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Abstract

The relentless global impact of Human Immunodeficiency Virus (HIV) underscores the urgency of understanding the
intricate immune responses involved in its progression. CD8 T cells play a central role in orchestrating the immune
defense against HIV, wielding the potential to both curtail vira replication and, paradoxically, succumb to
exhaustion. This comprehensive review explores the multifaceted engagement of CD8 T cellsin HIV pathogenesis. It
encompasses the mechanisms underlying CD8 T cell recognition, the protective effects they exert, factors influencing
their efficacy, and the emerging landscape of CD8-focused therapeutic interventions. Delving into the delicate
balance between immune defense and viral evasion, this review seeks to provide a nuanced understanding of CD8 T
cell involvement in HIV progression and illuminate the prospects for future therapeutic advancements.
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I ntroduction

Human Immunodeficiency Virus (HIV) continues
to be a global health challenge, affecting millions
of individuals worldwide and necessitating
ongoing efforts to unravel the intricacies of the
immune responses involved in its progression.
Among the diverse immune players, CD8 T cells
have emerged as pivota contributors in the battle
against HIV. The intricate dance between the
virus and these immune guardians underscores the
need for a comprehensive exploration of the
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crucial involvement of CD8 T cells in HIV
progression.CD8 T cells, also known as cytotoxic
T lymphocytes, play a central role in immune
surveillance, specifically targeting cells infected
with intracellular pathogens, including viruses.
Their significance in the context of HIV lies in
their ability to recognize and eliminate infected
cells, thereby limiting viral replication and disease
progression. However, the relationship between
CD8 T cdls and HIV is dynamic, characterized
by a delicate balance between protective functions
and the potential for immune exhaustion.*®
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This paper ams to provide a thorough
examination of the multifaceted roles played by
CD8 T cells in the context of HIV infection. We
will delve into the mechanisms underlying CD8 T
cell recognition of HIV, the protective effects
they confer, and the factors influencing their
efficacy. Furthermore, we will explore the
nuances of CD8 T cell exhaustion, a phenomenon
that can compromise their ability to control viral
replication over time.As our understanding of the
interplay between CD8 T cells and HIV deepens,
so does the potentia for developing targeted
therapeutic interventions. The latter part of this
review will highlight current and emerging
strategies aimed at harnessing the power of CD8
T cellsfor HIV treatment, offering a glimpse into
the future of personaized and effective
therapeutic approaches.”*=°

CD8T Cél Recognition of HIV

The battle between the human immune system
and Human Immunodeficiency Virus (HIV)
hinges significantly on the ability of CD8 T cells
to recognize and respond to the virus. This section
will delve into the intricate mechanisms
underlying CD8 T cell recognition of HIV,
highlighting the processes that alow these
immune sentinels to identify and eliminate virus-
infected cells.CD8 T cell recognition begins with
the presentation of viral antigens. Infected cells
display short peptides derived from viral proteins
on their surfaces using maor histocompatibility
complex class | (MHC-I) molecules. This antigen
presentation is a crucia step, alowing CD8 T
cells to scan for signs of viral infection.The T cell
receptor (TCR) on CD8 T cells recognizes
specific peptide-MHC-1 complexes. When a CD8
T cell encounters an infected cell displaying HIV
peptides, the TCR binds to the MHC-I-peptide
complex, initiating a signaling cascade within the
T cel. This engagement is highly specific and
enables the CD8 T cell to discriminate between
infected and uninfected cells.3"*

Recognition aone is insufficient for CD8 T cell
activation. Co-stimulatory signals, provided by
molecules like CD28 on the T cell interacting
with CD80/CD86 on the antigen-presenting cell,
are necessary for full T cell activation. Upon
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receiving these signals, CD8 T cells become
activated and undergo clona expansion to
generate a population of effector cells. Activated
CD8 T cells then exert their effector functions.
They release cytotoxic molecules such as perforin
and granzymes, inducing apoptosis in the infected
cell. Additionally, CD8 T cels can secrete
antiviral cytokines like interferon-gamma (IFN-y),
which further contribute to controlling vira
replication. Following the elimination of infected
cells, a subset of CD8 T cells transforms into
memory cells, providing long-lasting immunity.
Memory CD8 T cells can respond more rapidly
upon re-encountering the virus, offering a
heightened defense mechanism. Despite the
effectiveness of CD8 T cell recognition, HIV has
developed strategies to evade immune
surveillance. The virus can mutate rapidly,
leading to the emergence of escape variants that
may not be effectively recognized by existing
CD8 T cel populations. Additionaly, HIV
employs mechanisms to hinder the proper
activation of CD8 T cells, contributing to viral
persistence. >

Protective Effectsof CD8 T Cdlls

CD8 T cells serve as the vanguard of the immune
response against Human Immunodeficiency Virus
(HIV), wielding potent mechanisms to control
viral replication and mitigate disease progression.
One of the primary protective functions of CD8 T
cells is their ability to directly eliminate cells
infected with HIV. Upon recognizing vira
antigens presented on the surface of infected cells,
activated CD8 T cells release cytotoxic molecules
such as perforin and granzymes. Perforin creates
pores in the target cell membrane, allowing
granzymes to enter and induce apoptosis,
effectively eliminating the infected cell.CD8 T
cells contribute to the antiviral milieu by releasing
cytokines, with interferon-gamma (IFN-y) being a
key player. IFN-y has multiple antiviral effects,
including inhibiting viral replication within
infected cells, enhancing the activity of other
immune cells, and promoting an antivira state in
surrounding cells.  This  cytokine-mediated
response adds an additional layer of defense
against HIV.CD8 T cells play a crucid role in
limiting the spread of
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HIV within the host. By eliminating infected cells
and secreting antiviral cytokines, CD8 T cells
help contan vira replication, preventing
widespread dissemination. This containment is
vital for controlling the viral load and delaying
disease progression.®* "

Apart from the classical cytotoxic mechanisms,
CD8 T cels employ dternative strategies to
control HIV. These include the activation of
cellular antiviral pathways and the release of non-
cytotoxic factors, collectively contributing to the
overal antiviral state.CD8 T cells often exhibit
polyfunctionality, producing multiple effector
molecules simultaneously. This polyfunctional
response enhances their ability to combat HIV.
Moreover, CD8 T cells synergize with other
components of the immune system, such as CD4
T cells and antibody-producing B cells, to mount
a coordinated and robust antivira response.
Successful encounters with HIV result in the
formation of memory CD8 T cells. These cells
persist in the immune system, ready to mount a
rapid and targeted response upon re-exposure to
the virus. The establishment of a memory CD8 T
cell pool contributes to long-term immune
protection.”"

FactorsInfluencing CD8 Efficacy

The effectiveness of CD8 T cells in controlling
Human Immunodeficiency Virus (HIV) s
influenced by a multitude of factors that shape the
dynamics of the immune response.Genetic
variability among individuas plays a significant
role in CD8 T cell efficacy. Polymorphisms in
genes associated with MHC-I molecules, which
present viral antigens to CD8 T cdls, can
influence the ability of CD8 T cells to recognize
and respond to HIV. Additionaly, genetic
variations in cytokines and immune response
genes may impact the overall effectiveness of the
CD8 T cell-mediated immune response. The
diversity and heterozygosity of Human Leukocyte
Antigen (HLA) genes, which encode MHC
molecules, contribute to the breadth of antigens
that CD8 T cells can recognize. Higher HLA
diversity and heterozygosity are associated with
improved control of HIV, highlighting the
importance of abroad immune responsein
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restricting viral escape.HIV is notorious for its
ability to mutate rapidly, leading to the emergence
of variants that can escape recognition by CD8 T
cells. These viral escape mutations can undermine
the efficacy of CD8 T cell responses, allowing the
virus to persist and evolve within the host.”> "

Prolonged exposure to HIV antigens can induce a
state of immune exhaustion in CD8 T cdls.
Exhausted CD8 T cells exhibit functional
impairment, reduced cytokine production, and an
inability to effectively eliminate infected cells.
The phenomenon of immune exhaustion
represents amajor hurdle in maintaining sustained
CD8T cell efficacy. The level of HIV replication,
reflected in the viral load, directly influences the
workload and effectiveness of CD8 T cells. High
viral loads can overwhelm the immune system,
leading to increased exhaustion and diminished
CD8 T cell efficacy. Strategies aimed at reducing
viral replication can positively impact CD8 T cell
function.CD8 T cell responses benefit from CD4
T cell help, which includes cytokine support and
direct interaction. Reduced CD4 T cell counts, a
hallmark of advanced HIV infection, can
compromise CD8 T cell efficacy. Strategies to
preserve and restore CD4 T cell function are
critical for sustaining effective CD8 T cell
responses.The inflammatory microenvironment
within HIV-infected tissues can influence CD8 T
cell function. Persistent inflammation can
contribute to immune activation and exhaustion,
affecting the ability of CD8 T cells to control viral
replication.”"®

CD8 Exhaustion and Dysfunction

While CD8 T cells play a crucia role in the
immune response against Human
Immunodeficiency Virus (HIV), prolonged
exposure to the virus can lead to a state of
functional exhaustion and dysfunction among
these key immune effectorsCD8 T cdl
exhaustion is a state of functional impairment that
arises in response to chronic antigen stimulation,
as seen in persistent viral infections such as HIV.
Exhausted CD8 T cells display reduced effector
functions, diminished proliferative capacity, and
an dtered cytokine profile. These cells often
express inhibitory receptors, further dampening
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their responsiveness. Exhausted CD8 T cells
upregulate inhibitory receptors, such as PD-1
(Programmed Cell Death Protein 1), CTLA-4
(Cytotoxic T-Lymphocyte Antigen 4), and TIM-3
(T-cell  Immunoglobulin  and Mucin-Domain
Containing-3). Engagement of these receptors by
their ligands on infected cells or antigen-
presenting cells sends inhibitory signals,
impeding CD8 T cell activation and effector
functions.”

Polyfunctionality, the ability of CD8 T cells to
simultaneously  produce  multiple effector
molecules, is a halmark of functional T cell
responses. Exhausted CD8 T cells exhibit a loss
of polyfunctionality, impacting their capacity to
effectively eliminate infected cells and control
vira replication. Exhausted CD8 T cells
experience a decline in cytotoxic capabilities.
Reduced expression of cytotoxic molecules, such
as perforin and granzymes, contributes to their
diminished ability to induce apoptosis in infected
cells. This impairment compromises the CD8 T
cells role in direct antivira activity. Prolonged
exposure to HIV antigens induces aterations in
signaling pathways within CD8 T cells.
Dysregulation of key signaling cascades, such as
the TCR (T Cell Receptor) and cytokine signaling
pathways, contributes to the functional exhaustion
observed in these cells. Exhausted CD8 T cells
may exhibit reduced memory potential, hindering
the establishment of a robust and long-lasting
immunological memory. This compromises the
ability of the immune system to mount arapid and
effective response upon subsequent encounters
with the virus. The presence of exhausted CD8 T
cells is often associated with advanced stages of
HIV infection and increased viral loads. The
functional impairment of CD8 T cells contributes
to an environment conducive to vira persistence
and progression to acquired immunodeficiency
syndrome (AIDS).While CD8 T cell exhaustion is
considered a reversible state, strategies to
rejuvenate exhausted CD8 T cells are actively
being explored. Immune checkpoint inhibitors,
which block inhibitory receptors, and therapeutic
vaccines are among the approaches aimed at
restoring CD8 T cell function and enhancing their
efficacy in controlling HIV."
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Therapeutic Approaches Targeting CD8 T
Cdls

The pivotal role of CD8 T cells in the immune
response against Human Immunodeficiency Virus
(HIV) has spurred the development of therapeutic
strategies aimed at harnessing and enhancing the
efficacy of these immune effectors. Immune
checkpoint inhibitors have emerged as a
promising class of therapeutics to counter CD8 T
cell exhaustion. Antibodies targeting inhibitory
receptors such as PD-1, CTLA-4, and TIM-3 can
release the brakes on exhausted CD8 T cells,
revitalizing their effector functions and enhancing
their ability to control HIV. Clinical trials are
underway to assess the safety and efficacy of
checkpoint inhibitors in HIV  treatment.
Therapeutic vaccines am to stimulate and
enhance the immune response, including CD8 T
cell responses, against HIV. These vaccines may
incorporate viral antigens, peptides, or vectors
expressing HIV proteins. Strategies include
dendritic cell-based vaccines, vira vector
vaccines, and nucleic acid-based vaccines. The
goal isto induce arobust and durable CD8 T cell
response that can effectively target and eliminate
HIV-infected cells.”

Adoptive cell therapies involve the isolation, ex
vivo expansion, and reinfusion of autologous or
genetically modified CD8 T cells. Chimeric
Antigen Receptor T cell (CAR-T) therapy, which
has shown success in cancer treatment, is being
explored for its potential application in HIV.
CAR-T cells engineered to express HIV-specific
receptors could offer a potent and targeted
approach to enhance CD8 T cell responses.While
not directly targeting CD8 T cels, Broadly
Neutralizing  Antibodies  (bNAbs) are
monoclonal antibodies that neutralize a broad
spectrum of HIV strains. By reducing viral load,
bNADs indirectly support CD8 T cell function.
Combining bNAbs with strategies that enhance
CD8 T cell responses may provide a synergistic
approach to control HIV and delay disease
progression. Administration of cytokines can
modul ate the immune response and enhance CD8
T cdl function. Interleukin-2 (IL-2) has been
investigated for its potential to boost CD8 T cell
proliferation and effector functions. However,
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careful consideration of the baance between
activation and potential induction of immune
tolerance is essential. Recognizing the
multifaceted nature of HIV infection, combination
therapies that target various aspects of the
immune response ae being  explored.
Combinations of immune checkpoint inhibitors,
therapeutic vaccines, and antiretroviral drugs aim
to create a comprehensive and sustained immune
control over the virus, including maximizing CD8
T cell efficacy. Tailoring therapeutic interventions
based on individual genetic and immunological
profiles is gaining attention. Precison medicine
approaches seek to identify optimal treatment
strategies that consider the genetic diversity and
immune landscape of each patient, potentialy
optimizing CD8 T cell responses. While not a
direct CD8 T cell-targeted therapy, ART remains
a cornerstone in  HIV  management. By
suppressing vira replication, ART provides a
conducive environment for immune recovery,
including the restoration of CD8 T cdll
function.”"®

Conclusion

The dynamic interplay between CD8 T cells and
Human Immunodeficiency Virus (HIV) is a
critical determinant in the course of HIV
infection. This review has provided a
comprehensive examination of the crucia
involvement of CD8 T cells in HIV progression,
encompassing their recognition mechanisms,
protective effects, factors influencing efficacy,
and therapeutic interventions.CD8 T cells, as
immune sentinels, play a central role in
recognizing and eliminating HIV-infected cells.
Their direct cytotoxic effects, secretion of
antiviral cytokines, and contribution to limiting
viral spread underscore their significance in the
host's defense against HIV.
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