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The role of autoimmunity in Parkinson’s disease (PD), as one of the most popular research
subjects, has been intensively investigated in recent years. Although the ultimate cause
of PD is unknown, one major area of interest remains identifying new therapeutic targets
and options for patients suffering from PD. Herein, we present a comprehensive review
of the impacts of autoimmunity in neurodegenerative diseases, especially PD, and we
have composed a logical argument to substantiate that autoimmunity is actively involved
in the pathogenesis of PD through several proteins, including a-synuclein, DJ-1, PINK1,
and Parkin, as well as immune cells, such as dendritic cells, microglia, T cells, and B
cells. Furthermore, a detailed analysis of the relevance of autoimmunity to the clinical
symptoms of PD provides strong evidence for the close correlation of autoimmunity
with PD. In addition, the previously identified relationships between other autoimmune
diseases and PD help us to better understand the disease pattern, laying the foundation
for new therapeutic solutions to PD. In summary, this review aims to integrate and present
currently available data to clarify the pathogenesis of PD and discuss some controversial
but innovative research perspectives on the involvement of autoimmunity in PD, as well
as possible novel diagnostic methods and treatments based on autoimmunity targets.
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INTRODUCTION

The consensus is that under normal physiological conditions, the whole immune system fights
against foreign antigens but not self-aggressors. Unfortunately, long-standing studies have
revealed that immunological destruction may incite organisms to attack the self-antigens of
cells or tissues, referred to as autoimmunity (1, 2). Failure to maintain the self-tolerance of
lymphocytes is a fundamental explanation for the onset of autoimmune diseases. The pathogenesis
of autoimmunity has been explored for many decades, and several relevant mechanisms
have been confirmed to cause autoimmune diseases, which are summarized as follows: (1)
genetic alterations in pattern recognition receptors (PRRs); (2) cross-reaction of immune cells
with self-antigens (also called molecular mimicry); (3) epitope spreading or drifting; and (4)
dysfunction of T cells and B cells. Specifically, Chastain and Schie have shown that genetic
alterations in PRRs could increase the sensitivity threshold against harmless self-antigens. They
also demonstrated that autoimmunity could result from cross-reactivity between a host cell
receptor and the antibody induced by the antigenic epitope of an antiviral agent (3, 4).
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Qiao et al. attributed the occurrence and development of an
autoimmune disease to an imbalance between regulatory T cells
(Tregs) plus suppressive cytokines and effector T cells plus pro-
inflammatory cytokines (5). The powerful immune suppressive
capacity of Tregs and their secreted cytokines could suppress
not only effector T cells but also other immune cells, such as
B cells and dendritic cells (DCs). Meanwhile, it has also been
demonstrated that the assistance of CD41 cells (also known as
helper T cells) is pivotal for the autoantibody response of B cells
driven by autoantigens, which can also improve the outcome of
immune reactions initiated by various antigen-presenting cells
(APCs) as a secondary response to antigens (6, 7). This review
mainly elaborates on how inappropriate immune responses in the
central nervous system (CNS) contribute to the pathogenesis of a
broad range of neurodegenerative disorders including but not be
limited to Parkinson’s disease (PD).

AUTOIMMUNITY IN
NEURODEGENERATIVE DISEASES AND
ITS RELEVANCE TO PD

The immune system always exerts intricate and reciprocal effects
on the nervous system. Previous research considered brain cells
safe from attack by the immune system because most neurons do
not express antigens, which are markers specifically recognized
by antibodies. Nevertheless, increasing data have indicated that
autoimmunity causes neuronal demyelination, axonal damage,
synaptic loss and further neurodegeneration (8). In fact, the CNS
usually suffers from a chronic autoimmune attack. According
to Kawai and Akira, inflammation is one of the first and most
prominent events in this chronic process (9), which can last a
decade or two, followed by the accumulation of neuronal injury,
eventually resulting in irreversible neurodegeneration. When
autoimmunity begins, some harmful cytokines are released, some
of which further recruit immune cells to continuously attack
neurons and nerve fibers (10-12). Multiple sclerosis is a torturous
autoimmunity-related CNS disease with typical pathological
variances that are usually clinically marked by oligoclonal
bands and/or an increased immunoglobulin G index (13). As
mentioned above, even though the damage associated with acute
inflammatory lesions occurs first, the subsequent autoimmunity-
induced neurodegeneration is linked with the progressive
development of disability (14, 15). Overall, neurodegenerative

Abbreviations: «-Syn, a-Synuclein; AD, Alzheimer’s disease; APCs, antigen
presenting cells; ARD, autoimmune rheumatic disease; BP, bullous pemphigoid;
CNS, central nervous system; CSE cerebrospinal fluid; DC, dendritic cell;
DN, dopaminergic neuron; dsDNA, double-stranded deoxyribonucleic acid;
GWAS, genome-wide association studies; HSV1, herpes simplex virus 1;
Ig, immunoglobulin; IL, Interleukin; iTregs, induced regulatory T cells;
LDLs, low-density lipoproteins; LPC, lipophosphatidylcholine; MAPK, mitogen-
activated protein kinase; MDVs, mitochondria-derived vesicles; MHC, major
histocompatibility complex; MitAP, mitochondrial antigens presentation; MPTP,
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; NF-«kB, nuclear factor kappaB;
NM, neuromelanin; nTregs, natural regulatory T cells; PARK7, Parkinson’s Disease
Protein 7; PD, Parkinson’s disease; PRRs, pattern recognition receptors; SIBO,
small intestinal bacterial overgrowth; SLE, systemic lupus erythematous; SNpc,
substantia nigra pars compacta; TNF, tumor necrosis factor; Tregs, regulatory T
cells.

diseases are irreversible, and the related deterioration might
be due to the chronic, long-lasting, and autoimmunity-induced
pathology transformation. Meanwhile, advanced age, one of the
main risk factors of both neurodegeneration and autoimmune
disease, is characterized by an erosion of tolerance and increased
reactivity to self-antigens (16-19). As such, it is assumed that PD,
as one of the most common neurodegenerative disorders ranking
after Alzheimer’s disease (AD), is also likely to be an autoimmune
disease.

The pathogenesis, diagnosis and treatment of PD have
received increasing interest due to the increasing morbidity
and mortality, enervating features, irreversibility, and early-onset
tendency of the disease. In terms of the mechanism of the death
of dopaminergic neurons (DNs), no unanimous conclusion can
yet be drawn. A growing number of published studies using cell
culture systems and preclinical animal models have provided
evidence for a role of the immune system in the etiology of
PD (20-22). Some researchers had already begun to focus on
the relationship between PD and autoimmunity as early in
1989; however, due to sample size limitations and immature
experimental technology, they did not obtain reliable data
showing a significant correlation between PD and autoimmunity
(23). After nearly three decades, a series of research results have
demonstrated that both the innate and adaptive immune systems
are activated in PD. Significant increases in innate immune
factors, including interleukin (IL)-1, IL-2, and IL-6 and tumor
necrosis factor (TNF)-a, have been detected within the substantia
nigra pars compacta (SNpc) and cerebrospinal fluid (CSF) of PD
patients (24, 25), and y8 T cells, the first line of defense, have also
been found to be elevated within the peripheral blood and CSF
(26). For specific recognition, human catecholaminergic SNpc
neurons express major histocompatibility complex I (MHC-
I), which enables them to present autoantigens and be more
susceptible to T cell-mediated cytotoxic attack (27). Increased
levels of specific immunoglobulins in the peripheral blood
and CSF of PD patients have further suggested that humoral
autoimmunity is involved in the pathogenesis of PD (28-
30). Additionally it became more convincing that post-mortem
studies of PD brain tissue showed both CD4" and CD8" T
cells in close proximity to DNs within the SNpc at levels 10-
fold higher than in the control group (31). Analysis of the
correlation between immunity and PD has demonstrated that
immunoglobulin G (IgG) binds to DNs in PD (32). Moreover,
an increase in CD8T T cells and a decrease in Tregs within
the peripheral T lymphocyte populations of PD patients (33)
indicated the downregulation of self-tolerance and upregulation
of error recognition and self-attack, further corroborating the
potential involvement of autoimmunity in PD progression. All
of these reliable experimental data indicate that autoimmunity
might play a key role in PD development. More in-depth studies
are urgently needed to prove that autoimmunity is the main
cause of PD and to explain the mechanism underlying the
injury and selective loss of DNs. Autoimmunity contributes to
the pathogenesis of PD in a multifactorial manner involving
a-synuclein (a-syn) and immune cells (e.g., microglia and
DCs) and the mutation of many genes (e.g., PINKI, Parkin,
and DJ-1). These contributions produce varied and unique
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corresponding pathomechanisms and clinical features, which will
be discussed at length in the following sections in sequence
(Figure 1).

GENETIC REGULATION OF
AUTOIMMUNITY IN PD

Some autoimmune diseases are frequently familial, while other
autoimmune diseases are sporadic (34). Despite the proven
genetic associations among distinct autoimmune diseases, much
of the heritability remains unaccountable (35). Scientists have
assumed that PD-related genes might be the key regulatory
factors engaging the autoimmune system and their dysfunction
would overshoot immunity either by lost tolerance or increased
sensitivity thresholds to self-antigens (36). Undoubtedly, certain
genes are closely related to PD, with two inheritance modes:
autosomal dominant and autosomal recessive (37). Three genes,
PINKI, Parkin, and DJ-1, are closely related to autosomal
recessive genetics in early-onset PD. Meanwhile, mutations in
PINKI and Parkin, which encode a mitochondrially targeted
protein kinase and an E3 ubiquitin ligase, respectively, have
been found in both familial and sporadic PD (38, 39). It was
once believed that the dysfunction of these two genes would
cause the failure to maintain normal mitochondrial function,
leading to the loss of DNs and ultimately causing PD (39, 40).
While in the past few years, it has been shown that PINKI and
Parkin-related immune system disorders are indeed responsible
for the upstream mechanism of mitochondrial aberrations.
PINKI, a kinase stabilized at the surface of mitochondria,
phosphorylates both ubiquitin and Parkin (41, 42). The reduced
ability of PINK1~/~ CD4" T cells to suppress bystander T cell
proliferation indicate that this pathological state could result
in reduced immuno-surveillance or activated autoimmunity
during PD progression (43). In addition, it has been reported
that the loss of PINKI/Parkin-dependent mitochondrial quality
control triggers a series of physiological events related to
PD, including the abnormal initiation of innate immunity
(44). The lack of PINKI and Parkin has been confirmed to
induce high levels of mitochondrial antigen presentation
(MitAP) MHC-I molecules in both macrophages and DCs,
as well as accelerating the formation of mitochondria-derived
vesicles (MDVs) on which MitAP depends both in vitro and
in vivo (45). Data have also shown that Parkin—/~ DNs with
MitAP activation are recognized by established mitochondria
antigen-specific T cells, accompanied by cytotoxic responses,
including microglial activation and local inflammation, as
well as a significant contribution of the immune system in
the etiology of PD (34, 46). During the process of infection or
inflammation, the presence of a lymphatic system in the CNS
could facilitate the transportation of immune cells into the brain,
subsequently destroying DNs expressing mitochondrial antigens
on their surface. In other words, under these circumstances,
mitochondrial antigen-expressing DNs are much more “visible”
to autoimmunity (34, 47). As previously stated, elucidating the
abnormal function of T cells in the absence of PINKI and/or
Parkin may also help to unravel the role of autoimmunity in

PD. Therefore, further investigations of T cell function in PINK1
and/or Parkin mutation carriers are needed.

In addition to these observations, DJ-1 (Parkinson’s disease
protein 7, PARK7) has also been reported to affect the
development of natural Tregs (nTregs) and induced Tregs
(iTregs, previously known as suppressor T cells). Mature Tregs
with normal function, which modulate not only adaptive
immunity but also innate immunity, are pivotal for maintaining
thymic function, peripheral immune self-tolerance and immune
system homeostasis. nTregs are generated in the thymus, while
iTregs are derived from naive CD4" T cells encountering
antigens in the peripheral organs. Both cell types are generally
immunosuppressive through the suppression or downregulation
of effector T cell proliferation (48). Their “self-check” function
successfully prevents excessive effector cell reactions. On the
other hand, the abnormal proliferation of both types of
Tregs leads to the failure of self-/non-self-discrimination,
resulting in autoimmune disease (49). Evidence reported by
Singh et al. has demonstrated that DJ-1, one of the most
classical key players responsible for PD pathogenesis, is strongly
linked with neuroimmunology and multiple autoimmune
responses in PD (50). In addition, DJ-1-deficient animal
models have shown compromised iTreg induction, cell cycle
progression, and cell survival and proliferation. DJ-17/~
iTregs are more proliferative, more susceptible to cell death
signals and deficient in cell division compared with wild type
counterparts, as analyzed by flow cytometry and Western
blotting.

In conclusion, these discoveries provide a new perspective on
the relationship between gene regulation and neuroimmunology.
Consistent with previous reports, PINKI, Parkin and DJ-1, which
have been cited as the three musketeers of neuroprotection (51),
are beneficial to mammalian organisms. However, deficiency of
these genes leads to a failure to maintain normal neuron function
and prevent oxidative stress and inflammation damage in PD,
which has also been confirmed by our previous studies (52, 53).
Similarly, a failure to maintain the homeostatic immune system
leads to a hyperactive autoimmune state and accelerates disease
progression.

PATHOGENIC PROTEIN FUNCTION IN
AUTOIMMUNITY-ASSOCIATED PD

a-Syn, a small synaptic protein and the primary component
of Lewy bodies, if incorrectly modified or misfolded, can form
soluble or insoluble aggregates and act as the neuropathological
hallmark in the brain of patients with either sporadic or
familial PD (54). a-Syn plays a leading role in the initiation
and progression of Parkinson-like neurodegeneration because
it can induce high neurotoxicity by diverse pathways, such
as inflammation, oxidative stress and autophagy abnormalities
(54, 55). The neurotoxicity of a-syn is largely attributed to
its soluble or insoluble aggregates of oligomers or polymers,
which are found throughout the SNpc in PD but are also
found in other neurons. The hypothesis that a-syn is involved
in the autoimmune process driving PD has been constantly
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FIGURE 1 | Parkinson’s disease (PD) is actually an autoimmune disease. Autoimmunity occurs when immune homeostasis is broken by several main mechanisms
shown in this figure, which directly result in an increase in error recognition and self-attack and a decrease in self-tolerance to autoantigens. Regarding PD, chronic
autoimmune attack is not only its pathogenesis but also always involved throughout the entire disease process. Inflammation is the first step of this attack, with the
subsequent participation of various immune cells and immunoglobulins they produce, ultimately leading to the death of dopaminergic neurons. PRRs, pattern
recognition receptors; CSF, cerebrospinal fluid; SNpc, substantia nigra pars compacta; IL, interleukin; TNF, tumor necrosis factor.
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and widely debated. Prior experimental evidence in favor of
a-syn as a self-antigen in PD is based on data reported by
Benner et al., who found that effector T cells immunized
by a self-antigen, nitrated-a-syn (typical neuropathology of
PD), could exacerbate neuroinflammation and augment the
neurodegeneration of SNpc DNs in an 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) mouse model (56). This
finding indicates that nitrated-a-syn, as a self-protein and
biomarker for the clinical diagnosis of PD, which was detected
readily in cervical lymph nodes from MPTP-intoxicated mice,
might break down immunological tolerance and induce the
autoimmune responses that exacerbate the pathobiology of PD.
This report led to an alternative theory that a-syn causes PD by
triggering the immune system to attack the brain. Additionally,
Cao et al. injected adeno-associated virus overexpressing o-syn
into the SNpc of Fc-y receptor™/~ mice via a stereotaxic method
and detected attenuated microglial activation and reduced
dopaminergic neurodegeneration compared with non-injected
controls (57). Over-abundance of a-Syn lead to the expression
of a specific antigen, which further induces IgG generation. The
Fc-y receptor is expressed on the cell membrane of microglia,
which binds IgG and triggers signal transduction events leading
to microglial activation that eventually injures neurons in the
SNpc. Therefore, a-syn is important for inducing an autoimmune
response that leads to neurodegeneration. Upon further analysis,
views from Heather’s team have emphasized that in addition
to nitration, another post-translational modification of a-Syn in
PD, such as phosphorylation at serine 129 (S129), affects the
toxicity, oligomerization, and immunogenicity of a-syn itself
(58). Casein kinase-2 and G-protein-coupled receptor are two
main kinases which influence the phosphorylation of a-syn (59,
60). Circumstance poisons such as MPTP and paraquat can also
cause S129 of a-syn (61). Approximately 90% of a-syn in Lewy
bodies is phosphorylated at S129 in PD in the brain, while it
is relatively rare in human normal brain tissue (~4%). Thus,
researchers have speculated that the epitope of a-syn might not
exist in the thymus when facing negative selection and would
be erroneously recognized as a foreign antigen (62). In addition
to the above findings and analysis, Li and Games and their
colleagues found another way to change the antigenicity of a-syn
both in vitro and in vivo. They passively immunized mice using -
syn antibodies designed to bind the gene’s C-terminal fragments
and successfully observed decreased a-syn aggregation, reduced
DN loss, and alleviated movement disorder in the a-syn model of
PD (63, 64). It could be concluded that the C-terminal truncation
mutant of a-syn, identified in Lewy bodies and brain tissue with
PD, possibly produces new antigens induced by altered a-syn
processing.

As discussed above, molecular mimicry and cross
immunoreactions are two of the primary mechanisms through
which autoimmunity is triggered. Molecular mimicry between
herpes simplex virus 1 (HSV1) and human a-syn was detected
in PD patients in 2016. HSV1 infection could enhance the
development of autoimmunity because autoreactive antibodies
induced by HSV1 have the same response to the human a-syn
homologous peptide bound to the membrane of DNs and
lead to DN destruction (65). These results also support the

assumption that a-syn participates in autoimmunity involved in
the pathological progression of PD.

According to previous reports, MHC proteins are present on
SNpc DNs and norepinephrine neurons in the locus coeruleus,
and in the presence of the appropriate antigen and CD8"
T cells (also known as cytotoxic T cells), MHC-I expressing
SNpc murine neurons are more easily destroyed, suggesting
that antigenic epitopes could activate CD8™' T cells involved in
the autoimmune response and cell death (27). In June 2017,
Sulzer et al. concentrated on the characteristics of a-syn and
tested whether it could be a target of T cells as a potential self-
antigen (66). They detected the immune responses of peripheral
blood mononuclear cells from 67 PD patients and 36 healthy
controls that were exposed to a set of a-syn-derived peptides.
It has been shown that the small stretches of a-syn around
the Y39 and S129 phosphorylation regions successfully trigger
the T cell response. Furthermore, the specific sets of T cells
that respond to a-syn epitopes have also been identified to be
mostly CD4% and partly CD8" T cells. This information could
greatly benefit clinical diagnosis and treatment not only because
T cell responsiveness might be a new biomarker for identifying
individuals at risk or in the early stages of PD but also because
of the potential for strategies for inhibiting the immune reaction
or elevating the threshold of recognizing self-antigens, such as
a-syn, as an attractive and promising therapeutic target in PD.
However, there is still much more exploration to be done, as it
is not yet clear if the autoimmune response is the initiator or an
important pathogenic component of PD; in either case, it cannot
be underestimated. Sulzer’s team plans to block the autoimmune
response in PD, e.g., by deleting certain T cell subpopulations, B
cells or MHC, in an attempt to determine whether this will halt
progression of the disease.

IMMUNE CELLS AND AUTOIMMUNITY IN
PD

To date, numerous immune cells have been shown to be
responsible for driving PD progression. DCs and microglia are
two types of mammalian immune cells that act as the first and
main forms of active immune defense in the CNS (67). They act
first as APCs and then activate T cells to initiate the immune
system to identify and attack extrinsic antigens. In essence, these
immune cells lie at the intersection of the immune response
and the neurodegenerative process—two primary aspects of
CNS autoimmune disorders. DCs, the famous APCs (also
known as accessory cells), serve as messengers between the
innate and adaptive immune systems and can induce and even
maintain self-tolerance (68). It is the differentiation/maturation
rather than the haematopoietic origin or subset classification
of DCs that determines their tolerogenic or immunogenic
functions. Immature DCs can inhibit alloantigen-specific T cell
responses to reverse autoimmune diseases in murine models but
simultaneously induce antigen-specific T cell tolerance (69). The
maturation of DCs into professional APCs via the upregulation
of MHC expression enables DCs to capture antigens successfully
(70). Based on these phenomena, Platt et al. proposed a theory
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called “regulatory mechanisms by DCs” for immune responses
against self-antigens. They concluded that the failure of DCs to
control T cells via Treg differentiation and effector T cell clonal
deletion leads to a direct attack on self-antigen-harboring target
cells (71).

The progressive loss of neuromelanin (NM)-containing
DNs in the SNpc is one of the predominant features of
PD. Once produced by dopamine and norepinephrine via
an interaction with cysteine as the inevitable by-product of
aging (72), NM (the pigment) is no longer merely a spectator
but an autoantigen released from dead DNs that stimulates
the maturation and functional activation of DCs though
being phagocytized by DCs, and then triggers an adaptive
autoimmune response and finally leads to microglial activation,
which enhances this autoimmunity via positive feedback (73).
Subsequently, these mature DCs migrate from the CNS to
cervical lymph nodes, resulting in the presentation of NM
to naive T and B cells in a highly immunogenic context
(74). This autoimmune response might eventually lead to
the death of NM-rich neurons in PD. Therefore, Oberlander
and his colleagues inferred that NM is a potential target
structure during autoimmune attack on DNs. This conclusion
was later supported in 2009, as a relatively higher level of
anti-NM antibodies was detected in the sera of PD patients
(28). Consistently, a complement factor named Clq, which has
been confirmed to be involved in the classical complement
pathway and recognize antigen-bound IgG and IgM, was found
to localize on the surface of extracellular NM in the brain
of post-mortem PD patients (75). These data highlight the
conclusion that NM is a potential target during the autoimmune-
based pathogenesis of PD. Although DCs rarely exist in the
healthy human brain, myeloid-derived DCs can still infiltrate the
brain tissue during the process of neuroinflammation (76, 77).
The exact mechanism by which NM activates DCs is by its
peptide or lipid components, not by the dopamine melamine
backbone, because DC maturation is due to the oxidized
lipophosphatidylcholine (LPC) found in low-density lipoproteins
(LDLs) (74). This point of view is supported by the increased
lipid peroxidation in the SNpc detected in post-mortem PD
patients.

In the context of autoimmune disorder-induced PD, the
resulting antigens presented by microglia could promote self-
antigen recognition by T cells, thus contributing to neuronal
damage. The upregulation of MHC-II on microglia allowed
microglia to present self-antigens to autoreactive T cells (78).
This auto-aggressive loop initiated by DCs along with NM
would be enhanced and amplified by microglial activation.
Wilms et al. investigated the effects of NM on the release of
neurotoxic mediators and the underlying signaling pathways
through microglial culture in rats. NM augmented microglial
activation by manipulating two signaling pathways, the p38
mitogen-activated protein kinase (MAPK) and nuclear factor
kappa B (NF-«kB) pathways (79). Similarly, NM injection into
the rat SNpc induced microgliosis and the loss of tyrosine
hydroxylase neurons in vivo, suggesting a close relationship
between microglia and NM-associated DN degeneration in
PD (80). As previously mentioned, inflammation acts as the

first link between autoimmunity and its subsequent chronic
damage, and our findings have suggested that the purinergic
receptor P2Y6 mainly contributes to the activation and later
phagocytosis of microglia in the CNS, resulting in an outbreak
of inflammatory cytokines in the immune system (81). Hence,
microglial activation is a downstream event in which microglia
present an antigen (like NM) to DC-primed infiltrating T cells
to direct the autoimmune response. Overall, DCs and microglia
orchestrate the autoimmune response by executing different
but cooperative functions during an autoimmune response
(Figure 2).

CLINICAL FEATURES AND
AUTOIMMUNITY IN PD

Dyskinesia, rest tremor, muscular rigidity, and gait disorder are
the main motor symptoms of PD, while constipation, depression,
hyposmia, and somnipathy are the main non-motor symptoms
in a few PD patients. These symptoms indicate that there is much
to translate from basic bench research into clinical treatment.
Thus, the relationship between PD patients’ clinical features
and autoimmunity is also one of our interests in this review.
There are three major, clinically relevant forms of PD: (1)
tremor-dominant form; (2) rigidity-dominant form; and (3) gait
difficulty form (82). Many clinical studies have provided solid
evidence that autoimmunity participates in the pathogenesis
of PD. Elevated serum levels of anti-a-syn antibodies have
been found to be associated with familial variants of PD (29),
and increased anti-GM1-ganglioside antibody levels have been
detected in the tremor-dominant form of PD (83). As such,
Benkler et al. analyzed 77 PD patients and 77 matched healthy
controls and confirmed the presence of several autoantibodies
previously shown to be involved with CNS manifestations (84).
The anti-dsDNA seropositive PD patients had a significantly
higher prevalence of dyskinesia than their control counterparts,
and similar results were observed for anti-brain lysate antibodies.
In terms of non-motor symptoms, depression is one of the most
common symptoms in PD patients and has a strong positive
correlation with the presence of anti-dsDNA and anti-brain
lysate autoantibodies. Constipation is another well-known non-
motor symptom of PD, and it has been reported to occur at
median frequency of 40-50%, based on the definition (bowel
movement frequency <1 per day) and clinical tools used (85).
Among the indicators of impaired gastrointestinal motility in PD,
only constipation may precede the onset of motor symptoms
and can be an independent risk factor of PD (86), which
may herald PD or related synucleinopathies neurodegenerative
conditions by at least 5 years (87). Constipation has been
confirmed to have an intimate relation with gut microbiota
disorders. Evidence has shown that a pathogenic pathway exists
between PD and small intestinal bacterial overgrowth (SIBO)
(88), and the prevalence of SIBO is significantly higher in PD
patients than in controls (89). Meanwhile, the “microbiome-gut-
brain axis disorder” theory has been proposed to explain the
pathogenesis of PD, which is significantly modulated by the gut
microbiota via immunological and gut bacterial antigens exposed
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FIGURE 2 | Neuromelanin (NM) is one of the potential targets during the autoimmune-based pathogenesis of PD. This figure illustrates vividly how DCs and microglia,
two kinds of mammalian immune cells, interact with each other and identify NM-rich cells as the object of autoimmune attack on DNs. Mature DCs migrate from the
CNS to cervical lymph nodes, resulting in the presentation of NM to naive T and B cells in a highly immunogenic context. This auto-aggressive loop initiated by DCs
along with NM is enhanced and amplified by microglial activation. DC, dendritic cell; DN, dopaminergic neuron; CNS, central nervous system; APC,
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to the immune system, which might also be autoimmunogenic
(90). Dobbs et al. also proposed that gut microbiota disorders
incur autoimmunity, ultimately resulting in neuronal damage
and PD (91). Moreover, much research has provided new insights
into the potential link between a-syn and the gut microbiota.
Oueslati et al. described the appearance of w-syn-positive
inclusions in the gastrointestinal track, notably in the colon,

and elaborated the transmission of a-syn to the dorsal motor
nucleus through the vagus nerve. This mechanism was further
detailed by BraaK’s research showing that the a-syn pathology
started in the submucosal plexus of the enteric nervous system
and was propagated in a retrograde manner to the CNS (92).
More specifically, a-syn aggregations reach the preganglionic
cholinergic neurons of the dorsal motor nucleus and eventually
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reaching the cerebral cortex via the retrograde axonal and
transneuronal transport. In PD rat models, the increased
expression of a-syn emerges earlier in the intestinal mucosa than
in the brain (93). We observed intestinal flora variance in a PD
mouse model induced by rotenone (data not published) and
successfully detected and labeled a-syn in the intestinal mucosa
to monitor its location and abnormal aggregation. All of these
findings support the hypothesis that pathological progression
spreads from the gut to the brain. In a-syn transgenic mice,

intestinal flora disturbances have been observed and promoted
constipation and motor dysfunction compared with the normal
control mice. Furthermore, intestinal flora disturbances broke
the immune tolerance mechanism of Tregs, leading to the
activation of autoimmunity (94, 95). Excessive stimulation of
the innate immune system caused by gut dysbiosis and/or
SIBO might induce systemic inflammation, further incurring
the activation of enteric glial cells and contributing to the
initiation of a-syn misfolding, which is required for motor
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FIGURE 3 | a-Synuclein (a-syn) participates in autoimmunity and is involved in the pathological progression of PD. a-Syn, as the main disease-causing protein, first
appears in the gut and is related to gut dysbiosis, which disturbs the intestinal immune system, leading to one of the main non-motor symptoms of PD: constipation.
Then, this protein transmits to the dorsal motor nucleus through the vagus nerve and acts as a self-antigen targeted by effector T cells, B cells, and microglia. This
autoimmunity attack finally results in the damage and death of DNs. SIBO, small intestinal bacterial overgrowth.
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deficits (96). The involvement of a-syn in the autoimmunity-
associated pathogenesis in the CNS of PD has been discussed
in previous parts of this article; here, we provide additional
evidence that a-syn-associated autoimmunity affects various
aspects of PD, including both motor and non-motor symptoms,
such as constipation. However, the exact mechanism driving
a-syn aggregation in autoimmunity as well as its relationship
with disease progression and neuronal degeneration remains
unknown (Figure 3).

OTHER AUTOIMMUNE DISEASES
COMBINED WITH PD

Autoimmunity can destroy the whole body, and at least 80
types of autoimmune diseases have been reported to date. There
is no doubt that some of them tangle with each other and
share a common pathogenesis. As early as 1999, Bonuccelli
et al. reported that dyskinesias and “on-off” phenomena
were abated when euthyroidism was restored in advanced
PD accompanied by thyrotoxicosis (97). They further verified
the possible neurological differences between PD and non-
PD patients as being related to thyroid autoimmunity and
function. Recently, increasing data have confirmed that hypo-
and hyperthyroidism are more prevalent in PD patients than
in normal controls because thyroperoxidase can influence PD
nitrosative stress as well as serum a-syn nitrosylation (98).
Likewise, in the last year, Bartkiewicz et al. confirmed that
patients suffering bullous pemphigoid (BP), an autoimmune
blistering dermatosis that occurs in the elderly, were more likely
to suffer from neurological and psychiatric diseases, particularly
prior to the diagnosis of BP (99). The autoantibodies bound

two components of keratinocyte hemidesmosomal proteins, type
XVII collagen/BPAG2 (BP180) and BPAG1 (BP230), as the
autoantigens, which were also expressed in neuronal tissue. In
addition, three types of autoantibodies, namely, anti-neuronal,
anti-brain lysate, and anti-dsDNA antibodies, in patients with
both PD and systemic lupus erythematous (SLE) were strongly
associated with some clinical manifestations of PD, particularly
dyskinesia and depression (100). A population-based case-
control study in China last year also focused on the associations
between autoimmune disease and PD (101). In this study, the
overall incidence rate of PD was 30% higher in the autoimmune
rheumatic disease (ARD) cohort than in the non-ARD cohort.
Additional prospective studies should be conducted to confirm
whether the activity and the severity of this autoimmune disease
increase the risk of PD. Recent genome-wide association studies
(GWAS) have tested the possible common genetic risk variants
conveying risks for both PD and autoimmune diseases; 17 novel
loci with overlap were identified, indicating that PD and other
autoimmune diseases share genetic pathways (102). These results,
from both fundamental and clinical studies, suggest that PD is
closely associated with autoimmune diseases, further supporting
the hypothesis that autoimmune mechanisms promote the
development of PD.

Now that we have discussed this issue from a clinical
perspective, immunotherapeutic strategies for PD cannot be
neglected. Current treatments, including dopamine replacement
therapy and alleviating the damage of oxidative stress and
inflammation, seem insufficient and are limited in treating
PD because most of them have only a therapeutic aim rather
than both a therapeutic and prophylactic aim. The in vivo
data presented by Zhu et al. demonstrated a significant

TABLE 1 | Autoimmunity can be a cause of PD.

Relationship Research object Evidence References
Genetic regulation of PINK1, Parkin Absence of PINK1/Parkin leads to the mitochondrial aberrations by triggering (34, 43-47)
autoimmunity in PD immune system disorders (reduced immuno-surveillance or activated
autoimmunity).
DJ-1 Absence of DJ-1 leads to abnormal proliferation of nTregs and iTregs, and result ~ (48-50)
in autoimmunity.
Pathogenic protein a-syn Post-translational modifications and mutation of a-syn can be recognized as the  (56-58, 62,
function in autoantigen by the central immune system. 64, 65)
autoimmunity-
associated PD
Immune cells and DC NM is an autoantigen released from dead DNs that stimulates the functional (28, 72-75)
autoimmunity in PD activation of DCs, triggering an autoimmune response and leading to microglial
activation.
Microglia Auto-aggressive loop initiated by DCs along with NM would be enhanced and (78-80)
amplified by microglial activation.
Clinical features and Tremor/dyskinesia/depression Various autoantibodies have a strong positive correlation with these (29, 83, 84)
autoimmunity in PD motor/non-motor symptoms.
Constipation Constipation is related to the gut dysbiosis and/or SIBO, which incurring the (90-93)
activation of enteric glial cells and contributing to the initiation of a-syn misfolding.
Other autoimmune Hypothyroidism/hyperthyroidism/ Other autoimmune diseases may share genetic pathways with PD and are (97-102)

diseases combined BP/SLE/ARD

with PD

correlated closely with some clinical manifestations of PD.

PD, Parkinson’s disease; a-syn, a-synuclein; DC, dendritic cell; NM, neuromelanin; SIBO, small intestinal bacterial overgrowth;, BF, bullous pemphigoid; SLE, systemic lupus

erythematous,; ARD, autoimmune rheumatic disease.
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suppression of T cell mediated autoimmunity in carbidopa
(one of the classical medicines against PD) treated mice
compared with untreated mice (103). It revealed that to prevent
autoimmune disorder in PD would be a new target for drug
development. Meanwhile other new approaches for treating
PD are also urgently needed. Accumulating data have shown
that intracerebral injections of recombinant human a-syn can
successfully expand nTreg and iTreg populations in a dose-
dependent manner, accompanied by decreased a-syn aggregation
in DNs and synapses and reduced neurodegeneration (104);
this approach has potential as an immune therapy for PD.
The exact mechanism might be that the induced o-syn-
specific antibodies neutralize the a-syn deposits and harness the
neuroinflammation by modulating the microglial phagocytosis
of antibody-antigen complexes (105). Meanwhile, it has been
proposed that the high affinity of a-syn antibodies to their
a-syn antigen allows them to neutralize the neurotoxic a-syn
aggregates without interfering with beneficial monomeric a-syn
(106). In summary, an impaired capacity for immune clearance
and blocking toxic a-syn aggregates might play critical roles in
the pathogenesis of PD. Therefore, immunotherapy with a-syn
antibodies could be a new alternative approach for effectively
treating PD.

CONCLUSION

In all, autoimmunity disorders are one of the main mechanisms
of PD pathogenesis and development and have gained increasing
attention in recent years. Based on the latest research advances,
including our laboratory data, conclusions can be drawn that
both innate and adaptive immunity become pathogenic when
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