
495

Autoimmune diseases of the nervous system: Risk 
factors and therapeutic challenges

Copyright@ Mostafa A Abdel Maksoud
---------------------------------------------------------------------------------------------------------------------------------

This work is licensed under Creative Commons Attribution 4.0 License  AJBSR.MS.ID.000726

Research Article

 Mostafa A Abdel Maksoud*1,2

1Zoology Department, King Saud University, Saudi Arabia

2Zoology Department, Cairo University, Egypt

*Corresponding author: Mostafa A Abdel Maksoud, Immunology, Zoology Department, King Saud University, Saudi Arabia.

To Cite This Article: Mostafa A Abdel Maksoud. Autoimmune diseases of the nervous system: Risk factors and therapeutic challenges. Am J 
Biomed Sci & Res. 2019 - 3(6). AJBSR.MS.ID.000726. DOI: 10.34297/AJBSR.2019.03.000726

Received: June 27, 2019 | Published: July 10, 2019

American Journal of
Biomedical Science & Research ISSN: 2642-1747

www.biomedgrid.com

Prevalence of Autoimmune Diseases
The incidence of autoimmune diseases (ADs) has been 

tremendously increased during the last years and many research 
groups around the world have reported clinical complications 
in autoimmune diseases patients [1-3]. They cumulatively affect 
5-10% of the industrial world population and are a significant 
cause of morbidity and mortality [4]. In fact, the rise in ADs parallels 
the surge in allergic and cancer conditions while infections are 
less frequent in the Western societies, supporting the previously 
described ‘hygiene hypothesis’ [5]. Multiple sclerosis (MS), type 1 
diabetes (T1D), inflammatory bowel diseases (IBD) (mainly Crohn’s 
disease), systemic lupus erythematosus (SLE), primary biliary 
cirrhosis (PBC), myasthenia gravis (MG), autoimmune thyroiditis 
(AT), rheumatoid arthritis (RA), bullous pemphigoid, and Celiac 
disease (CD) are considered as the most familiar representative 
examples of ADs [6-7]. The prevalence of ADs is distinctively 
varying worldwide. For example, the prevalence of MS which is the 
most common inflammatory demyelinating disease involving the 
central nervous system (CNS) with various clinical types, varies 
from high rates in North America and Europe (more than 100 cases 
per 100,000 population) to low levels in Eastern Asia and Sub-
Saharan Africa (2 cases per 100,000 population) [7]. Actually, ADs 
are one of the leading causes of death among young and middle-
aged women in many countries of the industrialized world [8].  
Unfortunately, despite some ADs like MG, RA, CD, Crohn’s disease,  

 
ulcerative colitis, T1D, MS, and SLE have gained special attention 
regarding their prevalence, prevalence data are scares for some 
other ADs like Guillain Barre syndrome, pemphigoid, phemphigus, 
dermatomyositis, polymyositis, autoimmune hemolytic anemia, 
idiopathic thrombocytopenic purpura, or pernicious anemia 
[9]. Some studies have reported annual % increases per year for 
Rheumatic, endocrinological, gastrointestinal and neurological 
autoimmune diseases and the results were 7.1, 6.3, 6.2, and 3.7, 
respectively [6]. Meanwhile, neurological ADs could be considered 
as the most aggressive one among the other ADs. 

Autoimmune Diseases of the Nervous System
Both of central nervous system (CNS) and peripheral nervous 

system (PNS) could be targets for ADS either one or together. 
Autoimmunity in both of the CNS and PNS can manifest as the 
result of cellular or humoral immune responses to autoantigens. As 
an example, multiple sclerosis (MS) is a cell-mediated autoimmune 
disease of the CNS in which both myelin and the cell that produces 
the myelin are destroyed and consequently, characterized by 
chronic inflammation, demyelination and gliosis affecting the 
CNS but usually not the PNS [10]. Limbic encephalitis represents 
a group of autoimmune conditions characterized by inflammation 
of the limbic system (Hippocampus and fornix) and other parts of 
the brain. Despite limbic encephalitis was often associated with an 
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underlying neoplasm (paraneoplastic limbic encephalitis); some 
cases never have a neoplasm identified (non-paraneoplastic limbic 
encephalitis) whereas antibodies against proteins associated 
with voltage-gated potassium channels (LGI1 and CASPR2) were 
detected [11]. Autoimmune channelopathies have become one of 
the attractive topics of basic and clinical research in neurologic ADs. 

An emerging group of neurological disorders is associated with 
autoantibodies acting on ligand-gated ion channels (receptors) or 
on voltage-gated ion channels. The pathogenicity of autoantibodies 
to ion channels has been demonstrated in most of these conditions, 
and patients may respond well to immunotherapies that reduce 
the levels of the pathogenic autoantibodies [12].  On the other 
hand, chronic inflammatory demyelinating polyneuropathy 
(CIDP) (also called chronic relapsing polyneuropathy (CRP) or 
chronic inflammatory demyelinating polyradiculoneuropathy) is 
considered a typical example of an autoimmune disease restricted 
to the PNS because it is apparently caused by an autoimmune 
response against one or several antigen (s) on peripheral 
nerves [13]. Diseases such as CIDP and myasthenia gravis (MG) 
are considered antibody-mediated diseases of the PNS and 
neuromuscular junctions, respectively. MG is caused by antibodies 
targeting the muscle acetylcholine receptor or other neuromuscular 
junction proteins like muscle-specific kinase (MUSK). These 
antibodies cause malfunction of the communication between 
nerve and muscle leading to muscular weakness and fatigue. 
MG is the prototypic autoimmune neurologic disease, since the 
antibody targeting the acetylcholine receptor was identified back 
in the 1970s. “Other autoimmune neuromuscular diseases include 
Lambert-Eaton myasthenic syndrome (which is also a disorder of 
transmission at the neuromuscular junction), neuromyotonia (or 
Isaacs syndrome, where antibodies target regulatory proteins on 
the nerves, causing excessive muscle activity), and autoimmune 
autonomic ganglionopathy (AAG) (antibodies target a receptor on 
the autonomic nerves, resulting in autonomic failure). 

Surprisingly, several single cases with combined demyelination 
of both CNS and PNS, occurring either sequentially or 
simultaneously, have been reported [14]. An example of ADs 
affecting both the CNS and PNS is the overlapping clinical spectrum 
of Miller–Fisher–/Fisher–Syndrome (FS), Bickerstaff brainstem 
encephalitis (BBE) and Guillain–Barré-Syndrome (GBS) [15]. It was 
supposed that all the three diseases may share a common etiology, 
as supported especially by the presence of common autoantibodies 
and antecedent infections, and form a continuous spectrum with 
variable clinical and anatomical involvement of PNS and CNS [16]. 
Another example is neuropsychiatric lupus (NPSLE) whereas SLE 
can involve both the CNS and the PNS. In one clinical study there 
were 19 distinct syndromes described and it was hypothesized that 
Up to 65% of child SLE patients develop NPSLE at any time during 
the disease course [17]. Sarcoidosis is a chronic inflammatory 
disorder that primarily affects the lungs, but can also impact almost 
every other organ and system in the body.  Neurosarcoidosis (NS) 
is characterized by inflammation and abnormal cell deposits in any 
part of the nervous system – the brain, spinal cord, or peripheral 
nerves.  

It most commonly occurs in the cranial and facial nerves, the 
hypothalamus and the pituitary gland [18].  Primary angiitis of the 
central nervous system (PACNS) is a rare inflammatory disorder 
of the blood vessels of the brain and the spinal cord without 
any evidence of systemic vasculitis. Antibodies against myelin 
oligodendrocyte glycoprotein (MOG) have been identified in 
neuromyelitis optica spectrum disorders (NMOSDs). As in NMOSD, 
spinal cord and optic nerves are 2 of the most frequently involved 
CNS sites in combined central and peripheral demyelination (CCPD) 
syndromes [19] Indeed, the simultaneous occurrence of combined 
central and peripheral demyelination (CCPD) is rare and data are 
limited to case reports and small case series [20] without sufficient 
data referring to etiological aspects of this group of diseases.  

Etiology
In general, the etiology of ADs remains to large extent, 

mysterious [21]. Many research activities have been solely directed 
to investigate the detailed mechanisms for autoimmune reactivity 
progression. The situation for neurologic ADs is more sophisticated. 
However, it seems that autoreactive antibodies are one of the major 
players [22,23]. The effects of various autoantibodies directed at 
each specific site of the motor unit cause a specific disease. The 
question remains standing, why are these autoantibodies formed? 
Genetic factors may play a relevant role. Like a number of other 
ADs, myasthenia gravis is associated with a higher-than-expected 
frequency of certain HLA haplotypes [24]. Probably a number 
of genetic loci, possibly including B- and T-cell receptor genes, 
immunoglobulin variable region genes, and class I, II, and Ill MHC 
molecules, play a cumulative role in determining susceptibility 
to some ADs, like myasthenia gravis [25]. The associations of 
myasthenia with these and other markers suggest that there are 
genes that enhance the ability to produce the autoantibodies of 
myasthenia. The production of anti-idiotypic (anti-Id) antibodies 
that may cross-react with autoantigens may also be an important 
mechanism of auotreactivity in ADs. [26] For example, anti-Id 
antibodies directed against some primary antimicrobial antibodies 
have anti-AChR activity [27]. This suggests a mechanism for the 
induction of the anticarbohydrate antibodies associated with 
motor neuron diseases and with demyelinating autoimmune 
neuropathies. 

Many viruses use cell-surface carbohydrates as receptors. 
Viruses may attach to the same carbohydrate structures recognized 
by the autoantibodies of these neurologic diseases. The proposed 
mechanism is that the virus recognizes the cell-surface receptor, 
the viral infection induces the antiviral antibody, the antiviral 
antibody recognizes the receptor binding site on the virus, the 
anti-Id antibody is produced against the antiviral antibody, and 
the anti-Id antibody cross-reacts with the cell-surface receptor 
and becomes an autoantibody. There are many examples of this 
mechanism in which immunization with a virus, a hormone, or 
a drug induces antibodies directed at the cellular receptor for 
the virus, hormone, or drug. [28]. Cytomegalovirus (CMV) is one 
of the most common viruses associated with the Guillain-Barre 
syndrome. Attenuated murine CMV specifically recognizes the 
sequence of the sugars N-acetylglucosamine-galactose [29]. This is 
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similar to the antigens of autoimmune demyelinating neuropathies. 
Analysis of a panel of antiviral and antireceptor monoclonal 
antibodies from mice indicated that some antibodies are produced 
that are antireceptor autoantibodies and are also anti Id antibodies 
(react with the antiviral antibodies). Nerve impulse transmission 
to muscle occurs at the acetylcholine receptor site by the release 
of acetylcholine, which is counterbalanced appropriately by 
postsynaptic cholinesterase. In patients with myasthenia gravis, 
many of these receptor sites are blocked, bound, or degraded by 
antibodies induced by events arising in the patients’ own thymus 
glands. As a result of this autoimmune process, patients have a 
decreased number of normally functioning neuromuscular units 
and have symptoms of weakness and easy fatigability. Thymectomy 
is thus a strategy for potentially intervening early in the process of 
the induction of autoimmunity [25].

Risk Factors for Autoimmune Diseases
Despite the fact that Autoimmune disorders can affect people of 

all genders, races, and ages, certain risk factors have been proposed 
by many research groups [30]. In some ADS, some ethnic groups 
(African American, American Indian, or Latino) are more likely to 
suffer from the disease than others. Although predisposing genetic 
risk factors have been identified for various autoimmune diseases, 
it is understood that they account only for a fraction of the overall 
disease [31] The gender was introduced as a potential factor 
when it was noticed that in some diseases, 90% of autoimmune 
patients are women. In this context, the female hormone could be 
one of the autoimmune arms that are responsible for developing 
auotreactivity in some stages [32]. In addition to hormonal factors, 
environmental factors have been strongly thought to be included in 
autoimmune reactivity development. Environmental factors make 
up a significant part of the risk in disease initiation and propagation. 
The increasing incidence of autoimmune diseases with a high 
prevalence in Western countries [33] and the rapid evolution of MS 
in former low prevalence countries like Japan [34] nurture multiple 
explanatory concepts around environmental triggers. 

The so-called hygiene hypothesis aims to explain the increase 
in autoimmunity in industrialized countries by linking the decrease 
of infection rates and the increase in autoimmune diseases to a 
general improvement of hygiene standards [35]. Next to improved 
hygiene and a gross reduction of infections, changes in dietary 
habits are one of the most evident Western lifestyle factors 
potentially associated with the increase in ADs. Additionally, there 
are many more environmental factors that have been proposed 
to promote ADs including climate, stress, occupation, cigarette 
smoking, and diet. The consumption of ‘Westernized food’, 
including high salt, high fat, high protein, and high sugar intake, 
has already been associated with increasing prevalence in various 
diseases. The change of dietary habits has been under intensive 
investigation, revealing a direct influence on immune homeostasis 
and on bacterial communities colonizing the gastrointestinal 
tract (GIT) [36] and the gut microbiota is tightly connected to 
the immune system and highly involved in immune regulatory 
processes [37]. IBD has been associated with shifts and variety 
reduction in the microbiome. This observation has also been made 

in other autoimmune diseases not directly associated with the GIT 
[36,38]. However, there is still deficiency in the studies linking the 
environmental factors to the disease progression in ADs in general 
and in neurologic ADs in particular.

Immunosenescence & Autoimmunity
The decline in immunocompetence with age is accompanied by 

the increase in the incidence of ADs. Aging of the immune system, 
or immunosenescence, is characterized by a decline of both T and B 
cell function, and paradoxically the presence of low-grade chronic 
inflammation [39]. It is now globally accepted that aging is related 
to increased reactivity to self-antigens and loss of tolerance. These 
was supported by the observations that elderly people experience 
general systemic inflammation and, at the same time, they 
aggravate degenerative diseases, which, in turn, increase the risk 
of developing ADs [40-41]. For example, rheumatoid factors (RFs) 
are present in up to 5% of young, healthy individuals, and increases 
up to 5 times in elderly persons. Similarly, the prevalence of 
antinuclear antibodies (ANAs) is higher in healthy individuals over 
70 years of age compared to healthy younger adults [42]. It was 
hypothesized that the aging-associated increase in inflammatory 
cytokines and chemokines such as TNF-α, C-reactive protein (CRP), 
IL-8, Monocyte chemoattractant protein 1 (MCP1), and regulated 
on activation, normal T cell expressed and secreted (RANTES) could 
be an important contributor for the development of auotreactivity 
[43]. Clinical studies have shown that there is a change from Th1 to 
Th2 (mainly IL-4 and IL-6) in the cytokine profile as age advances 
[44]. IL-6 is a potent proinflammatory cytokine closely related to 
disability in patients with RA; therefore, it represents a therapeutic 
target for this disease [45]. 

In addition, there are reports of an imbalance between Th17 
and Treg cells. A considerable number of IL-17-secreting naïve 
CD4+ T helper cells have been detected in the elderly in contrast 
to reduced IL-17-secreting memory CD4+ T helper cells [46]. 
Autoantibody production such as rheumatoid factor as well as 
antinuclear, antiphospholipid, and antithyroglobulin antibodies 
are present during aging [47,48]. Autoantibody production has 
been attributed to altered T and B cell function [49], especially 
to the decrease in antibody affinity maturation. This evidence 
supports the idea that autoantibody levels may be closely related 
to the clinical characteristics of elderly and to patients with ADs. 
A striking feature of the aging process is the involution of the 
thymus. Reduced thymic output has been postulated to induce 
compensatory auto proliferation of T cells, which can then lead 
to premature T cell senescence and contribute to immune system 
abnormalities associated with autoimmunity and aging [50]. 
Additionally, alterations in apoptosis in T cells may be an important 
mechanism of autoimmune disease and immunosenescence. 

Expansion of CD4+ and CD8- senescent T cells that have lost 
the expression of CD28 emerge in normal aging and in several 
autoimmune diseases including T1D, RA, and MS [51] Reports of 
telomere length (in peripheral blood mononuclear cells (PBMCs)) 
alteration in patients with ADs such as RA [52] scleroderma 
(SSc) [53], SLE [54], Wegener’s disease [55], psoriasis, and 
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atopic dermatitis [56], suggest an excessive cell replication with 
its corresponding telomere erosion. These findings have been 
interpreted as evidence of T cell accelerated proliferation in the 
autoimmune process. In aged animals, the antibodies produced 
are generally of lower affinity and are less protective than those 
produced by young animals [57]. Dissection of splenic B cell subsets 
has revealed significant alterations in sub-population distribution 
as mice age [58]. Specifically, the percentage of naïve follicular B 
cells declines dramatically, whereas subsets of antigen-experienced 
cells increase, including poly/self-reactive subtypes such as 
marginal zone (MZ) and CD5+ B1-like cells, and memory B cells. 

Additionally, an increase in lifespan of mature B cells in the 
periphery of aged mice has been reported [59]. It is therefore possible 
that autoimmunity may increase with aging by accumulation of long-
lived B cells with specificity against “neoantigens” that form during 

one’s life. Others have also postulated that self-reactive memory B 
cells may become reactivated later in life (recall memory) due to age-
associated reduction in immune tolerance, loss of tissue integrity 
leading to the exposure of neo-self-antigens, or re-exposure to 
similar environmental agent(s) that result in aberrant autoimmune 
response through molecular mimicry [57]. Briefly, there are three 
main processes that could explain the age- associated autoimmune 
reactivity phenomenon: 1. thymic involution, 2. intrinsic damage, 
and 3. chronic antigenic stimulation. Thus, the microenvironments, 
soluble factors, surface and signal transduction molecules as well 
as processes such as telomere erosion and infection diseases can 
result from a decreased immunity through aging. Understanding 
these mechanisms will make it possible to establish appropriate 
treatment strategies, optimize responses to pathogens, and 
improve the quality of life for the elderly.

Genetics of Autoimmune Diseases

Table 1: Summary of epigenetic mechanisms involved in autoimmune diseases [57].

Disease Mechanism

DNA methylation

Systemic lupus erythematosus Global Hypo methylation of promoter region of genes: ITGAL/ CD40LG/ PRF1/ CD70/ IFGNR2/ MMP14/ LCN2/ 
Ribosomal RNA gene promoter (18S and 28S)/ e1B promoter of CD5 in resting B cells

Rheumatoid arthritis Hypo methylation: CpG islands upstream of an L1 open-reading frame/IL-6 promoter gene in monocytes  
Hypermethylation: Promoter of death receptor 3 (DR-3)

Type 1 diabetes Global hypermethylation by altered metabolism of homocysteine

Multiple sclerosis Hypo methylation of promoter region of peptidyl arginine deiminase type II (PAD2)

Systemic sclerosis Hypermethylation of CpG islands in Fli1 promoter

Histone modification

Systemic lupus erythematosus Predisposition to apoptotic nucleosomes: H3K4me3/ H4K8 triacetylation/ H3K27me3/ H2BK12ac/ Global acetyla-
tion of histone H3 and H4 in active CD4+ T cells

Rheumatoid arthritis HDAC inhibitors: Block induction of MMPs/ Repress of ADAMTs enzymes/ Hyper acetylation of histones induces p16 
and p21

Type 1 diabetes Increase H3K9me2 in lymphocytes genes: CLTA4 / TGF-B/ NF-κB/ p38/ IL-6/ Hyperglycemia causes H3K4 and 
H3K9 methylation

Multiple sclerosis Hyper acetylation of H3 promoter region in white matter

miRNAs

Systemic lupus erythematosus Decreased expression: miR-146a / miR-125a/ Upregulation: miR-21 and miR-148a /miR-155

Rheumatoid arthritis Overexpression: miR-155/ miR-203/ miR-146 Decreased expression of miR-124

Multiple sclerosis

Upregulation: miR-326/ miR-34a/ miR-155 
Expression in Treg cells: miR-17-5p, miR-497, miR-193 and miR-126  

Disease Relapse: miR-18b and miR-599 
Brain-specific: miR-124

Type 1 diabetes
Overexpression of miRNA-510 

Decreased expression of miRNA-342 and miRNA-191 
 Beta cell failure: miR-21, miR-34a, and miR-146a

Sjögren’s syndrome Overexpression: miR-547-3p and miR-168-3p  
Upregulated: miR-150 and miR-149

Despite many research papers have focused on the genetics 
of ADs, few have discussed the epigenetics of these group of 
diseases. Epigenetics is defined as the study of all inheritable and 
potentially reversible changes in genome function that do not alter 
the nucleotide sequence within the DNA. Epigenetic mechanisms 
such as DNA methylation, histone modification, nucleosome 
positioning, and microRNAs (miRNAs) are essential to carry out 
key functions in the regulation of gene expression. Therefore, 

the epigenetic mechanisms are a window to understanding the 
possible mechanisms involved in the pathogenesis of ADs [60]. 
It was found (Table1) that the epigenetic changes occurring in 
elderly people may affect important genes involved in ADs [60-
61]. Growing evidence supports epigenetic dysregulation as a 
potential explanation for the higher incidence of autoimmune and 
neoplastic diseases associated with increasing age [62]. Epigenetic 
mechanisms linking aging to cancer include hypermethylation of 
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the promoter of tumor suppressor genes such as RB1, p16, and 
Wnt associated factors, aberrant Dnmt activity, loss of genomic 
imprinting, and chromosomal translocations in hypomethylated 
DNA sequences [63,64]. 

Additionally, several groups have reported that microRNAs 
(miRNAs), a new class of small non-protein-coding RNAs that 
negatively affect gene expression at the post-transcriptional 
level, are regulated by epigenetic mechanisms, exhibit changes in 
expression during aging, and have an important role in cancer [65], 
aging and growth control [66]. Interestingly, two groups reported 
that the expression pattern of miR-155 and miR-146 miRNAs 
is altered in synovial tissue in RA, suggesting a potential role of 
miRNA in the pathogenesis of other disorders acquired with age 
[67]. Epigenetic modifications may also provide a mechanistic link 
between immunosenescence and autoimmunity. In this context, 
the role of lymphocyte function-associated antigen-1 (LFA-1; 
CD11a/CD18) in the development of autoimmunity and aging 
was investigated. LFA-1 is an integrin adhesion molecule involved 
in T cell activation, whose expression increases progressively 
throughout life [68]. Interestingly, LFA-1 is overexpressed in T 
cells from patients with SLE, with the extent of the overexpression 

directly relating to disease activity and responsible for T cell auto 
reactivity in vitro, and a lupus-like disease in vivo [69]. Additionally, 
inhibiting T cell DNA methylation with the DNA methyltransferase 
inhibitor 5-azacytidine increases LFA-1 overexpression. 

Furthermore, [71] reported that in MRL/MpJ-Fas lpr mice which 
develop a systemic autoimmune disease with similarities to SLE, 
loss of LFA-1 significantly protected mice from the development of 
murine lupus, as measured by attenuated autoantibody formation, 
and inhibited development of glomerulonephritis, and increased 
survival compared to control MRL/MpJ-Fas Lpr mice [70]. It was 
demonstrated that regions flanking the promoter of the ITGAL gene, 
which encodes for the CD11a chain of LFA-1, demethylate during 
aging, providing evidence that age-dependent decreases in T cell 
DNA methylation may contribute to the changes in T cell function 
and gene expression that occur in aging [71]. Since anti-DNA 
antibodies are induced by LFA-1 overexpression, these changes 
may contribute to the development of anti-nuclear antibodies 
with aging [72]. Indeed, the identification of cell-specific targets 
of epigenetic deregulation could be used as clinical markers for 
diagnosis, disease progression, and therapy approaches.

Autoimmune ecology
Table 2: Findings on human studies on the role of environmental factors and development of autoimmune diseases. 

EPW is confident of the following EPW consider the following likely, but 
requiring confirmation Broad themes to be pursued in future investigations

Chemicals

Crystalline silica (quartz) contrib-
utes to development of several ADs, 

including RA, SSc, SLE, and ANCA-re-
lated vasculitis

Solvents contribute to development of MS There is insufficient evidence on the role of metals, including those 
associated with animal models of autoimmunity, e.g., mercury

Solvents contribute to development 
of SSc

Smoking contributes to development of 
seronegative RA, MS, SLE, HT, GD, and CD

The identification of single causal agents within groups of expo-
sures is needed (e.g., specific solvents or pesticides contributing to 

increased risk for the group)

Smoking contributes to development 
of ACPA-positive and RF-positive RA 
(with an interaction with the shared 
epitope genetic susceptibility factor)

Current smoking protects against devel-
opment of UC

Studies are needed on plasticizers (e.g., phthalates and bisphenol 
A), some of which may be endocrine or immune disruptors, and 

have been associated with other immune-mediated diseases 
There is insufficient evidence on the role of cosmetics in Ads

Physical factors

An inverse association exists between 
increased UV radiation exposure and 

risk of developing MS

Ionizing radiation contributes to develop-
ment of HT and GD

There is insufficient evidence on a possible protective role of UV 
radiation on T1D Prospective data are needed on sun exposure 
as a risk factor for SLE (prior to early clinical symptoms) and 

dermatomyositis

Biologic agents

Ingestion of gluten contributes to 
development of GSE

EBV infection contributes to MS devel-
opment

Studies are needed on MS and vitamin D in racial/ethnic groups 
with darker skin (associated with UV-associated vitamin D defi-
ciency), and examining dose-effects Prospective data are needed 

on vitamin D and other Ads

Ingestion of certain lots of l-trypto-
phan contributes to development of 

eosinophilia myalgia syndrome

Early introduction of complex foods 
contributes to development of T1DM and 

GSE

Additional studies are needed on associations of food chemicals, 
dyes, or additives

Dietary intake of DEPAP and oleic 
anilide-contaminated rapeseed oil 

contributes to development of toxic 
oil syndrome

Low dietary vitamin D intake and blood 
levels contribute to development of MS

Prospective studies are needed on nitrates/nitrosamines and 
T1DM

Note: EPW, expert panel workshop; ADs, autoimmune diseases; RA, rheumatoid arthritis; SSc, systemic sclerosis; SLE, systemic lupus erythemato-
sus; ANCA, anti-neutrophil cytoplasmic antibody; ACPA, anticitrullinated protein antibody; RF, rheumatoid factor; MS, multiple sclerosis; HT, hashimo-
to’s thyroiditis; GD, graves’ disease; CrD, crohn’s disease; UC, ulcerative colitis; T1DM, type 1 diabetes mellitus; GSE, gluten-sensitive enteropathy; 
DEPAP, 1,2-di-oleyl ester; EBV, Epstein–Barr virus; UV, ultraviolet.
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The influence of environmental exposure on the risk of devel-
oping ADs is crucial and hence, the term ‘’autoimmune ecology’’ has 
been recently introduced. In fact, environment, more than genet-
ics, shapes immune system. Autoimmune ecology is closer to ex-
posome, that is all the exposures – internal and external – across 
the lifespan, interacting with hereditary factors (both genetics and 
epigenetics) to favor or protect against autoimmunity and its out-
comes [73]. In this context, the immune response to environmental 
agents in general, and microbiota, cigarette smoking, alcohol and 
coffee consumption, socioeconomic status (SES), gender and sex 
hormones, vitamin D, organic solvents, and vaccines in particular 
will be the whole point [74]. The effect of different environmen-
tal factors on the development of ADs has attracted many research 

groups around the world. Panel findings on studies of the role of 
environmental factors and development of ADs are shown in (Ta-
ble 2) [75]. The environmental risk factors associated with ADs 
are varied as are the underlying immune mechanisms that lead to 
these disorders. However, many risk factors have been suggested 
to be potential contributors that have effects on innate immunity, 
such as toll-like receptor (TLR) activation by xenobiotics, adjuvant 
effects, and inflammatory responses; B-cell activation; direct effect 
impairing the immune function, such as T helper 17 (Th17) and T 
regulatory cells (Treg); post-translational modifications (PTMs) of 
self-antigens, and epigenetic modifications, mainly DNA methyla-
tion (Table 3) [76].

Table 3: Environmental factors and mechanisms involved in autoreactivity.

Environmental factor Main possible mechanisms

Infectious agents (bacteria/viruses) Innate immune activation via TLRs

Adjuvants Innate immune activation via TLRs

Sex hormones Autoreactive B cells

TCDD/Mercury/Silver Autoreactive B cells

Cigarette smoke T cell impairment (Th17/Treg cells) Modification of self-antigens

UV light Autoreactive B cells Epigenetic changes (DNA methylation)

Note: TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; TLRs, toll-like receptors; Th, T helper cells; UV, ultraviolet.

Figure 1: Epigenetic-environmental interaction [77]. Offspring of pregnant Agouti rodents fed with food rich in methyl donors had a different 
color of coat (brown, (b)) due to an increased DNA methylation status in the viable yellow allele (A vy allele), in comparison to offspring of pregnant 
rodents fed a normal diet (yellow or mottle, (a)). Intracisternal A Particle (IAP), Transcription Factor (TF), RNA Polymerase (RNA Pol), Methylated 
Cytosine (M).

Epigenetics interaction with environment was elucidated 
through a fantastic study on the pregnant Agouti rodents. In this 
study, researchers fed pregnant Agouti rodents with food rich in 
methyl donors such as folate, methionine, and choline. They found 
that, in comparison to offspring of pregnant rodents fed a normal 
diet (yellow or mottle, (Figure 1) (a)), the offspring of these rodents 
had a different color of coat (brown, Figure 1 (b)) due to an increased 
DNA methylation status in the viable yellow allele (A vy allele). 

These authors demonstrated that the percentage of phenotypes 
with a darker brown coat rises as increasing levels of methyl 
supplement are added to the diet. The lack of a methyl supplement 
has important implications because it indicates a pattern of future 
obesity and insulin resistance. In other words, mice with yellow or 
mottle coats have altered metabolism and obesity. It also results 
in increased cancer susceptibility, adult diabetes, and twice the 
mortality seen in normal mice [77].
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Microbial Infections & Autoimmunity
Microbial infections are one of the major players in the 

environmental factors that modulate the development of ADs 
and there is an ambiguous relation between both of them [22]. 
Infections may play both a causative role and a protective role in 
the pathogenesis of ADs. Infections can be triggers of ADs as has 
been shown in animal models [78]. There are different mechanisms 
by which infection may trigger ADs. Molecular mimicry, epitope 
spreading, bystander activation and clearance deficiency are the 
most studied ones. On the other hand, infections may prevent 
the development of autoimmunity or even withdrawal of an 
autoimmune process. This happens as a result of the interaction 

between microorganisms and the host [79]. Parasitic helminths 
modulate the immune response towards an anti-inflammatory 
profile which favors their survival in the host. Thus, helminths are 
suppressors of the immunological pro-inflammatory process [80]. 
According to the hygiene hypothesis, the increase in ADs is the 
result of the reduction in exposure to microorganisms and parasites 
during childhood [81]. This was supported by the geographic 
relationship observed worldwide. Many inversed associations 
have been reported between parasitic infections and protection 
from ADs (Table 4). Many parasites are able to change the cytokine 
profile from a pro-inflammatory to an anti-inflammatory profile. 
This change creates the perfect environmental conditions for them 
to survive and extend their lives within the host.

Table 4: Helminth anti-inflammatory effect in ADs. Adapted from [82,83ssss]. 
AD Helminth AD Helminth

RA

Schistosoma mansoni

IBD

Schistosoma mansoni

Ascaris suum Schistosoma japonicum

Heligmosomoides polygyrus bakeri Trichinella spiralis

Nocardia brasiliensis Heligmosomoides polygyrus

Schistosoma japonicum Hymenolepis diminuta

Hymenolepis diminuta Enterobius vermicularis

MS

Schistosoma mansoni Necator americanus

Schistosoma japonicum

CD

Schistosoma mansoni

Trichinella spiralis Heligmosomoides polygyrus bakeri

Fasciola hepatica Trichinella spiralis

Heligmosomoides polygyrus bakeri Hymenolepis diminuta

T1D

Schistosoma mansoni

Trichuris muris
Heligmosomoides polygyrus bakeri

Taenia crassiceps

Trichinella spiralis

AD: Autoimmune disease, RA: rheumatoid arthritis, MS: Multiple sclerosis, T1D: diabetes type 1, IBD: inflammatory bowel disease, CD: Crohn’s 
disease.

Table 5: Helminth derived – molecules with immunoregulatory properties.

HELMINTH MOLECULE IMMUNOREGULATORY MECHANISM

Schistosoma mansoni
LNFPIII and SEA Interact with TLR4 to produce Th2 profile by DCs

Lysophosphatidylserine Interact with TLR2 to induce Treg polarizing DCs

Acanthocheilonema viteae ES-62 Exert immunomodulatory effects on macrophages and DCs by a TLR4-dependent 
mechanism with consequent Th2 polarization

Nippostrongylus brasiliensis NES Potently induce Th2 type of response via DC

Brugia malayi (adult)
Cystatins - CIP-2 Interfere with antigen processing in human cells and inhibit B cells

Cytokine homologue MIF-1/2 Alternatively activate macrophages

Brugia malayimicrofilariae Serpins - SPN-2 Block neutrophil protease and promote Th1 type of response

Brugia malayi L3 (larvae) ALT-1/2 proteins Inhibit macrophage resistance and present a good filarial vaccine candidate

Toxocara canis TES32—C type lectin Inhibit TLR responses on DC and compete with host lectins for ligands, thereby block-
ing host immunity

Heligmosomoides polygyrus HES Induce regulatory T cells through TGF-β Receptor

Teladorsagia circumcincta Excretory-secretory antigen Induce generation of Foxp3+ regulatory T cells through TGF-β mimicking effect
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Trichinella spiralis

AdES, NBL and MLCr All antigens from different life stages induce polarization towards mixed Th1/Th2 
with predominance of Th2 response, via semimatured DC

Excretory secretory muscle 
larvae antigen

Induce mixed Th1/Th2 response with the predominance of Th2 component and elicit 
regulatory arm of immune response

Excretory secretory muscle 
larvae antigen

Interfere with LPS-induced DC maturation and induce expansion of Foxp3+ regulato-
ry T cells

Fasciola hepatica Thioredoxin peroxides Alternatively activated macrophages

Note: Adapted from [85] LNFPIII: Lacto-N-fucopentaose III, SEA: soluble egg antigen, TLR: Toll like receptor, DC: dendritic cells, NES: Excretory-se-
cretory antigen, Cystatins: cysteine protease inhibitors, MIF: migration inhibitory factor, Serpins: serine protease inhibitors, ALT: Abundant larval tran-
script, HES: Excretory-secretory antigen, AdES: Adult excretory-secretory antigen, NBL: newborn larvae antigen, MLCr: crude muscle larvae antigen, 
LPS: Lipopolysaccharide.

They may promote the inhibition of IFNα, IL-1β, and IL-17 
to suppress the Th1 and Th17 response. They also promote the 
production of IL-4, IL-10, TGF-β, and the activation of regulatory 
cells including Treg, Breg, regulatory dendritic cells, and 
macrophages [82-83]. There is production of different molecules 
during helminth infections. Some of them are probably having a 
regulatory effect on the host immune system (Table 5) [84]. It is 
noteworthy that microbiota is the first barrier against pathogenic 
microorganisms. They may produce molecules against the 
pathogens during infection because they occupy the same niche, 
thus competing for the same place. Fluctuations in microbiota 
population have been described in patients with ADs [85]. Germ 
free (GF) mice show deficiencies in T lymphocyte differentiation 
within the lamina propria in the presence of IgA in mucosal layers 
and alterations in the homeostasis of Th populations (Th1, Th17, 
and Treg). In addition, most of the studies have established a 
relationship between the microbiota inhabiting the gut and its 
influence on health. Usually, microorganisms that live in the gut are 
not pathogenic under healthy conditions, and they have a positive 
effect on the host [86]. 

Nevertheless, some commensal bacteria may drive the 
preferential development of Treg while others promote Th17 
response and inflammation. These bacteria favor the production 
of regulatory molecules and cytokines, e.g., Foxp3 and IL-10, which 
characterize the regulatory cells, Treg in particular. Specifically, 
species such as Bacteroides fragilis and the genus Lactobacillus and 
Bififobacterium greatly promote the presence of Treg in the gut. In 
contrast, a pathogenic phenotype characterized by Th17 response 
and pro-inflammatory cytokines is promoted by segmented 
filamentous bacteria such as Firmicutes. Moreover, it has been 
demonstrated that this kind of bacteria is able to induce the 
production of IgA in the small intestine. Th17 response certainly 
has its own positive role in the case of infection control, but it is 
also critical in the development of inflammatory and autoimmune 
diseases [87]. Consequently, it has been suggested that differences 
in the modern western diet could be causing the rapid increase in 
diseases such as asthma [88]. For example, one study shows how a 
switching from a low fat, vegetable rich diet to a high fat, high sugar 
diet could alter the microbiota within one day [89]. Away from the 
microbiota and the helminths, we have found that plasmodium 
chabaudi infection in BWF1 mice (the animal model for SLE) have 
several positive impacts on the disease progression when compared 

with the non-infected lupic mice [90-93]. Interestingly, when 
animals were injected with gamma-irradiated parasites, despite 
being unable to abrogate the lupus-associated pathology, they 
were in some parameters not as worse as the lupic mice. Indeed, 
the protective effects that the parasites may exert in autoimmune 
disease either in animal models or in human subjects needs more 
and more efforts especially for the aggressive category of ADS, the 
neurologic ADs.  

“Take-home” message
The ADs affecting nervous system have not yet gained enough 

attention despite being vigorously aggressive. The search for the 
interaction between the different risk factors and focusing on the 
environmental (especially microbial) ones may lead to a promising 
resolution for the therapeutic limitation in this category of diseases. 

Figure1: Epigenetic-environmental interaction [77]. Offspring 
of pregnant Agouti rodents fed with food rich in methyl donors 
had a different color of coat (brown, (b)) due to an increased 
DNA methylation status in the viable yellow allele (A vy allele), 
in comparison to offspring of pregnant rodents fed a normal diet 
(yellow or mottle, (a)). Intracisternal A Particle (IAP), Transcription 
Factor (TF), RNA Polymerase (RNA Pol), Methylated Cytosine (M).
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