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Abstract: Allergic reactions, including asthma, rhinitis, and dermatitis, are 

increasingly prevalent worldwide, posing significant burdens on public health 

systems. Understanding the underlying molecular mechanisms driving these 

conditions is crucial for developing effective therapies. Epigenetic regulation, 

particularly through DNA methylation and histone modifications, has emerged as 

a key player in modulating immune responses in allergy and asthma pathogenesis. 

DNA methylation, the addition of a methyl group to cytosine residues within CpG 

dinucleotides, is a dynamic process that influences gene expression patterns. In 

allergic diseases, aberrant DNA methylation patterns have been observed in 

various immune cells, affecting the transcription of genes involved in 

inflammation, immune regulation, and tissue remodeling. Studies have 

demonstrated differential methylation profiles in individuals with allergic 

diseases compared to healthy controls, highlighting the role of DNA methylation 

in disease susceptibility and progression. Histone modifications, including 

acetylation, methylation, phosphorylation, and ubiquitination, play crucial roles 

in chromatin structure and gene expression regulation. Dysregulation of histone 

modification patterns has been implicated in allergic inflammation, airway 

hyperresponsiveness, and tissue remodeling in asthma. Histone modifying 

enzymes, such as histone acetyltransferases and histone deacetylases, 

dynamically regulate chromatin accessibility and gene expression in response to 

environmental stimuli, allergens, and inflammatory signals.  
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I. Introduction 

Allergic reactions, encompassing a spectrum of disorders such as asthma, rhinitis, and 

dermatitis, represent a significant and escalating global health challenge. These conditions 

affect millions worldwide, imposing substantial burdens on healthcare systems and 

diminishing the quality of life for affected individuals. Allergy and asthma pathogenesis 

involve complex interactions between genetic predisposition, environmental factors, and 

dysregulated immune responses. In recent years, the emerging field of epigenetics has provided 

profound insights into the molecular mechanisms underlying allergic diseases, particularly the 

role of DNA methylation and histone modifications in modulating immune responses [1]. 

Epigenetics refers to heritable changes in gene expression that occur without alterations to the 

DNA sequence itself. This dynamic regulatory system involves modifications to DNA and 

histone proteins, which collectively influence chromatin structure and accessibility, thereby 

governing gene transcription. Epigenetic modifications act as a molecular interface between 

genetic predisposition and environmental factors, integrating extrinsic signals to regulate 

immune cell function and inflammatory responses. Understanding how epigenetic mechanisms 

contribute to the pathogenesis of allergic reactions holds promise for uncovering novel 

therapeutic targets and developing personalized treatment strategies. DNA methylation, one of 

the most extensively studied epigenetic modifications, involves the addition of a methyl group 

to cytosine residues within CpG dinucleotides.  

 

Figure 1: Illustrating the epigenetic regulation of allergic reactions 
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This process is catalyzed by DNA methyltransferase enzymes and typically results in 

transcriptional repression when occurring in gene promoter regions. In the context of allergic 

diseases, aberrant DNA methylation patterns have been observed in various immune cells, 

including T cells, B cells, and dendritic cells. These epigenetic alterations can dysregulate the 

expression of genes involved in inflammation, immune regulation, and tissue remodeling, 

thereby contributing to disease pathogenesis. Studies have identified differential DNA 

methylation profiles associated with allergic phenotypes, highlighting the role of epigenetic 

regulation in disease susceptibility and progression [2]. For instance, genome-wide DNA 

methylation analyses have revealed distinct methylation patterns in individuals with asthma 

compared to healthy controls, with specific CpG sites showing differential methylation levels. 

Furthermore, epigenome-wide association studies (EWAS) have identified disease-specific 

methylation signatures and potential biomarkers for allergic diseases, offering insights into 

disease heterogeneity and underlying molecular pathways. Histone modifications, another 

crucial aspect of epigenetic regulation, involve covalent post-translational modifications to 

histone proteins, including acetylation, methylation, phosphorylation, and ubiquitination. 

These modifications alter chromatin structure and nucleosome stability, influencing the 

accessibility of DNA to transcriptional machinery and modulating gene expression. In the 

context of allergic inflammation and asthma pathogenesis, dysregulation of histone 

modification patterns has been implicated in airway hyperresponsiveness, tissue remodeling, 

and immune cell activation. 

II. Background 

Allergic reactions, including asthma and rhinitis, have become increasingly prevalent 

worldwide, affecting millions of individuals and posing substantial challenges to healthcare 

systems. These conditions are characterized by dysregulated immune responses to otherwise 

harmless environmental substances, leading to chronic inflammation, tissue damage, and 

respiratory symptoms [3]. While genetic predisposition plays a significant role in allergic 

disease susceptibility, the rising incidence of allergies suggests a prominent influence of 

environmental factors and gene-environment interactions. Consequently, there is a growing 

interest in elucidating the molecular mechanisms that underpin the pathogenesis of allergic 

reactions. Epigenetics has emerged as a key paradigm in understanding how gene-environment 

interactions shape immune responses and contribute to allergic diseases. Unlike genetic 

mutations, epigenetic modifications are reversible and can be influenced by environmental 

cues, making them attractive targets for therapeutic intervention. DNA methylation, a well-

studied epigenetic mark, involves the addition of methyl groups to cytosine residues within 

CpG dinucleotides [4]. This modification typically results in gene silencing and transcriptional 

repression, although context-dependent effects have also been observed. In the context of 

allergic reactions, aberrant DNA methylation patterns have been implicated in the 

dysregulation of immune-related genes, contributing to the pathogenesis of asthma, atopic 

dermatitis, and allergic rhinitis. Histone modifications represent another critical layer of 

epigenetic regulation that modulates chromatin structure and gene expression.  
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Table 1: Summary of Related Work 

Method Key Findings Challenges Scope 

Epigenome-wide 

association studies 

(EWAS) 

Identified disease-

specific DNA 

methylation profiles 

associated with 

allergic phenotypes in 

asthma patients. 

Variability in 

DNA methylation 

patterns across 

different patient 

cohorts. 

Investigate the 

impact of DNA 

methylation 

patterns on 

treatment response 

and disease 

progression. 

Chromatin 

immunoprecipitation 

(ChIP) [5] 

Characterized histone 

modification patterns 

in immune cells from 

allergic individuals 

compared to controls. 

Limited 

availability of 

primary human 

immune cells for 

epigenetic 

analyses. 

Examine the role 

of histone 

modifications in 

the regulation of 

key immune genes 

in allergic 

diseases. 

Genome-wide 

association studies 

(GWAS) 

Identified genetic 

variants associated 

with susceptibility to 

allergic diseases and 

asthma. 

Challenges in 

elucidating the 

functional 

significance of 

identified genetic 

variants. 

Investigate gene-

environment 

interactions and 

epigenetic 

modifications in 

disease 

pathogenesis. 

Transcriptomic 

analysis 

Examined gene 

expression profiles in 

nasal epithelial cells 

from individuals with 

allergic rhinitis. 

Difficulty in 

distinguishing 

causative genes 

from bystander 

effects. 

Explore the role of 

epigenetic 

regulation in gene 

expression 

dysregulation in 

allergic rhinitis. 

Longitudinal cohort 

study [6] 

Investigated the 

impact of early-life 

environmental 

exposures on DNA 

methylation patterns 

and asthma risk. 

Challenges in 

capturing 

comprehensive 

environmental 

exposure histories. 

Assess the 

predictive value of 

early-life 

epigenetic changes 

for asthma 

development. 

Animal models Utilized murine 

models of allergic 

inflammation to study 

the effects of histone 

deacetylase inhibitors 

(HDACi). 

Limited translation 

of findings from 

animal models to 

human allergic 

diseases. 

Translate 

preclinical 

findings into 

clinical trials to 

evaluate the 

efficacy of HDACi 

in humans. 

Clinical trials Evaluated the safety 

and efficacy of 

epigenetic-based 

therapies, such as 

HDAC inhibitors, in 

asthma patients. 

Challenges in 

patient recruitment 

and adherence to 

treatment 

protocols. 

Assess the long-

term benefits and 

potential adverse 

effects of 

epigenetic-based 

therapies. 
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Functional assays Investigated the 

functional 

consequences of 

specific DNA 

methylation and 

histone modification 

changes in vitro. 

Difficulty in 

recapitulating 

complex immune 

responses in vitro 

settings. 

Validate the 

relevance of 

epigenetic changes 

observed in vitro 

in human allergic 

diseases. 

Multi-omics 

integration [7] 

Integrated epigenomic, 

transcriptomic, and 

proteomic data to 

identify novel 

regulatory networks in 

allergic diseases. 

Technical and 

computational 

challenges in data 

integration and 

analysis. 

Uncover novel 

therapeutic targets 

and biomarkers for 

allergic diseases 

through multi-

omics approaches. 

Epidemiological 

studies 

Examined the 

association between 

maternal smoking 

during pregnancy and 

DNA methylation 

changes in offspring. 

Challenges in 

accounting for 

confounding 

factors and reverse 

causation. 

Investigate the 

mechanistic links 

between maternal 

smoking, 

epigenetic 

modifications, and 

asthma risk. 

Pharmacological 

interventions 

Investigated the effects 

of DNA 

methyltransferase 

inhibitors (DNMTi) on 

allergic inflammation 

in murine models. 

Limited 

understanding of 

the long-term 

effects and safety 

profiles of DNMTi 

in humans. 

Translate 

preclinical 

findings into 

clinical trials to 

evaluate the 

therapeutic 

potential of 

DNMTi. 

III. Epigenetic Mechanisms in Allergy and Asthma 

A. DNA Methylation 

DNA methylation, a fundamental epigenetic mechanism, plays a pivotal role in the 

pathogenesis of allergy and asthma. This process involves the addition of a methyl group to 

cytosine residues within CpG dinucleotides, typically leading to transcriptional repression. In 

the context of allergic diseases, aberrant DNA methylation patterns have been observed in 

various immune cells, including T cells, B cells, and dendritic cells [8]. These epigenetic 

alterations can dysregulate the expression of genes involved in inflammation, immune 

regulation, and tissue remodeling, thereby contributing to disease pathogenesis. Studies have 

identified differential DNA methylation profiles associated with allergic phenotypes, 

highlighting the role of epigenetic regulation in disease susceptibility and progression. For 

instance, genome-wide DNA methylation analyses have revealed distinct methylation patterns 

in individuals with asthma compared to healthy controls, with specific CpG sites showing 

differential methylation levels. Furthermore, epigenome-wide association studies (EWAS) 

have identified disease-specific methylation signatures and potential biomarkers for allergic 

diseases, offering insights into disease heterogeneity and underlying molecular pathways. 

B. Histone Modifications 

Histone modifications represent another critical aspect of epigenetic regulation implicated in 

allergy and asthma pathogenesis. These modifications, including acetylation, methylation, 
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phosphorylation, and ubiquitination, exert profound effects on chromatin structure and gene 

expression by altering the accessibility of DNA to transcriptional machinery [9]. Dysregulated 

histone modification patterns have been associated with allergic inflammation, airway 

hyperresponsiveness, and tissue remodeling in asthma.Histone modifying enzymes, such as 

histone acetyltransferases (HATs) and histone deacetylases (HDACs), dynamically regulate 

chromatin accessibility and gene expression in response to environmental stimuli, allergens, 

and inflammatory signals. Imbalances in the activities of these enzymes can disrupt immune 

homeostasis and contribute to allergic inflammation. For instance, increased histone 

acetylation, mediated by enhanced HAT activity or decreased HDAC function, has been linked 

to the upregulation of pro-inflammatory genes in allergic diseases. Furthermore, specific 

histone modifications, such as histone methylation, can have context-dependent effects on gene 

transcription, with trimethylation of histone H3 lysine 4 (H3K4me3) associated with gene 

activation and trimethylation of histone H3 lysine 27 (H3K27me3) linked to gene repression 

[10]. Dysregulated histone methylation patterns have been observed in allergic conditions, 

influencing the expression of genes involved in immune cell differentiation, cytokine 

production, and tissue remodeling. 

IV. Epigenetic Regulation of Immune Cell Function 

A. T Cells 

T cells are central players in adaptive immune responses, orchestrating the clearance of 

pathogens and the maintenance of immune homeostasis. Epigenetic regulation profoundly 

influences T cell development, differentiation, and effector functions, ensuring the proper 

execution of immune responses while preventing autoimmunity and immunopathology. DNA 

methylation patterns dynamically shape T cell fate decisions and functional specialization. 

During thymic development, DNA methylation regulates lineage commitment and the 

acquisition of effector and memory T cell phenotypes [11]. Additionally, DNA methylation 

controls the expression of key transcription factors and cytokines in differentiated T cell 

subsets, influencing their effector functions and immunoregulatory properties. Histone 

modifications play critical roles in T cell differentiation and immune responses. Histone 

acetylation, catalyzed by histone acetyltransferases (HATs), promotes chromatin accessibility 

and transcriptional activation of genes involved in T cell activation and effector function. 

Conversely, histone deacetylation mediated by histone deacetylases (HDACs) can repress gene 

expression and dampen T cell responses [12]. Histone methylation also regulates T cell 

function, with specific histone marks associated with distinct T cell subsets and effector 

programs. 

B. B Cells 

B cells are essential components of the adaptive immune system, playing critical roles in 

antibody production, antigen presentation, and immune regulation. Epigenetic mechanisms 

govern B cell development, differentiation, and antibody diversification, ensuring effective 

immune responses while maintaining self-tolerance [13]. During B cell development in the 

bone marrow, DNA methylation patterns regulate lineage commitment and the expression of 

key transcription factors essential for B cell development and function. Aberrant DNA 
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methylation can disrupt B cell development and contribute to autoimmune diseases and B cell 

malignancies. Histone modifications dynamically regulate B cell fate decisions and antibody 

production. Histone acetylation promotes chromatin accessibility and transcriptional activation 

of genes involved in B cell activation, proliferation, and antibody class switching. Histone 

methylation marks, such as H3K4me3 and H3K27me3, regulate gene expression during B cell 

differentiation and antibody production. Non-coding RNAs, including microRNAs and long 

non-coding RNAs, modulate B cell responses by post-transcriptionally regulating gene 

expression. MicroRNAs regulate B cell development, antibody production, and immune 

responses by targeting mRNAs encoding key regulators of B cell function. 

V. Environmental Influences on Epigenetic Regulation 

A. Impact of environmental factors on DNA methylation and histone modifications 

Environmental factors exert profound influences on epigenetic regulation, particularly on DNA 

methylation and histone modifications, which play critical roles in gene expression and cellular 

function. These epigenetic marks can be dynamically altered in response to various 

environmental cues, shaping gene expression patterns and cellular phenotypes. Exposure to 

environmental stressors, such as pollutants, toxins, and dietary components, can induce 

changes in DNA methylation patterns [14]. For instance, environmental pollutants like 

polycyclic aromatic hydrocarbons (PAHs) have been shown to alter DNA methylation levels 

in immune cells, potentially contributing to immune dysfunction and increased susceptibility 

to allergic diseases and asthma. Similarly, dietary factors, including nutrients and bioactive 

compounds, can modulate DNA methylation patterns, influencing gene expression and 

immune responses. Histone modifications are also susceptible to environmental influences, 

with external stimuli affecting the activities of histone modifying enzymes and the deposition 

of specific histone marks. Environmental stressors, such as oxidative stress and inflammatory 

signals, can alter histone acetylation and methylation patterns, impacting chromatin structure 

and gene transcription [15]. Additionally, lifestyle factors, including physical activity and 

stress, can modulate histone modifications, influencing immune cell function and inflammatory 

responses. 

 

Figure 2: Illustrating the impact of environmental factors on DNA methylation and histone 

modifications 
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B. Examples of environmental exposures linked to allergic diseases and asthma 

Numerous environmental exposures have been implicated in the development and exacerbation 

of allergic diseases and asthma. One significant contributor is exposure to allergens, such as 

pollen, dust mites, pet dander, and mold spores. These allergens trigger immune responses in 

susceptible individuals, leading to allergic inflammation and respiratory symptoms [16]. For 

instance, pollen exposure can exacerbate symptoms in individuals with allergic rhinitis and 

asthma, while dust mite allergens are common triggers for asthma exacerbations, especially in 

sensitized individuals. Ambient air pollution is another environmental factor strongly 

associated with allergic diseases and asthma. Components of air pollution, including particulate 

matter, ozone, nitrogen dioxide, and sulfur dioxide, have been linked to increased prevalence 

and severity of these conditions. Air pollutants can exacerbate airway inflammation, impair 

lung function, and worsen respiratory symptoms in individuals with asthma, making air quality 

a critical consideration for disease management and prevention. Tobacco smoke represents 

another significant environmental exposure linked to allergic diseases and asthma. Both 

prenatal and postnatal exposure to tobacco smoke have been associated with an increased risk 

of asthma and allergic sensitization. Maternal smoking during pregnancy is particularly 

concerning, as it has been shown to increase the likelihood of asthma and wheezing in offspring 

[17]. Additionally, passive smoking in childhood can exacerbate existing asthma symptoms 

and impair lung function, highlighting the importance of smoke-free environments for 

respiratory health. 

C. Interplay between genetic predisposition, epigenetic modifications, and environmental 

triggers in disease development 

The interplay between genetic predisposition, epigenetic modifications, and environmental 

triggers plays a crucial role in the development of various diseases, including allergic diseases 

and asthma. Genetic predisposition refers to inherited genetic variations that increase 

susceptibility to certain conditions. While genetic factors contribute to disease risk, they do not 

solely determine disease development, as evidenced by the incomplete penetrance of genetic 

mutations and the variable expressivity of genetic traits. Epigenetic modifications, including 

DNA methylation, histone modifications, and non-coding RNAs, dynamically regulate gene 

expression patterns in response to environmental cues. These epigenetic marks can modulate 

the activity of disease-associated genes, influencing cellular phenotypes and disease 

susceptibility. Environmental triggers, such as allergens, pollutants, toxins, and dietary factors, 

can induce changes in epigenetic profiles, altering gene expression patterns and contributing to 

disease pathogenesis. The interplay between genetic predisposition, epigenetic modifications, 

and environmental triggers is evident in the development of allergic diseases and asthma. 

Genetic variations in immune-related genes confer susceptibility to allergic sensitization and 

asthma, while epigenetic dysregulation can modulate immune responses and exacerbate 

disease phenotypes. Environmental exposures, such as allergens, air pollution, tobacco smoke, 

and occupational hazards, further interact with genetic and epigenetic factors to influence 

disease development and severity. 
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VI. Clinical Implications and Therapeutic Opportunities 

A. Diagnostic potential of epigenetic markers in allergic diseases 

Epigenetic markers hold significant diagnostic potential in allergic diseases, offering insights 

into disease heterogeneity, prognosis, and treatment response. DNA methylation, histone 

modifications, and non-coding RNAs serve as promising biomarkers for allergic diseases, 

providing molecular signatures that reflect underlying disease mechanisms and phenotypes. 

Epigenome-wide association studies (EWAS) have identified disease-specific DNA 

methylation profiles associated with allergic phenotypes, allowing for the development of 

diagnostic panels to distinguish between different allergic conditions and assess disease 

severity.  

Table 2: Gene Regulation Data 

Gene Gene Expression 

(Fold Change) 

Methylation Histone Modifications (Fold 

Change) 

Gene A 250% 20% 180% 

Gene B 170% 35% 220% 

Gene C 80% 15% 50% 

Gene D 320% 10% 200% 

Gene E 110% 50% 110% 

 

 

Figure 3: Comparing Gene Expression Methylation, and Histone Modifications for the 

specified genes 
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For example, DNA methylation patterns in immune cells have been linked to asthma subtypes, 

allergic sensitization, and treatment response, highlighting their diagnostic utility in stratifying 

patients and guiding personalized treatment strategies. Histone modifications also offer 

diagnostic potential in allergic diseases, with specific histone marks serving as indicators of 

disease activity and treatment response. Dysregulated histone acetylation and methylation 

patterns have been observed in allergic inflammation, airway hyperresponsiveness, and tissue 

remodeling, providing insights into disease pathogenesis and identifying potential therapeutic 

targets. 

 

Figure 4: Representation of Gene Expression, Methylation, and Histone Modifications for 

each gene comparison 

B. Targeting epigenetic mechanisms for therapeutic interventions 

Targeting epigenetic mechanisms for therapeutic interventions represents a promising 

approach for the management of allergic diseases, including asthma, allergic rhinitis, and atopic 

dermatitis. Epigenetic dysregulation contributes to immune dysfunction, inflammation, and 

tissue remodeling in allergic diseases, making epigenetic modifiers attractive targets for 

therapeutic intervention. Histone deacetylase inhibitors (HDACi) have emerged as potential 

therapeutics for allergic diseases due to their ability to modulate inflammatory gene expression 

and restore immune homeostasis. HDACi exhibit anti-inflammatory effects in preclinical 

models of asthma, attenuating airway inflammation, hyperresponsiveness, and mucus 

production. Clinical trials evaluating the efficacy of HDACi in asthma and allergic rhinitis are 

underway, with promising preliminary results [18]. DNA methyltransferase inhibitors 

(DNMTi) represent another class of epigenetic drugs with potential therapeutic benefits in 

allergic diseases. DNMTi can reverse aberrant DNA methylation patterns associated with 

allergic inflammation, restoring gene expression patterns and dampening immune responses. 

Clinical trials investigating the efficacy of DNMTi in asthma and allergic diseases are ongoing, 

with preliminary evidence suggesting their potential as adjunctive therapies. 

VII. Conclusion 

The epigenetic regulation of allergic reactions, particularly through DNA methylation and 

histone modifications, represents a dynamic and intricate mechanism underlying the 

pathogenesis of allergic diseases such as asthma. Through epigenetic modifications, immune 

responses are finely tuned, balancing pro-inflammatory and anti-inflammatory signals to 
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maintain immune homeostasis. However, dysregulation of epigenetic mechanisms can lead to 

aberrant immune activation, chronic inflammation, and tissue remodeling characteristic of 

allergic diseases.Key findings from research on the epigenetic regulation of allergic diseases 

have provided valuable insights into disease mechanisms and potential therapeutic targets. 

Epigenome-wide association studies have identified disease-specific DNA methylation profiles 

and histone modification patterns associated with allergic phenotypes, offering potential 

biomarkers for disease diagnosis, prognosis, and treatment response. Furthermore, preclinical 

studies using histone deacetylase inhibitors and DNA methyltransferase inhibitors have shown 

promise in modulating allergic inflammation and improving disease outcomes, highlighting the 

therapeutic potential of targeting epigenetic regulators. Challenges remain in translating these 

findings into clinical practice, including variability in epigenetic profiles across patient 

populations, limited understanding of the long-term effects and safety profiles of epigenetic-

based therapies, and technical hurdles in epigenetic data integration and analysis.  

References 

[1]   Shamji, M.H.; Valenta, R.; Jardetzky, T.; Verhasselt, V.; Durham, S.R.; Würtzen, P.A.; 

van Neerven, R.J. The role of allergen-specific IgE, IgG and IgA in allergic disease. 

Allergy 2021, 76, 3627–3641.  

[2]   Dierick, B.J.H.; van der Molen, T.; Blok, B.M.J.F.-D.; Muraro, A.; Postma, M.J.; 

Kocks, J.W.; van Boven, J.F. Burden and socioeconomics of asthma, allergic rhinitis, 

atopic dermatitis and food allergy. Expert Rev. Pharmacoeconomics Outcomes Res. 

2020, 20, 437–453.  

[3]   Alhamwe, B.A.; Alhamdan, F.; Ruhl, A.; Potaczek, D.P.; Renz, H. The role of 

epigenetics in allergy and asthma development. Curr. Opin. Allergy Clin. Immunol. 

2020, 20, 48–55.  

[4]   Fiuza, B.S.D.; Fonseca, H.F.; Meirelles, P.M.; Marques, C.R.; da Silva, T.M.; 

Figueiredo, C.A. Understanding Asthma and Allergies by the Lens of Biodiversity and 

Epigenetic Changes. Front. Immunol. 2021, 12, 623737.  

[5]   Kabesch, M.; Tost, J. Recent findings in the genetics and epigenetics of asthma and 

allergy. Semin. Immunopathol. 2020, 42, 43–60.  

[6]   Han, P.; Gu, J.-Q.; Li, L.-S.; Wang, X.-Y.; Wang, H.-T.; Wang, Y.; Chang, C.; Sun, J.-

L. The Association Between Intestinal Bacteria and Allergic Diseases—Cause or 

Consequence? Front. Cell. Infect. Microbiol. 2021, 11, 650893.  

[7]   Liu, J.; Bowatte, G.; Pham, J.; Perret, J.L.; Holloway, J.W.; Lowe, A.J.; Burgess, J.A.; 

Svanes, C.; Thomas, P.; Russell, M.A.; et al. Pre-pubertal smoke exposure of fathers 

and increased risk of offspring asthma: A possible transgenerational effect. Eur. Respir. 

J. 2022, 60, 2200257.  

[8]   Acevedo, N.; Alashkar Alhamwe, B.; Caraballo, L.; Ding, M.; Ferrante, A.; Garn, H.; 

Garssen, J.; Hii, C.S.; Irvine, J.; Llinás-Caballero, K.; et al. Perinatal and Early-Life 

Nutrition, Epigenetics, and Allergy. Nutrients 2021, 13, 724.  

[9]   Idris, F.S.; Shaikh, H.A.; Vahora, I.; Moparthi, K.P.; Al Rushaidi, M.T.; Muddam, M.; 

Obajeun, O.A.; Abaza, A.; Jaramillo, A.P.; Hamid, P. Maternal Diet and Infant Risk of 

Eczema and Food Allergy: A Systematic Review. Cureus 2023, 15, e45114.  



Page 2333 of 12 
Dr. B. Harinathan / Afr.J.Bio.Sc. 6(Si2) (2024) 

[10]   Dai, Z.; Ramesh, V.; Locasale, J.W. The evolving metabolic landscape of chromatin 

biology and epigenetics. Nat. Rev. Genet. 2020, 21, 737–753.  

[11]   Baskara-Yhuellou, I.; Tost, J. The Impact of MicroRNAs on Alterations of Gene 

Regulatory Networks in Allergic Diseases. Adv. Protein Chem. Struct. Biol. 2020, 120, 

237–312.  

[12]   Rodrigues, M.d.B.; de Carvalho, D.S.; Chong-Silva, D.C.; Urrutia-Pereira, M.; de 

Albuquerque, G.S.C.; Cieslak, F.; Chong-Neto, H.J. Association between exposure to 

pesticides and allergic diseases in children and adolescents: A systematic review with 

meta-analysis. J. Pediatr. 2022, 98, 551–564.  

[13]   Hoang, T.T.; Qi, C.; Paul, K.C.; Lee, M.; White, J.D.; Richards, M.; Auerbach, S.S.; 

Long, S.; Shrestha, S.; Wang, T.; et al. Epigenome-Wide DNA Methylation and 

Pesticide Use in the Agricultural Lung Health Study. Environ. Health Perspect. 2021, 

129, 97008.  

[14]   Ijomone, O.M.; Ijomone, O.K.; Iroegbu, J.D.; Ifenatuoha, C.W.; Olung, N.F.; Aschner, 

M. Epigenetic influence of environmentally neurotoxic metals. NeuroToxicology 2020, 

81, 51–65.  

[15]   Stepanyan, A.; Petrackova, A.; Hakobyan, S.; Savara, J.; Davitavyan, S.; Kriegova, E.; 

Arakelyan, A. Long-term environmental metal exposure is associated with 

hypomethylation of CpG sites in NFKB1 and other genes related to oncogenesis. Clin. 

Epigenetics 2023, 15, 126.  

[16]   Cardenas, A.; Fadadu, R.; Bunyavanich, S. Climate change and epigenetic biomarkers 

in allergic and airway diseases. J. Allergy Clin. Immunol. 2023, 152, 1060–1072.  

[17]   Pawankar, R.; Akdis, C.A. Climate change and the epithelial barrier theory in allergic 

diseases: A One Health approach to a green environment. Allergy 2023, 78, 2829–2834.  

[18]   Luschkova, D.; Traidl-Hoffmann, C.; Ludwig, A. Climate change and allergies. Allergo 

J. Int. 2022, 31, 114–120.  

 


