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Abstract 

CD8 T cells are key players in the immune response against HIV, tasked with identifying and 

eliminating virus-infected cells. However, the battle between HIV and CD8 T cells is complex, 

marked by a dynamic interplay between viral evasion strategies and host immune responses. This 

review delves into the intricate relationship between CD8 T cells and HIV, exploring the 

mechanisms of viral control, immune evasion tactics employed by HIV, and the implications for 

therapeutic interventions, including antiretroviral therapy (ART). By dissecting the dynamics of 

CD8 T cell responses in HIV infection, we glean insights into the immune battlefield, shedding 

light on potential strategies for bolstering immune-mediated control of the virus and advancing 

towards a functional cure. 

Keywords: CD8 T cells, HIV, immune response, cytotoxicity, viral control, immune evasion, 

antiretroviral therapy 

Introduction 

The human immunodeficiency virus (HIV) remains one of the most significant global health 

challenges, with over 38 million people living with HIV worldwide. Despite advances in 

antiretroviral therapy (ART), which have transformed HIV infection from a fatal disease to a 

manageable chronic condition, achieving a cure remains elusive. Central to the immune response 

against HIV are CD8 T cells, which play a pivotal role in recognizing and eliminating virus-

infected cells. CD8 T cells exert their antiviral effects through various mechanisms, including 

mailto:emmanuelobeagu@yahoo.com
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direct cytotoxicity and the secretion of antiviral cytokines. Understanding the dynamics of CD8 T 

cell responses in HIV infection is critical for developing effective therapeutic strategies to control 

viral replication and prevent disease progression. The interplay between HIV and CD8 T cells is 

characterized by a complex arms race, with the virus evolving sophisticated mechanisms to evade 

immune surveillance. HIV employs multiple strategies to evade CD8 T cell-mediated immunity, 

including downregulation of major histocompatibility complex (MHC) class I expression, viral 

escape mutations within CD8 T cell epitopes, and induction of CD8 T cell dysfunction through 

chronic antigen exposure. Additionally, HIV can establish latent reservoirs in long-lived CD4 T 

cells, evading immune detection and contributing to viral persistence despite suppressive ART.1-

30 

While CD8 T cells are crucial for controlling HIV replication, their efficacy varies among 

individuals and over the course of infection. Factors such as viral diversity, host genetics, and 

immune activation influence the magnitude and quality of CD8 T cell responses in HIV infection. 

Understanding the determinants of effective CD8 T cell immunity against HIV is essential for 

identifying targets for therapeutic intervention and developing strategies to enhance immune-

mediated control of the virus. Therapeutic interventions aimed at harnessing the power of CD8 T 

cells to combat HIV infection hold promise for achieving sustained virologic remission and 

ultimately a functional cure. Strategies such as therapeutic vaccination and immune checkpoint 

blockade are being explored to enhance CD8 T cell function and overcome immune exhaustion. 

Furthermore, the integration of immunomodulatory agents with existing ART regimens may offer 

synergistic benefits in suppressing viral replication and restoring immune function, paving the way 

for novel treatment approaches in HIV/AIDS.31-60 

CD8 T Cell Responses in HIV 

CD8 T cells, also known as cytotoxic T lymphocytes (CTLs), are essential components of the 

adaptive immune response and play a crucial role in controlling HIV infection. Upon recognition 

of viral peptides presented on major histocompatibility complex class I (MHC-I) molecules, CD8 

T cells become activated and exert their antiviral effects through various mechanisms. One of the 

primary functions of CD8 T cells in HIV infection is the direct killing of virus-infected cells. Upon 

recognition of HIV-derived peptides presented on the surface of infected cells, CD8 T cells release 

cytotoxic molecules such as perforin and granzymes, leading to the lysis of the target cell. This 

cytotoxic activity allows CD8 T cells to eliminate HIV-infected cells, thereby limiting viral 

replication and spread. In addition to their cytotoxic function, CD8 T cells secrete antiviral 

cytokines such as interferon-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α) upon 

activation. These cytokines have multiple antiviral effects, including the inhibition of viral 

replication, the upregulation of antiviral genes in target cells, and the recruitment of other immune 

cells to the site of infection. By secreting these cytokines, CD8 T cells contribute to the overall 

immune response against HIV. Furthermore, CD8 T cells can induce apoptosis in HIV-infected 

cells through the engagement of death receptors such as Fas/Fas ligand (FasL) interactions. 

Binding of FasL on CD8 T cells to Fas receptors on infected cells triggers apoptotic signaling 

pathways, leading to programmed cell death. This mechanism of CD8 T cell-mediated killing helps 
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to eliminate HIV-infected cells and limit viral replication within the host. Despite their critical role 

in controlling HIV infection, CD8 T cell responses are subject to regulation and modulation by 

various factors, including the level of viral antigen exposure, immune activation, and regulatory T 

cell-mediated suppression. Additionally, the ability of HIV to evade CD8 T cell recognition 

through mechanisms such as viral escape mutations and downregulation of MHC-I expression 

poses challenges to the effectiveness of CD8 T cell responses in controlling viral replication.61-100 

Immune Evasion Strategies 

HIV has evolved sophisticated immune evasion strategies to evade detection and destruction by 

the host immune system, including CD8 T cell responses. These strategies allow the virus to 

persistently replicate and establish chronic infection despite the presence of robust antiviral 

immune responses.  One of the primary immune evasion strategies employed by HIV is the 

downregulation of major histocompatibility complex class I (MHC-I) molecules on the surface of 

infected cells. MHC-I molecules present viral peptides to CD8 T cells, triggering their activation 

and subsequent killing of infected cells. However, HIV-encoded proteins such as Nef and Vpu can 

interfere with MHC-I expression, reducing the ability of infected cells to be recognized and 

eliminated by CD8 T cells. In addition to downregulating MHC-I expression, HIV can also evade 

CD8 T cell recognition through the selection of viral escape mutations within CD8 T cell epitopes. 

By acquiring mutations that disrupt CD8 T cell recognition while preserving viral fitness, HIV can 

evade immune surveillance and persistently replicate within the host. This process of viral escape 

contributes to the ongoing evolution of the virus and poses challenges for the development of 

effective CD8 T cell-based immunotherapies. 

Furthermore, HIV can induce dysfunction and exhaustion in CD8 T cells through chronic antigen 

exposure and immune activation. Persistent antigen stimulation leads to the upregulation of 

inhibitory receptors such as programmed cell death protein 1 (PD-1) and T cell immunoglobulin 

and mucin domain-containing protein 3 (Tim-3) on the surface of CD8 T cells, impairing their 

effector function and proliferative capacity. Exhausted CD8 T cells exhibit reduced cytokine 

production and cytotoxicity, limiting their ability to control viral replication. Moreover, HIV can 

establish latent reservoirs in long-lived CD4 T cells, evading immune detection and contributing 

to viral persistence despite suppressive antiretroviral therapy (ART). Latently infected CD4 T cells 

harbor integrated proviral DNA but remain transcriptionally silent, making them invisible to the 

immune system and resistant to CD8 T cell-mediated clearance. Reactivation of latent HIV 

reservoirs represents a significant obstacle to achieving a functional cure for HIV/AIDS.101-140 

Implications for Therapeutic Interventions 

The dynamic interplay between CD8 T cells and HIV underscores the complexity of the host-virus 

interaction and presents challenges for therapeutic interventions aimed at controlling viral 

replication and preventing disease progression.  One approach to enhancing CD8 T cell responses 

in HIV infection is through therapeutic vaccination. Therapeutic vaccines aim to induce or 

augment HIV-specific CD8 T cell responses, thereby enhancing immune-mediated control of the 
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virus. Strategies such as prime-boost vaccination regimens, which involve sequential 

administration of different vaccine modalities to enhance immune responses, are being explored 

to elicit robust and durable CD8 T cell immunity against HIV. Another promising approach is 

immune checkpoint blockade, which involves targeting inhibitory receptors on CD8 T cells to 

alleviate immune exhaustion and restore effector function. Immune checkpoint inhibitors such as 

anti-PD-1 antibodies have shown efficacy in enhancing CD8 T cell responses and improving viral 

control in preclinical and clinical studies. However, the safety and efficacy of immune checkpoint 

blockade in HIV-infected individuals require further investigation. Additionally, strategies aimed 

at reducing chronic immune activation and inflammation may help to restore CD8 T cell function 

and improve immune-mediated control of HIV. Immunosuppressive agents such as corticosteroids 

and anti-inflammatory drugs have been proposed as adjunctive therapies to dampen immune 

activation and mitigate CD8 T cell dysfunction. However, careful consideration must be given to 

the potential risks and benefits of immunosuppressive therapy in the context of HIV infection. 

Furthermore, the integration of immunomodulatory agents with existing antiretroviral therapy 

(ART) regimens may offer synergistic benefits in suppressing viral replication and restoring 

immune function. Strategies such as latency-reversing agents, which aim to reactivate latent HIV 

reservoirs and render them susceptible to immune clearance, hold promise for enhancing CD8 T 

cell-mediated control of the virus in combination with ART.141-184 

Conclusion 

The intricate relationship between CD8 T cells and HIV epitomizes the ongoing battle within the 

immune system against the virus. While CD8 T cells are critical effectors in controlling HIV 

replication, the virus has evolved sophisticated immune evasion strategies to subvert immune 

surveillance and persist within the host.  Therapeutic strategies aimed at bolstering CD8 T cell 

responses, such as therapeutic vaccination and immune checkpoint blockade, hold promise for 

restoring immune function and improving viral control. These approaches leverage the inherent 

power of the immune system to recognize and eliminate virus-infected cells, thereby augmenting 

the effectiveness of antiretroviral therapy (ART) and potentially leading to sustained virologic 

remission. Furthermore, the integration of immunomodulatory agents with existing ART regimens 

offers synergistic benefits in suppressing viral replication and restoring immune function. By 

targeting latent HIV reservoirs and reducing chronic immune activation, these strategies aim to 

create an environment conducive to immune-mediated control of the virus. 
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