OPEN @ ACCESS Freely available online

Epigenetics Research: Open Access

Opinion Article

Epigenetic Alterations Associated with Urban Air Pollutants and Respiratory

Cell Function

Elina Varga*

Department of Molecular Life Sciences, Danubia National University, Budapest, Hungary

DESCRIPTION

Air quality has become an important public health concern in
rapidly expanding cities where
transportation, and dense populations continue to increase
atmospheric contamination. Tiny airborne particles and
chemical compounds enter the respiratory tract every day,
producing biological effects that extend beyond immediate tissue
irritation. Research conducted during the last decade has shown
that environmental contaminants can modify cellular activity
through epigenetic variation without altering the nucleotide
sequence itself. Such findings have encouraged scientists to
examine how inhaled pollutants influence respiratory cells,
immune reactions, and longterm pulmonary health through
Deoxyribonucleic ~ Acid  (DNA)
modification, and non-coding Ribonucleic
regulation.

industrial growth, heavy

methylation,  histone

Acid (RNA)

Urban particulate matter contains carbon residues, transition
metals, sulfates, nitrates, and organic chemicals generated by fuel
combustion. Once inhaled, these particles interact directly with
epithelial cells lining the airways. Continuous exposure may
trigger oxidative imbalance and inflammatory signaling, which
then influence enzymes responsible for epigenetic control. DNA
methyltransferases and histone acetyltransferases are especially
sensitive to chemical stress generated by pollutants. Altered
activity of these enzymes can modify transcriptional patterns
linked with immune regulation, cellular repair, and tissue
remodeling.

Several epidemiological investigations involving residents of
industrial districts have demonstrated altered methylation
profiles in genes connected with pulmonary defense systems. In
many individuals exposed to elevated levels of airborne particles,
methylation changes were detected in promoters associated with
cytokine regulation. Reduced methylation within inflammatory
genes often corresponds with increased transcriptional activity,
leading to prolonged airway irritation and elevated secretion of
pro-inflammatory mediators. Such biological responses may

contribute to chronic respiratory disorders including asthma and
chronic obstructive pulmonary disease.

Children represent a particularly sensitive population because
developing tissues exhibit elevated cellular turnover and active
epigenetic  programming.  Studies  involving  school-age
participants living near high-traffic roadways have reported
measurable variation in methylation status among genes related
to antioxidant production and immune signaling. Researchers
observed correlations between pollutant exposure and altered
expression of interleukin-associated pathways. These molecular
events may influence respiratory sensitivity during adolescence
and adulthood. Prenatal exposure also appears significant, since
maternal inhalation of polluted air during pregnancy may
influence fetal epigenetic regulation. Cord blood analyses have
identified methylation differences associated with maternal
residence in heavily polluted urban sectors, suggesting that
environmental conditions during gestation can shape biological
responses early in life.

Histone modification represents another important mechanism
involved in pollutantassociated respiratory effects. Histone
proteins regulate chromatin structure, thereby influencing
accessibility of transcriptional machinery to genomic regions.
Certain airborne contaminants can alter histone acetylation and
methylation patterns within bronchial epithelial cells. Diesel
exhaust particles, for example, have been associated with
increased histone acetylation in inflaimmatory loci, resulting in
elevated cytokine production. This process may amplify immune
activity even after pollutant exposure decreases. Histone
deacetylase suppression has also been documented following
contact with particulate matter, potentially contributing to
persistent inflammatory signaling.

Non-coding RNAs, especially microRNAs, play an additional
role in pollution-related epigenetic activity. These short RNA
molecules regulate posttranscriptional gene expression and
participate in cellular stress responses. Exposure to airborne
toxins may alter microRNA abundance in respiratory tissues,
influencing pathways linked with apoptosis, fibrosis, and
inflammation. Investigators studying urban populations
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identified distinct microRNA signatures among individuals
exposed to elevated concentrations of nitrogen dioxide and fine
particulate matter. Certain microRNAs were associated with
reduced lung capacity and increased airway sensitivity, indicating
that epigenetic biomarkers may support future respiratory
disease monitoring.

Occupational settings provide another context in which
pollutantinduced epigenetic variation has attracted attention.
Factory workers exposed to metalrich dust, combustion
products, or chemical solvents often display altered methylation
patterns in blood and respiratory tissues. Workers employed in
mining operations, steel production, and vehicle manufacturing
environments have shown changes in genes associated with
oxidative stress management. Such findings indicate that long-
term occupational exposure may produce stable epigenetic
modifications capable of influencing pulmonary function across
many years. Physical activity also interacts with epigenetic
responses related to air contamination. Moderate exercise
generally supports pulmonary health and anti-inflammatory
signaling; however, vigorous outdoor activity performed in
heavily polluted environments may increase inhalation of
harmful particles. Athletes training near congested roads have
shown altered methylation profiles associated with oxidative
stress pathways. Determining the balance between physical
fitness benefits and pollutant exposure risk remains an active
area of investigation.
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Technological advances in sequencing and epigenomic mapping
have accelerated progress within environmental epigenetics.
High-throughput methylation arrays and chromatin accessibility
assays now permit large-scale evaluation of pollutant-associated
molecular variation across diverse populations. Integration of
transcriptomic and epigenomic datasets allows researchers to
identify biological networks influenced by environmental
contaminants. Such approaches may support development of
predictive biomarkers capable of identifying individuals at
elevated risk for respiratory complications before clinical
symptoms emerge.

CONCLUSION

Current evidence demonstrates that urban air pollutants
influence respiratory biology through multiple epigenetic
mechanisms involving DNA methylation, histone modification,
and non-coding RNA regulation. These molecular events
contribute  to altered

inflammatory signaling, immune
responses, and pulmonary dysfunction observed in exposed
populations. Continued examination of environmental

epigenetics may improve understanding of respiratory disease
development and support future approaches for prevention,
monitoring, and population health management in urban
environments.
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