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Environmental exposures play an important role in the development of diseases [1].
Around the world, populations are exposed to rising levels of environmental pollutants,
due to increasing transportation and industrial emissions, agricultural runoff, and fossil
fuel combustion, leading to increased pollution-related deaths [2]. Pollution is currently the
second-leading cause of non-communicable diseases, leading to rising rates of cardiovas-
cular, respiratory, and neurodegenerative diseases, as well as cancers [3]. This highlights
the importance of understanding these environmental risk factors and elucidating the
pathways that induce these negative health effects.

Throughout life, environmental exposures affect the human body, directly impact-
ing barrier organs such as the lungs, skin, or gut and indirectly impacting other organs,
for instance, through systemic responses. Peters et al. proposed eight hallmarks of en-
vironmental insult to describe potential pathways linking exposures to chronic diseases:
(1) oxidative stress and inflammation; (2) genomic alterations and mutations; (3) epigenetic
alterations; (4) mitochondrial dysfunction; (5) endocrine disruption; (6) altered intercel-
lular communication; (7) altered microbiome communities; (8) impaired nervous system
function [4]. This framework shows that chronic exposure to modest concentrations of
pollutants, particularly exposures that can impair multiple pathways, may induce severe
health effects.

Following this framework, this Special Issue focuses on providing molecular/cellular
insights into the impacts of a variety of environmental exposures on human diseases and
presenting the latest advances in the field of environmental medicine.

Shvachiy et al. investigated the sex-specific effects of intermittent and chronic low-level
lead exposures on the cardiorespiratory system and neurotoxicity [5]. As there are no safe
levels of lead exposure, the investigators were particularly interested in the potential sex
differences in the impacts of this exposure in a rodent model. They found stronger health
effects, including hypertension, anxiety, and reactive astrogliosis, following permanent
exposure compared to intermittent exposure, independent of sex. Males, however, were
more susceptible to cognitive, behavioral, and respiratory changes, while females were
more prone to chemoreflex hypersensitivity. This confirmed that, in order to glean a better
understanding of the impact of an exposure on health, not only the type (chronic versus
intermittent) of exposure but also the sex of the exposed individual is relevant. A com-
prehensive understanding of sex-related differences in toxicity will enhance personalized
environmental medicine.

Tebbi et al. present current evidence on the potential role of the mycovirus-containing
Aspergillus flavus in acute leukemia [6]. Virus-containing Aspergillus flavus can alter the
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genetics of human cells. Furthermore, patients with acute lymphoblastic leukemia have
antibodies against this organism. Following the current literature, the authors hypothesized
that environmental exposure to fungi harboring mycoviruses may lead to genetic alterations
and dysregulation of key transcription factors, particularly in people with inherited or
acquired predispositions and immune system vulnerabilities. This will then lead to the
accumulation of genetic and epigenetics changes and the development of acute leukemia.
This review describes the accumulation of multiple environmental insults in the pathway
from exposure to the development of leukemia.

Stein summarized the literature on bisphenol A (BPA), an endocrine-disrupting chem-
ical, and certain human diseases, including autism spectrum disorders (ASDs), attention-
deficit disorder (ADD), Parkinson’s disease (PD), polycystic ovary syndrome (PCOS), and
Alzheimer’s disease (AD) [7]. BPA glucuronidation efficiency and disease can be explained
through a direct and indirect pathway. Following the direct pathway theory, BPA is the
causative agent; compromised BPA detoxification leads to higher BPA concentrations and
thus the exposure of organs to its endocrine-disruptive effects. The indirect pathway theory
suggests that BPA is a marker for decreased glucuronidation efficiency of another unknown
compound that acts as an endocrine disruptor, leading to a metabolic environment favoring
disease development.

Cyna et al. summarized the literature on environmental factors and the development
of auto-immune thyroiditis and found a variety of different factors of importance, including
iodine intake, vitamin D deficiency, selenium deficiency, viral infections caused by Epstein—
Barr virus (EBV), human parvovirus B19 (PVB19), human herpesvirus 6A (HHV-6A), and
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), bacterial infection caused
by Helicobacter pylori, microbiome disruption, and medications such as interferon-alpha
and tyrosine kinase inhibitors, as well as stress, climate factors, and smoking [8]. This
highlights the importance of diet and lifestyle in a patient’s assessment.

Rosenfeld explored the potential harmful effects of endocrine-disrupting chemicals
(EDCs) on unborn children from a prevention perspective and summarized the literature
on the usage of maternal probiotic supplementation to mitigate exposure to endocrine-
disrupting chemicals and thus prevent potential associated negative health impacts in
unborn children, focusing in particular on neurobehavioral and metabolic disorders [9]. To
date, studies suggest that probiotics during pregnancy may improve both maternal health
and health outcomes in offspring. However, no study has directly investigated whether
maternal probiotic supplementation combats EDC exposure in pregnant women and their
unborn offspring.

Yeshoua et al. presented a review of the association between exposure to flame re-
tardants and thyroid function, including thyroid cancer, in humans [10]. The 61 studies
included show that the impacts of various flame retardants on the thyroid are very heteroge-
neous and dependent on the type of flame retardant and the thyroid function investigated.
However, these impacts may have serious consequences, in particular for at-risk popula-
tions, and future research should investigate the molecular mechanisms associated with
this exposure.

Based on the results of the studies included in this Special Issue, important concerns to
address in future research include the investigation of sex-specific impacts, understanding
potential cumulative insults, interaction with other (known) risk factors, and heterogeneity
within certain classes of pollutants. In particular, a better understanding of the biolog-
ical/mechanistic/molecular effects (direct or indirect) of different exposures is key in
determining their contribution to observed disease outcomes. Lead exposure was shown
to activate astrocytes as a potential mechanism of action when exploring neurotoxicity,
but the authors suggest additionally investigating reactive oxygen species ROS) produc-



Biomedicines 2025, 13, 2830

3o0f4

References

tion [5]. Aspergillus flavus exposure in acute leukemia may lead to genetic and epigenetic
alterations, which is hypothesized to be part of the mechanistic pathway [6]. It was further
postulated that BPA serves as a marker for isoenzyme distribution patterns that disturb the
endogenous metabolite environment, thus causing metabolic changes that favor disease
development [7]. Certain viral or bacterial infections may be linked to disease development
through molecular mimicry [8]. Many EDCs function as microbiome-disrupting chemicals
as well, which may represent the causal pathway in disease development [9]. While flame
retardants are known to disrupt endocrine pathways, insights into additional (carcinogenic)
mechanisms are needed [10]. Further insights into molecular mechanisms will further
propel potential preventative measures following exposure, targeted screening, and more
personalized environmental medicine. On a more global scale, the accumulation of infor-
mation regarding the impacts of chronic and cumulative exposure will inform legislative
interventions to reduce exposures and improve global health.
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Abbreviations

The following abbreviations are used in this manuscript:

AD Alzheimer’s disease

ADD Attention-deficit disorder
ASDs Autism spectrum disorders
BPA A Bisphenol A

EBV Epstein—Barr Virus

EDC Endocrine-disrupting chemical
HHV-6A Human herpesvirus 6A

PCOS Polycystic ovary syndrome

PD Parkinson’s disease

PVB19 Human parvovirus B19

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
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