
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/384080016

Aplastic Anemia in HIV: The Role of Epigenetic Modifications

Article · September 2024

CITATIONS

0
READS

2

1 author:

Emmanuel Ifeanyi Obeagu

Africa University

2,100 PUBLICATIONS   36,090 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Emmanuel Ifeanyi Obeagu on 17 September 2024.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/384080016_Aplastic_Anemia_in_HIV_The_Role_of_Epigenetic_Modifications?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/384080016_Aplastic_Anemia_in_HIV_The_Role_of_Epigenetic_Modifications?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Africa-University2?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-eef11e30d0f4befb64d3224d6ab69f0e-XXX&enrichSource=Y292ZXJQYWdlOzM4NDA4MDAxNjtBUzoxMTQzMTI4MTI3ODM4Nzc4OUAxNzI2NTk0NDI5Mzky&el=1_x_10&_esc=publicationCoverPdf


 

Citation: Obeagu EI. Aplastic Anemia in HIV: The Role of Epigenetic Modifications. Elite 

Journal of Haematology, 2024; 2(9): 33-45 

1 
 

Elite Journal of Haematology. Volume 2 Issue 9(2024), Pp.  33-45 

https://epjournals.com/journals/EJH 

 

Aplastic Anemia in HIV: The Role of Epigenetic Modifications 

 

*Emmanuel Ifeanyi Obeagu 

 

Department of Medical Laboratory Science, Kampala International University, Uganda. 

 

*Corresponding authour: Emmanuel Ifeanyi Obeagu, Department of Medical Laboratory Science, 

Kampala International University, Uganda, emmanuelobeagu@yahoo.com, ORCID: 0000-0002- 

4538-0161 

 

Abstract 

Aplastic anemia (AA) is a critical hematological condition characterized by the failure of bone 

marrow to produce adequate blood cells, leading to severe anemia, thrombocytopenia, and 

leukopenia. In individuals with Human Immunodeficiency Virus (HIV), the incidence and severity 

of AA are exacerbated by both direct viral effects and complex immune dysregulation. Recent 

research has illuminated the significant role of epigenetic modifications—such as DNA 

methylation, histone modifications, and non-coding RNAs—in the pathogenesis of AA within the 

context of HIV infection. These epigenetic changes disrupt normal hematopoiesis and immune 

function, contributing to the progression of the disease. DNA methylation and histone 

modifications can lead to the silencing or aberrant activation of genes critical for hematopoietic 

stem cell function and immune regulation. For instance, hypermethylation of gene promoters may 

inhibit the expression of key genes involved in cell proliferation and survival, while altered histone 

acetylation can affect chromatin accessibility and gene transcription. Non-coding RNAs, including 

microRNAs (miRNAs) and long non-coding RNAs (lncRNAs), also play pivotal roles by 

regulating gene expression at multiple levels, further influencing the disease process in AA. 

Keywords: Aplastic Anemia, HIV, Epigenetic Modifications, DNA Methylation, Histone 

Modification 

Introduction 

Aplastic anemia (AA) is a serious hematological disorder characterized by the bone marrow's 

failure to produce sufficient blood cells, resulting in severe anemia, thrombocytopenia, and 

leukopenia. This condition significantly impacts patient quality of life and poses substantial health 
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risks. The etiology of AA is multifaceted, involving both intrinsic defects in hematopoietic stem 

cells (HSCs) and extrinsic factors such as autoimmune responses and environmental influences. 

Among the extrinsic factors, Human Immunodeficiency Virus (HIV) has been identified as a major 

contributor to the development and exacerbation of AA. HIV's impact on hematopoiesis is both 

direct, through viral invasion and damage, and indirect, via the alteration of immune responses.1-5 

The interplay between HIV and AA involves complex mechanisms that disrupt normal 

hematopoiesis. HIV infection can directly affect HSCs by inducing cell apoptosis and interfering 

with the bone marrow microenvironment. Additionally, HIV-related immune dysregulation, 

including the activation of autoreactive T cells and the production of pro-inflammatory cytokines, 

further contributes to the pathogenesis of AA. The resulting immune-mediated damage to 

hematopoietic cells exacerbates bone marrow failure, leading to the clinical manifestations of AA. 

Recent research has highlighted the crucial role of epigenetic modifications in the development 

and progression of AA, particularly in the context of HIV infection. Epigenetic modifications refer 

to changes in gene expression regulation that do not involve alterations in the DNA sequence itself 

but involve modifications to DNA and histone proteins. These changes can profoundly influence 

gene expression and cellular function, impacting processes such as hematopoiesis, immune 

regulation, and cellular stress responses.6-10 DNA methylation is one of the primary epigenetic 

modifications involved in regulating gene expression. In AA, aberrant DNA methylation patterns 

can lead to the silencing of genes critical for hematopoietic cell function and survival. For instance, 

hypermethylation of promoter regions can inhibit the expression of genes involved in cell 

proliferation, differentiation, and apoptosis. In the context of HIV, such aberrations in DNA 

methylation can exacerbate the detrimental effects of the virus on hematopoietic cells, contributing 

to the development and progression of AA. Histone modifications are another key aspect of 

epigenetic regulation. Histone proteins, which package DNA into chromatin, can undergo various 

modifications such as acetylation, methylation, and phosphorylation. These modifications affect 

chromatin structure and gene accessibility. In AA, alterations in histone modifications can disrupt 

the expression of genes essential for normal hematopoiesis and immune function. For example, 

changes in histone acetylation or methylation patterns can impact the transcriptional regulation of 

genes involved in hematopoietic stem cell maintenance and differentiation.11-15 

Non-coding RNAs, including microRNAs (miRNAs) and long non-coding RNAs (lncRNAs), also 

play critical roles in regulating gene expression and cellular processes. In the context of AA 

associated with HIV, dysregulated expression of specific non-coding RNAs can contribute to 

disease pathogenesis. miRNAs, which regulate gene expression by binding to target mRNAs, can 

influence hematopoiesis and immune responses. lncRNAs, on the other hand, are involved in 

chromatin remodeling and gene transcription regulation. Abnormalities in these non-coding RNAs 

can impact the function of hematopoietic cells and immune responses, exacerbating the severity 

of AA.16-20 The identification of epigenetic changes associated with HIV-related AA provides new 

avenues for therapeutic intervention. Targeting aberrant DNA methylation, histone modifications, 

and non-coding RNA expression offers potential strategies for correcting the underlying epigenetic 

dysregulation in AA. Epigenetic therapies, such as DNA methylation inhibitors and histone 

deacetylase inhibitors, have shown promise in other hematological disorders and could be explored 

for AA management. Additionally, non-coding RNA-based therapies, including miRNA mimics 

and inhibitors, offer novel approaches to modulating gene expression and improving 

hematopoietic function.21-23 
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Epigenetic Modifications and Their Mechanisms 

Epigenetic modifications are heritable changes in gene expression that occur without alterations 

to the DNA sequence itself. These modifications regulate various cellular processes by affecting 

chromatin structure and gene accessibility. They play a crucial role in development, cellular 

differentiation, and disease progression. In the context of aplastic anemia (AA) associated with 

HIV, understanding these modifications is key to unraveling the mechanisms underlying the 

disease and identifying potential therapeutic targets. DNA methylation involves the addition of a 

methyl group to the 5' position of cytosine residues within CpG dinucleotides. This modification 

typically leads to gene silencing by inhibiting the binding of transcription factors and promoting 

the formation of a repressive chromatin environment. In AA, abnormal DNA methylation patterns 

can lead to the silencing of genes critical for hematopoiesis and immune regulation. For example, 

hypermethylation of promoter regions in genes involved in cell cycle regulation or apoptosis can 

impair hematopoietic cell function, contributing to bone marrow failure.24-28 Histones are proteins 

around which DNA is wrapped to form chromatin. The amino-terminal tails of histones can 

undergo various post-translational modifications, including acetylation, methylation, 

phosphorylation, and ubiquitination. These modifications alter chromatin structure and influence 

gene expression. Acetylation of histone lysine residues, primarily by histone acetyltransferases 

(HATs), is associated with transcriptional activation. This modification neutralizes the positive 

charge of histones, reducing their affinity for negatively charged DNA and making the chromatin 

more accessible for transcription. Conversely, histone deacetylation, performed by histone 

deacetylases (HDACs), leads to transcriptional repression by restoring the positive charge and 

promoting a closed chromatin configuration. Histone methylation involves the addition of methyl 

groups to lysine or arginine residues. Depending on the specific residues and the number of methyl 

groups added, histone methylation can either activate or repress gene transcription. For instance, 

methylation of histone H3 on lysine 4 (H3K4me) is associated with active transcription, while 

methylation on lysine 27 (H3K27me) is linked to gene repression.29-32 

Non-coding RNAs (ncRNAs) are RNA molecules that do not code for proteins but play crucial 

roles in regulating gene expression. Two major types of ncRNAs relevant to AA are microRNAs 

(miRNAs) and long non-coding RNAs (lncRNAs). miRNAs are small RNA molecules (~22 

nucleotides) that regulate gene expression by binding to complementary sequences in target 

mRNAs, leading to their degradation or inhibition of translation. Dysregulation of miRNAs in AA 

can affect hematopoiesis and immune responses. For example, certain miRNAs may target genes 

involved in hematopoietic stem cell maintenance or immune modulation, impacting disease 

progression. lncRNAs are longer RNA molecules (>200 nucleotides) that can regulate gene 

expression through various mechanisms, including chromatin remodeling, interaction with 

transcription factors, and modulation of splicing. lncRNAs can influence hematopoiesis and 

immune responses by interacting with chromatin-modifying complexes and transcriptional 

machinery.33-37 

Epigenetic modifications often work in concert to regulate gene expression. For example, DNA 

methylation can interact with histone modifications to establish and maintain repressive chromatin 

states. Similarly, non-coding RNAs can influence the deposition of epigenetic marks or recruit 
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chromatin-modifying enzymes to specific genomic regions. HIV infection can alter epigenetic 

landscapes in various ways. The virus can induce changes in DNA methylation and histone 

modifications, affecting genes involved in immune function and hematopoiesis. HIV-induced 

inflammation and immune dysregulation can further contribute to epigenetic changes, 

exacerbating the effects on bone marrow function and increasing the risk of AA. Targeting 

epigenetic modifications presents a promising approach for treating AA, especially in the context 

of HIV. Epigenetic therapies, such as DNA methylation inhibitors (e.g., azacitidine, decitabine) 

and histone deacetylase inhibitors (e.g., vorinostat, romidepsin), have shown efficacy in other 

hematological disorders and may offer therapeutic benefits for AA. Additionally, modulating non-

coding RNA expression through miRNA mimics or inhibitors could provide novel strategies for 

correcting dysregulated gene expression in AA.38-42 

 

DNA Methylation in Aplastic Anemia and HIV 

DNA methylation is a key epigenetic mechanism that involves the addition of a methyl group to 

the 5' position of cytosine residues within CpG dinucleotides. This modification generally results 

in gene silencing by preventing the binding of transcription factors and promoting a compact 

chromatin structure that is less accessible for transcription. In the context of aplastic anemia (AA) 

and HIV infection, aberrant DNA methylation plays a significant role in disrupting normal 

hematopoiesis and contributing to disease pathogenesis. In AA, DNA methylation patterns are 

often disrupted, leading to the silencing of genes essential for hematopoietic cell function and 

survival. For instance, hypermethylation of promoter regions in genes involved in cell cycle 

regulation, apoptosis, and hematopoietic stem cell maintenance can impair the proliferation and 

differentiation of hematopoietic stem cells (HSCs). Studies have identified specific genes that are 

aberrantly methylated in AA, contributing to the pathogenesis of the disease. For example, genes 

like TP53 and RUNX1, which are crucial for cell cycle control and hematopoiesis, respectively, 

may be subject to abnormal methylation in AA patients, leading to impaired bone marrow function 

and increased susceptibility to disease progression.43-47 HIV infection exacerbates the impact of 

DNA methylation on hematopoiesis by inducing additional epigenetic changes. The virus can 

directly influence DNA methylation patterns in host cells through several mechanisms. HIV 

proteins, such as Tat and Vpr, have been shown to interact with host chromatin-modifying 

enzymes, potentially altering DNA methylation patterns and contributing to gene silencing. This 

can disrupt normal hematopoiesis and immune function, further complicating AA in HIV-infected 

individuals. Furthermore, HIV-induced chronic inflammation and immune dysregulation can also 

contribute to abnormal DNA methylation. The persistent inflammatory environment created by 

HIV infection can lead to global hypomethylation or localized hypermethylation of genes involved 

in immune responses and hematopoiesis. This dysregulation can exacerbate the effects of HIV on 

bone marrow function and increase the risk of developing AA.48-52 

The mechanisms through which HIV influences DNA methylation in AA are complex and 

multifaceted. HIV-induced oxidative stress and inflammatory cytokines can affect the activity of 

DNA methyltransferases (DNMTs), the enzymes responsible for adding methyl groups to DNA. 

Changes in DNMT expression or activity can lead to altered DNA methylation patterns and 

contribute to the silencing of genes critical for hematopoiesis. Additionally, HIV can influence the 
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expression of non-coding RNAs, such as microRNAs (miRNAs), which play a role in regulating 

DNA methylation. For example, certain miRNAs can target DNMTs or their regulators, impacting 

DNA methylation patterns and gene expression. Dysregulation of these miRNAs in the context of 

HIV can further contribute to the epigenetic changes observed in AA. The identification of aberrant 

DNA methylation patterns in AA, particularly in the context of HIV infection, has important 

clinical implications. Methylation profiles can serve as biomarkers for disease diagnosis, 

prognosis, and treatment response. Additionally, targeting DNA methylation changes through 

therapeutic strategies, such as the use of DNA methylation inhibitors (e.g., azacitidine, decitabine), 

may offer new treatment options for AA patients, especially those with HIV-related 

complications.53-57 

Histone Modifications in Aplastic Anemia 

Histone modifications are pivotal in regulating gene expression by altering chromatin structure, 

which in turn affects the accessibility of DNA for transcription. These modifications include 

acetylation, methylation, phosphorylation, and ubiquitination of histone proteins. In aplastic 

anemia (AA), aberrant histone modifications play a significant role in disrupting hematopoiesis 

and contributing to disease pathology. Histone acetylation is typically associated with 

transcriptional activation. The addition of acetyl groups to lysine residues on histone tails by 

histone acetyltransferases (HATs) neutralizes the positive charge of histones, reducing their affinity 

for negatively charged DNA and thereby creating a more open chromatin structure conducive to 

transcription. Conversely, histone deacetylation, performed by histone deacetylases (HDACs), 

promotes a closed chromatin state that represses gene expression. In AA, disrupted acetylation 

patterns can impact genes involved in hematopoiesis and cell survival. For instance, reduced 

histone acetylation in genes critical for hematopoietic stem cell function can lead to their silencing, 

impairing bone marrow function. Similarly, increased HDAC activity can exacerbate gene 

repression, contributing to the pathogenesis of AA by preventing the expression of genes necessary 

for normal blood cell production.58-62 

Histone methylation involves the addition of methyl groups to lysine or arginine residues on 

histone tails. This modification can either activate or repress transcription, depending on the 

specific residues modified and the degree of methylation. For example, trimethylation of histone 

H3 on lysine 4 (H3K4me3) is generally associated with active transcription, whereas 

trimethylation of histone H3 on lysine 27 (H3K27me3) is linked to transcriptional repression. In 

AA, abnormal histone methylation patterns can disrupt normal gene expression. For instance, 

altered levels of H3K4me3 or H3K27me3 can lead to the silencing of genes essential for 

hematopoietic stem cell maintenance and differentiation. These disruptions can impair bone 

marrow function and contribute to the development of AA. Histone phosphorylation involves the 

addition of phosphate groups to serine, threonine, or tyrosine residues on histone tails. This 

modification is associated with various cellular processes, including DNA repair, cell division, and 

gene regulation. For example, phosphorylation of histone H3 on serine 10 (H3S10ph) is linked to 

mitotic chromosome condensation and transcriptional activation.63-67 

In AA, altered histone phosphorylation patterns can affect cell cycle regulation and gene 

expression. Dysregulated phosphorylation may impair hematopoietic cell proliferation and 

survival, contributing to bone marrow failure and the progression of AA. Histone ubiquitination 
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involves the attachment of ubiquitin molecules to lysine residues on histone proteins. This 

modification can influence gene expression by affecting histone stability and chromatin structure. 

For instance, ubiquitination of histone H2A is often associated with transcriptional repression, 

while ubiquitination of histone H3 can be linked to transcriptional activation. In AA, abnormal 

histone ubiquitination patterns can contribute to the dysregulation of genes involved in 

hematopoiesis. Changes in ubiquitination can impact histone turnover and chromatin accessibility, 

affecting the expression of genes critical for normal blood cell production and function. HIV 

infection can exacerbate disruptions in histone modifications by influencing the activity of histone-

modifying enzymes. HIV proteins, such as Tat and Vpr, have been shown to interact with histone-

modifying complexes, potentially altering histone acetylation, methylation, and phosphorylation 

patterns. This can lead to abnormal gene expression and contribute to the pathogenesis of AA in 

HIV-infected individuals. Additionally, HIV-induced inflammation and oxidative stress can affect 

histone-modifying enzymes and further disrupt histone modifications. The chronic inflammatory 

environment created by HIV can lead to global changes in histone modifications, impacting genes 

involved in immune responses and hematopoiesis.68-72 

Non-Coding RNAs in Aplastic Anemia and HIV 

Non-coding RNAs (ncRNAs) are a diverse group of RNA molecules that do not code for proteins 

but play critical roles in regulating gene expression and cellular processes. Among the different 

types of ncRNAs, microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) have emerged 

as key players in the pathogenesis of various diseases, including aplastic anemia (AA) and HIV 

infection.  miRNAs are small, single-stranded RNA molecules approximately 22 nucleotides in 

length. They regulate gene expression post-transcriptionally by binding to complementary 

sequences in target mRNAs, leading to their degradation or inhibition of translation. miRNAs play 

crucial roles in various biological processes, including hematopoiesis, immune responses, and 

disease development. In AA, miRNA dysregulation can significantly impact hematopoiesis and 

contribute to disease pathology. For example, aberrant expression of miRNAs can influence the 

proliferation, differentiation, and survival of hematopoietic stem cells (HSCs). Specific miRNAs, 

such as miR-21, miR-24, and miR-155, have been found to be dysregulated in AA and are 

implicated in the pathogenesis of the disease. These miRNAs can target genes involved in cell 

cycle regulation, apoptosis, and immune modulation, thereby affecting bone marrow function and 

contributing to AA.73-78 

HIV infection can alter the expression of miRNAs, affecting both viral replication and host cell 

function. HIV proteins, such as Tat and Nef, can modulate the expression of host miRNAs, 

impacting immune responses and hematopoiesis. For instance, HIV-induced changes in miRNA 

expression can influence the immune response, promote viral persistence, and affect the 

development of AA in HIV-infected individuals. miRNAs such as miR-17-92 and miR-29 have 

been implicated in HIV pathogenesis and can also play a role in the development of AA. lncRNAs 

are longer RNA molecules, typically more than 200 nucleotides in length, that regulate gene 

expression through various mechanisms. lncRNAs can interact with chromatin-modifying 

complexes, transcription factors, and other ncRNAs to influence gene expression and cellular 

processes. In AA, dysregulated lncRNAs can impact hematopoiesis and contribute to disease 

development. lncRNAs can modulate gene expression by influencing chromatin remodeling, 
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transcriptional activation or repression, and splicing. For example, lncRNAs such as HOTAIR 

and MEG3 have been shown to be involved in the regulation of genes associated with 

hematopoietic stem cell function and bone marrow failure. Aberrant expression of these lncRNAs 

can disrupt normal hematopoiesis and contribute to the pathogenesis of AA.79-82 

HIV infection can also affect the expression of lncRNAs, impacting both viral replication and host 

cellular processes. HIV can induce changes in lncRNA expression that affect immune responses, 

cellular stress responses, and the development of AA. lncRNAs such as NEAT1 and MALAT1 

have been implicated in HIV pathogenesis and can influence the progression of AA in HIV-infected 

individuals. These lncRNAs can interact with various cellular pathways, including those involved 

in inflammation and immune regulation, potentially exacerbating the effects of HIV on bone 

marrow function. miRNAs and lncRNAs exert their effects through various mechanisms. miRNAs 

typically bind to the 3' untranslated regions (UTRs) of target mRNAs, leading to their degradation 

or inhibition of translation. This post-transcriptional regulation can have broad effects on gene 

expression and cellular processes. lncRNAs can recruit chromatin-modifying enzymes to specific 

genomic regions, influencing histone modifications and DNA methylation. lncRNAs can interact 

with transcription factors and other regulatory proteins to modulate gene expression. lncRNAs can 

influence alternative splicing of pre-mRNA, affecting the production of different protein 

isoforms.83-78 

Conclusion 

Non-coding RNAs (ncRNAs), including microRNAs (miRNAs) and long non-coding RNAs 

(lncRNAs), play essential roles in regulating gene expression and cellular processes relevant to the 

pathogenesis of aplastic anemia (AA) and HIV infection. The dysregulation of these ncRNAs can 

significantly impact hematopoiesis and exacerbate the effects of HIV, contributing to the 

development and progression of AA. In AA, both miRNAs and lncRNAs are involved in 

modulating the function of hematopoietic stem cells and bone marrow microenvironments, 

influencing key processes such as cell proliferation, differentiation, and survival. The aberrant 

expression of specific miRNAs and lncRNAs can disrupt these processes, leading to impaired 

blood cell production and increased susceptibility to bone marrow failure. In the context of HIV, 

the virus can alter ncRNA expression, further complicating the disease by affecting immune 

responses and promoting the development of AA. 
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