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Abstract

Asthma is one of the highest incidences and disbursed respiratory diseases the
world over. There is incomprehensible knowledge of pathophysiological epige-
netic pathways and causal interaction in asthma. Hereby, with a focus on DNA
methylation, we examine human investigations on the epigenetic processes of
asthma. On analysis, it was found that epigenetic research on childhood asthma
has uncovered distinct methylation profiles linked to allergic inflammation in
immune cells and the airways, demonstrating that methylation plays a regulatory
function in the pathogenesis of asthma. Considering these ground-breaking
findings, additional research is needed to understand how epigenetic pathways
contribute to the endotypes of asthma. Studies on histone alterations in asthma are
very few. Future investigations into the epigenetic causes of asthma will be aided
by the inclusion of data from groups with accurate phenotyping.

5.1 Introduction

Waddington coined the term “epigenetics,” which is formed by the Greek words
“epi” and “genome.” Epigenetics means phenotype changes without a corresponding
change in genotype [1]. Although the mechanisms behind were not known when the
term was first used, advancement in genetics and genomics has revealed significant
epigenetic mechanisms involved in cell function, including both controlling the
homeostasis of healthy cells and in the pathophysiology of the disease [2]. Numerous
studies on asthma have demonstrated that epigenetic pathways affect the disease’s
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Fig. 5.1 Allergic airway sensitization

numerous manifestations, including asthma in children and asthma in adults. Epige-
netic regulatory mechanisms, whether directly affected by inflammation and the
modulation of respiratory function or indirectly influenced by pharmaceutical
therapies or environmental factors, can provide insights into the substantial hetero-
geneity observed in asthma [3, 4]. This chapter highlights recent advancements in
the perception of the epigenetics of asthma in individual research by framing the
topic with well-known instances of epigenetic mechanisms in asthma (Fig. 5.1).

5.2  Overview of Epigenetic Pathways
5.2.1 DNA Methylation

DNA methylation involves the addition of methyl group on the cytosine C5 site to
form 5-methylcytosine (SmC). The existing SmC in specific genome sites causes
alteration in organic phenomenon by the binding transcription factor [5]. Near the
gene transcription start site (TSS), abundant CG sequences are found at the DNA
regions which is called CpG island (CGI). As a result, both increased and decreased
gene expression are correlated with methylation alterations in CGIs [6]. Hence, gene
suppression and CGI methylation are frequently linked; moreover, the role of DNA
methylation is complex and includes methylation in the gene and CGIs [7]. Heritable
modifications to the DNA that affect gene function are known as epigenetic
alterations. DNA methylation is a sophisticated gene regulatory system that is passed
along cellular division through generations. It also plays a main role in the
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transcriptional elongation formation of the permutable elements, and the creation
and slicing of mutation elements [8, 9].

5.2.2 Histone Alteration

Most of the proteins in the DNA-protein complex chromatin are histones. It is crucial
for packing, ensuring genomic integrity, and controlling gene expression so that
proteins are closely associated with DNA [10]. A crucial epigenetic mechanism is
the regulation of histone function through post-translational changes [11]. Histone
acetyltransferases (HATs) and histone deacetylases (HDACS) are the two major
categories among the numerous enzymes that are involved in histone modifications.
HATs and HDAC: are differentiated according to where they are found and how
particular they are and can be distinguished accordingly [12]. The contrasting effects
on lysine acetylation make it simple to comprehend the functions of HATs and
HDACs in histone modifications [13]. HDACs function as transcriptional
suppressors by maintaining the chromatin structure once lysine acetylation is
reversed. Additionally, gene expression is regulated by events like histone acetyla-
tion, methylation, and phosphorylation: by DNA effectiveness histone methylation
and nucleosome unfolding [14]. DNA histone interaction efficiency is altered by
nucleosome unwrapping. Histone methylation causes modification of histone pro-
tein either by adding or deleting a methyl group which is catalyzed by a group of
demethylase and methyltransferase. It is important to remember that histone meth-
ylation affects DNA methylation in a similar manner [11, 15, 16].

5.2.3 Silencing of Transcriptional Genes and Non-coding RNA

Non-coding RNA (ncRNAs) are transcription that regulates the biological process.
Based on their nucleotide size, ncRNAs are divided into two classes, i.e., small
nucleotide has a size of less than 200 and long nucleotide has a size of more than
200 [17]. According to research, ncRNAs are known to contribute to cell differenti-
ation and organogenesis. Despite being categorized as ncRNAs, small and big
ncRNAs are different and display distinctive characteristics that define their function
[18]. Non-coding RNA includes transfer RNA (tRNAs), ribosomal RNA (rRNAs),
and small RNAs (sRNAs) such as microRNA, small nucleolar RNA (snRNAs),
small interfering RNA (siRNA), small RNA derived from transfer RNA (tsRNA),
etc. These small RNAs play numerous roles in regulating cellular processes [19].

Long non-coding RNAs (IncRNAs) are frequently used to control nearby protein-
coding genes. Further complicating their role in the epigenetic regulation of cell
activity is the fact that IncRNAs target histone methyltransferases and demethylases
[20]. This chapter deals with asthma in adults, children, and its vulnerability. Since
DNA methylation has been the subject of the bulk of recent high-quality human
research on asthma, this study focuses on epigenetic mechanisms and provides an
overview of microRNAs and histone alterations [18, 21] (Fig. 5.2).
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Fig. 5.2 Epigenetic level

5.2.4 Asthma in Adults

There are few investigations into DNA methylation in adult asthma. In an asthmatic
study involving smokers, it was demonstrated that Protocadherin-20 (PCDH20)
exhibited higher levels of methylation in sputum cells [22]. Even after taking
environmental factors into account, this connection remained strong. A connection
between CGIs and particular asthma endotypes was found after methylation
alterations in the airway epithelium were assessed [23]. Interleukins induced
alterations in DNA methylation have been linked to eosinophils. The inhaled
corticosteroids block IL-13 signaling through the IL-13Ral receptor and result in
the reduction of FENO [24]. Separate research on the methylation of blood found
methylation variations in gene networks linked to asthma subtypes, with purine
metabolism and calcium signaling genes being enriched in eosinophilic asthma and
neutrophil asthma had significant accumulation for SUMOylation, basal cell carci-
noma signaling, and Wnt/—catenin pathways [25, 26].

5.2.5 Asthma in Children

DNA methylation serves as a biomarker in all asthma investigations during human
studies, involving the sampling of various biological compartments, such as
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epithelial and immunological, and utilizing individual genes and genomes
[27, 28]. These studies showed a relationship between methylation patterns in the
blood and various processes and features of pediatric asthma [29]. Studies on
candidate genes have demonstrated that nitrogen dioxide (NO2) and particulate
matter can affect the methylation of the adrenergic B2 receptor agonist (ADRB2)
in the gene associated with asthma [30]. Moreover, the methylation of ARDB2 was
connected to lessened dyspnea in young asthmatics, according to a related investi-
gation. The idea that these variances are caused by cohort-specific traits must be
further investigated [31]. Hypomethylation at CpG (cytosine guanine) dinucleotide
site of arachidonatel2-lipoxygenase (ALOX12) gene associated with persistent
wheezing. Genome-wide methylation investigations have demonstrated that the
presence of CGIs in blood samples is associated with an elevated risk of chronic
wheezing. Asthma is associated with hyper-responsiveness mediated by
hypomethylation of important cytokine IL-13, transcription factor RUNX3
modulates Th1/Th2 balance, microRNA, and TIGIT in blood [32-34]. Like this,
asthma in children was connected to hypomethylation of CGIs linked to IL5RA.
Cell-specific and epigenetic methylation in pediatric asthma is interrelated; the DNA
of 14 CpG sites in eosinophils has been found to have methylated cytosine and
adenosine residues [35]. PCSK6 was hypomethylated in children with atopic and
atopy asthma. Assessments of blood spots and umbilical blood have been carried out
to evaluate links between allergic disease and asthma [36]. There was a reduced
incidence of asthma in toddlers by higher methylation of the GATA3 CpGs tran-
scription factor. In mid-childhood, DNA methylation of cord blood is linked to IgE
in genes involved in cell signaling, growth, and development. After accounting for
the difference in DNA methylation between birth and mid-childhood, two methyla-
tion sites, i.e., C70rf50 and ZAR1, remained steady [37, 38]. Two methylation sites
(C7orf50 and ZAR1) remained stable after adjusting for the change in DNA meth-
ylation from birth to mid-childhood. Methylation of DNA sequence on AXL recep-
tor at birth was linked to an increased incidence of wheezing, demonstrating that
methylation has an impact on gender [39].

Therefore, the risk that infants would develop asthma, wheeze, and high IgE
levels are correlated with the methylation patterns at birth seen in cord blood and
blood spots [40]. According to studies on the methylation of buccal DNA, increased
methylation of arginase 2 (ARG?2) has been associated with a decrease in the fraction
of exhaled nitric oxide (FeNO) in asthmatic children [41]. Similarly, to this, reducing
allergen exposure resulted in less methylation of the FOXP3 promoter. Together,
these findings point to a function for methylation in the regulation of immune
signaling, and airway obstruction CGIs in the STATSA transcription factor were
differently methylated in asthmatics’ airway epithelial cells (AECs), which caused
STATSA expression to be downregulated [42]. Following stimulation by certain
ligands like Interleukin-2,3,7 and GM-CSF, this pathway is important in the regula-
tion of downstream signaling. Asthma in nasal epithelial is associated with
hypomethylation of ALOX15 and POSTN genes. Th2 cytokines induce the
upregulation of the POSTN gene in asthmatic airway epithelium, which can be
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exploited as a biomarker for long-term prediction in the treatment of severe asthma
[34, 43, 44].

5.2.6 Methylated Differentially in the Nasal Epithelial of African
American Newborns

This study also demonstrated that in children of African American, European, and
Hispanic heritage, a nasal epithelial classifier based on methylation may be able to
differentiate between atopy and allergic asthma. This methylation pattern is applied
in the epigenetic regulation of FeNO (fractional exhaled nitric oxide) and Immuno-
globulin E [45, 46].

5.2.7 Asthma Risk and Vulnerability

Environmental factors have a big impact on asthma and they also affect DNA
methylation. Acyl-CoA synthetase (ACSL3) long-chain family member methylation
has been linked to asthma symptoms in children under the age of five, according to
research on prenatal exposure to polycyclic organic matter(POM) from traffic
[47]. An association between elevated FOXP3 methylation and defective regulatory
T cells was found in distinct research on asthmatic children exposed to higher levels
of ambient pollution [48]. Multiple studies have demonstrated a link between air
pollution, variable DLG2 methylation, and corresponding changes in blood expres-
sion [49]. Like how prenatal tobacco exposure is linked to significant changes in
children’s blood DNA methylation, tobacco smoke affects DNA methylation, as
shown by differential methylation of placental and fetal lung tissue [50]. These
differentially methylated sites show the importance of environmental factors in
methylation patterns, although this is unclear how they are connected to asthma.
SMAD3 methylation at birth was linked to a higher risk of childhood asthma in the
offspring of women with asthma, who also had higher levels of it [51]. In another
study, the blood methylome of children showed a comparable impact on maternal
asthma. In children, maternal blood eosinophils, FeNO, and total IgE all had a
negative correlation with MAPKSIP3 methylation. According to this research,
exposure to an asthmatic mother while the child is still in the uterus may influence
DNA methylation, which may have an impact on how asthma develops [52, 53].

5.3 Role of MicroRNAs in Asthma

MiRNAs play a significant role in the control of both healthy and unhealthy cellular
responses. Let-7 family miRNAs have been linked to regulating Th2 inflammation in
human, animal, and in vitro research. MiR-21 controls the cytokine IL-12, which is
involved in the polarization of Thl cells [54]. MiR-146a has been identified as a
potential asthmatic molecule in studies on the effects of genetic variation on miRNA
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function and their relationship to asthma; variation in HLA-G in children influences
asthma risk through interaction with miR-152. Several cellular elements of the
allergic response, including eosinophils, macrophages, and mast cells in both asthma
and allergic rhinitis, have been linked to Th2 responses by two miRNAs, miR-155
and miR-221 [55, 56]. Several miRNAs, including miR-26, 133a, 140, 206, and
221, have been linked to a role in smooth muscle cell proliferation and function. Few
studies have examined the impact of miRNAs on severe asthma despite their crucial
role [57]. These studies on patients with severe asthma showed that miR-221
governs the proliferation of airway smooth muscle cells, miR-28-5p and
miR-146a/b led to the activation of circulating CD8+ T cells in severe asthma, and
miR-223-3p, miR-142-3p, and miR-629-3p were linked to serious neutrophilic
asthma [58]. In the Childhood Asthma Management Program (CAMP) cohort,
eight serum microRNAs, including miR-296-5p, were connected to PC20
[59]. Inhaled corticosteroid budesonide, used to treat asthma, had a negligible impact
on the miRNA profile in steroid-naive asthmatics’ bronchial epithelium after ther-
apy. These findings on the activity of several miRNAs in asthma show their impact
on the regulation of inflammatory events, Th1/Th2 polarization, cell function,
disease severity, and treatment response [55, 60, 61].

5.4 Role of Histone Modifications in Asthma

A poorly understood mechanism for asthma is an epigenetic modification of the
histones [62]. The amount of cellular acetylation activity was related to the severity
of bronchial hyperresponsiveness in allergic asthmatic children, and the ratio of
HDAC/HAT activity was biased toward greater histone acetylation in those cases
[63]. Adults with asthma who had severe asthma had lower nuclear HDAC and HAT
activity in their mononuclear cells than those who had milder cases of the condition
[64]. An analysis of the genome-wide histone changes in T cell subsets from asthma
patients and healthy controls revealed variations in cell enhancers involved in T cell
development that were specific to asthma. Furthermore, compared to cells from
healthy people, human bronchial epithelial cells (HBECs) from adult asthmatics
showed impaired tight junction integrity [65, 66]. In HBECs from asthmatic patients,
there was greater expression of Sirtuins 6 and 7, HDACs 1 and 9, and HDAC:s. Tight
junction molecules increased to levels like those reported in healthy controls when
HDAC was inhibited. Together, these findings point to an overlap that is particular to
cells and asthma and is caused by various histone changes [67].

5.5 Aspects of the Future

By combining omics data from microRNAs, genome-wide variation, methylome,
and transcriptome cohorts with known traits, it may be feasible to better comprehend
these associations. The importance of histone changes in asthma, environmental
data, and the intensity of relationships with certain asthma endotypes all lay
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considerable limitations on our understanding of asthma. In light of these findings, it
is necessary to create better prediction models, biomarkers, and medicines that target
dysregulated pathways.
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