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Introduction
A recent epidemiological systematic review identified 

a 19.1% net % increased /year incidence and prevalence of 
autoimmune disease year in the past 30 years. It also 
reported a stronger influence of environmental factors, as 
opposed to genetic variables, on the development of 
autoimmune disease.1 The increase in autoimmune disease 
prevalence and incidence rates also have corresponding 
data with environmental toxic load exposure in individuals 
living in industrialized countries.2 Studies with twin 
subjects have found that genetics can only account for 
increased susceptibility to autoimmune diseases and that 
an environmental trigger is necessary to turn on the 
genetic expression of these diseases. These current findings 
suggest that environmental chemicals may be a significant 
factor in the development of autoimmunity in subsets of 
susceptible individuals.3

Persistent organic pollutants, toxic metals, solvents, 
and endocrine disruptors are now ubiquitous in our food, 
drinking water, household products, and even in the air 

we breathe. The human population has daily exposures to 
many toxic chemicals (Table). Substances such as mercury, 
aluminum, dioxin, pesticides, asbestos, trichlorethylene, 
and many other industrial and environmental toxins have 
been associated with autoimmunity in both animal and 
human models.4 These chemicals can induce oxidative 
stress, T cell dysregulation, and alterations of immune cell 
messenger systems.5,6

Genetic susceptibility is a key factor in the development 
of autoimmune diseases. Genome-wide association studies 
have identified numerous polymorphisms for autoimmune 
disease development involving the regulatory regions of 
genes involved with immune responses.7 The strongest 
associations found with autoimmune susceptibility to 
environmental chemicals involve the human leukocyte 
antigen (HLA) alleles and cytokine receptor IL-23R 
cytokine receptor polymorphisms.8,9 However, the 
contribution of a single gene polymorphism leading to the 
development of an autoimmune disease is very small. 
There appears to be a combination of polymorphisms 
involved with autoimmune susceptibility in combination 
with environmental triggers, such as a toxic chemical to 
either initiate the development of autoimmune disease or 
to propagate inflammatory autoimmune responses.10

This paper provides a review of the key immunological 
mechanisms involved with exposure to toxic chemicals 
(persistent organic pollutants, toxic metals, solvents, etc.) 
and autoimmune disease development in genetically 
susceptible individuals. These autoimmune-mediated 
mechanisms that develop from toxic chemical exposure 

ORIGINAL RESEARCH

The incidence of autoimmunity is growing rapidly 
worldwide. Many epidemiological studies have found 
environmental factors, such as toxic chemicals 
(persistent organic pollutants, toxic metals, solvents, 
endocrine disruptors), to be a key factor in this rapid 
progression. Numerous mechanisms have been 
identified that can cause immune dysregulation and 
autoimmune reactivity from toxic chemical exposure to 
subsets of individuals who have genetic susceptibility in 
immune regulatory genes. In susceptible genotypes, 

toxic chemicals can induce epigenetic expressions, bind 
to immune and endocrine receptors throughout the 
body and promote immune dysregulation, bind to 
nucleic acids and promote anti-nuclear autoimmunity, 
deplete antioxidant reserves, promote immune barrier 
degradation, induce lymphocyte dysregulation, and 
alter normal antigen-presenting responses. This paper 
provides a detailed review of the specific immunological 
pathways involved with exposure to environmental 
toxins and autoimmunity.
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include chemical binding with aryl hydrocarbons, 
alteration of epigenetic mechanisms, depletion of 
glutathione levels, breakdown of immune barrier systems, 
chemical binding to nucleic acids, immune dysregulation, 
and neoantigen formation from chemicals binding to 
proteins and post-translation modifications of proteins 
(Figure). A multi-variate combination of these factors, in 
combination with a mix of susceptible polymorphisms, 
are theorized to play a role in the development of 
autoimmunity due to toxic chemical exposure.

Chemicals and Epigenetic Expression of DNA 
Methylation In Autoimmunity

Environmental chemicals have the ability to impact 
epigenetic mechanisms of histone modifications, micro-
ribonucleic acid (RNA) gene expression, and 
deoxyribonucleic acid (DNA) methylation. The role of 
epigenetic expression has been best identified in 
monozygotic twins in which identical DNA sequences 
express discordance rates in various autoimmune 
diseases.11,12 Environmentally triggered epigenetic 
expressions impact various immunological pathways, 
including the modification of T cell differentiation involved 
with phenotypic autoimmune expression.13 Environmental 
chemicals also interfere with methyl group transfers, 
resulting in anomalous DNA expression.14 These expressions 
are thought to be attributed to epigenetic drifts that occur 
due to small differences or defects in the expression of 
information that occur through cell divisions from exposure 
to environmental factors.15 Polymorphisms involving the 
genes that regulate immunological pathways in combination 
with environmental triggers can result in the phenotypic 
expression of autoimmunity. Therefore, toxic chemicals 
have the ability to alter epigenetic expressions, leading to 
immune dysregulation and development of autoimmunity.

Chemicals Binding to Aryl Hydrocarbon Receptors 
(AHR)

Autoimmune diseases are modulated by aryl 
hydrocarbon receptors (AHR) that occur both 
endogenously and exogenously from environmental 
chemicals. Ligand binding to AHRs modulates T cell 
differentiation and regulatory T cell function; it also 
contributes to antigen-presenting cell responses, and is the 
primary pathway for activation of the T-helper (TH-17) 
response.16 Chemicals such as dioxin, polychlorinated 
bisphenol, and particulate matter mixtures can directly act 
as ligands for AHR and activate the expression of these 
receptors.17 These reactions can trigger autoimmune 
reactivity due to its impact on T cell differentiation and 
activation of the TH-17 pathway.18 AHR activation by 
toxic chemicals is a fundamental mechanism in 
autoimmune development.

Chemical Depletion of Glutathione and Antioxidants
Increased oxidative stress and depletion of antioxidant 

activity is a key metabolic feature of autoimmune diseases 
such as systemic lupus erythematosus (SLE).19 Glutathione 
is a tripeptide antioxidant occurring within most body 
cells and plays an essential role in quenching oxidative 
stress, supporting hepatic biotransformation, and serving 
as a critical immune modulator.20 Mild depletion of 
intracellular glutathione has a profound impact on 
lymphocyte function and immune modulation.21 
Glutathione activity is essential for proper regulatory  
T cell function and has a direct role in autoimmune 
inflammatory T cell responses.22 Therapeutic strategies to 
prevent glutathione depletion have been effective in 
treating autoimmune rheumatic diseases.23 Low-dose 
exposures to persistent organic pollutants have been 
linked with glutathione depletion, mitochondrial 

Table. Common Chemicals of Exposure With Exposure Sources

Chemical Category Chemicals Common Exposure Sources
Persistent Organic Pollutants Dichloro-diphenyl-trichloroethane 

(DDT), aldrin, chlordane, 
tetrabromobisphenol A, dieldrin, 
endrin, heptachlor, mirex, 
polychlorinated biphenyls, 
hexachlorobenzene, dioxins and 
furans

Food, water, air, soil, flame retar-
dants, breast milk

Toxic Solvents Acetone, butanol, toluene, methanol, 
benzene, carbon tetrachloride, 
trichloroethylene, xylene

Paint, lacquer, glue, cleaning 
supplies, industrial soap, degreaser, 
paint stripper, ink, synthetic rubber

Toxic Heavy Metals Mercury, lead, cadmium, arsenic Food, water, air, dental amalgams, 
cosmetics

Endocrine Disruptors Bisphenols, dioxins, phthalates, 
perchlorates, polychlorinated 
biphenyls, polybrominated diphenyl 
ethers

Plastic products, herbicides, 
pesticides, water, food, flame 
retardants, lining of cans, coating of 
paper plates
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dysfunction, and immune activation.24 Depletion of 
glutathione is a key variable in how toxic chemical 
exposures impact autoimmunity.

Chemicals and Autoimmune Regulator Protein (AIRE)
Autoimmune regulator (AIRE) protein is an essential 
transcriptional regulator of thymocytes. It is involved with 
modulation of central immune tolerance by eliminating 
autoreactive T cells and by inducing production of 
regulatory T cells.25 Dysfunction in AIRE expression leads 
to phenotypic expression of autoimmune diseases.26 
Animals exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) have been found to lose immune tolerance to 
self-tissue and have reduced levels of AIRE in 
thymocytes.27,28 Environmental chemical disruption of 
AIRE is an important mechanism in the way toxic 
chemicals disrupt central immune tolerance.

Chemicals Binding to Human Serum Albumin
Environmental chemicals can bind to circulating 

proteins and thereby change the allosteric structure of 
proteins by inducing protein misfolding and configuring 
these proteins into neoantigens. A humoral response is 
generated against these new proteins in the formation of 
circulating antibodies.29 The most common target protein 
for chemical binding is albumin found in human serum, 
because it is the most abundant protein in serum. Chemical 
binding to albumin has been found to show high correlations 
with myelin basic protein and myelin oligodendrocyte 
glycoprotein autoimmunity.30 Chemical binding to albumin 
has also been found to significantly increase risk for alpha-
synuclein autoantibody formations.31

Chemicals Causing Protein Modification
Once proteins enter the body, they undergo the 

process of post-translational modification through 
chemical processes such as glycosylation, phosphorylation, 
and lipidation. Proteins also undergo modification by 
phase I and phase II hepatic biotransformation through 
processes such as glucuronidation, sulfation, acetylation, 
etc. These modifications occur in 50% to 90% of proteins 
in the human body. Environmental chemicals have the 
ability to alter post-translational modifications and 
promote immunogenicity of self-proteins.32 These protein 
modifications play a role in autoimmune reactivity and 
diseases such as multiple sclerosis and rheumatoid 
arthritis.33

Chemicals Binding to Nucleic Acids
Nucleic acids are responsible for conveying 

information from DNA to RNA in eukaryotic cells. 
Chemicals and drugs possess the potential to bind to 
DNA, small nuclear ribonucleoproteins, and chromatin 
and lead to the production of autoantibodies, called anti-
nuclear antibodies, as found with drug-induced lupus or 
SLE.34,35 Chemicals have not only been found to flare up 

autoimmunity, but they also have the potential to lead to 
the development of SLE in animal models.36 Various 
environmental triggers have also been found to skew lupus 
CD4+ T cells toward autoreactivity from altered genetic 
expressions. Triggers such as mercury, silica, and cigarette 
smoke appear to bind and disrupt nucleic acid 
communication and play a role in autoimmune reactivity.37

Chemicals Acting As Endocrine Disruptors and 
Autoimmunity

Some chemicals possess the ability to bind to 
endocrine receptors, thereby competing with or altering 
the post-translational expression of hormones in the body. 
These chemicals are classified as endocrine-disrupting 
chemicals and include polychlorinated biphenyls (PCBs), 
polybrominated biphenyls (PBBs), bisphenol A (BPA), 
and dichlorodiphenyltrichloroethane (DDT). Endocrine-
disrupting chemicals have the ability to alter several 
immunological pathways involved with autoimmune 
reactivity.38 These chemicals can also exert powerful 
effects on pituitary lactotroph cells and promote increased 
prolactin release.39 Increased prolactin levels play an 
immune-activating role with many autoimmune diseases, 
including Hashimoto’s, SLE, and type 1 diabetes.40 
Endocrine-disrupting chemicals also have the ability to 
bind to estrogen receptors and promote upregulation of 
dendritic cells, induce B-cell dysfunction, activate T cells, 
and promote abnormal immune signaling on AHR and 
peroxisome proliferator-activated nuclear receptors.41-44

Chemicals Causing Regulatory T Cell Dysfunction
Regulatory T cells (Tregs) are essential to maintain 

immunological tolerance and avoid the development of 
autoimmune disease.45 There are diverse lists of 
environmental chemicals that have been shown to activate 
the peroxisome proliferator-activated receptor gamma 
(PPARγ) and promote Treg dysregulation.46 Disruption in 
Treg function by environmental chemicals can lead to 
suppressive T cell production, exacerbated cytotoxic T cell 
responses, and mechanisms involving exaggerated antigen 
presentation responses. These mechanisms may promote 
autoimmune disease development and propagation of 
autoimmune pathophysiology.47

Chemicals Causing Dendritic Cell Dysfunction
Intestinal dendritic cells are essentially gatekeepers 

that are involved in connecting the adaptive and innate 
immune system in the modulation of immune tolerance.48 
Dysregulation of intestinal dendritic cells have been found 
to play a role in the pathogenesis of autoimmunity.49,50 
Exposure to environmental contaminants can alter 
hydrocarbon receptors on dendritic cells, leading to 
disruption of immune tolerance and failure to induce the 
Foxp3 pathway for regulatory T cells.51 Dysfunction in this 
immunological pathway can lead to aggressive  
auto-responses and the promotion of autoimmunity.52,53
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Chemicals Inducing Permeability of Immune Barriers
Disruption of the intestinal barrier has been found to be 

a key factor in the development of autoimmune diseases in 
animal models. The breakdown leads to trafficking 
intercellular tight junctions of macromolecules capable of 
inducing an exaggerated immune response in the development 
of inflammatory and autoimmune reactions.54,55 The interplay 
between the gut-associated lymphoid tissue in the intestinal 
epithelial barrier has been found to play a significant role in 
controlling the equilibrium between immune tolerance and 
immunity to antigens and haptens.56

Chemical exposure to the gastrointestinal microbiome 
induces dysbiosis and a reduction in occludin tight 
junction proteins with a resultant pattern of intestinal 
permeability, endotoxemia, and the upregulation of toll-
like receptor 4 (TLR4), leading to systemic inflammatory 
responses in both the small intestine and brain of animals.57 
In addition to the intestinal barrier, chemicals have been 
shown to cause disruption in the blood-brain barrier and 
pulmonary endothelial barrier. Animals exposed to 
cadmium in drinking water for 90 days were found to 
develop a reduction in antioxidant enzyme activity of 
superoxide dismutase, glutathione peroxidase, glutathione 
reductase, and catalase within microvessel preparations 
that led to disruption of the blood-brain barrier.58 Cigarette 
smoke has been found to disrupt the pulmonary epithelial 
barrier and cause alterations of alveolar micro-circulatory 
cytoskeletal arrangements.59 The key mechanism involved 
with barrier disruption with chemicals involves depletion 
of antioxidant reserves within the barrier systems, leading 
to oxidative stress and permeability.60 Chemical-induced 
barrier permeability may be a key factor in the promotion 
of autoimmune disease development.

Conclusion
Toxic environmental chemicals (persistent organic 

pollutants, toxic metals, solvents, and endocrine 
disruptors) induce several physiological mechanisms that 
lead to autoimmunity (Figure). These chemicals can bind 
to gamma aryl hydrocarbon and peroxisome proliferator-
activated receptors, leading to abnormal antigen-
presenting responses and lymphocyte dysregulation. Toxic 
chemicals that possess endocrine-disrupting properties 
can bind to estrogen and pituitary receptors, leading to 
immune dysfunction. In addition to directly binding to 
receptors throughout the body, toxic chemicals can bind 
directly to nucleic acids and promote the activation of 
anti-nuclear antibodies, or simply bind to circulating 
proteins found throughout the body and induce protein 
misfolding, thereby configuring proteins into neoantigens. 
These mechanisms all contribute to direct immune 
activation and dysregulation. Toxic chemicals can also 
induce epigenetic expressions of DNA, which leads to 
autoimmunity. Lastly, toxic chemicals deplete antioxidants 
such as glutathione and promote immune dysregulation 
and deterioration of immune barriers, including the 
blood-brain barrier, the intestinal barrier, and the 
pulmonary epithelial barrier. The combination of these 
physiological alterations, in combination with genotypes 
that have polymorphisms in immune regulatory regions, 
leads to autoimmune reactivity or autoimmune disease 
development
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Figure. Physiological Pathways from Exposure to Environmental Toxins and Autoimmune Conditions
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