2807713331 NOTIONAL DEFECTS IN HTV-1 INFECTION

Submitted by

NICOLA JOY BORTHWICK

for the degree of Doctor of Philosophy
in the faculty of Medicine
University of London

MEDKZAL URRARI.

Department of Immunology
Royal Free Hospital
London
1995



ProQuest Number: U078926

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest U078926
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ACKNOWLEDGMENTS

This is a clinical study that could not have been carried out without the help
and co-operation of the medical staff and patients at the Ian Charleston Centre,
Royal Free Hospital. In particular I would like to thank all of the individuals who
donated blood and tissue and the clinicians who co-ordinated collection of the
samples. In particular, many thanks to Mark Lipman for providing background
information concerning the clinical stage of each patient. Also, many thanks to the
NHS staff of the Department of Immunology, in particular Anthony Timms, Mark
Winter and Luisa Baptista for providing details on CD4+ lymphocyte counts and the
lymphocyte performance assay. I would also like to thank Caroline Sabine for advice
on statistics and Vanessa Lipton for her invaluable assistance concerning word
processing and the presentation of this thesis. I am also indebted to my colleagues in
the department; Wendy Gombert who helped in the confocal and histology studies,
Eva Medina who transferred the performance assay onto the Ortho Cytotron, Helena
Hyde who proof read the manuscript and Arne Akbar who was closely involved in
the Bcl-2 studies and whose enthusiasm was always an inspiration. I would also like
to take this opportunity to thank Margarita Bofill who has taught me many things
and whose commonsense approach to science was always helpful. Finally, many

thanks to my supervisor George Janossy for his guidance throughout.

Additional Acknowledgments
A number of individuals have made significant contributions to the data presented in

the following figures and tables.

Figure 3.4 Dr Eva Medina provided data concerning the responses to PHA and
PWM

Figure 3.5 & 3.6  This test was performed by NHS staff in the Department of
Immunology.

Figure 3.10 Experiment carried out by Dr Ruth Lomnitzer

Table 6.2 & 8.3 Preparation and evaluation of tissue sections for fluorescence
microscopy performed by Dr Margarita Bofill and Miss Wendy
Gombert

Figure 6.13 Data analysis and presentation by Prof. G Janossy






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 CD3 " 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 CD3*,CD8*,CD28~ population
expressed the activation markers CD45RO, HLA-DR and CD38 and was responsible
for the CD8* 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-1" 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.



CONTENTS

CHAPTER 1 INTRODUCTION AND AIMS

The Human Immunodeficiency Virus Type 1
The Structure and Regulation of HIV-1
GP120/CD4 Interactions

Clinical Course of HIV-1 Infection

Virus Burden

The Cellular Immune Response to HIV-1 Infection
Natural Killer Cells

NK Activity in HIV-1 Infection

Cytotoxic T Lymphocytes

CTL in HIV-1 Infection

T Cell Functional Defects in HIV-1 Infection
Interleukin-2 Release in HIV-1 Infection
IL-2 Receptor Expression in HIV-1 Infection

T Cell Dysfunction Due to GP120/CD4 Interactions

Activation Induced T Cell Death
Genes Involved in Apoptosis

Lymphocyte Death in HIV-1 Infection

Phenotypic Changes in T Cells from HIV-17 Patients

Lymph Node Involvement in HIV-1 Infection

Comparison of Chronic HIV-1 with Acute Viral Infections

AIMS

CHAPTER 2 METHODS

A Lymphocyte Separation Techniques
B Immunophenotyping

C Statistical Analyses

D Subjects Investigated

O 00 N 9 O A W N

N DN N N = s e e et e e e
PR, W =N DO 0NN N YO

27
31
37
37



CHAPTER 3 PROLIFERATIVE DEFECTS IN HIV-1* AND AVI PATIENTS

Introduction 39
Methods 39
Results 44
Discussion 62

CHAPTER 4 THE ACTIVATION RESPONSE OF PRIMED AND UNPRIMED
LYMPHOCYTES

Introduction 66
Results ' 68
Discussion 76

CHAPTER 5 INTERLEUKIN-2 RECEPTOR EXPRESSION IN HIV-1* AND
AVI PATIENTS

Introduction 81
Methods 82
Results 84
Discussion | 99

CHAPTER 6 THE SIGNIFICANCE OF LOW BCL-2 EXPRESSION IN HIV-1
INFECTION AND THE ROLE OF APOPTOSIS IN SPONTANEOUS AND
ACTIVATION ASSOCIATED CELL DEATH

Introduction ' 102
Methods ‘ 103
Results 109
Discussion 127

CHAPTER 7 THE LOSS OF CD28 EXPRESSION IN HIV-1 INFECTION:

ASSOCIATION WITH AALD , : 133
Introduction 133
Methods 134
Results 135

Discussion 153



CHAPTER 8 THE CYTOLYTIC FUNCTION OF CD8* LYMPHOCYTES

FROM HIV-1* INDIVIDUALS
Introduction
Methods
Results

Discussion

CHAPTER 9 DISCUSSION

BIBLIOGRAPHY

APPENDIX I ABBREVIATIONS

APPENDIX II PUBLICATIONS

158

158

159

163

183

187

205

244

246



TABLES AND ILLUSTRATIONS

CHAPTER 1

Table 1.1 Proliferative defects identified in vitro using SHTdR
uptake

CHAPTER 2

Table 2.1 Monoclonal antibodies used in this study

CHAPTER 3

Figure 3.1 Enumeration of lymphoblasts using the FACScan
Figure 3.2 Enumeration of lymphoblasts using the
Cytorondbsolute

Figure 3.3 The correlation between 3HTdR uptake and lymphoblast
recovery

Figure 3.4 The percentage of CD4™ and CD8* lymphoblasts
recovered after 3 days stimulation with anti-CD3, PHA or PWM
Figure 3.5 Lymphoblasts recovered from PHA stimulated cultures
from 77 HIV-1— and 474 HIV-17 individuals

Figure 3.6 Lymphoblasts recovered after 3 days stimulation

with PHA

Figure 3.7 Time course for numbers of viable lymphocytes
present after culture in the presence or absence of anti-CD3

Table 3.1 Comparison of mean values obtained after stimulation
with anti-CD3

Figure 3.8 Time course for the numbers of CD4* and CD8* cells
recovered from anti-CD3 stimulated cultures

Figure 3.9 The survival of purified CD4* and CD8™ T cell
subsets after 3 days culture in the presence of PHA

Table 3.2 The effect of rIL-2 on lymphocyte survival after
culture in vitro

Table 3.3 Linear regression analyses of activation data

compared to CD4* lymphocyte count

Figure 3.10 Representative mixing experiment using HLA-A2
disparate lymphocytes from HIV-1* and HIV-1— donors

13
32
42
43
45
46
48
50
52
53
55
57
58
60

61



CHAPTER 4

Figure 4.1 FACScan profile of normal CD8* lymphocytes

Table 4.1 Changes in CD8% lymphocyte populations during
HIV-1 infection

Figure 4.2 CD45RA and CD45RO expression within the CD8+
subset

Figure 4.3 Time course of the numbers of CD45RA™* and
CD45RO™ cells recovered from anti-CD3 stimulated cultures
Figure 4.4 The appearance of CD45RA* and CD45RO™ cells after
stimulation

Table 4.2 The response of CD45RA* and CD45RO* lymphocytes
to stimulation with PHA in unseparated cultures

Figure 4.5 T cell subsets recovered after stimulation of

purified CD45RA* and CD45RO™ T cells from a representative
HIV-1— and HIV-1" individual

CHAPTER 5

Figure 5.1 QIFIKIT beads used to construct a standard curve
Figure 5.2 Simply cellular microbeads used for the quantitation
of direct immunofluorescence

Table 5.1 Quantitation of CD25 expression on PBMC after
stimulation

Figure 5.3 The expression of CD25 and IL-2R8 on PBMC from
normal and patient groups

Figure 5.4 The expression of CD25 and IL-2R3 on normal T cell
subsets

Figure 5.5 The expression of CD25 and IL-2R3 on CD45RA™* and
CD45RO* T cell subsets

Table 5.2 IL-2 receptor expression on T cell subsets

Figure 5.6 The presence of CD25 and IL-2R8 on CD45RO*

T cell subsets

Table 5.3 The expression of CD25 and IL-2R3 on CD45RO+

T cell subsets

69

70

71

73

74

77

78

83

85

86

88

89

91
92

94

95



Figure 5.7 Time course of CD25 expression in CD4™ and CD8+

T cell subsets 96

Figure 5.8 Time course of CD25 expression in anti-CD3

stimulated cultures 97
CHAPTER 6

Figure 6.1 Comparison of three permeabilising reagents for

the measurement of Bcl-2 in cell suspension 105
Figure 6.2 Comparison of FITC and PE second layers in

cytoplasmic staining of Bcl-2 106
Figure 6.3 Bcl-2 expression in normal tonsil suspension 110

Table 6.1 The expression of Bcl-2 by T cell subsets from

HIV-1— control, HIV-1* and AVI patients 112

Figure 6.4 Bcl-2 expression in T cell subsets 113

Figure 6.5 The expression of Bcl-2 in purified CD45RA™ and

CD45RO™ T cells 114

Figure 6.6 The expression of Bcl-2 in Cytospins 116

Figure 6.7 The changes in Bcl-2 expression after PHA

activation 117

Table 6.2 The expression of Bcl-2 on CD8* T cell subsets in

the lymph nodes 118

Figure 6.8 The intensity of Bcl-2 staining in tonsil and

HIV-17 lymph node 120

Figure 6.9 Triple colour study of CD8,CD45RO and Bcl-2 in

tissue section using confocal microscopy 121

Figure 6.10 Detection of cells in apoptosis 122

Table 6.3 The association between low Bcl-2 and apoptosis 124

Figure 6.11 The association between low Bcl-2 expression

and apoptosis in AVI and HIV-11 patients 125

Figure 6.12 The appearance of lymphocytes after activation 126
CHAPTER 7

Table 7.1 The expression of CD28 on CD3 ™" T cells 136



Figure 7.1 The contribution of CD28* and CD28~ lymphocytes
within the CD3%, CD4* and CD8™ subsets from normal controls

and HIV-1 infected individuals 137
Table 7.2 The proportion of CD28% and CD28~ lymphocytes

within CD3%, CD4* and CD8* lymphocyte subsets 138
Table 7.3 The composition of the CD3+,CD28 population 140
Figure 7.2 FACScan profile of CD28 in CD3* lymphocytes from

control and HIV-17 individuals 142

Figure 7.3 The correlation between CD28 expression and

lymphocyte activation 145
Figure 7.4 Cytorondbsolute profiles of PBMC before and

after culture in vitro 146
Figure 7.5 Phenotypic study of the lymphoblasts developing

in PHA stimulated cultures after 3 days 148
Figure 7.6 The defective activation response of CD28™

lymphocytes 149
Figure 7.7 Bcl-2 is expressed within the CD28™ T lymphocyte

population 151
Figure 7.8 The effect of co-stimulation via anti-CD28 on the

activation response from HIV-1~— and HIV-1% individuals 152

CHAPTER 8

Figure 8.1 The cytolytic activity of PBMC measured using the

LDC assay 164
Table 8.1 The effect of CD16™ depletion on cytolytic activity 165

Figure 8.2 Time course of cytolytic activity after stimulation

in vitro e 167
Figure 8.3 A comparison of cytotoxicity before and after

activation in vitro 168
Figure 8.4 HIV-1 specific cytotoxicity in freshly isolated PBMC 170
Figure 8.5 HIV-1 specific cytotoxicity in lymph node suspensions 171
Figure 8.6 The correlation between levels of cytotoxic killing

and the expression of CD45RO on CD8* lymphocytes 173



Table 8.2 Regression analyses of cytotoxicity and phenotype in
CD8* T cells
Figure 8.7 The cytolytic activity of CD8*,CD45RA* and
CD8",CD45RO™ lymphocytes
Table 8.3 The expression of TIA-1 and perforin in CD8*
lymphocytes
Figure 8.8 Triple colour immunofluorescence study of TIA-1
expression in CD8%,CD45RO™* lymphocytes
Figure 8.9 The presence of cytotoxic granules in CD28™
lymphocytes
Figure 8.10 The expression of TIA-1 in CD8%, CD45RO™ cells in
lymph node sections

CHAPTER 9
Table 9.1 Lymphocyte death in HIV-1" and AVI patients
Table 9.2 Possible causes of AALD in T lymphocytes
Figure 9.1 Phenotypic markers on CD8* T lymphocytes during

acute or chronic viral infections

175

176

178

179

181

182

188
190

196



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 1 cells but also within the expanded CD8* population. The role of
CD8* 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 ir 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 (EIAYV)
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
(p17) and on the outside with the envelope glycoprotein gp120 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 gp120
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 beén 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 gp120 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 ssSRNA 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 kB binding proteins that interact with the HIV-1 enhancer element
to initiate transcription of HIV-1 mRNA (Nabel & Baltimore 1987).

The transactivator (faf) 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 CD47 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 gp120 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 gp120 came from studies using
recombinant gp120 which was found to bind with high affinity to CD4 (Lasky et al
1987). It is now known that the gp120 binding site on the CD4 molecule is located
in the first 179 amino acids of the N-terminal, V1 domain (Berger, Fuerst & Moss
1988).

The gp120 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 gp120 fail to produce
antibodies that prevent the virus from binding to CD4, it has been postulated that
the CD4 binding site on the gp120 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.
@) CDC stage I acute HIV-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



(ii)

(iii)

(iv)

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).

CDC stage Il 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.
CDC stage 111 (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.
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/ul; category 2 200-499 cells/ul; category 3 <200 cells/ul. The AIDS
surveillance case definitions now include all HIV infected individuals who have
CD4* lymphocyte counts of <200/ul 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 Inmune 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 CD16 and/or CD56 (Leul9) 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 HIV-1 Infection

The numbers of NK cells as measured by morphology or CD16 expression
are normal throughout the course of HIV-1 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-1
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 TPA or if IL-2, IL-12, INF-y or
IFN-{ 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
HIV-1- individuals (Chin et al 1989). These LAK cells have been shown to have
activity against HIV-1 infected monocytes (Melder et al 1990)



Several investigators have shown ADCC reactivity against HIV-1 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-1
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-1* 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 CMYV specific CTL introduced into an infected mouse substantially reduced

the virus load (Reddehase et al 1987).

CTL in HIV-1 Infection

HIV-1 specific CTL were first described by Plata et al (1987) using
lymphocytes from the lungs of infected patients. These were class I restricted,
CD3*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-1
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-1 (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 HIV-1.
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-1 gag (Riviere et al 1989). The response was mediated by CD8*
lymphocytes and was MHC restricted. Similarly, in HIV-1* 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-1 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 gp160 (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-17 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 nef (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-1 specific CTL clones. In
HIV-1* 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-1 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 gp160 (Orentas et al 1990).

HIV-1 specific CTL appear soon after seroconversion and remain at a high
frequency during the asymptomatic stages of HIV-1 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-1
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-1 infection.

Conversely, it has been proposed that HIV-1 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 gp120 and gp41 is

unstable and quantities of free gp120 are shed into the medium (Gelderblom Reupke
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& Pauli 1985). This circulating gp120 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-1 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 3HTJR 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-I * 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,
Fernandez-Cruz et al 1988)

A summary of the range of proliferative defects described in HIV-1 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-1* 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 ;1 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).

12



Table 1.1 Proliferative defects identified in vivo using SHTdR uptake

Cell Patient Group
Type Stimuli Ab*/Asy. ARC/AIDS
PBMC anti-CD2 D (1)
anti-CD3 D (15,16) D (1,5,17)
N (19)
Candida D (12)
Con-A D (12) D (2,3,6)
N (19)
CMV D (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 (7,11)
CDh4* 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 SHTdR uptake comparédo normal; p<0.05
N Normal 3HTdR uptake; p<0.05

13



References

12

13

14

19

Ciobanu N. Welte K. Kruger G. Venuta S. Gold J. Feldman SP. Wang CY. Koziner B. Moore
MA. Safai B. et al. Defective T-cell response to PHA and mitogenic monoclonal antibodies in male
homosexuals with acquired immunodeficiency syndrome and its in vitro correction by interleukin 2.
J. Clin Immunol. 3(4):332-40, 1983.

Reuben JM. Hersh EM. Mansell PW. Newell G. Rios A. Rossen R. Goldstein AL. McClure JE.
Immunological characterization of homosexual males. Cancer Research. 43(2):897-904, 1983
Cavaille-Coll M. Messiah A. Klatzmann D. Rozenbaum W. Lachiver D. Kernbaum S. Brisson
E. Chapuis F. Blanc C. Debre P. Critical analysis of T cell subset and function evaluation in
patients with persistent generalized lymphadenopathy in groups at risk for AIDS. Clin Exp Immunol
57(3):511-9, 1984.

Prince HE. Kermani-Arab V. Fahey JL. Depressed interleukin 2 receptor expression in acquired
immune deficiency and lymphadenopathy syndromes. J Immunol. 133(3):1313-7, 1984.

Hofmann B. Odum N. Platz P. Ryder LP. Svejgaard A. Neilsen JO. Immunological studies in
acquired immunodeficiency syndrome. Functional studies of lymphocyte subpopulations. Scand J
Immunol. 21(3):235-43, 1985.

Alcocer-Varela J. Alarcon-Segovia D. Abud-Mendoza C. Immunoregulatory circuits in the acquired
immune deficiency syndrome and related complex. Production of and response to interleukins 1 and
2, NK function and its enhancement by interleukin-2 and kinetics of the autologous mixed
lymphocyte reaction. Clin Exp Immunol. 60(1):31-8, 1985.

Ebert EC. Stoll DB. Cassens BJ. Lipshutz WH. Hauptman SP. Diminished interleukin 2
production and receptor generation characterize the acquired immunodeficiency syndrome. Clin
Immunol Immunopathol. 37(3):283-97, 1985.

Lane HC. Depper JM. Greene WC. Whalen G. Waldmann TA. Fauci AS. Qualitative analysis of
immune function in patients with the acquired immunodeficiency syndrome. Evidence for a selective
defect in soluble antigen recognition. New Engl J Med. 313(2):79-84, 1985.

Antonen J. Krohn K. Interleukin 2 production in HTLV-III/LAV infection: evidence of defective
antigen-induced, but normal mitogen-induced IL-2 production. Clin & Exp Immunol. 65(3):489-96,
1986.

Borzy MS. Interleukin 2 production and responsiveness in individuals with acquired
immunodeficiency syndrome and the generalized lymphadenopathy syndrome. Cell Immunol.

104(1): 142-53, 1987.

Garbrecht EC. Siskind GW. Weksler ME. Lymphocyte transformation induced by autologous cells:
XVIII. Impaired autologous mixed lymphocyte reaction in subjects with AIDS-related complex. Clin
Exp Immunol. 67(2):245-51, 1987.

Hofmann B. Lindhardt BO. Gerstoft J. Petersen CS. Platz P. Ryder LP. Odum N. Dickmeiss E.
Nielsen PB. Ullman S. et al. Lymphocyte transformation response to pokeweed mitogen as a
predictive marker for development of AIDS and AIDS related symptoms in homosexual men with
HIV antibodies. British Medical Journal - Clinical Research. 295(6593):293-6, 1987 Aug 1.

Hagler DN. Deepe GS. Pogue CL. Walzer PD. Blastogénie responses to Pneumocystis carinii
among patients with human immunodeficiency (HIV) infection. Clin Exp Immunol. 74(1):7-13,
1988.

Miedema F. Petit AJ. Terpstra FG. Schattenkerk JK. de Wolf F. Al BJ. Roos M. Lange JM.
Danner SA. Goudsmit J. et al. Immunological abnormalities in human immunodeficiency virus
(H1V)-infected asymptomatic homosexual men. HIV affects the immune system before CD4-1- T
helper cell depletion occurs. J Clin Invest. 82(6): 1908-14, 1988.

Bentin J. Tsoukas CD. McCutchan JA. Spector SA. Richman DD. Vaughan JH. Impairment in
T-lymphocyte responses during early infection with the human immunodeficiency virus. J Clin
Immunol. 9(2):159-68, 1989.

Hofmann B. Moller J. Langhoff E. Jaknbsen KD. Odum N. Dickmeiss E. Ryder LP. Thastrup
O. Scharff O. Foder B. et al. Stimulation of AIDS lymphocytes with calcium ionophore (A23187)
and phorbol ester (PMA): studies of cytoplasmic free Ca, IL-2 receptor expression, IL-2 production,
and proliferation. Cell Immunol. 119(1):14-21, 1989.

Gruters RA. Terpstra FG. De Jong R. Van Noesel CJ. Van Lier RA. Miedema F. Selective loss
of T cell functions in different stages of HIV infection. Early loss of anti-CD3-induced T cell
proliferation followed by decreased anti-CD3-induced cytotoxic T lymphocyte generation in
AIDS-related complex and AIDS. Eur J Immunol. 20(5): 1039-44, 1990.

Converse PJ. Fehniger TE. Ehrnst A. Strannegard O. Britton S. Immune responses to fractionated
cytomegalovirus (CMV) antigens after HIV infection. Loss of cellular and humoral reactivity to
antigens recognized by HIV-, CMV+ individuals. Clin Exp Immunol. 82(3):559-66, 1990

Groux H. Torpier G. Monte D. Mouton Y. Capron A. Ameisen JC. Activation-induced death by
apoptosis in CD4-h T cells from human immunodeficiency virus-infected asymptomatic individuals. J
Exp Med. 175(2):331-40, 1992.

14



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 CD8% 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-17 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

15



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 Ty1- 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 3HTdR 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-17 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 c-chain (IL-2Re, p55,
CD25; Robb & Greene 1983), the B-chain (IL-2RG, p75 CD122; Sharon et al 1986,
Tsudo et al 1986, Dukovich et al 1987) and the y-chain (IL-2Ry, 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 3 and y-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-2R« facilitates binding
only and has no signalling role (Wang & Smith 1987). The recently described 7-
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-2R8 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 CD8" 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-2R8 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-2Rg after PHA
stimulation (Sahraoui et al 1992) and that although PBL from HIV-17" patients have
a reduced constitutive expression of IL-2R3, 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-17 patients.

T Cell Dysfunction Due to gp120/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 gp120 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 gp120 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-gp120 antibodies neutralized the activity (Terai
et al 1991, Faith et al 1992). The binding of gp120 to the CD4 molecule was shown
to give rise to increases in intracellular inositol triphosphate and Ca?* (Kornfield 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 “een reported that
gp120 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 forv 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-I 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 fas
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 CD8
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 CD8™" 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 CD8tCD38™" 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 (Plaecger-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 CD8*, activated population in HIV-1 infection is not
known but cells with a CD8 THLA-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-1* 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 Involvement 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
CD45RO™ 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)

(iii)

@iv)

)

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 blastogenic
responses to mitogenic stimuli in different T cell subsets and HIV-1*
patient groups.

By investigating CD45RA* and CD45RO™* T cell subsets, to
determine if losses of immunological memory were particularly linked
to losses of, or defects within, the CD45RO* population.

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.

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.

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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(vi)

(vii)

cell function and to investigate any change in expression of this
molecule in HIV-1 infection.

As both HIV-1 and the acute stages of other viral infections are
associated with a CD8* 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.

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 of 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 of lymph node and tonsil suspensions

Lymph nodes were obtained from HIV-17" 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 of 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 (FCS), 100IU/ml penicillin
and 100ug/ml streptomycin (all purchased from Gibco Ltd) and 2mM L-glutamine
(ICN Biomedicals Ltd, High Wycombe, Bucks.). The cells were stimulated with
5ug/ml PHA (Welcome Diagnostics, Dartford, Essex) and cultured in 250cm? tissue
culture flasks for 4 hours at 37°C in a humidified CO, 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

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

Preparation of 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% FCS. 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 300ul 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 0.1g/100ml 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 Leullb (CD16) and RFT8yu (CD8) 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 200ul 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 200yl for every 107 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 Sml 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 CD8™" 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 of 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 of 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 4um 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 Immunophenotyping 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 100ul 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 PBSA

31



Table 2.1
CD Name
Number
CD2 GT2ID7
OKTIl
CD3 0KT3
T10B9
Mem57
CD4 RFT4
Edu-2
CDS RFT87
RFTSfi
CD16 Leullb
CD25 RFT571
RFT572
CD28 Kolt2
L293
CD38 RFTIO/x
CD45RA SNI130
CD45R0O UCHLI
CD56 NKHIA
CD57 HNKI
CD122 Tu27
MIK/31

Isotype

IgGl
IgGl

IgG2a
IgM
1gG2a

IgGl

IgG2a

IgGl
IgM

IgM

IgGl
1gG2a

IgGl

1gGl

IgM

I1gGl

JgG2a

IgM

IgM

1gGl
IgG2a

Alternative
Names

E-rosette
receptor,
Til. LFA-2

13, Leud

14, Leu3

18, Leu2

FCR71II

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

Tp44

TIO

CDA45R, high
MWt form of
CD45

Low MWt form
of CD45

Leul9,NCAM

NKHI

Leu7

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

Monoclonal antibodies used in this study”

Molecular
Structure

50kD

5 chains
16,20,25-
28kD

50kD

2 chains a/3
34kD, aa or
a/3 dimer

50-70kD

55kD

44kD

45kD

220kD

ISOkD

135 & 220kD
heterodimer

110kD

75kD

32

Main
Expression

I Cells,
NK Cells,

T Cells

MHC class II
restricted
T cells

MHC Class 1
restricted
T cells

NK Cells,
Granulocytes

Activated T &
B cells,
activated
macrophages

T cells
Most CD4+ &
subset of CD8 "

Germinal centre
B cells, plasma
cells, activated
T cells.

"Naive" T
cells, B cells

Primed T
cells,
monocytes

NK cells

NK cells.
Subset of T
cells

LGL, CD16 +
NK cells, some
CDS8+ T cells

Proposed
Function

Adhesion
molecule
T cell

activation

Signal
Transduction

Signal
Transduction

Signal
Transduction

Low affinity
Fc7 receptor,
ADCC

Complexes with
p75 to form
high affinity
receptor

Co-stimulation
Ligand for B7/
BBI1 (CD80)

Signal trans-
duction?
Adherence to
endothelium

Role in signal
transduction
(Tyrosine phos-
phatase)

As above

Homotypic
Adhesion

Unknown

Complexes with
p55 to form
high affinity
receptor

Source

Prof PCL
Beverley”

ATTC™:

Dr S Brown”
Dr J HorejsF
Royal Free”
Cymbus

Biosciences®

Royal Free

Prof JR
Thompson'

Royal Free
Royal Free

Dr K Sagawa'
Becton
Dickinsorr*

Royal Free

Royal Free

Prof PCL
Beverley

Coulter*”

ATCC

Prof Sugamura'
Eurogenetics'



Table 2.1 Continued

CD
Number

Name

bel-2

TIA-1

PAI

Na2.l

Isotype

1gGl

IgGl

IgG2b

IgGl

Alternative
Names

Anti-perforin
(PEP)

Anti-HLA-A2

Differentiation Antigens.

Prof. P.C.L. Beverley, University College, London

Molecular
Structure

25kD

15kD

70kD

Main
Expression

Small B cells
in LN corona,
GC blasts are
negative, many
cells in T area
positive

Subset of
peripheral T
cells with
cytolytic
function

NK cells
CTL

American Tissue Typing Culture Collection, Rockville, Maryland, 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 of 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 Wycombe, Bucks.

Proposed
Function

Inhibition
of apoptosis

Target cell
killing by
CTL

As above

Prof B Dupont, Memorial Sloan Kettering Cancer Center, New York, New York

Prof A McMichael, John Radcliffe Hospital, Oxford
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Source

Dako Ltd"

Coulter

Prof B Dupont"

ProfAMcMichaeP



and centrifuged at 200 x g for 7 minutes. The cells were washed in this way twice
and then fixed with 100ul 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 CD8 (IgM) plus PE conjugated GAM-IgM
togethar with CD45RO (IgG2a) plus FITC conjugated GAM-IgG. When using this
method the primary antibodies were added together ie CD8 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, CD16) plus FITC conjugated GAM-IgM together with
PE conjugated SN130 (IgG1, 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 CDS8-biotin, or the
isotype of the primary antibodies were exploited using isotype specific fluorochrome
conjugated GAM eg RFT8u (CD8) plus GAM-IgM-FITC, SN130 (CD45RA, IgG1)
plus GAM-IgG1-PE and biotin conjugated UCHL1 (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 100ul 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,
20ul 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 H,O. The cells were incubated with the lysing solution for 10
minutes at room temperature and then spun gently (700rpm) for 5 minutes to recover

the white blood cells. These were washed twice with PBSA and fixed in the normal

way.
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Controls for 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 RFAL10 (CD10) 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
RFALI10.
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 of tissue sections and cytospins

For single or double IF studies GAM-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% Dimethyl-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 5-20ul of culture supernatant plus 30ul of PBS per

section. The slides were incubated with antibody for 1 hour at room temperature and

36



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 HIV-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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CHAPTER 3
PROLIFERATIVE 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 3HTdR 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 CD8* 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
CD8* lymphocytes and were investigated without the need for protracted

purification procedures.

Methods
Stimulation of 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 HIV-1~ controls using 3HTJR uptake as a
measure of proliferation. The cells were plated out in 200xl1 aliquots in flat bottom,
96 well, tissue culture plates in the presence of optimal concentrations of mitogen
(PHA 1.0ug/ml; anti-CD3 0.5ug/ml; PWM 10ug/ml). Cultures were also routinely
supplemented with 1.0ng rIL-2 (10units/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 CO, incubator.

Disaggregation of 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 100mg/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 of 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 3HTdR (2Ci/mM; Amersham Plc, 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 (NBS
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 of 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 of 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 7.2um diameter (FCSC Reference Standards, Becton-Dickinson)
were diluted to 5x10°/ml in PBS and 100ul added to known numbers of PBMC also
in 100ul 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 100ul of beads added. The number of lymphoblasts was then calculated from the

standard curve.

Lymphocyte counts using the CytoronAbsolute

The acquisition of a CytoronAdbsolute (Ortho Diagnostics Ltd, High
Wycombe, Bucks) enabled the accurate enumeration of both 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).
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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 monbcytes
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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 of SHTdR incorporation and lymphoblast development for the
enumeration of lymphocyte activation

The number of lymphoblasts measured by flow cytometry was compared to
3HTdR 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 3HTdR 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 HIV-1— individuals, with maximal lymphoblasts and 3HTdR
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 3HTdR incorporation. Thus a flow cytometric method can be used to

measure lymphocyte activation responses in vitro.

The development of lymphoblasts after mitogenic stimulation

In the next part of the study, the proliferative response of PBMC from a
range of HIV-1" donors and HIV-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 CD8" 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 SHTdR uptake and lymphoblast recovery
PBMC from 10 HIV-17 individuals were activated with PHA and the
responses compared using 3HTdR 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 (DS 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 r