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Abstract 

Human Immunodeficiency Virus (HIV) remains a global health challenge, necessitating 

continuous exploration of novel therapeutic avenues. Erythropoietin (EPO), traditionally 

recognized for its role in erythropoiesis, has emerged as a multifaceted cytokine with 

immunomodulatory properties.  The activation of EPOR signaling in these cells has been linked 

to both anti-inflammatory and pro-survival effects, suggesting a potential dual role in the context 

of HIV infection. Moreover, evidence suggests that EPO may contribute to the maintenance of 

immune homeostasis by regulating cytokine production, immune cell differentiation, and 

apoptosis. The implications of EPO-EPOR signaling in HIV therapy are manifold. On one hand, 

the modulation of EPOR signaling presents an opportunity for developing adjunctive therapies to 

enhance immune function and mitigate HIV-induced immunosuppression. On the other hand, 

caution is warranted, as excessive EPO stimulation may lead to unintended consequences, such as 

viral replication and immune hyperactivation. 

Keywords: Erythropoietin, Erythropoietin Receptor, HIV, Signaling Pathways, Therapy, 

Immunodeficiency, Hematopoiesis, Inflammation 

Introduction 

The persistent global burden of Human Immunodeficiency Virus (HIV) infection necessitates 

ongoing exploration of innovative therapeutic approaches to improve patient outcomes. While 

antiretroviral therapy (ART) has significantly extended the lifespan of individuals living with HIV, 
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challenges such as drug resistance and long-term complications persist. In recent years, the role of 

erythropoietin (EPO), a cytokine traditionally associated with erythropoiesis, has garnered 

attention due to its diverse immunomodulatory functions. Understanding the intricate signaling 

pathways of the Erythropoietin Receptor (EPOR) in the context of HIV may unveil novel 

therapeutic targets, providing a complementary strategy to current treatment regimens. Emerging 

evidence has revealed the presence of EPOR on various immune cells, including CD4+ T cells, 

macrophages, and dendritic cells. This unexpected finding suggests a broader role for EPO beyond 

its classical hematopoietic function, implicating it in the regulation of immune responses. 

Elucidating the dynamics of EPOR expression and activation on immune cells during HIV 

infection is crucial for understanding the potential impact of EPO-EPOR signaling on the course 

of the disease.1-20 

The multifaceted nature of EPO extends beyond its primary role in erythropoiesis, encompassing 

immunomodulation through diverse cellular processes. Activation of EPOR has been associated 

with anti-inflammatory effects, cell survival promotion, and modulation of cytokine production. 

These immunomodulatory properties raise intriguing possibilities for leveraging EPO-EPOR 

signaling to enhance immune function and counteract the immunosuppressive effects induced by 

HIV. Despite its potential benefits, the relationship between EPO and HIV is complex, presenting 

a dual-edged sword. While EPO-mediated immunomodulation may bolster host defenses, there is 

a concern that excessive stimulation of EPOR could inadvertently exacerbate viral replication and 

immune hyperactivation. Striking the right balance is essential for harnessing the therapeutic 

potential of EPO in the context of HIV without compromising patient safety. The dynamic 

landscape of HIV pathogenesis calls for continual innovation in therapeutic strategies. Current 

challenges, including drug resistance and long-term side effects, underscore the urgency of 

exploring alternative approaches. Investigating the role of EPO-EPOR signaling in HIV not only 

adds a layer of complexity to our understanding of the virus but also presents a unique opportunity 

for therapeutic innovation that complements existing antiretroviral strategies.21-37 

This review aims to comprehensively examine the existing literature on EPO-EPOR signaling in 

the context of HIV infection, synthesizing current knowledge on the expression and activation of 

EPOR on immune cells, the immunomodulatory effects of EPO, and the potential implications for 

HIV therapy. By addressing these aspects, we seek to contribute to a nuanced understanding of the 

interplay between EPO and HIV, identifying gaps in knowledge and highlighting avenues for 

future research. The exploration of EPO-EPOR signaling in the context of HIV is not only 

academically intriguing but also holds significant clinical implications. Insights gained from this 

review may pave the way for the development of targeted therapeutic interventions, providing 

clinicians with additional tools to optimize HIV treatment strategies. Ultimately, a comprehensive 

understanding of EPO-EPOR signaling in HIV pathogenesis has the potential to reshape the 

landscape of HIV therapeutics, offering new avenues for improved patient care and outcomes. 

Erythropoietin and its Receptor 
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Erythropoietin (EPO) and its receptor (EPOR) form a pivotal signaling axis critical for the 

regulation of erythropoiesis and maintenance of tissue oxygenation. EPO, a glycoprotein hormone 

primarily produced by the kidneys in response to hypoxic conditions, plays a central role in 

stimulating the proliferation, differentiation, and maturation of erythroid progenitor cells in the 

bone marrow. This process ensures the steady production of red blood cells, allowing the body to 

adapt to varying oxygen demands. The EPO receptor, EPOR, is expressed on the surface of 

erythroid progenitor cells, facilitating the specific binding of EPO and triggering intracellular 

signaling cascades upon activation. EPOR belongs to the cytokine receptor superfamily and is 

characterized by its ability to transduce signals through the Janus kinase (JAK)-signal transducer 

and activator of transcription (STAT) pathway. Binding of EPO to EPOR induces conformational 

changes in the receptor, leading to the activation of JAK2, which subsequently phosphorylates and 

activates STAT proteins. Activated STAT proteins translocate to the nucleus, where they regulate 

the expression of genes involved in erythropoiesis.38-40 

Beyond its classical role in erythropoiesis, EPO-EPOR signaling has been identified in various 

non-erythroid tissues, including the brain, heart, and immune system. In the central nervous 

system, EPO has been recognized for its neuroprotective effects and ability to modulate neuronal 

function. Additionally, EPOR expression on immune cells, such as T cells and macrophages, 

suggests a broader role for EPO in immunomodulation. The therapeutic potential of EPO extends 

beyond its use in treating anemia associated with chronic kidney disease. Recombinant EPO has 

been employed in various clinical settings, including cancer-related anemia and neurodegenerative 

disorders. However, caution is warranted, as excessive EPO administration has been associated 

with adverse effects, including thrombosis and increased cardiovascular risks.41-43 

The Crosstalk between EPO Signaling and HIV  

The intricate crosstalk between erythropoietin (EPO) signaling and Human Immunodeficiency 

Virus (HIV) represents a dynamic interplay with significant implications for both viral 

pathogenesis and host immune responses. EPO, primarily recognized for its role in erythropoiesis, 

has emerged as a multifunctional cytokine capable of influencing various cellular processes, 

including those involved in the immune system.  In the context of HIV, emerging evidence 

indicates the presence of EPO receptors (EPORs) on immune cells, including CD4+ T cells and 

macrophages. This unexpected discovery suggests that EPO may exert direct effects on cells 

susceptible to HIV infection, raising questions about the impact of EPO signaling on viral 

replication and immune responses. Furthermore, the activation of EPO signaling has been 

associated with anti-inflammatory effects and cell survival promotion, indicating a potential role 

in modulating the immune environment during HIV infection.44-58 

One aspect of the crosstalk between EPO and HIV revolves around the intricate balance between 

immune enhancement and potential viral replication. While EPO-induced immunomodulation may 

contribute to the maintenance of immune homeostasis and the prevention of excessive 
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inflammation, there is a concern that increased EPOR stimulation might inadvertently provide a 

favorable environment for viral replication.  Moreover, the impact of HIV on EPO signaling adds 

another layer of complexity. HIV infection itself may influence EPO levels, potentially disrupting 

the delicate balance required for erythropoiesis and immune regulation. The virus's ability to target 

and affect the bone marrow microenvironment may contribute to alterations in EPO production 

and responsiveness, influencing the overall health and hematological status of individuals living 

with HIV. As therapeutic strategies for HIV continue to evolve, the crosstalk between EPO 

signaling and HIV opens avenues for innovative approaches. Targeting EPO pathways may offer 

a unique opportunity to modulate immune responses and counteract HIV-induced 

immunosuppression. However, careful consideration of the potential risks, such as enhanced viral 

replication, is essential to ensure the safety and efficacy of any therapeutic interventions targeting 

the EPO-EPOR axis in the context of HIV.59-75 

Immunomodulatory Effects of EPO in HIV  

The immunomodulatory effects of erythropoietin (EPO) in the context of Human 

Immunodeficiency Virus (HIV) infection present a fascinating intersection of hematopoietic and 

immune regulatory pathways. Traditionally recognized for its pivotal role in erythropoiesis, EPO 

has been increasingly acknowledged for its broader impact on the immune system, and 

understanding these effects is crucial in the pursuit of novel therapeutic strategies for HIV. EPO 

has been associated with anti-inflammatory properties, suppressing the production of pro-

inflammatory cytokines and modulating immune responses. In the context of HIV, characterized 

by chronic immune activation and inflammation, the anti-inflammatory effects of EPO could offer 

a potential avenue for dampening excessive immune responses and mitigating associated 

pathologies. EPO's ability to promote cell survival and inhibit apoptosis is of particular interest in 

the context of HIV, where the virus induces programmed cell death in immune cells. EPO's anti-

apoptotic effects may contribute to the preservation of immune cell populations, potentially 

enhancing the host's ability to maintain functional immune responses despite ongoing viral 

replication.76-91 

EPO has been shown to modulate the production of cytokines, influencing the balance between 

pro-inflammatory and anti-inflammatory signals. Given the dysregulated cytokine milieu in HIV 

infection, EPO's capacity to modulate cytokine profiles could contribute to a more controlled and 

balanced immune response, potentially impacting the progression of the disease.92 As EPO 

demonstrates immunomodulatory effects, it raises the intriguing possibility of utilizing EPO as an 

adjunctive therapy to aid in immune reconstitution, particularly in individuals with HIV-associated 

immunosuppression.  While the immunomodulatory potential of EPO is promising, caution is 

warranted, especially considering the dual role of EPO in HIV pathogenesis. Striking a balance 

between immune enhancement and the potential risk of increased viral replication is crucial for 

the safe and effective use of EPO as an immunomodulatory agent in the context of HIV. 
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EPO Receptor Signaling Pathways in HIV  

The understanding of the immunomodulatory effects of erythropoietin (EPO) in the context of 

Human Immunodeficiency Virus (HIV) infection requires an exploration of the signaling pathways 

initiated by the EPO receptor (EPOR). While traditionally recognized for its role in erythropoiesis, 

EPO and its receptor have been identified on various immune cells, suggesting a broader impact 

on the immune system. In the specific context of HIV, the intricate signaling pathways activated 

by the EPO receptor may play a crucial role in shaping the host immune response and influencing 

the course of the viral infection. The primary signaling pathway activated by the binding of EPO 

to its receptor is the Janus kinase-signal transducer and activator of transcription (JAK-STAT) 

pathway. Upon EPO binding, the EPO receptor undergoes conformational changes, leading to the 

activation of JAK2 (Janus kinase 2). Activated JAK2 phosphorylates tyrosine residues on the EPO 

receptor and subsequently recruits and activates STAT proteins (signal transducer and activator of 

transcription). These activated STAT proteins form dimers and translocate to the nucleus, where 

they regulate the transcription of target genes involved in various cellular processes, including cell 

survival, proliferation, and differentiation.93-110 

EPO-induced activation of the JAK-STAT pathway has been associated with anti-apoptotic 

effects, particularly in the context of hematopoietic cells. In HIV, where CD4+ T cell depletion is 

a hallmark of the infection, the potential anti-apoptotic role of EPO signaling could be of particular 

relevance. EPO-mediated protection against apoptosis may contribute to the maintenance of CD4+ 

T cell populations and mitigate the detrimental effects of HIV-induced cell death. EPO signaling 

has been shown to modulate the production of various cytokines involved in immune responses. 

By influencing the balance of pro-inflammatory and anti-inflammatory cytokines, EPO may play 

a role in shaping the overall immune environment during HIV infection. This modulation could 

impact immune cell activation, differentiation, and the overall effectiveness of the host response 

against the virus. The expression of EPOR on non-erythroid tissues, including immune cells, 

implies that EPO signaling may have tissue-specific effects. In the context of HIV, where the virus 

can target multiple tissues and organs, understanding how EPO receptor signaling influences the 

immune response in different anatomical locations is essential. While EPO signaling may have 

beneficial effects on immune cells, promoting cell survival and modulating cytokine production, 

the potential dual role of EPO in HIV pathogenesis must be considered. Excessive EPO stimulation 

might inadvertently create an environment conducive to viral replication, necessitating a delicate 

balance in harnessing its immunomodulatory effects.111-122 

Therapeutic Implications  

The crosstalk between erythropoietin (EPO) signaling and Human Immunodeficiency Virus (HIV) 

has significant therapeutic implications, offering potential avenues for innovative interventions in 

the management of HIV infection.123 Understanding the immunomodulatory effects of EPO in the 

context of HIV suggests that targeted modulation of EPO signaling could be explored as a 
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complementary strategy to enhance the host immune response. Fine-tuning EPO-mediated effects 

on immune cells may contribute to the maintenance of immune homeostasis, potentially mitigating 

HIV-induced immunosuppression. EPO-based interventions could be investigated as adjunctive 

therapies alongside existing antiretroviral treatments. By bolstering immune function and 

potentially mitigating CD4+ T cell depletion, EPO may enhance the overall effectiveness of HIV 

treatment regimens, particularly in individuals with compromised immune systems. HIV infection 

is known to impact the bone marrow microenvironment, affecting erythropoiesis and contributing 

to anemia. Leveraging EPO to support bone marrow function could be explored as a therapeutic 

approach to address HIV-associated anemia, improving overall hematological health in affected 

individuals. 

Given EPO's neuroprotective properties, its therapeutic application may extend to addressing HIV-

associated neurocognitive disorders.124 Exploring the potential of EPO in preserving neuronal 

function and mitigating neuroinflammation could offer novel avenues for managing HIV-related 

neurological complications. Careful consideration of the timing and dosage of EPO administration 

is crucial to optimize therapeutic benefits while minimizing potential risks. Strategies that harness 

EPO's immunomodulatory effects without inadvertently promoting viral replication need to be 

developed and validated through rigorous clinical studies. Recognizing the potential dual role of 

EPO in HIV pathogenesis, patient stratification based on viral load, immune status, and other 

relevant factors becomes essential. Tailoring therapeutic approaches to individual patient profiles 

can maximize benefits while minimizing risks associated with EPO interventions. The 

implementation of monitoring and surveillance protocols is imperative to assess the safety and 

efficacy of EPO-based therapies in individuals living with HIV. Regular assessments of viral load, 

immune parameters, and hematological indices can guide the optimization of therapeutic strategies 

and help identify potential adverse effects. Integration of EPO-based therapies into comprehensive 

HIV care plans should be approached holistically. Collaborative efforts with existing antiretroviral 

therapies, supportive care measures, and management of comorbidities will be crucial for ensuring 

comprehensive and effective patient care. 

Conclusion  

The intricate interplay between erythropoietin (EPO) signaling and Human Immunodeficiency 

Virus (HIV) presents a multifaceted relationship with broad implications for both viral 

pathogenesis and therapeutic interventions. The identification of EPO receptors (EPORs) on 

immune cells and the activation of diverse signaling pathways in response to EPO binding 

highlight the intricate nature of this interaction. EPO's capacity to modulate immune cell function, 

promote cell survival, and influence cytokine production suggests a potential role in mitigating 

HIV-induced immunosuppression. However, the dual-edged nature of EPO, where excessive 

stimulation could inadvertently foster viral replication, necessitates a nuanced approach to 

therapeutic interventions. 
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Therapeutically, harnessing EPO for its immunomodulatory properties holds promise as an 

adjunctive strategy to existing antiretroviral therapies. By strategically targeting EPO signaling, it 

may be possible to bolster immune function, support bone marrow health, and potentially address 

HIV-associated anemia and neurocognitive disorders. Nonetheless, careful patient stratification, 

monitoring, and integration with existing therapeutic modalities are essential to ensure the safety 

and efficacy of such interventions. 
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