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Abstract

This structured review synthesizes contemporary experimental and clinical
evidence regarding the impact of chronic atmospheric air pollution on the
postnatal development and morphogenesis of bronchus-associated lymphoid
tissue (BALT). Electronic databases including PubMed, Scopus, and Web of
Science were screened for peer-reviewed publications between 2000 and 2024.
Evidence indicates that particulate matter (PM2.5, PM10), nitrogen oxides, sulfur
dioxide, and urban airborne nanoparticles disrupt follicular organization, alter
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CD3+/CD20+ lymphocyte distribution, impair germinal center formation, and
promote epithelial remodeling. Mechanistically, oxidative stress, cytokine
imbalance (IL-6, TNF-a), and TGF-fB-mediated tissue remodeling are central
contributors. Early-life exposure appears to represent a critical window of
immune vulnerability. The findings highlight the importance of morphological
monitoring as an indicator of environmental immunotoxic risk.

Keywords: BALT; air pollution; immune morphogenesis; lymphoid tissue
development; environmental immunotoxicology; respiratory histology; oxidative
stress.

Introduction

Bronchus-associated lymphoid tissue (BALT) is a specialized component of
mucosa-associated lymphoid tissue (MALT) that contributes to antigen
surveillance and adaptive immune activation within the lower respiratory tract.
During postnatal development, BALT undergoes a coordinated process of
lymphocyte aggregation, follicular organization, stromal maturation, and
germinal center formation. Environmental air pollutants are increasingly
recognized as modulators of respiratory immune structure and function.

Chronic exposure to particulate matter (PM2.5, PM10), nitrogen oxides (NOx),
sulfur dioxide (SO2), and volatile organic compounds has been linked to airway
inflammation, epithelial barrier disruption, and immune dysregulation. However,
a systematized morphological analysis of BALT development under
environmental stress remains limited.

Search Strategy and Selection Criteria

A structured literature review was conducted using PubMed, Scopus, and Web of
Science databases. Keywords included 'BALT development', 'air pollution and
lymphoid tissue', 'respiratory immune morphogenesis', and 'environmental
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immunotoxicology'. Inclusion criteria comprised peer-reviewed studies
presenting histological or immunohistochemical data. Non-structural and non-
peer-reviewed reports were excluded.

Normal Histogenesis of BALT

Postnatally, BALT develops through progressive lymphocyte clustering beneath
the bronchial epithelium, followed by follicular compartmentalization. CD3+ T
lymphocytes localize predominantly in parafollicular zones, while CD20+ B
lymphocytes form follicular cores. Ki-67 expression reflects proliferative
immune activity during early follicle formation.

Pollutant-Induced Structural and Immunohistochemical Alterations

Chronic exposure to airborne pollutants is associated with decreased follicular
density, disorganized germinal centers, altered CD3/CD20 ratios, epithelial
dystrophy, and increased inflammatory infiltration. Oxidative stress leads to
nuclear damage and apoptosis, while elevated IL-6 and TNF-a levels sustain
chronic inflammation. Activation of TGF-f signaling promotes stromal
remodeling and fibrosis.

Comparative Analysis of Experimental and Clinical Studies

Animal models demonstrate reduced follicular formation and impaired immune
compartmentalization under early-life pollutant exposure. Human cohort studies
confirm associations between prenatal or childhood pollutant exposure and
altered respiratory immune architecture.

Discussion

The available evidence supports a mechanistic model in which oxidative stress,
cytokine imbalance, and epithelial barrier dysfunction converge to disrupt
physiological BALT morphogenesis. Early developmental stages appear
particularly sensitive to environmental toxicants.
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Conclusions
1. BALT morphogenesis is highly sensitive to environmental air quality.

2. Chronic pollutant exposure induces reproducible structural alterations.
3. Early-life exposure constitutes a critical window of immune vulnerability.
4. Morphological assessment of BALT may serve as a biomarker of

environmental immune risk.
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