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List of Abbreviations

Ab

Ag
APC
AIDS
BCR
C#

CA
CCR5
CcD
CD5-APC
CFSE
cmv
CTL
CXCR4
DNA
ds
EBV
FCS
FACS
FITC

Flu

Antibody

Antigen

Antigen-presenting cells

Acquired immunodeficiency syndrome

B cell receptor

Control subject #

Capsid

Chemokine receptor 5

Cluster of different ion
CD5-allophycocyanin

Carboxyfluorescein diacetate succinimidyl ester
Cytomegalovirus

Cytolytic/cytotoxic T lymphocytes

CXC chemokine Receptor, also called fusin
Deoxyribonucleic a |

Double stranded

Epstein Barr virus

Fetal calf serum

Fluorescence activated cell sorter
Fluorescein isothiocyanate

Influenza






























1.1.3 HIV tropism

Transmission of HIV occurs through direct contact between the
bloodstream and/or mucosa and virions found in infected body fluids. The most
common sources are blood, semen, and vaginal secretions [15]. HIV has been
detected in saliva, tears, and urine, however, it is found in extremely low levels in

these fluids [16].

The cells primarily infec 1 with HIV include Ty cells (CD4" T cells),
dendritic cells and macrophages. The reason for this tropism is that HIV utilizes
the CD4 molecule as the primary receptor for entry into target cells. Coreceptors
include CCRS5, exploited by RS HIV strains and CXCR4, utilized by e X4 HIV
strains for entry [17]. A successful infection of the targeted cell requires that HIV
effectively transfer its ¢ 1etic material into the cytoplasm. The duration and
outcome of viral infection at the cellular level is highly dependent on the target

cell type and its level of activation [2].
1.1.4 Pathogenesis

The pathogenesis of HIV is complex and not fully understood. Infection with HIV
follows three stages: the acute stage of infection followed by the clinical latency
stage and lastly by AIDS. The fo wing Figure 1.4 summarizes the course of HIV
infection reflecting seroconversion and major changes in viremia as well the
involvement of different cell tyy  and changes in their numbers through to the

development of AIDS.









Upon exposure to HIV, a rapid series of immunologic, virologic and clinical
events take place. As illustrated in Figure 1.5, the primary, or acute infection, is a
period of replication, leading to levels of HIV approaching several million viruses
per mL in the peripheral blood [15]. The half-life of a single virion ; so short that
half of the entire plasma virus population is replaced every 30 minutes [18]. Acute
stage infection is then followed by a characteristic drop in the number of
circulating CD4" T cells. Acute viremia is uniformly associated with activation of
CD8" T cells, as well as antibody production, or seroconversion. This stage

usually occurs during the initial four to eight weeks post-exposure [19].

1.1.5 Hallmark of HIV infection

The hallmark of HIV infection is depletion of CD4" T cells. Bystander apoptosis
induced by viral antigens ' cytokines as well as down-regulation of CD4 receptor
by Nef protein may be the mechanism for this sudden drop in cells. Activated
virus-specific cytotoxic T lymphocytes (CTL) partially keep HIV infection in
control, but eventually fail at containing the infection. HIV spread is attributed to
its ability to effectively counteract innate, adaptive and intrinsic immunity [20].
HIV's ability to generate escape mutants, and establish latent provirus into the
host genome in CD4'CD45RO" T cells, faciltates evasion from most
immunological attacks, including cellular and antibody-mediated immune
responses. During the ent stage of infection, HIV actively replicates in the

lymphoid organs.
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1.4 Hypothesis

HIV mutation ger -ates CD8" T cell epitope variants that have lower
avidity TCR interactions and CD5 is down-regulated on memory T cells in
adaptation. We therefore expect that HIV-specific T cells as well as T cells
specific for self peptides will activate more readily upon peptide presentation

when expression of CD5 is reduced.

In an attempt to explore s hypothesis several research aims have been
designed to ultimately determine if CD5 expression levels are linked to the avidity
of the TCR-peptide/MHC interaction and to ascertain HIV's influence on CD5S

expression.

1.5 Specific Aims

1. Examine CD5 expression on CD8' T cells from non-HIV-infected
individuals against a set of HLA-A2 restricted immunodominant viral
peptides.

2. Examine CD5 expression on CD8" T ¢ s from HIV in :ted individuals
against the same set of HLA-A2 restricted non-HIV immunodominant
viral peptides.

3. Examine CD5 expression on CD8" T 3lls from HIV infected individuals
against a set of HLA-A2 restricted HIV-derived immunodominant

peptides.
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All the HIV peptides examined stimulated proliferation of CD5" CD8" T
cells with a large standard deviation from the mean in terms of CD5 expression.
This distinct variance in CD5 expression level observed in responding cells was
not evident for the control peptides examined in either the HIV-infected or
uninfected groups and therefore, appears unique to HIV peptide-specific
stimulation. The reduced expression of CD5 on HIV-specific T cells relative to
CD8" T cells specific for non-HIV viral peptides was apparent in all cases
regardless of HIV TCR-peptide/MHC interaction avidity, (Figure 3.8 and Figure

3.11)

3.5 General Summary Results

CD8" T cells proliferating in response to different peptides were identified
by dilution of CFSE fluorescence intensity and co-stained for CD8 and CD5. In
controls and HIV-infected individuals, a higher proportion of CD8" T cells reacting
against high TCR-peptide/MHC interaction avidity non-HIV peptides expressed
CD5. In general, lower proportions of CD8" T cells reactive against HIV-derived
peptides expressed CD5, regardless of tt avidity of tt TCR-peptide/MHC
interaction.  Self peptide IP-30-responding CD8" T cells also demonstrated
reduced CD5 expression in both the HIV uninfected and infected groups as
shown in Table 3.5. CD5 ¢ ion levels in the HIV group with ( 1V peptide
stimulation was significantly higher (p<0.05) compared to stimulation by all HIV-
derived peptides examined: A2-1 (p=0.01), A2-2 (p=0.0005), A2-4 (p=0.01) and

A2-Gag (p=0.005). Both A2-Flu and A :BV viral peptides also induce
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proliferation of CD8" T cells with significantly higher CD5 expression (p=0.016
and p=0.02) compared to HIV derived A2-2 peptide. It is clear from the collection
of proliferation data as summarized in Table 3.5 that there is a significant
distinction between the low levels of CD5 expression on HIV-specific CD8* T cell
responses, and the higher CD5 expression levels on CD8" T cells responses
against non-HIV viral peptides. HIV peptide reactivity associated with low CD5
expression may account for the CD8" T cell cross-reactivity previously observed

[46].
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4 Discussion

4.1 Evidence of reduced CD5 expression in HIV infection.

We studied HLA-A2 positive individuals because this allele occurs at high
frequency (>50%) within both our HIV-uninfected and HIV infected study groups.
Peptides were chosen based on previous demonstration of their
immunodominance. Selected peptides exhibit optimum anchor residues for
peptide binding to HLA-A2, preferably comprising leucine and valine at the 2n
and 9™ positions of the peptide sequence respectively [58]. We first examined
baseline CD5 expression levels 1 CD8" T cells in both HIV-infected and HIV-
uninfected groups. In HIV-infected subjects, fewer circulating CD8" T cells
expressed CD5 than in uninfected subjects PBMC. This is not the first report of
reduced CD5 expression in HIV infection. The reported expression of CD5 in our
HIV-infected cohort corre jonds to the early stages (WR1-WR3) of the Walter
Reed HIV classification [59], as reported in Indraccolo et al. 1995 [31]. Indraccolo
examined ~ 75 profiles in HIV infected subjects at all time points of disease
progression up to and including the late stages of HIV infection (WR4-WRG6)
according to the Walter =zed staging classification, as seen in Table 4.1. Our
collected data of CD5 expression mirror Indraccolo’s published reports of CD5
expression in early HIV infe __on [31]. Indraccolo indicated that with disease
progression there is a significant increase in circulating CD5CD8" T cells, as

much as a 65% increase when comparing CD5 expression from HIV-uninfected
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4.3 The role of avidity in T cell activation.

Avidity is a critical factor related to the sensitivity of initiation of cellular
immune responses. The strength of avidity forms the culmination of T cell
activation, influencing the delivery rate of effector cell function. The molecular
control of avidity is complex. No single mechanism accounts for the control of
functional avidity. The elucidation of the control of avidity would offer a substantial
benefit. If these mechanisms were clearly identified, a number of avenues for the
optimization of high avidity T cell activation may become apparent. In our study,
subject PBMC that generate cytotoxic effector CD8" T cells in vitro that exhibit
high cytolytic activity were used to measure TCR-peptide/MHC avidity. We
describe T cell avidity as tt measure of the sensitivity of a cell to peptide antigen
stimulation. It is the strength of the overall interaction that facilitates transduction
of the activation signal within the cell, initiated from recognition by the TCR of
peptide bound to MHC.

The avidities deriv 1 for all TCR-peptide/MHC interactions examined were
reproducible with minimal variation from the mean, as shown in Table 3.3 for non-
HIV peptides and Table 3.4 for HIV peptides. Avidities that were derived with low
sample numbers, including A2-IP and A2-1, were verified from previous

publications [46] and [57].

4.4 CD5 expression on peptide-specific T cells.

Proliferation assays were effective in identifying CD8" T cells dividing in

response to peptide stimulation in both the HIV-uninfected and infected groups.
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The absence of CD5 is believed to decrease the threshold of activation of
HIV-specific CD8" T cells and may hold functional benefits in HIV infection.
Within HIV infection there are escape mutants created that evade the immune
system. We suggest that low or absent CD5 expression on CD8" T cells may
facilitate cross-re ctive T cell activation and cytolysis of variant peptide-
expressing HIV-infected cells. Since CD5 modulates the signaling threshold of T
cell activation, when CD5 is reduced on T cells the threshold for activation is also
reduced. T cells acquiring activation signals from peptide bound MHC can also
recognize variations of peptide amino acid sequences which trigger a signal
cascade provided the anchor residues are not disrupted. The activating T cell
would then have a broader range of sensitivity, demonstrating promiscuous
cytotoxicity. The data on CD5 modulation in T cells, suggests such cross-

reactivity is a likely occurrence.

4.6 Potential link between CD5 expression and HIV-specific cross-

reactive CD8+ T cells.

We speculate that low CD5 expression on cytotoxic CD8" T cells allow the
cell to interact its TCR productively with multiple peptide/MHC complexes. In the
absence of CD5, the reduced ridity interactions occur with uninhibited TCR
signaling. The uninhibited signaling transduction may affect cytotoxic CD8" T cell
functions by allowing cytotoxic T cells to kill a broader selection of target cells.

The reduced CD5 expression on these . cells is thought to fine tune the TCR
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Figure 4.1: Potential CD5 expression level on HIV-Gag-specific CD8" T cells with
cytolytic activity. Gag-specific CD8" T cells are selected from the T cell repertoire
expressing low CD5. These cells interact their TCR with A2-Gag presenting
targets and demonstrate cross-reactivity with A2-4 presenting targets (A). Gag-
specific CD8" T cells are selected from the T cell repertoire expressing high CD5.
These cells interact their TCR with only index peptide (peptide initiating original
activation) presenting targets. Gag-sp: fic effectors are not cross-reactive and
lyse only Gag presenting cells (B). Ge specific CD8" T cells are selected from
the T cell repertoire expressing high CD5. These cells undergo modulation of
CD5 and reduce expression. These ¢ Is are then able to utilize their TCR with its

cross-reactive potential and lyse multip | »>tide presenting targets (C).






5 Future Directions

Future experiments should directly address the relationship between CD5
expression on HIV-specific cytotoxic T lymphocytes and their cross-reactivity with
multiple peptides. Results from proliferation assays on peptide-specific CD8" T
cells indicate that self peptide and HIV-specific CD8" T cells have reduced CD5
expression relative to non HIV viral peptide-specific responses. In order to
support these findings, broadening the studies to include other HLA-class |
molecules such as B44, B35 and A3 would be appropriate. These studies could
generalize our evidence for a role of CD5 down regulation in HIV infection. How
CD5 expression is regulated in lymphocytes and the outcome of modulation as it

relates to cross-reactivity and tolerance requires further investigation.

While much has been elucidated about the structure and function of CD5
[33-40, 42-45, 62, 71-86] there is still an incomplete understanding of the function
of CD5 and how it influences the immune response. Much more research is
required to clarify the impact of reduced CD5 expression in HIV infection, and
how modulation of CD5 m: pu ¢ the immune response. .<periments that
directly address the re ior ) between CoJ5 expression on HIV-specific
cytotoxic T lymphocytes and their cross-reactivity with multiple peptides should
be conducted. Screening within HIV subjects and testing high and low TCR-
peptide/MHC interaction avidities with non HIV and HIV peptides could identify
cross-reactive interactions that support our current findings. In cross-reactive

instances, examining CD5 level expression on responding CD8" T cell effectors
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vaccine design and contribute to a better understanding of factors determining

the nature of the CD8" T cell immune response against HIV.
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