body irradiation of 

primates infected with SIV, CD8 ^ T cells return rapidly to normal levels while 

there is prolonged depression of CD4+ (Ameisen 1994). Also, HIV-1 infection of 

severe combined immunodeficient SCIDhu mice reconstituted with human foetal 

thymus selectively causes profound depletion of CD4^ thymocytes (Bonyhadi et 

al 1993). This suggests a rapid turnover of CD8 ^ T cells in HIV-1 infection that 

may be enhanced by antigen independent mechanisms. For instance, expansion of 

CD8 ^ T cells outside the thymus has been described using IL-4 (Sieling et al 1993) 

or combinations of IL-2, IL-6  & TNF-a (Unutmaz et al 1994).

Does the death of CD4^ and CD8 '*' T cells directly contribute to AIDS 

pathogenesis? To answer this question it is perhaps useful to refer to primate models 

of pathogenic or non-pathogenic lentiviral infections. Rhesus macaques can be 

experimentally infected with viral strains of STVmac that induce AIDS or viral 

recombinant molecular clones of SIV that do not cause disease (Desrosiers 1990,
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Kestler et al 1990). Also, chimpanzees infected with HIV-1 do not develop AIDS 

although they can be infected with the virus (Johnson et al 1993). In both of these 

models, abnormal activation induced cell death of CD4^ T cells was observed only 

in the SIV model leading to AIDS while death within the CD8 ^ T cells was seen in 

both SIV models (Estaquier et al 1994). Thus, cell death involving CD4^ T cells is 

more closely related to AIDS pathogenesis than death in the CDS'*' population which 

may be an indirect consequence of immune stimulation. Nevertheless, activated 

CDS'*’ T cells may themselves contribute to the pathogenesis of the disease. The 

number of CDS'*" T cells with a primed phenotype is greatly increased in the lymph 

node during HIV-1 infection. As well as containing TIA-1'*' cytolytic granules, these 

CDS’*" T cells also contain mRNA for IFN -7  (Emilie et al 1990, Emilie et al 1994) 

which is found in increased levels in the serum of HIV-1 infected patients (Fuchs et 

al 1989, Canessa et al 1992). It has been shown that excess IFN -7  induces apoptosis 

in T cells (Liu et al 1990) and medullary thymocytes (Groux et al 1993) indicating 

that this cytokine might contribute to pathogenesis. In addition, although we were 

unable to demonstrate perforin with^the CD8 ^ T cells in the lymph node, other 

investigators using in situ hybridisation techniques have found abundant perforin 

mRNA in H I V - 1 l y m p h  nodes (Devergne et al 1991, Emilie et al 1994). Thus it is 

possible that HIV-1 antigens on the FDC attract and stimulate HIV-1 specific CTL 

that then destroy the FDC and contribute to follicular lysis. This has a parallel in 

mice made immunodeficient through infection with LCMV. Immunosuppression in 

these animals correlates with the finding that LCMV, like HIV-1, can replicate 

within macrophages and ARC (Odermatt et al 1991, Mimms & Tosolini 1969) that 

are not destroyed by the virus but rather by LCMV specific CD8 ^ T cells. In this 

infection, removal of CD8 ^ T cells prevents both the pathology and the immune 

suppression despite virus persistence (Leist Reudi & Zinkemagel 1988, Odermatt et 

al 1991). Lymph nodes from these animals show histological changes very similar to 

those seen in HIV-1 infection (Odermatt et al 1991) suggesting that the lysis of HIV- 

1 infected ARC by CD8 ^ CTL could be crucial in AIDS pathogenesis. In support of 

this is the observation that chimpanzees infected with HIV-1 do not have 

monocytotropic variants of the virus and do not get AIDS.

Additionally, CD8 ^ T cells may contribute to AIDS through the lysis of
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autologous, uninfected CD4^ T cells and there is indeed evidence that CDS'*" T cells 

are able to kill autologous CD4^ T cells in an unrestricted fashion (Grant Smail & 

Rosenthal 1994). Finally, the extent of AALD in CDS'*' T cells from HIV-1 infected 

individuals is in itself evidence of its importance, indicating that it might lead to 

disease by affecting the maintenance of immunological memory and the renewal of 

effector T cells (Ameisen & Capron 1991).

Conclusions and additional studies

(i) After short term culture in vitro T lymphocytes from HIV-1 ^ 

individuals die and this cell death provides a possible mechanism for 

the immunodeficiency seen in HIV-1 infection.

(ii) There are two forms of cell death; a spontaneous death that occurs 

both in chronic HIV-1 infection and during acute viral infections and 

an activation induced death that occurs only in HIV-1 infection.

(iii) Spontaneous cell death occurs by apoptosis in Bcl-2" T cells and can 

be prevented by exogenous IL-2. Thus it resembles cell death due to 

growth factor deprivation.

(iv) AALD is not restricted to Bcl-2" T cells but occurs in CD 45R0^ and 

C D 28" lymphocytes and cannot be prevented by IL-2. Thus it 

resembles forms of cell death seen in mature T cell hybridomas or 

previously activated cells.

(v) The absence of CD28 suggests that the lack of a second signal during 

activation could cause cell death.

(vi) The cells that die are highly cytolytic indicating that they may be 

activated in vivo.

(vii) The CD8 ^ T cells that infiltrate the lymph nodes in HIV-1 ^ patients 

have low Bcl-2 expression and also contain TIA-1. These may 

represent an activated population that selectively homes to lymphoid 

tissue where it may contribute to AIDS pathogenesis.
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This project has raised a number of important issues that merit further

investigation:

(i) Although AALD was not limited to Bcl-2~ T cells, the role of the 

^c/-2-related genes, bcl-X and box as well as other death genes eg 

cmyc, p53 or fas  is unknown and it would certainly be of interest to 

more fully examine the death pathway.

(ii) As certain cytokines, particularly IL-12, have been shown to modulate 

proliferative responses in HIV-1 infected individuals, it would be 

important to test its effect on AALD.

(iii) A number of recent studies have noted that activation induced cell 

death occurs in HIV-1 infection and that this could be of great 

importance in HIV-1 disease. However, in such studies both 

spontaneous death and AALD are occurring and it may be important 

to distinguish between the phenomena which may have different 

pathogenic roles. A study of Bcl-2 expression versus AALD might be 

useful to dissect both phenomena.

(iv) Although we were able to show that CD28“  T cells died, it is 

possible that co-stimulation through other molecules might save the 

cells. For instance it would be interesting to investigate the expression 

and co-stimulatory function of CD5 and CD6 in HIV-1 infection.
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APPENDIX I 

ABBREVIATIONS

AALD Activation Associated Lymphocyte Death

AIDS Acquired Immune Deficiency Syndrome

ARC AIDS Related Complex

AVI Acute Viral Infections

CD Cluster of Differentiation

CDC Center for Disease Control

CMV Cytomegalovirus

Con A Concanavalin A

CTL Cytotoxic Lymphocytes

EBV Fpstein Barr Virus

PCS Foetal Calf Serum

FITC Fluoresceine Isothiocyanate

FSC Forward Scatter

GAM Goat anti-mouse

GC Germinal Centre

HIV-l Human Immunodeficiency Virus Type I

HLA Human Lymphocyte Antigen

IF Immunofluorescence

IL-2 Interleukin-2

IL-2R Interleukin-2 receptor

LAK Lymphokine Activated Killer

LDCC Lectin Dependent Cellular Cytotoxicity

LGL Large Granular Lymphocyte

LN Lymph Node

LR Lissamine Rhodamine

LCMV Lymphocytic Choriomeningitis Virus

MFI Mean Fluorescence Intensity

MFC Molecules Per Cell

NK Natural Killer
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PBMC Peripheral Blood Mononuclear Cells

PC Paracortex

PGR Polymerase Chain Reaction

PE Phycoerythrin

PGL Persistent Generalised Lymphadenopathy

PHA Phytohaemagglutinin

PMA Phorbol myristate acetate

PWM Pokeweed Mitogen

SEE Staphylococcus enterotoxin B

SSC Side Scatter

Strep Streptavidin

TcR T cell Receptor

TH T Helper

VZV Varicella Zoster Virus
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Lymphocyte activation in HIV-1 infection. 
I. Predominant proliferative defects among 

CD45R0 + cells of the CD4 and CD8 lineages

G eorge  Janossy, N icola  Borthwick, Ruth Lom nitzer, Eva Medina^ 

S. Bertel Squire*, A ndrew  N. Phillips^, M arc  Lipman, 

M argare t A. Johnson*, C hristine  Lee* an d  M argari ta  Bofill

Objectives and design: T he  pro l ife ra t ive  d e f e c t s  of C D 4  a n d  C D 8  cells t a k e n  f ro m  
474 H IV -1 -se ro p o s i t iv e  in d iv idua ls  d u r in g  v a r io u s  s t a g e s  of d i s e a s e  w e r e  q u a n t i t a t e d .  
P h y to h a e m a g g lu t in in  (PHA) a n d  so lu b le  anti-CD,3  w e r e  u s e d  in o p t im a l  m i to g e n ic  
c o n c e n t r a t i o n s  in t h e  p r e s e n c e  of r e c o m b i n a n t  in te r le u k in -2  (rlL-2) a n d  c o n d i t i o n e d  
m e d iu m ,  a n d  t h e  p ro l i f e ra t io n  of cells f ro m  H IV -1 -se ro p o s i t iv e  d o n o r s  w a s  a s s e s s e d  
in c o - c u l tu r e  w i th  H IV -1 - s e ro n e g a t iv e  ce lls in o r d e r  t o  e x c l u d e  e f fec ts  of  c y to k in e  
d ef ic iency .  Defec ts w ith in  t h e  C D 45R A -P  ( 'u n p r im e d  ' a n d  C D 4 5 R 0 -P  ( 'p rim ed ')  T-cell 
p o p u la t i o n s  w e r e  a lso  i n v e s t ig a te d .

Methods: Q u a n t i t a t i v e  i m m u n o f l u o r e s c e n c e  a n d  d o u b l e  a n d  t r ip le  labell ing  in flow 
c y t o m e t r y  w e r e  p e r f o r m e d  for  (1) C D 25  (IL-2 r e c e p t o r  ot cha in )  e x p re ss io n ,  (2) 
l y m p h o c y t e  a n d  T-cell survival,  a n d  (.3) b las t  t r a n s f o r m a t i o n  a n d  p ro l i f e ra t io n  —  in 
re la t ion  to  t h e  original  i n p u t  of cells  to r  e a c h  s u b p o p u la t io n .

Results: T cells f ro m  n o r m a l  a n d  HIV-1-sero |X )sit ive d o n o r s  w e r e  C D 2 5  +  a t  d a y  1.
In H IV -1-se ropos i t ive  p a t i e n t s  a v a r ia b le  n u m b e r  of C D 4  a n d  C D 8  l y m p h o c y t e s  failed  
to  fu r th e r  inc rease* C D 25 ,  a n d  d ied  as a sign of ac t i v a t io n -a s s o c ia t e d  l y m p h o c y t e  
d e a t h  ( A A lD f  F o r ty - tw o  p e r  c e n t  of  a s y m p t o m a t i c  su b je c t s ,  in c lu d in g  32 °^  of t h o s e  
w ith  C D 4  cell c o u n t s  >  400  x  K)'* |, s h o w e d  a p o o r  b las t  t r a n s f o r m a t i o n  ( <  3 0 %  
blasts). Cells f ro m  H IV -1 -se ro p o s i t iv e  d o n o r s  s h o w e d  p o o r  h las t  r e s p o n s e s  w h e n  
c o - c u l tu r e d  w ith  f l lV -1 - s e ro n e g a t iv e  cells; b o t h  C D 4  a n d  C D 8  cells w e r e  h a n d i c a p p e d .
In a s y m p to m a t i c  H IV -1 -se ro p o s i t iv e  p e o p l e  T ce lls w ith  t h e  C D 4 5 R 0  4- R A -  ( 'p r im ed ')  
p h e n o t y p e  w e r e  t h r e e  to  five t im e s  m o r e  v u l n e r a b l e  t o  AALD t h a n  t h e  C D 45R A -F  R O -  
CunprimecT) cells. In p a t i e n t s  in C e n te r s  for  D ise a se  C o n t ro l  a n d  P re v e n t io n  (CDC) 
d ise a se  s t a g e  IV b o t h  C D 45R 0T-  a n d  -RAT- p o p u l a t i o n s  w e r e  s e v e re ly  a f fe c ted .

Conclusions: This is t h e  first q u a n t i t a t i v e  ana lys is  to  d e m o n s t r a t e  t h a t  in HIV-1 in fec t io n  
m i t o g e n - s t im u la t e d  CD45RÜ4- ( 'p r im ed ')  T cells  p re fe ren t ia l ly  d ie  u p o n  a c t iv a t io n .  Both 
t h e  C D 4  a n d  C D 8  l in e a g e s  a r e  a f fe c ted ,  as  s e e n  in a n im a l  m o d e l s  of g ra f t  v e r s u s  h o s t  
d isease .  AALD m a y  exp la in  d e f e c t s  of im m u n o lo g ic a l  m e m o r y .  T h e  ana lys is  of  AALD 
m a y  b e  a su i t a b le  a s s a y  for  s t u d y in g  w h e t h e r  antiv ira l  d ru g s  in f lu e n c e  t h e  p ro l ife ra t ive  
r e s p o n s e s  of  ly m p h o c y te s .

AIDS 1993, 7 :6 1 3 - 6 2 4

Keywords: Immunodeficiency in HIV infection, AIDS, lymphocyte transformation, 
interleukin-2 receptor, mitogens, immunological memory, CD4, CD8.

From the Departments  of Clinical Immunology, 'Thoracic Medicine and ^Epidemiology and  the  ^Haemophilia Centre, Royal Free 
Hospital and School of Medicine, London, UK.

Sponsorship: Supported by the W ellcom e Trust (grant num ber  14386 to G.J.), the  Korber Foundation, Hamburg, Germany and the 
AIDS Directed Programme of Great Britain (grant num ber  SPG.8924272 to  G.J., M B. and  M.A.).).

Requests for reprints to: Professor George Janossy, D epar tm ent  of Clinical Immunology, Royal Free Hospital School of Medicine, Pond 
Street, Hampstead, London NW3 2QG, UK.

Date of receipt: 6 |uly 1992: revised: 15 januarv 1993; accepted;  21 january 1993.

© Current Science Ltd ISSN 0269-9370 613



614 AIDS 1993, Vol 7 No 5

Introduction

Studies w ith  a varie t\’ o f  stim uli, in c lud ing  specific  an ti­
g en s  [1 -5 ] an d  m ito g en s  su ch  as p o k e w e e d  (PW'M) 
[3 ,5 -8 ]. p h u o h a e m a g g lu tin in  (PH A ) [3 ,^ .9 -11 ] and  
anti CD3 [9 ,12,13], have sh o w n  that th e  d e fec ts  
o f  p ro life ra te e  re s p o n se s  in asy m p to m atic  H I \’-1- 
se ro p o sitiv e  in d h id u a ls  can  \a r \ ',  b u t a re  freq u en tly  
severe  e \e n  b e fo re  b lo o d  C D 4 le \e ls  fall b e lo w  
400 X lOfi 1. T h ese  s tu d ie s  m ostly  a sse sse d  p ro lifé ra  
th  e  re sp o n se s  in b u lk  assays su ch  as th ym id ine  u p take , 
b u t so m e  also  q u a n tita te d  th e  n u m b e rs  o f  re sp o n d in g  
cells u n d e rg o in g  b las t tran sfo rm a tio n  a n d  e x p re s s in g  
in te rleuk in  2 (IL-2) re c e p to r  y. in re s p o n se  to  d iffer­
e n t stim uli [3, 10,14]. It a p p e a rs  that T  cells from  
I ir \ ' 1 -seropositive in d h fd u a ls  a re  m o re  d e fe c t i\e  than  
w o u ld  b e  e x p e c te d  o n  th e  basis  o f  th e  n u m b e r  o f  
cells co n ta in in g  H I \’-1 p ro \ i r u s  [10,12,15]. F u r th e r­
m ore , d o u b le - an d  tr ip le -co lo u r flow c \to m e t iy  [16] 
s tu d ies  re \ea l that b o th  CD4 a n d  CD 8 p o p u la tio n s  e x ­
h ib it p o o r  m ito g en  r e s p o n s e e n e s s  in HPv’ I in fec tion  
[ 13] an d  that th e se  d e fec ts  rem ain  w h en  CD4 an d  CD8 
cells a re  co -cu ltu red  [ 10.12].

W'e w ish ed  to  e x te n d  the.se investiga tions in th ree  
aspects. First, o u r  o b je c th e  w as to  preci.sely c|uanti 
rate re sp o n se s  by  a b so lu te  cell c o u n tin g  in a large 
H I\'-1-.seropositive c o h o r t  fo llow ing  o p tim al stim ula 
tion  w ith PHA an d  anti C D 3 an tib o d ie s  in th e  p re se n c e  
o f  re co m b in an t ( r )  IL-2 an d  c o n d itio n e d  m ed iu m , in 
o rd e r  to  e s tim ate  th e  im p o rta n c e  o f  in trin sic  F cell 
defec ts. This is a c o m p le m e n ta n  a p p ro a c h  to  inves­
tigating cell p o p u la tio n s  in iso la tion  w h en  CNtokine 
deficiency' o r  lack o f  h e lp e r  effects also  c o n tr ib u te  to 
p o o r  fu n c tio n  [ I3 .F " ,I8 ] . C u ltu re  co n d itio n s  w e re  fu r­
th e r o p tim ized  by  s tim u la ting  CD  t and  CDS cells from  
H I\' I s e r o p o s ith e  a.sym ptom atic  in d h id u a ls  to g e th e r 
w ith HIV I se ro n eg a tiv e  n o rm al lym phocy tes in m ixed  
cu ltu res.

S econd , w e w ish ed  to  d o c u m e n t th e  tim e -co u rse  o f  
th e  d e \e lo p m e n t o f  ce llu la r d e fec ts  d u rin g  th e  ac ti­
vation cycle. T o  ach ieve  this, th e  seq u en tia l e \e n ts  
s tu d ied  w ere  IL-2 re c e p to r  oc ( IL-2Koc) e x p re s s io n , blast 
tran sfo rm a tio n , DNA .synthesis, an d  th e  a b so lu te  n u m ­
b e rs  o f  surx iving b las t cells an d  dix iciing cells [1 9 -2 1 ].

T hird , th e  fea tu res  o f  n o rm al unprim ecF  ('naix 'e ') and  
‘p r im e d ’ ( ‘m em o ry ’) T  cells haxe recen tly  b e e n  c la r­
ified [20,21]. ‘C n p rim ec f cells ex h ib it (ZD45RA. th e  
h ig h e r m o lecu la r w e ig h t iso fo rm s o f  C D 45 an tigens, 
w hile ‘p r im e d ’ T  cells e x h ib it CD45R0, th e  lo w er 
tn o lecu la r w eigh t iso fo rm  [2 0 -2 3 ]. 'Vi e  a sse sse d  th e  
p e rfo rm an ce  o f  ‘u n p r im e d ’ an d  p r im e d ’ T-cell p o p ­
u la tions in cu ltu res  tak en  from  H I\'-1-seropositix 'e  in ­
dividuals. T his is an  a rea  o f  acu te  in te rest in th e  p a th o l­
ogy o f  HFV-l in fec tion . Recall re sp o n se s  to  so lu b le  
an tigens, a fea tu re  o f  p r im e d ’ T cells, a re  d am ag ed  
particu larly  early  d u rin g  H I \’-1 in fec tion  [1 -5 ] , le a d ­
ing to  h y p o th e se s  a b o u t p re fe ren tia l d e fec ts  o f  m e m ­
o ry  T cells [2 ,2 4 -2 6 ]. N exertheless, p rex lo u s  a ttem p ts

to  su b s ta n tia te  th is id ea  by  p h e n o ty p ic  analysis, using 
C D 29 an tib o d ie s  [24,2(5-28] tha t reac t w ith  on ly  s u b ­
se ts  o f  CD45R0 + -actixated ‘p r im e d ’ p o p u la tio n s  .29], 
haxe b e e n  inconclusixe.

W e fo u n d  tha t u n d e r  o p tim al ac tixa tion  fo r bo th  
‘u n p r im e d ’ (C D 4 5 R A + ) an d  ‘p r im e d ’ (C D 4 5 R 0 + )  
T cells, large p ro p o r tio n s  o f  ly m p h o cy tes  from  
a.sym ptom atic HFV-1-.seropositix'e su b je c ts  u n d e rg o  
an abortix 'e p ro c e s s  o f  activation  a sso c ia te d  ly m p h o ­
cyte d e a th  (AALD), an d  tha t th is  o u tc o m e  can n o t 
b e  rexersed  by  rIL-2 o r  by  c o  c u ltu rin g  th e  cells 
xx'ith n o rm a l H I\‘ 1 se ro n eg a tix e  lym phocy tes . In c u l­
tu res  fro m  HFV-1-seropositixe  d o n o rs  AALD occu rs  
in b o th  CD4 an d  C D 8 cells, a n d  p re fe re n tia l^  in 
th e  C D 4 5 R 0 +  p o p u la tio n . T h u s, in early  stages o f  
H I\'-I in fec tion , th e  m o s t re m ark ab le  find ing  is n o t 
so  m u ch  th e  a b se n c e  o f  m em o ry  cells, as suggested  
o n  th e  basis o f  C D 29 e x p re s s io n  [2 4 -2 8 ] , b u t the de- 
fectixe activation  o f  ‘p r im e d ’ C D 4 5 R 0 +  lym phocytes. 
In th e  d ex e lo p m e n t o f  AIDS, h o w exer, all T -lym phoid  
lineages a re  c o m p ro m ise d  an d  onlx' a few  residual T 
cells p ro life ra te  norm ally , in a g re e m e n t w ith  prexto u s  
da ta  o n  defectixe  T co lo n y  fo n n in g  cells [12,30,31].

Subjects and methods

Subjects
.An IIIV I se ro p o sitix e  c o h o r t ( 4^4 indix iduals in c lu d ­
ing 350 h o m o se x u a l m en . ‘"4 h a e m o p h ilia c s  an d  50 
o th e r  ind ix iduals) xxus g ro u p e d  ac c o rd in g  to  ab so k tte  
C I)4 c o u n ts  [32 ]. O n ly  o n e  m icl-cour.se xalue p e r  in 
dividual xvas in c luded . T h e  I II\' I se ro n eg a tix e  c o n ­
tro ls in c lu d ed  30 h o m o se x u a l m en  [33], sexen  xvom en 
a tten d in g  a clinic fo r sexually  tran sm itted  d iseases, 30 
h aem o p h ilic s  an d  10 x 'olunteers. An o x erlap p in g  c o  
hctrt (215  LII\‘ 1 .seropttsitixe ind ix iduals) w as g ro u p e d  
by  th e  C en te rs  fo r D isease C o n tro l an d  F rexen tion  
(C D C ) cli.sea.se c lassification  [34 ] a n d  c o m p a re d  xvith 
5"’ I irv  I se ro n eg a tix e  con tro ls .

Tests for HIV-1 antibody and antigen
W ellcozx'm e H I\‘ re c o m b in a n t assay  (W ellcom e D ia­
gnostics , D artfo rd , E ngland , L'K), HFV-1 enzym e im- 
m unoassax ' (EIA; A b b o tt D iagnostics, M aidenhead , 
E ngland , UK) a n d  Serod ia  HLV p artic le  ag g lu tin a­
tion  test (M ast D iagnostics, B oo tle , E ngland, U K ), 
xvere p e rfo rm e d  by  th e  M rologx' D ep a rtm en t o f  
th e  Royal E ree H osp ita l (L o n d o n , U K) to  e s ta b ­
lish sero log ica l sta tus. HIV p24  an tig en  w as d e te c te d  
bx' en zx m e linked  im m u n o s o rb e n t assay  (EUSA) in 
cu ltu re  su p e rn a ta n ts  (D u P o n t LK, Stexenage, E n g ­
land, U K), an d  by  im m u n o flu o re scen ce  (IE) in 
th e  cy top lasm  o f  m o n o n u c le a r  cells. Sm ears w e re  
air-dried , fixed fo r 30 m in in  a c e to n e  and  in c u ­
b a te d  w ith  1 |ig  m l an ti p24 a n tib o d y  (D ak o  Ltd, 
H igh W ycom be, E ng land , UK), fo llow ed  by  affinitv'- 
purifiecl g o a t anti m o u s e  im m u n o g lo b u lin  (Ig ) fluorés-
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ce in  isothiocv^anate (FITC; S o u th e rn  B io techno logy’ As 
socia tes, B irm ingham , A labam a, USA). -in fected  
line C2688 w as th e  positive  co n tro l. T h e  p h e n o ty p e  
o f  p 2 4 +  cells w as d e te c te d  u sin g  p h y co ery th rin  (PE )- 
labelled  an ti CD-t (c lo n e  RET4 ) an d  anti C D 8 (c lo n e  
RFT8 ).

Lymphocyte purification
M o n o n u c lea r cells o b ta in e d  o n  F ico ll-H y p aq u e  from  
h e p a h n ix e d  v e n o u s  b lo o d  w e re  ro se tte d  by sh e e p  
red  b lo o d  cells in to  T- an d  n a tu ra l killer (N K ) cell- 
rich (F  +  , C D 2 + )  and  n o n  T  ( B p lu s m o n o cy tic ) 
frac tions [21]. CD -4 o r  C D 8-rich an d  C D tS R A - an d  
CDaSRO rich p o p u la tio n s  w e re  p re p a re d  from  th is E +  
frac tion  by n e g a ti\e  se lec tio n  o n  sh e e p  anti m o u se  Ig 
c o u p le d  m agne tic  b e a d s  (D y n ab ead s; Dynal Ltd, N ew  
E erp ', E ng land , UK). T h e  su b s e ts  w e re  9 2 -98%  p o s i­
tive fo r CD4 , C D 8 , CD4 SRA an d  GDaSRO [35].

Lymphocyte stimulation
M o n o n u c lea r cells o b ta in e d  from  h e p a rin ized  v e n o u s  
b lo o d  w ith in  l - U h  o f  w ithd raw al w e re  in cu b a ted  as 
trip lica tes o f  200 jtl cu ltu re s  in 96 w ell m ic ro p la te s  
o r  in lla t-b o tto m ed  vials o f  1.2 ml v o lu m e  [21]. T h e  
initial lym phocy te  n u m b e r  w as ad ju s ted  to  1 x jo^M 
in RP.MM64O w ith  10% fetal ca lf se ru m  (ECS), 30% 
c o n d itio n e d  m ed ium , an d  1 n g  m l o f  rll. 2 an d  a n ti­
b io tics . S ince se ra  from  p a tien ts  w ith  .\IDS can  inh ib it 
ly m p h o b las t tran sfo rm a tio n  [36], an d  in o u r  prelim i 
n a p ' s tu d ie s  su p p ress iv e  se ru m  fac to rs w ere  o ccasio n  
ally iden tified  in H I\’ I-.seropositi\’e  p a tien ts  w ith low 
re sp o n se s , au to lo g o u s  se ra  w e re  a \( tid ed . FCS w as .se­
lec ted  o n  th e  basis o f  o p tim al su p p o r t  fo r m itogen ic  
and  low  b ack g ro u n d  stim ulation . .Mitogenicity w as sim  
ilar in cu ltu res  co n ta in in g  10% FCS o r  10% au to lo g o u s  
se ru m .

T h e  tw o  m ito g en s u sed  w e re  PHA-F (u s e d  at 1 p g  ml 
o p tim a l co n cen tra tio n ; W ellcom e R eagents Ltd, B eck ­
en h a m , E ngland, UK) a n d  anti CD3 ( u sed  at O.S-2 
p g  ml; I ’C H T l o r  OKT3, A m erican T ype C u ltu re  Col 
lec tion , R ock\ille , M ap lan d , USA) [3^]. T hym id ine  in 
co p K tra tio n  (T dR  u p ta k e )  w as m e a su re d  at 6 8 -^ 2  h 
using  thym id ine  o f  in te rm ed ia te  specific ac th ip - 
(:^H TdR; A m ersham  In te rn a tio n a l, A m ersham , E ng 
land , U K). C u ltu res w ere  h a r \e s te d  at d ifferen t tim es 
fo r p h e n o p p ic  analysis.

A ssessm ent of lym phocyte activation with flow  
cytom etry
L y m phob lasts  w e re  iden tified  by  fo rw ard- (ESC) an d  
s id e -sc a tte r  (SSC) (Fig. 1 ) o n  FACScan (B e c to n  D ick ­
in so n , O x fo rd , E ngland, UK). B eads (" .2  pm ; ECSC 
S tan d a rd s , B ec to n  D ick in so n ), w e re  a d d e d  to  a k n o w n  
c o n c e n tra tio n  (5 x 10^ /m l) in o rd e r  to  facilitate cell 
c o u n tin g  in a fixed cu ltu re  \o lu m e . T h e  b last tr a n s ­
fo rm a tio n  o r  b la s to g en esis  w as evalua ted  in tw o ways. 
First, a fte r  ~'2 h o f  activation  w ith  m ito g en s th e  b last 
c o u n ts  w e re  e x p re s se d  as p e rc e n ta g e s  o f  th e  initial 
1 X i q 6 lym phocytes ml. T h is is re fe rred  to  as to tal 
ly m p h o cy te  p e rfo rm a n c e  (F igs 1 an d  2). Indiv iduals

w e re  g ro u p e d  as n o rm al ( >  70% ), p o o r  (3 0 -7 0 % ) 
a n d  v e p  p o o r  ( <  30% ) p e rfo rm ers . In th e  s e c o n d  se t 
o f  e x p e rim e n ts  T  b last su b s e t c o u n ts  w e re  e x p re s se d  
as p e rc e n ta g e s  o f  th e  c o r r e sp o n d in g  s ta rtin g  T-cell o r  
T su b s e t co n cen tra tio n s . T h is tes t is re fe rred  to  as T  
( su b s e t ) p e rfo rm a n c e  ( Figs 3 an d  4L  A C ytoron-A bso- 
lu te  c o u n te r  (O rth o  D iagnostics, H igh W ycom be , E n g ­
land , UK ) tha t o b ta in s  b last c o u n ts  in fixed v o lu m es o f  
m ed iu m  w ith o u t a n e e d  fo r b e a d s  has recen tly  b e e n  
in tro d u c e d  (F ig .l) .

Blasts blast pert. 16%blast perf. 102%

ilv
Lymphocytes

Fig. 1. Setting of gates ('blasts') on Cytoron tor analysing the n u m ­
bers of blasts am ong  fresh lymphocytes (a) and in cultures stim­
ulated with phytohaemagglutinin (PHA) for 3 days (h, c) from 
HIV-1-seronegative donors (a, h) and  an  HIV-1-seropositive p a ­
tient (c). The use  of an absolute  co un te r  can  facilitate the  c o u n t ­
ing of a given volume (0.1 ml) of culture, and  the  blast' ml value 
is determined.  This is divided by the  lymphocyte input (10*’ ml) 
to give th e  lymphocvte performance: 102% blasts input in the  
HIV-1-seronegative (h) and 10% in the  HIV-1-seropositive sa m ­
ple (c).

D o u b le  an d  trip le  labelling  w as p e rfo rm e d  [ l 6 ] w ith  
a n tib o d ie s  co n ju g a ted  to  FITC, FE an d  b io tin  p lu s 
S trep tav id in  IX R D -F E  TANDEM (S o u th e rn  B io te c h ­
no logy  .Assticiatos, B irm ingham , A labam a, USA), o r  
s t re p ta v id in T ric o lo r  (CAITAG, B rad su re  B iological 
Ltd, .Market I la rb o ro u g h , E ng land , UK). T h e  a n ti­
b o d ie s  w e re  C D a-F E  (c lo n e  RET4 ; [3 2 ]), CD 8-F E , 
C D 8-F IT C  and  C D 8-b io t in  (c lo n e  RFT8 ; [3 2 ]), 
C D 3-FIT C  (c lo n e s  O KT3, MEM 5^ an d  U C H T l; 
[3 ^ .3 8 ]), C D 45RA-FITC an d  CD 45RA-FE (c lo n e  
S m I30 ; [2 1 ]), C D dSR O -biotin  (c lo n e  U CH Ll; [2 1 ]) 
a n d  C D 25-FIT C  (c lo n e  RFT5; [39 ]).

E x p e rim en ts  m ix ing  m o n o n u c le a r  cells from  n o rm al 
l i rv I sero n eg a tiv e  an d  asy m p to m atic  H I\'-1 -.seroposi­
tive p a tien ts  d iffered  from  p rev io u s  e x p e rim e n ts  [40] 
in th re e  aspects; (1 ) th e  d o n o rs  w e re  h is to  in co m p a t 
ib le  fo r HLA-A2 to  d is tingu ish  p ro life ra tin g  cells from  
n o rm al a n d  FIW -1-seropositive individuals; th e  p o w e r­
ful m itogen ity  o f  F HA an d  an ti CD 3 m ask ed  any allo- 
p ro life ra tion ; ( 2 ) c o n d itio n e d  m ed iu m  an d  rIL-2 w e re  
a d d e d  at th e  start o f  cu ltu re ; ( 3 ) asym p tom atic  in ­
div iduals in CDC stage  II, ra th e r th an  p a tien ts  w ith  
,\IDS [40], w e re  s tud ied . T h e  surviving cells from  
H I\ -1 se ro p o sitiv e  individuals w e re  iden tified  in c u l­
tu res  c o n ta in in g  ad m ix ed  cells from  H IA  A2 d is 
p a ra te  n o rm a l d o n o rs  u sin g  d o u b le  IF (an ti HLA- 
A2 b io tin  p lu s strep tav id in  FITC w ith  e ith e r  C D 4-F E  
o r  C D 8- F E )  an d  tr ip le  analysis (C D 4 -F E / CD 8-FITC , 
H IA  A 2 -b io tin ). Anti HLA A2 an tib o d y  (c lo n e  NA2.1) 
w as k indly  d o n a te d  b y  Frof. A. M cM ichael (Jo h n  Rad- 
cliffe H ospial, O x fo rd , E ngland , UK). T h e  total num -
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Fig. 3. T-cell subset pe rfo rm ance  in phytohaemagglutinin-stim- 
ulated cultures from 57 HIV-1-seronegative and  215 HIV-1- 
seropositive donors.  The p ercen tages  are  blasts CD3 T-cell input 
(Z),  CD4 blasts CD4 lym phocyte  input ( □ )  and  CD8 blasts CDS 
lymphocyte input ( ■ )  assessed within Centers for Disease C on­
trol and  Prevention (CDC) disease stages II, III and  IV, as shown. 
The bars are m eans  ±  s.e.m,: n.d., not de term ined  because  there 
were too few CD4 4- cells to  read.

Fig. 2. Lymphocyte [rerformance in phytohaemagglutinin-stim- 
ulated cultures from 77 HIV-1-seronegative and  475 HIV-1- 
seropositive donors.  1he pe icen tag es  are blasts lym phocyte  inprit 
as shown in Fig. 1: >  70",i (■) ,  30 70"o ( 2 1 and  <  30"o (Z) .  
The subjects are g rouped  by CD4 cell count in blood ( >  600, 
400 600. 200 400 and <  200 x 10^ I). The width of bars is p ro ­
portional to the n um ber  of people  tested in each  group (shown 
on the  right).

bt-rs o f  T  cells in th e  anti CD 3 stin itila ted  c u ltu re s  w e re  
d e te rm in ed  by a m ix o f  C D 3-PH  an d  CD"’ PE [3H].

T he  am o u n ts  o f  (lL-2Ro() e x p re s se d  o n  T  cells after 
\a r \ ’ing p e rio d s  o f  s tim u la tio n  w e re  d e te rm in e d  in 
a sem iq u an tita ti\e  assay  [ a l j .  Cells w e re  in c u b a te d  
w ith  sa tu ra ted  a m o u n ts  o f  C D 25 a n tib o d y  ( 10 pi c u l­
tu re  su p e rn a ta n t p e r  10 ’̂ cells; c lo n e  R1-T5 reactive 
w ith  IE 2 Rot ch a in  (5 5  kD  [3 9 ]) an d  s ta in ed  w ith  
affinit) pu  rifted a n d  EITC labe lled  g o a t an ti-m o u se  Ig 
(.AJ^-GaM -FITC), a p p lie d  a t 1 p g  m l sa tu ra tin g  c o n ­
cen tra tion . M ic ro b ead s c o a te d  w ith  k n o w n  a m o u n ts  
o f  m o u se  IgG, su c h  as 0, 10, 40, 80, 400 an d  
1000 X 10-  ̂ m o lecu le s  p e r  cell (m .p .c .) , w e re  s ta in ed  
w ith  A l^-G aM -FITC  to  c o n s tru c t a s ta n d a rd  c u w e  fo r 
m ean  flu o rescen ce  in tensity  ( MFI ) o n  FACScan at log 
setting, in o rd e r  to  e s tim a te  C D 25 an tig en  e x p re s s io n  
o n  a c tu a te d  ly m p h o cy les  a b o v e  5 x io5  m .p.c. ( a u t­
o flu o rescen ce  in te rfe res  w ith  q u a n tita tio n  b e lo w  th is 
value). W e d e te rm in e d  th e  p e rc e n ta g e  positiM ty o f  
CD25 +  cells, fo llo w ed  b y  th e  MFI values o n  th e  g a ted  
C D 2 5 +  cells.

(a) (b)
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d a y s  in c u l tu r e

Fig. 4. Time-course of the  num bers  of CD4 (*) and  CD8 ( ■ )  cells 
recovered from phytohaem agglutin in  (PHA)-stimulated cultures 
per the n u m b er  of CD4 or CD8 cells placed into the  culture  at 
day 0. (b) Time-course of CD45RA (O) and  CD45R0 (A) recov­
ery per  the num bers  of RA or RO cells placed into culture. The 
cultures were  s t imulated with PHA for varying periods as shown. 
All viable cells were c o u n te d  and th e  num bers  of people tes ted  
in each  Centers for Disease Control an d  Prevention (CDC) stage 
are indicated.

Assessm ent of lym phocyte activation by m icroscopy
DNA .synthetic b las ts  w e re  o b s e r \e d  by  a d d in g  b ro - 
m o d e o x y u r id in e  (B rd U ) to  th e  c u ltu re s  fo r 4 h  b e fo re  
harvesting  an d  s ta in in g  th e  B rdU  +  cells in sm e a rs  
[19]. C \to ch a las in -B  (5  pg/ ml; Sigm a, L ondon , U K) 
w as a d d e d  to  cu ltu re s  from  48 h o n w a rd s  in o r d e r  to  
d e te rm in e  th e  n u m b e r  o f  p ro life ra tin g  cells [20]. Af­
te r 7 2 -8 4  h o f  ac tiva tion  so m e  T -b lasts, a lso  re fe rre d  
to  as T -co lo n y -fo rm in g  cells [30 ,31], sta rt to  p ro lif ­
e ra te  rapidly. T h e se  ce lls  fo rm  m u ltin u c lea ted  b las ts , 
w h e n  a rre s te d  b y  cx tocha lasin-B . T h e se  w e re  c o u n te d
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in sm ears  after in c u b a tio n  w ith  anti CD 4 an d  anti CDS 
fo llow ed  by  rab b it an ti-m o u se  Ig p e ro x id a se  a n d  cy- 
tochem ica l d ev e lo p m en t.

Statistics
H ypo thesis tests fo r c o m p a r iso n  b e tw e e n  g ro u p s  w e re  
p e rfo rm e d  using  u n p a ire d  t-test. All P  \a lu e s  sh o w n  
a re  tw o-sided. A P ea rso n  c o rre la tio n  coeffic ien t w as 
u sed  to assess th e  co rre la tio n  b e tw e e n  c o n tin u o u s  
m easu res. T he  e r ro r  b a rs  re fe r to  ±  1 s.e.m .

Results

Lymphocyte activation by PHA and anti-CD3
In cu ltu res  s tim u la ted  b y  PITA an d  c o n d itio n e d  
m ed iu m  T cells e x p re s se d  C D 25 o n  day  I ( 2 3 -3 3  h ), 
u n d e tv \e n t b last tran sfo rm a tio n  o n  day  2 (3 1 -3 4  h ) 
an d  in itiated  DNA .synthesis a few  h o u rs  later ( 3 0 -  
82 h ) . C u ltu res activated  by  anti CD 3 w ere  8 -1 4  h 
s lo w er and  th e  en su in g  p ro life ra tio n  w as a.syn 
c h ro n o u s . T he  first m ito ses w e re  se e n  by  6 8 -" 2  h. 
an d  o th e r  b lasts first d ix ided  m u ch  later ( >  12()h). In 
c o n tro l cu ltu res  a m o d es t in c rease  in cell n u m b e rs  w as 
first d e tec tab le  by " 2 -9 6  h.

T h e re  w as a .severe b u t \a r ia b le  d ro p  in th e  n u m b e rs  
o f  reco v ered  lym pho id  cells in PI lA an d  anti CD3 stim  
Lilated cu ltu res  from  1II\' 1 se ropositixes: by day 3 less 
than  30% o f  inpu t co u ld  b e  reco x ered  (T ab le  1 ). .\\ 
th o u g h  the  co rre la tio n  betxxeen b last tran sfo rm atio n  
an d  TdR u p tak e  w as g o o d  ( r =  0 .92), th e  fo rm er dis 
c rim in a ted  b e tte r  betxxeen xalues from  I II\' I se ro n e g  
atixe co n tro l an d  I IIV I se ro p o sitix e  cu ltu re s  (E. M ed­
ina a n d  .\1. Bofill. u n p u b lish e d  da ta ) .

Tabl e 1. S u rv iv a l n l ly m p h o id  c e lls  t ro m  H IV -1-s e ro p o s it iv e  s u b |e c ts  in 

c u ltu r e s  in c u b a te d  w ith  m ito g e n " .

M e a n ±  s.e.m .

N o.

s u b je c ts P H A A n t i-C D 3

C o n t r o l 20 97.2  ±  4.2 82.7 ± 4.5

C D C  s ta g e  II III 24 45.8  ±  3.9 39.9 ± 3.0

C D C  s ta g e  IV 16 24.2 ±  6.2 14.8 ± 5.5

■Reco’v e rv  o f th e  to ta l n u m b e r  o f c e lls  ( x  10"* m l) in c lu d in g  a c t iv a te d  

ly m p h o b la s ts  in  c u ltu re s  s t im u la te d  fo r  72 h  w ith  th e  m ito g e n  s h o w n  

p lu s  c jo n d it io n a l m e d iu m  a n d  re c o m b in a n t  in te r le u k in -2  (rlL-2). C o n t ro l 

c u ltu r e s  c o n ta in e d  rlL -2  b u t  n o  m ito g e n s  w e re  a d d e d . T h e  o r ig in a l ly m ­

p h o c y te  in p u t  a t O h  w a s  100  x  10"* m l. P H A , p h y to h a e m a g g lu t in in :  C D C , 

C e n te rs  fo r  D isease  C o n tr o l a n d  P re v e n tio n .

T h e  b last cell re sp o n se s  in PELA a n d  an ti CD3 stim u 
la te d  cu ltu res  fro m  40 HIA- I se ro p o s itix e  and  20 n o r ­
m al individuals w e re  co m p a re d . At day  3 in th e  HIA' I 
se ro 'pos itive  g ro u p  the  b la s to g en es is  w as low er th an  
in th e  co n tro ls  (33  3 xersu s 90.0% , P<  0 .001), ir re ­
sp e c tiv e  o f  the  m itogen  u sed . T h e  h ig h e r n u m b e rs  
o f  b'lasLs seen  in PHA xersu s anti CD 3 cu ltu res  in th e

HfV l-se ro n eg a tix e  g ro u p  (97 .2  ±  4.2 an d  82.8 ±  4 .5), 
th e  H IA -1-seropositive CDC stage  II (45 .8  ±  3 9 an d  
3 9 9  ±  3 .0 ) an d  CDC s tage  I \ ' g ro u p s  (24 .2  ±  6.2 
a n d  14.8 ±  3.5, respectix^ely) ind ica te  tha t PHA is a 
slightlx' s tro n g e r  m ito g en  th an  so lu b le  anti CD3, exen  
in th e  p re s e n c e  o f  c o n d itio n e d  m ed iu m  an d  rIL-2. 
N exertheless, in each  indixidual th e  mitogenicitx" o f  
th e  two ag en ts  y ie lded  conco rdan t resu lts  ( r =  0.89;

0.0001 ).

O nly  o n e  o f  th e  30 (2 % ) llfV -l-se ro p o s itix e  p a tien ts  
s tu d ied  at th e  start o f  th e  cu ltu re s  h ad  p 2 4 +  cells 
(0 .08%  o f  ce lls) in th e  sm ea rs  analysed. At day 3 in 
PITA cu ltu res  37% c o n ta in e d  0 .02-1 .1%  p 2 4 +  b las t 
cells. Sex-entx' p e r  c e n t o f  cu ltu re s  sh o w e d  2 -20%  
p 2 4 +  cells w h en  p ro p a g a te d  fo r >  6 w eeks. O n  
txx'o o cca s io n s  th e se  in c lu d ed  C D 8 b lasts. T h e  n u m ­
b e rs  o f  actixely HIV-1 syn thetic  cells in o u r  cu ltu res  
a re  th e re fo re  in line xxith th e  low  n u m b e rs  o f  cells 
positixe fo r HIA’-1 p ro x iru s  in th e  b lo o d  o f  HIA' 1 
se ro p o sitix e  p a tien ts  s tu d ied  by .sensitixe quan tita tixe  
p o ly m erase  chain  reac tion  (PC R ) [13].

Lymphocyte proliferative defects in asym ptom atic 
HIV-1-seropositive patients
B lastogenesis in cu ltu re s  stim u la ted  xvith PILA fo r 
3 days w as re lated  to  th e  orig inal lym phocx ie  in ­
pu t ( Eig. I ). Results xvere g ro u p e d  acco rd in g  to  
th e  (4)4 cell co u n ts  (Eig. 2). T h e  HIT I se ro p o sitix e  
su b jec ts  ("4 h aem o p h iliacs , 350 h o m o se x u a ls  an d  
30 o th e r s )  xvere c o m p a re d  w ith  HIA' 1-.seronega­
tixe co n tro ls . HIA' I se ro p o sitix e  p a tien ts  xxith n o rm al 
( >  (lOO X 10<M) o r  n e a r  n o rm al (400-600 x lO^VD 
c o u n ts  CI)4 +  cells shoxved a significantly p o o re r  
p e rfo rm a n c e  than  IIIA I-se ro n eg a tix e  co n tro l cu ltu re s  
xxith sim ilar CD4 cell c o u n ts  ( P<  0.001 ). O n ly  31% o f  
th e  HIA' 1 se ro p o sitix e  g ro u p  xxith a CD4 cell c o u n t 
>  600 X lô '* 1 sh o w ed  a g o o d  p e rfo rm an ce , w hile  
21% sh o w ed  a xeiy  p o o r  ( <  30%) p e rfo rm an ce . 
Eightx txx'o p e r  c en t o f  HIA' 1 se ro n eg a tix e  c o n tro ls  
sh o w e d  a p e rfo rm a n c e  >  70%. T h e re  w as a significant 
fu r th e r d e te r io ra tio n  o f  b la s to g en esis  w ith  d ec rea s in g  
( > 600, 200-600 an d  <  200 x IQ^/I) CD4 cell c o u n ts  
in HIA' I-se ro p o sitix e  p a tien ts . T h e  xalues b e tw een  th e  
400-600 a n d  200—400 x i Q6 1 g ro u p s  w ere , how exer, 
n o t significantly different: th e  fo rm er g ro u p  a lready  
h ad  a loxx- functional s ta tu s  w ith  30% o f  p a tien ts  re 
xealing <  30% p e rfo rm a n c e  (Eig. 2).

Since PHA a n d  anti CD 3 a re  prim arily  T-cell m itogens , 
th e  b la s to g en esis  w as also  e x p re s se d  p e r  o rig inal T- 
cell in p u t (Eig. 3). Again, th e  p o o r  b las t tra n s fo rm a ­
tion  was co n firm ed  in asx m p to m atic  p a tien ts  (C D C  
stage  II; 121 su b jec ts) , as w ell as in th e  g ro u p  xxith 
p e rs is ten t g en e ra lized  ly m p h ad en o p a th y  (PGL; CDC 
stage III; 38 su b jec ts) ; th e  m ean  T-cell b la s to g en esis  
w as 43 an d  51%, respectixelx", w ith  a fu r th e r d e c re a se  
in CDC stage lA' to  26% (5 6  patien ts ; Eig. 3). T h e  c o r ­
re sp o n d in g  m ean  n o rm al x-alues fo r b las ts  p e r  T-cell 
in p u t in 37 HIA -1 -seronegatixe  co n tro ls  w e re  a p p ro x  
im atelv 93%.
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Both CD4 and CDS cells perform poorly
I ’he  tim e c o u rse  w as im 'estigateci in anti CD5 stim u  
lated  cu ltu res  b \' anaK 'sing th e  re c o \e r \ ' o f  CD 4 an d  
CD8 su b se ts  in 64 su b je c ts  (Fig. 4a j. In IS c o n ­
tro ls b o th  C D 4 a n d  C D 8 cells s u n b e d  w ell, w ith  a 
20% d ro p  in C D 8 c o u n t at d a \s  1-2; by  day  3 th e  
c o u n ts  s ta rted  to  in crease . In co n tra s t, in CDC stage  
II (24  su b je c ts )  b o th  C D 4 a n d  C D 8 p o p u la tio n s  h ad  
d ec lin ed  to  50% by  day  2. C D 8 c o u n ts  a p p e a re d  to  
dec lin e  m o re  th an  CD 4 c o u n ts  in  CDC stage  III ( I 4 
su b jec ts) , b u t th e re  w as w id e  in d h id u a l variation . In 
th e  CDC stage fV ( 11 su b je c ts  ) b o th  su b s e ts  d ec lin ed  
rapidly to  <  30% re c o \e iy  .
T h e  b las to g en esis  a m o n g  C D 4 an d  CD 8 T cells d u rin g  
a 3-day PITA stim ul'U ion w as m e a su re d  by  s e le c ti \e  
gating  an d  by re la ting  th e  b las t c o u n ts  to  th e  c o r ­
re sp o n d in g  in p u t o f  C D 4 o r  C D 8 cells at th e  sta rt 
o f  cu ltu re  (Fig. 3). B o th  lineages w e re  affected  in 
HIA' 1 seropo.sitive d o n o rs , b u t C D 8 +  cells a p p e a re d  
to  b e  m o re  se rio u sly  d am ag e d . In th e  111\'-1-.seroneg­
ative c o n tro l cu ltu re s  th e  PHA s tim u la ted  C D 4 +  b last 
values at day  3 w e re  1 18% o f  th e  C f)4 inpu t. T h e  
I IIA'-1 se ro p o sitiv e  CDC stag e  II y ie lded  significantly 
low er CI)4 blast c o u n ts  p e r  CD4 in p u t ( “’8%; /^<  0 .0 1 ), 
w hile  the  PGL g ro u p  (C D C  stage  III ) still had  n e a r-n o r­
mal values ( 103% ), ind ica tin g  that th e  rem ain ing  C I)4 
cells tran sfo rm ed  fairly well. .At th e  sam e  tim e CD 8 
b las to g en esis  d ro p p e d  from  th e  95% co n tro l xalues 
to  as low  as 3^ a n d  40%  in b o th  CDC stage  II and  
III, respectively. B lasto g en esis  in th e  CDC stage  lA' 
w as ap p ro x im a te ly  18-20% , reflecting  th e  pc)or p e r ­
fo rm ance  o f  th e  C D 8 +  cells, w h ich  p re d o m in a te  in 
th ese  patien ts.

Poor lym phocyte perform ance in the presence of 
normal C D 4 +  cells
T h e  pow erfu l m itogenicitx’ o f  PHA an d  anti CD3, 
w hich  actixates T  cells, m asks a llogene ic  m ixed  Ixm-

p h o c y te  reac tion , w h ich  s tim u la tes  on ly  3 -7 %  o f  
lym phocx tes . F o r th is re a so n  b lo o d  m o n o n u c le a r  
cells from  p a ired  HIA-A2 h is to  in co m p a tib le  no rm al 
d o n o rs  an d  HIA' I se ro p o sitix e  p a tien ts  w e re  m ixed  
in eq u a l n u m b e rs  a n d  s tim u la ted  w ith  PHA o r  anti- 
CD3 fo r xarxing tim es. Six d o n o rs  an d  12 asym p 
tom atic  HIA -1-.seropositixe ind ix iduals w e re  analysed  
in 15 p a ire d  e x p e r im e n ts  (T a b le  2). In a rep  resen  tatix-e 
e x p e r im e n t sh o w n  in Fig. 5, th e  HIA-A2 4- cells w ere  
from  an  HIA' I se ro n eg a tix e  d o n o r , an d  th e  HLA-A2- 
cells from  an  a sy m p to m atic  HIA' 1 se ro p o sitix e  d o n o r. 
In th e  u n stim u la ted  cu ltu re s  th e  HLA-A2 +  A 2 - ratio  
rem a in ed  ap p ro x im a te ly  55% th ro u g h o u t th e  5-day 
cu ltu re  (d a ta  n o t shoxvn). In PHA s tim u la ted  cu ltu res  
th e  initially b a la n c e d  ratio  ch an g ed ; w ith in  3- days 
th e  .A2- ( HIV-1-.seropositix 'e) c o n tr ib u tio n  d e c lin e d  to  
2 "  an d  18%, respectixely. At day  3 th e  A 2- d ec lin e  w as 
a ttr ib u ta b le  to  cell d ea th , s in ce  th e  b u lk  p ro life ra tio n  
o f  A2 +  cells h ad  n o t xet s ta rted . T h e re  w as n o  indica- 
tion  tha t th e  cells in HIA' I se ro p o sitix e  d o n o rs  signifi­
can tly  su p p re s s e d  th e  p ro life ra tio n  o f  co n tro l b las ts  at 
any  tim e d u rin g  th e  3 -5  day  c u ltu re  p e rio d  (T a b le  2).

T h ese  e x p e rim e n ts  a lso  co n firm ed  th e  d em ise  o f  th e  
C D 8 p o p u la tio n s  in HIA' I se ro p o sitix e  d o n o rs  (Fig. 
4a). B ecau se  o f  d ifferen t CD 4 : C D 8 ratios in th e  b lo o d  
sam p les, th e  CD 8 cell in p u t from  th e  HIA' l .se ro p o s­
itix'e (.A 2-) su b jec t xxas h ig h e r (68% ) than  that from  
th e  I IIA I se ro n eg a tix e  (,A2T ) d o n o r  ( 32% ). I low exer, 
d u rin g  th e  5 day cu ltu re  , ,A2- C D 8 +  cells d ec lin ed  to  
23%, xx'hereas th e  p ro p o r tio n  o f  A 2 +  C D 8 +  cells  in ­
c rea sed  to  “’■"%. T h e se  p o p u la tio n  shifts reflect th e  
cell d e a th  o f  th e  HIA' 1 se ro p o sitix e  and  th e  p ro lif ­
e ra tio n  o f  th e  I IIA' I-seronegatix  e  p o p u la tio n s  xvithin 
th e  sam e  tissue  c u ltu re  en x iro n m en t du rin g  th e  5 day  
cu ltu re  pe rio d .

Tabl e 2. Q u a n t i ta t io n  o f m ito g e n  re s p o n s e s  in  m ix e d  c u ltu re s  o f H L A -A 2  h is to - in c o m p a t ib le  c e lls  f ro m  H IV -1 -s e ro n e g a t iv e  c o n t ro ls  a n d  H IV -1 - s e ro p o s it iv e  

d o n o rs '.

M e a n  ±  s.e.m .

C D 4  c o u n t  

I X 10*) I) M ix e d

M ito g e n

No.

s u b je c ts

o f  H IV -1  4- 

d o n o rs H IV -1 - H IV -1  + E x p e c te d F o u n d

R e c o v e ry  a t d a y  3

P h y to h a e m a g g lu tin in 4 2 0 0 -4 0 0 115 ±  15 60.7  ±  14 88  ±  11 81 ±  21

2 1 1 7 -2 0 0 122 ±  130 51 ±  57 86  ±  94 90  ±  8 0

A n t i-C D 3 5 2 0 0 -4 0 0 99.9  ±  10.1 53 ±  19 7 6  ±  14 71 ±  1 2

4 1 2 7 -2 0 0 107.1 ±  7.1 41 ±  7 .9 74  ±  7.3 61 ±  1 0

R e c o v e ry  a t d a y  5

A n t i-C D 3 5 2 0 0 -4 0 0 150 ±  6.1 70.2  ±  1 4 : 110  ±  11 91 ±  21

4 1 2 7 -2 0 0 161 ±  17 41.1 ±  8 .8 : 102  ±  13 91 ±  1 2

'H IV -1 -s e ro p o s it iv e  d o n o rs  w e re  a s y m p to m a t ic  (C e n te rs  fo r  D ise a se  C o n tr o l a n d  P re v e n t io n  s ta g e  II). C e ll s u s p e n s io n s  o f  10*> ly m p h o c y te s ,  m l f ro m  H l\ '- 1 -  

s e ro n e g a tiv e  a n d  H IV -1 -s e ro p o s it iv e  p o p u la t io n s  w e re  m ix e d  in  e q u a l n u m b e rs . T he  T -c e ll p ro p o r t io n s  w e re  7 0 % , a n d  th e  T (C D 5  +  CD7), C D 4  a n d  

C D 8  ce lls  w e re  fo l lo w e d  f ro m  e a c h  d o n o r  b y  d o u b le  o r  t r ip le  s ta in in g  w ith  a n t i-H L A -A 2  (see S u b je c ts  a n d  m e th o d s ) . ^ T h e  e x p e c te d  va lue s  a re  t b e  s u m s  

o f 5 0 %  c o u n ts  o f  th e  p a irs  g ro w n  s e p a ra te ly  a t 10*> m l s ta r t in g  c o n c e n t r a t io n .  D if fe re n c e s  b e tw e e n  e x p e c te d  a n d  o b s e rv e d  v a lu e s  a re  n o t  s ig n i f ic a n t  

(P =  0.15). ÎT h e  H L A -A 2  la b e llin g  s h o w e d  th a t  ce lls  f r o m  H IV -1 -s e ro n e g a t iv e  d o n o rs  d e c lin e d  in  n u m b e rs  (see Fig. 5).
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Fig. 5 . R e p r e s e n ta t iv e  m ix in g  e x p e r im e n t  u s in g  H I  A - A 2  h is t o -  

i n c o m p a t ib le  l y m p h o c y t e s  f r o m  a n  H I V - l - s e r o [ io s i t i v e  d o n o r  

( H L A - A 2 - )  a n d  a n  H IV - 1 - s e r o n e g a t iv e  d o n o r  tH l  A - A 2  -h ) s e t 

u p  in  e q u a l  n u m b e r s  ( 5 0 " o )  a n d  in c u b a t e d  in  t h e  p r e s e n c e  

o f  p h y t o h a e m a g g lu t in in ,  r e c o m b in a n t  i n t e r le u k in - 2  a n d  c o n d i ­

t io n e d  m e d iu m  t o r  v a r io u s  p e r io d s ,  a s  s h o w n .  T h e  p e r c e n t a g e  
v a lu e s  o f  H L A - A 2  -h ( ~ ,  4 - ,  a n d  H L A - A 2 -  c e l ls  (X, *)

w i t h in  t h e  C D i ( +  , . ), CD4 (1 3 ,  ')  a n d  CD8 (L ., X I p o p u la t io n s  

a r e  s h o w n .  In  a d d i t io n  t o  t h e  s h i f t s  s e e n  in  c e l l  p r o p o r t io n s  t h e  

a b s o lu te  c e l l  n u m b e r s  a ls o  in c r e a s e d  b e t w e e n  d a y s  3 T, m a in ly  

d u e  t o  t h e  p r o l i f e r a t io n  o f  t h e  t h e n  d o m in a n t  H L A - A 2  -T c e l ls  m o t  
s h o w n ! .

CD45R0 +  cells from HIV-1-seropositive donors 
proliferate poorly
7'wt) rsp cs  o f  experin ien t.s d o c u m e n te d  th e  d ifferen t 
heha\'ioL ir o f  PHA-.stimulated C D hS R -\+  C u n p rim ed  ) 
an d  C D h 5 R 0 +  ( ‘p rim ed  ) populaticjn .s o b ta in e d  from  
HPv' 1 se ronega tive  co n tro ls  an d  H I\’-1 se ro p o sitiv e  in 
dix’iduals. First, purified  CD 45R .-\+  o r  CD-rSRO +  lym- 
p h o c \ te s  w ere  adm ixed  to  1096 E ro se tte -n e g a ti\e  non- 
T  cells a n d  stim ula ted  by P R \  in th e  p re se n c e  o f  
rIL-2 a n d  co n d itio n ed  m ed iu m  fo r \a ry in g  p e rio d s  
(Fig. d b ) .  Cell recovery  w as h igh  (8096) in th e  c u l­
tu res  o f  CDdsRA-l- and  RO +  from  HPv-1-seronegative 
d o n o rs . H cjwever, w h en  tak en  fro m  HPv -1 -seropositive 
tiSTTTiptomatic d o n o rs  th e  PH A -stim ulated  cu ltu res  o f  
CDdsRA +  and  CDdSRO-h cells b eh av ed  differently. 
By d ay  2 the  p ro p o r tio n  o f  CDd5RA-l- cells h ad  d e ­
c re a se d  t(j 5596, b u t b \' d ay  -4 it rapid ly  reco v ered  
to  9096. T hese  cells w e re  actively p ro lifera ting , as 
d o c u m e n te d  by the  m ultinuciea tec l b las ts  p re se n t in 
cy tocha lasin  B cu ltu res. In co n tra s t, by  day 2 m any  
CD-45R0 -f cells h ad  d ie d  an d  th e  recovery  by  d a \ s 
3 -h  w as as low  as 2096 (Fig. d b ). In cy tocha lasin  B c u l­

tu res  on ly  o ccas io n a l b last cells fo rm e d  m u ltin u c lea ted  
blasts.

S econd , th e  g e n e ra tio n  o f  C D d 5 IT \+  a n d  -RO +  
lym p h o b las ts  w as m e a su re d  in u n se p a ra te d  lym pho- 
c \ te  cu ltu res  d u rin g  P fT \ s tim u la tio n  (T a b le  3). D u r­
ing su ch  ac th ’a tio n  C D d5R A + b las ts u n id irec tiona lly  
sw itch  to  CDd5R0 as a sign  o f  ‘p rim in g ' [21], b u t at 
day 3 still e x p re s s  residual CDd5RA o n  th e ir  m e m ­
b ran es , s in ce  th e \' h a \e  o n ly  just s ta rted  to  d isp lay  
CDd5R0 ( RA. +  RO ±  ). At th e  sam e  tim e, a c tu a te d  
C D d5R 0+  b las ts  rem ain  C D d5R A - (R O  +  RA- [21 ]). 
T h u s th e  p ro p o r tio n  o f  RA +  RO ±  b las ts  w as re ­
lated to  th e  o rig inal in p u t o f  RA +  ‘u n p r im e d ’ cells, 
an d  th o se  o f  RO +  RA- b las ts  w e re  sh o w n  as th e  p e r ­
cen ta g e  o f  th e  RO +  p r im e d ’ K’m p h c jq te  inpu t. RA +  
RO ±  b lasts  sh o w e d  a h igh b la s to g en esis  ( >  8096), in 
cu ltu res  from  HPv -1 -seropositive  d o n o rs  in CDC stages 
II and  111, w h ile  RO +  RA- b las ts  re \e a le d  a p o o r  b ias 
to g en es is  (35% ). .A lthough b o th  p o p u la tio n s  w e re  a f ­
fec ted  in H I\' I-se ro p o sitiv e  d o n o rs  in CDC stage Pv’ 
RO -F RA- b las ts  sh o w e d  lo w er v alues th an  th e  RA +  
RO +  b lasts  (T a b le  2).

Table 3. P e r fo rm a n c e  o f  C D 4 5 R A a n d  C D 4 5 R O  b la s t te l ls  

in  p h v to h a e m a g g lu t in in -s t im u la te d  ( u ltu re s  f ro m  H IV -1 -s e ro p o s it iv e  

d o n o rs '

\ ( )

s u b je c ts

M e a n  ±  s.e.m .

C D 4 5 R A  -  R O  d  + C D 4 5 R O -P R A -

H IV -1

C o n tro ls 10 119.5 ±  20.8  9 4 ,6  ± 1 1 . 0

H IV -1  -P

C D C  s ta g e  II a n d  III 19 81 9 ±  1 0 ,8 : 35.2 ±  5 ,6 :

C D C  s ta g e  IV 10 4 4,4  ±  9 .6  23.8  ±  4.7

'B la s to g e n e s is  w a s  m e a s u re d  in  th e  C D 4 5 R A  -e a n d  C D 4 5 R 0-P  subse ts . 

Tb e  v a lu e s  a re  th e  p e rc e n ta g e  o f  b la s ts  w ith  R A - f-R O ±  o r  R O -P R A - 

p b e n o ty p e s  re la te d  to  th e  in p u t  o f  R A -P  o r  RO-P T ce lls , re s p e c tiv e ly , 

^ M o n o n u c le a r  ce lls  w e re  c u ltu r e d  a n d  h a rv e s te d  a t 7 2 -7 4  h, w h e n  

C D 4 5 R A -P  T c e lls  h a v e  n o t  y e t fu l ly  s w itc h e d ' th e ir  p h e n o ty p e  to  

C D 4 5 R 0 -P . These  b la s ts  a re  re fe r re d  to  as C D 4 5 R A -P R 0 ± .  ^S ig n if ic a n t 

d if fe re n c e  b e tw e e n  tb e  C D 4 5 R A -P R 0 ±  a n d  C D 4 5 R 0 d R A -  s u b se ts  a t a 

P <  0.01 le ve l. C D C , C e n te rs  fo r  D ise a se  C o n tr o l a n d  P re v e n tio n .

Abortive activation of CD4 and CD8 populations from  
HIV-1-seropositive donors
O u r ffnal o b jec tiv e  w as to  d e te rm in e  w h e n  H P v -1 -  

re la ted  ch an g es  first m an ifest d u rin g  th e  T-cell a c ­
tivation cycle. C D25 (IL-2Roc) positfiity  in PFIA c u l­
tu res  w as analysed  o n  C D 3 cells (Fig. 6 )  a n d  o n  
th e  CD3 CDd a n d  C D 3/C D 8 su b se ts . By day  1 sim ilar 
C D 25 e x p re s s io n  w as in d u c e d  o n  T  cells from  HPv -1- 
se ronega tive  an d  HPv - 1 -se ro p o sitiv e  d o n o rs  (F igs 6 b  
a n d  f). D uring  days 2 -3  th e  H P v -1-seronegative  d o n o r  
cells p ro g re sse d  to  C D25 +  b last stage (Fig. 6 d ), w h ile  
in cu ltu re s  from  H Pv-1-seropositive p a tien ts  a variab le  
p ro p o r tio n , an d  freq u en tly  th e  majorit}', o f  C D 25 cells 
d ied  (Fig. 6h ).
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Fig. 6 . Time course of CD25 expression in phytohaemagglutinin-  
st imulated  cultures of T cells from an HIV-1-seronegative donor  
(a-d) and  an asym ptom atic  HIV-1-seropositive donor  (e-h). The 
cells were stained for CD3, with phycoerythrin  (PE), and CD25 
with fluorescein iso th iocyana te  (FITC), and  the  forward cell scatter  
(x axis) versus CD25 positivity (y axis; log display) of the  gated  
CD3-PE population is shown. The num bers  inside the  quadran ts  
refer to the relative p ercen tages  of cells and not  to their absolute  
num bers (but see Table 4). Similar observations were m ad e  when 
CD4 PE and CD8-PE cells w ere  ga ted  (not shown).

g ro u p s  lio tve\'er, th e  values at 48 an d  72 h ( 48.4 ±  6.0 
a n d  42.9 ±  9.6 x lO V m l, respective ly ) w e re  h e te ro g e  
neo u s: cu ltu re s  w ith  g o o d  b la s to g en es is  ( >  70%  re 
coveiv’ in Fig. 2 ) re ta in ed  h igh  n u m b e rs  o f  C D25 +  
b las ts  th ro u g h o u t, w h ile  th o se  w ith  p o o r  p e rfo rm a n c e  
( < 30% recovery’) lost m o s t C D 2 5 +  cells. Few er 
C D 2 5 +  cells w e re  se e n  in th e  CDC s tage  I \ ' g ro u p  
( 2"".5 X lO V m l), N evertheless, th e  ly m p h o b la s ts  in all 
g ro u p s , inc lud ing  th e  residual su tv ix ing  b las ts  in th e  
CDC s tage  I \ ’ g ro u p , h ad  sim ilar MFI (3 3 0 -3 3 8 , c o r r e ­
s p o n d in g  to  55 -6" ' X io3 m .p .c. ) sh o w in g  th a t IL-2Rot 
d isp lay  o n  th e  surviving a c tu a te d  cells w as a p p ro x i­
m ately  10 tim es h ig h e r at “'2 th an  at 24 h.

B etw een  “’2 -9 6  h in all th ree  g ro u p s  T b las ts  p ro life r  
a ted  an d  m ultip lied , o n  axerage, by  a fac to r o f  1.80, 
1.56 a n d  1.56, to  reach  th e  xa lues o f  I 44 . "^2.5 and  
39."' X 10“* ml in th e  co n tro l, CDC stage  11 111 and  
CDC stage  1\ g ro u p s , respectixely . T his w as acco m  
p a n ie d  by a fu r th e r m in o r in c rea se  in MFI (T a b le  4 ).

T h ese  ch an g es  w e re  q u a n tita te d  in 50 su b jec ts  (T ab le  
4 ). T h e re  xvere o n ly  few  C D 25 +  cells in th e  positixe 
gate  in th e  u n stim u la ted  b lo o d  o f  H l\ 1 se ro n eg a tix e  
co n tro ls  (2.1 ±  0.2%; se e  S ub jec ts  an d  m e th o d s ) . In 
sim ilar .sam ples from  lllX' T ,seropositixe  d o n o rs  (C D C  
stages 11 111 an d  l \ ’) th e  xalues xxere 2.4 ±  0.2 and  
2.9 ±  0 .3%). T h e se  fexx lym phocyTes e x p re s se d  loxv 
am o u n ts  o f  C D 25 c lo se  to  th e  d e tec tio n  limit o f  o u r  
test.

In FI 1.4 cu ltu res  .set u p  at 10'" ml lym phovy ie c o n c e n  
tra tion  xxith ""5% T  cells ( ' 5  x i(p  n il) II. 2Rd( ex  
p ress io n  xvas in d u c e d  d u rin g  th e  first 2 t h  o n  m o st 
T cells. T he  n u m b e rs  o f  C D 25 T  1 cells reco x ered  
in th e  co n tro l, CDC stag e  II 111 and  s tage  1\' g ro u p s  
w as “’2.5, 56."" an d  3^ .”  x ip r  nil, respectixe lx . T h ese  
actixated T cells e x p re s s e d  m o d e ra te  a m o u n ts  o f  
IL 2Rgt ( MFI: 6 2 .8 -8 2 .6  in T ab le  4 , c o r r e sp o n d in g  to 
5 -6 .5  X iq3 m .p .c .) T h e  n u m b e r  o f  C D 2 5 +  b lasts  
in th e  c o n tro l c u ltu re s  rem a in ed  th e  .same betxxeen 
2 4 -^ 2  h ( 8 0 . '  X 1Q4 m l at ' 2  h ). In th e  CDC stage  11 111

Discussion

T his studx q u an tita ted  d iso rd e rs  o f  ly m p h o cy te  acti 
xation  in o p tim ally  s tim u la ted  cu ltu re s  from  H l\ ' 1 
se ro p o sitix e  d o n o rs  at d ifferen t d isease  stages. C on  
d itio n ed  m ed iu m  an d  rll. 2 xvere a d d e d  at th e  start, 
and  in a series o f  e x p e rim e n ts  no rm al Ixm phocy tes 
from  I l l \ ’ I se ro n eg a tix e  d o n o rs  xxere also  c o c u ltu re d  
xxith cells from  111\ -1 se ro p o sitix e  d o n o rs . W e fo u n d  
that n o rm al cells a re  u n ab le  to  re co n s titu te  the.se 
lllN’-l re la ted  defec ts , an d  that transm i.ssible s u p p r e s ­
so r effects d o  n o t a p p e a r  to  play a signilicant ro le . S im ­
ilar co n c lu s io n s  haxe b een  re ach ed  in a n o th e r  k ind 
o f  m ix ing  e x p e r im e n t using  cells from  p a tie n ts  xxith 
adxancecl .41DS [4O]. I n d e r  th e se  c o n d itio n s , th e re  
fore, th e  p o o r  re sp o n se s  to  PHA an d  anti C D 3 are  
a ttr ib u tab le  to  in trin sic  d i.sorders o f  ly m p h o id  cells 
taken  from  an  im m u n o s u p p re s se d  d o n o r. Oi.ir o b  
se iv a tio n s  d o  n o t d e n y  th e  im p o rta n c e  o f  IF 2  deli

Table 4. The  a b s o lu te  n u m b e rs  a n d  m e a n  f lu o re s c e n c e  In te n s ity  o f  C D 2 5  -t- i in te r le u k in -2  re c e p to r  ;x) T c e lls  in  p h y to h a e m a g g lu t in in  iP H A )-s tn m u la te d  

c u ltu re s  f ro m  H IV -1 -s e ro n e g a t iv e  a n d  H IV -1 -s e ro p o s it iv e  d o n o rs .

H o u rs  'm e a n  ±  s.e.m .)

s u b je c ts 0 24 48 72 96

A b s o lu te  n u m b e r  o f  C D 2 5 +  c e lls  ( x  iQ -t m l) ' 

H IV - 1 -  15 2.1 ±  0.21 72.5  ±  2 .69 80.1 ±  3.3 80.7  ±  4 .0 144 ±  8 .2

C D C  s ta g e  II III 22 2.4 ±  0 .18 56.7 ±  3 .36 4 8 .4  ±  6 .0 42.7  ±  9 .6 72.5 ±  1 3 .4

C D C  s tag e  IV 13 2.9  ±  0 .26 37.7 ±  4 .25 31.5 ±  4 .3 27.5  ±  6 .6 39.7 ±  '9.6

M e a n  flu o re s c e n c e  in te n s ity '* ' 

H IV -1 - 15 32.7  ±  1.05 82 .6  ±  6 .23 260  ±  23.4 387 ±  36.3 437  ±  3.6.6

C D C  s tag e  II III 22 32.1 ±  1.40 7 7.4  ±  4 .10 227 ±  17.5 388  ±  29.4 502 ±  39.0
C D C  s ta g e  IV 13 31.8  ±  1.96 6 2.8  ±  5.61 159  ±  18.3 330  ±  40 .6 414  ±  5.4.7

"T he  a b s o lu te  n u m b e rs  o f  C D 3 +  C D 2 5 +  ce lls  ( x  lO"* m l) re c o v e re d  in  c u ltu re s  s t im u la te d  fo r  v a ry in g  p e r io d s , as s h o w n  in  P H A  c u ltu re s . T h e  s ta r t in g  

c e ll c o n c e n t ra t io n s  w e re  100  x  iQ -t c o n ta in in g  75 ±  lO"* T ce lls . ""The m e a n  f lu o re s c e n c e  in te n s ity  v a lu e s  w e re  m e a s u re d  o n  th e  g a te d  C D 2 5 +  c e ll 

p o p u la t io n s ,  ig n o r in g  th e  C D 2 5 -  ce lls . C D C , C e n te rs  fo r  D ise a se  C o n tr o l a n d  P re v e n tio n .
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d e r u y  a s  a co n tr ib u tin g  e le m e n t [9 ,12 ,13,17,18], b u t 
sh o w  th a t it is an  add itiona l fac to r (s e e  be lo w ).

In o u r  s tu d ies  ap p ro x im a te ly  3 0 -8 0 %  o f  T  cells 
from  asiym ptom atic H l\ ' 1 s e ro p o s it i \e  d o n o rs  failed 
to  tra n sfo rm  w h e n  in c u b a te d  w ith  m ito g en s , an d  th ese  
p ro p o r tio n s  a re  live- to  100 fold h ig h e r th an  th e  n u m ­
b e rs  o f  cells tha t h a rb o u r  H I\’-1 p ro v iru s  [15,26] an d  
d e v e lo p  p24  positi\it\- d u rin g  lo n g e r te rm  cu ltu re s  ( see  
a lx w e  a n d  [12] ). In ad d itio n , o u r  o b se iv a tio n s  confirm  
an d  e x te n d  p rev ious s tu d ie s  in e s tab lish in g  that b o th  
C D a a n d  CD8 lym phocv tes a re  sex'erely h an d ica jip ed . 
T his C D 8  m alfunction , originalK ’ d e sc r ib e d  in p a tien ts  
w ith  AIDS [5,29,42] has b e e n  sh o w n  d u rin g  a.sym p­
to m atic  H I\’-1 in fec tion  in m ixed  p o p u la tio n s  follow ­
ing F H r\ a c ti\a tio n  [ 10], as veil as w h e n  e n ric h e d  CD8 
cells w o re  s tim ula ted  w ith  anti CD3 [ 13] an d  anti CD3 
p lu s rlL-2 [12]. W hile th e  loss o f  thym id ine  u p tak e  
in c u ltu re s  o f  se p a ra te d  C D a a n d  C D 8 p o p u la tio n s  
in th e s o  p rex ious s tu d ie s  w as o f  th e  sam e  m agn itude , 
in o u r  s tu d y  th e  b last tran sfo rm a tio n  o f  C D 8 lym pho  
cxies w as significantly m o re  h a n d ic a p p e d  than  that o f  
th e  re.sndual C D a cells (Fig. 3), co n firm ing  the  sexer 
itx- of th e  se c o n d a  tv ab n o rm a litie s  in 1 II\ I in fec tion  
[13 .43].

l l l \  1 a sso c ia te d  p ro liferatixe d e fec ts  xxere d e sc r ib e d  
so o n  a f te r  th e  d isc o x e n  o f  111\’ 1. xx h en  it xxas shoxx n 
tha t the- inocu la tion  o f  H l\ I in to  cu ltu re s  o f  m itogen  
and  an tig en  s tim u la ted  no rm al an d  c lo n ed  C D s Ixm 
p h o cx to s  c au sed  a b lo ck  in p ro life ra tio n  that p re  
c e d e d  m a tu re  xirion p ro d u c tio n  [a - t-ab ] . O th e r  e x p e r  
in ten ts, how exer, ind ica te  that th e  Ixn iphocxie d e fec ts  
a re  n e ith e r  restric ted  tct C D s Ix 'm phocxtes n o r  ex en 
seen  in  H l\’-1 in fec tion  a lone. Sim ilar p h e n o m e n a  
xxere o T se iv ed  in m u rin e  GxllK  m o d e ls  e lic ited  by 
m a jo r h is tocom patib ilitx  co m p lex  class 1 II d isp a ra te  
p a re n ta l cells in jec ted  in to  n o n  irrad ia ted  FI recipi 
e n ts  [4~'l o r  by 112 iden tical b o n e  m arroxv p lu s T cells 
gixeii ti) irrad ia ted  fl 2 iden tical m ice  m ism atch ed  for 
m u ltip le  d o n o r  loci [a8 ]. T h ree  w eek s  after in itiating 
Gx llR , T  cells from  th e  sp leen  o f  Gx l IR m ice d isp layed  
n o rm al lexels o f  CD3 b u t re s p o n d e d  p o o rly  to  stim uli 
such  a s  anti CD3, concanaxalin  [a ’ ] o r  PHA [a8 ], d e  
sp ite  c o c u ltu re  w ith  n o rm al F l a c c e sso iy  cells [a"’]. In 
th is m o d e l b o th  CD a an d  CD 8 Gx l IR T cells p ro life ra te  
poorly : a lthough  IL-2Rot e x p re s s io n  co u ld  b e  in d u c e d  
at 12 h , 1L-2R+ cells w e re  n o  lo n g e r d e te c ta b le  b e ­
tw een  2a and  a 8 h . Again, cxaokines a d d e d  to  th ese  
cu ltu re .s  d id  n o t re s to re  full p ro lifera tixe  actixitx", an d  
m ix ing  ex p e rim e n ts  d id  n o t d e m o n s tra te  su p p re ss ix e  
effects [a""].

^X'hat a re  th e  exen ts that m ay c o n tr ib u te  to  th e  lym pho  
cyte d e fe c ts  seen  in th e se  actixated  cu ltu res?  P rex ious 
s tu d ie s  haxe re p o r te d  d e c re a se d  [5 ,'’,10,l~’,30 ,a2 ,a9], 
n o rm a l [12] o r  in c reased  lL-2Ra e x p re s s io n  [50] o n  
s t im u la te d  T cells from  H l\-1  se ro p o sitix e  patien ts . 
O u r finidings in T ab le  a  reco n c ile  th ese  findings. O n  
th e  firsit day  lL-2Ra d isp lay  is in d u c e d  o n  m o st T  cells 
in all HH\ - 1 -seropositixe  g ro u p s , a lbe it in sm aller p ro ­

p o rtio n  in M DS patien ts . O n  days 2 -3 , how exer, a xari 
ab le  n u m b e r  o f  T  cells, in c lud ing  m any  IL -2R a+  cells, 
d ie  d e sp ite  th e  ad d itio n  o f  rlL 2R to  th e  m ed iu m  an d  
th e  c o n c o m ita n t e x p re s s io n  o f  1L-2R(3 o n  m o s t o f  th em  
(N. Borthxx'ick an d  G. ja n o s sy , u n p u b lish e d  d a ta ). T his 
p h e n o m e n o n  is re fe rred  to  as AALD.

It has recen tly  b e e n  su g g es ted  tha t m isp ro g ram m in g  
o f  lym phocy tes in H I\' 1 in fec tion  leads to  th e ir p r o ­
g ram m ed  cell d e a th  (P C D ), a lso  re fe rred  to  as a p o p to  
sis [5 1 -5 a ] . AAID is, how exer, n o t fully e x p la in e d  by 
ap o p to s is  fo r th e  fo llow ing  reaso n s. D uring  th e  acu te  
p h a se  o f  x iral in fec tio n s ca u se d  by  E p s te in -B a rr  x irus, 
xaricella z o s te r  xirus an d  HI\'-1 c ircu la ting  b lo o d  CD8 
ly m p h o b las ts  in c rease  in n u m b e r  an d  e x p re s s  low er 
than  n o rm al lexels o f  bel 2 p ro te in ; w h e n  in cu b a ted  
in ritro  in th e  a b se n c e  o f  IL-2 m o st o f  th e se  cells 
u n d e rg o  classical a p o p to s is  xxith signs o f  DNA d e g ra ­
d a tio n , p e rip h e ra l c h ro m a tin  c o n d e n sa tio n  asso c ia ted  
xxith loxv sca tte r b u t in tact m e m b ra n e  an tig en s [55]. 
A p o p to s is  has b e e n  d o c u m e n te d  in sm all p ro p o r tio n s  
o f  cells d u rin g  th e  asy m p to m atic  c h ro n ic  p h a se  o f 
H I\ 1 in fec tion  [53 ,5a], an d  th e  d ea th  o f  at least 
so m e  o f  th e se  tym phocxaes a p p e a rs  to  b e  p rex en tab le  
by rlL 2 [56]. In terestingly , th e  p ro p o r tio n s  o f  th e se  
a p o p to tic  cells a re  o n ly  m arginally  in c reased  by stim  
Illation xxith a poxxerful m ito g en  such  as anti CD3. 
W hen  a sensitixe nick  tran sla tio n  m e th o d  xxas u sed  
to  d e tec t a p o p tic  cells in cu ltu re s  in cu b a ted  oxern igh t 
xxithout m ito g en s 10% o f  lym phocx tes (13%  o f  CD8 
cells) xxere ap o p to tic , and  d u rin g  anti CD3 stim ula  
tion  133) ( 18% o f  CD 8 ce lls) w e re  positix'e [5a]. T h e  
facts that in asy m p to m atic  H l\ ' 1 se ro p o sitix e  p a tien ts  
the  p ro p o r tio n  o f  bel 2 -  L' cells a re  on ly  in c rea sed  by 
ap p ro x im a te ly  20% ab o x e  th e  n o rm al xalues se e n  in 
healthy  indixiduals, b u t a re  m u ch  loxxer th an  th e  p ro  
p o rtio n s  o f  bel 2 -  T cells in an  acu te  xiral in fec tion  
[55] a re  in line xx ith th e se  ob .se iv'ations ( N. B orthw ick , 
u n p u b lish e d  data).

It is likely tha t th e  a p p e a ra n c e  o f  a p o p to tic  cells is 
ex p la in ed  b\- lL-2 starxation  in ritro  [5""], particu- 
larly if th e  sam p le s  haxe b e e n  taken  from  p a tien ts  
w ith  recen t e p is o d e s  o f  a cu te  xiral in fec tio n s [55]. 
In m a rk ed  co n tra s t, w e  haxe sh o w n  tha t d u rin g  the  
asxm ptom atic  stage  o f  f i l \ '- l  in fec tion  p o w erfu l m i­
to g en s  su ch  as PHA an d  an ti CD 3 in d u ce  AM D  in 
larger p ro p o r tio n s  (3 0 -8 0 % ) o f  T  cells, d e sp ite  the  
axailabilitx- o f  rlL-2 in th e  cu ltu res. N exertheless, in 
th e  p re s e n c e  o f  w eak e r m ito g en s  su ch  as P ^ A l o r  
rlL-2 p lu s  FCS th e  s tim u la tion  p ro c e s se s  in th e  cu ltu re  
are  slow er. W h en  cu ltu red  in th is w ay th e  majoritx- o f  
sm all lym phocxaes ( >  60% ) rem ain  x iable fo r lo n g e r 
th an  5 ^  days —  at least until a p ro p o r tio n  d ex e lo p  IL- 
2Rot an d  d ie  (E. M iedem a a n d  M. Bofill, m an u sc rip t in 
p re p a ra tio n ) . T hus, th e  n u m b e r  o f  T  cells u n d e rg o in g  
AALD is d e p e n d e n t u p o n  th e  stim uli u sed . Anti CD3, a 
m itogen  tha t m im ics actix a tio n  p ro c e s se s  g e n e ra te d  by 
specific an tig en s [37], is a su itab le  agen t to  inxestigate 
th is p h e n o m e n o n .
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T h e  m ech a n ism s o f  AM D  is u n k n o w n . H ow ever, d u r  
ing th e  a sy m p to m atic  stag es o f  HrV-1 d isease  large 
s u b s e ts  in C D 8 a n d  p ro b a b ly  a lso  in  CD-t p o p u la  
tio n s d e \e lo p  p h e n o ty p ic  a n d  m e tab o lic  fea tu res  tha t 
a re  kno v ,n  to  b e  a sso c ia ted , d u rin g  thym ocv te  d e ­
v e lo p m en t, w ith  cell d e a th  an d  w ilnerabilitv ' [58 ,59]. 
T h e se  fea tu res  in c lu d e  th e  c o  e x p re s s io n  o f  CD-a5R0 
an d  C D 38 su rface  m o le c u le s  a n d  particu la rly  low  levels 
o f  5 '-n u c leo tid ase  [59]. .A lthough im m a tu re  cells w ith  
th e se  fea tu res  a re  n o rm a lly  re s tr ic ted  to  th e  thvm us, 
a b n o rm a l te rm inal d iffe ren tia tio n  m ay in d u ce  sim ilar 
ch a n g e s  an d  m e tab o lic  vulnerabilitv ' in th e  ac tivated  
T  m em orv ' cell p o p u la t io n s  in c h ro n ic  viral in fec tions.

\X e  feel that o u r  o b se rv a tio n s  a b o u t th e  p a rticu la r vul 
nerabilitv" o f  CD45R0 +  prim ed" T-cell p o p u la tio n s  at 
an early  asy m p to m atic  s tage  o f  -in fec tion  a re  im  
p o rta n t fo r tw o  m ain  reaso n s. First, o u r  findings a re  
in a g reem en t w ith  o th e r  s tu d ie s  th a t d e m o n s tra te  
th e  p o o r  survival [56,60] an d  low  clonogenicitv- o f  
H L A -D R + C D 8 cells [6 l ]  lead ing  to  th e  d e te r io ra tio n  
o f  H I\ -1-specific cytotoxicitv '. T h e se  p o p u la tio n s  a re  
likely to  c o r re s p o n d  to  th e  C D 45R0 +  prim ed" C D 8 
cells. At th e  sam e tim e th e  H LA -D R - C D 8 p o p u la tio n  
is still c ap ab le  o f  p ro life ra tive  a n d  cv to to x ic  re s p o n se s  

b u t essen tia lly  d ev o id  o f  H l\ ' 1 specific  p re c u rso rs  
o f  cy to to x ic  e rte c to r cells [62]. T h e  la tte r C I)8 su b  
set c o r r e sp o n d s  to  th e  CI)a5R,A +  u n p rim e d  C D 8 
su b se t [23]. N evertheless, th e  CDuAROA C D 8 cells 
rep re sen t a d ifie ren t c o h o r t th an  th e  cells iden tified  
bv the  t b -4 an tib o d y  o f  th e  C D 29 c lu s te r  [29]. T h e  
C D 2 9 +  cells a re  .som etim es re fe rred  to  as 'm em orv  
cells ' [2-4,25,28]. W hen  s tu d ie d  in n o rm al and  HIA' 1 
se ro p o sitiv e  b lo o d , € 1 )2 9 +  lym phocy tes c o n s titu te  
on ly  ■"1.4 an d  58.3% o f  C I)45R()+ C D 8 cells, re sp ec  
tively (M. Bofill an d  F. M edina, u n p u b lish e d  d a ta ) , an d  
it is likely that C D 45RÜ+ cells tha t a re  p ro n e  to  AM D  
n o  lo n g er e x p re s s  th e  C D 29 clifieren tia tion  an tigen .

S econd , th e  se lective cjuantitative a sse ssm en t o f  th e  
b last tran sfo rm a tio n  a n d  .A.AJJ) w ith in  th e  C D 45R0 +  
p o p u la tio n  is a co n v e n ie n t m e th o d  that can  b e  a p p lie d  
to  th e  analysis o f  'p r im e d ' C D 4 an d  C D 8 p o p u la tio n s . 
Such assays m ay have s tro n g  p ro g n o s tic  significance. 
O th e r  lym phocy te  stim u la tio n  assays m ay  also  acq u ire  
p ro g n o s tic  significance, d u e  to  th e  d e te c tio n  o f  th e  
functional d e fec ts  a m o n g s t ‘prim ed" T  lym phocytes . 
.Among th e  s tim u lan ts  u se d  in ritro, so lu b le  an tig en s 
[63], p o k ew eed  [64 ] an d  in so lu b ilized  anti CD3 an  
tib o d y  at low  densitv" [64,65 ] have b e e n  sh o w n  to  
p red o m in an tly  activate C D 4 5 R 0 +  T  cells. T h e  sam e  
assays p ro v id e  early  a n d  sensitive  la b o ra to iy  in d ic a ­
to rs  fo r early  d isea se  p ro g re s s io n  d u rin g  asv m p to m atic  
s tages o f  HIV-1 in fec tio n  [1 ,2 ,6,25,66,6“']. t h e s e  p ro g ­
n o stic  in d ica to rs  a re  in d e p e n d e n t o f  C Ü 4 c o u n ts  [6“'].

In co n c lu s io n , AAIJD involving th e  CD45R0 +  prim ed" 
cells a p p e a rs  to  b e  an  im p o rta n t m ech a n ism  c o n tr ib u t­
ing to  th e  early  d e te r io ra tio n  o f  im m uno log ica l m em  
o iy  o f  HIA' 1 in fec tion . T his p h e n o m e n o n  p ro b a b ly  
o c c u rs  in vivo, an d  e x p la in s  th e  re levance  o f  o th e r

im m u n o lo g ica l tes ts  cu rren tly  in d iag n o s tic  use. In a 
recen t sem inal studv' P rince  et al. [68] sh o w e d  p o s ­
itive c o rre la tio n  b e tw een  ac tiva ted  C D 8 Ivm phocytes 
an d  se ro log ica l m ark e rs  su ch  as h igh  se ru m  levels 
o f  so lu b le  CD8, II. 2Ro( an d  '^ 'lik 'h
a re  likely to  derive  from  prim ed" C D 8 cells u n d e r ­
g o in g  .AAIT) an d  e x h ib itin g  a h ig h e r  tu rn o v e r  in riro. ' 
T h e  investiga tion  o f  th e se  issues m ay  n o t on ly  p ro v id e  
p ro g n o s tic  tes ts  b u t a lso  h e lp  e lu c id a te  th e  b io c h e m i­
cal m ech an ism ! s ) involved in .A.ALD an d  th e  analysis o f  
h o w  antiviral im m u n o su p p re ss iv e  an d  im m u n o p o te n - 
tiating  d ru g s  affect lym phocv ie  survival an d  fu n c tio n  
u n d e r  th e  c h ro n ic  s tre ss  o f  HIA' I in fection .
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S u m m a r y

T h e  bcl-2 gene p ro d u c t has been sh o w n  to prevent ap o p to tic  cell death . W e have n o w  investigated  
th e  bcl-2  p ro te in  expression by re stin g  and activated  m a tu re  T  cell p o p u la tio n s. Freshly  isolated 
C D 4 5 R O "  T  cells w ith in  C D 4 ’' and C D S *  subsets expressed sign ifican tly  less bcl-2  th an  
C D 4 5 R O  (C D 4 5 R A  -) T  cells (/, < 0 .001). W h e n  C D 4 5 R A *  T  cells w ith in  b o th  C D 4 *  and 
C D S *  subsets w ere activated in vitro , th e  tran s itio n  to  C D 4 5 R O  p h eno type  was associated w ith  
a decrease in bcl-2 expression. Patients w ith  acute viral infections such as infectious m ononucleosis 
caused by Epstein-B arr virus infections o r chickenpox, resu lting  from  varicella zoster virus infection, 
had c ircu la tin g  p o p u la tio n s o f  activated  C D 4 5 R O *  T  cells w h ich  also show ed  low  bcl-2 
expression . In  these pa tien ts , a sign ifican t c o rre la tio n  was seen b e tw een  low  bcl-2  expression 
by activated  T  cells and th e ir apo p to s is in c u ltu re  (r = 0 .94 , p < 0 .0 0 1 ). T hese  resu lts suggest 
th a t th e  p rim ary  activation  o f  T  cells leads to  th e  expansion  o f a p o p u la tio n  th a t is destined  
to  perish  unless rescued by som e ex trin sic  event. T h u s  th e  suicide o f  C D 4 5 R O *  T  cells could  
be prevented by the  add ition  o f in terleuk in  2 to the  cu ltu re  m edium  w h ich  resulted in a concom itan t 
increase in th e  bcl-2 expression o f these  cells. A lterna tive ly , apoptosis w as also p revented  by 
cocu ltu ring  the  activated T  lym phocytes w ith  fibroblasts, w h ich  m aintained the viability o f lym phoid  
cells in a resting like  state  b u t w ith  lo w  bcl-2  expression . T h e  paradox  th a t th e  C D 4 5 R O *  
p o p u la tio n  con ta ins th e  p r im e d /m e m o ry  T  cell p o o l yet expresses lo w  bcl-2 and  is susceptible 
to  apoptosis can be reconciled  by th e  o b se rv atio n s th a t m ain ten an ce  o f  T  cell m em o ry  m ay be 
d ep en d en t o n  th e  co n tin u o u s  re s tim u la tio n  o f  T  cells, w h ic h  increases th e ir bcl-2  expression. 
F u rth e rm o re , th e  p ro p en sity  o f  C D 4 5 R O *  T  cells to  extravasate m ay facilitate en co u n te r  w ith  
fib rob last-like  cells in  tissue s tro m a  and  th u s be an im p o rta n t ad d itio n a l factor w h ich  p ro m o tes 
th e  survival o f  selected p r im e d /m e m o ry  T  cells in  vivo.

T he bcl-2  p ro to -oncogene  and its p roduct have been show n 
to  c o n tro l th e  survival o f  b o th  n o rm al and m alig n an t 
cells (1). T h e  hcl-2 gene w as first iden tified  in  m ost fo llicu lar 

B celil ly m p h o m as at th e  b re ak p o in t o f  th e  tran s lo ca tio n  b e ­
tw e e n  c h ro m o so m es 14 and  18 (2, 3). It was subsequen tly  
sh o w n  th a t in  ly m p h o id  en v iro n m en ts  th e  low  expression  
o f  thie b c l-2  g ene  p ro d u c t is associated w ith  the  se lection  o r 
deletiion o f cells (4, 5). T hus, the  expression o f bcl-2 by prolifer­
a t in g  B cells in  th e  g e rm in al centers o f  L N s is lo w  (5, 6 ). 
Sim illarly, im m a tu re  co rtica l th y m ocy tes u n d e rg o in g  selec­
tio n  are bcl-2 “ (1). T h e  p ro d u c t o f the  h u m an  hcl-2 gene has 
b een  sh o w n  to  b lo ck  p ro g ram ed  cell d ea th  o r apoptosis (1 ,

7, 8 ), and an in d u ced  increase in  bcl-2  expression  rescues ap­
p ro p ria te  B cells o r th y m o cy tes fro m  th is suicide (5, 6 , 9). 
In  ad d itio n , in  tran sg en ic  m ice w ith  u p reg u la ted  bcl-2  there  
is a p ro lo n g a tio n  o f secondary  im m u n e  responses (1 0 , 11). 
T h ese  o b servations, taken  to g e th e r, suggest th a t factors th a t 
a lte r b c l-2  expression  are im p o r ta n t in th e  developm en t o f  
b o th  m em o ry  B cells and  thym ocy tes (10, 12).

A lth o u g h  co m p ellin g  data d em o n stra te  th a t the  bcl-2 gene 
p ro d u c t m ay have a ro le in ly m p h o id  se lection , no  data is 
available o n  th e  changes o f  the  b c l-2  p ro te in  d u r in g  p e rip h ­
eral T  cell ac tiv a tio n  a n d /o r  d evelopm en t. C learly , th e  inves­
t ig a tio n  o f  bc l-2  expression by T  cells before and after im ­
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mune stimulation in vivo is of considerable interest as a possible 
way in which activated T  cells may be selected for survival. 
It has been shown that T  lymphocytosis, especially w ithin 
the CD8"^ subset, is induced by acute viral infections and 
these cells are activated and enter the proliferative cycle in 
VIVO (13-15). However, CD4"^ and CD8^ cell numbers rap­
idly return to normal levels on disease resolution even though 
specific antiviral memory T  cells persist in vivo (16). This 
suggests that mechanisms that determine if activated T cells 
survive or perish regulate the balance between the genera­
tion of a memory population and the reestablishment of cel­
lular homeostasis after activation in vivo.

Recent studies have demonstrated that various phenotypic 
and functional changes parallel the differentiation of T  cells 
from an unprimed to a prim ed/m em ory state (17-19). The 
most discriminating markers for unprimed and primed T cells 
in humans, the CD 45R A  and C D 45R O  antibodies, are 
directed to the high and low molecular weight isoforms of 
the leukocyte common antigen, respectively (19, 20). In this 
study, we have investigated the expression of bcl-2 protein 
by resting and activated subpopulations of T cells from normal 
individuals and patients w ith acute viral diseases caused by 
EBV and varicella zoster virus (VZV),' and related the bcl-2 
expression to the LCA display on these cells. O ur findings 
demonstrate that there is a decrease in bcl-2 protein expres­
sion in T  cells after activation which leads to apoptosis un­
less they are rescued by appropriate factors, in analogy w ith 
the selection of B cells in germinal centers (5, 6). Thus, apop­
tosis can be prevented by the addition of exogenous lL-2, 
which maintains the activated T cells in cycle and induces 
the reexpression of bcl-2. In contrast, tissue stromal cells such 
as fibroblasts can also prevent the occurrence of apoptotic death 
in activated T cells, but enable them to attain a restinglike 
state w ith low bcl-2 expression. These data also provide clues 
into the interplay between mechanisms which may firstly lead 
to the persistence of T  cell memory in humans, yet at the 
same time enable the homeostatic balance of total T cell 
numbers to be maintained after immune activation in vivo.

M aterials and M ethods
Patient and Control Samples. Heparinized venous peripheral blood 

was obtained from 10 patients w ith  either acute infectious 
mononucleosis (seven males and three females; mean age 25 yr: 
range 19-45 yr) or w ith  varicella zoster infections (six males and 
four females; mean age 31 yr: range 20-40 yr) w ho were admitted 
to the Infectious Diseases U nit at C oppett’s W ood Hospital w ithin 
10 d after the onset o f symptoms. Blood was also obtained from 
a male patient w ith  acute HIV-1 infection w ho had p24 antigen 
in the serum  before developing anti-p24 antibody. In addition, 
norm al blood was obtained from 10 healthy laboratory personnel 
and medical students (five males and five females; mean age 28 yr: 
range 21-45 yr) and norm al tonsils were obtained at elective sur­
gery after antibiotic therapy. LN biopsies from H IV -l-infected in ­
dividuals were frozen and analyzed in cryostat sections.

’ Abbrevia t ions  used in this paper: MGG, May-Grunewald-Giemsa stain; PI, 
propidium iodide; VZV, varicella zoster virus.

Antibodies and Cytokines Used in the Study. The C D 45R A  
(SN130; IgG l) and C D 45R O  antibodies (U C H L l; IgG2a, gene;- 
ously provided by Professor P. C. L. Beverley, Imperial College 
Research Fund, London, UK) were previously shown to react w ita 
unprimed and primed T  cells, respectively (20). C D 4 (R FT4; IgGl) 
and CDS (R FT 8; either IgG l or IgM ) antibodies were used ta 
identify and/or isolate helper and suppressor/cytotoxic subsets cf 
T  cells, respectively (21). A C D 3 antibody (M EM -57; IgG l) wts 
kindly provided by Dr. V. Horejski (Czechoslovak Academy cf 
Sciences, Prague, Czechoslovakia) (22). The IgG l antibody reacting 
w ith  the bcl-2 gene product by recognizing a 26-kD protein (23) 
was obtained from Dr. D. Y. M ason (Nuffield D epartm ent cf 
Pathology, O xford, UK ), and Dako Ltd. (H igh Wycombe, Bucks, 
UK). In this study, this protein will henceforth be referred to  js 
bcl-2. Ig isotype-specific FITC or PE-conjugated affinity-purified 
goat anti-m ouse second layer antibodies (Southern Biotechnology 
Associates, Birmingham, AL) were used at pretitrated optimal con­
centrations. Recom binant hum an IL-2 was kindly provided by Dr. 
Max Schreier (Sandoz Pharma Ltd., Basel, Switzerland) and recom­
binant GM -CSF was obtained from British Biotechnology Ltc. 
(Abingdon, O xon, UK).

Preparation oj Lymphocyte Subsets. C D 2^ cells were prepared by 
E-rosetting from Ficoll-Hypaque (Nycomed, Oslo, Norway) sepa­
rated PBM C as previously described (24). C D 4, C D 8, C D 45R A , 
and C D 45R O  subsets of CD2'" cells were prepared by im.- 
m unom agnetic bead depletion (Dynal Ltd., W irral, UK ) as de­
scribed in detail elsewhere (25). O nly  negatively selected subsets 
were used in any of the assays. The subsets prepared in this way 
were regularly 90-95%  positive for the C D 45R A  or C D 45R Ü  
phenotype and 94-98%  C D 4 or C D 8 positive.

Fibroblast/Lymphocyte Coculture. H um an embryonic lung fibro­
blasts grown in 24-well plates (Falcon Labware, London, UK; Becton 
Dickinson, Ltd., O xford, UK) in RPM I-1640 medium  sup­
plemented w ith L-glutamine, benzyl-penicillin, streptomycin (Gibco 
Ltd., Paisley, UK) and 10% of fetal bovine serum (FBS; Flow Labora­
tories Ltd., R ickm answ orth, UK) were maintained in a humidified 
atmosphere containing 5%  C O ;. The fibroblasts were used as 
confluent monolayers between passages 8-19. These cell lines were 
mycoplasma free as shown by Hoescht staining and an R N A  probe 
(Laboratory Impex, Middlesex, UK). Every 3 -4  d, half of the spent 
grow th medium  in fibroblast cocultures was replenished.

Lymphocyte Activation. T  cell subsets were activated w ith  1 
/xg/ml PHA (Wellcome Ltd., H igh W ycombe, Bucks, UK) in the 
presence or absence of IL-2 (2 ng/m l; 26). Cells were harvested 
from replicate cultures at various times for phenotypic analyses. 
To estaWish IL-2-dependent cell lines, C D 4" or C D 8" T  cells 
were first activated by PHA and IL-2 (2 ng /m l) for 6 d in bulk 
in the presence of 10% autologous adherent cells. The cells were 
then washed and resupplemented w ith  IL-2 every 3-4  d. After 3-4 
w k, the cells were reactivated w ith  PH A in the presence of autolo­
gous adherent cells and recultured w ith  IL-2 which was replenished 
every 3 -4  d as before. To prevent overcrowding, the concentration 
of these cells was periodically readjusted. The acute withdrawal 
of IL-2 resulted in a rapid decrease in viability and increase in cell 
death by apoptosis as described (27).

Cell Staining. PBM C or T  cell subsets were stained in suspen­
sion, as smears after cytocentrifuge preparation or in histological 
sections. First, mem brane staining was perform ed and followed by 
membrane permeabilization to allow for cytoplasmic staining (28). 
The m embrane markers used were C D 3, C D 4, C D 8, C D 45R A , 
and C D 45R O  antibodies and isotype-specific second layers con­
jugated to FITC (Southern Biotechnology Associates). The cells 
were fixed w ith  0 .3 -0 .4%  paraformaldehyde in PBS for 2 min.
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Wished w ith PBS containing 0.2%  azide and 0.2%  ESA, and per- 
mtabilized in 500 /xl of ice-cold 1:1 acetone m ethanol. This m ix­
ture was then incubated on ice for 15 m in and washed twice w ith 
PtS  plus azide before adding pretitrated optim al am ounts of bcl-2 
anribody. After washing, goat anti-m ouse IgG conjugated to PE 
wis added and incubated for 15 min at room  temperature. The 
specificity of the m ethod has been established by analyzing suspen­
sions of tonsil cells containing surface(s) IgD " B lymphocytes (bcl- 
2") and CD38* germinal center blast cells (bcl-2"). The cells were 
hmlly washed and fixed w ith  4%  paraformaldehyde. The negative 
control antibodies for bcl-2 staining consisted of isotype-matched 
unreactive antibody followed by identical second layer labeling as 
above. The expression of bcl-2 on lymphocyte subsets was inves­
tigated by two-color immunofluorescence on a FACScan® (Becton 
Dickinson & Co.) and compared w ith similar staining performed 
in cytocentrifuge preparations. These m ethods have been described 
in detail elsewhere (29, 30). D ouble fluorescence staining was per­
formed on acetone-fixed cryostat sections from tonsils and LN bi- 
opiies of HIV -l-infected individuals as described previously (31). 
Af:er rehydration, C D 8 and bcl-2 antibodies were added for 45 
m il, and after washing FITC or tetram ethyl rhodamine isothio- 
cymate conjugated subclass-specific second layers were added in 
the presence of 10% norm al hum an serum to inhibit nonspecific 
bir.ding. After 45 min at room temperature, the sections were 
washed and then examined by fluorescence and confocal micros- 
copv as above.

The Enumeration oj the Absolute Number oj Lymphocytes/Lym- 
phcblasts. The Cytoron absolute (O rtho Diagnostic Systems, Ltd., 
High Wycombe, Bucks. UK) is a flow cytorneter which allows 
the enumeration of absolute lymphocyte numbers identified by 
fluorochrome-labeled antibodies. Cells were fixed in 0.05% parafor­
maldehyde and gated on forward and 90° side scatter. The absolute 
number of fluorescent cells was then determined w ithin the lym ­
phoid gate. Dead cells, identified by their forward and side scatter 
profiles, were excluded from further analysis (32).

Detection of Apoptosis. Apoptosis was measured by four methods. 
First, the cleavage of D N A  into oligonuclosomal fragments was 
tested as described previously (33). Briefly, 10'' cells from normal 
or virally infected individuals were snap frozen in liquid nitrogen 
and the pellets were resuspended in 20 ^1 of 10 mM FDTA, 50 
mM Tris H C l buffer (pH  8) containing 0.5%  sodium lauryl sar- 
kosinate (BDH , L utterw orth , Leics, UK) and 0.5%  m g/m l pro­
teinase K (Pharmacia Biotechnology Ltd., M ilton Keynes, UK).

After incubation at 50°C for 60 min, RNase A stock solution (10 
pd o f 0.5 m g/m l; Sigma Chemical Co., Poole, Dorset, UK) was 
added, incubated for 1 h at 50°C, and the samples were then heated 
to 70°C . FDTA (10 ^1 o f 10 mM) containing 1% low m elting 
point agarose (Sigma Chemical Co.), 0.25%  brom ophenol blue, 
and 40%  sucrose was mixed w ith  each sample. This m ixture was 
loaded onto a 2% agarose gel containing Ix  TBF buffer (90 mM  
Tris/borate, 1 mM FDTA) containing 250 ng /m l ethidium  bro­
mide (Sigma Chemical Co.) before electrophoresis (80 V, 1.5 h).

Second, the proportion of apoptotic cells present in cultures was 
also determined in cytocentrifuge preparations by their morphology, 
by chrom atin condensation, nuclear fragm entation, and by a de­
crease of the nuclear/cytoplasmic ratio after May-Grunewald-Giemsa 
staining (MGG; see Fig. 3 F). Third, these cells were studied by 
electron microscopy. Fourth, the apoptotic cells were identified by 
double-color fluorescence technique using surface labeling in con­
junction  w ith  nuclear labeling w ith propidium  iodide (PI) after 
permeabilization w ith paraformaldehyde at a final concentration 
o f 0 .5%  in PBS for 2 min (32). This technique identified a PI- 
reactive apoptotic population that was smaller in size than resting 
viable PI" lymphocytes, but was distinct from debris and the non- 
viable cells exhibiting an increased 90° scatter. Similar proportions 
of apoptotic cells were detected by the three morphological methods.

Statistics. The results were analyzed by the Student’s t test and 
by linear regression analysis.

Results

T h e  Expression oj hcl-2 by T  C ell Subsets. PBMC isolated 
from 10 normal individuals and analyzed for bcl-2 expres­
sion within the CD3* T cell cohort revealed that the 
majority (mean 80%) expressed bcl-2. A minor bcl-2" 
population was, however, consistently found in each individual 
tested (Table 1) and these cells were observed mainly in the 
CD4 subset (Fig. 1 B ). The C D 45R O " T cells expressed 
less bcl-2 than both the whole CD3* (p <0.001) and also 
the C D 45R O " T cell subsets (p <0.001; Table 1, Fig. 1). 
Single cell analyses revealed that the difference between the 
bcl-2 expression between C D 4" and CDS* subsets in 
normal individuals was due to the greater numbers of 
CD45RO* cells w ithin the former subset. The minor 
CDS *, CD 45RO  * T cell population in normal individuals

T ab le  1. The Expression oj bcl-2 by T Cell Subsets jrom Normal and Virally Infected Individuals 

Groups n C D 3 C D 4 C D 8 C D 4 5 R O

Normal
VZV

FBV

10
6
7

80 (73-84)' 

53 (40-67)' 

55 (38-67)'

82 (63-95)

70 (52-82)$

71 (48-82)$

83 (68-93) 

65 (42-89)* 

49 (31-80)*

63 (53-73)* 

45 (28-48)^

44 (16-68)11

C D 4 5 R O "

89 (78-96) 

63 (51-72)' 

67 (46-89)'

The proportion of bcl-2 + cells w ithin PBMC T cell subsets analyzed by tw o-color immunofluorescence. The results represent the mean percen­
tage (and range) o f bcl-2 + cells in the different subsets as shown.
$ N ot significantly different to normal as analyzed by the Student’s l test.
S Tbe proportion of bcl-2" cells is significantly higher among normal C D 45K O ^ T cells than w ithin the total C D 3 population {p < 0 .0 0 1 ).
II Significant change from normal (p < 0 .0 2 ).
* Significant change from normal (p < 0 .0 1 ).

Significant change from normal (p < 0 .001 ).
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F ig u r e  1. The expression o f  
bcl-2 by T  cell subpopulations from 
a normal individual ( A - D )  and a pa­
tient w ith acute EBV infection 
( E - H ) .  PBMC were analyzed for 
coexpression of bcl-2 w ith  other T  
cell markers by double-color im­
munofluorescence (5,000 cells in the 
lym phoid gate). The percentages 
shown represent the proportion o f  
cells in each quadrant o f the fluores­
cence gates, set using negative con­
trol antibodies. W ith in the C DS*  
subset, only the brightly stained 
cells (C D 3 * ) were analyzed 
whereas the C D S dim (C D 3 ‘ , 
C 16*, C D 56*) N K  cells were ex­
cluded.

also included cells with low bcl-2 expression (data not shown). 
A bimodal distribution of bcl-2 on normal C D 45R O " T 
cells was consistently found. Cells expressing high levels of 
C D 45R O  showed low bcl-2 expression and vice versa (Fig. 
1 D).

W hen the bcl-2 expression of T cells from normal indi­
viduals and patients w ith acute viral infections were com­
pared, it was found that the bcl-2“ subsets within the 
CD3 T cell population significantly expanded in both EBV 
and VZV infected individuals {p <0.001; Table 1). Previous 
studies have already indicated that these patients have increased 
numbers of C D 45R O " T cells w ithin the CDS* subset 
(14), a finding which agrees with our own observations shown 
here. There was significantly decreased bcl-2 expression in 
both CDS* and CD 45R O * subsets of virally infected as 
compared w ith normal patients, which largely accounted for 
the decrease of bcl-2 expression w ithin the CD3* popula­

tion (Table 1; see representative EBV patient in Fig. 1, E - H ) .  
It was noted that the C D 3 “ subset in both VZV and EBV 
patients also expressed lower levels of bcl-2 than normal in­
dividuals (representative experiment in Fig. 1 E ). The 
C D 3 “ , bcl-2" cells are CD19" and of the B-lineage (data 
not shown). W hen the bcl-2 reactivity of C D 45R O  * 
(C D 45R A ") PBMC from EBV and VZV patients was ana­
lyzed, it was found that they expressed significantly lower 
levels of bcl-2 than the C D 45R O " (C D 45R A *) PBMC 
population, an observation which was also apparent in normal 
individuals (Table 1 and Fig. 1 H) and which was confirmed 
when these subsets were analyzed within purified T  cells instead 
of PBMC populations (data not shown). The C D 45R O " 
PBMC cells from normal individuals however, express 
significantly higher levels of bcl-2 than those from EBV and 
VZV patients probably because of the presence of bcl-2" B 
cells that are localized within the C D 45R O " subset in these

DAY 0 DAY 3 DAY 5 DAY 7

7 6861591 9 |7 3
0.8 24

(M
j_
U
_o

5 I 738 I 66
0.5 I 22

CD45RO

F ig u r e  2. The changes in bcl-2 
expression after PHA activation of 
C D 4 * , C D 45R A * ( A - D )  and 
C D 8 * , C D 45R A * cells ( E - H )  for 
various periods o f time (day 0-7 ) in 
comparison w ith the appearance of 
C D 45R O  reactivity (5,000 cells in 
the lymphoid gate). For details see 
Fig. 1.
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paûents but not in the normal patients (Fig. 1, A  and E ). 
The low bcl-2 expression in the C D 4 5 R O “ PBMC popu­
lation could also be due to activated T cells in transition from 
a CD 45RA" (CD 45RO  ) to a C D 45R A - (C D 45R O ") 
phenotype that may have lost their bcl-2 expression before 
acquiring CD45RO reactivity. However, the kinetics of the 
loss of bcl-2 and gain of CD 45R O  reactivity by CD45RA* 
T cells after activation render this latter possibility unlikely 
(see Fig. 2).

The Expression oj hcl-2 by N o rm a l T  Cells during Activation  
In Vitro. The difference in bcl-2 expression between normal 
CD 45R O * and C D 45R O ” T cell populations suggested 
that changes in the expression of this protein may occur as 
a result of T  cell differentiation linked to recent priming. These 
observations were confirmed in vitro by activating purified 
T cells w ith mitogens such as PHA followed by the analysis 
of bcl-2 expression. C D 4 ", C D 45R A " (Fig. 2, A - D ) ,  and 
CD S'", CD 45R A" (Fig. 2, E - H )  populations were isolated 
and activated with PHA in order to observe the changes in bcl-2 
expression in parallel w ith the transition from C D 45R A " 
to C D 45R O " expression. Before activation, both the iso­
lated CD 4^ and CDS'" populations were <4%  CD45RO^ 
(95% C D 45R A ") and >95%  bcl-2 ' (Fig. 2, A  and E ). 
After 3 d of stimulation w ith PHA, 79% of the CD4 " cells 
and 75% of the C D S ' T cells started to express CD45RO 
(Fig. 2, B  and F , respectively) but the majority of C D 4 '

(93%) and C D S ' (S6%) T cells still remained b c l-2 '. After 
5 d of stimulation, 94% of the C D 4 ' and 93% of the 
CDS '  T  cells expressed C D 45R O  (Fig. 2, C  and G) and 
a bimodal distribution of bcl-2 developed in both C D 4 ' and 
C D S ' subsets (34 and 26% b c l -2 ', respectively; Fig. 2, C 
and G). These results have also been confirmed in cytocen­
trifuge preparations stained for bcl-2 in conjunction with other 
lymphocyte markers (data not shown). The bcl-2" cohort 
was still observed after 7 d of activation (Fig. 2, D  and H ).

T h e  Association o f  L ow  hcl-2 Expression w ith A poptosis in T  
Cells. In cytocentrifuge smears of normal tonsil cell suspen­
sions stained for bcl-2 heterogeneity was observed (Fig. 3 a). 
The large blast cells (C D 3 8 ' germinal center B cell blasts) 
were bcl-2" whereas the majority (>95%) of small lympho­
cytes were bcl-2 '  (Fig. 3 a). In comparison, normal PBMC 
populations did not contain blast cells and were >80%  bcl- 
2 '  (Fig. 3 c). W hen the tonsil suspensions were activated 
for 48 h by PHA plus IL-2, T  cell blasts developed and still 
showed strong expression of bcl-2 '  (Fig. 3 h). bcl-2 
was reduced in T cell blasts in longer term cultures (>84 h). 
Freshly isolated PBMC populations from patients w ith EBV 
and VZV infections included many activated T cell blasts that 
expressed low bcl-2 (Fig. 3 d)  suggesting that in the patients 
in vivo these T  cells were activated for longer periods (Fig. 
2). We next investigated if the low expression of bcl-2 by 
T cells from EBV and VZV infected patients reflected their

F ig u r e  3. Bcl-2 expression of lymphocytes 
in cytocentrifuge smears were prepared from 
suspensions o f tonsil before (a)  and after acti­
vation w ith  PHA and IL-2 (2 ng/m l) for 24 h 
(b) ,  and from the fresh PBMC o f a normal (c) 
and an EBV-infected donor (d). ( I V h i t e  arrow­
heads)  Blasts w ith low bcl-2 expression. The 
m orphology o f  the lymphoid cells from the 
same EBV donor is also shown in MGG prepa­
rations that were freshly isolated (e) or cultured 
for 24 h in the absence o f IL-2 (J).
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susceptibility to suicide by an apoptotic process. To docu­
ment these changes, adherent cells were removed from the 
PBMC populations before culture to prevent the clearance 
of apoptotic cells by phagocytosis (34). In many individuals, 
a proportion of lymphoid cells freshly isolated from patients 
with EBV and VZV infections showed characteristic hallmarks 
of apoptosis. The numbers of these cells were increased after 
24 h of culture in the absence of any stimuli (Fig. 3 / ) .  In 
normal individuals, apoptotic cells were rare either before or 
after 24 h of PBMC culture (data not shown). The presence 
of apoptotic cells in PBMC cultures of patients w ith viral 
infections was confirmed by D N A  electrophoresis where 
oligonucleosomal DNA fragmentation of PBMC was observed 
in EBV and VZV infected but not normal individuals (Fig. 
6). The apoptotic morphology of these cells was also for­
mally confirmed by electron microscopy (data not shown).

Another direct confirmation of apoptosis at the single cell 
level was provided by double-color immunofluorescence using 
PI together w ith surface marker labeling (32). W ith  this 
method we could confirm that the majority of Pl-stained cells 
in patients w ith viral infections were amongst the CDS * 
and C D 45R O " cells (Fig. 4, c and d ). The proportion of 
Pl-labeled cells correlated closely w ith the proportion of 
CD S*, CD45RO* cells in apoptosis as determined by mor­
phology. The Pl-labeled cells were virtually unreactive w ith 
other markers such as CD4, CD16, and CD45RA.

The PI* and PI* populations were further investigated 
by their scatter characteristics. The PI* population (Fig. 4 
b, L )  fell in the lymphocytic and blastic gate as expected (Fig. 
4 a) and the PI* population (Fig. 4 h, A )  was smaller than 
normal lymphocytes (Fig. 4 a) and consisted of condensed 
apoptotic lymphocytes which, however, still showed intact 
membrane labeling. The fact that in the same samples healthy 
blast cells of C D S*, C D 45R O * phenotype and dividing 
cells were also present (Fig. 3 e) indicated that the activa­
tion/expansion and death by apoptosis were occurring simul­
taneously w ithin the CDS* ,CD45RO population of T 
cells in these patients. Normal individuals showed virtually 
no PI reactivity in T cell subpopulations (data not shown).

We next investigated if in FBV and VZV infection the 
numbers of T cells w ith low bcl-2 expression correlated with 
the cells undergoing apoptosis. The fresh cells were first in­
vestigated for bcl-2 expression by flow cytometry. The cells 
were cultured for 24 h and analyzed in cytocentrif^uge smears 
for morphological signs of apoptosis developing during the 
incubation period. The correlation between the proportion 
of bcl-2 * cells in the fresh samples and the presence of apop­
totic cells in the 24-h samples is shown in Fig. 5. There were 
significantly more bcl-2* and apoptotic cells in VZV and 
FBV patients as compared w ith normal uninfected samples 
{p <0.001 in both cases; Fig. 5). Furthermore, there was a 
strong positive correlation between the proportion of bcl-2* 
cells and apoptosis in both the FBV (r = 0.99, p  <0.001) 
and VZV groups (r = 0.73, p  <0.02) analyzed separately 
or when the normal and patient groups were combined 
(r = 0.94, p  <0.001). A patient w ith acute HIV infection 
also showed low bcl-2 expression and increased apoptosis when 
compared w ith normal controls. This correlation between 
low bcl-2 expression and apoptosis was also found if the ex­
tent of D N A  fragmentation seen after 24 h of culture was 
compared w ith the number of cells w ith low bcl-2 expres­
sion, before culture, as shown in a representative experiment 
(Fig. 6).

T h e  Prevention oj Apoptosis by IL -2  and Coculture on Fibro­
blasts. The previous observations suggested that low bcl-2 
expression in C D 45R O  " populations of FBV and VZV in­
fected individuals was associated w ith the propensity for sui­
cide. We investigated next the ability of IL-2 to prevent apop­
tosis in these cultures. The addition of IL-2 to PBMC from 
these patients at the initiation of cell culture for 24 h 
significantly reduced the proportion of apoptotic cells from 
39 to 8% of the cultured populations (p <0.001), whereas 
the addition of GM-CSF had no significant effect (Table 2). 
As the survival of activated T  cells can also be promoted by 
fibroblasts (35), we investigated if the apoptosis of PBMC 
from patients w ith viral infections could be prevented by 
fibroblast coculture for 24 h. We found that fibroblast cocul­
ture significantly reduced the proportion of apoptotic cells

10(2

forward scatter
2000 CD4

c

L

CDS CD45R0
F luorescence intensity

F ig u r e  4. The identification o f apoptotic cells by staining w ith PI in monocyte-depleted lymphocyte suspensions taken from an EBV donor and 
incubated for 24 h in the absence o f IL-2. The PI* apoptotic cells ( A  in b) are smaller than lymphocytes (L) when studied by forward scatter (a) 
and are C D 4" (b) , C D S* (c), and C D 45R O * (d). The percentage o f Pl-reactive cells showed a close agreement w ith the proportion of apoptotic 
cells identified by MGG morphology.
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F ig u re  5. The association o f low  bcl-2 expression w ith apoptosis in 
EBV and VZV patients. PBMC were depleted o f adherent cells and stained 
for bcl-2 and analyzed by flow cytometry (y-axis) .  Samples o f the same 
populations were also cultured for 24 h in medium w ithout any stimulus 
and the percentages o f apoptotic cells among 1,000 cells were counted 
by tw o observers in smears stained w ith MGG (x-axis).  Samples from normal 
blood (O ) and from patients w ith acute EBV ( • ) ,  VZV (A ), and HIV-1 
infections ( 0 )  are shown.

from 39 to 16% {p <0.001; Table 2) and substantially en­
hanced the number of viable cells recovered (data not shown).

To further investigate ways by which apoptosis may be 
prevented in activated T cells, we first established IL-2-de- 
pendent CD4* and CDS'" T  cell populations from normal 
individuals (see Materials and Methods). The use of these 
cell lines enabled the generation of large numbers of apop­
totic T cells on IL-2 withdrawal, for study when required. 
These cells were CD 45R O  ' .  The CDS * lines were highly 
cytotoxic in a lectin-mediated cytotoxic assay, and these blasts 
were phenotypically and functionally comparable to the T 
cells seen in the patients w ith acute viral disease. W hen IL-2 
was removed from these cells, apoptosis was evident as soon 
as 24 h and greatly increased by 4S-72 h (Fig. 7 r). The apop­
totic changes were readily documented by both morphology 
and oligonucleosomal fragmentation (data not shown), in­
dicating that the T cell line could be used to reproduce the 
apoptosis seen in cultured PBMC from EBV and VZV in­
fected patients.

0 24 0 24 0 24
F igure 6 . Fragmentation of D N A  in lymphocytes from patients infected 
w ith EBV and VZV. PBMC samples from normal, VZV, and EBV pa­
tients were depleted of adherent cells and analyzed either before {0  h) or 
24 h after incubation. EcoRI-treated d»xl74 D N A  were included as markers, 
and the controls included samples o f an IL-2-dependent CTLL line cul­
tured for 24 h in the presence or absence o f IL-2.

We next investigated whether fibroblasts could also pre­
vent apoptosis in these cell lines after IL-2 removal and also 
studied whether or not this increased survival was associated 
w ith changes in the bcl-2 expression of these cells. The cells 
in IL-2-supplemented cultures were large and blastlike on 
day 6 (Fig. 7 g )  and the mean forward scatter (MFS), a mea­
sure of cell size, was 157 in this population. The CD8^ T 
cells cultured on fibroblasts for 6 d were smaller (Fig. 7 e; 
MFS 123). These cocultured T  cells were, however, still mar­
ginally larger than the freshly isolated resting population (Fig. 
7 c; MFS 123 vs MFS 110; data not shown). The results ob-

T a b le  2. The Prevention oj Apoptosis in EBV-injected Patients by lL-2 and Fibroblasts

E x p t. Control* IL-2 Fibroblasts GM-CSF

1 61* 15 23 N D

2 43 6.1 16.9 44

3 33.2 1-3 10.7 34.8

4 20.5 9 .8 14.7 19.3

M ean  ± SEM 39.4 ± 8.5 8.1  ± 2.95 16.3 ± 2.6* 32.7 ± 6.9*

* M onocyte-depleted PBMC from EBV patients were cultured for 24 h alone, w ith fibroblast monolayers, or in the presence o f 2 n g /m l o f IL-2 
or GM -CSF, respectively.
t Percentage o f cells in apoptosis was determined by morphology in cytocentrifuge preparations.
5 Significantly different from control as determined by the Student’s i test (p<0.001).
II N o t significantly different from normal.
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F igu re  7. The prevention o f apoptosis in an lL-2-dependent C D 8 * T 
cell line by cocultivation on fibroblasts. IL-2-dependent lines (u: day 0 con­
trol) were cultured w ithout IL-2 (b and c) on fibroblasts (d  and e) or w ith  
IL-2 (2 ng ml; / and _̂ ), and their absolute numbers were counted on the 
Cytoron and shown as percent surviving cells. The representative results 
from one o f five experiments are shown. Similar results were also obtained 
with IL-2-dependent C D 4 " T cell lines.

tained for both CD4 * and CD8 ‘ cell lines were similar. 
W hen cells were cultured for 6 d in the prtxence of lL-2, 
>91% of the population remained bcl-2 ‘ (Fig. 8 a). In con­
trol samples cultured for 6 d w ithout IL-2, only 12% of the 
original cellular input could be recovered in the viable gate 
(Fig. 7c) and these residual cells remained bcl-2* (77%; data 
not shown). If the CD8 * T cells were cultured for 6 d on 
fibroblasts after IL-2 withdrawal, 70% of the original cells 
remained viable despite their lower bcl-2 expression in 50% 
of cells (compare Figs. 7 e and 8 h). These findings suggest 
that fibroblasts maintain the survival of T cells in a bcl-2 low 
state.

We then investigated whether in the absence of fibroblasts 
these cells may undergo apoptosis. After 6 d the CD8 * T 
cell line which was cocultured w ith fibroblasts was removed 
from the fibroblast monolayers and recultured in the pres­
ence or absence of IL-2. After a further 48 h in the presence 
of this cytokine, >90%  of these cells regained bcl-2 * expres­
sion (Fig. 8 c) and the cell recovery remained high (>95% ), 
excluding the possibility of the selective death of bcl-2” 
cells. In the absence of IL-2, however, all cells perished within 
96 h.

The Expression oj bcl-2 by LNs of Normal and HIV-infected 
Individuals. The possibility that the bcl-2 expression by T 
cells from virally infected patients is an artefact in vitro has 
been excluded by documenting the presence of bcl-2” , 
CD8* cells w ithin LN populations from patients w ith viral 
infections. There was strong expression of bcl-2 in >90%  
of T  cells in normal tonsil tissue. These bcl-2 * cells included 
CD4 * T  cells localized inside the germinal centers (data not

aUe
0 .9148

5 l 8 6

0 .3

CD45RO
F igu re  8 . The changes o f bcl-2 expression (y -axis ) in correlation with  
C D 45R O  positivity (x-axis)  in an IL-2-dependent C I)8 * T cell line when 
these cells are cultured for 6 d in the presence o f IL-2 (a) or fibroblasts 
(b). The bcl-2 expression o f strongly C D 45R O * viable lymphocytes in 
the fibroblast cocultures dropped to low  levels during the 6-d cultures (h).  
W hen these cells were recultured for 48 h in the presence o f IL-2 (2 ng/m l; 
f) the bcl-2 expression returned to high values. Cells in similar cultures 
kept w ithout IL-2 exhibit poor viability (data not shown, but see Fig. 7 , ).

shown) as well as the CD8* lymphocytes w ithin the 
paracortical areas (Fig. 9, a and b). A different pattern was 
observed in the LNs of patients infected w ith HIV (Fig. 9, 
c and d). Extensive infiltrates of C D 8 ” cells were seen and 
the majority (60-80% ) of these CD8* T cells expressed 
CD 45R O  (31). A large proportion (30-60% ) of these 
CD8 * T  cells had reduced or negative bcl-2 * expression 
(Fig. 9, c and d). The pattern of bcl-2 reactivity in the B 
cells was, however, similar to that found in normal individ­
uals revealing bcl-2 positivity in the B lymphocyte corona 
and low bcl-2 expression by B blasts inside the germinal center 
(data not shown).

Discussion

Previous studies have established the role of bcl-2 in the 
regulation of cell survival associated with the selection and/or 
deletion of germinal center B lymphoblasts (5, 6, 10) and 
cortical thymocytes (4, 9, 12). In these lymphoid organs, the 
loss of bcl-2 is linked w ith a short life span whereas the up- 
regulation of this protein results in the relative longevity of 
these recently generated cells. The bcl-2 protein has been shown 
to block apoptosis which enables the disposal of unwanted 
cells to occur (1, 7, 8). Nevertheless, the role of this proto­
oncogene product has thus far remained uncharted in the regu­
lation of life span and memory development in mature T cell 
populations despite the fact that, when stimulated by antigen, 
these cells also undergo differentiation (18-20).

In histological studies it has already been established that 
the majority of T cells in the paracortical areas are bcl-2* 
(4, 29). We now show that not all circulating T cells are 
bcl-2 *, but that a minor bcl-2” , CD3* population is 
present in the blood. In normal individuals these cells are 
primarily of a C D 4 * , C D 45R O* primed phenotype, al­
though the relatively small C D 8 ” , C D 45R O * population 
in these individuals also shows low expression of this pro­
tein. As CD 45R A   ̂ T cells have been shown to develop 
C D 45R O  as a consequence of activation (17-20), these
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CD8 bel-2

F ig u re  9 . The C D 8* cells in normal 
tonsil (ii) mostly express bcl-2 {arrows, b) 
whereas CD8" cells in HlV-1-infected LN 
(c) frequently lack this protein {d, *). These 
sections were stained with double im ­
munofluorescence for C D 8 {a and c) and 
bcl-2 {b and d )  and the same areas (a and 
b and c and d )  were photographed w ith  
selective filters.

findings indicate that bcl-2 might be downregulated during 
the activation process. We investigated this possibility in two 
ways,. First, patients w ith recent acute viral infections were 
studied to determine whether activated T cells, developing 
in vivo, lose their bcl-2. Such patients, particularly those who 
have EBV and VZV infections, have expanded circulating T 
cell populations expressing HLA-DR and CD45RO (14, 36). 
Second, we isolated C D 45R A " lymphoc)'tes w ithin both 
C D 4  and CDS subsets which were stimulated w ith PHA 
in 7-d cultures in order to investigate changes in bcl-2 ex­
pression in parallel w ith the transition from a CD45RA to 
a C D 45R O  phenotype in vitro. These studies clearly estab­
lish tha t the bcl-2 downregulation is associated w ith the de­
velopment of C D 45R O ’ cells after activation and that these 
b c l-2 ” , C D 45R O* cells include a subset of both CD4 and 
C D S  lymphoblasts. Nevertheless, in viral infections, the 
C D 4 5 R O * , CDS ' ,  bcl-2” subset is predominant in the cir­
culation, but low bcl-2 expression can also be demonstrated 
in a much smaller cohort of primed CD4* T cells when 
sensitive single cell methods are used in these patients (14).

It has been well documented that the T cell lymphocy­
tosis associated w ith both EBV and VZV infections is tran­
sient as the absolute number of circulating T lymphocytes 
and the  relative proportions of CD4* and CD8* cells re­
tu rn  to normal upon resolution of the disease (13-15, 37). 
This suggests a rapid clearance of the majority of activated 
T blasts in vivo. Indeed, the apoptotic death of these T cells

has been demonstrated by both morphology and DN A  
cleavage (36, 38). A balance must exist between cell death 
and survival, however, as immunological memory is retained 
after these infections and a higher cytotoxic precursor fre­
quency’ of EBV and VZV specific T cells is found after pri­
mary infection (13, 16). We now propose that bcl-2 regula­
tion may play a pivotal role in this balance, and that apoptosis 
is a major mechanism for the removal of unwanted T  cells 
after resolution of viral disease.

Programed cell death or apoptosis, a suicide pathway 
resulting in endonuclease activation and the subsequent 
cleavage of D N A  into nucleosomal fragments (39), is im­
portant in physiology, e.g., in metamorphosis, embryogen- 
esis, and tissue atrophy where the restriction of cell numbers 
is essential (7). Apoptosis may also play a part in the life cycle 
of mature T cells because activated T cells and T cell lines 
perish by this process if IL-2 is removed (27). We have shown 
that the apoptosis of activated T cells from EBV and VZV 
patients is correlated with their reduced bcl-2 expression. The 
association of apoptosis w ith low bcl-2 expression is, how­
ever, not disease specific, as it was found in all acute viral 
infections studied including EBV and VZV, as well as the 
single case of acute HIV-1 infection studied. It is of interest 
that in normal individuals the Fas antigen, a marker associated 
w ith apoptosing cells, is elevated on C D 45R O ” as com­
pared w ith C D 4 5 R A ” T cells, and that there is a further 
increase of Fas on the CD 45R O* lymphoblasts in EBV-

4 35  A kbar et al.



infected individuals (36). Thus, the relationship between bcl-2 
and Fas expression appears to be reciprocal on C D 45R O   ̂
T  cells, and it would be of importance to determine if both 
molecules have roles in the same or different pathways leading 
to apoptosis.

O ur data would suggest that after T  cell activation in vivo, 
the expanded bcl-2 “ population is destined to perish unless 
these cells are rescued from apoptosis. This situation is anal­
ogous to the rescue of bcl-2 “ apoptosis-prone germinal 
center B cells by surface Ig and CD 40 ligation and also by 
the presence of cytokines such as IL-4 (5, 6). The dow nregu­
lation of bcl-2 as a result of both T  and B cell activation pro­
vides a means by which an expanded lymphoid pool, arising 
as a result of immune stimulation, can be decreased, thus 
enabling the reestablishment of cellular homeostasis.

We have described two mechanisms that prevent the apop­
tosis of activated T cells. First, the continued presence of 
IL-2 maintains these cells in an activated state w ith elevated 
expression of bcl-2. Second, the interaction of T  cells w ith 
a soluble fibroblast-derived factor enables these cells to re­
turn to a restinglike state but w ith low bcl-2 expression. In 
both these situations, the continued presence of IL-2 or the 
fibroblast factor is required and the T cells rapidly apoptose 
(at least in vitro) if either is removed.

Previous reports have already demonstrated that the cocul­
ture of apoptosis-prone leukocytes such as neutrophils (40), 
eosinophils (41), leukemic cells (30), and activated T cells 
(35) w ith monolayers of fibroblasts can prevent apoptosis and 
maintains the viability of these cells. The mechanism by which 
fibroblasts promote the survival of leukocytes, some of which 
are apparently bcl-2", is unknow n at present. Fibroblasts 
produce a wide array of cytokines, including TGF-/3, GM- 
CSF, IL-1/3, IL-6 (42) and also extracellular m atrix proteins 
such as collagen, vitronectin, and fibronectin (43), all of which 
may be potential candidates for prom oting T  cell survival. 
O ther mechanisms, apart from IL-2 and fibroblasts, may also 
be required for the survival of activated T cells in vivo and 
enable these cells to return to a resting state. One such mech­
anism may be the engagement of the CD28 costimulatory 
pathway, in analogy w ith the prolongation of survival of ger­
minal center B cells by the crosslinking of surface Ig together 
w ith CD40 ligation (6).

O ne of the crucial questions to be answered is how the 
proportion of activated T cells destined for either apoptotic 
death or for survival after an immune response is determined 
in vivo. One possibility is the competition for survival factors 
by activated T cells (7) and these factors fall into two broad 
categories. The first category of signals promote survival by 
maintaining the activated cells in cycle. In contrast, the second

group are those produced by stromal cells such as fibroblasts 
which enable the cells to return to rest. At the end of an 
immune response, lim iting concentrations of the first set of 
factors such as antigen and/or cytokines would ensure that 
only the most efficient cells, i.e., those with the greatest affinity 
for antigen or the most efficient signal transduction pathways 
obtain sufficient stimuli to remain in cycle and survive (7). 
Some of the activated T  cells, however, may be induced to 
return to rest by stromal factors but limiting amounts of these 
factors will, once again, only promote the viability of the 
most competitive cells. The competition between activated 
T cells will on the one hand enable homeostasis to take place 
after immune activation, as the cells that do not obtain these 
factors will perish, and on the other permit the retention 
of the most competent primed cells.

Many studies have shown that T  cell memory resides within 
the C D 45R O  subset (17-20). It may therefore seem para­
doxical that C D 45R O ^ T cells express low bcl-2 and are 
destined for an apoptotic death. It has been shown, however, 
that although memory to an antigenic encounter may persist 
for decades, the average life span of human T  cells is less than 
2 yr (44). The unexpectedly short T  cell life span, together 
w ith the observations that recall responses to antigen reside 
w ithin a cycling population of CD45RO+ cells (17, 44, 45) 
have suggested that T  cell memory may persist as a conse­
quence of the continual stimulation of a previously primed 
population (17). This hypothesis is supported by the demon­
stration that T  cell memory responses in vivo are dependent 
on the presence of the original priming antigen (46). W hen 
placed in the context of our current data, this indicates that 
mechanisms that keep primed CD45RO"^ T cells in cycle 
will elevate the bcl-2 in these cells, promote their survival, 
and thus allow for the persistence of a dynamically generated 
memory population. Alternatively, in the absence of reacti­
vation, the propensity of C D 45R O " T cells to extravasate 
(45, 47) will facilitate their encounter w ith stromal fibro­
blasts and secure their viability until subsequent antigenic 
reencounter. This latter observation has implications for au­
toimmune disorders where fibroblast-lymphocyte interactions 
may become aberrant (35).

Collectively, our data suggest a scheme by which the 
changes in expression of the bcl-2 gene product by activated 
cells play a pivotal role in the balance between T  cell death 
and survival after activation. The rescue of bcl-2" primed 
T cells by various factors enables the generation of a dynamic 
prim ed/m em ory T  cell population, yet also allows for the 
homeostatic maintenance of T cell numbers after immune 
stimulation in vivo.
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Lymphocyte activation in HIV-1 infection. II. 
Functional defects of CD 28- T cells

Nicola J. Borthwick, Margarita Bofill, Wendy M. Gombert, 
Arne N. Akbar, Eva Medina, Kimltaka Sagawa*, Mark C. Lipman, 

Margaret A. Johnson and George Janossy
Objectives and design: The exp ression  o f th e  accesso ry  m o lecu le  C D 28  w as 
c o m p a red  in various p o p u la tio n s o f I  a n d  natu ra l killer (NK) cells from  
H IV -1-negative and  H IV -1-positive in d iv id u a ls  an d  co rre la ted  w ith  ac tiva tion  
using m itogens in vitro.
Methods: M u ltiparam eter flow  cy to m etric  an a ly s is  using co m b in a tio n s  of C D 3 
C D 28 and  o th e r m arkers w as perfo rm ed  to g e th e r w ith  a b so lu te  cell co u n tin g  
in p eriphera l b lood . Blast transfo rm ation  a n d  pro lifera tive  resp o n ses w ere  a lso  
q u an tita ted  using th e  Cytorongbsolute ^fter stim u la tio n  w ith  p h y to h aem ag g lu tin in  
(PHA) an d  an ti-C D 3. C D 2 8 -  cells w ere  also  pu rified  to  confirm  th e  o b serva tions .

Results: In H IV -1-negative ind iv iduals > 9 0 %  o f C D 3+  I  cells w ere  C D 28+  an d  
resp o n d ed  to  stim ula tion , w hile  C D 3 -  CD16-t- C D 5 7 +  NK-like ce lls  w ere  C D 2 8 -  
and  failed  to  respond . In H IV -1-positive in d iv id u a ls  th e  expression  o f C D 28  w as 
greatly  red u ced  and  th e  p roportion  o f C D 3 + C D 2 8 -  T cells e x p a n d e d . C D 8 
lym phocy tosis w as cau sed  en tirely  by th e  a c c u m u la tio n  of C D 2 8 -  T cells and  
m any of these  exp ressed  ac tivation  m arkers h u m an  lym phocy te  an tigen-D R ,
C D 38 an d  C D 45R O  on  their m em b ran e  an d  m o lecu les  such  as TIA-1 and  
perforin , assoc ia ted  w ith  cytoly tic fu n c tio n , in the ir cy to p lasm . The strong  
positive co rre la tio n  (r = 0 .66) be tw een  the  lack  of C D 28  exp ression  and  the  p o o r 
p ro liferation  from  H IV -1-positive ind iv iduals w as  confirm ed  by d em o n s tra tin g  
that o n ly  C D 28+  cells transform ed into lym p h o b las ts  and  p ro life ra ted . A lthough 
the C D 2 8 -  inc lud ing  C D 3+  T cells tran sien tly  ex p ressed  C D 25 (in terleuk in -2R a), 
they  d id  not undergo  b lastogenesis or ac tiva tion  m easu red  by b ro m o d eo x y u rid in e  
up take  and  d ied  after 3 -4  days in cu ltu re . T hese  o b se rv a tio n s w ere  con firm ed  in 
co stim u la tion  ex p erim en ts  w ith an ti-C D 2 an d  an ti-C D 28 .

Conclusion: In HIV-1 infection ac tiva ted  C D 3 + C D 2 8 -  T cells a c c u m u la te  but 
are  un resp o n siv e  to m itogens and  an ti-C D 2 8 . T hese  cells ap p e a r  to  rep resen t 
te rm inally  d ifferen tia ted  effector ce lls  w h ich  fail to  respond  to  fu rther stim uli 
b ecau se  o f th e  ab se n c e  of a C D 28 seco n d  signal.
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Introduction w ith  m ito g e n s  su c h  a s  an ti-C D 3  a n d  p h y to h a e m a -
g g lu tin in  (PH A ) o r  sp e c if ic  a n tig e n  [1-3). T h e s e  d e -  

In d iv id u a ls  w ith  HIV-1 in fec tio n  e x p e r ie n c e  s e v e re  fe c ts  m ig h t b e  c a u s e d  b y  a p o p to s is  o f  s o m e  C D 4+
im m u n o d e f ic ie n c y  e v e n  b e fo re  o v e rt C D 4 + ly m p h o -  a n d  C D 8+ ly m p h o c y te s  [4]. F u r th e rm o re , th e  ac ti-
c y te  d e p le t io n  d e v e lo p s . T h e  p ro life ra tiv e  re s p o n s e s  v a tio n  o f  ly m p h o c y te s  fro m  H IV -1 -p o sitiv e  d o n o r s
o f  T - ly m p h o c y te s  a re  im p a ire d  w h e n  in v e s tig a te d  le a d s  to  ce ll lo s se s  th a t  d o  n o t s h o w  ty p ic a l fe a tu re s
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o f  a p o p to s is  [5]. T h e se  fu n c tio n a l d e fe c ts  a re  lik e ly  to  
b e  a s s o c ia te d  w ith  c h a n g e s  in ly m p h o c y te  p o p u la ­
tio n s . In p a rticu la r, C D 8+ ly m p h o c y te s  th a t a re  c h a r ­
a c te r iz e d  b y  th e  c o -e x p re s s io n  o f  C D 45R O , h u m a n  
ly m p h o c y te  a n tig e n  (H LA )-D R a n d  C D 38  a c c u m u ­
la te  [6-101. T h e re  is a lso  a n  in c re a se  in  th e  n u m b e r  o f  
C D 57+ T ly m p h o c y te s  th a t a re  d is tin c t fro m  ty p ica l 
n a tu ra l k ille r (N K )-like  ce lls  b e c a u s e  th e y  c o -e x p re s s  
C D 3 [11,121.
T h e  im p o r ta n c e  o f  c o s tim u la to ry  m o le c u le s  in  T- 
ly m p h o c y te  a c tiv a tio n  is w e ll d o c u m e n te d  [131. O n e  
s u c h  m o le c u le , C D 28, is o f  p a r t ic u la r  in te re s t b e ­
c a u s e  it s tro n g ly  fac ilita tes a c tiv a tio n  v ia  th e  T -cell 
re c e p to r  c o m p le x  (TCR) o r  th e  C D 2 m o le c u le  w ith ­
o u t  b e in g  m ito g e n ic  o n  its o w n  [14-16]. T h e  e n g a g e ­
m e n t o f  C D 28 is c u rre n tly  th e  s tro n g e s t k n o w n  ‘s e c ­
o n d  s ig n a l’ in  h u m a n  T -ly m p h o c y te  a c tiv a tio n  1131. 
O n e  o f  th e  n a tu ra l lig an d s  fo r C D 28, B 7 /B B 1 [17] is 
e x p re s s e d  o n  a n tig e n -p re s e n tin g  ce lls  (ARC) in c lu d ­
ing  a c tiv a te d  m o n o c y te s  a n d  B ce lls  [18 -20], s u g g e s t­
ing  a ro le  fo r C D 28 in th e  in te ra c tio n  w ith  ARC [20]. 
T h e  p o te n tia lly  c lo se  fu n c tio n a l re la tio n s h ip  b e ­
tw e e n  th e  TCR a n d  C D 28 sy s tem  is in d ic a te d  b y  
th e  e x p re s s io n  o f  C D 28 a n tig e n , a m o n g  p e r ip h e ra l  
b lo o d  ly m p h o c y te s  (RBL), o n  > 9 5 %  o f  C D 4+ a n d  a p ­
p ro x im a te ly  50%  o f  C D 8+ p o p u la t io n s  [21,22], w h ile  
a m o n g  C D 3 -n eg a tiv e  C D 16+ NK ce lls , C D 28 is a b ­
se n t [231. D e sp ite  its im p o rta n c e  as a c o s tim u la to ry  
m o le c u le , in HIV in fec tio n  C D 28 e x p re s s io n  h a s  n o t 
b e e n  fully c o rre la te d  w ith  th e  p h e n o ty p ic  sh ifts  o f  
ly m p h o c y te  su b s e ts  o r  w ith  fu n c tio n a l fe a tu re s  su ch  
as  re s p o n s iv e n e s s  to  m ito g e n s  o r  a n tig e n s . T h is  is 
d e s p i te  th e  fact th a t in a sm all g ro u p  o f  H lV -l- in -  
fe c te d  in d iv id u a ls  d e c re a s e d  C D 28 e x p re s s io n  h a s  
b e e n  re c o rd e d  in a p o p u la t io n  o f  C D 8+ ce lls  [24]. It 
is n o t k n o w n , h o w e v e r, w h e th e r  th e s e  a re  NK ce lls  
o r  C D 3+ T  ly m p h o c y te s . In a n o th e r  s tu d y  o f  H IV- 
1-p o s itiv e  h a e m o p h ilia c s , C D 4+ ce lls  s h o w e d  lo w e r  
th a n  n o rm a l p ro p o r tio n s  o f  C D 28+ ce lls  [251.
A p o ss ib le  e x p la n a tio n  for an  in c re a se  in ly m p h o ­
cy te  v u ln e rab ility  d u r in g  HIV-1 in fe c tio n  c o u ld  b e  
th e  lo ss o f  C D 28 a n tig e n  o n  T  ly m p h o c y te , le a d ­
ing  to  th e  a b s e n c e  o f  an  o b lig a to ry  s e c o n d  s igna l 
d u r in g  ac tiv a tio n . In th is  s tu d y , w e  h a v e  in v e s ti­
g a te d  C D 28 e x p re s s io n  in th e  v a r io u s  T -cell su b s e ts  
b y  th re e -c o lo u r  im m u n o f lu o re s c e n c e  a n d  c o m p a re d  
th e s e  re su lts  w ith  th e  b la s t tr a n s fo rm a tio n  a n d  p r o ­
life ra tio n  o f  th e  sa m e  cell p o p u la t io n s . D u rin g  th e  
s tu d y  it w a s  n e c e ss a ry  to  in v e s tig a te  th e  C D 28+ e n ­
r ic h e d  a n d  p u rif ie d  C D 2 8 - p o p u la t io n s  in  o rd e r  to  
co n firm  th e  u n ifo rm ly  p o o r  r e s p o n s e s  o f  th e  C D 2 8 - 
c o h o r t  to  a v a rie ty  o f  stim u li in vitro.

Subjects and methods

Subjects
T h e  H IV -1 -se ro p o sitiv e  c o h o r t  o f  70 in d iv id u a ls  a t ­
te n d e d  o u tp a t ie n t c lin ics  a t th e  R oyal F ree  H o sp i­

ta l, L o n d o n  b e tw e e n  O c to b e r  1991 a n d  D e c e m b e r  
1992 a n d  w e re  g ro u p e d  a c c o rd in g  to  th e  C en te rs  
fo r D ise a se  C o n tro l a n d  R rev en tio n  (C D C ) c lassifi­
c a tio n  [26], w h e re  s ta g e  II re fe rs  to  a sy m p to m a tic  
in d iv id u a ls . III to  su b je c ts  w ith  ly m p h a d e n o p a th y  
a n d  IV to  p a tie n ts  w ith  sy m p to m a tic  AIDS. T h e  
H IV -1-s e ro n e g a tiv e  g ro u p  w e re  h e a lth y  la b o ra to ry  
p e rs o n n e l w ith  a m e a n  a g e  o f  31 y ea rs . T h e  s e ro ­
log ica l s ta tu s  o f  in d iv id u a ls  w a s  c o n f irm e d  at th e  
D e p a r tm e n t o f  V iro lo g y  a t th e  h o sp ita l , u s in g  a W ell- 
c o z y m e  H IV  re c o m b in a n t a ssay  (W e llco m e  D ia g n o s ­
tics, D artfo rd , E n g la n d , UK) in c o m b in a tio n  w ith  a n  
HIV-1 e n z y m e  im m u n o a s sa y  (EIA; A b b o tt D ia g n o s ­
tics, M a id e n h e a d , E n g lan d , U K ) a n d  S e ro d ia  HIV 
p a rtic le  a g g lu tin a tio n  te s t (M ast D iag n o s tic s , B oo tle , 
E n g lan d , UK).

Lymphocyte purification
V en o u s b lo o d  w a s  d ra w n  in to  p re se rv u tiv e -fre e  h e p ­
a rin  a n d  m o n o n u c le a r  ce lls  is o la te d  o n  a Ficoll- 
H y p a q u e  (N y c o m e d , O slo , N o rw a y ) g ra d ie n t. In  
so m e  c a se s , p e r ip h e ra l  b lo o d  m o n o n u c le a r  ce lls  
(RBM C) w e re  s e p a r a te d  in to  T -e n r ic h e d  (E + ,C D 2+) 
a n d  n o n -T  (B  p lu s  m o n o c y tic )  f ra c tio n s  b y  n e u ra ­
m in id a s e  tre a te d  s h e e p  e ry th ro c y te s  as d e sc r ib e d  
p re v io u s ly  [27]. T h e  C D 2+ NK ce lls  w e re  re m o v e d  
from  th e  E+ frac tio n  b y  in c u b a tin g  th e  ce lls  w ith  
s a tu ra tin g  c o n c e n tra tio n s  o f  C D 16 [Leu l i b ;  im ­
m u n o g lo b u lin  (Ig ) M, a gift from  D rs S. B ro w n  
a n d  J.S. T h o m p s o n , U n ivers ity  o f  K en tu ck y , L ex ing­
to n , K en tu ck y , USA) a n d  C D 57 (L eu7; IgM , A m er­
ican  T issu e  T y p in g  C o llec tio n , R ockv ille  M ary land , 
USA) a n d  ly s ing  th e  p o s itiv e  ce lls , a d d in g  p re t i­
tra te d , o p tim a l c o n c e n tra tio n s  o f  b a b y  ra b b it c o m ­
p le m e n t (S e ro lo g ica l R eag en ts  Ltd, E ast G rin s tead , 
E n g lan d , UK) a s  d e s c r ib e d  p re v io u s ly  [28]. T h is 
m e th o d  y ie ld e d  > 9 8 %  p u re  C D 3+ p o p u la t io n s  [28]. 
In so m e  e x p e r im e n ts  C D 28+ ce lls  w e re  d e p le te d  
from  RBMC u s in g  g o a t a n ti-m o u se  c o a te d  m a g n e tic  
b e a d s  (D y n a l UK Ltd, W irral, E n g la n d , UK [29]).

Lymphocyte activation
M o n o n u c ie a r  ce ils  o b ta in e d  fro m  h e p a r in iz e d  v e ­
n o u s  b lo o d  w e re  c u ltu re d  in tr ip lic a te  w e lls  in flat 
b o t to m e d  96-w e ll m ic ro p la te s  (B e c to n  D ic k in so n  
Ltd, C o w ley , E n g la n d , UK). L y m p h o cy te s  w e re  a d ­
ju s te d  to  lO ^/m l in  RRM I-1640 m e d iu m  (G ib c o  Ltd, 
G la sg o w , S co tlan d , U K ) s u p p le m e n te d  w ith  10% fe ­
tal c a lf  se ru m  (ECS), lO O IU /m l p e n ic illin , lO O pg/m l 
s tre p to m y c in  (G ib c o  L td) a n d  2m M  L -G lu tam in e  
(ICN  B io m ed ica ls  Ltd, H ig h  W y co m b e , E n g lan d , UK) 
a n d  s t im u la te d  w ith  I p g /m l  RHA (RHA-R, W ellcom e 
R eag en ts  Ltd, B e c k e n h a m , E n g la n d , UK). T h e  c u l­
tu re s  w e re  ro u tin e ly  s u p p le m e n te d  w ith  1 n g /m l r e ­
c o m b in a n t in te r le u k in -2  (rIL-2; p ro v id e d  b y  D r M ax 
Schreier, S a n d o z  R h a rm a  Ltd, B ase l, S w itze rlan d ) . 
O th e r  c u ltu re s  w e re  s t im u la te d  w ith  a  p a ir  o f  an ti- 
C D 2 re a g e n ts ; O K T l l  (A TTC) a n d  G T 2-1D 7 (Life 
T e c h n o lo g ie s  Ltd, R aisley , S co tlan d , UK), b o th  a t 
p re titra te d  o p tim a l c o n c e n tra tio n s , p lu s  an ti-C D 28
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(K o lt2  asc ite s; Ig G l)  a t a final c o n c e n tra tio n  in  c u l­
tu r e  1 :5 0 0 0 .

L y m p h o b la s ts  d e v e lo p in g  in th e  c u ltu re s  a fte r  a c ti­
v a tio n  w e re  c o u n te d  o n  th e  C ytoronA bsolute (O r th o  
D ia g n o s tic s  Ltd, H ig h  W y co m b e , E n g la n d , U K), a 
ce ll c o u n te r  th a t e n u m e ra te s  th e  a b s o lu te  n u m b e r  
o f  c e lls  151. P ro life ra tiv e  ac tiv ity  w a s  m e a s u re d  at 
9 0 -9 4  h  b y  3H -TdR  u p ta k e  (2 C i/m m o le , A m e rsh a m  
In te rn a t io n a l, A m ersh am , E n g lan d , UK).

Immunofluorescence studies
T h e  e x p re s s io n  o f  C D 28 o n  ly m p h o c y te  p o p u la ­
tio n s  w a s  in v e s tig a te d  b y  d o u b le -  a n d  tr ip le -c o lo u r  
in d ire c t im m u n o f lu o re s c e n c e  (IE) te c h n iq u e s . T h e  
m o n o c lo n a l  a n tib o d ie s  (M A b) w e re  u s e d  in c o n ­
ju n c t io n  w ith  g o a t a n tim o u s e  (G A M ) Ig c o u p le d  
to  f lu o re sc e in - iso th io c y a n a te  (F ITC ), p h y c o e ry th r in  
(PE ) a n d  b io tin , to g e th e r  w ith  s tre p ta v id in - tr ic o lo r  
(CALTAG, B ra d su re  B io lo g ica ls  Ltd, M arket H ar- 
b o ro u g h ,  E n g lan d , UK). M Ab u s e d  in c lu d e d , CD28 
(K o lt2 ; [30]) a n d  tw 'o N K -asso c ia ted  m a rk e rs  C D 16 
( L e u l i b ,  IgM ) a n d  C D 57 (H N K -1 , IgM ). T h e  CD 4 
(T 4 -407 , IgG 2a; O x o id  Ltd, B a s in g s to k e , E n g lan d , 
UK) a n d  C D 8 (RFT8, IgM ) w e re  u s e d  to  id en tify  
h e lp e r  a n d  s u p p re s s o r /c y to to x ic  s u b s e ts  o f  T  cells, 
re s p e c tiv e ly  1311. A C D 3 M Ab (M EM 57, IgC^a a n d  
T 10B 9 , IgM ) w e re  k in d ly  p ro v id e d  b y  D rs J. H o re - 
jsi, C h a r le s  U n ivers ity , P rag u e  a n d  S. B ro w n  a n d  J.S. 
T h o m p s o n , U niversity’ o f  K en tu ck y . T h e  CD45RA 
(SN 130; Ig G l)  a n d  C D 45R O  (U C H L l; lgG 2a , p ro ­
v id e d  b y  P rof. P.L.C. B everley , U n iv e rs ity  C o lleg e  
a n d  M id d le se x  S ch o o l o f  M ed ic in e , L o n d o n ) w e re  
s h o w n  p re v io u s ly  to  reac t w ith  u n p r im e d  a n d  
p r im e d  T  ce lls , re sp e c tiv e ly  [27,321. A CD25-FITC  
(RETS, Ig G l)  w a s  u s e d  to  d e te c t  th e  IL-2R a -c h a in . 
T h e  s e c o n d  lay e rs  w e re  G A M -IgG l-P E , G A M -lgG 2a- 
FITC a n d  G AM -IgM -FITC (S o u th e rn  B io te c h n o lo g y  
A sso c ia te s  Inc ., B irm in g h am , A lab am a , USA).

T h e  m e m b ra n e  e x p re s s io n  o f  C D 38  m o le c u le s  w as  
d e te r m in e d  u s in g  a q u a n ti ta t iv e  im m u n o f lu o re s ­
c e n c e  in d ire c t a ssay  (Q IFIFIT ; B io cy tex , M arseilles, 
F ra n c e ; 1331).

S ta in in g  fo r c y to to x ic  g ra n u le -a s s o c ia te d  p ro te in s  
w a s  p e r f o rm e d  o n  c y to s p in  p re p a ra t io n s  u s in g  th e  
MAb TIA-1 ( Ig G l;  C o u lte r  Im m u n o lo g y , H ia leah , 
F lo rid a , USA; [341) a n d  a n  a n ti-p e r fo r in  a n tib o d y  P A l 
(Ig G 2 b ; a gift fro m  Prof. B. D u p o n t,  M em oria l S loan - 
K e tte r in g  C a n c e r  C en te r, N ew  Y ork , N ew  Y ork, 
USA; 1351). P u rif ied  C D 2 8 -  T  ce lls  w e re  d o u b le ­
s ta in e d  w ith  an ti-C D 57  p lu s  G A M -IgM -TRITC(SBA) 
in c o m b in a tio n  w ith  e ith e r  TIA-1 o r  a n ti-p e rfo r in  
p lu s  G A M -IgG -FIT C (SB A ).

Bromodeoxyuridine (BrdU) incorporation
L y m p h o c y te s  c u ltu re d  w ith  PH A  fo r 48 h w e re  in ­
c u b a te d  w ith  B rdU  (S igm a C h e m ic a l C o. Ltd, P o o le , 
E n g la n d , UK) a t a c o n c e n tra tio n  o f  lO jim ol fo r 4 h  
1361. C y to sp in  p re p a ra t io n s  w e re  fix ed  in a c e to n e  
fo r 15 m in  p r io r  to  tr ip le  s ta in in g  w ith  an ti-B rdU

(A m e rsh a m  In te rn a t io n a l) , G A M -IgG 2a FITC (SBA ) 
a n d  m e m b ra n e  m a rk e rs  C D 57 la b e l le d  w ith  GAM - 
IgM  c o n ju g a te d  to  L issam in e  rh o d a m in e  B (Ja c k ­
so n  Im m u n o re s e a rc h  In c ., W est G ro v e , P e n n sy lv a ­
n ia , USA) a n d  C D 2 8 -b io tin  (SBA ) p lu s  s tre p ta v id in  
c o n ju g a te d  C y5 (B io lo g ica l D e te c tio n  S ystem s Inc ., 
P ittsb u rg h , P e n n sy lv a n ia , USA). T h e  tr ip le - la b e lle d  
ce lls  w e re  v ie w e d  u s in g  a la se r  sc a n n in g  c o n fo -  
cal m ic ro s c o p e  (B io -R ad  L a b o ra to rie s  Ltd, H em el 
H e m p s te a d , E n g la n d , U K ) e q u ip p e d  w ith  lin e s  at 
488, 568 a n d  647  n m .

Statistical analysis
U n less  s ta te d  o th e rw is e ,  th e  d a ta  a re  p re s e n te d  as 
a r ith m e tic  m e a n  ±  SEM. M ean  v a lu e s  w e re  c o m ­
p a re d  u s in g  S tu d e n t’s t- te s t fo r in d e p e n d e n t  m ean s ; 
E v a lu e s  < 0 .0 5  w e re  c o n s id e re d  s ign ifican t. In  so m e  
e x p e r im e n ts  l in e a r  re g re s s io n  a n a ly se s  w e re  p e r ­
fo rm e d  o n  d a ta  to  d e te rm in e  th e  c o rre la tio n  b e ­
tw e e n  th e  tw o  v a ria b le s .

Results

CD28 expression during HIV-1 disease
Initial s tu d ie s  to  in v e s tig a te  th e  n o rm a l d is tr ib u ­
tio n  o f  C D 28 o n  ly m p h o c y te  su b s e ts  re v e a le d  th a t 
9 8 ± 2 .4 %  (n  = 10) o f  C D 28+  ce lls  w e re  C D 3+ T  cells. 
T h is c o n s t i tu te d  a b o u t  90%  o f  th e  to ta l C D 3+ p o p u ­
la tio n  w h ile  Ig+ B -ce lls , C D 4+ m o n o c y te s  a n d  C D 3 - 
NK cells , d e f in e d  b y  th e  e x p re s s io n  o f  C D l6  o r  
C D 57, w e re  n e g a tiv e . T h e  p ro p o r t io n  o f  C D 2 8 - ce lls  
w ith in  th e  C D 1 6 + C D 3 - a n d  C D 5 7 + C D 2 8 - NK p o p ­
u la tio n s  w e re  > 99% .

A c o m p a r is o n  b e tw e e n  C D 28  e x p re s s io n  in HIV- 
1-p o s itiv e  in d iv id u a ls  a n d  H IV -1-n e g a tiv e  c o n tro ls  
re v e a le d  th a t  th e  v a s t m a jo rity  o f  C D 28+ ly m p h o ­
cy tes , a s  w ith  H IV -1 -n eg a tiv e  c o n tro ls , w e re  s e e n  
w ith in  th e  C D 3+  p o p u la t io n . N e v e rth e le ss , th e  p r o ­
p o r tio n s  a n d  a b s o lu te  n u m b e r s  o f  C D 3+ T  ce lls  th a t 
e x p re s s e d  CD28 w e r e  s ig n ific an tly  r e d u c e d  in HIV- 
1-p o s itiv e  in d iv id u a ls  a t e v e ry  s ta g e  o f  d is e a se  b e ­
c a u se  o f  th e  e x p a n s io n  o f  a C D 3 + C D 2 8 - p o p u la t io n  
(c o n tro l, 0 .14  ± 0 .0 2 6 ; C D C  s ta g e  II, 0 .6 8 ± 0 .1 3 ; III: 
1.04 ± 0 .1 6 ; IV, 0 .47  ± 0 .1 4 x 1 0 9 /1 ; E <  0 .005; Fig. 1).

M ost re s id u a l C D 4+  T  ce lls  in  th e  CD C s tag e  II a n d
III g ro u p s  still e x p re s s e d  C D 28. A su b s ta n tia l d ro p  
in th e  p ro p o r t io n  o f  C D 28+ C D 4+  ce lls  (E <  0 .006; 
T ab le  1) c o u ld  o n ly  b e  d e te c te d  in th e  CDC s tag e
IV p a tie n ts , b u t  b e c a u s e  o f  th e  d e c re a s e  in C D 4+ 
cells  th e  o v e ra ll a b s o lu te  n u m b e r s  o f  C D 4 + C D 2 8 - 
T  ce lls  r e m a in e d  th e  s a m e  d u r in g  th e  c o u rs e  o f  
HIV-1 in fe c tio n  (c o n tro l,  0 .05  ± 0 .0 1 ; CD C s tag e  II, 
0.02±0.001; III, 0.01 ± 0 .0 0 2 ; IV, 0 .0 5 ±  0 .0 2 7 x  109/1; 
Fig. 1).

T h e se  re su lts  s u g g e s t th a t  th e  in c re a s e d  n u m b e r  o f  
C D 2 8 - T  ce lls  d u r in g  H lV -1 d is e a s e  w e re  p re s e n t in 
th e  C D 8+ p o p u la t io n .  T h e  in c re a s e d  C D 8 n u m b e rs
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Fig. 1. The contribution of CD28+ #  and C D 28- (■) 
lymphocytes within the CD3+, CD4+ and CD8+ subsets 
from HIV-1-negative controls and HIV-1-infected individu­
als. Two-colour immunofluorescence was used to determine 
the percentage of CD28+ and C D 28- subsets within the 
lymphocyte subsets. The total number of CD3+, CD4+ or 
CD8+ lymphocytes is shown as the total height of the bar 
while the shaded areas represent the numbers of CD28+ 
or C D 28- cells within each group. A total of 53 individu­
als were investigated: control (a), 10; HIV-1-positive Centers 
for Disease Control and Prevention (CDC) stage II (b), 22; 
stage III (c), eight; stage IV (d), 13.

Table 1. T h e  e x p re s s io n  o f C D 2 8  o n  T -c e ll subse ts.

C D 3 4 -C D 2 8 +  C D 4 + C D 2 8 +  C D 8 -t-C D 2 8 -(-

H IV -1 -n e g a t iv e  c o n t ro l 10 8 9 . 8 1 0 . 7 9 4 . 3 1 1 . 2 4 8 . 0 1 6 . 4

H IV - 1 -p o s it iv e

C D C  II 2 2 4 9 . 8 1 6 . 3 ' 8 5 .3 1 5 .6 5 40 .1  1 4 .1 5

C D C  III 8 2 7 . 6 1 8 . 3 * 9 6 .4 1 6 .7 5 2 6 .7 1 6 .1  +

C D C  IV 13 4 2 . 9 1 4 . 3 * 5 4 . 9 1 1 3 .9 t 3 0 .3 1 4 .7 +

T h e  p e rc e n ta g e  o f  C D 2 8 +  ly m p h o c y te s  w i th in  th e  C D 3 + ,  C D 4 -I- a n d  

C D 8 +  T -c e ll p o p u la t io n  w a s  d e te rm in e d  b y  tw o - c o lo u r  im m u n o f lu ­

o re s c e n c e  in  H IV -1 -n e g a t iv e  c o n t ro ls  a n d  H IV -1 - in fe c te d  in d iv id u a ls .  

T h e  d a ta  w e re  c o m p a re d  w ith  th e  c o n t ro l g ro u p  u s in g  S tu d e n t 's  t- te s t; 

* P <  0 .0 0 1 ;  ^ P < 0 .0 5 ;  t P =  0 .0 0 6 ;  Ünot s ig n if ic a n t .  T h e  v a lu e s  b e tw e e n  

C e n te rs  fo r  D is e a s e  C o n tr o l a n d  P re v e n t io n  (C D C ) s tage  II, III a n d  IV  

g ro u p s  a re  n o t s ta t is t ic a l ly  s ig n i f ic a n t  at th e  5 %  le v e l.

w e re  c a u s e d  b y  a se le c tiv e  in c re a se  o f  C D 8 + C D 2 8 - 
ly m p h o c y te s  (c o n tro l, 0 .3 0 ± 0 .0 2 6 ; CD C s ta g e  II, 
0 .56  +  0.07; III, 0 .87  +  0.15; IV, 0 .49 ± 0 .09  x  109/1;

0 .003; Fig. 1). T h e  C D 8+ C D 28+ p o p u la t io n  re ­
m a in e d  c o n s ta n t th ro u g h o u t  (c o n tro l, 0 .28  +  0.07; 
C D C s ta g e  II, 0 .37  + 0 .04; III, 0 .2 9 ± 0 .0 6 ; IV, 0 .2 0 ±  
0 .045). F u r th e rm o re , tr ip le -c o lo u r  s tu d ie s  u s in g  C D 3, 
C D 8 a n d  C D 28  re v e a le d  th a t  in  H IV -1 -nega tive  in d i­
v id u a ls , 7 6 .8 ± 3 .5 %  (n  = 10) o f  C D 3+C D 8+ ly m p h o ­
cy te s  w e re  C D 28+  a n d  th e  C D 3-C D 8+  v a rian ts  o f  NK 
ce lls  w e re  e n tire ly  C D 2 8 -n eg a tiv e  (Fig. 2a a n d  b ) . In 
c o n tra s t, in  H IV -1 -p o sitiv e  in d iv id u a ls , th e  p e rc e n t­
a g e s  o f  C D 3 + C D 8 + C D 2 8 - w e re  in c re a se d  (c o n tro l, 
25 .6  ± 6 .6 ; H IV -1-p o s itiv e  C D C  s tag e  II, 64 .5  ± 4 .9 ;  
T a b le  2) re s u ltin g  in a d o m in a n c e  o f  C D 28 ly m p h o ­
cy te s  w ith in  th e  C D 8+ T  cells.

Phenotypic features of CD28- I  cells in HIV-1 
infection
B e c a u se  HIV-1 in fec tio n  is a s s o c ia te d  w ith  p h e n o ­
ty p ic  c h a n g e s  in  p e r ip h e ra l  b lo o d , s tu d ie s  w e re

19% 21%
0.8%72% 23%

(C) 8:1%
• 1.8 %

1.6 % 3.6%44%
87% 40%12%

(e) ^  
10%

(f) ^17% 14%
73% 20%30%

2.4%.6% 9.2%11%
10%87% 35%46%

O

6 .0% 24% 12%26%
5.3% 65% 32% 30%

O

CD28
Fig. 2. Facscan profile of CD28 in CD3-P lymphocytes from 
control and HIV-1-positive individuals. Triple-colour com bi­
nations of CD3 and CD28 plus one of CD8, CD57, CD38, 
human lymphocyte antigen (HLA)-DR or CD45RO were 
used to illustrate the distribution of C D 28- in CD3+ T cells. 
During data acquisition, a gate was set up around the CD3+ 
cells and the expression of CD28 investigated. Data from one 
representative control (a,c,e,g,i) and one HIV-1-positive in­
dividual (b,d,f,h,j) are shown.

p e r fo rm e d  u s in g  tr ip le -c o lo u r  IF to  c le a rly  d e f in e  th e  
ra re  C D 3 + C D 2 8 - ly m p h o c y te  s u b s e t in  c o n tro l a n d  
th e  d o m in a n t  C D 3 + C D 2 8 - ce lls  in  H IV -1-in fe c te d  
in d iv id u a ls . T h e s e  a re  s h o w n  in  T a b le  2 w ith  r e p ­
re s e n ta t iv e  e x a m p le s  in  Fig. 2. U sin g  th e  tr ip le  c o m ­
b in a t io n  C D 3, C D 28 a n d  C D 8 fo u n d  th a t in H IV -1-
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T able  2. Phenotypic features of C D 28- T cells*.

Part I: Expression of markers within the C D 3+C D 28- gate+

CD8 CD57 CD38 HLA-DR CD45RO

HIV-1 -negative 
HIV-1 -positive

5 5 .0 ± 1 2 .9
89.8±2.1

65 .4± 5 .2
54.2±7.1

<1%
4 5 .7 ± 2 .0

<1%
33 .9± 9 .9

5 2 .6 ± 1 0 .8
57 .7 ± 6 .0

Part II: Percentage of C D 28- cells within

CD3+CD8+ CD3-HCD57+ CD34-CD38+ CD3-t-HLA-DR-t- CD3+CD45RO-H

HIV-1 -negative 
HIV-1 -positive

2 5 .6 ± 2 .8  
64.5 ± 4 .9

74 .8± 4 .8
89.4 ±2 .0

1 .6± 1 .3  
45.1 ± 8 .0

ND 
67.3 ± 2 .4

10 .8± 4 .2  
56.5 ± 1 .7

The phenotypic features of C D 28 - T cells were investigated by triple-colour im m unofluorescence studies. During data analyses cells were 
gated either according to CD34-CD28- expression (Part I) or CD3 in combination with either CD8, CD57, CD38, hum an lymphocyte antigen 
(HLA)-DR or CD45RO (Part II). The results are shown as the mean percentage±SEM  for 10 HIV-1-negative and 10 HIV-1-positive Centers for 
Disease Control and Prevention stage II individuals. ^Percentage increases in all markers w ere noted within the CD3-t- gate in HI V-1-infected 
individuals (see Results). ND, not determ ined because of the paucity of cells of this phenotype.

n e g a tiv e  b lo o d  55%  o f  C D 2 8 -  T cells w e re  C D8+. 
As e x p e c te d ,  in HIV-1 in fe c tio n  th e  vast m ajo rity  
o f  C D 3+ C D 28  ly m p h o c y te s  w e re  C D 8+ (89  8 ± 2 .1 ; 
T a b le  2; Fig. 2b).

W h e n  C D 57+  ly m p h o c y te s  w e re  in v es tig a ted , C D 57 
a n d  C D 28 w e re  fo u n d  in s e p a ra te  ly m p h o cy te  p o p ­
u la tio n s  in  b o th  H IV - l-n e g a tiv e  a n d  H IV -1-posi­
tive b lo o d ,  a n d  o n ly  fe w  (< 5 % ) d o u b le -p o s it iv e  
ce lls  w e re  se e n  (Fig. 2c a n d  d ). T he  p e rc e n t­
a g e s  o f  C D 3+ C D 57+  ce lls  in c re a se d  in HIV-1 in ­
fe c tio n  (c o n tro l, 6 .9 ± 1 .5 ;  H IV -1-p o s itiv e  CD('. s tag e  
II, 2 6 .7 ± 5 .0 ;  P < 0 .001) a n d  m o s t CD 57+ cells  w e re  
C D 3 + C D 2 8 -, re p re s e n tin g  a s ign ifican t p ro p o r tio n  
o f  th e  C D 3 + C D 2 8 - p o p u la t io n  (co n tro l, 6 5 .4 ± 4 .9 ; 
H IV -1 -p o sitiv e , 5 4 .2 ± 7 .1 ) . Im p o rtan tly , a p a r t ic u ­
larly  la rg e  p ro p o r tio n  o f  C D 3 + C D 5 7 -C D 2 8 - ce lls  re ­
m a in e d  in  HIV-1 in fec tio n  (0 .3 5 ± 0 .0 4 , 0 .4 2 ± 0 .0 8 7  
a n d  0 .3 7 ± 0 .5 3 X 109/1 in th e  CDC s tag e  II, III a n d  
IV g ro u p s , re sp ec tiv e ly . T h e s e  cells w e re  ra re  in th e  
c o n tro l b lo o d  (< 0 .0 5  x  109/1).

P re v io u s  s tu d ie s  h a v e  in d ic a te d  th a t th e  v a rio u s  iso ­
fo rm s o f  th e  C D 45 a n tig e n  d isc rim in a te  b e tw e e n  
re s tin g  CD 45R A + a n d  re c e n tly  ac tiv a ted  C D 45R O + 
cells. In  H IV - l-n e g a tiv e  in d iv id u a ls , a m o n g  th e  few  
C D 3 + C D 2 8 - ce lls , 52.6%  w e re  C D 45R O + (Fig. 2i), 
r e p r e s e n tin g  less th a n  10% o f  th e  to ta l n u m b e r  o f  
C D 3+ C D 45R O +  cells. In HIV-1 in fec tio n , la rg e  p r o ­
p o r t io n s  o f  C D 8+ ly m p h o c y te s  e x p re s s  C D 45R O , 
a n d  th e  a b s o lu te  n u m b e rs  o f  C D 3+ C D 28-C D 45R O +  
cells  w e r e  g re a tly  in c re a se d  (c o n tro l, 0.05 ± 0 .0 1 ; 
H IV-1, 0 .3 0 ± 0 .0 2 ; P < 0 .001). W ith in  th e  in c re a se d  
C D 3 + C D 2 8 - su b s e t 57.7%  w e re  C D 45R O +. T h e  
C D 2 8 -  c o m p o n e n t  c o m p r is e d  u p  to  60%  o f  th e  e n ­
tire  C D 3+ C D 45R O +  p o p u la t io n .

In H IV-1 in fec tio n  C D 3+ ly m p h o c y te s  e x p re s s ­
in g  a c tiv a tio n  m a rk e rs  su c h  as  C D 38 a n d  HLA- 
DR a ls o  in c re a se . In s e ro n e g a tiv e  d o n o rs , lo w  lev ­
e ls  o f  C D 38  (< 5 x 1 0 3  m o le c u le s /c e l l)  w e re  d e ­
te c te d  o n  a p ro p o r tio n  (21.1  ± 3 .9 % ) o f  C D 3+ T

cells; th e s e  w e re  p re d o m in a n tly  C D 28+  (>  80%; Fig. 
2e). T h e  in c re a se  in C D 3+ C D 38+  ly m p h o c y te s  in 
HIV-1 in fec tio n  w as , h o w e v e r , c a u s e d  b y  a n  e x ­
p a n s io n  o f  th e  C D 3 + C D 3 8 + C D 2 8 - p o p u la t io n  (Fig. 
2 0 . T h e se  C D 38+ cells  c o n s t i tu te d  45 .7  ± 2 .0 %  o f  th e  
C D 3 + C D 2 8 - ly m p h o c y te s . U sin g  a  tr ip le  c o m b in a ­
tio n  fo r C D 3, C D 28 a n d  HLA-DR it w a s  fo u n d  th a t 
a l th o u g h  b o th  C D 3+ C D 28+  a n d  C D 3 + C D 2 8 - su b s e ts  
c o u ld  e x p re s s  FILA-DR (Fig. 2 h ) a g re a te r  p ro p o r tio n  
o f  th e s e  (6 5 .4 ± 8 .3 % ) w e re  C D 2 8 -n eg a tiv e .

TIA-1 and perforin expression
It is k n o w n  th a t ce lls  w ith  c y to to x ic  c a p a c ity , su c h  as 
p o ly m o rp h s , NK ce lls  a n d  a c tiv a te d  C D 8+ e ffe c to r  T 
ce lls  e x p re s s  th e  g ra n u le -a s s o c ia te d  TIA-1 m o le c u le  
a n d , in a sm a lle r  p ro p o r tio n  o f  ce lls , th e  p e rfo r in  
m o le c u le  134,351. T h e se  a re  c y to p la sm ic  m a rk e rs  
th a t w e re  a n a ly s e d  in c y to c e n tr ifu g e  p re p a ra tio n s . 
D u rin g  HIV-1 in fec tio n  b o th  TIA-1 a n d  p e rfo rin -  
p o s itiv e  ce lls  a c c u m u la te d  w ith in  th e  C D 8+ p o p u ­
la tion . In H IV -l-n e g a tiv e  in d iv id u a ls , a f te r  re m o v a l 
o f  C D 16+ NK cells , 37%  (ra n g e , 29 -49% ; n = 10) 
o f  C D 8+ ly m p h o c y te s  e x p re s s e d  TIA-1 a n d  9.4%  
(ra n g e , 2 -6 3 % ) c o n ta in e d  p e rfo r in . T h is  w a s  in ­
c re a s e d  in H IV -l-p o s itiv e  in d iv id u a ls  ( n = 1 0 )  to  
56%  (ra n g e , 3 8 -8 2 % ) a n d  21%  (ra n g e , 2 -5 2 % ) fo r 
TIA-1 a n d  p e rfo rin , re s p e c tiv e ly . T h e  e x p re s s io n  
o f  TIA-1 a n d  p e rfo r in  w a s  a ls o  e x a m in e d  in p u ­
rified  C D 3 + C D 2 8 - ce lls  fro m  H IV - l-n e g a t iv e  a n d  
H IV -l-p o s itiv e  p a tie n ts . As C D 57+  ce lls  h a v e  b e e n  
s h o w n  p re v io u s ly  to  h a v e  p o te n t  cy to ly tic  a c tiv ­
ity 1371 th e  TIA-1 a n d  p e r fo r in  c o n te n t o f  th e  
C D 3+ C D 28-C D 57+  p o p u la t io n  w a s  d e te rm in e d  b y  
d u a l-c o lo u r  im m u n o f lu o re s c e n c e  (F ig . 3). W ith in  th e  
C D 3 + C D 2 8 - p o p u la t io n  9 0 -1 0 0 %  o f  C D 57+  ly m ­
p h o c y te s  fro m  H IV - l-n e g a tiv e  a n d  H IV -l-p o s it iv e  
d o n o rs  e x p re s s e d  b o th  TIA-1 a n d  p e rfo r in  (Fig. 3). 
A lth o u g h  p e rfo r in  e x p re s s io n  w a s  re s tr ic te d  la rge ly  
to  th e  C D 57+ p o p u la t io n , TIA-1 w a s  o b s e rv e d  in 
C D 5 7 -C D 2 8 - ce lls  (4 0 -6 0 % )
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Fig. 3. The presence of cytotoxic granules in C D 28- lym- 
ph o (^es . A purified C D 28- population was prepared from 
E+, LDI 6-depleted cells by negative selection with CD28. 
The remaining CD3+CD 28- cells were double-stained for 
the membrane marker CDS 7 (a,c) and one of the cyto­
toxic granule-associated proteins; TIA-1 (b) or perforin (d). 
Note that all of the CD57+ cells express both TIA-1 and per­
forin. The arrows indicate the presence of C D 57- cells that 
also contain the cytotoxic granules.

The proliferative defects of CD28- lymphocytes 
in HIV-1 infection
T o d e te rm in e  w h e th e r  th e  d e fe c ts  in  ly m p h o c y te  
s tim u la tio n  in HIV-1 in fe c tio n  w e re  re la te d  to  th e  
p re s e n c e  o f  C D 3 + C D 2 8 - ly m p h o c y te s , PBM C fro m  
H IV -l-p o s itiv e  in d iv id u a ls  a n d  c o n tro ls  w e re  s tim ­
u la te d  w ith  PH A  p lu s  rIL-2. T h e  n u m b e r  o f  ly m ­
p h o b la s ts  re c o v e re d  o n  d a y  3 w e re  u s e d  a s  a 
m e a s u re  o f  ly m p h o c y te  a c tiv a tio n  a n d  th is  m e th o d  
a lso  p ro v id e d  u se fu l in fo rm a tio n  re g a rd in g  th e  p h e ­
n o ty p e  o f  r e s p o n d in g  ly m p h o b la s ts . In  56 H IV -l- 
p o s itiv e  in d iv id u a ls  in v e s tig a te d , th e r e  w a s  a h ig h ly  
s ig n ifican t p o s itiv e  c o r re la t io n  b e tw e e n  th e  n u m b e r  
o f  C D 28+ ce lls  p re s e n t  a t th e  s ta rt o f  th e  c u ltu re  
a n d  th e  n u m b e r  o f  ly m p h o b la s ts  re c o v e re d  a fte r  
3 d a y s  ac tiv a tio n  (F <  0 .001 ; Fig. 4). T h is  c o r r e la ­
tio n  w a s  fu r th e r te s te d  o n  C D 2 8 -  ce lls  fo llo w in g  
th e  rem o v a l o f  C D 28+  T  ly m p h o c y te s . Less th a n  
10%  o f  th is  p o p u la t io n  fro m  H IV -l-p o s it iv e  in d i­
v id u a ls  w e re  a b le  to  tr a n s fo rm  in to  ly m p h o b la s ts  
a fte r  a c tiv a tio n  w ith  PH A  d e s p i te  th e  a d d it io n  o f  
rIL-2. C o n v erse ly , th e  re m o v a l o f  C D 57+  (C D 2 8 -)

ly m p h o c y te s  p ro p o r tio n a l ly  in c re a s e d  th e  n u m b e r  o f  
ly m p h o b la s ts  re c o v e re d , in d ic a tin g  th a t in  th is  a ssa y  
th e  re s id u a l C D 28+  ce lls  fro m  H IV - l-p o s it iv e  d o n o rs  
a re  n o t  h a n d ic a p p e d  a n d  c a n  r e s p o n d  to  m ito g e n s  
in  th e  p r e s e n c e  o f  rIL-2.

% C D 28 Input
100

8 0 -

6 0 -

4 0 -
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Fig. 4. The correlation between CD28 expression and lym­
phocyte activation responses. Peripheral blood mononuclear 
cells (PBMC) from 56 HIV-1-positive individuals were as­
sayed for their expression of CD28 before activation with 
phytohaemagglutinin. The percentage of lymphoblasts devel­
oping in the cultures com pared with the total cell input (x- 
axis), is plotted against the percentage of CD28-h cells present 
in the culture prior to activation ^-axis). Regression anal­
ysis confirmed the highly significant relationship between 
these two variables. The 56 HIV-1-positive individuals had 
a mean CD4+ lymphocyte count 0.301 ±0.034 x 10^/1. The 
proportions of CD4+ and CD84- lymphocytes in the PBMC 
were 16.2 ±1.1%  and 58.7 ±1.5% , respectively, r = 0.66; 
P< 0.001.

To d e m o n s tra te  fu r th e r  th a t C D 2 8 -  T  ce lls , b u t n o t 
C D 28+ , h a v e  a d e fe c t iv e  p ro life ra tiv e  re s p o n s e , w e  
in v e s tig a te d  th e  p h e n o ty p ic  fe a tu re s  o f  ce lls  s u r ­
v iv ing  a f te r  3 d a y s  a c tiv a tio n  (Fig. 5). T h e  m a jo r­
ity (95  ±  2 .0% ) o f  ly m p h o b la s ts  re c o v e re d  fro m  th e  
HIV-1 c o n tro l  c u ltu re s  w e re  C D 28+. A m o n g  th e  
fe w e r  re m a in in g  b la s ts  d e te c te d  in th e  c u ltu re s  fro m  
H IV -l-p o s it iv e  d o n o rs ,  th e  C D 28  p o sitiv ity  w a s  h ig h  
(89  ± 3 .7 0 % ); th e  a b s o lu te  b la s t c o u n t at d a y  3 c o r ­
r e s p o n d e d  to  th e  o rig in a l C D 28+  in p u t a t d a y  0. 
T h u s  th e  C D 28+  ce lls  se le c tiv e ly  r e s p o n d e d  b u t 
th e  C D 2 8 -  ce lls  r e m a in e d  u n re s p o n s iv e . In  a d d i ­
tio n , v e ry  few  C D 57+  b la s ts  w e re  s e e n  in  b o th  
th e  c o n tro l  a n d  H IV -l-p o s it iv e  s a m p le s  (c o n tro l, 
2 .6 ± 0 .3 6 ; H IV - l-p o s it iv e  5 5 ± 0 .6 3 )  a n d  th e  ra re  s u r ­
v iv in g  C D 57+  b la s ts  c o e x p re s s e d  lo w  lev e ls  o f  b o th  
C D 57 a n d  C D 28, in d ic a tin g  th a t  th e  e x p re s s io n  o f  
C D 28 m ig h t h a v e  c o n tr ib u te d  to  th e ir  su rv ival. S o m e  
o th e r  C D 5 7 -C D 2 8 -  ly m p h o b la s ts  c o n s t itu te d  <10%  
o f  th e  to ta l b la s t p o p u la t io n  b u t  th e s e  w e re  B ce lls .

W h e n  in v e s tig a te d  fo r  C D 25 (IL -2R a c h a in )  e x p r e s ­
s io n  a f te r  2 d a y s  in  c u ltu re , th e  m ajo rity  o f  ly m ­
p h o c y te s  fro m  H IV - l-n e g a t iv e  o r  H IV -l-p o s itiv e  in ­
d iv id u a ls  e x p re s s e d  IL-2R (F ig . 6a). T h e se  C D 25+  
ce lls  in c lu d e d  th e  p a rtia l ly  o v e r la p p in g  C D 2 8 -  a n d
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Fig. 5. Phenotypic study of the lymphoblasts developing in 
phytohaemagglutinin (PHA) stimulated cultures after 3 days. 
The phenotype of the lymphoblasts recovered after activation 
with PHA was determined with respect to CD57 and CD28. 
During data acquisition a gate was set up around the large 
lymphoblasts based on their forward and side scatter profiles. 
The (results are shown as the percentage of total lymphoblasts 
from five HIV-1-negative controls (SS and 10 HIV-1-positive 
individuals (■).

CD5-7+ po p u la tio n s bu t rem a in ed  small lym phoid  
cells, that flailed to  transform  in to  lym phoblasts as 
m e a su re d  by th e ir  cell size an d  BrdU in co rp o ra ­
tion  (Fig. 6b). By day  3 o f  cu ltu re, how ever, these  
C D 25+C D 28-C D 57+ cells h ad  died.

The effect of costimulation via CD28 on 
activation responses
It h a s  b ee n  rep o rted  that costim ulation  via CD28 re ­
s to re s  the defective proliferative resp o n se  o f  lym ­
p h o c y te s  from  HIV-1-infected  individuals 138]. To 
e v a lu a te  this in rela tion  to  CD28 exp ression , cells 
w e re  stim ulated  w ith  com binations o f  anti-CD2 a n ­
tib o d ies . T hese w ere  u sed  in subop tim al c o n c e n ­
tra tio n s  b ecause  m itogen ic  activity is significantly 
b o o s te d  by ad d in g  anti-CD28. PH A -stim ulated cells 
w e re  used  as positive contro ls. L ym phocyte activa­
tion  -was m easu red  by b o th  a bu lk  assay o f  3H-thymi- 
d in e  u p tak e  (c .p .m .; Fig. 7a a n d  b ) an d  by d e te rm in ­
ing  ly m p h o b las t co u n ts  at day  3 in relation to  the 
origimal T-cell in p u t (Fig. 7c an d  d). In all cases the 
m a g n itu d e  of re sp o n se  co rre la ted  closely  w ith  the  
e x p re ss io n  o f CD28 (c.p .m .: r = 0.797, f  = 0.006 an d  
ly m p h o b las t p ercen tag e: r = 0.834, P =  0.003).

In d iv id u a ls  re sp o n d e d  to  each  o f  the  m itogens 
te s te d  as show n  in Fig. 7. In add ition , w h en  anti- 
C D 28 w as a d d e d  as a costim ulus to  CD2 there  
w as a significant inc rease  in thym id ine up tak e . In 
th e  ly m p h o cy te  cu ltu res from  b o th  H IV -l-negative 
donoirs and  H IV -l-positive ind iv iduals the  e n h a n c e ­
m en t w as sim ilar (220-240% ), ind icating  th a t this 
p a th w a y  o f lym phocy te  activation  is still in tact in 
C D 28+ cells. H ow ever, th e  add ition  o f  anti-CD28
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Fig. 6. The defective activation response of CD2&- lym pho­
cytes. The early upregulation of CD25 was investigated on 
CD57+CD 57-CD 28- and CD28+ lymphocytes after 2 days 
in culture with phytohaemagglutinin (PHA) (6a). During data 
acQuisition the cells were gated according to their CD57 
and CD28 phenotypes and the cell size (x-axis) in relation 
to CD25 expression (y-axis) plotted. The result from the 
representative patients shown indicate that although CD28 
lymphocytes can upregulate CD25 they fail to transform 
into lymphoblasts. This was confirmed in cells incubated 
with bromodeoxyuridine (BrdU) (6b). Lymphocytes stimu­
lated with PHA for 2 days were pulsed with BrdU and 
the phenotype of the BrdU+ blast cells investigated by three- 
colour immunofluorescence using con focal microscopy. The 
membrane stain for CD57 appears on small BrdU-lympho- 
cytes while cells positive for membrane CD28 have trans­
formed into large lymphoblasts with nuclear staining for 
BrdU.

to  cu ltu res o f  lym phocy tes from  H IV -l-positive in ­
d iv iduals d id  no t reco n stitu te  th e  n u m b e r  o f  lym ­
ph o b la sts  o b se rved  at d ay  3 to  the h ig h e r levels 
seen  in cu ltu res from  H IV -l-negative d o n o rs . N ei­
th e r  th e  thym id ine u p ta k e  n o r the  reco v erab le  b last 
cell coun ts  w ere  fully no rm alized  (Fig. 7b  a n d  d). 
T h ese  results ind icate tha t th e  defective activa tion  
o f  C D 28- T cells in H IV -l-positive ind iv iduals c a n ­
n o t b e  co rrec ted  by costim ulation  via anti-CD28.

Discussion

We have d em o n stra te d  tha t in asym ptom atic  in d i­
v iduals w ith HIV-1 in fection CD3+ T cells a c c u ­
m ulate tha t fail to  ex p ress  CD28. Such cells form  
o n ly  a m inor p o p u la tio n  in H IV -l-negative individ-



438 AIDS 1994, Vol 8 No 4

Normal

P H A

HIV-1+

•  n » l - C D 2  i n t l - C D 2  P H A  
* n t l - C D 2 8

(c) (d)

» n t l - C D 2  * n t l - C D 2  P H A  
a n l l - C D 2 S

a n t l - C D 2  a n t l - C D 2  P H A  
a n l l ' C D 2 B

Fig. 7. The effect of costimulation via anti-CD28 on the ac­
tivation resfwnses of lymphocytes from HIV-1-negative and 
HIV-1-positive indiviauals. Peripheral blood m ononuclear 
cells from five HIV-1 controls (a,c) and nine HIV-1 -positive 
individuals (b,d) were activated with three different stimuli; 
combinations of anti-CD2, anti-CD2 plus anti-CD28, and 
phytohaemagglutinin. The activation response was m eas­
ured by 3HTdR incorporation (a,b) and lymphoblast recovery 
(c,d). .\\\ c.p.m. X 103; , lymphoblast percentage.

u a ls  w h e re  v irtu a lly  all C D 2 8 -  ce lls  a re  m e m b e rs  o f  
th e  N K -cell fam ily  a n d  d o  n o t e x p re s s  C D 3. T h is 
e n r ic h e d  C D 3+ C D 28 p o p u la t io n  in HIV-1 in fe c tio n  
is e sse n tia lly  c o m p o s e d  o f  C D 8+ T  ce lls . T h is  c o ­
h o r t is re s p o n s ib le  fo r th e  C D 8 ly m p h o c y to s is  s e e n  
th ro u g h o u t  th e  w h o le  c o u rs e  o f  d is e a se . T h e  d a ta  
o n  C D 2 8 -C D 8 +  ce lls  a d d s  to  th e  f in d in g s  o f  G ru te rs  
et al. [241 w h o , in a s tu d y  o f  five H IV -1 -p o sitiv e  
in d iv id u a ls , d e m o n s tra te d  a sh ift w ith in  th e  C D 8+ 
p o p u la t io n  to  a C D 2 8 -  p h e n o ty p e  w ith o u t  d o c u ­
m e n tin g  th e s e  c e lls ’ C D 3 positiv ity . A lth o u g h  a b s o ­
lu te  n u m b e rs  o f  C D 4 + C D 2 8 - ce lls  d o  n o t in c re a se  
in HIV-1 in fec tio n , th is  su b s e t b e c o m e s  p r o p o r ­
tio n a lly  m o re  d o m in a n t w ith  d is e a se  p ro g re s s io n . 
T h e s e  C D 4 + C D 2 8 - ce lls  w e re  fo u n d  to  c o e x p re s s  
C D 57  (u n p u b l is h e d  d a ta ) , a m a rk e r  th a t  in  C D 4+ 
T  ce lls  is a s s o c ia te d  w ith  a p o p u la t io n  u n r e s p o n ­
s iv e  to  m ito g e n ic  s tim u la tio n  a n d  th a t  fails to  re ­
le a s e  IL-2 [391. T h u s , th e  p ro p o r tio n a l in c re a s e  in 
C D 4 + C D 28-C D 57+  ce lls  in HIV-1 in fe c tio n  m ig h t 
a d d  to  th e  fu n c tio n a l d e f ic ie n c ie s  o f  th e  C D 4+ s u b ­
se t.

T h e  C D 28 a n tig e n  is th e  m o s t im p o rta n t c o s t im u la ­
to ry  m o le c u le  d e s c r ib e d  to  d a te  o n  n o rm a l T  ce lls  
b e c a u s e  it tran sm its  a s e c o n d  s igna l o b lig a to ry  fo r 
T -cell a c tiv a tio n  [401. W e co n firm  th a t  th e  e x p re s s io n  
o f  C D 28 is lin k e d  to  th e  ab ility  o f  T  ly m p h o c y te s  to  
u n d e rg o  b la s to g e n e s is  in  re s p o n s e  to  PH A , an ti-C D 3  
a n d  -C D 2 in vitro, a n d  a lso  e x te n d  th e  r e le v a n c e  
o f  th e s e  f in d in g s  to  HIV-1 d is e a se . T h e  C D 3 + C D 2 8 - 
p o p u la t io n s  in  th e  b lo o d  o f  in d iv id u a ls  w ith  HIV-1 
in fe c tio n  a re  d e f ic ie n t in  re s p o n d in g  to  th e  s tro n g e s t 
m ito g e n s  in c lu d in g  PH A , an ti-C D 3 , c o m b in a t io n s  o f

an ti-C D 2 a n d  an ti-C D 2 8  s tim u li e v e n  in  th e  p re s e n c e  
o f  rIL-2. W e a lso  o b s e r v e d  th a t  b o th  th e  C D 3+ a n d  
C D 3 -  c o h o r ts  o f  C D 2 8 -  T  a n d  NK ce lls  tra n s ie n tly  
e x p re s s  C D 25 b u t  th e n  p e r ish  in c u ltu re  d e sp i te  
th e  a d d it io n  o f  rIL-2. It h a s  b e e n  r e p o r te d  p re v i­
o u s ly  th a t C D 57+ , p re s u m a b ly  C D 2 8 -, ly m p h o c y te s  
from  H IV - l-n e g a tiv e  in d iv id u a ls  d o  n o t r e s p o n d  to  
m ito g e n ic  s tim u li a s  m e a s u re d  b y  B rdU  u p ta k e . A 
p ro p o r tio n  o f  th e s e  ce lls  r e m a in e d  ly m p h o c y tic  in 
a p p e a ra n c e  a fte r  sh o r t- te rm  a c tiv a tio n  w ith  PH A  [36] 
b u t c o u ld  n o t b e  m a in ta in e d  in  vitro  fo r  m o re  th a n  
48 h [411, s u g g e s tin g  a n  in h e re n t  d e fe c t in  th e s e  cells.

W e fo u n d  th a t th e  in c re a s e  in  ce lls  e x p re s s in g  th e  
p re v io u s ly  r e p o r te d  a c tiv a tio n -a ss o c ia te d  m a rk e rs  
C D 38 a n d  HLA-DR [8-10] o c c u r  p re d o m in a n tly  in 
th e  C D 3 + C D 2 8 - p o p u la t io n . F u rth e rm o re , th e  o b s e r ­
v a tio n s  o f  C D 45 is o ty p e s  re v e a l th a t th e s e  p a rtic u la r  
ce lls  e x h ib it th e  fe a tu re s  o f  p r im e d  T  ce lls  e x p re s s in g  
C D 45R O , w h ile  in  H IV - l-n e g a tiv e  b lo o d  th e  m a jo r­
ity o f  C D 2 8 - ly m p h o c y te s  a re  C D 16+ N K -like cells 
w h ich  re ta in  C D 45R A +, a c h a ra c te r is tic  fe a tu re  o f  
u n p r im e d  ly m p h o c y te s  [231. T h e  o b se rv a tio n s  a b o v e  
a lso  rev ea l th a t th e  p r im e d  C D 8 + C D 2 8 - T  ce lls  c o n ­
ta in  b o th  TIA-1 a n d  p e rfo r in , m o le c u le s  a s s o c ia te d  
w ith  cy to to x ic  g ra n u le s  134,351.

T h e  fu n c tio n a l c o m m itm e n ts  o f  th e s e  C D 8 + C D 2 8 - 
ce lls  a re  still a m b ig u o u s . S tu d ie s  u s in g  p u rifie d  
C D 8+C D 28+ a n d  C D 8 + C D 2 8 - ly m p h o c y te s  s h o w e d  
th a t o n ly  th e  C D 28+  fra c tio n s  g e n e ra te d  c y to to x ic  
ce lls  d u r in g  c u ltu re  w ith  a llo g e n e ic  ce lls  [421, w h ile  
C D 8 + C D 2 8 - ly m p h o c y te s  s u p p r e s s e d  th e  m ix ed  
ly m p h o c y te  re a c tio n  re s p o n s e . T h e se  cells, a s  w ell 
as th e  sa m e  p o p u la t io n  w h ic h  e x p re s s  G D I lb ,  h a v e  
a lso  b e e n  s h o w n  to  h a v e  s u p p r e s s o r  ac tiv ity  in  o th e r  
sy s tem s [43-451 a n d  in H IV -l-p o s it iv e  in d iv id u a ls  
C D 8+C D 57+ ce lls  w e re  fo u n d  to  s e c re te  s u p p r e s ­
so r fac to rs  [46]. H o w e v e r, o th e r  s tu d ie s  rev ea l th a t 
C D 3+ C D 8 + C D 2 8 - ce lls  e x h ib i t  c y to to x ic  ac tiv ity  b u t 
o n ly  w h e n  fre sh ly  is o la te d  fro m  b lo o d  b e c a u s e  th e s e  
ce lls  d o  n o t r e s p o n d  w ell to  a c tiv a tio n  in vitro  147], 
as  d o c u m e n te d  in o u r  a n a ly s is . T h e  C D 57+ cells  
in th e  p e r ip h e ra l  b lo o d  o f  in d iv id u a ls  w ith  HIV-1 
in fec tio n  a lso  in c lu d e d  s o m e  ce lls  w ith  c y to to x ic  
T  ly m p h o c y te  ac tiv ity  [37]. T h e s e  se ts  o f  d a ta  a re  
n o t c o n tra d ic to ry  b e c a u s e  C D 2 8 -  T  ce lls  a re  like ly  
to  b e  a p o p u la t io n  o f  te rm in a lly  d if fe re n tia te d  e ffe c ­
to r ce lls  th a t a re  c y to to x ic  o n ly  in sh o r t- te rm  c u ltu re s  
w h ile  s e c re tin g  s u p p r e s s o r  m o ie tie s .

It h a s  b e e n  d e m o n s tra te d  th a t  ac tiv a tio n  o f  T  ce lls  
via lig a tio n  o f  TCR in  th e  a b s e n c e  o f  a  c o s tim u la ­
to ry  s igna l in d u c e s  a  s ta te  o f  a n e rg y  [48]. A p o w ­
erfu l c o s ig n a l r e q u ire d  fo r s t im u la to ry  T -cell a c tiv a ­
tio n  is g iv e n  th ro u g h  an  in te ra c tio n  b e tw e e n  C D 28 
a n d  its l ig a n d  B 7 /B B -1  [17], w h ic h  is e x p re s s e d  o n  
a n tig e n -p re s e n tin g  ce lls  s u c h  a s  a c tiv a te d  B ce lls  [491 
a n d  d e n d r itic  c e lls  [20]. W h ile  a n e rg y  is g e n e ra lly  
ta k e n  to  b e  a tra n s ie n t s ta te  o f  u n re s p o n s iv e n e s s  
it h a s  b e e n  su g g e s te d  re c e n tly  th a t th e r e  a re  v ari-
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e u s  lev e ls  o f  to le ra n c e  in c lu d in g  an e rg y , a n d  th a t 
a n e rg ic  ce lls  re m a in  su s c e p tib le  to  fu r th e r  to le ro ­
g e n ic  s ig n a ls  th a t ev e n tu a lly  lead  to  d e le t io n  [50]. 
F o r  e x a m p le , Liu a n d  J a n e w a y  [51] h a v e  s h o w n  th a t 
in  m ice , a c tiv a tio n  o f  T  he lp le r^  (T H i)  c io n e s  in th e  
a b s e n c e  o f  a c c e s s o ry  cells c a u se s  cell d e a th  b y  a n  as 
y e t u n d e f in e d  m e ch a n ism . T h e  lack  o f  e x p re s s io n  o f  
C D  28 o n  T ce lls  fro m  FIIV -1-positive in d iv id u a ls  m ay  
th e r e fo re  e x p la in  th e  a c tiv a tio n -in d u c e d  ce ll d e a th  
o b s e r v e d  b y  th e  a b se n c e  o f  a s e c o n d  sig n a l [51.

A p o p to s is  is ty p ica lly  an  ac tiv e  s ig n a l-d e p e n d e n t 
p ro c e s s  w ith  c h a rac te ris tic  m o rp h o lo g ic a l a n d  b io ­
c h e m ic a l c h a n g e s  in c lu d in g  n u c le a r  d e g ra d a t io n  
w h ils t  m e m b ra n e  in teg rity  is m a in ta in e d  [52]. B ased  
u p o n  th e s e  c rite ria , w e  b e liev e  th a t th e  ac tiv a tio n - 
in d u c e d  cell d e a th  d e sc r ib e d  as a re su lt o f  s e c o n d  
s ig n a l d e fe c ts  m ay  n o t be  a typ ica l a p o p to s is . In 
th e s e  s t im u la te d  c u ltu re s  o f  b lo o d  ta k e n  from  H IV -l- 
p o s i tiv e  in d iv id u a ls  o n ly  ra re  ce lls  sh o w  in tac t m e m ­
b ra n e s  a n d  fra g m e n te d  n u c le i. F u rth e rm o re , th e  p ro ­
p o r t io n  o f  D NA b ro k e n  in to  o lig o so m a l b a n d s  is less 
th a n  th a t s e e n  in su s p e n s io n s  o f  b c l-2 -C D 8 +  cells  
u n d e rg o in g  ty p ica l a p o p to s is  d u rin g  a c u te  in fec tio n  
w ith  v a rio u s  v iru se s  su ch  as F p s te in -B a rr  v iru s  a n d  
v a r ic e lla -z o s te r  v iru s [53].

C o s tim u la tio n  w ith  an ti-C D 28  h a s  b e e n  re p o r te d  to  
r e tu rn  p ro life ra tiv e  re s p o n se s  to  n o rm a l lev e ls  w h e n  
m e a s u re d  by  511-TdR 139]. T h e se  re su lts  h a v e  b e e n  
in te rp re te d  to  sh o w  that an ti-C D 28  is a b le  to  sav e  
s o m e  cells  from  d e a th  a n d /o r  a p o p to s is . N e v e r th e ­
le s s . an ti-C D 28  a c c e le ra te s  th e  ac tiv a tio n  cyc le  o f  
C D 28+  cells  b u t is u n lik e ly  to  ac t u p o n  th e  C D 2 8 - 
p o p I lla t io n s . In o u r  study , w e  c o n firm e d  th a t c o s ­
tim u la tio n  via an ti-(/D 28  in c re a se d  "^II-TdR in c o r­
p o ra t io n  b u t th is  e n h a n c e d  u p ta k e  w as  n o t d u e  to  
th e  a c tiv a tio n  o f  C D 2 8 -  cells tha t re m a in e d  u n re ­
s p o n s iv e . T h e  q u a n ti ta tiv e  re su lts  from  th e  C > to ron  
a b s o lu te  s h o w e d  th a t th e  n u m b e rs  o f  tra n s fo rm in g  
ly m p h o b la s ts  o n  d a y  3 w e re  lo w  d e sp ite  a d d in g  an ti- 
C D 2 8 , th u s , a m o n g  m ix ed  C D 28+ a n d  C D 2 8 -  T-cell 
p o p u la t io n s  c o s tim u la tio n  v ia C D 28 d id  n o t in d u c e  
C D 28- ce lls  to  re g a in  th e ir p ro life ra tiv e  p o te n tia l.

T h e  p ro c e s s  th a t  le a d s  to  th e  d e v e lo p m e n t o f  
C D 2 8 -C D 8 +  T ce lls  d u rin g  HIV-1 in fec tio n  re m a in s  
o b sc 'u re . S tu d ies  o n  th e  JA3 cell line  h a v e  s h o w n  th a t 
s t im u la tio n  w ith  an ti-C D 28  in d u c e s  ra p id  m o d u la ­
tio n  o f  C D 28 154]. Sim ilarly, s tim u la tio n  o f  PH A- 
a c tiv a te d  ly m p h o c y te s  w ith  an ti-C D 28  re su lts  in a 
te m p o ra ry  d e c re a s e  in b o th  C D 28 mRNA a n d  su r­
face  e x p re s s io n  o f  th e  p ro te in  [551. T h e  in te ra c tio n  
o f  C D 28  w ith  its lig a n d  m ig h t th e re fo re  re su lt in th e  
lo ss  o f  th e  a n tig e n  from  th e  cell su rface . T o  d e te r ­
m in e  w h e th e r  C D 28 h ad  b e e n  m o d u la te d  fro m  th e  
ce ll su r fa c e  iti vivo  b u t w as still d e te c ta b le  in s id e  th e  
c e lls , ly m p h o c y te s  from  H IV -l-p o s itiv e  in d iv id u a ls  
w e r e  in v e s tig a te d  fo r th e  p re s e n c e  o f  c y to p la sm ic  
C D 28 ; th e s e  w e re , h o w ev e r, u n d e te c ta b le  ( u n p u b ­
l is h e d  d a ta ) . F u rth e rm o re , s tim u la tio n  o f  PBL via

an ti-C D 3 in s h o r t- te rm  c u ltu re s  d o e s  n o t c o m o d u -  
la te  C D 28, in d ic a tin g  th a t th e s e  re c e p to rs  a re  n o t 
p h y sica lly  lin k e d  [54]. In  fact, ac tiv a tio n  fo r 7 d a y s  
in c u ltu re  h a s  b e e n  s h o w n  to  in c re a se  C D 28 e x ­
p re s s io n  1561. H o w e v e r, lo n g - te rm  c u ltu re s  o f  T  cells 
in m e d iu m  s u p p le m e n te d  w ith  rIL-2 re su lts  in a 
p ro g re ss iv e  lo ss o f  C D 28  [57]. It is th e r e fo re  likely  
th a t C D 28 re d u c tio n  m a y  re q u ire  2 -3  w e e k s  o f  c o n ­
tin u o u s  ac tiv a tio n  to  o ccu r, in a g re e m e n t w ith  th e  
p h e n o ty p ic  c h a ra c te r is tic s  su g g e s tin g  th e  d if fe re n ti­
a te d  fe a tu re s  o f  C D 8 + C D 2 8 - ce lls  (s e e  a b o v e ) .

T h e  a p p e a ra n c e  o f  C D 2 8 -  T  ly m p h o c y te s  in th e  
p e r ip h e ra l b lo o d , as s h o w n  in th is  s tu d y , p r o ­
v id e s  o n e  m e c h a n ism  fo r se v e re  fu n c tio n a l im m u n o ­
d e fic ie n c y  in a sy m p to m a tic  H IV -1 -in fec ted  in d iv id u ­
als. T h e se  C D 2 ^ C D 8 +  T  ce lls  a re  p rim a rily  a b lo o d -  
b o rn e  p o p u la t io n , a b s e n t  from  th e  C D 8+ in filtra tes 
in ly m p h  n o d e s  ta k e n  fro m  e ith e r  H lV -1 -n eg a tiv e  
o r  H lV -1 -in fec ted  in d iv id u a ls  (u n p u b l is h e d  d a ta ) . 
S im ilarly, C D 16+ a n d  C D 57+ NK cells  a re  a lso  r e ­
s tric ted  to  th e  b lo o d  a n d  a b se n t from  th e  n o rm a l 
ly m p h o id  tis su e  [58]. C o n v e rse ly  in H IV -1-in fec ted  
ly m p h  n o d e s  th e  d o m in a n t CD 8+ T  ce lls  e x p re s s  
C D 28 a n d  s h o w  d e c re a s e d  leve ls o f  bc l-2  [531, a 
p ro te in  th a t w o u ld  n o rm a lly  sav e  th e  ce lls  from  
a p o p to s is  [591. T h u s , d if fe re n t CD 8+ T  ly m p h o c y te s  
sh o w  d iffe ren tia l tis su e  d is tr ib u tio n  d u r in g  HIV-1 in ­
fec tion .

A co ro lla ry  o f  th e s e  o b s e rv a tio n s  is th a t a t leas t tw o  
m e c h a n ism s  m ay  c o n tr ib u te  to  C D 8+ L ce lls  d y s ­
fu n c tio n  in HIV-1 in fec tio n s . In th e  b lo o d , C D 2 8 - 
ce lls  lack  a c o s tim u la to ry  signal a n d  re m a in  a n e rg ic  
w h e n  c h a lle n g e d  b y  a n tig e n s . In  th e  ly m p h  n o d e s  
th e  d o m in a n t C D 8+ T  ce lls  m ay  b e  sh o r t- liv e d  a n d  
p rim e d  fo r a p o p to s is  [531. T h e  re g u la tio n  d is o rd e rs  
d riv en  b y  c h ro n ic  v iral lo a d  in HIV d is e a se  th a t le ad  
to  th e s e  d iv e rg e n t c h a n g e s  s h o u ld  b e  th e  su b jec t o f  
fu r th e r  in v es tig a tio n s .
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F low  cytom etric analysis o f  the stim ulatory response o f  T cell subsets from  
normal and H IV-1 ̂  individuals to various m itogenic stim uli in vitro
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S U M M A R Y

A novel technique is described which allows the study o f the responses o f  T  cell subp o p u la tio n s 
stim ulated in  bulk cultures w ithout in terfering  with cell-cell in te rac tions. The num ber and  
phenotype oT lym phoblasts developing follow ing stim ulation  w ith phy to h aem ag g lu tin in  (PH A ), 
anti-C D 3, staphylococcal p ro tein  A (SPA) and  pokew eed m itogen (PW M ) was determ ined in 
H I \ '-1 “ and H IV -1* pa tien ts using a new five-param eter flow cy tom etric  m ethod . W e found th a t 
norm al T cells responded faster to  PH.A than  to any of the o th er m itogens tested. The peak o f the 
PH.A response occurred  on day 3. follow ed by an ti-C D 3 and SPA on day 4 and PW M  m itogen on 
day 5. .Although PH A and an ti-C D 3 stim ulated  up to 95%  and 80%  o f  lym phocytes, respectively, 
SP.A and PW M  stim ulated  only 40%  and 30%  o f cells, respectively. A defective T cell response was 
observed in lym phocytes cu ltu red  from  asym ptom atic  H IV -1* pa tien ts com pared  w ith negative 
contro ls. T his loss o f response was related to a selective m orta lity  o f  T  cells follow ing m itogenic 
stim ulation , referred to as activation-associa ted  lym phocyte death  (A A L D ). The results show ed 
that stronger m itogens (PH.A and an ti-C D 3) induced .A.ALD in a larger p ro p o rtio n  (5 0 -6 0 % ) o f T 
cells than w eaker m itogens such as SPA and PW M  (5 0 -4 0 % ). and  th a t A A L D  affected different 
lym phocyte subsets to different extents. A A L D  occurred m ore frequen tly  in to ta l CDS* and 
C D 45R O * T cells com pared with C D 4* and  CD45R.A* T cells, bu t m em ory C D 4* T cells were 
the po p u latio n  m ost severely affected in sam ples from  HI V-1* donors.

Keywords Flow cvtom etrv T cell subsets m itogenic stim ulation  HIV-1 infection

IN T R O D U C T IO N

Lym phocyte stim ulation by m itogens in vitro provides a model 
for the study o f T cell activation  in vivo [I]. The conventional 
way of assessing the responsiveness o f T lym phocytes to 
mitogenic stim ulation is based on the incorpora tion  of 
^H-thym idine into the D N A  o f proliferating  cells in bulk 
cultures [2]. This m ethod, however, is not fully quan titative  in 
terms of the num bers o f responding cells, and there are 
difficulties in determ ining which cell populations respond to a 
given stimulus. An alternative m ethod is to  analyse single cells 
using activation m arkers such as the IL-2 receptor (IL-2R a; 
CD25) in com bination  w ith subset m arkers, such as CD4, by 
flow cytom etry [3,4]. In the present study we have further 
developed this concept and describe a simple quantitative  
m ethod for the enum eration  o f m itogen-stim ulated T lym pho­
blasts using a recently developed absolute cell counter, the 
C ytoron Absolute. This flow cytom eter can count the num ber

Correspondence: Dr Eva M edina. Trudeau Institute. Inc., PO Box
59. Saranac Lake, N T  12983. USA,

o f lym phoblasts and  define their phenotype. T hus the m ito ­
genic responses o f activated  blasts can be established at a 
single-cell level.

Previously, to  assess the stim ulatory  response o f lym pho­
cyte subsets required  their isolation from  heterogeneous 
peripheral blood m ononuclear p reparations. Such isolation 
procedures m ay change the response p a tte rn  o f cells to  m ito ­
gens and antigens by depriving them  o f helper effects which 
develop in the cu ltu re  in situ [5.6]. W ith the m ethod described 
here, individual cell popu lations can be investigated when 
stim ulated in mixed cultures, and the num ber o f cells respond­
ing related to the original input.

Poor proliferative responses o r death after lym phocyte 
stim ulation  have been reported  in HIV-1 infection [7]. The 
question we have investigated using this new technique is 
w hether the blast tran sfo rm atio n  o f C D 4* or C D 8 * cells is 
handicapped during  the asym ptom atic phase of HIV-1 infec­
tion in unseparated  populations. Recently, the phenotypic 
features o f unprim ed (C D 45R A *) and prim ed (C D 45R O *) T 
lym phocytes have been described, and we have also enquired

266
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w hether e ither o f these populations is particularly  handicapped 
in H lV -1 infection.

The aim s o f this study are therefore; (i) the standardi- 
zatnon of the C ytoron  A bsolute to identify lym phoblasts o f 
different phenotypes developing in response to various 
com m only used m itogens in norm al and disease conditions 
w ithou t d istu rb ing  cell cell interactions; (ii) to analyse the 
tim e course o f  blast transfo rm ation  and proliferation  o f T 
cells responding to phytohaem agglu tin in  (PH A ), soluble anti- 
C D  3, staphylococcal pro tein  A (SPA) and pokeweed m ito ­
gen (PW M ) in non-infected norm al T  lymphocytes; (iii) to 
delineate the m ost severely handicapped cell types in early- 
a sym ptom atic  stages o f  HI V-1 infection using this quan titative  
technique.

2 5 0  -  

2 0 0 -  

I 50

100 

5 0  -  

0 -

( a ) ( b)

1515 c e l l s / ^ l

i .
L y m p h o c y te s

Day 0

/  1418 c e l l s / ^ l  
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Fig. I. .Acquisition gates for lymphocytes (a) and lymphoblasts (b) 
which developed after 3 days stimulation with phytohaemagglutinin 
(PH.A), using forward (size) and right angle (granularity) scatter.

S L  E J E C T S  A N D  M E T H O D S

Suh/ecis
Fifteen HIV-1 asym ptom atic carriers and 10 with A ID S 
defined according to the C D C  classification system [8 ] a tten d ­
ing the ou t-patien ts clinics at the R oyal Free H ospital, L ondon, 
U K . were investigated. The asymp tom atic  subjects had a C D 4 ' 
lym phocyte count o f > 200  m n f . The H IV -P  group (/i=  10) 
was taken from  volunteer donors a tten d in g  an Open Access 
Clinic.

I ŷniphocyU’ isolalion and culture
M ononuclear cells were isolated from  heparinized venous 
blood by Ficoll H ypaque density g rad ien t centrifugation  and 
resuspended to 2 x 10^ ml in RPMll 1640 supplem ented with 
10"n fetal calf serum (FCS). 1 ng mil o f rlL -2  (Sandoz, Basel. 
Sw itzerland) and antibiotics. The o,mission o f rIL-2 did not 
substantially  vary ou r results (data not show n), but it was 
added routinely to overcom e the lack o f lL-2 production  
reported in HI V-1 infection.

Peripheral blood lym phocytes (PBL) were cultured at 
1 X 10*' ml o f C D 3 T cells in triplicates o f 200 /d in 96-well 
m icroplates. The stimuli used were PH A  [9] at 1 //g ml (cat. no. 
HA 16; W ellcome Reagents L td, Beckenham , UK), Protein A 
(SPA) [10] at 2 0 //g ml (code no. 17-0770-01; Pharm acia, 
U ppsala, Sweden), PW M  [11] at 10//g ml (cat. no. 670- 
5360AC; G i b c o  Labs, G ran d  Island, N Y ), and anti-C D 3 
M oA b [12] at 0 1 / ig m l  (O K T3; deposit no. 8133 from 
A TCC, Rockville, M D ). Cells were also cultured w ithout 
m itogens as a contro l. These m itogens were p re-titra ted  to 
give optim al stim ulation.

Measurement of blast transformation usin  ̂ H-thymiditie 
incorporation
The incorporation  o f ^H -thym idine was m easured after 72 h, 
using 2 Ci m m ol ^H -thym idine ( ’H -TdR ; cat. no. 7777; A m er­
sham Pic, Aylesbury, UK ). The incubation  was perform ed at 
37"C, at 100% relative hum idity  and at a C O ] o f 5% . A fter a 
16-h pulse, the cells were collected on glasshbre filters using an 
au tom atic cell harvester (Skatron , Lierbyen, N orw ay) and the 
incorporation  o f the radio label m easured on a ^ c o u n te r  (LKB 
Ltd., C roydon, UK). The results are given as m edians o f 
triplicate determ inations.

Measuretnent of blast iransfortnation using the Cytoron Absolute 
PBL were cultured with either PH A , SPA, PW M  or anti-C D 3

M oA b for 5 days. The cells were collected daily and resus­
pended in 2 ml o f 1 %  paraform aldehyde in PBS. The num ber o f 
unstim ulated  cells and the num ber o f lym phoblasts developing 
in the cultures was determ ined using a C yto ron  A bsolute 
(O R T H O  Diagnosis, High W ycom be, UK). The C ytoron  
.Absolute is a flow cytom eter that not only allows a five 
p aram eter analysis but in add ition  gives the to ta l num ber o f 
cells present in a fixed volume. The staining o f the sam ple does 
not require a w ashing step, and  therefore allows the q u an tifi­
cation o f specific popu lations labelled after culture. These 
facilities were utilized to m easure accurately the recovery of 
small resting lym phocytes and lym phoblasts after culture. The 
lym phocyte p opu lation  was selected using the forw ard (FSC) 
and side scatter (SSC) gates as show n in Fig. la ,b . This 
lym phocyte gate excludes cells with high granularity  (includ­
ing m onocytes), as well as clusters o f dead cells and con tam i­
nating erythrocytes. The results obtained are expressed as the 
percentage o f blasts per num ber o f  CD 3 T cells placed into 
culture at time Oh (blasts input T cells). M ore than  92%  of 
blast cells harvested at 72 -9 6  h had a C D 3 , T  cell phenotype 
(see also below). N a tu ral killer (N K ) type C D57 cells did not 
p roliferate in culture.

Phenotype of proliferating cells
The phenotypic analysis was perform ed by double and triple 
labelling using antibodies conjugated to  FIT C , PE and biotin 
together with T A N D E M  (streptavidin R-PE T X R D ; cat. 
n o .7100-10; Southern Biotechnology Ass., B irmingham, AL) 
or streptavidin-Tricolor (C A LTA G ; cat. no. SA 1006; Bradsure 
Biological Ltd, M arket H arborough, UK ). The antibodies used 
were: C D 3-F IT C  (clone O K T3), C D 8 -FIT C  (clone R F T 8 ), 
CD 4-PE and C D 4-F IT C  (clone R FT4), C D 45R A -PE  and 
C D 45R A -FIT C  (clone SN130), C D 45R O -biotin  (clone 
U C H L l), and C D 25-F IT C  (clone RFT5). The analysis o f  the 
developing lym phoblasts within the different cell populations 
was carried out using a com bination  o f absolute counting and 
three-colour IF  using the C ytoron A bsolute o r the Paint-a-gate 
program  on the FA C Scan (Becton Dickinson, Oxford, UK ).

Statistical analysis
The W ilcoxon M an n -W h itn ey  test and paired /-test were used 
to com pare  the groups; P < 0 -0 5  was considered significant. 
L inear regression was used to  assess the correlation  between 
variables.
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Fig. 2. Correlation between lymphoblasts developed in culture 
expressed as absolute lymphoblast counts and ^H-thymidine incor­
poration expressed as ct/min after 3 days stimulation with phyto­
haemagglutinin (PHA).

RESULTS

Reliability oj Cytoron Absolute counts versus ^H-lhymidine 
uptake
We com pared  the am o u n t o f  b lasts detected by flow cytom etric  
and  ^H -TdR  incorp o ra tio n  m ethods in 10 sam ples taken from  
H IV -l"  and H IV -T  do n o rs  a fte r activation  for 3 days with 
PH A  (Fig. 2). T o determ ine if the num ber o f  lym phoblasts 
developing after activation  correlated  w ith D N A  synthesis, the 
percentage o f lym phoblasts m easured by flow cytom etry  was 
p lo tted  against the sam e p a tien ts’ ^H -TdR  counts. The results 
displayed in Fig. 2 show  a highly significant corre lation  
between the two sets o f  d a ta  (r =  0-927, P < 0  001).

Investigation of the number of T cells responding to various 
mitogens
The kinetics o f  cell responses to the different m itogens were 
assessed over 5 days (Fig. 3). The num ber o f lym phoblasts 
developing in cultures stim ulated  with PH A  peaked on day 3 
(126 ±  5-0). A fter this tim e, the num bers declined as the culture 
m edium  becam e exhausted  (Fig. 3a). The m axim um  num ber o f 
lym phoblasts in an ti-C D 3- (198 ± 9  0) and  SPA- (119 ± 8 -1 )  
stim ulated  cu ltu res appeared  on day 4 (Fig. 3b,c, respectively). 
Stim ulation  w ith PW M  was slower, and  the peak response 
(100 ± 5  0) was seen betw een days 5 and  6 (Fig. 3d). The 
kinetics o f the PH A  and  an ti-C D 3 responses were sim ilar, 
a lthough  PH A  was a slightly stronger m itogen. A p ro p o rtio n  
o f sm all resting lym phocytes were seen even afte r 5 days’ 
activation  w ith SPA and  PW M , indicating th a t these tw o 
m itogens stim ulate only a subpopu la tion  o f  lym phoid cells.

The im m unofluorescence profiles o f IL-2 recep tor (CD 25) 
expression after 96 h activation  confirm ed the different behav­
iour o f cells responding to  PH A , anti-C D 3, SPA and  PW M  
(Fig. 4). T he percentages o f C D 25" cells were determ ined 
w ithin the lym phoblast gate. A lthough in cultures stim ulated  
with PH A  alm ost all b lasts were positive for C D 25, a t early 
time po in ts a negative p o p u lation  was identified am ong the 
SPA, PW M  and  an ti-C D 3 activated  cells. T he m ajority  o f 
lym phoblasts from  PH A - (97 ±  0 5% ) and  an ti-C D 3- 
(87 ± 1 -2 % ) stim ulated  cells expressed C D 25 a fte r 3 days

(Fig. 4a,b). H ow ever, this was reduced in cultures stimulated ' 
w ith either SPA (80  ±  0 6% ) o r PW M  (53 ± 1 0 % ) (Fig. 
4c,d).

Quantification of blast transformation in HIV-1 infection 
The num ber o f  cells recovered from  PH A , anti-CD3, SPA or 
PW M  stim ulated  cultures was determ ined in 10 normal and 15 
H IV -P  asym ptom atic  individuals. A proportion  of activated 
lym phocytes from  H IV -1-infected patien ts died prematurely 
when com pared  w ith the negative contro l, irrespective of the 
m itogen used (Fig. 5). A fter 3 days, the percentage of cells 
recovered from  H I V - P  cultures com pared with input was 
60 ±  7-5, 55 ±  7-7, 76 ±  5-3, 71 ±  3-5% in PHA-, anti-CD3-, 
SPA- and PW M -stim ulated  cultures, respectively. Linder the 
sam e conditions the num ber o f  lym phoblasts in cultures from 
H I V - P  do n o rs was m ore than  100% (126±5-0 , 125±7-1,
119 ±  4-7, 103 ±  3-1% ). These d a ta  suggest that activation with 
the strong  m itogens PH A  and an ti-C D 3 causes the loss of an 
increased num ber o f  lym phocytes in H IV -P  samples compared 
with the w eaker m itogens SPA and PW M . We have previously 
show n th a t the p o o r lym phoblast recovery in H IV -P samples 
does no t result from  a failure o f lymphocytes to respond to , 
m itogenic stim ulation , bu t from  the death  o f cells after activa­
tion  th rough  a process o f  activation-associated lymphocyte 
death  (A A L D ) [7]. T he earliest discrim ination between HIV- 
P  and  HIV-1 ' sam ples appeared  in cultures stimulated with 
PH A  afte r 2 days ( P <  0-001).

Poor survival ofCD4 ~ and CD8^ T cells from HIV-T patients 
after mitogenic activation
T o determ ine the T  cell popu lation  m ost affected by AALD in 
H IV -P  patients, 15 sam ples from  asymptomatic HlV-P 
individuals were stim ulated w ith PH A , anti-CD3, SPA or 
PW M , and analysed after 3 days. The results in Table I 
reveal a po o r blast tran sfo rm atio n  in every lymphocyte popu­
lation  tested com pared  w ith the negative control. The mean 
percentage o f C D 4* b last cells recovered from cultures stimu­
lated w ith PH A  and an ti-C D 3 was significantly lower in 
HI V-1 '  sam ples com pared  w ith negative controls (P< 0-001). 
T he differences found  in SPA- and  PWM-stimulated cultures 
were, however, not statistically  significant.

The analysis o f  the num ber o f C D 8 ~ blasts recovered from 
H IV -P  patien ts com pared  with the control group showed 
significant differences in PH A  (53 ±  8-7, 165 ±4-3) and anti- 
C D 3 (48 ±  10-3, 192 ±  22-9) as well as in SPA-stimulated cells 
(37 ±  5-7, 71 ±  3-7). N o  significant differences were observed in 
PW M -stim ulated  cultures (33 ±  3-3, 41 ±  4-6).

T aken  together, these results indicate that although both 
C D 4" and  C D 8 ~ lym phocytes from  H IV -P  patients were 
affected by A A L D , the C D 8 ^ T  cells were more damaged 
th an  the C D 4* lym phocytes. T hus, the proliferative defects in 
the C D 8 ^ subset were m ore m arked  when mitogens which 
preferentially  activate C D 8 " T  cells (i.e. PHA and anti-CD3) 
were used.

Memory cells are more vulnerable to AALD 
In  sup p o rt o f  o u r previous finding [7], following mitogenic 
s tim ulation , the m ean percentages o f  C D 45R O " lymphoblasts 
seen afte r culture were significantly lower in HlV-1-infected 
sam ples com pared  w ith the con tro l group (Table 1). A sig­
nificant decrease in the proliferative response of CD45RA’
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lym phocytes from  HIV-1 donors was observed only in PH A- 
and anii-C D 3-stim ulated  cultures com pared with healthy 
donors.

W e next studied the proliferative response o f the C D 45R A  ' 
and C I)45R O ~ populations am ong the €04^^ and C D 8  ̂
lym phocytes from  HIV-1 ' patients. A slightly decreased survi­
val was found in the unprim ed C D 4 ‘ T cells com pared with 
HI V-1 controls. In con trast, the capacity o f m itogens to 
induce blast transfo rm ation  in the prim ed C D 4 T cells was 
greatly reduced in HIV-1 ' sam ples in relation to the values seen 
in norm al con tro ls (32 ±  5-5, 82 ±  10 5 for PH A; 20 ±  5 5,

70 3: 14 7 for anti-C D 3; 39 ±  5 5, 63 ±  5 9 for SPA; and 
15 ±  2 0. 32 ± 2 -6  for PW M ).

We also exam ined the p roliferation  o f unprim ed versus 
prim ed CDS lym phocytes from  HIV-1 patients after m ito ­
genic stim ulation . Significantly lower responses were observed 
in unprim ed C D 8  ̂ T  cells taken from  H IV -P  patien ts when 
stim ulated with PH.A (66  ±  9 8 , 136 ± 1 0  3) o r anti-C D 3 
(55 ±  7-9, 148 ±  16 8 ), but the differences found between 
HIV-1 and H IV -P  sam ples activated with SPA (38 ±  5 4, 
52 ±  3 6 ) o r PW M  (34 ±  4 3, 34 ±  4 1 ) were not significant. 
These results therefore show that the response o f prim ed C D 8 '
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Fig, 4. Immunofluorescence analysis o f IL-2 receptor (CD25) expres­
sion on blast cells from phytohaemagglutinin (PHA) (a), anti-CD3 (b), 
staphylococcal protein A (SPA) (c) and pokeweed mitogen (PWM) (d) 
stimulated cultures. The percentage o f CD25 cells was determined 
within the lymphoblast region on day 4 o f culture. The dotted line 
represent the negative control. Values on .v and y axes indicate relative 
fluorescence intensity (log,o) and percentage of cells, respectively.

T cells from  HIV-1 d onors afte r stim ulation  in vitro w ith the 
strong  m itogens is particu larly  poor.

DI SCU SS IO N

The m ethod used to  m easure lymphocyte proliferation in m ost o f 
these studies was the incorporation  o f  ̂ H -TdR  [2]. A lbeit easy to 
perform , this m ethod has severe drawbacks; the counts obtained 
after stim ulation do  not directly correlate with the num ber o f 
stim ulated cells, and the m ethod does not distinguish between 
unresponsiveness and activation-induced cell death. M ore 
im portantly , no inform ation ab ou t the nature  o f responding 
cells can be obtained in such a bulk assay unless subpopulations 
are separated first. Such a separation process can, however, 
interfere with lym phocyte responses. Different T  cell popula­
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Fig. 5. Percentage o f lymphocytes (----- ) and lymphoblasts (-----)
recovered from phytohaemagglutinin (PHA) (a), anti-CD3 (b), 
staphylococcal protein A (SPA) (c) and pokeweed mitogen (PWM) 
(d) stimulated cultures over 5 days from 10 HIV-1" (▼) and 15 HIV T 
( # )  donors.

tions produce various lym phokines after stimulation, and may 
even synergize with each o ther [13]. For instance, CD4", 
C D 45R A " cells are efficient IL-2 producers but make little IL- 
4, while C D 4~, C D 45R O ^ cells produce higher levels oflL-4 
and relatively low am ounts o f  IL-2. These populations are 
dependent on each o ther for optim al proliferation [13]. Conse­
quently, the proliferation  o f an isolated population might not 
m irro r w hat happens in unseparated  culture.

T o avoid these problem s som e investigators have used 
features o f  lym phocyte activation  which can be quantified on 
individual cells. O ne exam ple is the expression of CD25 on 
recently activated  blasts [4], O thers have measured bromo­
deoxyuridine (B rdU ) incorpora tion  or analysed mitosis in

Table 1. Lymphocyte subpopulation responses to phytohaemagglutinin (PHA), anti-CD3, staphylococcal protein A (SPA) and pokeweed mitogen
(PWM) activation

PHA

H IV HIV

Anti-CD3

HIV- HIV

SPA

HIV HIV

PWM

HIV- HIV*

C D 4 110 ± 4 3 * 50 ± 8 5 64 ± 8-1 31 ± 105 75 ± 3-6Î 66 ± 9-6t 38 ± 2-7$ 27±5-5t
CDS 165 ± 119 53 ± S-7 192 ± 2 2 9 48 ± 10 3 71 ± 3-7 37 ± 5-7 41 ± 4 6$ 33±3-3t
C D 45R A 127 ± 51 72 ± 9 1 96 ± 9 2 53 ± 9 0 70 ± 4 7 $ 54 ± 8 8 f 37 ± 31$ 35±4-7t
C D 45R O 129 ± 7 0 42 ± 5 4 146 ± 3 0 7 41 ± 8 0 88 ± 1 0 0 45 ± 7-5 42 ± 3 4 23 4 2-3
C D 4 C D 45R A 119 ± 4 5 7S rt 10 3 59 ± 2-8Î 52 ± 12-2+ 81 7 9 $ 89 ± 14-7t 43 ± 4-5$ 35 4 m
C D 4"/C D 45R O S2 ± 10 5 32 ± 5 5 70 ± 14-7 20 5-5 63 ± 5 9 39 ± 5-5 32 ± 2 6 15 4 2-0
C D S /C D 4 5 R A " 136 ± 10 3 66 ± 9 S 14S 168 55 ± 7-9 52 ± 3 6 $ 38 ± 5 4 f 34 ± 4 1$ 34 4 4-3t
CDS C D 45R O 160 ± 21 4 60 ± S-7 ISO ± 2 8 9 51 ± 8 3 80 ± 17-7 49 ± 10 6 60 ± 12 5 34 4 5-2

* Mean ±  s.e.m. o f absolute lymphoblasts count x 10^//il. 
t , Î are not statistically different.
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cyl(Ospin prepara tions [14]. These assays can be com bined with 
phe;notypic analysis, but are difficult to perform .

In this study we have in troduced a simple practical m ethod 
for analysing the blast transfo rm ation  o f lym phocytes in 
corm bination with two- and three-colour im m unofluorescence 
in o rd e r  to  determ ine the num ber o f transform ing cells in the 
v a rio u s  T cell subpopulations. T he total num ber o f lym pho­
cy tes placed into the cultures a t the  s ta rt o f incubation  and  the 
lym iphoblasts seen after varying periods o f tim e have been 
de term ined  using the forw ard an d  side scatter profiles. The 
ab so lu te  num bers o f C D 45R A " and C D 45R O  cells am ong 
the C l)4  and CDS ’ population  o f peripheral blood m ono­
n u c lea r cultures taken from H I V - P  and H lV -P  individuals 
wer e analysed following stim ulation  with PH A , anti-C D 3, SPA 
andl PW M .

O ur studies have confirm ed, as expected, that T  cells 
resp o n d  faster to PH A than to  the o ther m itogens. In this 
s tu d y  we have m ade no a ttem pt to pro long  further optim al 
mitiogenicity by subcloning the cu ltu res o f pro liferating  T cell 
b lasts. T hus the different time courses o f activation by the 
variions m itogens simply confirm  that PH A  and anti-C D 3 are 
s tro n g e r m itogens than SPA and PW M . This m ay be due to a 
stro n g e r signal delivered by PH A which interacts with several 
g lycopro teins on the surface o f  T  cells [15,16]. The lower 
p ro p o rtio n  o f cells which respond to SP.A and PW M could 
be explained by the observations that these stim ulants act as 
superan tigens and are recognized by fewer T cells. Thus, W hite 
e! C I . I .  [17] and Janew ay et al. [18] reported  that SPA stim ulates 
hu m an  T cells by interacting with the  p o rtion  o f the TC R  
encoded  by certain VT segments. Som ew hat surprisingly, 
differences in m itogenic strength are also reflected in the rate 
of expression of IL-2 R o chain, identified by the CD25 antibody 
on activated  cells during the period o f cu ltu re. The population  
o f C D 25*  lym phoblasts observed in cu ltu re  stim ulated with 
SPA  and PW M might represent an early stage o f activation 
which is only readily detectable when this process is relatively 
slow. It is therefore im portan t to em phasize that the low 
M l-T dR  uptake in these cultures is due not only to the fewer 
responding  cells, but is also a reflection o f the slower kinetics of 
activation .

As m entioned above, not all the cells responded to weak 
m itogenic stimuli. This lack o f responsiveness did not reflect a 
fully selective stim ulation of one or an o th er subset. We have 
observed that all the populations investigated responded to all 
m itogens tested, although to a different degree. In our hands 
during  lym phocyte culture in the presence o f added recom bi­
nan t lT-2 (rlL-2), PH A  effectively activated all T  cell subsets.

The poor response o f T cells from  H IV -1-infected indivi­
duals to  recall antigens, alloantigens, PH A , anti-C D 3 and 
PW M  has been widely docum ented [19-22], but this is the 
first detailed investigation ab ou t the phenotypic features of 
m itogen-responsive cells. This is an issue o f practical im por­
tance, because these m itogens have been utilized in various 
system s to establish prognostic factors and predict responsive­
ness to antiviral therapy [19-21,23]. In these studies PW M , and 
m ore recently anti-C D 3, were found to discrim inate between 
HlV-1 patients with good and p oor prognosis [21,24], bu t the 
m ethod used was bulk ’H -TdR  uptake with only a limited 
analytical capacity.

We have previously shown [7] that T cells from HlV-1 
individuals can in fact respond to PH A and anti-C D 3 to a

variable degree, but that m any T cells died after 24 -48  h. This 
A A L D  was not due to typical apoptosis. We, and o thers, have 
described th a t C D S" lym phocytes were m ore affected than 
C D 4 and, again , that C D 45R O " cells were m ore vulnerable 
than  C D 45R A  populations [7,25-27].

In this study we now confirm  that follow ing activation  with 
strong  m itogens the flow cytom etric  m ethod show s a greater 
sensitivity in m easuring cellular im m unodeficiency, by q u an ti­
fying poorer blast transfo rm ation  and A A L D  in HIV-1 
lym phocytes, than  ^H -TdR  uptake. It is also clear that some 
cells can in itiate D N A  synthesis and incorpora te  B rdU  bu t die 
afterw ards, appearing  as B rdU " dead cells in cytospin p rep ara ­
tions (da ta  not show n). These dead cells m ay con tribu te  to 
erroneously  high ^H -TdR  counts. Few (< 1 0 % )  apopto tic  
bodies were seen in these cultures, indicating th a t A A L D  is 
different from  the underlying, low levels o f apoptosis seen in 
unstim ulated  m ononuclear cells from  patients with HIV-1 and 
o ther viral infections [27]. It is im p ortan t to point ou t th a t when 
sm aller p ro p o rtio n s to  T  cells are activated, e.g. by antigens, 
^H -TdR  incorpora tion  rem ains the m ethod o f choice to q u a n ­
tify proliferative responses, as the few blasts present m ay be 
'sw am ped ' by residual unstim ulated  cells during a flow cy to­
m etric analysis.

The relevance o f the observations above in respect o f the 
analysis o f H IV -1-related defects is as follows. We have now 
extended our previous studies to show th a t all four m itogens 
tested induced cellular deficiency in T cells even in patients at an 
early asym ptom atic stage o f disease with > 200  400 C D 4 
cells m m \  Nevertheless, the num bers o f T cells undergoing 
A A LD  in our culture system were dependent upon the stimuli 
used. T hus powerful m itogens such as PHA and anti-C D 3 
induced much m ore lym phoid cells (50 60% ) to undergo 
AA LD  than the w eaker m itogens such as SPA and PW M 
(3 0 -4 0 % ). This was clearly show n by the fact that higher 
num bers o f small resting lym phocytes rem ained viable in 
PW M - and SPA -activated cultures.

The strength o f the stim uli not only increased the num ber o f 
cells undergoing A A L D  but, a lthough  to different degrees, 
affected different subpopulations. W ith all m itogens tested in 
HlV-1 ■ com pared with H IV -U  individuals, particularly  low 
num bers o f C D 4 , C D 45R O  and C D S ", C D 45R O * cells 
were activated successfully. In fact, when PW M  and SPA 
were used as the stimuli these were the only significant 
differences between the H IV -U  and HIV-1 ' ,groups. These 
findings confirm  previous studies ab ou t the preferential hand i­
cap  o f m em ory cell responses in HI V-1 infection [7,26-28]. 
W ith stronger m itogens, such as anti-C D 3 and PH A , all T  cell 
subsets were affected when sam ples from  H IV -U  patien ts were 
analysed but, again, the m agnitude o f defect was higher am ong 
the C D 45R O  T cells.

Finally, it is im po rtan t to point out that the m ethod 
standardized  in ou r study using the C ytoron  A bsolute counter 
to m easure blast tran sfo rm atio n  w ithin the various T  cell 
subsets is the first practical and convenient m ethod to quantify  
the defects in both  C D 4 and  C D 8" cells with a C D 45R O  
phenotype in HIV-1 infection. In fact, in m any individuals the 
functional dam age in these tw o populations varied indepen­
dently. The clinical significance o f these findings is under 
investigation.

The mechanism s by which CD 4 C D 4 5 R 0  and 
CD8 C D 4 5 R 0  populations are dam aged are unknow n, but
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m ay not be the same. The viral load in H IV -P  individuals has 
previously been grossly underestim ated, as the m ore recent 
studies o f H IV  virus detected in the patients’ plasm a by com pe­
titive polymerase chain reaction (PCR) indicate that an active 
productive infection is present a t all stages o f the disease [29]. A 
m ore severe viral load in C D P ,  C D 45R O * cells has also been 
reported [28]. It is nevertheless unlikely that HIV-1 infection is 
the only m echanism  o f CD4^ cells’ destruction, and apoptotic  
dam age within C D 4 cells has also been suggested [22].
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