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Abstract 

Deep venous thrombosis (DVT) represents a significant complication in individuals living with 

Human Immunodeficiency Virus (HIV), contributing to morbidity and mortality. While the 

pathogenesis of DVT in HIV is multifactorial, recent research has implicated dysregulation of the 

transcription factor GATA-1 in mediating thrombotic risk. This review aims to elucidate the 

molecular basis of DVT in HIV, with a specific focus on the role of GATA-1 in thrombosis 

development and its potential as a therapeutic target. We discuss the interplay between HIV-

associated inflammation, endothelial dysfunction, and hypercoagulability, highlighting GATA-1 

as a key mediator of thrombotic risk in HIV-infected individuals. Understanding the molecular 

mechanisms underlying GATA-1 dysregulation in the context of HIV infection may offer insights 

into the pathogenesis of DVT and facilitate the development of novel therapeutic strategies for 

preventing and treating thrombotic complications in HIV. 

Introduction  

Deep venous thrombosis (DVT) is a common vascular complication observed in individuals living 

with Human Immunodeficiency Virus (HIV), posing significant clinical challenges and increasing 

the risk of morbidity and mortality. The incidence of DVT is higher among HIV-infected 

individuals compared to the general population, with numerous factors contributing to thrombotic 

risk in this population. While traditional risk factors for thrombosis, such as immobility and 

comorbidities, play a role, HIV itself and its associated inflammatory and immunological 

abnormalities also contribute to thrombotic risk. Understanding the molecular mechanisms 

underlying DVT in the context of HIV infection is essential for developing targeted therapeutic 
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interventions to mitigate thrombotic complications and improve clinical outcomes in affected 

individuals. GATA-1, traditionally known for its role in hematopoiesis, has emerged as a critical 

regulator of thrombotic processes, influencing endothelial function, platelet activation, and 

coagulation pathways. Dysregulation of GATA-1 activity may disrupt the delicate balance of 

hemostasis and promote thrombus formation, contributing to the increased incidence of DVT 

observed in HIV-infected individuals. Thus, exploring the molecular basis of DVT from the 

perspective of GATA-1 may offer new insights into thrombotic risk assessment and therapeutic 

strategies in HIV.1-30 

HIV infection is characterized by chronic immune activation, systemic inflammation, and 

endothelial dysfunction, all of which contribute to a prothrombotic state. HIV-associated 

inflammation disrupts normal endothelial function, leading to endothelial activation and 

dysfunction, which promote thrombus formation. Additionally, HIV-induced alterations in 

coagulation pathways, including increased tissue factor expression and decreased levels of natural 

anticoagulants, further contribute to thrombotic risk. The interplay between HIV-associated 

inflammation, endothelial dysfunction, and dysregulated coagulation cascades underscores the 

complexity of thrombosis development in HIV. GATA-1 dysregulation may represent a key 

molecular link between HIV-associated inflammation and thrombosis development. HIV-induced 

immune activation and inflammatory cytokines may directly influence GATA-1 expression and 

function, leading to aberrant activation of prothrombotic pathways. Understanding the molecular 

mechanisms underlying GATA-1 dysregulation in HIV-infected individuals is crucial for 

elucidating the pathogenesis of DVT and identifying novel therapeutic targets. Targeting GATA-

1 and its downstream effectors may offer promising therapeutic avenues for mitigating thrombotic 

risk and improving clinical outcomes in HIV-infected individuals with DVT.31-60 

In this review, it was aimed to comprehensively explore the molecular basis of DVT in HIV, with 

a specific focus on the role of GATA-1 in thrombosis development. By elucidating the intricate 

mechanisms underlying thrombotic risk in HIV and highlighting the significance of GATA-1 

dysregulation, we hope to pave the way for the development of targeted therapeutic interventions 

to prevent and treat DVT in HIV-infected individuals. 

Role of GATA-1 in Thrombosis 

GATA-1, a member of the GATA family of transcription factors, plays a crucial role in regulating 

various aspects of hematopoiesis, including erythropoiesis, megakaryopoiesis, and 

thrombopoiesis. While traditionally recognized for its role in erythroid and megakaryocytic 

differentiation, emerging evidence suggests that GATA-1 also contributes to the regulation of 

thrombosis, the pathological process underlying conditions such as deep venous thrombosis 

(DVT). Here, we delve into the role of GATA-1 in thrombosis and its implications for thrombotic 

risk. GATA-1 regulates the expression of genes involved in platelet function and activation, 

thereby influencing thrombus formation and stability. Studies have shown that GATA-1 deficiency 

in megakaryocytes results in impaired platelet production and function, leading to defective 

thrombosis in animal models. Furthermore, GATA-1 is involved in the transcriptional regulation 

of key platelet surface receptors and adhesion molecules, such as GPIIb/IIIa and von Willebrand 
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factor (vWF), which are essential for platelet aggregation and adhesion during thrombus 

formation.61-80 

GATA-1 also modulates the expression of genes encoding coagulation factors and anticoagulant 

proteins, thereby affecting the balance between procoagulant and anticoagulant pathways. 

Dysregulation of GATA-1 activity may disrupt this balance, leading to a hypercoagulable state 

and increased thrombotic risk. For example, GATA-1 has been shown to regulate the expression 

of tissue factor (TF), the primary initiator of the extrinsic coagulation pathway, as well as 

anticoagulant proteins such as thrombomodulin and tissue factor pathway inhibitor (TFPI). 

Beyond its role in hematopoiesis, GATA-1 also influences endothelial function, a critical 

determinant of thrombotic risk. GATA-1 regulates the expression of genes involved in endothelial 

cell differentiation, proliferation, and function, including those encoding adhesion molecules, 

cytokines, and nitric oxide synthase. Dysregulation of GATA-1 activity in endothelial cells may 

lead to endothelial dysfunction, characterized by impaired nitric oxide production, increased 

expression of adhesion molecules, and enhanced proinflammatory signaling, all of which 

contribute to thrombus formation and progression. GATA-1 interacts with various signaling 

pathways implicated in inflammation and immune responses, further influencing thrombotic risk. 

Inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), 

can modulate GATA-1 expression and activity, thereby affecting thrombosis development. 

Conversely, GATA-1 may regulate the expression of inflammatory mediators and cytokines, 

establishing a complex interplay between thrombosis and inflammation. Understanding the role of 

GATA-1 in thrombosis may have important clinical implications for the management of 

thrombotic disorders, including DVT. Targeting GATA-1 and its downstream effectors represents 

a potential therapeutic strategy for modulating thrombotic risk in various clinical settings. 

Furthermore, assessing GATA-1 expression and activity may serve as a biomarker for thrombotic 

risk assessment and stratification, guiding personalized therapeutic interventions in patients at 

increased risk of thrombosis.81-110 

Molecular Mechanisms of GATA-1 Dysregulation in HIV 

The dysregulation of GATA-1 in the context of HIV infection involves intricate molecular 

mechanisms that contribute to thrombotic risk and hematological complications. Several factors 

associated with HIV pathogenesis can influence GATA-1 expression and activity, leading to 

aberrant hematopoiesis and thrombosis.  HIV infection induces a state of chronic immune 

activation and inflammation, characterized by elevated levels of proinflammatory cytokines such 

as tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and interferon-gamma (IFN-γ). 

These cytokines can directly modulate GATA-1 expression and activity in hematopoietic cells, 

impacting erythropoiesis, megakaryopoiesis, and thrombopoiesis. Dysregulated GATA-1 

signaling in response to inflammatory cytokines may disrupt normal hematopoietic processes and 

promote thrombotic risk. HIV encodes various viral proteins, such as Tat (Transactivator of 

Transcription) and gp120 (Envelope glycoprotein), which can interact with host cellular machinery 

and affect gene expression. Studies have shown that HIV viral proteins can directly influence 

GATA-1 expression and function in hematopoietic cells. For example, Tat protein has been 

reported to modulate GATA-1 activity in megakaryocytes, leading to aberrant platelet production 
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and function. Similarly, gp120-mediated signaling may dysregulate GATA-1 in erythroid 

progenitor cells, contributing to anemia and thrombocytopenia in HIV-infected individuals.111-130 

HIV infection is associated with increased oxidative stress, resulting from various factors, 

including chronic inflammation, immune activation, and antiretroviral therapy (ART). Oxidative 

stress can directly impact GATA-1 activity through post-translational modifications, such as 

oxidation of cysteine residues within the protein. Altered redox status may disrupt the DNA-

binding ability of GATA-1 and its interactions with cofactors, leading to dysregulated 

hematopoiesis and thrombotic complications in HIV. Epigenetic regulation, including DNA 

methylation and histone modifications, plays a crucial role in controlling gene expression 

programs during hematopoiesis. Emerging evidence suggests that HIV infection can induce 

epigenetic changes that affect GATA-1 expression and function. For instance, DNA methylation 

patterns within GATA-1 regulatory regions may be altered in HIV-infected hematopoietic cells, 

leading to dysregulated GATA-1 expression and downstream effects on hematopoiesis and 

thrombosis. While Antiretroviral Therapy (ART) has significantly improved the prognosis of HIV-

infected individuals, certain antiretroviral drugs may also impact GATA-1 expression and 

function. For example, nucleoside reverse transcriptase inhibitors (NRTIs) have been implicated 

in mitochondrial toxicity and oxidative stress, which can affect GATA-1 activity. Additionally, 

protease inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs) may 

modulate cellular signaling pathways involved in GATA-1 regulation.131-160 

Therapeutic Implications 

The dysregulation of GATA-1 in HIV-associated hematological disorders presents therapeutic 

implications that warrant exploration for improved clinical management.  Small molecules 

targeting GATA-1 activity or its downstream effectors could be developed as potential 

therapeutics. These molecules could either inhibit or enhance GATA-1 function depending on the 

specific context of hematological complications in HIV. For example, GATA-1 activators may be 

beneficial for restoring erythroid and megakaryocytic differentiation in HIV-associated anemia 

and thrombocytopenia, while GATA-1 inhibitors may help mitigate thrombotic risk by modulating 

platelet function and coagulation cascade activation. Given the role of epigenetic modifications in 

regulating GATA-1 expression, drugs targeting epigenetic enzymes involved in DNA methylation 

and histone modifications could be explored as therapeutic interventions. These agents may help 

normalize GATA-1 expression patterns in HIV-infected hematopoietic cells, thereby restoring 

proper hematopoiesis and mitigating thrombotic complications.161-170 

Since inflammatory cytokines can dysregulate GATA-1 expression and activity, anti-

inflammatory agents may have therapeutic potential in HIV-associated hematological disorders. 

Drugs targeting specific cytokines, such as TNF-α inhibitors or IL-6 antagonists, could help 

mitigate the inflammatory milieu and indirectly modulate GATA-1 function, thereby reducing 

thrombotic risk and improving hematopoietic outcomes. Given the contribution of oxidative stress 

to GATA-1 dysregulation in HIV, antioxidants may serve as adjunctive therapy to mitigate 

thrombotic risk. Agents with antioxidant properties, such as N-acetylcysteine (NAC) or vitamin 

E, could help counteract oxidative damage and restore redox balance, thereby preserving GATA-
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1 function and improving hematopoiesis. Tailoring therapeutic interventions based on individual 

patient characteristics, including viral load, immune status, and ART regimen, may optimize 

treatment outcomes in HIV-associated hematological disorders. Personalized approaches may 

involve a combination of pharmacological agents targeting GATA-1 and other molecular pathways 

implicated in thrombosis and hematopoiesis, as well as supportive care measures to address 

specific clinical manifestations. Ensuring optimal adherence to Adherence to Antiretroviral 

Therapy (ART) is critical for controlling HIV replication, reducing inflammation, and preserving 

immune function, which indirectly impacts GATA-1 dysregulation and hematological 

complications. Education, counseling, and support programs aimed at promoting ART adherence 

among HIV-infected individuals are essential components of comprehensive therapeutic 

strategies.171-185 

Conclusion 

The dysregulation of GATA-1 in the context of HIV infection plays a significant role in 

hematological disorders, including anemia, thrombocytopenia, thrombosis, and myelodysplastic 

syndromes. Understanding the molecular mechanisms underlying GATA-1 dysregulation provides 

insights into the pathogenesis of these hematological complications and identifies potential 

therapeutic targets for intervention. GATA-1 orchestrates various aspects of hematopoiesis, 

including erythropoiesis, megakaryopoiesis, and thrombopoiesis, and its dysregulation disrupts the 

delicate balance of hematopoietic homeostasis, leading to aberrant blood cell production and 

function. In the context of HIV infection, inflammatory cytokines, viral proteins, oxidative stress, 

and epigenetic modifications contribute to GATA-1 dysregulation, exacerbating hematological 

complications and thrombotic risk. Therapeutic strategies targeting GATA-1 and its downstream 

effectors hold promise for mitigating hematological complications in HIV-infected individuals. 

These strategies include GATA-1 modulators, epigenetic modifiers, anti-inflammatory agents, 

antioxidants, personalized therapies, and adherence to antiretroviral therapy. By restoring proper 

hematopoiesis and mitigating thrombotic risk, these interventions have the potential to improve 

clinical outcomes and quality of life for individuals living with HIV. 
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