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ABSTRACT

The human immunodeficiency virus (HIV) causes one of the most
devastating infections known today. HIV infects principally CD4* T-lymphocytes and
other cell types such as monocytes/macrophages. The infection leads {o failure of the
immune system, and to the development of a clinical condition known as the acquired
immune deficiency syndrome (AIDS). HIV infection is associated with characteristic
quantitative changes in T-lymphocyte subsets: progressive depletion of the CD4™ T-
lymphocytes and an increased number of the CD8% T-lymphocyle. The cp3tT-
lymphocyte count remains stable throughout the discase.

In this study, I report the results of a flow cylometric analysis of the
expression of CD3, CD4, CD8, TCRo/B, and TCRY/8 antigens. The results are
correlated with the World Health Organization (WHOQ) AIDS clinical classification of
AIDS. The T Cell antigen Receptor {TCR) of the vast majority (95%) of CD4+ and
CD8* T lymphocytes are o/f heterodimers (TCRo/B). To determine what changes may
occur in the TCRy/0 subset I included this receptor in the study. It is known that in HIV
infection the TCRo/B T cells are activated, thus we also compared the state of activation
of the TCRy/3 with the TCRo/f T cells.

Lymphocyte subset analysis was performed on a group of 57 HIV
seropositive individuals (Class II-1V) and 27 noninfected volunteer donors using
multiparametric flow cytometry. My observations confirmed previously reported data on
CD3, CD4 and CD8 subpopulations.

I observed that CD8+TCRo/p* cells increased carly in HIV disease
(p<0.01) whereas the frequency of CD4¥*TCRo/B* cells was relatively unchanged, The
frequency of TCRy/8* cells remained unchanged. However, the mean fluorescence
intensity (MFI), reflecling surface antigenic density, varied and allowed a clear

distinction among different stages of infection.
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The expression of three activation markers (HLA-DR, CD38, CD57) was
clearly increased in HIV infected individuals. CD25 (IL-2R), on the other hand,
exhibited a slight decrease as the discase progressed. The TCRo/p subset showed more
substantial variation for activation markers. In the TCRY/3 subset, the CD57 antigen
seemed to be the most affected by the state of the discase and showed the greatest
increase (p<0.01).

The CD5 antigen, another activation marker, was also investigated and the
results showed that at stage 11 and IV of the discase significant increase of the TCRy/&t
cells lacking the CDS marker was observed (p<0.01).

These results confirm that there is a quantitative decrease of CD4* cells
in HIV infected samples. The number of CD3+ lymphocytes remained stable throughout
the disease. The number of TCRo/B* cells showed an increase in HIV infected samples
whereas no differences was observed for the frequency of TCRy/&+ cells. However the
changes in the MFI for the TCRy/S molecule was associated with the progression of the
discase. In samples from infected individuals, both TCR subsets showed changes in
activation characteristics.

In conclusion, the absolute count of the TCRY/8 T-lymphocytes does not
change with discase progression. However, these cells show the presence of cell
activation markers and heterogencous expression of TCRY/d antigen density. The

pathogenic and clinical significance of my observations remains (o be determined.
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I. INTRODUCTION

1.1 Human Immunodeficiency Virus (HIV)

I.1.1 History of HIV-1

In the 1960s and 1970s rare cases of unexplained immunosuppression
accompanied by opportunistic infection were recognized in industrialized societies
(Huminer et al, 1987). However, it was only in June 1981, with a short report in the
Morbidity and Mortality Weekly Report (MMWR) of the United States Centers for
Discase Control (CDC) that the presence of a new syndrome was recognized. That report
described five cases of previously healthy, homosexual men treated for multiple episodes
of Pneumocystis carinii pneumonia (PCP), extensive mucosal candidiasis, and severe
viral infections (Gottlicb et al, 1981a). Eight months later the first Canadian case of
AIDS (Acquired ImmunoDeficiency Syndrome) was reported to the Laboratory Center
for Discase Control of Health and Welfare Canada (LCDC) (Doherty and King, 1982).
By the end of 1982, it was clear that the outbreak of an immunodeficiency syndrome was
not limited to a few cities in Canada or to defined populations. The populations afflicted
had been expanded to include hemophiliacs, transfusion recipients, sex partners of risk-
group members, and children born 1o mothers at risk. All of these observations pointed
to a transmissible agent spread through seminal fluids and blood, and efforts at isolating
and identifying an etiologic agent were intensified. In July 1992, Health and Welfare
Canada had received reports of 6,560 cases which met the surveillance case definition for
AIDS. These included 6,488 adults and 72 pediatric cases (<15 years of age). Upto
now, in Canada, a total of 4,112 deaths (63%) has been reported. In the past three years,
the higher incidence of cases was found in Ontario with 2,600 cases (40% of the reported
Canadian cases) followed by Quebec with 2,015 cases (31%). In British Columbia 1,212

cases have been reported (18%). Alberta reported 6%, the other provinces and territories



reported 1% and less. Health and Welfare Canada estimates that in 1993, nearly a
thousand new cases of AIDS will be reported throughout the country. Their predictions
have been accurate from 1990 to 1991. In 1992, the same number of new cascs was
predicted to occur (980), but only 205 cases have been reported up to now (first 6 months
of the year). Worldwide, thousands of Europeans and possibly millions of Africans are
also infected with HIV (Quinn et al, 1986). For the past 3 ycars, the highest number of
new cases was reported by CDC in the United States of America, however the highest
rates of AIDS per capita were reported by four countries of South and Central America
(Bahamas, Bermuda, French Guinea and Barbados) and by six countrics ol Alrica

(Uganda, Malawi, Congo, Zimbabwe, Tanzania and Rwanda).

1.1.2 Etiology of AIDS

Four types of human retrovirus have been described since 1980. The
first, human T-cell leukemia/lymphoma virus type 1, known as HTLV-1, is the prolotype
human retrovirus, as reported by Gallo and colleagues (Poiesz et al, 1980). The second
human retrovirus, HTLV-II, also reported by Gallo and colleagues, has not been clearly
linked to a particular human diseasc (Kalyanaraman et al, 1982).

The third human retrovirus, human immunodeficiency virus-1 (HIV-1),
formerly known as HTLV-HI or lymphadenopathy-associated virus (LAV), was
discovered by Montagnier and Gallo and is the etiologic agent of AIDS (Barre-Sinoussi
et al, 1983; Popovic et al, 1984). This virus is linked to a broad spectrum of disease
conditions, most of which reflect the indirect pathogenic effects of the virus resulting
from its immunosuppressive properties. Other direct effects, most notably on the central
nervous system, have also been recognized and are under investigation. The fourth

human retrovirus, HIV-2 (formerly HTLV-IV and LAV-2), reported by Clavel (1986)



and Kanki et al (1986) has been linked in some cases to patients of African origin with

AIDS-like illness.

1.1.3 Biological Characteristics of HIV-1

1.1.3.1 Genomic organization of HIV-1

Most retroviruses that replicate contain 3 genes : gag, pol, and env. The
lentiviruses differ from other retroviruses by their genomic complexity. HIV-1 contains
in its 9kb RNA genome the three essential genes common to all replication-competent
retroviruses plus at least six additional genes: vif, vpu, vpr, tat, rev, and nef involved in
regulation of the virion replication, maturation and morphogenesis. The initial genome-
lenght RNA to be transcribed encode the HIV-1 regulatory proteins. In a later phase, the
unspliced and singly spliced mRNAs, that encode the viral structural proteins, are
transcribed (Kim et al, 1989).

The initial population of genomic-length viral messenger RNA (nRNA)
encodes the various regulatory proteins of HIV-1, including the products of rat and nef
genes (Kim et al, 1989). The product of the tar gene transactivates the expression of all
viral genes and is essential for the replication of HIV-1 (Dayton et al, 1986; Fischer et al,
1986; Sodroski et al, 1985; Arya et al, 1985). The product of the nef gene is expressed
carly in the course of HIV-1 infection. Although considered, at first, as an inhibitor of
HIV-1 replication (Ahmad and Venkatesan, 1988; Niederman et al, 1989) its authentic in
vivo function has yet to be identified. Like the product of the nef gene, the product of the
vpr gene is not essential for viral replication. It functions as a weak, albeit promiscuous,
transcriptional activator (Cohen et al, 1990) but its precise functional role remains
enigmatic.

The transition between the synthesis of early regulatory genes and late

structural-gene products appears critically dependent on the HIV-1 rev protein. Like the



product of the rat gene, the product of the rev gene is essential for HIV-1 replication, 1t
appears to regulate viral reproduction at a post-transcriptional level by activating the
cytoplasmic expression of the unspliced and singly spliced forms of HIV-1 RNA that
encode the products of the gag, pol and env genes (Malim et al, 1983).

Recent studies have also revealed the production of a unique chimeric
HIV-1 protein termed rev (Benko et al, 1990) or tmv (Salfeld et al, 1990). This protein
results from an unusual splicing pattern of three different HIV-1 genes, and appears to
retain the biologic activities of the products of both the tat and the rev genes. However,
the full range of functional activities of rev or mv and its relative effect on the replicative
life cycle of HIV-1 are not known.

The protein products of two additional HIV-1 genes, vif and vpu, appear
to have important functional roles during the late stages of virion morphogencsis. The
product of the vpu gene promotes the efficient release of the budding virions from the
surface of the cell (Klimkait et al, 1990). The product of the vif gene also appears to be
necessary for full infectivity of the released HIV-1 virions (Sodroski el al, 1987; Strebel

et al, 1987).

L1.3.2 Morphogenesis of HIV-1

The products of the HIV-1 gag and pol genes form the core of the mature
HIV-1 virion, whereas the products of the env genes are the principal exterior-coat
proteins, HIV-1 has an icosahedral structure {(Gelderblom et al, 1987) conlaining 72
external spikes. These spikes are formed by the two major viral envelope proteins,
gp120 and gp41. Various host proteins such as Class I and II histocompatibility antigens
which are acquired during budding of the virus are also found at the surface of the virus.
The core of the virus contains four nucleocapsid proteins, p24, p17, p9, and p7 which

originate from a 53kd gag precursor proteolytically cleaved by the HIV-1 protcase.



The phosphorylated p24 polypeptide forms the main component of the
inner shelf of the nucleocay. 'L, The myrisiylated p17 protein is associated with the inner
surface of the lipid bilayer. The p7 protein binds directly to the genomic RNA and
together with p9 forms the nucleoid core. The retroviral core contains two copies of the
single-stranded HIV-1 genomic RNA which are associated with various viral enzymes

including the reverse transcriptase, integrase, and protease.

1.1.3.3 The life cycle of HIV-1

The life cycle of HIV-1 is characterized by a period of proviral latency
followed by active replication. The replication cycle is summarized below.

The CD4 molecule is the receptor for HIV-1 and the CD4+ human T
lymphocyles are the well recognized cellular targets for the HIV-1 virion (Fauci, 1988).
Other CD4* cells such as B lymphocytes and monocytes/macrophages are also infected
with HIV-1 but at a lower frequency (Nicholson et al, 1986; Gartner et al, 1986; Ho et al,
1986; Salahuddin et al, 1986, Koyanagi et al, 1987; Castro et al, 1988; Folks et al, 1988a;
Gendelman et al, 1990; Innocenti and Seigneurin, 1990; Potts et al, 1990; McElrath et al,
1989; McElrath ct al, 1991). When monocyles/macrophages are infected, they present
fewer cytopathic effects by the HIV than the CD4*+ T lymphocytes do. They serve as
viral targets and viral reservoirs (Ho et al, 1986; Gartner et al, 1986; Koenig et al, 1990;
McElrath et al, 1989; Gendelman et al, 1990; McElrath et al, 1991). When infected,
monocytes/macrophages also act as regulators that seem to control viral replication and
the progression of disease by dysregulation of their own cytokine synthesis and
microbicidai activity (Matsuyama et al, 1989; Okamoto et al, 1989; Osborn et al, 1989;
Duh et al, 1989). Recent work done by Spiegel's group suggests that follicular dendritic
cells in lymph nodes and T cells of memory phenotype may also be reservoirs for HIV

(Spicgel et a1, 1992). HIV-1 appears to be able to infect normal and neoplastic glial cells



(Gabudza et al, 1986; Koeing et al, 1986; Vazeux ct al, 1987; Koyanagi ct al, 1987), gut
epithelial cells (Castro et al, 1988), bone marrow progenitors (Dohanue ct al, 1987), and
several other non lymphoid cells (Belsito et al, 1984; Salahuddin ct al, 1986). This
capability ot infecting such a broad array of cells may be a partial explanation (or
symptoms frequently observed in HIV-1 infected patients such as dementia, diarrhea-
wasting syndromes, and hematological abnormalitics.

HIV-1 specifically infects CD4¥ cells because the CD4 membrane
antigen is the cellular receptor for the viral envelope glycoprotein gp 120 (Dalgleish et al,
1984). Whether HIV-1 infection of the diverse cell types that it can infect is mediated
exclusively through CD4 or involves yet another cellular receptor remains unknown and
is the source of active investigation.

The receptor-bound HIV-1 virions are brought inside the cell by either
classic receptor-mediated endocytosis or virus-mediated membrane fusion (Maddon,
1986; Stein, 1987). Membrane fusion is the most supported mechanism for virion entry
and involves the gp41 envelope protein. The gp41, noncovalently associated with the
gp120, contains a domain that anchors both envelope proteins in the lipid bilayer, the
fusogenic domain. Activation of this domain leads to fusion of the viral and host-cell
membranes, which then promotes the internalization of the virion.

After internalization, the HIV-1 virion is rapidly uncoated in preparation
for the replicative phase of its life cycle (Varmus, 1988). The HIV-1 life cycle continues
by conversion of the RNA genome into a DNA duplex. This process is critically
dependent upon the action of the retroviral reverse transcriptase as well as on various ill-
defined cellular factors (Varmus, 1988).

After entry into the CD4% cell, HIV-1 may establish a latent or persistent
form of infection. Using PCR technique it was found that 1 in 1,000 peripheral blood
CD4* T cells from patients with AIDS express HIV-1 RNA (Schnittman, 1989). It was
also found that 1 in 100 of these CD4+ cells contains detectable HIV-1 DNA. Therefore



for every cell actively producing virus, nine other T cells contain latent virus (Greene,
1990). The biochemical basis of this apparent viral latency is poorly understood but may
be determined by the overall state of cellular activation. HIV-1 does not replicate in
resting T cells, presumably because critical host factors are absent (Cullen, 1989).
Another latent form of HIV-1 has been detected in resting T cells that corresponds 10 an
incompletely reverse-transcribed core of HIV-1 RNA (Zack, 1990).

Lincar forms of the DNA duplex are subsequently integrated into the
host cell genome by the viral integrase protein, thus establishing the proviral form of
HIV-1. Viral RNA is replicated by transcriptional activation of the HIV-1 provirus
mediated through its 5' long terminal repeat (LTR). Initiation of this process appears to
require an "activated" T-cell environment and the presence of various inducible host
transcription factors (Nabel, 1987). The initial low level of viral gene transcription
mediated by T-cell activation of the LTR is markedly amplified by the action of the
products of the HIV-1 rat (transactivator) gene (Cullen, 1989; Peterlin and Luciw, 1988).
At this point, the infected cell virtually becomes a virus-producing factory with cessation
of many normal functions.

A second viral transregulator, rev, promotes expression of the structural
proteins required for the assembly of infectious viral progeny. Assembly of the virion
initially involves aggregation of the ribonucleoprotein core in the cytoplasm. These
cores are composed of the HIV-1 RNA, the products of the gag gene, and the various
enzymes encoded by the pol gene.

Finally, the newly formed cores move to the inner surface of the cell and
bud through the plasma membrane, where they acquire their lipid membranes and the
two protein products of the HIV-1 env gene. The protein products of two additional
HIV-1 genes, vif and vpu, appear to have important functional roles during these late
stages of virion morphogenesis. The product of vpu gene promotes the efficient release

of the budding virions and the product of vif gene appears to be necessary for full



infectivity of the released HIV-1 virions (Sodroski, 1986; Strebel, 1987). Budding of
these virions from the cellular membrane promotes dissemination of the virus to other

CD4* cells and also contributes to the death of the infected cell.
I.1.4 Pathogenesis of HIV-1 infection

The hallmark of the immunodeficiency in AIDS is a depletion of CD4+ T
cells (Gottlieb et al, 1981b; Bowen et al, 1985). HIV has specific tropism for CD4%
cells, which include lymphocytes, monocytes and macrophages (Klatzmann, 1984). The
CD4 antigen composes at least part of the cell surface receptor for HIV (Haseltine and
Wong-Staal, 1988). HIV binds to the cell through this receplor, is uncoated, and the
viral core is introduced into the cell (Haseltine and Wong-Staal, 1988; Ho ct al, 1987).
After transcription, much of the DNA of HIV remains unintegrated in the cytoplasm.
The HIV replication cycle is restricted at this stage until the infecled cell is cetivated.,
Activation may be achieved by other pathogens, such as cytomegalovirus, hepatitis B
virus, and herpes simplex virus and allogeneic stimulation such as exposure to semen,
blood, or allografis (Ho et al, 1987). Upon activation, integration, transcription, protein
synthesis and processing occurs, Viral proteins and genomic RNA arc assembled at the
cell surface generating mature virions by budding.

HIV persists in infected individuals; much of the virus appears 1o he latent
or restricted and not susceptible to immune clearance. Scveral investigators have shown
that HIV-neutralizing antibodies can be detected in the serum of most infected
individuals (Ho et al, 1985; Robert-Guroff et al, 1985; Weiss ct al, 1985), The presence
of antibody dnes not always indicate a high degree of infectivity (Burger et al, 1986).
Not all persons with antibodies to HIV transmit the virus to lhéir regular sexual partners,
even over long periods. Susceptibility of the host to HIV may depend on a number of

factors, including genetic predisposition such as the presence of HLA-DRS, (Fricdman-



Kien et al 1982, Metroka et al, 1983), the size of the inoculum, and the route of
exposure. The recipient's immune status at the time of exposure is an important factor
that influences the progression of infection (Anderson et al, 1986). This may be
compromised by a combination of factors in individuals at risk. These factors include
effects of illicit drugs such as heroin and volatile nitrites (Newell et al, 1985),
malnutrition, and chronic infection with viruses such as cytomegalovirus, Epstein-Barr
virus, and hepatitis.

Circulating HIV is present in the plasma of infected individuals (Ho et al,
1989), and patients with more advanced disease have higher titers of circulating virus. In
the early or acute phase, which lasts for weeks, the level of virus production is high. The
middle or chronic phase is characterized by smoldering low levels of HIV expression that
can last for several years. Finally a crisis phase occurs with recrudescence of viral
replication, resulting in the clinical syndrome of AIDS-related complex or AIDS, which
lasts for months to years depending at least partly on the efficacy and availability of
trcatment. All stages involve active replication of the virus, and the infection has no
totally latent phase when circulating virus is not present. Some investigators beleive that
the high degree of HIV viremia suggests that direct cytopathic effects of the virus are
largely responsible for the pathogenesis of AIDS (Ho et al, 1989). Other researchers
beleive that cytotoxic T lymphocytes are responsible for CD4+ T cell clearance (Shearer
ct al, 1988).

In 1983, Spivak et al first reported pancytopenia associated with AIDS.
Quantitative markers of blood T lymphocyte subsets appear to be useful markers of
immunologic status. The depressed absolute CD4* and elevated CD8+ lymphocyte
counts have prognostic significance in the evolution of the disease (Goedert et al, 1987
Melbye et al, 1986; Polk et al, 1987). Many mechanisms for CD4 T cell depletion have
been proposed, such as replication and budding of the virus from infected cells damaging

the cell membrane, and syncytium formation or cell fusion. In the latter, the viral
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envelope protein (gp120) expressed on the infected cell binds to the CD4 molecule on a
noninfected cell, resulting in membrane fusion and virus core entry into the new cell.
Binding of free gp 120 to the CD4 molecule of noninfected cells, making them appear
infected, elicits an immune response contributing to this T cell subset's destruction.

The CD4* T helper lymphocyte is central to the immune response,
interacting with monocytes, macrophages, cytoloxic T-cells, natural killer cells, and B-
cells, so the selective CD4 depletion can result in a multitude of immunologic defects,
The profound depression of immune function in AIDS patients and subsequent
susceptibility to opportunistic infections, oncogenic viruses, and malignant ncoplasms
may therefore arise from quantitative deficiency of CD4 cells. This deficiency would be
caused by cytopathic effects of the virus or impaired function of viable T lymphocytes
that have proviral sequences incorporated into their genomes. The integration of the
viral genome results in a lack of inductive function for monocytes, macrophages, T cells,
including CD8* suppressor/cytotoxic cells, NK cells, and impairs helper function of B
cells. B cell hyperplasia results from loss of the normal T cell surveillance, and
polyclonal B cell activation by HIV infection. Gurney et al reported that a segment of
thie HIV envelope is similar to lymphokines that induce B cell activation and
immunoglobulin synthesis (Gurney et al, 1986a; 1986b). Enhanced release ol monokines
such as interleukin-2, tumor necrosis factor, and cachectin has been used o explain the
chronic fevers and wasting of AIDS patients. Many of the immune defects noted in
AIDS may therefore be traced to depletion and functional defects in the CD4t
helper/inducer subset of lymphoctes following infection with HIV.

Monocytes and macrophages may be directly infected with HIV, causing a
defect in chemotaxis. Involvement of alveolar macrophages may explain the high
incidence of Pneumocystis infections in patients with AIDS (Ho et al, 1987). Infecied
monocytes may serve as the vehicle for transport of HIV to the central nervous system.

The reduction and final depletion of CD4+ T lymphocytes, which
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parallels the development of immunodeficiency, does not adequately explain all the
immunopathological effects observed during HIV infection (Ennen et al, 1990). Several
models for the pathogenesis of AIDS have been proposed. Dalgleish's group postulated
that HIV induces an autoreactive process in susceptible individuals by its ability to mimic
MHC class 11 molecules and stimulate alloreactive lymphocytes (Dalgleish and Colizzi,
1992). There are structural homologies between MHC class II (and I) molecules and the
viral gp!20 (Golding et al, 1988; Young et al, 1988). Hounsell and her colleagues
(1991) demonstrated that a large alpha helix is conserved through all known HIV
isolates, and has structural identity with the alpha helix of MHC class I and, by
extrapolation, with MHC class II molecules. Dalgleish and Colizzi (1992) suggested that
since this area is close to the CD4 binding loop on the carboxy-terminal, it may be seen
by the T cell receptor (TCR) after CD4/gp120 binding has taken place as the CD4
molecule is crosslinked to the TCR during antigen presentation. Their hypothesis was
supported by in vivo studies demonstrating that uninfected allogeneic human
lymphocytes were able to protect rhesus macaque monkeys from infection following an
SIV challenge, and that allogeneic cells were able to induce a humoral response in certain
breeds of mice which cross-reacted with the gp120 and the p24 proteins of HIV (Stott,
1991; Kion et al, 1991).

Genomic heterogeneity is a hallmark of HIV, the molecular events
responsible for the virus variability can be summarized as: either mutation of the virus or
as a consequence of the inability of the host to limit virus replication "ab initio"
(Siliciano et al, 1988). HIV evolves at a rate approximately a million times as great as
that of eukaryotic DNA genomes (Hahn et al, 1986). Infidelity of reverse transcription is
responsible for the DNA sequence diversity among the different HIV variants, This
hypermutability could be central to the pathogenesis of HIV (Preston et al, 1988; Roberts
et al, 1988). Loss of memary T cells has been observed in asymptomatic HIV-infected

individuals with normal numbers of CD41T cells (De Martini et al, 1988; Giorgi and
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Roger, 1989; Fletcher et al, 1989; De Paoli et al, 1988). The continuous generation of
more virulent HIV variants with altered antigenic make up, although only transicntly
expressed, may be responsible for memory T-cell turnover. In addition to the memory
T-cell depletion, loss of antigen-presenting cell functions has been reported and may
contribute to the breakdown of the immune system, leading to the emergence and overt
replication of highly virulent HIV variants (Ennen ct al, 1990; Macatonia et al, 1992;
Knight and Macatonia, 1991; Chirmule et al, 1990).

Once rapidly replicating virulent HIV variants are developed, the
induction of CD4+ T cell decline may be accelerated by several mechanisms: more rapid
lysis of infected CD4+ T cells (Asjo et al, 1986), impediment of T cell replacement by
infection of T cell precursors (compatibie with the broadened cytotropism of syncytium-
inducing variants) (Folks et al, 1988b), and depletion of uninfecied CD4* T cells by
syncytium formation (Lifson et al, 1986; Tersmettc et al, 1989a, b; Cheng-Mayer et al,
1988). As the disease progresses, enhanced expression of viral antigen results in
increased efficiency of CD4* T cell clearance by HIV-specific CD8+ CTL which may be
induced via a CD4* helper T-cell-independent pathway (Shearer et al, 1988). As a result
of the CD4+ T cell depletion, AIDS develops in 6-24 months, depending on the virulence
of the effector HIV variant (Tersmelte et al, 1989a, b). Therefore, the pathogenesis of
HIV infection can be explained by the tendency of the virus to evolve in vivo, generating
subpopulations of increasing cytopathic potential (Wain-Hobsan, 1989).

Major factors contributing to pathogenesis, including tropism,
reproduction, latericy and persistence, appear to be largely determined by the interaction
of a single major virus component, the envelope giycoprotein gp160, with receplors on
helper T cells, monocytes/macrophages and specialized dendritic cells. The CD4
molecule is recognized as the receptor for the viral envelope protein gp120 (Dalgleish et
al, 1984). The initial interaction between gp160 and its ligands may account for most of

the features of HIV disease (Habeshaw and Dalgleish, 1989). As previously mentioned,
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those ligands include CD4, major histocompatibility complex (MHC) class II molecules
and also the T-cell receptor. The TCR subsets are the object of this study, and particular
attention will be given to the comparison between different TCRs in noninfected subjects

and HIV seropositive patients.

1.2 T Cell Antigen Receptor (TCR)
I.2.1 Antigen specific receptor

The immune system provides the primary mechanism of specific
recognition and protection from foreign pathogens. This focal point in immunity is
mediated by molecules on B lymphocytes and T lymphocytes called immunological
antigen receptors,

The B lymphocyte receptor is the immunoglobulin molecule. A large
number of antibody (Ab) molecules form a unique site that is involved in recognition of
antigen (Ag). Also, secreted Ab molecules may directly bind to the cognate Ag, marking
it for removal or destruction.

T cells differ from B cells in Ag recognition since they often recognize
different determinants, and generally do not react with soluble or free Ag. Also, instead
of an antibody at the surface of the cell, the T cell has a molecular complex called the T
cell antigen receptor (TCR). This TCR recognizes Ag on the cell surface in conjunction
with products encoded by self-major histocompatibility complex (MHC) genes (Shearer
and Schmitt-Verhulst, 1977; Zinkernagel and Doherty, 1979).

Thymus-dependent T lymphocytes can be subdivided based on the cell
surface expression of polypeptide chains involved in immune recognition. All T
lymphocytes express the CD3 polypeptides (y, 8, €, and £). On the predominant subset
of T cells the CD3 complex is noncovalently associated with an o/ chain receptor

heterodimer termed the TCRoupB (Allison et al, 1982; Meuer et al, 1983; Haskins et al,



14

1983; Borst et al, 1983; Samelson et al, 1985). This subset of T cells can be once again
subdivided into class Il MHC-specific T cells, expressing CD4 accessory molecules, and
class I MHC-specific T cells, expressing CD8 accessory molecules (Swain, 1981; Spits et
al, 1982; Meuer et al, 1982; Marrack et al, 1983; Greenstein et al, 1984). Virtuaily all of
the known, antigen-specific cell-mediated effector and regulatory mechanisms of the
immure system are carried out by these two subsets of T lymphocytes. Another subset
of T lymphocytes expresses the CD3 polypeptide chains in association with a ¥/ chain
receptor heterodimer, and most of these cells do not express either the CD4 or CD8
molecules (Brenner et al, 1986; Bank et al, 1986; Moingeon et al, 1986; Lanier et al,
1986d). Existing literature shows that 62-70% of the TCR'yIB"' cells are CD4"CD8”
,while a subset of TCR*{/B+ cells which range from 28 to 33% are CD4'CD8" and a
minor subset of TCR'yIS+ cells ranging from 2 to 5% would be CD4*CD8" cells (Scott et
al, 1990; Groh et al, 1989; Kozbor et al, 1989; Borst et al, 1988; Jitsukawa et al, 1987).

1.2.2 Identification of TCRs
1.2.2.1 Xdentification of TCRo/f

The development of monoclonal antibodies (mAb) (Kohler and Milstein,
1975) and the establishment of T cell clones and hybrids (Moller, 1981; 1983) rendered
identification of the T cell antigen- receptor complex possible. Bascd on the concept that
a T cell receptor, like surface immunoglobulin on B cells, might express an antigenic
determinant (epitope) unique to one clone of T cells, mAbs were generated that
recognized clone-specific cell surface molecules on T cell tumors. The molecules
recognized by clone-specific mAb were heterodimers composed of a 40 to 50 kDa acidic
TCRo. glycoprotein that was covalently associated by disulfide linkage to a 40 to 45 kDa
basic or neutral TCRP glycoprotein. The TCRa and f genes encode transmembrane

glycoproteins containing two extracellular domains, variable (V) and constant (C) whose
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sequences are homologous to those of immunoglobulins, as well as a connecting
segment, a transmembrane hydrophobic segment, and a short intracytoplasmic tail, In
addition 1o intrachain loops in the V and C domains, each chain carries a cysteine residue
in the membrane proximal connector that is thought to participate in interchain disulfide

linkage.

1.2.2,2 Identification of TCRY/d

Recently, it was observed that some CD3* human lymphocytes lack
reactivity with mAbs BF1 (Brenner et al, 1986, 1987) and WT31 (Tax et al, 1983;
Oetigen et al, 1984; Spits et al, 1985) which detect framework determinants present on
all lymphocytes bearing o/p T cell receptors. Yet, these cells expressed two cell surface
polypeptides, a 55 and a 40 kDa, which could be chemically cross-linked to CD3.
Following the cloning of TCR, Saito et al (1984a), in analyzing T cell specific cDNA
clones obtained from the murine CTL clone 2C, identified clones encoding a distinct, but
related protein. Like TCR, these new clones detected genes that were rearranged and
expressed specifically in T cells and were composed of elements displaying homology to
immunoglobulin variable (V), joining (J), and constant (C) gene segments. At first, they
were mistakenly concluded to encode the o subunit of the TCR. Later, the work of
several investigators demonstrated and confirmed that these clones defined a distinct
TCR-like molecule which has been renamed TCRy (Hannum et al, 1984; Fabbi et al,
1984; Jones et al, 1985; Chien et al, 1984; Saito et al, 1984b; Sim et al, 1984).

Using probes derived from murine TCRY sequences, human TCRy genes
were shown to constitute a T cell rearranging family of genes located on the short arm of
chromosome 7 (Lefranc and Rabbitts, 1985; Murre et al, 1985), distinct from the TCR B
locus (long arm of chromosome 7) and the TCRo locus (chromosome 14). The locus is

now well characterized, consisting of up to 14 V segments, 5 J segments and 2 C
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segments (Lefranc and Rabbitts, 1985; Murre ct al, 1985; Quertermous et al, 1986a;
1986b; 1987; Lefranc et al, 1986a; 1986b; 1986¢; Dialynas et al, 1986; Forster et al,
1987; Huck et al, 1988). The 55 kDa species could be immunoprecipitated using
antiserum made against synthetic peptides corresponding to the reduced amino acid
sequence of a human TCRy cDNA clone (Murre et al, 1985; Dialynas ct al, 1986),
suggesting that it was the elusive protein product of the TCRy gene (Brenner ct al, 1986).
The 40 kDa species failed to react with anti-TCRy sera and this appeared to represent an
additional component of the TCRy-CD3 complex, which was termed TCRS (Brenner et
al, 1986). Thus, the TCRY gene encoded part of a second T cell receptor present on T
lymphocytes that expressed CD3, but lacked TCRov/p.

L2.3 Description of TCRY/S

While TCRo and B chains are always disulfide linked and of similar size
on virtually all T lymphocytes examined, the protein subunit structure of the TCRY/8 has
proved to be complex. In man, TCRYy subunits are found in disulfide-linked (Borst et al,
1987; Brenner et al, 1987; Moingeon et al, 1987; Lanier et al, 1987; Van Dongen et al,
1987) and nondisulfide-linked forms (Brenner et al, 1586; 1987; Weiss et al, 1986; Loh
et al, 1987; Van Dongen et al, 1987; Hochstenbach et al, 1988). Further, the disulfide-
linked form of TCRy is 36-42 kDa, whereas the nondisulfide-linked forms are either 55
kDa or 40-44 kDa. Characterization of cDNA clones reveals that the disulfide-linked
TCRYy protein is encoded by the CYl gene, which contains a single CII exon that encodes
a cysteine residue (Krangel et al, 1987). The large non disulfide-linked TCRy protein is
encoded by a Cy2 gene carrying three copies of the CII exon (copies a, b, and c), all
lacking the cysteine residue (Pardoll et al, 1987; Krangel et al, 1987). The small
nondisulfide-linked TCRy protein is encoded by a Cy2 gene carrying two copies of the
CII exon (copies b and c¢) (Hochstenbach et al. 1988). These three forms have been
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denoted Form 1 (disulfide linked), Form 2abc (large, nondisulfide linked), and Form 2bc

(small, nondisulfide linked) in accordance with CYI or CY2 constant region and CII exon

usage. Due to variation in the number and kind of CII exons, these forms vary in the size
and disulfide linkage of the membrane proximal connector region (Hochstenbach et al,

1988).

The TCRS polypeptide has a backbone size of 35 kDA and appears to
carry two asparagine-linked glycans. However studies have not revealed important
differences between TCRS polypeptide of varied source (Band et al, 1987; Hochstenbach
et al, 1988),

In some instances, the TCRY subunit has been observed without
detectable TCR4 species, and the existence of TCRy-y homodimers or y-y heterodimers
have been considered (Borst et al, 1987; Moingeon et al, 1987; Ang et al, 1987; Alarcon
et al, 1987; Toannides et al, 1987). In such cases, it is not clear whether TCRYy can be
expressed without TCRS, or whether TCR4 is not easily detected.

In man, the CD3 polypeptides associated with TCRy/S chains are
different from the CD3 polypeptides associated with TCRov/[ proteins (Brenner et al,
1986; Krangel et al, 1987). This variation results from differential processing of the
oligosaccharides of the CD38 chain.

1.2.3.1 Phenotypic Profile of TCRY/d

One of the phenotypic hallmarks of TCRY/3 cells is the lack of reactivity
with mAbs directed against TCRov/p (Brenner et al, 1986; Weiss et al, 1986; Moingeon et
al, 1986). These mAbs include B Framework 1 (8F1), which detects a determinant on the
TCR B chain and imnmwunoprecipitates TCRo/B, but not TCRY/S (Brenner et al, 1987).
However, mAb BF1 does not bind to the surface of living T cells. mAb WT31 displays a

less clearly defined reactivity, but is nevertheless extremely useful (Tax et al, 1983).
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This antibody binds strongly to the surface of TCRavp cells and thus has been used to
identify and to isolate brightly stained (TCRovB) and unstained (TCRY/S) cells.
However, under certain conditions (such as ligh antibody concentration or pretreatment
of lymphocytes with neuraminidase), WT31 can bind at low levels to TCRY/8* cells
(Van de Griend et al, 1988). Very weak binding can also be demonstrated on fresh

peripheral blood lymphocytes of some individuals (Porcelli et al, 1991). Further, WT31
allows immunoprecipitation of either TCRov/p (Oettgen et al, 1984; Spits ct al, 1985;

Brenner et al, 1986; Littman et al, 1987) or TCRYy/8+CD3+ cells (Van de Griend et a,
1988) with appropriate solubilisation conditions (using digitonin or low detergent
concentrations). Thus, the epitope recognized by WT31 is unclear, but may be TCRo/f
or a conformational determinant formed with CD3, with weak, but detectable, cross-
reaction on TCRY/§+CD3+ cells. Although strong staining by WT31 suggests TCRov/p
expression, corroboration as to which receptor is expressed should be obtained using
either TCRY/8-specific mAb or biochemical analysis,

The WT31-CD3* cells in human peripheral blood were found to
constitute about 3% of peripheral blood T lymphocytes (range 0.5-10%) (Brenner et al,
1986; Weiss et al, 1986; Lanier and Weiss, 1986; Lanier et al, 1987). Recently, mAbs
that react specifically with human TCRy/S cells were produced. Band et al (1987)
characterized a mAb, anti-TCR8-1, that reacts with the TCRS chain common to all
TCRy/&* cells. It stains from <0.5 to 12% of peripheral blood T cells and all WT31"
CD3™ T cells in the peripheral blood of several adults examined (Lanier et al, 1987).

Other mAbs directed against TCRY/d have been produced and used in
different studies: TiyA is specific for Vg (Vg is expressed by the majority of the
TCRY/5* cells) (Lanier et al, 1987). BB3 is directed against the Viyy and reacts with
approximately two thirds of peripheral CD3+WT31- lymphocytes (Triebel et al, 1988,
Ciccone et al, 1988) and the 8TCS-1 which is against the V3; region present on a third
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of the TCRy/ subset in human peripheral blood (Faure et al, 1988; Triebel and Hercend,
1989).

1.2.3.2 Cytolysis by TCRY/5

Studies on cell-mediated cytotoxicity suggest that TCRy/6 lymphocytes
may function as effector cytotoxic lymphocytes that recognize antigens on other cell
surfaces (Bank et al, 1986; Borst et al, 1987; Brenner et al, 1987). In vitro, cultured
TCRY/ cell lines lyse tumor targets, however it is not clear if tumor lysis is a T cell
receptor-mediated, antigen-specific interaction (Borst et al, 1987; Brenner, 1987: Ferrini
et al, 1987; Moretta et al, 1988). TCRY/S cells may recognize (or be restricted by) MHC-
encoded molecules, although some data suggest that the molecules recognized may not

-

be classical MHC class I and II proteins.

1.2.3.3 Activation of TCRY/d

As in TCRo/p lymphocytes, it appears that activation results from
perturbation of the TCR-CD3 complex on the cell surface (Weiss and Stobo, 1984, Weiss
et al, 1984; Imboden and Stobo, 1985; Oettgen et al, 1985; O'Flynn et al, 1985). Signal
transduction would invoelve increases in cytoplasmic calcium and inositol phosphates in
both TCR ou/P and /8 subpopulations (Krangel et al, 1987; Pantaleo et al, 1988). Like
TCRouB cells, once stimulated the TCRy/8T cell lines may secrete lymphokines such as
IL-2 (Bank et al, 1986; Ferrini et al, 1987; Moretta et al, 1988).

Recent studies have convincingly shown that immune system activation
plays an important role in the infectious and pathogenic processes of HIV infection,
particularly for the CD4 lymphocyte subset (McDougal et al, 1985; Margolick et al,
1987; Folks et al, 1986; Gowda et al, 1989). The increase of CD8 in the peripheral blood
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observed in HIV infection might also be due to immune system activation (Fahey et al,
1984). Evidence supporting a role for immune activation in HIV-induced infection and
pathogenesis comes from studies demonstrating increased levels of soluble markers of
immune activation in sera from HIV infected persons (Zolla-Pazner et al, 1984; Moss et
al, 1988; Melmed et al, 1989; Honda et al, 1989; Agostini et al, 1989; Prince et al, 1990).
Although the serologic activation markers appear to be useful in predicting discase
progression in HIV, little is known about their relationship to each other or to CD4, CD8,
TCRoU/p and v/8 lymphocyte subsets. These activated lymphocytes may be involved in
the attempt of the immune system to control the HIV infection in vivo. The last part of
this thesis focuses on some activation markers of importance in infectious discases:

HLA-DR, CD25, CD38, CD57.

L2.4 TCRY/S* T cells and immunological disorders

TCRY/ lymphocytes displaying cytotoxic activity and lymphokine
secretion suggest that they may have most, if not all, of the effector capabilities of
TCRo/p lymphocytes. Furthermore, TCRY/d might fill certain distinct and selective
roles in the immune system. Since the discovery of the TCRY/&+ cells tremendous
progress has been made in understanding genetic and protein chemistry. However, there
remains lack of understanding as to how this receptor and the lymphocytes that bear it fit
into the grand scheme of immunity.

Increases in TCRY/8% T cells have been reported in several
immunodeficiency, autoimmune, and infectious states. Morio et al (1992) demonstrated
that several immunodeficient patients, including Wiskott-Aldrich Syndrome, (a sex-
linked recessive disorder with a defect in both T and B cell functions) (WAS), Severe
Combined Immunodeficiencies (SCID), and Common Variable Immunodeficiency

syndrome (CVID) possess a higher proportion of TCRy/&* cclls in their peripheral blood.
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In Epstein-Barr virus infection, the TCRY/8 subset has also been shown to increase
(Hassan et al, 1991, De Paoli et al, 1990). T cells coexpressing V49 and V52 proliferate
in response to Daudi Burkitt's lymphoma cells (lymphoblastic lymphoma found in Africa
and associated with Epstein-Barr virus infection) and to certain mycobacterial extracts.
V79+N §2% T cells are efficient killers of Daudi Burkitt's lymphoma cell line (Fisch et al,
1990). In hematologic malignancies, the TCR clonality has been used to evaluate the
patient status (Reis et al, 1990). In ataxia-telangiectasia, a progressive multisysiem
disease, where B- and T-cell deficiencies are thought to be due to a defect of
rearrangements of immunoglobulin and T-cell receptor genes, it was shown that patients
had a relative increase of circulating T cells bearing the /3 receptors rather than o/p
receptors (Carbonari et al, 1990). Polymyositis, a degenerative muscle disease, can be
mediated by 4/3 T cells. In a patient with polymyositis, CD4- CD8- T cells expressing
the ¥/ T-cell receptor surrounded and invaded nonnecrotic muscle fibers (Hohfeid et al,
1991). The statistically significant numbers of benign-appearing epidermai ¥/ cells
found in mycosis fungoides (chronic lymphoma) may parallel these disorders
functionally (Fiveson et al, 1991).

An increase in TCRY/8% cells can occur in certain systemic autoimmune
diseases and is a persistent feature of systemic lupus erythematosus (SLE) and Sjogren's
syndrome (SS). This suggests that the increase of TCRyY/&¥ cells in a subgroup of
individuals with autoimmune diseases reflects a chronic change, rather than a short-lived

perturbation, of the normal immune system homeostasis (Gerli et al, 1991).
1.3 Hypothesis

Since the TCRY/8* T cells are associated with a number of
immunological disorders it could be that they play a role when the immune system is

defective. Because HIV infection results in the impairment of the immune system, the



TCRy/5* T cells might increase as the disease progresses. Furthermore, if these
TCRy/&t T cells becomes activated during HIV infection, it could suggest that they

might play a role in the immune response against the disease.

1.4 Objectives

In summary, the general objective of this study was to analyze the TCRY/& T
cell subset in HIV seropositive individuals. To achieve that objective, specific analyses

had to be done:

1) Measurement of i) the frequency of major T cell subsets: CD3*+CD4+ T cells,
CD3+CD8* T cells, CD3+CD4-CD8- T cells, TCRovpt+
T cells, TCRY/6% T cells in noninfected and HIV infected
individuals.
ii) the distribution of CD4 and CD8 markers in the TCRo/[ and
TCRy/8 T cell subsets in noninfected and HIV infected

TR TNt AT A LR T leTe W LNt Dol attoc oo

B T T Y e S S T T P T T R T Y S o & 2™

individuals.

iii) the surface CD8 expression, represented by CD8 fluorescence
intensity, on TCRo/p+ and TCRy/3* T cells. The surface CD8
expression will be correlated with disease progression.

iv) the surface TCRov/p and TCRY/8 expression on TCRo/p* and
TCRy/8*+ T cells respectively. The surface TCRo/p and TCRy/d
expression will be correlated with discase progression,

CD4 antigen and treatment with zidovudine.
v) the activational status of the TCRa/f+ and TCRy/8* T cells,

using five activational markers: HLA-DR, CD25, CD38, CD57

and CDS in noninfected and in HIV infected individuals.
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II MATERIALS and METHODS

I1.1 Blood samples and total lymphocyte counts

HIV infected blood was obtained from informed consent patients at the
Immunodeficiency clinic of Ottawa General Hospital. The patients were categorized
clinically into stage II, IIl and IV as per the WHO criteria (1989) (see appendix I). The
categories are characterized generally as follows: Stage I Acute infection; Stage IL:
asymptomatic infection; Stage III: persistent generalized lymphadenopathy without any
symptoms; Stage IV: a) constitutional disease, b) neurological disease, c) secondary
infectious disease, d) secondary cancers, e) other conditions.

Venous biood from noninfected volunteers and HIV-infected individuals
was collected in 5 ml vacutainer tubes with ethylenediaminetetraacetic acid (EDTA) as
anti-coagulant. Automated differential blood counts were performed by the Coulter
Counter (Coulter Electronics) at the Hematology Department of Ottawa General Hospital

(Ottawa, Ont.).

I1.2 Immunophenotyping of subsets of mononuclear cells

Subset phenotyping of samples from noninfected and HIV infected whole blood
was performed using flow cytometric analysis as follows: a 100ul volume of whole
blood was distributed in 12 X 75 mm polystyrene round-bottom RIA tubes (Falcon, B-D,
Mississauga, ONT). The appropriate volume of mAb -as determined by the company or
by titration performed in our laboratory- was added (see Table 1 for the list of mAbs and
Table 2 for mAb combinations used). Each sample was incubated for 10 min at room

temperature (RT). Afterward, the samples were processed with a Q-Prep immunology
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Table 1
List of monoclonal antibodies

A series of 20 mAbs was used for immunophenotyping. Eighteen mAbs were directly
conjugated to the fluorochrome FITC or PE (B-D). Leu7 mAb (HNK-1I clone) was
biotinylated (B-D). Anti-TCR&1was FITC conjugated and was purchased from T Cel!
Sciences.



NAME CDh COMPANY ISOTYPE FLUOROCHROME

Simulset Leucogate 45, 14 B-D* IgGy, IgGypy  FITCLPE
Isotype control --- B-D IgGqy FITC
Isotype control - B-D IgGy PE
Isotype control --- B-D IgGoa FITC
Isotype control ~-- B-D IeGoq PE
Leud 3 B-D I8Gy PE
Leu2a 8 B-D IeGy PE
Leu3a 4 B-D IeGy PE
Leul2 19 B-D 18Gy PE
Leul6 20 B-D IgGq PE
Leullc 16 B-D IgGy PE
Leul9 56 B-D IgGq PE
TCR-1 --- B-D IgGy FITC
TCRS1 - T Cell Sciences I1gGp FITC
HLA-DR - B-D IgG2q PE
IL-2R 25 B-D IeG PE
Leul? 38 B-D IgG PE
Leu7** 57 B-D IgM SA-PE
Leul 5 B-D 18Gys  PE

*B-D = Becton- Dickinson

**HNK-1 was used in indirect staining with SA-PE
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Table 2
Combinations of monoclonal antibodies

A battery of 20 combinations of mAbs was used for immunophenotyping. Combinations
1 to 6 are combinations used to perform a standard phenotypic profile. Combinations 7
to 20 are used to study the two TCR subsets from which combinations 11 to 20 are
specifically used to study their activation state.



TUBE NUMBER mAb COMBINATION (FITC/PE)

s

IgG/1gGp

CD45/CD14

CD3/CD4

CD3/CD8

CD3/CD16 + CD56
CD3/CD19 or CD3/CD20
TCR-1/CD4

TCR-1/CD8

TCR61/CD4
TCRS1/CD8

W OO =~ o th B W

bt
—_ O

TCR-1/HLA-DR
TCR-1/CD25
TCR-1/CD38
TCR-1/CD57
TCR-1/CD5
TCRS1/HLA-DR
TCRO1/CD25
TCRS1/CD38
TCR&81/CD57
TCR41/CD5
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work station (Coulter, Hialeah, FL) using the 35 second cycle. This work station
automatically lysed, stabilized and fixed the samples. The lysing reagent (Immunoprep
A) which consisted of a solution of formic acid, was added to the test tube to rapidly lyse
the erythrocytes while leaving the leukocytes intact. The stabilizing rcagent
(Immunoprep B), which is PBS, preserved the form and structure of the leukocytes. The
fixing reagent (Immunoprep C) which consisted of 2% paraformaldchyde, was added to
fix the cell membranes of the leukocytes. The samples, which contained Leu 7-biotin
mAb, prior to the Q Prep processing, were washed with PBS and the sccondary step
reagent, streptavidin-phycoerythrin (SA-PE), was added and incubated for 10 min at RT,
Following this processing, the samples were washed twice with PBS and resuspended in
2% paraformaldehyde (BDH Inc, Toronto, Ont). In flow cytometry the data are obtained
using a tw0-step procedure: first the sample is "acquired” with the flow cytometer,
second the listmode file generated is analysed. The sample could be acquired after an
incubation of 30 min at 4°C or stored at 4°C up to 48 hours before acquisition with the
flow cytometer. The flow cytometer used for this study was a FACScan from Becton-
Dickinson (Mountain-View, CA); an air-cooled 15mWatt argon-ion laser emitting at
488nm served as the light source (Figure 1). The optical filters were factory-set standard
configuration, with green fluorescence through a 530 + 30nm bandpass, orange
fluorescence through 585 + 42 nm bandpass, and red through a 650 nm longpass filter Lo

collect signals from FITC, PE and PerCP (not used ) respectively.
IL.2.1 Flow cytometer calibration
The cytometer was calibrated daily to insure that the instrument was operating

properly. This calibration was achieved in three different steps employing AutoCOMP,

Quickcal and QC3 beads. AutoCOMP is a menu-driven program that adjusts the
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Figure |
Diagrammatic representation of a single laser flow cytometer

(adapted from N.P. Carter and E. W. Meyer In Flow Cytometry, A Practical Approach.
Ed M. G. Ormerod, IRL Press)

Cytometer description: A flow cytometer operates by causing cells in a fluid stream to
pass single file through a beam of light, usually generated by a laser. The photons of
light that are scattered and emitted by the cells following their interaction with the laser
beam are separated into constituent wavelengths by a series of filters and mirrors. This
separated light falls on individual detectors that generate electrical impulses, or analog
signal, proportional to the amount of incident light striking the detectors. Each analog
signals is converted to a digital signal. These individual numbers are accumulated in a
frequency distribution, or histogram. The numbers are proportional to the amount of
light emitted from, or scattered by individual cells,
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photoelecric components (gain settings and fluorescence compensation) of the FACScan
flow cytometer to known standards using CaliBRITE beads (Becton-Dickinson) as its
reference standard. The AutoComp program performs 3 FACScan adjustments: gating
single events, adjusting photomultiplier tube (PMT) gain, and fluorescence
compensation. The QuickCal program also uses plastic beads of which one population is
unstained and five have differential levels of FITC (from 10, 000 to 500, 000 MESF).
The MESF (Molecule of Equivalent Soluble Fluorescence) value indicates the level of
fluorescence found on cach bead. Besides gating singlet events this program performs
statistical analysis on inter-measurement variance (CV) and allows the creation of history
files on the analytical performance of the instrument. Finally, the QC3 beads are
exclusively used for channel targeting which permits comparison of fluorescence

intensity from day-to-day data.
I1.3 Statistical analysis
Group means were compared using the Student t-test. Significance was defined

as p<0.05. Correlation between lymphocyte subsets was determined using a Pearson

correlation coefficient.
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I1I. RESULTS

II1.1 Phenotypic subset analysis of mononuclear cells

A variety of peripheral blood mononuclear cells (PBMNCs) are identified
with mAbs that react with cell surface antigens. Almost one hundred such antigens have
been described at the IV International Human Leukocyte Differentiation Antigen
Workshop in 1989, and the functional activity of about one-third of these molecules has
been determined. At this workshop, 78 of the human leukocyte antigens were officially
recognized and given cluster designation numbers ‘'CD1' through 'CD78' (Knapp et al.
1989). The leukocytes enumerated in routine immunophenotyping are the various types
of lymphocytes, i.e., T cells and T-cell subsets, B cells and natural killer (NK) cells. T
lymphocytes are characterized by mAbs against CD3 (Leud), CD8 (Leu2a) and CD4
(Leu3a), while B lymphocytes are identified with a mAb against CD20 (Leul6); all
mAbs are directly conjugated to FITC or PE. Monoclonal Abs against CD16 (Leullc)
and CD56 (Leul9) are used to identify NK cells. T lymphocytes are grouped into
subpopulations based on the presence of specific TCR (o/B or /8). TCR-1 mAb is used
to characterize TCRovp bearing lymphocytes while TCR31 mAb are used to investigate
the expression of TCRY/S molecules. mAbs against HLA-DR, CD25, CD38, CD57 and
CDS5 are used to_study the activational state of the TCRo/p and the TCRY/ lymphocyte
populations (Table 1). Most of the cell surface antigens . /e not lincage-specific and
antibodies against them are reactive with more than one type of leukocyte, thus making
multiparametric flow analysis essential even for routine phenotyping.

Table 2 lists the mAb combinations used in this study. Using two-colour
staining, it is possible to determine whether CD4+ (helper/inducer) and CD8*
(suppressor/cytotoxic) cells are T cells. Monocyles which are CD4*+CD3" and NK cells

which are CD8+CD3- (Lanier et al, 1986b, c) can be excluded and are not counted as
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they would be by using single-colour staining. T cells and NK cells can be enumerated
simultaneously to make sure that the T cells that are CD56™ (Lanier et al, 1986b) are not
included in the NK cell count as well as in the T cell count.

The mAbs in the first two samples of Table 2 are controls. The
immunoglobulin G (IgG) isotype control indicates whether non-specific binding of IgG
or IgGy occurred and determines where the integration cursors are set (boundaries that
determine the percentage of positively stained cells). For all mAb combinations, the
cursor was placed just to the right of the negative cluster. Sample 2 was run first to
determine where the lymphocytes fall on the forward scatter versus right-angle scatter
plot (Loken et al, 1990). The mAbs in this sample allowed the determination of the
percentage of lymphocyles (CD45brightCD14-) in the gated light scatter analysis region
(sce page 33 for explanation on lymphocyte gate determination). The mAb combinations
3-5 utilize an anti-CD3 mAb. As mentioned earlier, the anti-CD3 mAb in combination
with the anti-CD4 mAb is used to enumerate CD4+ T cells. This procedure ensures that
no monocytes are included in the enumeration. Monocytes appear as CD4dim gtaining
cells and this reactivity can be excluded from the enumeration of the cells by resetting
the cursor to count only the CD4bright cells. In mAb combination 4 , the anti-CD3 mAb
together with the anti-CD8 mAb enumerated the CD8+ T cells and excluded the CD8+
NK cells. In combination 5, the anti CD3 mAb together with the anti-CD16 and the anti-
CD56 mAbs permitied accurate enumeration of all NK cells and T cells. The
combination 6 of mAbs provided the B cell number. The mAb combinations 7-10 were
used to study in more detail the phenotypic characteristics of the two subsets TCRo/p
and TCRy/3. The combinations 11-20 were used to study the activational state of these

two TCR subsets.
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I11.2 Methods of analysis of data generated by flow cytometry

Cell surface markers on peripheral blood mononuclear cells (PBMNCs) in normal
and HIV patients were studied using two-colour immunofluorescence (Table 1, mAD list
and Table 2, combinations of mAbs used). Fresh whole blood was stained and processed
with a Q-Prep immunology workstation which automatically lyses the erythrocytes and
fixes the leukocytes. The samples were acquired with a FACScan (Becton-Dickinson)
flow cytometer. Analyses were performed with the Hewlett Packard computer assigned
to the cytometer. The softwares used for data collection and analyses werc: Simulset,
Facscan Research, and Lysis (I and II). All programs ailowed the storage of data in
listmode which could be retrieved at any given time for analysis. The Simulset program
was used for acquisition and simultaneous analysis.

The data were first presented on a bivariate dot plot: forward scatier
(FSC) measurement (representing the size of the cell) versus side scatter (SSC)
measurement (representing the granularity of the cell), on a linear scale (Figure 2a). The
resulting dot plot allowed the three major leukocyte types in peripheral blood to be
differentiated from each other and from debris. Counts were performed on the
population of interest only: the lymphocytes. The lymphocyte population was isolated
by electronic gating by drawing a barrier around the population that appeared at the
bottom and middle position of the FSC versus SSC dot plot. This position corresponds
to middle sized (6-10 um) non-granular cells.

The lymphocyte cluster is easily differentiated from the monocyte cluster on a
scatter plot. However, small monocytes are often found inside the lymphocyte gate
while small and large lymphocytes are found outside of the lymphocyte gate. To
minimize this technical difficuity, the Simulset program electronically defines a gate

around the lymphocyte cluster aiming at an optimal number of lymphocytes in the gate
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Figure 2
Automatic lymphocyte gating using the Simulset program

This figure represent data obtained using a non-infected sample. The samples were
prepared as described in the Methods section.

a) In the side scatter versus forward scatter plot, the leukocytes segregate in well defined
populations: the lymphocytes (L), monocytes (M), granulocytes (G), and debris (D).
Using its fluorescence characteristic -brightly stained with CD45 and non-stained with
CD14- the program Simulset automatically sets up a gate to encompass the lymphocyte
nopulation and exclude the monocytes, granulocytes, and debris.

b) The program computes and gives the differential count, i.e. lymphocytes (L),
monocytes(M), granulocytes(G), and debris(D), of the gate and the proportion of
lymphocytes gated.

¢) The gated events were analyzed and presented in a fluorescence dot plot where the X-
axis is the fluorescence intensity of FITC (CD45% cells) and the Y-axis is the
fluorescence intensity of PE (CD147 cells). This plot illustrates the population of
lymphocytes and the contamination by monocytes, granulocytes, and debris.



U3:89813001

U3:689013001

230 3>
19400

o] :
& B

L —.E
o] ]
2y )

™~

] e M
o ] N
o~ 1 Y *
'-‘l

A9

FL2\Leu M3 --->
<&
o

J10°

CEMRAMCY YRR
FLINHLE ===

104

SLymphs %Monos %Grans %Debris %Lymphs tot]
Gate description: 97 1 1 1 100



33

with a minimal number of contaminants (monocytes, granulocytes and debris) (Figure
2b).

The combination of mAbs used for the determination of contaminating
events in the lymphocyte gate is called Leucogate Simulset and consists of an anti-CD45-
FITC and an anti-CD14-PE. The anti-CD45 stains lymphocytes brightly and stains
granulocytes dimly. The anti-CD14 stains only the monocytes (Figure 2b). Thus, by
using the Leucogate Simulset mAbs, the proportions of lymphocytes (L), monocytes
(M), granulocytes (G) and debris (D) included in the gate were computed as well as the
proportion of gated lymphocytes compared to the total number of lymphocytes in the
sample (Figure 2).

The program also allows manual drawing of the lymphocyte gate when
needed. This feature became important when analysing abnormal samples such as blood
from patients with advanced HIV infection (Figure 3). In the case of a sample from an
AIDS patient, the semi-automatically defined gate included 97% of the total
lymphocytes, but it included 9% contaminant events (Figure 3a, 3b). When the gate was
manually drawn, the proportion of contaminant events was lowered to 2% (below the 5%
permitted) (Figure 3¢, 3d). By tightening the gate around the lymphocyte population,
some of the bigger and smaller lymphocytes were lost and only 85% of the lymphocytes
were analyzed as opposed to 97% in the automatically drawn gate. This was a
compromise I made in order to avoid elevated backgrounds in fluorescence analysis. On
the fluorescence dot plot, orange versus green intensity, the negative integration cursors
were set up by the program automatically using isotype control mAbs. These cursors
were used to analyse the other mAb combinations (Figure 4).

The Simulset software was an excellent program to use for rapid and
efficient analysis of lymphocyle subpopulations. However, the study of a relatively new

marker, TCRYS, in "abnormal” conditions (HIV infection) demanded more flexibility in
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Figure 3
Manual lymphocyte gating using the Simulset program

This sample, from an HIV infected individual, was processed as described in Figure *2
and was analysed with manual gating.

a) In the side scatter versus forward scatter plot, the lymphocyte gate is drawn to
encompass the maximum lymphocyte events and the minimum contamination from
monocytes, granulocytes or debris. Repeatedly with patient samples the automatically
drawn lymphocyte gate would contain the maximum number of lymphocytes but it
would also contain a high proportion of contaminant events. Each contaminant
population was electonically identified and computed by the program e.g. monocyles =
3%, granulocytes = 2% and debris = 4%, for a total of 9% contaminant events.

b) The gated events were then distributed in a fluorescence 1 (FL1) (CD45-FITCt cells)
versus fluorescence 2 (FL2) (CD14-PE* cells) plot. The lymphocyte population (L)
appears brightly positive for FL.1 (CD45% cells) and negative for FL2 (CD14- cells).
The contaminants could be identified based on their staining properties for CD45 and
CD14. The CD454im+CD14- cells are granulocyte (G) contaminants, while the
CD4sbright+ cp14bright+ cells are monocytes (M) and the CD45-CD14- ¢events are
debris (D).

¢) Whenever the proportion of lymphocytes into the gate was less than 95%, a manual
gate was drawn to exclude the contaminant events with the minimal loss of lymphocytes.
Only 2% of the lymphocyte gate were contaminants. However, this manual gating was
usually associated with a certain loss of lymphocytes. In this case only 85% of the
lymphocytes were included in the gate.

d) The fluorescence dot plot shows that with manual gating the contaminant populations
were almost totally eliminated.
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Figure 4
Determination of integration cursors position using isotypic controls

As described in the Methods section:

a) In the third tube of each sample, the cells were marked with isotype control antibodies
FITC and PE conjugated. Using this tube, the integration cursors for the fluorescence
plot were automatically determined by the program.

b) This negative control cursor was used for the analysis of the other tubes from the
same sample. Cells found in the lower left quadrant (quadrant number 3) are negative
cells whereas cells found in the upper left (1), upper right (2) and lower right (4) are
positive.,
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the analysis of the data than what the Simulset program offered. Therefore two
additional softwares were used for data collection and list mode analysis: FACScan
Research and Lysis (I and II). These programs computed statistics such as number of
events, proportion of different subsets, and most importantly, the mean fluorescence
intensity (MFI) of the peak of a given fluorescence. The MFI of a peak corresponds to
the number of fluorescent molecules found on each positive cell i.c. the number of
molecules of the marker of interest.

Figure 5 illustrates the analysis done to obtain the MFI and the frequency
of a marker in a specific subset of lymphocytes. The cells were immunophenotyped with
anti-TCRo/B-FITC mAb or anti-TCRY/8-FITC mAb and anti-CD8-PE mAb. The
sample was processed with a Q-Prep immunology workstation and then acquired using
FACScan flow cytometer. The data were stored in list mode. First a scatier plot was
produced to identify the three different populations of leukocytes: the lymphocytes (L),
the monocytes (M) and the granulocytes (G) (Figure 5Sa, 5b). The lymphocyle gate was
defined using the scatter plot (green population, Figure 5a, 5b). The gated events were
analysed by plotting the green fluorescence intensity (representing the TCRo/f or
TCRy/8 marker) versus the orange fluorescence intensity (representing the CD8 marker)
(Figure Sc, 5d). A new gate was defined on that fluorescence plot to encompass the
lymphocytes that were positive for TCRo/p or TCRY/S (i.c. quadrants 2 and 4); this
manipulation is called backgating (light blue populations) (Figure Sc, 5d). The
backgated events were illustrated on a single parameter graph: the fluorescence
histogram. The fluorescence histogram shows the proportion of CD8 cells among the
TCR lymphocyte subsets. The histogram also shows the MFI of the CD8 marker at the
surface of the TCR lymphocyte subsets. In the TCRou/3 subset, the CD8 marker is
expressed at the surface of the cell with a MFI of 1,415 (Figure 5¢), while on the TCRY/d
subset this marker is expressed with a MFI of 1,094 (Figure 5f).
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Figure 5
Bivariate and single parameter graph using the Lysis program

Every sample tested for CD8, TCRo/P and TCRY/ as described in the Methods section,
was analysed as follows:

a) The events were first plotted on a scatter plot, the X-axis being the forward scatter
determining the size of the cell and the Y-axis being the side scatter determining the
granulosity of the cells. This bivariate histogram allowed gating around the population
of lymphocytes (low on the granularity scale and mid-way on the size scale) (green
population). This sample from a noninfected volunteer, was stained with TCR-1-FITC
mAb in combination with anti-CD8-PE mAb. The scatter plot represents the TCRo/f+
cells.

b) Scatter plot of sample from a non infected volunteer, stained with anti-TCRS1-FITC
in combination with anti-CD8-PE mAb, represents the TCRy/3* cells.

¢) d) The gated lymphocytes were then illustrated on a bivariate fluorescence dot plot.
A new gate was drawn on that plot to include only the cells which are positive for the
CD8 marker (i.e. quadrants 2 and 4). This manipulation is called "backgating”.

¢) f) The backgated events were then illustrated on a fluorescence histogram showing the
distribution of the CD8 marker. Statistics were obtained from the histogram such as
mean fluorescence intensity of the peak (MFI). The MFI of the CD8 marker at the
surface of the TCRovp™ cells was higher than on TCRy/&+ cells.
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The analysis of the activational state of the TCRy/6™ cells brought an
additional problem. To compute valid statistics, a relatively high number of TCRy/d*
cells had to be acquired; this number was established at 5, 000 events. Because TCRY/&*
cells were found in low numbers in peripheral blood, up to 100,000 events had to be
acquired in order to obtain 5,000 TCRy/8* cells. The Facscan research program was the

program of choice for acquisition of such a high number of events.

1.3 CD3*, CD4* and CD8¥ cells: noninfected vs HIV infected
individuals

111.3.1 Cell surface marker values in noninfected individuals

Cell surface marker values in noninfected donors were evaluated by
immunophenotyping the major lymphocyte subsets. This experiment was performed so
that a comparison could be made with the clinical samples. The pan-T cell population
(CD3+ cells) and its two major subsets, T helper/inducer cells (CD3+CD4+) and T
cytotoxic/suppressor cells (CD3+CD8+) were stained using two-colour
immunophenotyping with anti-CD3-FITC conjugated mAb and anti-CD4 or anti-CD8 -
PE conjugated mAbs. As previously explained (page 30) these combinations of mAbs
were necessary (o make accurate counts of T cells. The samples were lysed using the Q-
Prep immunology workstation and were acquired with a FACScan flow cytometer.
Twenty eight noninfected blood samples were studied to establish normal values and
range for relative and absolute concentration of CD3% T cells, CD3+CD4+ T cells,
CD3+CD8* T cells. The results are presented in Table 3. The CD3 cells ranged from
57 10 82% of the lymphocytes which represented 868 to 2,072 celissfmm3 while the
CD3*CD4* and the CD3+CD8* T cells ranged from 34 to 58% and 14 to 47%
respectively which represented 540 to 1,232 cells/mm3 and 270 to 952 cells/mm3, The

absolute lymphocyte counts ranged from 1,300 to 2,900 cells/mm3,
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Table 3
Major T cell subsets in noninfected individuals

CD3, CD4, CD8, TCRov/$ and TCRY/S subsets were analysed as outlined in Figure 2 and
the Methods section: anti-CD3-FITC in combination with anti-CD4- and anti-CD8-PE
mAbs; anti-TCRo/B- and anti-TCRy/3-FITC in combination with anti-CD4- and anti-
CD8-PE mAbs. Twenty-eight samples, from noninfected volunteers, were tested.



T CELL SUBSET RANGE MEAN S.E.

CD3t:

relative* 57-82 70 1

absolute** 868-2,072 1,333 60
CD3tCD4t:

relative 34-58 45 1

absolute 540-1,232 870 42
CD3t+CD8+:

relative 14-47 30 1

absolute 270-952 580 35
Ratis CD4/CD8 0.9-3.2 1.6 0.5
Absolute Lymphocyte Count: 1,300-2,900 1,900 100

*relative = % of positive cells over all lymphocytes

**ghsolute = cellymm3
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II1.3.2 T cell surface marker analysis in blood samples from HEV infected

individuals

T cell marker analysis of blood samples from HIV infected individuals
was also performed. Each sample received from the Infectious Diseases Clinic of Ottawa
General Hospital was taken from a patient infected with HIV. A general phenotypic
profile (CD3, CD4, and CD8 counts) for each patient was performed to determine the
levels of each T cell population in the circulation at the time of sampling. These data
were critical in the analysis of TCR expression in these patients. Each sample was
stained using two-colour immunophenotyping and erythrocytes were lysed with a Q-Prep
immunology workstation. The FACScan flow cytometer was used to acquire the
samples., Fifty-two patients from stage II to stage IV of the discase were studied: 14
paticnts in stage II, 24 patients in stage III, and 14 paticnts in stage 1V (Tables 4, 5, and
6). Although the CD3+ T cell counts remained stable through stages II and 111, they
dropped significantly at stage IV: from 82% and 83% at stage II and Il respectively to
71% of the lymphocytes at stage IV (p<0.01). The CD4 subset showed a drastic
decrease. At stage II of the disease only 46% (50% at stage III) of the CD4* cells found
in noninfected individuals, remained. At stage IV of the disease, the drop in the CD4
subset became even greater, and only 10% of the initial CD4 count remained. This
decrease from 25% at stage II to 23% at stage III and to 9% at stage IV (p<0.01)
generated an inversion in the CD4/CDS8 ratio. In noninfected individuals, the CD4/CD8
ratio observed ranged from 0.9 to 3.2. In HIV infected individuals, it could be as low as
<0.01: the CD4/CDS8 ratio ranged from 0.1 t0 0.9, 0.1 to 0.8, and from O to 0.4 at stages
II, III and IV of the disease respectively.

The CD8* sub-population showed an increase in HIV infected individuals. The
inversion of the CD4/CD8 ratio might not have been only due to a drop in the CD4

counts but also to a concomitant increase of CD8 cells which remained high throughout
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Table 4
Major T cell subsets in HIV infected individuals at stage I1

The experiment was performed as in Table 3. Fourteen samples, from patients at stage II
of the discase, were tested,



T CELL SUBSET RANGE MEAN S.E.

CD3+:
relative 62-94 82 8
absolute 900-2,210 1,504 60
CD3*CD4t:
relative 11-37 25 1
absolute 176-858 466 42
CD3+CD8t:
relative 40-80 59 2
absolute 648-1,482 1,060 35
Ratio CD4/CD8 0.1-0.9 6.5 0.2

Absolute Lymphocyte Count: 1,200-2,600 1 800 100
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Table 5
Major T cell subsets in HIV infected individuals at stage ITI

The experiment was performed as in Table 3. Twenty-five samples, from patients at
stage 111 of the discase, were tested.



T CELL SUBSET RANGE MEAN S.E.
CD3+:
relative 60-94 83 1
absoclute 178-2,816 1,493 60
CD3+CD4t:
relative 6-33 23 1
absolute 26-1,110 427 49
CD3*CD8t:
relative 36-87 62 1
absolute 160-2,496 1,094 35
Ratio CD4/CD8 0.1-0.8 04 0.2
Absolute Lymphocyte Count: 200-3,700 1 800 100
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Table 6
Major T cell subsets in HIV infected individuals at stage IV

The experiment was performed as in Table 3. Seventeen samples, from patients at stage
IV of the discase, were tested.
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T CELL SUBSET RANGE MEAN S.E.

CD3t:

relative 20-62 vi| 1

absolute 144-2,150 650 60
CD3+CD4t;

relative 0-25 9 1

absolute 0-475 90 42
CD3+CD8t:

relative 29-84 64 1

absolute 138-1,875 563 35
Ratio CD4/CD8 0-0.4 0.1 0.1
Absolute Lymphocyte Count: 300-2,500 800 100




the disease with 59% of the lymphocytes (1,060 cellsymm3) and 62% (1,094 cellymm3)
at stages I1 and 11 respectively (p<0.01). At stage IV, the CD8 counts decreased and the
absolute number of CD8* cells was reduced to 563 celiymm3, however, the proportion
of CD8+ lymphocytes remained high (64%). This decreased number of CD8* T
lymphocytes combined with the drop of the CD4 subset, resulted in a decrease of CD3+
cells. At stages 11 and IIT of the disease the CD3* cells were 82% and 83% of the
lymphocytes respectively (1,504 and 1,493 cellsfmm3) while in samples from
noninfected individuals, 70% of the lymphocytes (1,333 cells/mm3) were CD3 cells. At
stage 1V of the discase the proportion of CD3 cells remained similar to normal values
(71%). However, 71% represented only 650 cellsymm3 (p<0.01). In general, the total
absolute lymphocyle count was shown to decrease only at stage IV: in samples from
noninfected individuals, 1,500 lymphocytes/mm3 were counted; at stages IT and III of the
discase this number did not vary much (1,800} but at stage IV of the disease, the
lymphocyte count decreased drastically to 800 cellymm3 (p<0.01). When CD4 counts
were compared (o CD4 percentages a strong correlation was observed in HIV infected
individuals (r=0.86), however, no correlation was found in noninfected individuals (r=

0.43) (Figurc 6).
I11.4 T cell receptor for antigen

The objective of this study was to determine if differences in the TCR
subsets existed in HI'V infected individuals. For this purpose, the data obtained from
AIDS patients were compared to the data obtained from noninfected individuals. As
reported by several researchers, the TCRou'B+ cells belong to the cD3*cD4TCDs
subset and to the CD3TCD4°CD8™ subset (Acuto et al, 1985; Brenner et al, 1986). On
the other hand, the majority of T CRy/5" cells belong to the CD3TCD4"CDS” subset
(Brenner et al, 1986; Bank et al, 1986; Moingeon et al, 1986; Lanier et al, 1986d). A
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Figure 6

Correlation between the frequency and absolute number of CD4* T cell subsets in
noninfected and HIV infected individuals

The experiment was performed as in Table 3. Eighty-four samples were tested (n=28,
normal; n=14, stage II; n=25, stage II1; and n=17, stage IV of the discase). The Pearson
test was used to measure the correlation between the frequency and the absolute numbers
of CD4+ T cells.
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few CD3*CD4™CD8™ cells also bear the TCRy/S (Scott et al, 1990; Groh et al, 1989;
Kozbor et al, 1989; Borst et al, 1988; Jitsukawa et al, 1987) and even fewer
cD3tCDp4tCDS cells are also positive for TCRY/S (Jitsukawa et al, 1987; Borst et al,
1988; Groh et al, 1989). The presence of the TCRodB"' cells and TCR'yIS"' cells was
extensively studied among the three major subscts of T cells: cp3tcp4teps’,
cD3tcD4 cD8t, and CD37CD4"CDS”. The samples were immunophenotyped using a
two-colour staining technique. Anti-CD3, CD4, and CD8 were PE conjugated and anti-
TCRo/p (TCR-1) and TCRY/3 (anti-TCR31) were FITC conjugated. Each sample was
lysed with a Q-Prep immunology workstation and acquired with a FACScan flow
cytometer. Figure 7 represents a typical distribution of the TCRaIB"' cells and the
TCRy/8" cells in the major T cell subsets (CD3*CD4+ and CD3+CD8*). A more
extensive analysis of the distribution of the TCR in the CD3*+CD8* T cell subset is given
at page 50 to 54. Tables 7 and 8 report the proportion and absolute values of TCRou’B+
and TCR7!8+ cells found in noninfected individuals and HIV infected individuals, The
majority of T lymphocytes were TCRoclB+ cells: 64% of lymphocyies or 1,220
cellsymm3 in noninfected individuals. At stages II and III of the discase these numbers
increased to reach 76% and 78% or 1,394 and 1,322 cells/mm3 respectively. At stage 1V
of the disease 68% of the lymphocytes or 621 cellymm3 were found to be TCROLIB+
cells. Very few PBMNCs were TCRy!S"' cells; in noninfected individuals only 5% of
lymphocytes or 100 cellsymm3 bear the TCRY/S marker. At stages I1, 111 and 1V of the
disease, the percentage of TCR'yRi+ lymphocytes decreased to 4% or 81 cellsfmm3, 72

cells’fmm3, and 38 cell/ymm3 respectively (Table 8).

II1.4.1 Correlation between the TCRY/S subset and CD4+ lymphocytes

Since CD4+ lymphocyte counts are used as a reference for the progression of

AIDS, my findings were correlated to the CD4 counts to evaluate their significance in
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Figure 7
Distribution of TCR markers in major T cell subsets

This Figure illustrates the typical distribution of TCR subsets in the CD3, CD4 and CD8
T lymphocyie subsets in a sample from a non infected individual. The samples were
tested as described in the Methods section and the TCR subsets were differentiated using
mAbs as outlined in Table 2. Eighty-four samples were tested (n=28, normal; n=14,
stage IT of HIV infection; n=25, stage III of HIV infection; n=17, stage IV ~f HIV
infection).

a) A large subset of TCRo/BHCD4™ cells is observed while
b) no TCRY/§+CD4T were detected.

c) Some CD8 cells are TCRo/pt while

d) fewer are TCRy/8TCD8.
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Table 7
Cell surface phenotyping of TCRo/p subsets

The TCRo/P subset was tested as outlined in the Methods section. Eighty-four samples
were tested (n=28, normal; n=14, stage II; n=25, stage III and n=17, stage IV of the
discase).



T CELL SUBSET: TCRo/f n RANGE MEAN S.E.
relative* 46-75 64 2
normal 28
absolute** 735-2,025 1,220 57
relative 60-89 76 2
stage 1T 14
absolute 840-2,106 1,394 96
relative 46-90 74 2
stage III 25
absolute 152-2,368 1,322 126
relative 43-84 68 4
stage IV 17
absolute 150-1,800 621 200

*relative = % of positive cells over all lymphocytes

**absolute = cells/mm3
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Table 8
Cell surface phenotyping of TCRY/ subsets
The TCRY/S subset was tested as outlined in the Methods section. Eighty-four samples

were tested (n=28, normal; n=14, stage I1; n=25, stage Ifl and n=17, stage IV of the
discasc).



T CELL SUBSET: TCRY/A n RANGE MEAN S.E.
relative* 1-13 5 1
normal 28
absolute** 22- 264 100 12
relative 1-8 4 1
stage 11 14
absolute 19- 147 g1 11
relative 1-12 4 1
stage ITI 25
absolute 0-224 72 12
relative 1-10 4 1
stage IV 17
absolute 6- 150 38 14

*relative = % of positive cells over all lymphocytes

*¥absolute = cellsymm3
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the progression of the discase. When the relationship between the TCRY/8 and CD4
subsets was examined I found that no particular relationship existed between the relative
numbers of TCRY/&* cells and CD4 cells in normal and in HIV seropositive samples
(r= 0.2 and r=0.16 respectively) (Figure 8a, b). No correlation was found between the
TCRY/S subset and the CD4 subset whether the patients were treated with drugs such as

zidovudine (AZT) or not (Figure 8c,d).
111.4.2 The TCR marker in the CD8 subset

Although, in carly studies, TCRy/&* cells were identified according to
ncgative criteria (¢.g. CD3+CD4-CD8") (Lanier et al, 1986d; Brenner et al, 1986; Borst
ot al, 1986), more recent data have shown that a subset of TCRy/& lymphocytes ranging
from 1 10 70% of the TCRy/&* cells were CD3+CD8 cells (Scott et al, 1990; Groh et al,
1989, Borst ct al, 1988). Thus, I investigated the presence of the CD8 antigen at the
surface of the TCR subsets both in noninfected and in HIV infected individuals.
Attempts to correlate TCR antigens with T cell subsets revealed that all TCRy/B"' cells
were CDS+. some were also cD8" but none were found to be CD4+ (Figure 7). In blood
samples from noninfected individuals, 65% of the CD8 lymphocyte subset were
TCRal|3+. These CD8+TCROU|3+ cells represented 19.5 +5.7% (37.1 X 104 +12.6
cells/ml) of the total lymphocytes in normal peripheral blood. Only 7.1% of the cpst
lymphocytes which represents 2% of the total lymphocyte population or 4.1 X 104 +3.2
cell/ml, in normal peripheral blood samples, were found to be also positive for TCRY/S.

At stage 11 of the disease, the proportion of lymphocytes simultaneously bearing
the CDS and the TCRov/B markers increased to 52 + 3% (947 cells/mm3) while 85% of
the CD8™ cells were TCRou’B+. At stage III and at stage IV these numbers remained
similar: 81.6% of the CD8" cells were TCRO’./B+ (514% of the lymphocytes were

CDS™TCRauB™ cells or 877 cell/mm3) and 89% of the CD8" cells were TCRovB™
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Figure 8

Correlation between the CD4 and TCRY/3 T cell subsets in noninfected and H1V
infected individuals

Experiment was performed as described in the Methods section. The CD47 cells were
stained using anti-CD4-PE mAb in combination with anti-TCRo/B-, anti-TCRy/6- and
anti-CD3-FITC. Eighty-four samples were tested (n=28, normal; n=14, stage II; n=25,
stage III; and n=17, stage IV of the discase).

a) correlation between absolute counts of CD4+ cells and relative numbers of TCRy/8*
T cells in samples from noninfected and HIV infected individuals.

b) correlation between absolute counts of CD4* cells and absolute counts of TCRy/S* T
cells in noninfected and HIV infected individuals,

¢) correlation between absolute counts of CD4% cells and relative numbers of TCRy/&*
T cells in samples from HIV infected individuals treated with zidovudine and non treated
with zidovudine.

d) correlation between absolute counts of CD4* cells and absoluie counts of TCRy/8* T
cells in HIV infected individuals treated with zidovudine and non-treated with
zidovudine.
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(57% of the lymphocytes were CD8+TCROUB+ cells). However at stage IV, there was a
clear decrease in absolute count; 506 celis/mm3 (Table 9, 10).

The TCRY/8 marker was found only on 2% of the cpst lymphocytes or
236 CD8+'I’CR7!6+ cells/mm3 in samples from patients at stage 11 of the discase.
These counts did not vary much at stage 1l and IV of the discase: 3% of cps*
lymphocytes were TCRy/8* cells or 28 6 CD8"TCRy8™ cellymm? and 3% of cpst
lymphocytes were TCR*(»’S+ cellsor 16 £5 CD8+TCRle+ cells/mm?3 respectively
(Tables 9 and 10).

IIL4.3 Mean Fluorescence Intensity (MF1) of TCRo/pt and TCRy/8* cells

To draw a more detailed phenotypic characterization of the samples
analysed, the MFI of TCRaI]S"' and '{18+cells was determined using the TCR-1 and anti-
TCRS1 mAbs. The MFI is a semi-quantitative value that represents the brightness of a
stained cell. When the cell appears bright on the fluorescence scale, it indicates a
strongly expressed marker at the surface of the cell. Figure 9 illustrates the data analysis
for MFI measurements. The MF! was measured in log values but converted to relative
channel numbers (Appendix II). This transformation allowed comparison of dats from
this study with other studies. The side scatter parameter was plotted on the "y" axis
while the fluorescence 1 (TCRY/S subset) was plotted on the "x" axis. This procedure
allowed gating around all and only TCR'y!8+ cells in one step and was called TCRY/S
gating technique (Figures 9a, ¢, e). The fluorescence 1 histogram was drawn from the
gated events (Figures 9b, d, f). The MFI was computed by the program Lysis.

Figure 10 shows the distribution of the MFI for TCRY/6 molecules in noninfected
and HIV infected individuals. No significant difference between the M T of TCROLIB+
cells in noninfected and in HIV infected samples was found (not shown). However, the

MFI of the TCRY/S receptor showed interesting changes. In nonirifected individuals
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Table 9
Presence of CD8 marker in TCRot/f subsets
Experiment was performed as described in the Methods section. The TCRa/B+ cells

were stained in combination with anti-CD8-PE mAb, Eighty-four samples were tested
(n=28, normal; n=14, stage II; n=25, stage III and n=17, stage IV of the disease).



L S R o L T e e P R R A A A I e T AC R

T CELL SUBSET: CD8*/TCRa/p* n RANGE MEAN S.E.
relative* 9-33 20 I
normal 28
absolute** 189-783 371 2
relative 29-73 52 3
stage Il 14
absolute 551-1,365 947 7
relative 35-76 51 4
stage III 25
absolute 48-2,144 877 105
relative 34-78 57 3
stage IV 17
absolute 102-1,750 506 120

*relative = % of positive cells over all lymphocytes

**absolute = celly/mm3
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Table 10
Presence of CD8 marker in TCRY/3 subsets

The TCRy/8* cells were tested as in Table 9. Eighty-four samples were tested (n=28,
normal; n=14, stage 11; n=25, stage k1l and n=17, stage IV of the disease).



T CELL SUBSET: CD8*TCRY/6* n RANG® MEAN S.E.
relative* 0-6 2 0.3
normal 28
absolute** 0- 136 41 6
relative 0-3 2 0.3
stage II 14
absolute 0-48 23 6
relative 0-9 3 1
stage III 23
absolute 0-96 28 6
relative 0-4 3 0.3
stage IV 17
absolute 0-75 16 5

*relative = % of positive cells over all lymphocytes

**absolute = cells/mm3



55

Figure 9

Mean Fluorescence Intensity of TCR718+ cells in noninfected and HIV infected
individuals

The TCR subsct was tested as outlined in the Methods section. The MFI was obtained
using TCR gating and histogram statistics. Twenty samples were tested (n=10, normal;
n=5, stage I11; n=5, stage IV of the disease).

a) and b) illustrate a typical example obtained from a noninfecied sample. The side
scatter versus fluorescence 1 plot was used to gate TCRy/dt cells and the histogram
analysis of the TCRy/8% population allowed comparison between noninfected and
infected samples,

¢} and d) illustrate a sample obtained from a HIV infected patient at stage III of the
discase.

¢) and ) iluustrate a sample obtained from a HIV infected paticnt at stage I'V of the
discase.
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Figure 10
Distribution of MFI of TCR718+ cells in noninfected and HIV infected individuals

The TCRY/S subset was tested as outlined in the Methods section. It was stained in
combination with different activation markers (CD25, HLA-DR, CD38, CD57 and CD5).
‘Twenty samples were tested (n=10, normal; n=5, stage III; n=5, stage IV of the disease).
The samples were analyzed as in Figure 9.

The boxes are divided into two parts by a line representing the median value. The bars in
the upper and lower part of each box represent the standard deviation,
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there were two levels of fluorescence for this marker: one peak ranged from 38 to 75 and
another from 155 to 279 (relative channel number) in noninfected samples. In samples
from HIV infected individuals these two peaks of fluorescence intensity seemed to draw
closer. At stage III of the discase, one peak of fluorescence ranged from 49 (o 74 and the
other from 129 to 195. And at stage IV, the lowest relative mean [(Tuorescence was from
channel 73 to 89 and the highest from channel 157 to 235; on a log scale, such difference
between the two peaks of fluorescence is hardly visible. Furthermore, the narrowing of
the gap between the two populations of cells appeared to be the result of a concomitant
decrease of cells showing very low fluorescence intensity, a decrease. in cells showing a
very high level of fluorescence intcnsity and an increase of cells showing medium
fluorescence intensity levels (Figures 9 and 10).

The MFI of the TCR markers expressed at the surface of TCR()UB+ cells
and TCR718+ cells were obtained analyzing ten samples from HIV infecled individuals,
Two of these samples did not show clear limits between low and high density of TCRy/
molecule but showed an irregularly shaped histogram. In these cases the markers thag
separated the two levels of fluorescence were drawn to separale the histogram in two
equal parts (Figure 9).

As previously mentioned, some of the TCR715+ cells are also CD8™ cells.
The MFI for the CD8 marker at the surface of the two TCR subscts was also analysed.
At the surface of the TCRou'B‘*'CDB+ cells, the CD8 marker was bright and peaked at
channel 5 £ 1 (relative channel number). At the surface of the TCR7/8+CD8+ cells the
CD8 marker was dimmer with a MFI of 3 = | (relative channel number), in samples from

noninfected and HIV infected individuals (Figure 11).
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Figure 11
Fluorescence intensity of CD8" celis in TCRov/B and TCRY/S subsets

Experiment was performed as outlined in the Methods section, both TCR subsets were

tested for the frequency of the CD8 marker. Eighty-four samples were tested (n=28,

normal; n=14, stage II: n=25, stage III and n=17, stage IV of the disease). The samples

were analysed as in Figure 9. The MFI of the CD8 marker is clearly higher in the

TCRov/P subset than in the TCRY/d subset.

a) Side scatter versus fluorescence 1 dot plot allowed gating around TCRo/J cells

b) or around TCRY/$ cells.

¢) Using the histogram, the MFI is computed for the CD8 marker within the TCRo/3
subset

d) or within the TCRY/3 subset.
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L5 Activation markers in the TCRo/$ and TCRY/d subsets

Products of immune activation, such as serum levels of o-interferon, soluble CD8
(sCD8) and soluble interleukin-2 receptor (sIL-2R), have been associated with HIV
disease progression (Lang et al, 1989; Fernandez-Cruz et al, 1990). Engagement of the T
cell recepter represents the prime signal for T cell activation. Thus, I investigated the
possible correlation between activation markers found at the surface of TCRoufﬁ+ and
TCR'y/8+ cells and the progression of the disease. The TCRo/P and the TCRY/d subsets
were immunophenotyped using the TCR-1 and anti-TCRS1 mAbs in combination with
different anti-activation marker mAbs: HLA-DR, CD25, CD38, CD57 and CD5. HLA-
DR is a major histocompatibility complex component which is produced when the cell is
activated. The CD25 marker is also known as the Tac antigen or IL-2 receptor.
Expression of the CD25 marker can be induced by exposure of T lymphocytes to ligands
that cross-link antigen-specific receptors on the cell surface. This marker is produced in
large amount at the surface of activated cells (Hemler et al, 1984; Cantrell et al, 1983;
Meuer et 21, 1984). The CD38 molecule is a key marker in lymphocyte regulation; it
appears at the surface of T cells in both early and late stages of maturation but not in
intermediate stages (Jackson and Bell, 1990). The CD57, a cell adhesion molecule, has
been associated with non-antigen-specific inhibitory activity on a broad spectrum of
lymphocyte functions (Sadat-Sowti et al, 1991).

In samples from noninfected individuals, CD38 was found on 44 + 5% of
TCRaIB+ cells (Table 11 and Figure 12) while the other activation markers studied,
HLA-DR, CD25, and C.. <7 were found on Jess than 20% of the TCROUB"' cells (Tables
12, 13, 14 and Figure 12). In contrast, in samples from HIV infected individuals, the
activation markers at the surface of TCRa!B+ cells increased drastically except for the
CD25 marker (Tables 11-14, Figure 12). HLA-DR increased from 14% to 53% at stages
111 and IV of the disease, CD38 marker increased from 44% to 73% and 81% at stage IIT
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Table 11

HLA-DR expression on TCRo/B T cell subsets in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section. As described in Table 2,
the TCRo/p+ cells were stained with TCR-1-FITC and anti-HLA-DR-PE mAbs. Twenly
samples were tested (n=10, normal; n=5, stage III; n=5, stage 1V of the discasc). The

percentage values were obtained using the Facscan Research program and were
computed as follows:

Absolute count of HLA-DR*TCRo/B™ X 100 / Absolute count of TCRo/B cells



T CELL SUBSET: HLA-DR n RANGE MEAN S.E.

relative* 5-34 14 3
normal 10

absolutc** 60-359 178 32

relative 30-70 53 7
stage ITI S

absolute 296-725 568 9

relative 40-73 53 6
stage IV 5

absolute 112-798 358 119

*relative = % of HLA-DRY cells among TCRo/p+ cells

**gbsolute = cells/mm3
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Table 12

CD25 expression on TCRo/P T cell subsets in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Mcthods section. As described in Table 2,
the TCRov/B cells were stained with TCR-1-FITC and anti-CD25-PE mAbs, Twenly
samples were tested (n=10, normal; n=5, stage 1II; n=5, stage IV of the disesse). The
percentage values obtained using the Facscan Rescarch program were computed as in
Table 11.



T CELL SUBSET: CD25 n RANGE MEAN S.E.

relative* 2-18 8 2
normal 10

absolute** 41-228 97 20

relative 1-10 5 1
stage III 5

absolute 19-71 49 10

relative 1-11 4 2
stage IV 5

absolute 4-39 20 7

*relative = % of CD25+ cells among TCRa/f* cells

**ghsolute = cells/mm3
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Table 13

CD38 expression on TCRa/B T cell subsets in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section.  As described in Table 2,
the TCRo/B* cells were stained with TCR-1-FITC and anti-CD38-PE mAbs. Twenty
samples were tested (n=10, normal; n=5, stage III; n=5, stage IV of the discase). The
percentage values obtained using the Facscan Rescarch program were computed as in
Table 11.



T CELL SUBSET: CD38 n RANGE MEAN S.E.
relative® 19-68 44 5
normal 10
absolute** 172-997 605 84
relative 33-91 73 11
stage III 5
absolute 320-1, 177 790 146
relative 46-97 81 9
stage IV 5
absolute 199-1, 422 562 228

*relative = % of CD38* cells among TCRo/B+ cells

**gbsolute = cells/mm3
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Table 14

CD57 expression on TCRa/p T cell subsets in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section.  As described in Table 2,
the TCRo/B+ cells were stained with TCR-1-FITC and anti-CD57-PE mAbs. Twenly
samples were tested (n=10, normal; n=5, stage IiI; n=5, stage IV of the discase), The
percentage values obtained using the Facscan Research program were computed as in
Table 11.



T CELL SUBSET: CD57 n RANGE MEAN S.E.
relative* 3-18 6 1
normal 10
absolute** 33-160 87 23
relative 44-50 47 3
stage III 5
absolute 504-537 520 16
relative 20-62 62 29
stage IV 5
absolute 60-526 257 100

*relative = % of CD7+ cells among TCRov/B+ cells

**ahsolute = cells/mm3
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Figure 12

Relative counts of activated T cell subsets in noninfected and HIV infected
individuals

This figure illustrates the changes observed in activated TCRo/p and TCRY/S subsets
when samples from noninfected and infected individuals were compared. Experiment
was performed as outlined in the Methods section. A series of activation markers were
tested for each TCR subset, as described in Table 2. Twenty samples were tested (n=10,
normal; n=>5, stage III; n=>5, stage IV of the discase). The percentage values obtained
using the Facscan Research program were computed as in Table 11,



POSITIVE CELLS

[e]

%

100 ~ 20
HLA-DR CD25

80 . 16 -

IL1 e

J

S
*

40 - 8
N §
20 - 4
N
AN
0 |\ \ A —/ 0 AN | 1
NORMAL Il IV NORMAL I 1V
CD38 ’ 997 cps+
100 - )
80 - “' [ ll %0 l *
i N N 60 + " *
60 § § _I_\ l
40 - NEEN 40 1 N
NI \
20 - N Q 20 - N
NEINERN N
LANININ AN INR
NORMAL 1 IV NORMAL 1l IV

STAGE OF THE DISEASE

] TCRa/8" T CELLS
TCR¥/6" T CELLS

10 normals
5 stage Il
5 stage IV

* P<0.05

= e ]
nn n



65

and stage IV of the disease respectively, CD57 marker increased from 6% 1o 47% at
stage IIT and to 62% at stage IV of the disease,

In samples from noninfected individuals, the most commonly seen activation
marker on TCRy/8+ cells was HLA-DR: 39% of the TCRy/8* cells were positive for
HLA-DR (Table 15, Figure 12). CD25, was present at the surface of very few TCRy/§t
cells in samples from noninfected individuals, 4%, the least scen marker (Table 16,
Figure 12). CD38 appeared on 25% of the TCRY/5" cells while 19% of the TCRy/8+
cells were positive for CD57 in samples from non infected individuals (Tables 17 and 18,
Figure 12).

In samples from HIV infected individuals, HLA-DR was present on 56%
of TCR‘ny"' cells at stage IIT and 40% at stage IV (Table 15, Figure 12). The CD25
marker decreased to 2% and 1% at stage III and stage IV of the discase respectively
(Table 16, Figure 12). The activation marker most commonly found on TCRy/&% cells
was CD38: 73% and 74% at stages III and IV of the disease respectively (Table 17,
Figure 12). CD57 was increased significantly (p<0.01) from 19% of the TCR'ylS"' cells
to 53% at stage Il and to 41% at stage IV of the disease (Table 18, Figure 12).

IIL6 CDS marker on TCRo/B+ and TCRY/3+ cells

Since some activation markers appeared affected by the progression of the discasc
I decided to investigate a surface markers that transduce antigenic signal to result in T
cell activation, theCD2 molecule and a surface marker that enhance activation of the T
cells, the CD5 molecule. The CD3 surface marker was included in the first part of the
study (Tables 3, 4, 5, and 6). The results in Table 19 and Figure 13 show that in HIV
infection the presence of CDS was very stable; 99%, 99% and 97% of the TCRG/B+ cells
in noninfected individuals, stage III, and stage IV of the disease respectively were CD5*
cells. Interestingly, in the TCRY/® subset, a significant decrease (p<0.01) of CD5* cells



Table 15

HLA-DR expression on TCRY/d T cell subsets in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section. As described in Table 2,
the TCRY/&7 cells were stained with TCR-3-1-FITC and anti-HLA-DR-PE mAbs.
Twenty samples were tested (n=10, normal; n=5, stage III; n=5, stage IV of the disease).
The percentage values obtained using the Facscan Research program were computed as
in Table 11,



T CELL SUBSET: HLA-DR n RANGE MEAN S.E.
relative* 7-74 39 7
normal 10
absolute** 12-99 32 8
relative 21-79 56 10
stage IIT 5
absolute 21-44 32 5
relative 28-51 40 5
stage IV 5
absolute 12-40 23 6

*relative = % of HLA-DRT cells among TCRY/6 cells

**absolute = cells/mm3
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Table 16

CD25 expression on TCRY/d T cell subsets in noninfected and HIV infccted
individuals

Experiment was performed as outlined in the Methods section. As described in Table 2,
the TCRy/8% cells were stained with TCR-8-1-FITC and anti-CD25-PE mAbs. Twenty
samples were tested (n=10, normal; n=5, stage III; n=5, stage IV of the disease). The

percentage values obtained using the Facscan Research program were computed as in
Table 11.



T CELL SUERSET: CD25 n RANGE MEAN S.E.
relative® 0-24 4 2
normal 10
absolute** 0-13 2 1
relative 4-8 2 1
stage IIT 3
absolute 0-21 5 4
relative 0-1 1 0
stage IV 5
absolute 0-1 0 0

*relative = % of CD25% cells among TCRy/5+ cells

**absolute = cells/mm3



6%

Table 17

CD38 expression on TCRY/d T cell subsets in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section. As described in Table 2,
the TCRy/8™ cells were stained with TCR-8-1-FITC and anti-CD38-PE mAbs. Twenty
samples were tested (n=10, normal; n=5, stage III; n=5, stage IV of the disease). The

percentage values obtained using the Facscan Research program were computed as in
Table 11.



T CELL SUBSET: CD38 n RANGE MEAN S.E.
relative* 5-51 25 5
normal 10
absolute** 6-48 20 4
relative 38-90 73 9
stage 11T 5
absolute 21-60 43 7
relative 30-100 74 13
stage IV 5
absolute 16-83 46 14

*relative = % of CD38+ cells among TCRy/3* cells

**absolute = cells/mm3
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Table 18

CD57 expression on TCRY/S T cell subsets in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section. As described in Table 2,
the TCRy/8* cells were stained with TCR-8-1-FITC and anti-CD57-PE mAbs. Twenty
samples were tested (n=10, normal; n=5, stage III; n=5, stage 1V of the disease). The
percentage values obtained using the Facscan Research program were computed as in

Tabie 11.

[ ——— W



T CELL SUBSET: CD57 n RANGE MEAN S.E.

relative* 8-35 19 4
normal {1

absolute** 3-45 18 6

relative 33-72 53 20
stage 111 5

absolute 17-144 81 64

relative 24-59 41 6
stage IV S

absolute 1-31 21 5

*relative = % of CD57 cells among TCRY/8t cells

**ahsolute = cells/mm3
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Table 19

Cell surface phenotyping of TCRo/B+CD5 subset in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section. As described in Table 2,
the TCRovB+ cells were stained with TCR-1-FITC and anti-CD5-PE mAbs. Twenty
samples were tested (n=10, normal; n=>5, stage III; n=5, stage IV of the disease). The
percentage values were computed as follows:

Absolute count of leukocyles X % lymphocytes X % TCRwB+CD5+ cells



;
{
‘
¢

T CELL SUBSET: CD5 n RANGE

MEAN S.E.

relative* 99-100 99 0
normal 10

absolute** 902-2, 036 1,316 116

relative 97-100 99 1
stage III 5

absolute 729-1, 346 1, 056 114

relative 95-98 97 1
stage IV 5

absolute 260-1, 543 663 234

*relative = % of CD5* cells among TCRo/B+ cells

**absolute = cells/mm3
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Figure 13

Absolute and relative counts of TCRo/f+CD5+ and TCRY/6+CD5™ subsets in
noninfected and HIV infected individuals

Experiment was performed as outlined in the Methods section, As described in Table 2,
both TCR subsets were stained with anti-CDS-PE mAbs. Twenty samples were tested
(n=10, normal; n=5, stage III; n=5, stage IV of the disease). The percentage values were
computed as in Table 19.
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was observed: 91% of the TCRW&S+ cells in noninfected individuals were positive for
CDS5, 72% at stage 111 of the discase and 68% at stage IV (Table 20 and Figure 13).
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Table 20

Cell surface phenotyping of TCRy/3+CD5* subset in noninfected and HIV infected
individuals

Experiment was performed as outlined in the Methods section. As described in Table 2,
the TCRy/5+ cells were stained with TCR-8-1-FITC and anti-CD3-PE mAbs. Twenty
samples were tested (n=10, normal; n=5, stage III; n=5, stage IV of the discase). The
percentage values were computed as in Table 19.



T CELL SUBSET: CD5S n RANGE MEAN S.E.
relative* 81.98 91 2
normal 10
absolute** 34-154 81 13
relative 57-83 72 6
stage ITI 5
absolute 25-117 51 17
relative 51-90 68 7
stage IV 5
absolute 19-58 40 8

*relative = % of CD5+ cells among TCRy/8* cells

**absolute = cells/mm3
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IV DISCUSSION

IV.1 Quality control assessment of flow cytometric analysis

The cell surface marker profile of white cells in the peripheral blood, such
as the various functional subsets of lymphocytes, reflects the immune status of an
individual (Giorgi, 1986; Ault, 1983; Coon et al, 1987; Lovett et al, 1984; Hudson et al,
1985). In the present study, I investigated the effect of HIV on the distribution of
TCRo/B+ and TCRY/3* cells. The cell surface marker analysis was done using
immunophenotyping and flow cytometry technology. Because of the complexity of this
technology, it may be helpful to discuss the experimental parameters and variables which
need to be monitored for meaningful and reproducible data.

As quality control is a critical aspect with this technology, it was very
important to make sure that every criterion for reliable and reproducible data was met.
Once reliable and reproducible data were assured, the objective of this study could be
achieved.

The electronic and optical machinery of the flow cytometer contributes to
the variability in how the instrument sees and interprets a particular sample. To ensure
good, reliable, and reproducible data, appropriate standards and good controls must be
utilized and become a routine protocol. The AIDS Clinical Trial Group (ACTG)
Immunology Committee established a subcommittee for the standardization of flow
cytometry performance and set up a quality control program which led to several
recommendations as to how to collect, handle, and prepare a sample for
immunophenotyping, as well as to standardize the use of the flow cytometer, antibody
panel and data analysis (Paxton et al, 1989). Immunocheck fluorescent beads for optical
alignment (Coulter Corp.) or equivalent should be run daily. The coefficient of

variation (CV) and mean peak channel fluorescence of the standard particle should be
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recorded. Log fluorescence rather than linear fluorescence should be used in analysis. A
standard subtraction or compensation protocol should be established for dual analysis
using FITC/PE bead standards and/or appropriate mutually exclusive dual antibody
stained samples. A daily log must be maintained on the flow cytometer; standards are
commercially available and their use assures the proper functioning of the flow
cytometer. A good control is one that is similar to the sample to be analysed and will
reveal whether the sample preparation has been done properly, if the result is
reproducible and if it is what was expected.

It is important to know if what is being measured is real fluorescence or
not. Each part of the optical component of the flow cytometer (laser, filters, lenses) and
the electronic components {(photomultiplier tubes (PMTs), amplifiers) can lead to poor
signal discrimination and a baseline fluorescence signal which is known as instrument
noise. To determine the noise level of the instrument, we use blank microbeads (part of
the Qu:ckcal Calibration System, see Materials and Methods). They are non-fluorescent
plastic beads; the flow cytometer should record them as negative fluorescence. The flow
cytometer detectors should be sensitive enough to detect the inherent fluorescence of the
unstained cells and those non-specifically staincd by isotypic control mAbs.
Quantitatively, calibration plots can be obtained to evaluate the instrument's fluorescence
threshold or sensitivity. Using the Quickcal beads, a calibration graph is obtained and
the Molecules of Equivalent Soluble Fluorochrome (MESF) value can be measured to
indicate the fluorescence threshold or the noise level of the instrument. Qur instrument
was calibrated daily using the Quickcal system and the sensitivity was in the range of 500
MESF which is well below autofluorescence and is considered excellent sensitivity.

Present commercial flow cytometers have sensitivities of 1,000-3,000 MESF.
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IV.1.1 Cell staining and acquisition of data

The procedure for staining whole blood samn'es from noninfected and
HIV infected individuals was standardized with special emphasis on TCRY/8 phenotypic
analysis. A detailed protocol is included in the Methods. Because the TCRy/&% cells are
present in very low proportion in peripheral blood (0-12%), the most critical aspect of
the technigue was the acquisition of the sample. To obtain useful statistics on the sub-

population TCRY/3 we had to acquire enough events io finally obtain at least 500
TCRy/5+ events per sample. The program Simulset was used to acquire the data, With
this program the Leucogate mixture of mAbs, which consists of anti-CD45/CD14 mAbs,
was used. This mixture of mAbs allowed the setting of the lymphocyte analysis region to
include all the lymphocytes. As shown in Figures 2 and 3 in the Results section, the
gating can be automatically defined by the program or modified by the operator. The
percentage of events in the selected lymphocyte region which are CD45brightcp14-
ranged from 95% to 100%. When this proportion was not obtained with automatic
gating, the gate was changed manually to obtain the desired proportion. In three cases,
even with manual gating, this proportion was lower than 95%. Based on the
recommendation by the committee for the standardization of flow cytometry
performance (ACTG), T have decided to report such a sample as "assay not reliable" and
exclude it from the study. A sample presenting less than 95% of lymphocytes
(CD45bTighiCD14- ) in the lymphocyte gate would generate false data. This artefact
waald be due to an estimation of lymphocyte subpopulation desired over not only the
Iymphocytes but over the lymphacytes plus some undesired cells. The nucleated red
cells (which are not sensitive to the lytic reagent) can cause such problems especially in
patients on zidovudine therapy. Once the lymphocyte gating was satisfactory, the data

were analysed to evaluate the proportion of each subset of cells using a two parameter
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dot plot. Using this two parameter dot plot, the CD8% cells were then analysed to obtain

mean fluorescence intensity through histogram analysis.

IV.2 Immunological profile

1V.2.1 CD3, CD4, and CD8 subsets in noninfected individuals

As expected I have found the pan T cell subset (CD3+ subset) constituting
the major sub-population of the peripheral lymphocytes ranging between 868 and 2, 072
cellvmm3 or 57 to 82% of the lymphocyte population. The CD3+CD4+ cells were
found to constitute the major sub-population of T cells with 540 to 1, 232 cells/mm3 or
34 10 58% of the lymphocytes, while the CD3+1CD8* T cell subset was estimated at 270-
952 cells/mm3 or 14 to 47% of lymphocytes.

IV.2.2 CD3, CD4, and CD8 subsets in HIV infected individuals

In HIV infected individuals, a consistently elevated proportion of pan T
cells was observed. However at Stage IV, although the proportion of pan-T cells was
still high, the absolute counts revealed an overall cytopenia. Such an observation
suggests a correlation between the number of lymphocytes in circulation and the
progression of the disease and is in agreement with existing literature (Landay et al,
1990). Figure 14 represent an idiogram of the variation of the major T cell subsets
throughout the disease and agrees with my results.

More remarkably, the CD4 counts showed a significant decrease; counts
as low as 8% of the lymphocytes or 85 cellymm3 were observed. It has been repcrted
that all HIV-1 infected individuals have low CD4 counts and that CD4* cells are
depleted as early as at seroconversion (Moss, 1990). The loss of CD4+ lymphocytes is in

fact important in the pathology of the disease. It has been reported that low or declining
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Figure 14

Natural history of T cell subsets in HIV infection

This idiogram correlates with the results I obtained for the CD3% T cells, the
CD3+CD4+CD8" and the CD3+HCD4-CD8* subsets at different stages of HIV infection.
The CD3+CD4+CD8- subset decreases as soon as at stage I and continue to drop while
the CD3+CD4-CD8+ subset increases at stage II and the total CD3¥ T cells remain stable
until AIDS develops.



sIeaf S)oapy

N._”H.Hcﬂmmm.wmhvmm.ﬂ\\mﬂmmm
T T T T 1T T 1T T 77/ T T T 0

1 002

1 00%

/ \, 009
A
\/b 1 008

>/> /D/I\\p:!»\\b\\b}

S[@2 |, 7, EBaO

//( 00071
~. S[192 I 8 £0dD 7
/ i 0021
r/»/ i 00¥%1
A \
S1P2 L eaD s /»IH, 0091

gWW /S1[90 [, JO Jaquinp



79

CD4 count is very clearly associated with deleterious effects of the disease. The lowest
value of the CD4 count during therapy (rather than the change in the CD4 count during
therapy) was shown to predict clinical outcome {Moss, 1990).

The CD4 cell loss during HIV disease occurs in four stages (Giorgi et al,
1987). I observed an important decrease at the onset of the disease from 45% to 25% or
870 cells/mm3 to 466 cells/mm3. Such a fast depletion at that stage of the discase has
been reported extensively (Giorgi et al, 1987). There appears to be a correlation between
the extent of the loss of CD4 and disease stage in HIV infection. During the second
stage, the asymptomatic period, the CD4 levels have been reported to remain relatively
stable or to show a small but steady fall (Lang et al, 1989). During the third stage, a
further rapid CD4 cell loss leads to the development of frank AIDS. In the fourth stage,
from AIDS diagnosis to death, CD4% cell levels fall even further. I have also observed
an abrupt decline of the CD4 count at stage IV of the disease with CD4 counts of 90
cellsymm3. The decline of the CD4 cells probably results at least in part from failure to
suppress HIV replication in vivo. CD4* cell levels are highly prognostic for survival,
especially during the last two stages; death occurs within 1 year in about 80% of
untreated people whose level has fallen to 10% CD4 cells. CD4* cell percentages were
once considered slightly more predictive for AIDS-free survival than CD4* cell absolute
counts (Taylor et al, 1989). It is true that relative numbers of CD4+ cells show less
variability than absolute counts, but the latter is currently used by clinicians to evaluate
the patient condition (Sanford et al, 1992). When the relative and absolute numbers of
CD4 cells were correlated, no relationship was found in noninfected individuals (r=0.41)
but a strong relationaship (r=0.86) was found in HIV infected individuals. In fact the
absolute numbers of CD4+ cells vary more in the noninfected group than in the HIV
infected individuals. It may be that the absolute number is responsible for the lack of

relationship between CD4 counts and percentages in noninfected individuals.
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Before AIDS diagnosis, the total T-cell Ievels in HIV infected blood
remained fairly constant in spite of the fall in the CD4+ cell number (Table 3). This can
be explained by the concomitant CD8 lymphocytosis (Landay et al, 1990). I have
observed that the increase of CD8 cells is as important as the decrease of CD4 cells.
Such observation has also been reported by Landay's group (Landay et al, 1990). This
specific augmentation in the CD8 subset might result from an activation of the immune

system by pathogens and wili be discussed later.

IV.3 T cell receptors

The study of the T cell receptor for antigen was focused on three T cell
subsets: a) CD3+CD4*CD8", b) CD3*CD4-CD8*, c) CD3+CD4-CD8-. Attempts to
correlate TCR antigens with T cell subsets revealed that all TCRo/B+ and TCRy/8+ cells
were CD3*, First reports on TCRy/8 cells referred to these as CD4-CD8- (double
negative) cells (Saito et al, 1984a; Brenner et al, 1986; Bank et al, 1986; Borst et al,
1987; Lew et al, 1986). It is now clear that a subset of TCRy/8% cells (<10%) are also
CD8* (Jitsukawa et al, 1987; Borst et al, 1988; Groh et al, 1989; Moretta et al, 1988;
Kozbor et al, 1989). Furthermore, expression of the CD4 molecule on a small fraction of
the TCRy/&+ cells has been inferred from flow cytometry studies of peripheral blood
lymphocytes, although the frequency of such cells in PBMNCs appears to be <5% of
total TCRy/8% cells (Aparicio et al, 1989; Jitsukawa et al, 1987; Borst et al, 1988; Groh
ct al, 1989). In my study, the TCRo/B molecule was found on both CD4 and CD8 T cell
subsets; some TCRy/8* celis were also CD8+ (16 to 41 cellsymm3) but none were found
1o be CD4+ (see Figure 5).

As there was an increase in the CD8% T cell population, there was also an

increase in the TCRouf subsct at stages IT and IIT of the disease. Since my main

objective was to investigate TCR markers I analyzed the presence of TCR within both
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major subsets: CD3+CD8+ and CD3+CD4+. The proportion and absolute count of
TCRY/3*CD8" cells was quite stable throughout the different stages of the disease. On

the contrary, the TCRovB+CD8* cells were significantly (p<0.01) increased as early as
stage II of the disease. Conclusively, the majority of the newly generated CD8* cells
seem to bear the TCRov/ molecule. This observation would lead me to think that it is
the newly produced T cell that bears the TCRo/f marker at its surface. In fact, at stage
II of the disease, the increase in the TCRo/p subset is equivalent to the increase in T
cells. At stage I of the disease, they could account for 63% of the increase of CD8+ T

cells. Consequently, at stage III, the remaining portion of newly synthesized CD8+ T
cells should bear the other TCR: TCRY/8. However, as the patient deteriorates and the

CD4 count decreases, tae TCRY/87 cells are also depleted. This observation coincides
with the findings that newly generated cells (CD8+) were not of the TCRY/S subsct at
stage II, but does not explain the 37% of newly produced CD3+ cells which should bear
the TCRY/3 marker. It could be that in early stages of the disease the production of
TCRo/f+ cells and TCRy/8* cells is somehow stimulated by the HIV virus or the
pathogenesis of the disease, while at a later stage, the TCRov subset would still be
“stimulated"” to proliferate but not the TCRY/8 subset, at least not the TCRY/S subset that
was recognized by the STCR-1 mAb. These findings do not exclude the possibility that
the newly produced CD3 cells at stage III could bear the TCRY/S marker. The STCR-1
mAb binds specifically to the C& chain of the TCRY/S complex. Other mAbs such as
8TCS-1 for example, which is directed against a minor sub-population of TCRy/+ cells,
could show an increase in HIV infected individuals that would correspond to the 37%
increase of CD3+ cells. However, it remains to be proven and we can not ignore the
possibility that the newly produced CD3¥ cells might be altered to such an extent that
they would not bear any TCR, which would add to the immunodeficiency status of the
HIV infected patient.



82

CD4 counts have been considered as very important in the clinical follow-
up of the disease progression in HIV infected patients. Hence, CD4 counts are
considered a reference with which any other parameters have been correlated to
investigate their importance in HIV infection. Therefore, it was in my interest to study
the correlation between the CD4 counts and the TCRy/8* cells. This analysis revealed
that the number of TCRy/8% cells had no relationship (r=0.09) to the CD4 count in
noninfected individuals or in HIV infected individuals (r=0.45) whether they received

AZT treatment or not.

IV.3.1 Mean fluorescence intensity

Considering that TCRy/&+ cells did not seem to increase in HIV infected patients, I
decided to investigate if the remaining TCRY/8* cells in the peripheral blood showed
any peculiarity when compared to TCRY/8* cells in noninfected individuals. Using flow
cytometry technology, I investigated the mean fluorescence intensity (MFI) of the marker
TCRY/3 at the surface of the lymphocyte. The MFI for TCRy/S represents an estimation
of the relative quantity of TCRY/8 molecules found at the surface of the cell. As
explained earlier, histograms were obtained from the dual-colour dot plot to analyze the
mean fluorescence intensity (MFI) of the TCRo/B+CD8+ and the TCRy/5+CD8*. I
consistently found that the MFI of CD8 marker at the surface of the TCRy/&+ cells was
lower than that at the surface of the TCRovp+ cells. While the MFI of the TCRo/p
molecules on peripheral blood lymphocytes from noninfected individuals and infected
individuals did not show any peculiarity, the MFI of the TCRy/S subset showed a specific
pattern. The MFI of this molecule shows two well separated peaks in noninfected
individuals (MFI = 23 and 77) representing two levels of density of the TCRY/S at the
surface of the peripheral blood Iymphocyte (Figures 9 and 10). In HIV patients, at stage

III there were still two populations but much closer to each other and difficult to discern
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in some cases. At stage IV of the disease, only one population remained (MFI = 21).
These findings indicated that not only were the TCRy/8+ cells not selectively generated
in HIV infection, but the few TCRy/8% cells that were produced were altered. More
investigation on this subset of cells is needed to understand the relevance of this
observation. I would suggest that the cell could be impaired in such a way that the
mRNA coding for the Cd molecule is neither synthesized nor translated, or simply not
allowed to be expressed at the surface of the cell. Although the functional role of the
TCRy/&* cells is still unclear, it has been proposed that this subset would be a primary
barrier for the immune system against invasion of pathogens, Therefore, the lack or the
impairment of this subset of cells and the induction of a different or "altered" § chain
synthesis for the TCRy/3 molecule could be a defence mechanism in response to the HIV

invasion and might play a role in the battle against the immunodeficient status of the HIV

infected patient.

IV.4 Activation markers

My second objective was to investigate the activation markers within the
TCRov/B* and TCRy/5 cell populations. Four markers, namely, HLA-DR, CD25,
CD38, and CD57 were investigated, My results demonstrated that HLA-DR+ TCRoy/f+
cells and CD57* cells in both TCR subsets increased during the HIV-seropositive period
before AIDS developed, and decreased at stage IV (Tables 11, 15 and 18). High levels
of HLA-DR* TCRy/&+ cells in the noninfected control group and high variability
between individuals in all groups masked the increase of this subset in HIV infected
patients. These observations support reports published by other groups on the CD8
subset (Giorgi et al, 1989; Ziegler-Heitbrock et al, 1985; Lewis, 1985; Gupta, 1986). In
this study the proportion and number of HLA-DR* TCRo/* were higher in seropositive

patients than in AIDS patients. It could be possible that at least some HLA-DR*



TCRo/Bt cells represent a protective component of the specific anti-HIV immune
response. I also observed an increase in the CD57 subset in both TCR sub-populations.
It has been reported that this subset was equally increased in HIV-seronegative
homosexuals in comparison to the heterosexual control group (Giorgi, 1987; Prince et al,
198S5; Ziegler-Heitbrock et al, 1985; Lewis, 1985). There is no overall selective elevation
in the CD57 subsets; both TCRo/B+ and TCRy/8+ cells seem to respond weli to
proliferative stimuli. This marker, being associated with in vitro cytotoxicity, might be
an indication that the body responds to the HIV infection with all possible means, even
during the later stage of the disease when the impairment of the immune system is at its
WOrst,

Analysis of the CD38% cells showed a progressive increase throughout the
course of the disease, including during the AIDS phase. In acute Epstein-Barr virus and
cytomegalovirus infections, the CD38+CD8¥ cell number also rises quickly during active
infection and then diminishes at about the time that the herpes virus infections are cleared
by the host (Landay et al, 1990). In HIV infection, the high level of CD38+CD8 cells
throughout the disease may reflect persistent immune stimulation by HIV. At least some
of the CD38+ cells may be anti-HIV T-cytotoxic cells.

It has been reported that selective increases in CD8% call subsets occur in
HIV infections (Landay et al, 1990). The CD38* and HLA-DR* CD8% cell increases
occur at serocoitversion. The number of HLA-DR*CD8 cells increases during the
HIV-seropositive period before AIDS develops, while the CD38+CD8 cells increase at
all stages of HIV disease including during AIDS. High levels of CD38+CD87 cells are
characteristic of late HIV disease and are highly prognostic for HIV disease progression
(Giorgi, 1987; Landay et al, 1990).

The literature is not clear about the CD25 (IL-2R) marker. The CD25
represents the IL-2R (Tac antigen) component of the high-affinity IL-2R found on

activated, but not resting, T cells (Rubin et al, 1985). Some researchers reported no
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changes in the CD25 counts while others reported a decrease of the marker (Zola et al,
1991). My results showed a decrease of the CD25 counts at all stages of the disease,
including during AIDS. Interestingly, this decrease is more remarkable in the TCRY/S
subset than in the TCRov/f subset. It was reported that the level of soluble IL-2R (sIL-
2R) found in circulation doubles in HIV infection (Prince et al, 1990). The mechanism
for conversion of cell-associated IL-2R to sIL-2R probably involves cleavage by a cell-
surface protease (Robb and Kutny, 1987). It could happen that in the stimulation
process, the production of this enzyme would also be stimulated and lead to an increased
dissociation of the IL-2R molecule from the surface of activated cells. Therefore, this
decrease in JL-2R expression at the surface of the T cells might not represent a lack of
activation of the IL-2 pathway but simply a secondary effect of the HIV infection,
Furthermore, cytokines produced by activated CD4 cells prior to their destruction were
reported to play an accessory role in such immune activation (Nossal, 1987).

Increases observed on the CD8 subset might reflect stimulation through
various pathways. Imboden et al (1990) reported that stimulation of the CD5 molecule
enhances signal transduction by the T cell antigen receptor. Therefore, it was in my
interest to include this marker in the activation marker study. The lymphocyte cell
surface glycoprotein CD5 is expressed on a majority of human thymocytes and
peripheral T cells. 23 well as on a subpopulation of B cells (Reinherz et al, 1979; Wang ¢t
al, 1980; Bierer et al, 1988). A role for CD5 in T-cell activation has been suggested by
functional studies using monoclonal antibodies directed against CD5. The mAbs have
been shown to augment proliferation of human purified T cells stimulated with anti-CD3
mADb or with suboptimal concentrations of mitogen (Ledbetter et al, 1985; Ceuppens and
Baroja, 1986). It has been shown that IL-2-induced proliferation of human thymocytes
requires the presence of CD3 and CDS5 positive cells (Lanier et al, 1986a; Hayward et al,
1981) Hence, it has been suggested that CDS may provide an accessory signal for T cell

immune responses. It has been reported that the CD3*CDS5" cell subset has a higher
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frequency of cytotoxic cells than the CD3+CDS* T cell subset (Srour et al, 1988; Bierer
et al, 1988). On the other hand it has been shown that TCRy/8 cells display different
types of cytotoxicity (Borst et al, 1987, Moretta et al, 1987; Janeway et al, 1988). These
properties of the TCRy/&" cells coupled with the functional characteristics of CD3+CD5-
cells prompted me to investigate the status of the TCRy/3+ cells regarding the CD5
marker, Tables 19 and 20 show the distribution of CDS5 in the two TCR subsets. In the
TCRou/B subset the proportion of CD5 markers is very stable in both noninfected and
HIV infected individuals. However, in the TCRY/S subset, the proportion of CD5
decreases before AIDS developed and during AIDS. The absolute counts of CD5+ cells
show a progressive depletion throughout the disease. A lower frequency and number of
CD5 cells might reflect a selective production of cytotoxic cells. This phenomenon
does not seem to be specific to HIV infection since it has also been reported in other
immunological disorders such as Sjigren's syndrome (Dauphinée et al, 1989).

In conclusion, I found, as has been extensively published, that the CD4
sub-population of T cells was depleted in HIV infected patients and the CD8 subset was
increased. However, the postulated hypothesis was shown to be false, and no increase of
TCRy/8* cells was observed like in other immunological disorders. Unlike Autran,
Paxton and De Paoli's groups who reported an increase of the TCRY/S subset in HIV
infection, my results showed that the TCRY/8 subset was depleted in HIV infected
individuals (Autran et al, 1989; Paxton et al, 1989; De Paoli et al, 1990). The method of
preparation of the sample could be responsible for such a difference. These three groups
did not use the whole blood lysis technique, that I used, but rather separated leukocytes
on a Ficoll density gradient or buffy coat. Their techniques lead to a loss of CD8+ cells
that could generate a greater proportion of TCRy/3+ cells. This difference could explain
the significant differences between my data and theirs. I found that the TCRY/d subset
was distributed in CD3+CD4-CD8+ and CD3+CD4-CD8- populations. I also found a
new CD3+TCRovB-TCRY/8~ population in the HIV infected individuals. No correlation



87

between the CD4* T cell subset and the TCRY/S subset was observed even when the
zidovudine treatment was taken into consideration. I found that the fluorescence
intensity of the CD8 marker at the surface of the TCRy/8%cells was not as bright as on
the TCRo/Bcells. Also, the fluorescence intensity of the TCRov/ marker remained
unchanged throughout the disease while the TCRy/8 marker was affected with the
progression of the disease.

It was suggested in the hypothesis that if the TCRy/8* T cells becomes
activated during HIV infection, they might play a role in the defense against AIDS. The
detection of less CD25% T cells during HIV infection does not necessarily lead to the
conclusion that the T cells are not activated during HIV infection. The concomitant
increase of HLA-DR, CD57 and CD38 in both TCR sub-populations, indicate an
involvment of the T cells in the defense against HIV infection or, reflect an effect of the
viral infection on the immune cells. In fact, increases of CD57 and CD38 suggest an
increase of cytotoxic T cell activity. Finally, the loss of CD5 molecules -observed to a
greater extand in the TCRY/3 subset- has also been associated with increased cytotoxic T
cell activity (). Taking these phenotypic changes into consideration with the fact that
TCRy/&+ cells are recognized to be cytotoxic cells in vitro, it is tempting to speculate that
those cells could play a role in the host defense against HIV infection by destroying HIV
infected cells and delaying the viral replication.

From this study as well as others, it is clear that either the immune cells do not
function in patients with HIV infection the same way they would in noninfected
individuals or that the functions they perform are not sufficient to control the effects of

HIV infection.



88

V REFERENCES

Acuto, O., Fabbi, M., Bensussan, A., Milanese, C., Campen, T.J., and Royer, H.D. 1985,
The human T-cell receptor. J. Clin. Immunol., 5:141-157.

Agostini, C., Semenzato, G., Vinante, F., Sinicco, L., Trentin, L., Zambello, R., Zuppini,
B., Zanotti, R., Siviero, F., Veneri, D., Foa, R., and Pizzolo, G. 1989. Increased levels
of soluble CD8 molecule in the serum of patients with acquired immunodeficiency
syndrome (AIDS) and AIDS-related disorders. Clin. Immunol. Immunopathol., 50:146-
153.

Ahmad, N., and Venkatesan, S. 1988. Nef protein of HIV-1 is a transcriptional
repressor HIV-1 LTR. Science, 241:1481-1485.

Alarcon, B., De Vries, 1., Pettey, C., Boylston, A., Yssel, H., Terhorst, C., and Spits, H.
1987. The T-cell receptor y chain-CD3 complex: Implication in the cytotoxic activity of
a CD3+CD4-CD8- human natural killer clone. Proc. Natl. Acad. Sci. U.S.A., 84:3861-
3865.

Allison, J.P., McIntyre, B.W., and Bloch, D. 1982, Tumor-specific antigen of murine T-
lymphoma defined with monoclonal antibody. J. Immunol., 129:2293-2300.

Anderson, K.C., Gorgone, B.C., Marlink, R.G., Ferriani, R., Essex, M.E., Benz, P.M.,
and Groopman, LE. 1986. Transfusion-acquired Immunodeficiency virus infection
among immunocompromised persons. Ann. Intern. Med., 105: 519-527.

Ang, S.-L., Seidman, J.G., Peterman, G.M., Duby, A.C., Benjamin, D., Lee, S.J., and
Hafler, D.A. 1987. Functional y chain-associated T cell receptors on cerebrospinal
fluid-derived natural killer-like T cell clones. J. Exp. Med., 165:1453-1458.

Aparicio, P., Alonso, .M., Toribio, M. L., Gutierrez, J.C., Pezzi, L. and Martinez, A.C.
1989. Differential Growth Requirements and Effector Functions of o/ and /6 Human
T Cells. Immunol. Rev., 111:5-33.

Arya, S.K., Guo, C., Josephs, S.F., and Wong-Staal, F. 1985. Trans-activator gene of
human T-lymphotropic virus type III (HTLV-III). Science, 229:69-73.

Asjo, B., Albert, J., Karlsson, A., Morfeldt-Manson, L., Biberfeld, G., Lidman, K. and
Fenyo, E.M. 1986. Replicative capacity of human immunodeficiency virus from
patients with varying severity of HIV infection. The Lancet, 1:660-662.

Ault, K.A. 1983, Clinical Applications of Fluorescence-Activated Cell Sorting
Techniques. Diag, Immunol., 1:2-10.



-l TP A

[T e S e S R B R T I AR E AR R

89

Autran, B., Triebel, F., Katlama, C., Rozenbaum, W., Hercend, T., and Debre, P. 1989.
T cell receptor y/8+ lymphocyte subsets during HIV infection. Clin. Exp. Immunol.,
75:206-210.

Bank, I., DePinho, R.A., Brenner, M.B., Cassimeris, J., Alt, F.W., and Chess, L. 1986.
A functional T3 molecule associated with a novel heterodimer on the surface of
immature human thymocytes. Nature, 322:179-81.

Band, H., Hochstenbach, F., McLean, ., Hata, S., Krangel, M. 8., and Brenner, M. B.
1987. Immunochemical proof that a novel rearranging gene encodes the T cell receptor &
subunit. Science, 238:682-684.

Barre-Sinoussi, F,, Chermann, J.C., Rey, F., Nugeyre, M.T., Chamaret, S., Gruest, J.,
Dauget, C., AxlerBlin, C., Vézinet-Brun, F., Rouzioux, C., Rozenbaum, W., and
Montagnier, L. 1983. Isolation of a T-lymphotropic retrovirus from a patient at risk for
acquired immune deficiency syndrome (AIDS). Science, 220:868-871.

Belsito, D.V., Sanchez, M.R,, Baer, R.L., Valentine, F., and Thorbecke, G.J. 1984.
Reduced langerhans' cell Ta antigen and ATPase activity in patients with the acquired
immunodeficiency syndrome. N. Engl. J. Med., 310:1279-1282,

Benko, D.M., Schwartz, S., Pavlakis, G.N., and Felber, B.K. 1990. A novel human
immunodeficiency virus type 1 protein, tev, shares sequences with tat, env and rev
proteins. [, Virol., 64:2505-2518.

Bierer, B.E., Nishimura, Y., Burakoff, S.J., and Smith, B.R, 1988. Phenotypic and
functional characterization of human cytolytic T cells lacking expression of CD5. J.
Clin. Invest., 81: 1390-1397.

Borst, J., Prendiville, M. A., and Terhorst, C. 1983. The T3 complex on human T
lymphocytes involves four structurally distinct glycoproteins. J. Biol. Chem., 258:5135-
5141.

Borst, J., Spits, H., Voordouw, A., De Vries, E., Boylston, A., and De Vries, J.E. 1986.
A family of T-cell receptor molecules expressed on T-cell clones with different
specificities for allomajor histocompativility antigens. Human Immunol., 17:426-442,

Borst, J., Van De Griend, R. J., Dostveen, J. W., Ang, S.L., Melief, C.J., Seidman, J.G.
and, Bolhuis, R.L.H. 1987. A T-cell receptor ¥/CD3 complex found on cloned
functional lymphocytes. Nature, 325:683-688,

Borst, 1., Van Dongen, J., Bothuis, J.M., Reinder L.H., Peters, P.J., Hafler, D.A., De
Vries, E., and Van De Griend, R.J. 1988. Distinct molecular forms of human T cell
receptory/d detected on viable T cells by a monoclonal antibody. J. Exp. Med.,
167:1625-1644.



9

Bowen, D.L., Lane, H.C., and Fauci, A.S. 1985. Immunopathogenesis of the acquired
immunodeficiency syndrome. Ann. Intern. Med., 103:704-709.

Brenner, M.B., McLean, J., Dialynas, D.P., Strominger, J.L., Smith, J.A., Owen, F.L.,
Seidman, J.G., Ip S., Rosen, F., and Krangel, M.S. 1986. Identification of a putative
second T-cell receptor. Nature, 322:145-149,

Brenner, M.B., McLean, J., Scheft, H., Riberly, J., Ang, S., Seidman, J., Devlin, P., and
Krangel, M.S. 1987. Two forms of the T cell receptor ¥ protein found on peripheral
blood cytotoxic T lymphocytes. Nature, 325:689-693.

Burger, H., Weiser, B., Robinson, W.S., Lifson, J., Engleman, E., Rouzioux, C., Brun-
Vézinet, F., Barré-Sinoussi, F., Montagnier, L., and Chermann, J.-C. 1986.
Transmission of lymphadenopathy-associated virus/human T lymphotropic virus type ITI
in sexual partners: Seropositivity does not predict infectivity in all cases. Am. J. Med.,
81: 5-10.

Cantrell, D.A,, and Smith, K.A. 1983. Transient expression of interleukin-2 receptors:
consequences for T-cell growth. J. Exp. Med., 158:1895-1911.

Carbonari, M., Cherchi, M., Paganelli, R., Giannini, G., Galli, E., Gaetano, C., Papetti,
C., and Fiorilli, M. 1990. Relative increase of T cells expressing the gamma/delta rather
than the alpha/beta receptor in ataxia-telangiectasia. N, Engl. J. Med., 322:73-76.

Carter, N.P. and Meyer, E.W. Introduction to the principles of flow cytometry. In Flow
cytometry: a practical approach. Ed. Ormerod, M.G. Series editors Rickwood, D, and
Hames, B.D. IRL Press at Oxorf University Press, Oxford, London, 279pp.

Castro, B.A., Cheng-Mayer, C., Evans, LA, and Levy, .A. 1988, HIV heterogeneity
and viral pathogenesis. AIDS, 2, Suppl 1:517-527.

Ceuppens, J.L., and Baroja, M.L. 1986. Monoclonal antibodies to the CDS antigen can
provide the necessary second signal for activation of isolated resting T cells by solid-
phase-bound OKT3. J. Immunol., 137: 1816-1821.

Cheng-Mayer, C., Seto, D., Tateno, M., and Levy, J.A. 1988. Biologic features of HIV-
1 that correlate with virulence in the host. Science, 240:80-82.

Chien, Y.-H., Gascoigne, N.R.J., Kavaler, J., Lee, N.E. and Davis, M.M. 1984. Somatic
recombination in a murine T-cell receptor gene. Nature, 309:322-326.

Chirmule, N., Kalyanaraman, V.S., Slade, H., Oyaizu, N., and Pahwa, S. 1990,
Requirement of the T cell receptor for antigen presentation by T lymphocytes. Effect of
envelope glycoproteins of HIV-1 on antigen presentation by T cells. Clin. Exp.
Immunol., 80:161-166.



91

Ciccone E., Ferrini, S., Bottino, C., Viale, O., Prigione, 1., Pantaleo, G., Tambussi, G.,
Moretta, A. and Moretta, L. 1988. A monoclonal antibody specific for a common
determinant of the human T cell receptor /6 directly activates CD3+tWT31-
lymphocytes to express their functional program(s). J. Exp. Med., 168:1-11,

Clavel, F., Guetard, D., Brun-Vézinet, F.B., Chamaret, S., Rey, M.-A., Santos-Ferreira,
M.O., Laurent, A.G., Dauguet, C., Katlama, C., Rouzioux, C., Klatzmann, D.,
Champalimaud, J.L., and Montagnier, L. 1986. Isolation of a new human retrovirus
from West African patients with AIDS. Science, 233:343-347,

Cohen, E.A., Dehni, G., Sodroski, J.G., and Haseltine, W.A. 1990. Human

immunodeficiency virus vpr product is a virion-associated regulatory protein. J. Virol,,
64:3097-3099.

Coon, 1.S., Landay, A L., and Weinstein, R.S. 1987. Biology of discase. Advances in
flow cytometry for diagnostic pathology. Lab. Invest., 57:453-479.

Cullen, B.R. and Greene, W.C. 1989. Regulatory pathways governing HIV-1
replication. Cell, 58:423-426.

Dalgleish, A.G., Beverley, P.C., Clapham, P.R., Crawford, D.H., Greaves, M.F., and
Weiss, R.A. 1984, Nature, 312:763-767.

Dalgleish, A.G. and Colizzi, V. 1992, Role of major histocompatibility complex
recognition in the protection and immunopathogenesis of AIDS, AIDS, 6:523-525.

Dauphinée, M.J., Tovar, Z., Ballester, A., and Talal, N, 1989, The expression and
function of CD3 and CDS5 in patients with primary Sjbgren's syndrome. Arth. Rheum.,
32:420-429,

Dayton, A.L, Sodroski, J.G., Rosen, C.A., Goh, W.C,, and Haseltine, W.A. 1986. The
trans-activator gene of the hunab T ce) lynphotropic virus type III is required for
replication. Cell, 44:941-947.

De Martini, R.M., Turner, R.R., Formenti, S.C., Boone, D.C., Bishop, P.C., Levine,
AM. and Parker, J.W. 1988. Peripheral blood mononuclear cell abnormalities and their
relationship to clinical course in homosexual men with HIV infection. Clin. Immunol.
Immunopathol., 46:258-271.

De Paoli, P., Battistin, S., Crovatto, M. Modolo, M.L., Carbone, A., Tirelli, U., and
Santini, G. 1988. Immunologic abnormalities related to antigenaemia during HIV-1
infection. Clin. Exp. Immunol., 74:317-320.

De Paoli, P., Gennari, D., Basaglia, G., Mertelli, P., and Santini, G. 1990. Phenotypic
analysis of a CD2- CD3+ T Cell Receptor gamma delta lymphocyte subset. Immunol
Lett., 23:195-198.



92

Dialynas, D.P., Murre, C., Quertermous, T., Boss, J.M., Leiden, J.M., Seidman, J.G., and
Strominer, J.L. 1986. Cloning and sequence analysis of complementary DNA encoding
an aberrantly rearranged human T-cell gamma chain. Proc. Natl. Acad. Sci. U.S.A.,
83:2619-2623.

Doherty, J. and King, S. 1982. Pneumocystis carinii pneumonia in a homosexual male -
Ontario. Can. Dis. Wkly. Rep., 8:65-68.

Donahue, R.E., Jonhson, MM., Zon, L.1., Clark, S.C., and Groopman, J.E. 1987.
Suppression of in vitro haematopoiesis following human immunodeficiency virus
infection. Nature, 326:200.

Duh, E.J., Maury, W.J., Folks, T.M., Fauci, A.S. and Rabson, A.B. 1989. Tumor
necrosis factor o activates human immunodeficiency virus type 1 through induction of
nuclear factor binding to the NF-¥B sites in the long terminal repeat. Proc. Natl. Acad.
Sci. U.S.A., 86:5974-5978.

Ennen, J,, Seipp, 1., Norley, S.G., and Kurth, R. 1990. Decreased accessory cell
function of macrophages after infection with human immunodeficiency virus type 1 in
vitro. Eur. J. Immunol., 20:2451-2456.

Fabbi, M., Acuto, O., Smart, J.E., and Reinherz, E.L. 1984, Homology of Ti o.-subunit
of a T-cell antigen/MHC receptor with immunoglobulin, Nature, 312:269-271,

Fahey, J.L., Prince, H., and Weaver, M., Groopman, J., Visscher, B., Schwartz, K., and
Detels, R. 1984. Quantitative changes in T helper or T suppressor/cytotoxic lymphocyte
subsets that distinguish acquired immune deficiency syndrome from other immune subset
disorders. Am, J. Med., 76:95-100.

Fauci, A.S. 1988, The human immunodeficiency virus: infectivity and mechanisms of
pathogenesis. Science, 239:617-622.

Faure, F., Jitsukawa, S., Triebel, F., and Hercend, T. 1988. Characterization of Human
peripheral lymphocytes expressing the CD3-v/8 complex with anti-receptor monoclonal
antibodies. J. Inmuno}., 141: 3357-3360.

Fernandez-Cruz, E., Desco, M., Montes, M. G., Longo, N., Gonzalez, B., and Zabay, J.
M. 1990. Immunological and serological markers predictive of progression to AIDS in
a cohort of HIV-infected drug users. AIDS, 4: 987-994,

Ferrini, S., Bottino, C., Biassoni, R., Poggi, A., Sekaly, R. P., Moretta, L., and Moretta,
A. 1987. Characterization of CD3+, CD4-, CD8" clones expressing the putative T cell
receptor Y gene product. J. Exp. Med., 166: 277-82.



93

Fisch, P., Malkovsky, M., Kovats, S., Sturm, E., Braakman, E., Klein, B.S., Voss, S.D.,
Morrissey, L.W., DeMars, R., Welch, W.J., Bolhuis, R.L.H., and Sondel, P.M. 1990.
Recognition by human Vy9/V&2 T cells of a GroEL homolog on Daudi Burkitt's
lymphoma cells. Science, 250:1269-1273.

Fischer, A.G., Feingerg, M.B., Josephs, S.F. Harper, M.E., Marselle, L.M., Reyes, G.,
Gonda, M.A., Aldovin, A., Debouk, C., Gallo, R.C., and Wong-Staal, F. 1986. The
trans-activator gene of HTLV-III is essential for virus replication. Nature, 320:367-370.

Fiveson, D.P., Rheins, L.A., Nordlund, J.J., Pomaranski, M., Douglass, M.C., and Krull,
E.A. 1991. Thy-1 and T-cell receptor antigen expression inmycosis fungoides and
benign inflammatory dermatoses. J. Nat. Canc. Inst., 83, n015:1088-1092,

Fletcher, M. A., Azen, S. P., Adelsberg, B., Gjerset, G., Hasset, J., Kaplan, J., Niland,
J.C., Odom-Maryon, T., Parker, J.W., Stites, D.P., Mosley, J.W., and the Transfusion
Safety Study Group. 1989. Immunophenotyping in a multicenter study: The transfusion
safety study experience. Clin. Immunol. Immunopathol., 52:38-47.

Folks, T., Kelly, J., Benn, S., Kinter, A., Justement, J., Gold, J., Redfield, R., Sell, K.W.,
and Fauci, A.S. 1986. Susceptibility of normal human lymphocytes to infection with
HTLV-II/LAV. J. Immunol., 136:4049-4053.

Folks, T. M., Justement, J., Kinter, A., Schnittman, S., Orenstein, J., Poli, G., and Fauci,
A.S. 1988a. Characterization of a promonocyte clone chronically infected with HIV
and inducible by 13-phorbol-12-myristate acetate. J. Immunol., 140:1117-1122,

Folks, T.M., Kessler, S.W., Orenstein, J.M., Justement, J.S., Jaffe, E.S., and Fauci, A.S.
1988b. Infection and replication of HIV-1 in purified progenitor cells of normal human
bone marrow. Science, 242:919-922,

Forster, A., Huck, S., Ghanem, N., Lefranc, M.P. and Rabbitts, T.H., 1987. New
subgroups in the human T cell rearranging Vy gene locus. EMBO 1., 6:1945-1950,

Friedman-Kien A.E., Laubenstein, L. J., Rubinstein, P., Buimovici-Klein, E., Marmor,
M., Stahl, R,, Spigland, 1., Kim, K.S., and Zolla-Pazner, S. 1982. Disseminated
Kaposi's sarcoma in homosexual men. Ann. Intern. Med., 96: 693-700.

Gabudza, D.H., Ho, D.D., De 1a Monte, S.M., Hirsch, M.S,, Rota, T.R., and Sobel, R.A.
1986. Immunohistochemical identification of HTLV-III antigen in brains of patients
with AIDS. Ann, Neurol., 20:289-295.

Gartner, S., Markovits, P., Markovitz, D.M., Kaplan, M.H., Gallo, R.C., and Popovic, M.
1986. The Role of mononuclear phagocytes in HTLV-IIVLAY infection. Science,
233:215-219,



94

Gelderblom, H.R., Haussman, E.H.S., Ozel, M., Pauli, G., and Koch, M.A. 1987, Fine
stucture of human immunodeficiency virus (HIV) and immunolocalization of structural
proteins. Virol., 156:171-176.

Gendelman, H.E., Baca, L.M., Husagni, H., Turpin, J.A., Skillman, D., Kalter, D.C.,
Orenstein, J.M., Hoover, D.L., and Meltzer, M.S. 1990. Macrophage-HIV interaction:
viral isolation and target cell tropism. AIDS, 4:221-228.

Gerli, R., Agea, E., Bertotto, A., Tognellini, R., Flenghi, L., Spinozzi, F., Velardi, A.,
and Grignani, F. 1991, Analysis of T cells bearing different isotypic forms of the y/8 T

cell receptor in patients with systemic autoimmune diseases. J. Rheumatol., 18,
no010:1504-1510.

Giorgi, J.V. 1986. Lymphocyte subset measurements: significance in clinical medicine.
In Manual of Clinical Laboratory Immunology ed. Fahey J. L., Friedman, H., Rose, N.R.
Washington DC. American Society For Microbiology, pp 236-246.

Giorgi, J.V., Fahey, J.L., Smith, D.C., Hultin, L.E., Cheng, H.-L., Mitsuyasu, R.T. and
Detels, R. 1987. Early effects of HIV on CD4 lymphocytes in vivo. J. Immunol.,
138:3725-3730.

Giorgi, J. V., and Roger D. 1989. T-cell subset alterations in HIV-infected homosexual
men: NIAID multicenter AIDS cohort study. Clin. Immunol. Immunopathol., 52:10-18,

Goedert. 1.J., Biggar, R.J., Melbye, M., Mann, D.L., Wilson, S., Gail, M.H., Grossman,
R.J, Digionia, R.A,, Sanchez, W.C., Weiss, S.H. and Blattner, W.A. 1987, Effect of T4
count and cofactors in incidence of AIDS in homosexual men infected with human
immunodeficiency virus. JAM.A,, 257:331-334,

Golding, H., Robey, F.A., Gates IIl, E.T., Linder, W., Beining, P.R., Hoffman, T. and
Golding, B. 1988. Identification of homologous regions in human immunodeficiency
virus I gp41 and human MHC class II B 1 domain. J. Exp. Med., 167:914.923,

Gottlieb M.S., Schanker H.M,, Fan P.T., Saxon, A., and Weisman, J.D. 1981a. CDC.
Pneumocystis pneumonia- Los Angeles,. MMWR 1981. 30:250-251.

Gottlieb, M.S., Schroff, R., and Schanker, H.M., 1981b. Pneumocystis carinii
pneumonia and mucosal candidiasis in previously healthy homosexual men: evidence of
a new acquired cellular immunodeficiency. N. Engl. J. Med., 305:1425-1431.

Gowda, S.D., Stein, B.S., Mohagheghpour, N., Benike, C.J., and Engleman, E.G. 1989,
Evidence that T cell activation is required for HIV-1 entry in CD4+ lymphocytes. J.
Immunol., 142:773-780.

Greene, W.C. 1990. Regualtion of HIV-1 genome expression. Ann. Rev. Immunol.,
8:453-475.



95

Greenstein, J.L., Kappler, J., Marrack, P., and Burakoff, S.J. 1984, The role of L3T4 in
recognition of Ia by a cytotoxic, H-2Dd-specific T cell hybridoma. J. Exp. Med.,
159:1213-1224.

Groh, V., Porcelli, S., Fabbi, M., Lanier, L.L., Picker, L.J., Anderson, T., Warnke, R. A.,
Bhan, A.K., Strominger, J.L., and Brenner, M.B. 1989. Human lymphocytes bearing T
cell receptor y/3 are phenotypically diverse and evenly distributed throughout the
lymphoid system. J. Exp. Med., 169:1277-1294,

Gupta, S.A. 1986, Abnormality of Leu 2+ Len 7+ cells in acquired immunodeficiency
syndrome (AIDS), AIDS related complex, and asymptomatic homosexuals. J. Clin,
Immunol., 6: 502-509.

Gurney, MLE., Apatoff, B.R., Spear, G.T., Baumel, M.J., Antel, J.P., Bania, M.B,, and
Reder, A.T. 1986a. Neuroleukin: a lymphokine product of lectin-stimulated T cells.
Science, 234:574-581.

Gumey, M.E., Heinrich, S.P., Lee, M.R., and Yin, H.-S. 1986b. Molecular cloning and

expression of neuroleukin, a neurotrophic factor for spinal and sensory neurons. Science,
234:566-574.

Habeshaw, J.A. and Dalgleish, A.G. 1989. The relevance of HIV env/CD4 interactions
to the pathogenesis of acquired immune deficiency syndrome. J.AIDS, 2: 457-468.

Hahn, B.H., Shaw, G.M., Taylor, M.E., Redfield, R.R., Markham, P.D., Salahuddin,
S.Z., Wong-Staal, F,, Gallo, R.C., Parks, E.S., and Parks, W.P, 1986. Genetic variation
in HTLV-III/LAV over time in patients with AIDS or at risk for AIDS. Science,
232:1548-1553.

Hannum, C.H., Kappler, J.W., Trowbridge, 1.S., Marrack, P., and Freed, J.H. 1984.
Immunoglobulin-like nature of the o-chain of a human T-cell antigen/MHC receptor.
Nature, 312:65-67.

Haseltine, W.A. and Wong-Staal, F. 1988. The molecular biology of the AIDS virus.
Sci. Amer., 259: 52-63.

Haskins, K., Kubo, R., White, J., Pigeon, M., Kappler, J., and Marrack, P. 1983. The
major histocompatibility complex-restricted antigen receptor on T cells. I. Isolation
with a monoclonal antibody. J. Exp. Med., 157:1149-1169,

Hassan, J., Feighery, C., Bresnihan, B., and Whelan, A. 1991, Elevated T cell receptor
gamma delta + T cells in patients with infectioius mononucleosis. B. J. Haematol.,,
77:255-256.



96

Hayward, A.R., Kurnick, J.T., and Clarke, D.R. 1981. T cell growth factor-enhanced
PHA response of Human thymus cells: requirement for T3+ cells. J. Immunol., 127:
2079-2082.

Hemler, M.E., Brenner, M.B., McLean, .M., and Strominger, J.L. 1984, Antigenic
stimulation regulates the level of expression of interleukin 2 receptor on human T cells.
Proc. Natl. Acad. Sci. U.S.A., 81:2172-2175.

Ho, D.D., Rota, T.R., and Hirsch, M.S. 1985. Antibody to lymphadenopathy-associated
virus in AIDS. N. Engl. J. Med., 312:649-650.

Ho, D.D., Rota, T.R., and Hirsch, M.S. 1986. Infection of monocyte/macrophages by
human T lymphotrophic virus type IIL. I, Clin, Invest., 77:1712-1715.

Ho, D.D., Pomerantz, R.J., and Kaplan, J.C. 1987. Pathogenesis of infection with
human immunodeficiency virus. New Engl. J. Med., 317: 278-286.

Ho, D.D., Moudgil, T., and Alam, M. 1989. Quantitation of human immunodeficiency
virus type I 'in the blood of infected persons. New Engl. J. Med., 321: 1621-1631.

Hochstenbach, F., Parker, C., McLean, J., Gieselmann, V., Band, H., Bank, L, Chess, L.,
Spits, H., Strominger, J.L., and Brenner, M.B. 1988. Characterization of a third form of
the Human T cell receptor ¥3. J. Exp. Med., 168:761-776.

Hohlfeld, R., Engel, A.G,, Ii, K., and Harper, M.C. 1991. Polymyositis mediated by T
lymphocytes that express the g/d receptor. New Engl. J. Med., 324:877-881.

Honda, M., Kitamura, K., and Matsuda, K. 1989, Soluble IL-2 receptors in AIDS.
Correlation of its serum level with the classidication of HIV-induced diseases and its
characterization. J. Immunol., 142:4248-4255.

Hounsell, B., Renouf, D., Liney, D., Dalgleish, A.G., and Habeshaw, J. 1991, A
proposed molecular model of gp120 showing streuctural features of a T cell alloepitope.
Mol. Asp. Med., 12 no4:283-296.

Huck, S., Dariavach, P., and Lefranc, M.P. 1988. Varibic region genes on the human T-
cell rearranging gamma (TRG) locus: V- junction and homology with the mouse genes.
EMBO ], 7:719-726.

Hudson, J.L., Duque, R.E., and Lovett, E.J. 1985, Application of Flow Cytometry in
Immunotoxicology. In Immunotoxicology and Immunopathology, J.Dean et al. eds.,
Raven Press, New York, pp.159-177.

Huminer D, Rosenfeld, I.R., and Pitlik, S.D. 1987. AIDS in the pre-AIDS era. Rev.
Infect. Dis., 9:1102-1108.



97

Imboden, I.B., and Stobo, J.D, 1985. Transmembrane signalling by the T cell antigen
receptor. J. Exp. Med., 161:446-456.

Imboden, J.B., June, C.H., McCutcheon, M.A., and Ledbetter, J.A. 1990. Stimulation of

CDS5 enhances signal transduction by the T cell antigen receptor. J. Clin. Invest., 85:
130-134.

Innocenti, P.S., and Seigneurin, .M. 1990. HIV-2 chronic infection of promonocytic
cells. Res. Virol,, 141:267-278.

Toannides, C.G., Itoh, K., Fox, F.E., Pahwa, R., Good, R.A., and Platsoucas, C.D. 1987.
Identification of a second T-cell antigen receptor in human and mouse by an anti-peptide
v-chain-specific monoclonal antibody. Proc. Natl. Acad. Sci. U.S.A., 84:4244-4248,

Jackson, D.G. and Bell, I.I. 1990, Isolation of a cDNA encoding the human CD38
(T10) molecule, a cell surface glycoprotein with an unusual discontinuous pattern of
expression during lymphocyte differentiation. J.Immunol., 144:2811-2815.

Janeway, C. A.,Jr, Jones, B. and Hayday, A. 1988, Specificity and function of T cells
bearing ¥3 receptors. Immunol, Today, 9:73-76,

Jitsukawa, S., Faure, F., Lipinski, M., Triebel, F., and Hercend, T. 1987. A novel subsct
of human lymphocytes with a T cell receptor-y complex. J. Exp. Med., vol. 166:1192-
1197,

Jones, N., Leiden, J., Dialynas, D., Fraser, J., Clabby, M., Kishimoto, T., Strominger,
J.L., Andrews, D., Lane, W., and Woody, J. 1985. Partial primary structure of the alpha
and beta chains of human tumor T-cell receptors. Science, 227:311-314.

Kalyanaraman, V.S, Sarngadharan, M.G., Robert-Guroff, M., Miyoshi, I., Blayncy, D.,
Golde, D., and Gallo, R.C. 1982. A new subtype of human T-cell leukemia virus
(HTLV-II) associated with a T-cell variant of hairy cell leukemia. Science, 218:571-575.

Kanki, P.J., Barin, F., M'Boup, S., Allen, J.S., Romet-Lemonne, J.L., Marlink, R.,
McLame, M.F., Lee, T.-H., Arbelle, B., Denis, F., and Essex, M. 1986. New human T-
lymphotropic retrovirus related to simian T-lymphotropic virus type III (STLV-III
AGM). Science, 232:238-243.

Kim, S, Bym, R., Groopman, J., and Baltimore, D. 1989. Temporal aspects of DNA
and RNA synthesis during human immunodeficiency virus infection: evidence for
differential gene espression. J, Virol., 63: 3708-3713.

Kion, T., and Hoffmann, G. 1991. Anti-HIV and anti anti-MHC antivodies in
alloimmune and autoimmune mice. Science, 253:1138-1141.



98

Klatzmann, D., Champagne, E., and Chamaret, S., Gruest, J., Guetard, D., Hercend, T.,
Gluckman, J.-C., and Montagner, L. 1984. T-lymphocytes T4 molecule
behaves as the receptor for human retrovirus LAV, Nature, 312: 767-768.

Klimkait, T., Strebel, K., Hoggan, M.D., Martin, M.A., and Orenstein, .M. 1990. The
human immunodeficiency virus type 1-specific protein vpu is required for efficient virus
maturation and release. J. Virol., 64:621-629,

Knapp, W., Rieber, P., Dorker, B., Schmidt, R. E., Stein, H., Borne, and AEGKvd.
1989. Towards a better definition of human leucocyte surface molecules. Immunol.
Today 10: 253-258.

Knight, S. C. and Macatonia, S. E. 1991. Effect of HIV on antigen presentation by
dendritic cells and macrophages. Res. Virol., 142:123-128,

Koenig, S., Gendelman, H.E., Orenstein, JM., Dal Canto, M.C., Pezeshkpour, G.H.,
Yungbluth, M., Janotta, F., Adsamit, A., Martin, M.A., and Fauci, A.S. 1986, Detection
of AIDS virus in macrophages in brain tissue from AIDS patients with encephalopathy.
Science, 233:1089-1093.

Koenig, s., Fuerst, T.R., Wood, L.V., Woods, R.M., SWuzich, J.A., Jones, G.M., De La
Cruz, V.F,, Davey, R.T., Venkatesan, S., and Moss, B. 1990. Mapping the fine
specificity of a cytolytic T cell response to HIV-1 nef protein. J. Immunol., 145:127-
135,

Kohler, G., and Milstein, C. 1975. Continuous cultures of fused cells secreting antibody
of predefined specificity, Nature, 256:495-497.

Koyanagi, Y., Miles, S., Mitsuyasu, R.T., Merrill, J.E., Vinters, H.V., and Chen, L.S.Y.
1987. Dual infection of the central nervous system vby AIDS viruses with distinct
cellular tropisms. Science, 236:819-822.

Kozbor, D., Trinchieri, G., Monos, D. S., Isobe, M., Russo, G., Haney, J. A., Zmijewski,
C. and Croce, C. M. 1989. Human TCR-y*/5%, CD8* T lymphocytes recognize tetanus
toxoid in an MHC-restricted fashion. J. Exp. Med., 169:1847-1851.

Krangel, M.S., Band, H. id, Hata, S., McLean, J., and Brenner, M.B. 1987. Structurally
divergent human T cell receptor y proteins encoded by distinct Cy genes. Science, 237;
64-67.

Landay, A., Ohlsson-Wilhelm, B., and Giorgi, J. V. 1990. Application of flow
cytometry to the study of HIV infection. AIDS, 4:479-497.

Lang, W, Perkins, H., Anderson, R., Royce, R., Jewell, N., and Wiukelstein, W. 1989.
Patterns of T lymphocyte changes with human immunodeficiency virus infection: from
seroconversion to development of AIDS. J. AIDS, 2:63-69,



Lanier, L.L., and Weiss, A. 1986. Presence of Ti (WT31) negative T lymphocytes in
normal blood and thymus. Nature, 324: 268-270.

Lanier, L.L., Allison, J.P., and Phillips, .H. 1986a. Correlation of cell surface antigen
expression on human thymocytes vy multi-color flow cytometric analysis: implications
for differentiation. J. Immunol., 137:2501-2507.

Lanier, L.L.., Le Am, Civin, C.L., Loken, M.R., and Phillips, J.H. 1986b. The
:elationship of CD16 (Leu 11) and Leu 19 (NKH-1) antigen expression on human
peripheral blood NK celis and cytotoxic T lymphocytes, J. Immunol., 136: 4480-4486.

Lanier, L..L., Philips, J.H., Hackett, J., Tutt, M., and Kumar, V. 1986¢. Natural killer
cells: dzfinition of a cell type rather than a function. J. Immunol., 137: 2735-2739.

Lanier, L.L., Ruitenberg, I.J., and Philips, J.H. 1986d. Human CD3* T lymphocytes
that express neither CD4 nor CD8 antigens. J. Exp. Med., 164:339-344,

Lanier, L.L., Federspiel, N.A., Ruitenberg, 1.J., Philips, J.H., Allison, J.P., Littman, D.
ar d Weiss, A. 1987. The T cell antigen receptor complex expressed on normal
peripheral blood CD4-CD8" T lymphocytes. A CD3-associated disulfide-linked y chain
heterodimer. J. Exp. Med., 165:1076-1094,

Ledbetter, J.A., Martin, P.J., Spooner, C.E., Wofsy, D., Tsu, T.T., Beatty, P.G., and
Gladstone, P. 1985. Antibodies to Tp67 and Tp44 augment and sustain proliferative
responses of activated T cells. J. Immunol., 135: 2331.2336.

Lefranc, M.P. and Rabbitts, T.H. 1985. Two tandemly organized human genes encoding
the T-cell g constant-region sequences show multiple rearrangement in different T-cell
types. Nature, 316:464-466.

Lefranc, M.P,, Forster, A., and Rabbitts, T.H. 1986a. Rearrangement of two distinct T-
cell y-chain variable-region genes in human DNA. Nature, 319:420-422,

Lefranc, M.P., Forster, A., and Rabbitts, T.H. 1986b. Genetic polymorphism and exon
changes of the constant regions of the human T-cell rearranging gene y. Proc. Natl.
Acad. Sci. U.S.A., 83:9596-9600.

Lefranc, M.P., Forster, A., Baer, R., Stinson, M.A., and Rabbitts, T.H. 1986¢. Diversity
and rearrangement of the human T cell rearranging Y genes: Nine germ-line variable
genes belonging to two subgroups, Cell, 45:237-246.

Lew, A M., Pardoll, D.M., Maloy, L. W., Fowlkes, B.J., Kruisbeek, A., Cheng, S.-F.,
Germain, R.N., Bluestone, J.A., Schwartz, R. H., and Coligan, JL.E. 1986.
Characterization of T cell receptor gamma chain expression in a subset of murine
thymocytes. Science, 234:1401.



100

Lewis, D.E., Puck, .M., Babcock, G.F., and Rich, R.R. 1985. Disproportionate
expansion of a minor T cell subset in patients with lymphadenopathy syndrome and
acquired immunodeficiency syndrome. J. Infect. Dis., 151: 555-559.

Lifson, J.D., Feinberg, M.B., Reyes, G.R., Rabin, L., Banapour, B., Chakrabarti, S.,
Moss, B., Wong-Staal, F., Steimer, K.S., and Engleman, E.G. 1986. Induction of CD4-
dependent cell fusion by the HTLV-II/LAV envelope glycoprotein. Nature 323: 725-
728,

Littman, D.R., Newton, M., Crommie, D., ang., S.-L., Seidman, J.G., Gettner, S.N., and
Weiss, A. 1987. Characterization of an expressed CD3-associated Ti y-chain reveals Cg
domain polymorphism. Nature, 326:85-88.

Loh, E.Y., Lanier, L.L., Turck, C.W., Littman, D.R., Davis, M.M., Chien, Y.-H. and
Weiss, A. 1987. Identification and sequence of a fourth human T cell antigen receptor
chain. Nature, 330:569-572.

Loken, M.R., Brosnan, J. M., Back, B.A., and Ault, K.A. 1990. Establishing optimal
lymphocyte gates for immunophenotyping by flow cytometry. Cytometry, 11, no4:453-
459,

Lovett, E.J., Schnitzer, B., Keren, D.F., Flint, A., Hudson, J.L., and McClatchey, K.D.
1984. Application of Flow Cytometry to Diagnostic Pathology. Lab. Invest., 50:115-
140,

McDougal, 1.S., Mawle, A., Cort, S.P., Nicholson, J.K.A., David Cross, G., Scheppler-
Campbell, J.A., Hicks, D., and Sligh, J. 1985, Cellular tropism of the human retrovirus
HTLV-II/LAV. 1. Role of T cell activation and expression of the T4 antigen. J.
Immunol., 135:3151-3162.

McElrath, M.1., Pruett, J.E. and Cohn, Z.A. 1989. Mononuclear phagocytes of blood
and bone marrow: comparative roles as viral reservoirs in human immunodeficiency
virus type 1 infections. Proc. Natl. Acad. Sci. U.S.A., 86:675-679.

McElrath, M.J,, Steinman, R.M., and Cohn, Z.A. 1991. Latent HIV-1 infection in
enriched populations of blood monocytes and T cells from seropositive patients. J. Clin.
Invest., 87:27-30.

Macatonia, S.E., Gompels, M., Pinching, A.J., Patterson, S. and Knight, S.C. 1992,
Antigen presentation by macrophages but not by dendritic cells in human
immunodeficiency virus (HIV) infection. Immunol., 75:575-581.

Maddon, P.J., Dalgleish, A.G., McDougal, I.S., Clapham, P.R., Weiss, R.A., and Axel,
R. 1986. The T4 gene encodes the AIDS virus receptor and is expressed in the immune
system and the brain. Cell, 47:333-348,



101

Malim, M.H., Hauber, J., Fenrick, R., and Cullen, B.R. 1988. Immunodeficiency virus

rev trans-activator moculates expression of the viral regulatory genes. Nature, 335:181-
183.

Margolick, J.B., Volkman, D.J., Folks, T.M.,, and Fauci, A.S. 1987. Amplification of
HTLV-IIVLAYV infection by antigen-induced activation of T cells and direct suppression
by virus of lymphocyte blastogenic responses. J. Immunol., 138:1719-1723.

Marrack, P., Endree, R., Schimonkevitz, R., Ziotnik, A., Dialynas, D., Fitch, F., and
Kappler, J. 1983. The major histocompatibillity complex-restricted antigen receptor on
T cells. II. Role of the L3T4 product. J. Exp. Med., 158:1077-1091.

Matsuyama, T., Yoshiyama, H., Hamamoto, Y., Yamamoto, N., Soma, G.I., Mizune, D.
and Kobayashi, N. 1989. Enhancement of HIV replication and giant cell formation by
tumor necrosis factor. AIDS Res. Hum. Retrov., 5:139-146.

Melbye, M., Biggr, R.J., Ebbesen, P., Neuland, C., Goedert, 1.J., Faber, V., Lorenzen, L.,
Skinhoj, P., Gallo, R.C., and Blattner, W.A. 1986. Long term seropositivity for human
T-lymphotropic virus type III in homosexual men without the acquired
immunodeficiency syndrome: Decvelopment of immunologic and clinical abnormalities.
A longitudinal study. Ann, Intern. Med. 104:496-500.

Melmed, R.N., Taylor, J.M.G., Detels, R., Bozorgmehri, D., and Fahcy, J.L. 1989.
Serum neopterin changes in HIV-infected subjects: indicator of significant pathology,
CD4 T cell changes, and the development of AIDS. J. AIDS, 2:70-76.

Metroka, C.E., Cunningham-Rundles, S., and Pollack, M.S. 1983. Generalized
lymphadenopathy in homosexual men. Ann. Intern. Med., 99: 585-591.

Meuer, S.C., Schlossman, S.F., and Reinherz, E. 1982. Clonal analysis of human
cytotoxic T lymphocytes: T4+ and T8+ effector T cells recognize products of different
major histocompatibility complex regions. Proc, Natl. Acad. Sci. U.S.A., 79:4395-4399,

Meuer, S.C., Acuto, O., HUssey, R.E., Hodgdon, J.C., Fitzgerald, K.A,, Schlossman,
S.F., and Reinherz, EL. 1983. Evidence for the T3-associated 90KD heterodimer as the
T cell antigen receptor. Nature, 303:808.

Meuer, S.C., Hussey, R.E., Cantrell, D.A., Hodgon, J.C., Schlossman, S.F., Smith, K.A,,
and Reinherz, E.L. 1984, Triggering of the T3-T1 anti-receptor complex results in
clonal T cell proliferation through an interleukin 2 dependent autocrine pathway. Proc.
Natl. Acad. Sci. U.S.A,, 81:1509-1513.



102

Moingeon, P., Ythier, A., Goubin, G., Faure, F., Nowill, A., Delmon, L., Rainand, M.,
Forestier, F., Daffos, F., Bohuon, C., and Hercend, T. 1986. A unique T-cell receptor
complex expressed on human fetal lymphocytes dispaying natural-killer-like activity.
Nature, 323:638-640.

Moingeon, P., Jitsukawa, S., Faure, F., Troalen, F., Triebel. F., Graziani, M., Forestier,
F., Bellet, D., Bohuon, C., and Hercend, T. 1987. A v chain genes are rearranged in
leukemic T cells and map to the short arm of chromosome 7. Nature, 325:723-726.

Moller, G. 1981. T cell clones. Immunol. Rev., 54.
Moller, G. 1983. T cell hybrids. Immunol. Rev., 76.

Moretta, L., Pende, D., Bottino, C., Migone, N., Ciccone, E., Ferrini, S., Mingari, M.C.,
and Moretta, A, 1987, Human CD3+4-8-WT31" T lymphocyte populations expressing
the putative T cell receptro y-gene product. A limiting dilution and clonal analysis. Eur.
J. Immunol., 17:1229-1234,

Moretta, A., Botitino, C., Ciccone, E., Tambussi, G., Mingari, M. C., Ferrini, S., Casorati,
G., Varese, P., Viale, O., Migone, N, and Moretta, L. 1988. Human peripheral blood
lymphocytes bearing T cell receptor /0. J. Exp. Med. 168:2349-2354.

Morio, T., Nagasawa, M., and Yata, J.-I. 1992. Gamma-delta T cells in patients with
primaty immunodeficiency syndrome: their function and a possible role in the
pathogenesis. Chem. Immunol., 53:102-120,

Moss, A.R,, Bacchetti, P., Osmond, D., Krampf, W., Chaisson, R.E., Stites, D., Wilber,
J., Allain, J.-P., and Carlson, J. 1988. Seropositivity for HIV and the development of
AIDS or AIDS-related condition: three-year follow-up of the San Francisco General
Hospital cohort. Brith. Med. J., 296:745-750.

Moss, A.R. 1990. Laboratory markers as potential surrogates for clinical outcomes in
AIDS trials. J. AIDS, 3,n02:869-871.

Murre, C., Waldman, R.A., Morton, C.C., Bongiovanni, K.F., Waldmann, T.A., Showa,
T.B., and Seidman, J.G. 1985. Human y-chain genes are rearranged in leukaemic T cells
and map to the short arm of chromosome 7. Nature, 316:549-552.,

Nabel, G.J., and Baltimore, D. 1987. An inducible transcription factor activates
expression of human immunodeficiency virus in T cells. Nature, 326:711-713.

Newell, G.R., Mansell, P.W.A,, and Spitz, M.R. 1985. Use and adverse effects related
to the current epidemic of the acquired immure deficiency syundrome. Ann. Intern.
Med., 78: 811-816.



103

Nicholson, J.K.A., Cross, G.D., Callaway, C.S., and McDougal, J.S. 1986. In vitro
infection of human monocytes with human T lymphotrophic virus type III/
lymphadenopathy-associated virus (HTLV-TIVLAV). J. Immunol., 137:323-329.

Niederman, T.M., Thielan, B.J., Ratner, L. 1989. Human immunodeficiency virus type
I negative factor is a transcriptional silencer. Proc. Natl. Acad. Sci. U.S.A., 86:1128-
1132

Nossal, G.J.V. 1987. The basic components of the immune system. New Engl. J. Med.,
316: 1320-1325.

OFlynn, K., Zanders, E.D., Lamb, J.R., Bevetley, P.C.L., Wallace, D.L., Tatham,
P.E.R,, Tax, W.IM,, and Linch, D.C. 1985. Investigation of early T cell activation:
Analysis of the effect of specific antigen, interleukin 2 and monoclonal antibodies on
intracellular free calcium concentration. Eur, J. Immunol., 15:7-11.

Oettgen, H.C., Kappler, J., Tax, W.L.M., and Terhorst, C. 1984. Characterization of the
two heavy chains of the T3 complex on the surface of human T lymphocytes. J. Biol.
Chem., 259:12039-12048.

Oettgen, H.C., Terhorst, C., Cantley, L.C., and Rusoff, P.M. 1985, Stimulation of the

T3-T cell receptor complex induces a membrane-potential-sensitive calcium influx. Cell,
40:583-590.

Okamoto, T., Matsuyama, T., Mori, S., Hamamoto, Y., Kobayashi, N., Yamamoto, N.,
Josephs, S.FF,, Wong-Staal, F. and Shimotohno, K. 1989. Augmentation of human
immunodeficienc; virus type 1 gene expression by tumor necrosis factor o, AIDS Res.
Hum. Retrov.,, 5, 131-138.

Osborn, L., Kunkel, S. and Nabel, G.J. 1989. Tumor necrosis factor o and interleukin 1
stimulate the human immunodeficiency virus enhancer by activation of the nuclear factor
%B. Proc. Natl. Acad. Sci. U.S.A., 86:2336-2340.

Pantaleo, G., Ferrini, S., Zocchi, M.R., Bottino, C., Biassoni, R., Moretta, L., and
Moretia, A. 1988. Analysis of signal transducing mechanisms in CD3* CD4- CD§~
cells expressing the putative T cell receptor y-gene product. J. Immunol., 139:3580.

Pardoll, D.M., Fowlkes, B.J., Bluestone, J.A., Kruisbeek, A., Maloy, W.L., Coligan, J.E.,
and Schwartz, R.H. 1987. Differential expression of two distinct T-cell receptors during
thymocyte development. Nature, 326:79-81.

Paxton, H., Kidd, P., Landay, A., Giorgi, J., Flomenberg, N., Walker, E., Valentine, F.,
Fahey, 1., and Gelman, R. 1989. Results of the Flow Cytometry ACTG Quality Control
Program: Analysis and Findings. Clin. Immunol. Inmunopath., 52:68-84.



104

Peterlin, B., Luciw, P., Barr, P., and Walker, M. 1986. Elevated levels of mRNA can
account for the transactivation of human immunodeficiency virus. Proc. Natl. Acad.
Sci., U.S.A,, 83:9734-9738.

Peterlin, B.M. and Luciw, P.A, 1988. Molecular biology of HIV. AIDS, 2:529-40.

Poiesz, B.J., Ruscetti, F.W,, Gazdas, A.F., Bunn, P.A., Minna, J.D., and Gallo, R.C.
1980. Detection and isolation of type-C retrovirus particles from fresh and cultured
lymphocytes of patients with cutaneous T-cell lymphoma. Proc. Natl, Acad. Sci.
U.S.A,, 77:7415-7419.

Polk. B.F,, Fox, R., Brookmeyer, R., Kanchanaraksa, S., Kaslow, R., Visscher, B.,
Rinaldo, C., and Phair, J. 1987. Predictors of the acquired immunodeficiency syndrome
developing in a cohort of seropositive homosexual men. N. Engl. J. Med., 316:61-66.

Popovic, M., Sarngadharan, M.G., Read, E., and Gallo, R.C. 1984. Detection, isolation,
and continuous production of cytopathic retrovirus (HTLV-III) from patients with AIDS
and pre-AIDS. Science, 224:497-500.

Porcelli, S., Brenner, M.B., and Band, H. 1991. Biology of the human gamma delta T-
cell receptor. Immunol. Rev.,, 120:137-183.

Potts, B.J., Wendy, M., and Martin, M.A. 1990. Replication of HIV-1 in primary
monocyte cultures. Virol., 175:465-476.

Preston, B.D., Poiesz, B.J., and Loeb, L.A. 1988. Fidelity of HIV-1 reverse
transcriptase. Science, 242: 1168-1171.

Prince, H.E., Kreiss, J.K., and Kasper, C.K., Kleinman, S., Saunders, A.M., Waldbeser,
L., Mandigo, G., and Kaplan, H.S. 1985. Distinctive lymphocyte subpopulation
abnormalities in patients with congenital coagulation disorders who exhibit lymph node
enlargement. Blood, 66:64-68.

Prince, H.E., Lleinman, S., Czaplicki, C., John, J., and Williams, A.E. 1990.
Interrelationships between serologic markers of immune activation and T lymphocyte
subsets in HIV infection, J. AIDS, 3: 525-530.

Quertermous, T., Murre, C., Dialynas, D., Duby, A.D., Strominger, J.L., Waldman, T.A.,
and Seidman, J.G. 1986a. Human T-cell ychain genes: Organization, diversity, and
rearrangement. Science, 231:252-255.

Quertermous, T., Strauss, W., Murre, C., Dialynas, D., Strominger, J.L., and Seidman,
J.G. 1986b. Human T-cell y genes contain N segments and have marked junctional
variability. Nature, 322:184-187.



105

Quertermous, T., Strauss, W., Van Dongen, J.J.M., and Seidman, J.G. 1987. Human T
cell -y chain joining regions and T cell development. J. Immunol., 138:2687-2690.

Quinn, T.C., Mann, J.M,, Curran, J.W., and Piot, P. 1986. AIDS in Aftica: an
epidemiologic paradigm. Science, 234:955-963.

Reinherz, E.L., Kung, P.C., Goldstein, G., and Schlossman, S.F. 1979. A monoclonal
antibody with selective reactivity with functionally mature human thymocytes and all
peripheral human T cells. J. Immunol., 123: 1312-1317.

Reis, M.D., Griesser, H., and Mak, T.W. 1990. T cell receptor and immunoglobulin
genes in hematologic malignancies. Tumor Biol., 11, Spl.1:59-77.

Robb, R.J., and Kutny, R.M. 1987. Structure-function relationship for the IL2-receptor
system. IV. Analysis of the sequence and ligand-binding properties of soluble Tac
protein. J. Immunol., 139: 855-962.

Robert-Guroff, M., Brown, M., and Gallo, R.C. 1985. HTLV-III-neutralizing antibodies
in patients with AIDS and AIDS-related complex. Nature, 316:72-74,

Roberts, 1.D., Bebenek, K. and Kunkel, T.A. 1988. The accuracy of reverse transcriptase
from HIV-1. Science 242: 1171-1173.

Rubin, L.A., Kurman, C.C., and Fritz, M.E. 1985. Soluble interleukin-2 receptors are
released from activated human lymphoid cells in vitro. J. Immunol., 135; 3172-3177.

Sadat-Sowti, B., Debre, P., Idziorek, T., Guillon, J.-M., Hadida, F., Okzenhendler, E.,
Kadama, C., Mayaud, C. and Autran, B. 1991. A lectin-binding soluble facyor relcased
by CD8+CD57+ lymphocytes from AIDS patients inhibits cell cytotoxicity. Eur, J.
Immunol., 21:737-741.

Saito, H., Kranz, D.M., Takagaki, Y., Hayday, A.C., Eisen, H.N., and Tonegawa, S.
1984a. A third rearranged and expressed gene in a clone of cytotoxic T lymphocytes.
Nature, 312:36-40,

Saito, H., Kranz, D.M.,, Takagaki, Y., Hayday, A.C., Eisen, H.N., and Tonegawa, S.
1984b. Complete primary structure of a heterodimeric T-cell receptor deduced from
¢DNA sequences. Nature, 309:757-762.

Salahuddin, S.Z., Rose, R.M., Giroopman, .E., Markham, P.D., and Gallo, R.C. 1986.

Human T lymphotropic virus type III infection of human alveolar macrophages. Blood,
68:281-284.

Salfeld, J., Gottlinger, H.G., Sia, R.A., PArk, R.E., Sodroski, J.G., and Haseltine, W.A.
1990. A tripartite HIV-1 tat-env-rev fusion protein. EMBO J., 9:965-970,



106

Samelson, L.E., Harford, J.B., and Klausner, R.D. 1985. Identification of the
components of the murine T cell antigen receptor complex. Cell, 43:223-231.

Sanford, J.P., Sande, M.A., Gilbeert, D.N., and Gerberding, J.L. 1992. The Sanford
guide to HIV/AIDS therapy, ed. Antimicrobial Therapy Inc., Texas, U.S.A., 80pp.

Schnittman, S.M., Psallidopoulos, M.C., Lane, H.C., Thompson, L., Baseler, M.,
Massan, F., Fox, C.H., Salzman, N.P., and Fauci, A.S. 1989. The reservoir for HIV-1 in
human peopheral blood is a T cell that maintains expression of CD4. Science, 245:305-
308.

Scott, C. S., Richards, S. J., and Roberts, B. E. 1990, Patterns of membrane TCRor{B
and TCRy/S chain expression by normal blood CD4+CD8-, CD4-CD8+, CD4-CDgdim+
lymphocytes. Immunol., 70:351-356.

Shearer, G.M., and Schmiit-Verhulst, AM. 1977. Major histocompatibility complex
restricted cell mediated immunity. Adv. Immunol., 25:55-91.

Shearer, G.M,, Singer, A., and Mizuochi, T., Buller, M., Hugin, A., Morse I1I, H.C.
Importance of CD8+ T helper cell function in AIDS. 1988. J. Infect. Dis., 158; 893.

Siliciano, R.F. Lawton, T., Knall, C., Karr, R.W., Berman, P., Gregory, T. and Reinherz,
E.L. 1988. Analysis of host-virus interactions in AIDS with anti-gp120 T cell clones:
Effect of HIV sequence variation and a mechanism for CD4 cell depletion. Cell 54, 561-
57s.

Sim, G.K,, Yague, J., Nelson, J., Marrack, P., Palmer, E., Augustin, A. and Kappler, J.
1984. Primary structure of human T-cell receptor ot-chain. Nature, 312:771-775.

Sodroski, J., Patarca, R., Rosen, C., Wong-Staal, F., and Haseltine, W. 1985. Location
of the trans-activating region on the genome of human T-cell Iymphoctropic virus type
III. Science, 229:74-77.

Sodroski, J., Goh, W.C., and Rosen, C., Tartar, A., Portetelle, D., Burny, A., Haseltine,
W. 1986. Replicative and cytopathic potential of HTLV-IILAV with sor gene
deletions. Science, 231:1549-1553.

Sodroski, J. Kowalski, M., Dorfman, T., Basiripour, L., Rosen, C., and Haseltine, W.
1987. HIV envelope-CD4 interaction not inhibited by synthetic octapeptides. Lancet,
1:1428-1429,

Spiegel, H., Herbst, H., Niedobitek, G., Foss, H.-D., and Stein, H. 1992. Follicular
dendritic cells are a major reservoir for human immunodeficiency virus type 1in
lymphoid tissues facilitating infection of CD4* T-helper cells. Am. J. Pathol., 140, no.
3:15-22.



107

Spits, H., Borst, J.,, Terhorst, C., and De Vries, J.R. 1982, The role of T cell
differentiation T8+ and T4+ human cytotoxic T cell clones directed at class T and class IT
MHC antigens. J. Immunol,, 129:1563-1569.

Spits, H., Borst, J., Tax, W., Capel, P.J.A,, Terhosst, C., and De Vries, J.E. 1985.
Characteristics of a monoclonal antibody (WT-31) that recognizes a common epitope on
the human T cell receptor for antigen. J. Immunol., 135:1922-1928,

Spivak, J.L., Selonick, S.E., and Quinn, T.C. 1983. Acquired immune deficiency
syndrome and pancytopenia. JAMA, 250:3084-3087.

Srour, E. F,, Walker, E. B., Walker, D. E., and Jansen, J. 1988. Functional and
phenotypical studies of the Leu-4 (CD3)*, Leu-1 (CD5)~ T lymphocyte. Clin. Exp.
Immunol., 73: 34-39,

Stein, B.S., Gowda, S.D., Lifson, J.D., Penhallow, R.C., Bensch, K.G., and Engleman,
E.G. 1987. pH-independent HIV entry into CD4-positive T cells via virus envelope
fusion to the plasma membrane. Cell, 49:659-668.

Stott, J. 1991. Anti cell antibody in macaques. Nature, 353:393.

Strebel, K., Daugherty, D., Clouse, K., Cohen, D., Folks, T., and Martin, M.A. 1987.
The HIV 'A’ (sor) gene product is essential for virus infectivity. Nature, 328:728-730.

Swain, S. 1981. Significance of Lyt phenotypes: Lyt 2 antibodies block activities of T
cells that recognize class I major histocompatibility complex antigens regardless of their
function. Proc. Natl. Acad. Sci. U.S.A., 78:7101-7105.

Tax, W.J.M., Willems, H.-W., Reekers, P.P.M,, Capel, P.J.A., and Koene, R.A.P. 1983,

Polymorphism in mitogenic effect of IgG1 monoclonal antibodies against T3 antigen on
human T cells. Nature, 304:445-447,

Taylor, JM.G., Fahey, J.L., Detels, R., and Giorgi, J.V. 1989. CD4 percentage, CD4
number and CD4:CD8 ratio in HIV infection: which to choose and how to use. J. AIDS,
2:114-124,

Tersmette, M., De Goede, R.E.Y., Lange, J.M.A., De Wolf, F., Eeftink-Schattenkerk,
J.K.M., Schellekens, P.T.A., Coutinho, R.A. Goudsmit, J., Huisman, J.G., and Miedema,
F. 1989a. Association between biological properties of human immunodeficiency virus
variants and risk for AIDS and AIDS mortality. The Lancet, 983-985.

Tersmette, M., Gruters, R.A., De Wolf, F., Goede, R.E.Y., Lange, J.M.A., Schellekens,
P.T.A., Goudsmit, J., Huisman, H.G. and Miedema, F. 1989b. Evidence for a role of
virulent human immunodefiriency virus (HIV) variants in the pathogenesis of acquired
immunodeficiency syndrome: Studies on sequential HIV isolates. J. Virol., 63: 2118-
2125.



108

Triebel, F., Faure, F., Mami-Chouaib, F., Jitsukawa, S., Griscelli, C.G., Roman-Roman,
S. and Hercend, T. 1988. A novel human V8 gene expressed predominantly in the TiyA
fraction of y/8% peripheral lymphocytes. Eur. J. Immunol., 18:2021-2027.

Triebel, F. and Hercend, T. 1989. Subpopulations of human peripheral T gamma delta
lymphocytes. Immunol. Today, 10, n0.6:186-188.

Van de Griend, R.J., Borst, J., Tax, W.J.M., and Bolhuis, R.L.H. 1988. Functional
reactivity of WT31 monoclonal antibody with TCR gamma expressing CD314-8- T cells.
J. Immunol., 140:1107-1110.

Van Dongen, J.J.M., Wolvers-Tettero, LL.M., Seidman, J.G., Ang, S.-L., Van De
Griend, R.J., De Vries, E.F.R,, and Borst, J. 1987, Two types of gamma T cell receptors
expressed by T cell acute lymphoblastic leukemias. Eur, J, Immunol., 17:1719-1728.

Varmus, H, 1988. Retroviruses. Science, 240:1427-1433,

Vazeux, R., Brousse, N., Jarry, A., Henin, D,, Marche, C., Vedrenne, C., Mikol, J.,
Wolfe, M., Michon, C., Rozenbaum, W., Bureau, J-F., Montagnier, L., and Brahic, M.
1987, AIDS subacute encephalitis: identificaiton of HIV-infected cells. Am. J. Pathol.,,
126:403-410.

Wain-Hobsan, 8. 1989. HIV genome variablility in vivo. AIDS, 3 suppl.1: 13-18.

Wang, C. Y., Good, R. A., Ammirati, P., Dymbort, G., and Evans, R. L. 1980.
Identification of a p69, 71 complex expressed on human T cells sharing determinants
with B-type chronic lymphatic leukemia cells. J. Exp. Med., 151: 1539-1544,

Weiss, A., and Stobo, J.D. 1984. Requirement for the coexpression of T3 and the T cell
antigen receptor on a mallignant human T cell line, J, Exp. Med., 160:1284-1299,

Weiss, A., Imboden, J., Shoback, D., and Stobo, J. 1984. Role of T3 surface molecules
in human T-cell activation: T3-dependent activation results in an increase in cytoplasmic
free calcium. Proc. Natl. Acad. Sci. U.S.A., 81:4169-4173.

Weiss, R.A., Clapham, P.R., Cheingsong-Popov, R., Dalgleish, A.G., Carne, C.A.,
Weller, I.V.D., and Tedder, R.S. 1985. Neutralization of human T-lymnhotropic virus
type III by sera of AIDS and AIDS-risk patients. Nature, 316:69-72.

Weiss, A., Newton, M., and Crommie, D. 1986. Expression of T3 in association with a
molecule distinct from the T-cell antigen receptor heterodimer. Proc. Natl. Acad. Sci.
U.S.A,, 83:6998-7002.

Young, J.LA-T. 1988, HIV and HLA similarity, Nature, 333:215.



109

Zack, J.S., Arrigo, S., Weltsman, A. Go, Haislip, A., and Chen, I. 1990. HIV-1 entry

into quiescent primary lymphocytes: molecular analysis reveals a labile, latent viral
structure. Cell, 61:213-222,

Ziegler-Heitbrock, H. W. L., Schramm, W., and Stachel, D. 1985. Expansion of a
minor subpopulation of peripheral blood lymphocytes (T8+/Leu 71) in patients with
haemophilia. Clin. Exp. Immunol., 61: 633-641.

Zinkernagel, R.M., and Doherty, P.C. 1979. MHC-restricted cytotoxic T cells: Studics
on the biological role of polymorphic mahor thansplantation andtigens determining T-
cell restriction-specificity, function, and responsiveness, Adv. Immunol., 27:51-177.

Zola, H., Koh, 1..Y., Mantzioris, B.X., and Rhodes, D. 1991. Patients with HIV
infection have a reduced proportion of lymphocytes expressing the IL-2 receptor p55
chain (TAC, CD25). Clin. Immuncl. Pathol., 59:16-25.

Zolla-Pazner, S., William, D., El Sadr, W., Marmor, M., and Stahl, R. 1984.
Quantitation of betagM and other immune characteristics in a prospective study of men at
risk for acquired immune deficiency syndrome. JAMA, 251:2951-2955.



110

APPENDICES

Appendix 1

Classification of HIV infected patients as per WHO criteria (1989)

Group I:

Group II

A.

B.

Group III

Group IV

A,

C.

Acute infection

Asymptomatic infection,

No symptoms or signs of HIV disease (constitutional symptoms i.e. fever,
fatigue, sweats, may be present but for no more than a total of three weeks
during twelve months prior to enrollment); may be subgrouped on
laboratory evaluation.

No laboratory abnormalities
Laboratory abnormalities

Persistent generalized lymphadenopathy without any symptoms or signs
as above. May be subgrouped on laboratory evaluation,

Other diseases:

Constitutional disease (if any of the following symptoms persist for more
than three months: fever, night sweats, fatigue, dyspnea, diarrhea).

HIV wasting syndrome (reduction of 10% of baseline bodyweight).

ITP (persistent platelet counts < 100,000/mm3 during or for longer than
three months.

Neurological diseases

HIV encephalopathy (dementia)
Peripheral neuropathy

Other neurologic disorders

Secondary infectious discases

1. Specified secondary infections of AIDS

Pneumocystis carinii pneumonia
Extraintestinal strongyloidiasis

Candidiasis
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Appendix I
(continued)

Toxoplasmosis

Cytomegalovirus infection

Mycobacterial infection with M, avium or M. kansasii

Chronic mucocutaneous or disseminated herpes simplex virus infection
Progressive multifocal leukoencephalopathy

Chronic cryptosporidiosis

Isosporiasis

Cryptococcosis

Histoplasmosis

Coccidioidomycosis

Other specified secondary infectious diseases

Oral hairy leukoplasia

Recurrent Salmonella bacteremia
Multidermal herpes zoster
Nocardiosis

Tuberculosis

Oral candidiasis

Secondary cancers

Kaposi's sarcoma
Non-Hodgkin's lymphoma

Small-noncleaved-cell or immunoblastic primary lymphoma of brain



112

Appendix I

Mean channel fluorescence intensity conversion:

In order to correctly plot the mean channel number (a log value) on a
linear scale, the numbers were converted into linear values using the following equation:

1ochannel number/256





