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Asthma, a chronic inflammatory disorder of the airway, has features of both heritability as well as environmental influences which
can be introduced in utero exposures and modified through aging, and the features may attribute to epigenetic requlation. Epigenetic
regulation explains the association between early prenatal maternal smoking and later asthma-related outcomes. Epigenetic marks
(DNA methylation, modifications of histone tails or noncoding RNAs) work with other components of the cellular regulatory machinery
to control the levels of expressed genes, and several allergy- and asthma-related genes have been found to be susceptible to
epigenetic regulation, including genes important to T-effector pathways (IFN-y, interleukin [IL] 4, IL-13, IL-17) and T-regulatory pathways
(FoxP3). Therefore, the mechanism by which epigenetic regulation contributes to allergic diseases is a critical issue. In the past most
published experimental work, with few exceptions, has only comprised small observational studies and models in cell systems and
animals. However, very recently exciting and elegant experimental studies and novel translational research works were published with
new and advanced technologies investigating epigenetic mark on a genomic scale and comprehensive approaches to data analysis.
Interestingly, a potential link between exposure to environmental pollutants and the occurrence of allergic diseases is revealed recently,
particular in developed and industrialized countries, and endocrine disrupting chemicals (EDCs) as environmental hormone may
play a key role. This review addresses the important question of how EDCs (nonylphenol, 4 octylphenol, and phthalates) influences
on asthma-related gene expression via epigenetic regulation in immune cells, and how anti-asthmatic agents prohibit expression of
inflammatory genes via epigenetic modification. The discovery and validation of epigenetic biomarkers linking exposure to allergic
diseases might lead to better epigenotyping of risk, prognosis, treatment prediction, and development of novel therapies.
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Epigenetic regulation in allergic disease

INTRODUCTION

Asthma and allergic diseases are the most common chronic
inflammatory disease in child and cause a substantial morbidity and
mortality burden in severe cases [1]. Evidences indicate that etiology
of asthma and allergic diseases is complex and has strong genetic
and environmental components. Environment influence can start as
early as in utero exposure and continue through aging, and affects
the development, clinical phenotype, exacerbation and outcomes
of asthma. Epigenetic mechanisms provide a new understanding
of gene versus environment interactions. Modifications to the
epigenome mediate endogenous or exogenous environmental
exposures on immune development [2]. The processes provide
requlatory control of gene expression independently of genomic
sequence, and vary in response to environmental cues. Epigenetic
control of gene expression plays an important role in development,
differentiation and immune requlation in the immune system [3].
The genetic factor of asthma and allergic diseases synergistically
interacts with prenatal and early-life exposures (e.g., tobacco
smoke, endotoxins and air pollution) to affect asthma and allergic
diseases risk [4]. While the enthusiasm in and expectations from
genome-wide association studies have been slowly fading in the
scientific community, findings that environmental exposures affects
epigenetic profile have brought a new era in asthma and allergic
disease research by examining epigenetic mechanisms as mediators
of these exposures for occurrence and clinical course of asthma
and allergic diseases. Epigenetic modifications (DNA methylation,
histone modification and miRNA) can affect transcriptional activity in
multiple genetic pathways relevant for the development of asthma
and allergic diseases. However limited work has been carried out
so far to examine the role of epigenetic variations on asthma and
allergic diseases development and management.

Exposure to allergens induces an immune response that triggers
the differentiation of T cells toward Th2 cells which expressed
cytokines interleukin (IL) 4, IL-5, as well as IL-13, and are responsible
for the allergic diseases. Decreased DNA methylation and increased
association with activating histone marks conjointly establish and
maintain a euchromatin structure at the Th2 locus of Th2 cells,
allowing recruitment of the transcriptional machinery to this region
for a rapid and coordinated expression of the Th2-related cytokines
[5-7]. The hypermethylation of the first exon is correlated with
promoter hypermethylation resulting in transcriptional silencing.
The early response is marked by increases in IL-4 expression because
the GATA-3 transcriptional factor binding sites within the first
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intron of the gene loses CpG methylation and the IL 4 locus gains
H3K9 acetylation and trimethylation of H3K4 [8]. Th2 polarization is
associated with loss of interferon (IFN)-g expression, which is thought
to be mediated by methylation of specific CpGs in its promoter
region [9, 10].

EPIGENOMIC STUDY DESIGN

The most common epigenetic mechanisms include DNA
methylation, histone modifications, and noncoding RNAs. All can
affect gene transcription through effects on DNA structure and
induction of gene silencing. Microarrays can be the tool of choice
for profiling epigenetic marks on a genomic scale, with several
platforms and protocols available for DNA methylation [11]. The
above technologies have been widely used for the study of histone
marks (ChIP-seq) and miRNAs (miRNA-seq) because of providing
superb-quality data compared with array platforms. The majority
of methylation profiling is still performed on array platforms
because bisulfite-converted DNA sequencing on the genomic
scale is more costly [12]. However, several techniques that examine
only regions of the genome enriched for methylation marks have
been developed and are being increasingly used [12, 13]. Recent
advances in the development of techniques for epigenomic
profilings include try to define genome-wide patterns of DNA
hydroxymethylation and to study DNA methylation and histone
modifications in one experiment [13-15].

ENVIRONMENTAL TRIGGERS FOR ASTHMA
AND EPIGENETIC REGULATIONS

The rapid increase in the prevalence of asthma in the world
was found over only the past few decades. The huge variations
can be observed among populations with a similar racial/ethnic
background but different environmental exposures [16], and
there is a strong correlation between exposure to environmental
pollutants and the occurrence of allergic diseases. Exposure to
environmental endocrine-disrupting chemicals (EDCs) is associated
with allergy, asthma, chronic inflammation and immunodeficiency
via immunomodulatory mechanisms and epigenetic regulations.
One of the possible mechanisms for the effect of EDCs on
the allergic diseases may result from their impact on antigen-
presenting cells and subsequently direct Th2 polarization. For
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example, nonylphenol and 4 octylphenol may have functional
effects on the response of myeloid dendritic cells (DCs) via, in
part, the estrogen receptor, MKK3/6-p38 MAPK signaling pathway,
and histone modifications, with subsequent influence on the T
cell-associated cytokine responses in our study [17]. Phthalates,
the common environmental hormone used in plastic industry,
may act as adjuvants to disrupt immune system and enhance
allergy. Phthalates may interfere with immunity against infection
and promote the deviation of Th2 response to increase allergy by
acting on human plasmacytoid DCs via suppressing IFN-a/IFN-(
expression and modulating the ability to stimulate T-cell responses
with promotion toward Th2 polarization and suppression toward
Th1 polarization [18]. A schematic figure on the effects of EDCs on
immune cells is provided (Fig. 1).
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Fig. 1. Immunomodulatory effects of endocrine disrupting chemicals
(EDCs) on immune cells. In plasmacytoid dendritic cells (DCs), EDCs
activate acryl hydrocarbon receptor (AhR) and inhibit toll-like receptor
(TLR)-activated mitogen-activated protein kinases (MAPK)-ERK
phosphorylation. EDCs also inhibit H3K4 methyltransferase WDR5 to
suppress H3K4 trimethylation at interferon requlatory factor 7 (IRF-
7) promoter region and finally suppress the expression of IRF-7, and
subsequently inhibit the production of type 1 interferon (IFN)-a and
IFN-B. In myeloid DCs, EDCs activate estrogen receptor (ER) and increase
phosphorylation of MAPK-p38. EDCs increase H3 and H4 acetylation at
tumor necrosis factor alpha (TNF-a) promoter region and increase the
production of TNF-a. EDCs enhance the T-cell stimulatory ability of both
plasmacytoid and myeloid DCs toward Th2 polarization. On the contrary,
EDCs attenuate Th1 polarization. These effects of EDCs on immune
cells suggest that EDCs may promote allergic reaction and suppress the
immunity against invaded pathogens.
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ASTHMA MEDICATIONS AND EPIGENETIC
REGULATIONS

Modifications on histones, such as acetylation or trimethylation
at H3K4, H3K36 and H3K79, are associated with gene activation,
and these modifications are usually carried out by a variety of his-
tone acetyltransferases or methyltransferases. Some anti-asthmatic
medication, such as steroid or theophylline, can exert the function
via altering HAT or HDAC activity. Recently, histone modification
has become a novel target for anti-asthmatic drug development.
In asthma treatment, some potent anti-asthmatic medications in-
fluence the immune cells at epigenetic level. Prostaglandin 12 (PGI2)
analog is recently suggested as a candidate for treating asthma
[19, 20]. lloprost (PGI2 analog) enhanced H3 acety-lation in MDC/
CCL22 (Th2-related chemokine) promoter area and suppressed H3
acetylation, H3K4, and H3K36 trimethylation in IP-10 (Th1-related
chemokine) promoter area. PGI2 analogs enhanced MDC expres-
sion via the | prostanoid (IP)-receptor-cyclic adenosine monophos-
phate (CAMP), peroxisome proliferator-activated receptor (PPAR)-a
and PPAR-y, NFkB-p65, MAPK-p38-ATF2 pathways and increasing
histone acetylation, and suppressed IP-10/CXCL-10 expression via
the IP-receptor-cAMP, PPAR-y, MAPK- ERK-ELK1 pathways and in-
hibiting histone acetylation and trimethylation in LPS-stimulated
monocytes [21]. In circulating mDCs, PGI2 analogs enhance I-10
and suppress TNF-a expression through the IP/EP2/EP4 receptors-
cAMP and EP1 receptor-Ca2+ pathway. lloprost suppressed TNF-a
expression via the MAPK-p38-ATF2 pathway and epigenetic
requlation by downregulation of histone H3K4 trimethylation [22].
These evidences may partly explain the therapeutic efficacy of
anti-asthmatic medication to alter the clinical outcome of asthma.

CONCLUSIONS

The gradual evidence has solidified for implicating epigenetic
regulation as a mediator of a complex gene by environment
interactions relevant to the development of asthma and allergic
diseases. Several advances have been linking environmental
hormone, air pollution and smoking exposure with atopy
and asthma via epigenetic mechanisms. Asthma and allergy-
related medications can also influence the function of immune
cells at epigenetic level. Despite the acceptance of epigenetic
regulation in the pathogenesis of complex diseases, the extent
of environmental epigenetics in the pathogenesis of asthma and
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allergies is just being realized. Large sample size cohort studies
are needed to examine the time course and time period of
susceptibility to epigenetic regulation following environmental
exposures and their contribution to allergic disease. Ultimately, an
individual's epigenome early in life may be helpful in determining
later risk of asthma and atopy and initiating an early intervention or
treatment. Studying epigenetics as a mediating compound for the
associations between environmental exposures, medications and
pathogenesis of allergic disease may promise to find novel study
pathways. The potentially modifiable of epigenetics may identify
the approaches to decrease the risk of allergic disease and asthma
and improve their nature history in the future.
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