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Neurodegenerative diseases as proteinopathies-driven 
immune disorders

Background
Neurodegenerative diseases is an umbrella expression in-
cluding Alzheimer’s disease (AD), Parkinson’s disease (PD), 
Lewy body disease, amyotrophic lateral sclerosis (ALS), 
frontotemporal lobar degeneration (FTLD) and prion dis-
ease (Jellinger and Attems, 2015; Kumar et al., 2016; Chitnis 
and Weiner, 2017). Multimodal animal and cellular model-
ling studies suggest that misfolded protein aggregation plays 
a crucial role in the neuronal vulnerability linked to neuro-
degeneration (Golde and Miller, 2009; Hartl, 2017; Sami et 
al., 2017). 

The pathophysiological hypothesis of neurodegenerative 
diseases relies on the fact that some proteins change their 
conformations, thereby gaining toxicity or losing their phys-
iological functions, and generating small oligomeric or large 
fibrillary aggregates which, resulting in neurotoxicity, lead 
to neurodegeneration (Bayer, 2015; Sami et al., 2017; Soto 
and Pritzkow, 2018). Neurodegenerative proteinopathies 
were categorized as “pure” when composed by a single type 
of protein aggregates, or as “mixed” if characterized by the 
deposition of different misfolded protein classes (Bayer, 
2015; Walker et al., 2015).

Recently, it has also been demonstrated a prominent role 
of the immune system in the neurodegenerative disease 
pathophysiology (López-Valdés and Martínez-Coria, 2016; 
McGeer and McGeer, 2002; Amor and Woodroofe, 2014; 
Schwartz and Baruch, 2014; Chitnis and Weiner, 2017). 
Accumulative data show the involvement of the innate, as 
well as, of the adaptive immune system in the inflammatory 
mechanisms associated with misfolded protein accumulation 
in the brain. Therefore, the employment of new immuno-
therapeutic strategies for the treatment of neurodegenerative 

diseases was proposed (McGeer and McGeer, 2011; Baruch 
et al., 2013, 2015; Amor and Woodroofe, 2014; Andreasson 
et al., 2016; Schwartz and Deczkowska, 2016). The present 
review analyzes different neurodegenerative disease patho-
genic hypotheses recently proposed to explain the cascade of 
events starting with the deposition of misfolded proteins in 
the brain and leading to chronic immune activation.

Search Strategy and Selection Criteria
Databases (for published data): PubMed. The following elec-
tronic database was searched from inception up to March 
2019. The search strategy was defined, agreed and carried by 
authors. The searches were undertaken using index terms 
and keywords relating to neurodegenerative diseases, pro-
teinopathies, neuroinflammation, immunity and immuno-
therapy. Search results obtained were imported to Mendeley 
reference manager and duplicates were removed. Following 
this, the authors identified articles by screening titles and 
evaluated all full-text abstracts of potentially relevant articles 
for their eligibility. 

Protein Misfolding and Deposition in 
Neurodegenerative Disorders
It is well known that the most frequent neurodegenerative 
proteinopathies are AD, LBD and PD. All neurodegenerative 
proteinopathies are characterized by intra- or extracellular 
protein accumulation in the central nervous system (CNS), 
as β-sheet rich aggregates (Walker et al., 2015; Ugalde et al., 
2016). It is commonly recognized that some proteins that are 
unstructured in healthy brains, in neurodegenerative prote-
inopathies change their conformation, naturally undergoing 
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profound modifications in their structural folding, thereby 
forming small oligomeric or large fibrillary aggregates (Golde 
and Miller, 2009; Bayer, 2015). These changes, in terms of 
size and three-dimensional shape, lead to their self-associa-
tion, elongation and precipitation in specific brain regions, 
therefore producing the acquisition of pathological protein 
features. The molecular mechanisms resulting in misfolded 
protein conformational changes tend to be the same in all 
the proteinopathies and may include different mechanisms, 
such as post-translational modifications, the loss of protein 
clearance or the enhancement of protein production (Bayer, 
2015). It has been suggested that the clearance of the pro-
teins has a critical role in the preservation of neuronal cell 
integrity. Several publications described that, in most neu-
rodegenerative conditions, compromised protein clearance 
might be able to modulate brain functions and structure, 
leading to clinical manifestations (Bae et al., 2012; Deleidi 
and Maetzler, 2012). In the brain, the deregulation of protein 
clearance mechanisms, both at the intra-neuronal (autophagy 
and unfolded protein stress response) and at the extra-neu-
ronal level (interaction among neurons, astrocytes and mi-
croglia, phagocytic clearance, autoimmunity, cerebrospinal 
fluid transport, and transport across the blood-brain barri-
er), also lead to intra- and extra-neuronal misfolded protein 
precipitation, respectively (Alvarez-Erviti et al., 2010; Kumar 
et al., 2016; Chiti and Dobson, 2017; Hartl, 2017; Sami et al., 
2017) (Figure 1).

Prion disease 
Among the proteinopathies, the prion disease is charac-
terized by a unique phenotype, given that the pathogenic 
mechanisms, in this case, involve the transmission of the pri-
on (the causative agent of the disease) or the proteinaceous 
infective particles. Those particles are composed by an aber-
rant isoform (PrPSc) of the prion protein (PrPc). The PrPSc 
isoform aggregates and induces the conformational misfold 
of PrPC fragments, triggering its autocatalytic amplification 
and transmission in the CNS (Ugalde et al., 2016). Therefore, 
prion diseases are transmitted by highly infective misfold-
ed prions (Brundin et al., 2010). The prion-like machinery 
relies on irreversible interactions among constitutive mol-
ecules, as well as on the resistance to protein clearance and 
on the ability to propagate to target cells (Bayer, 2015). Some 
studies conducted on animal models of AD and PD suggest 
a possible prion-like behavior of the β-amyloid protein (Aβ) 
and α-synuclein (Brundin et al., 2010; Ugalde et al., 2016; 
Dugger et al., 2017).
 
Parkinson’s disease 
The α-synuclein is the major component of the intracyto-
plasmic fibrillar Lewy Bodies deposits and represents the 
hallmark of the synucleinopathy lesions (Surguchov, 2015). 
Parkinson’s disease is characterized by the deposition of 
α-synuclein aggregates in the brainstem, while Lewy body 
accumulation in the cortico-limbic system and the brain-
stem is typical of Lewy Body Dementia, and α-synuclein 
accumulation in basal ganglia, as well as in brainstem and 

cerebellum marks out Multiple System Atrophy (Emamza-
deh and Surguchov, 2018). It is known that α-synuclein is a 
ubiquitous 140-amino acid protein of 18–20 kDa encoded by 
a gene on chromosome 4 that, together with β- and γ-synu-
clein is a member of a protein family with pleiotropic effects 
(Surguchov, 2015). It has been demonstrated that a mutation 
of the gene encoding for α-synuclein (SNCA) is linked to 
familial PD and the change of soluble α-synuclein peptides 
into amyloid fibrils and intermediate oligomers is a crucial 
mechanism in the synucleinopathy pathogenesis (Surguchev 
and Surguchov, 2017, 2018).

Alzheimer’s disease 
In the AD pathogenesis, the extracellular amyloid plaques 
and neurofibrillary tangles represent the neuropatholog-
ical hallmark. The major components of amyloid plaques 
are Aβ1–40 and Aβ1–42 peptides, which aggregate and form 
β-sheets. The Aβ peptides are produced by the proteolytic 
cleavage of the amyloid precursor protein by the beta-am-
yloid cleavage enzyme 1, and beta and gamma secretases 
(Bursavich et al., 2016). The Aβ40 is the predominant isoform 
of amyloid fragments detected in plasma and cerebrospinal 
fluid samples, while the Aβ42 isoform was mainly associated 
with nucleation, due to its aggregation tendency. In diffuse 
plaques, such as in Down’s syndrome, only the Aβ42 was 
found, while in senile plaques both the Aβ40 and the Aβ42 

isoforms were described (Dickson, 1997). In parallel to the 
extracellular amyloid plaque deposition in AD brains, the 
Aβ intracellular deposition  triggers the pathological cascade 
involving a second neurotoxic molecule: the Tau protein 
(Medina and Avila, 2014). Therefore, AD is also character-
ized by the deposition of the intra-neuronal neurofibrillary 
tangle of hyper-phosphorylated aggregated tau protein 
(Braak et al., 2006). Tau protein is involved in the formation 
and stabilization of microtubules (Medina and Avila, 2014). 
Besides the well-known concept related to the hyper-phos-
phorylated Tau-induced neurotoxicity, in which the process 
of tau phosphorylation is believed to be of critical relevance 
for tangle formation, recent data has shown that tau oligo-
mers are linked to neurodegeneration, even in the absence of 
Aβ deposition (Kayed, 2010).

Frontotemporal dementia and amyotrophic lateral 
sclerosis 
Among tauopathies, the FTLD comprises a heterogeneous 
spectrum of clinical and neuropathological subtypes that are 
associated with cognitive and motor disorders. The neuro-
pathology of the FTLD is characterised by abnormal intra-
cellular accumulation of some disease-specific proteins that 
allow classifying FTLD into different categories (Rademakers 
et al., 2012). The three major recognized pathological FTLD 
subtypes are the FTLD-tau, FTLD-TDP, and FTLD-FUS. The 
FTLD-tau is characterized by the aggregation of hyperphos-
phorylated tau protein in neurons and glia. The FTLD-U has 
been initially recognized with ubiquitin immunohistochem-
istry, but it has been subsequently renamed FTLD-TDP con-
sidering that the ubiquitinated pathological protein in the 
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majority of FTLD-U cases, was identified in the transactive 
response DNA binding protein with a molecular weight of 
43 kDa (TDP-43). Finally, the FTLD-FUS is characterized by 
inclusions of fused in sarcoma gene (FUS). These findings 
suggest that FTD and ALS are strictly related disorders with 
overlapping neuropathologies (i.e., TDP-43 and FUS) (Rade-
makers et al., 2012; Onozato et al., 2016). An additional mis-
folded protein in ALS is the mutant superoxide dismutase 
1 that represents the neuropathological hallmark of ALS, 
which is linked to motor neuron degeneration (Münch et al., 
2011).

Recent literature also describes that the presence of TDP-
43 pathology in AD enhances both the cognitive decline and 
the medial lobe atrophy (Josephs et al., 2014; Walker et al., 
2015). Actually, loss of TDP-43 leads to specific proteomic 
patterns, indicating that TDP-43 is a relevant protein impli-
cated in the regulation of RNA metabolism and intracellular 
transport, given that Ran-binding protein 1, DNA methyl-
transferase 3 alpha and chromogranin B are downregulated 
when TDP-43 is knockdown (Štalekar et al., 2015). Clini-
co-neuropthological studies, performed in AD and synucle-
inopathies, suggested that both Aβ and α-synuclein peptides 
interact each other through multiple molecular sites, pro-
ducing common overlapping mechanisms in the patho-
physiological cascades of different proteinopathies (Attems, 
2017). Therefore, several proteins may be considered as neu-
ropathological brain hallmarks, indicating the coexistence, 
in the same patients, of more than one neurodegenerative 
disease, and supporting the theory of the “mixed pathology” 
model (Jellinger and Attems, 2015). In this context, a distinc-
tive misfolded protein often results predominant, acquiring 
a main role in the pathogenesis definition, while additional 
proteins resulted co-expressed, but to a lesser extent (Walker 
et al., 2015).

Immune Features of Neurodegenerative 
Diseases
Several studies give light on the theory that combines the 
neurodegeneration with the immune activation (Golde and 
Miller, 2009; Schwartz and Baruch, 2014; Baruch et al., 2015; 
Schwartz and Deczkowska, 2016) (Figure 2). There is grow-
ing evidence on the fact that distinct immune responses, 
involving the adaptive as well as the innate immune system, 
are crucially implicated in neurodegenerative diseases (Chit-
nis and Weiner, 2017). Ageing leads to the change of the ner-
vous and immune systems, thus resulting in a deregulation 
of immune responses in healthy brains, therefore triggering 
the neurodegenerative machinery. In neurological disorders, 
the role of adaptive and innate immune responses result 
beneficial or detrimental respect to their degree (Amor and 
Woodroofe, 2014; Schwartz and Baruch, 2014). 

Innate immunity in brain proteinopathies
The activation of the innate immune system is a crucial 
first line of defence and also recruits cells of the adaptive 
immune system in different ways: by inducing adhesion 

molecules on the blood-brain barrier (BBB) and by ex-
pressing co-stimulatory molecules on microglia (Amor et 
al., 2010). Inflammatory mechanisms can trigger, at various 
stages, the neurodegenerative cascade. Inflammation-me-
diated neurodegeneration can be linked to the dysfunction 
of endogenous or exogenous immune cells. In the central 
nervous system, the predominant population of endogenous 
immune cells are represented by astrocytes and mononu-
clear phagocytes, which include microglia and perivascular 
macrophages (Chitnis and Weiner, 2017). Misfolded protein 
aggregates look like pathogen-associated molecular patterns 
(PAMPs) and thymus-independent type 2 (TI-2) antigens 
(Takeda et al., 2003; Golde and Miller, 2009). The PAMPs 
are a group of molecules, such as proteins, polysaccharides, 
or nucleotides, that are able to activate the innate immune 
response, binding pattern-recognition receptors (PRRs). The 
TI-2 antigens are similar polymeric molecules that directly 
stimulate IgM secretion by B cells. PAMPs and TI-2 antigens 
resemble amyloid deposits (Glenner, 1980). Several groups 
and a plethora of experimental data support the hypothesis 
that extracellular and intracellular protein aggregates could 
act like PAMPs leading to chronic innate immune activation 
by PRRs (McGeer and McGeer, 2002; Salminen et al., 2009). 
Amyloid-like deposits can bind and activate a whole range of 
PRRs, including Toll-like receptors, formyl peptide receptors, 
the receptor for advanced glycation end products, scavenger 
receptors, complement and pentraxins (Golde and Miller, 
2009). When this first innate immune-related process is not 
decisive, and microglia fails in the protein misfolded-de-
posit removal, the microglia-mediated mechanisms remain 
trapped in a vicious cycle characterized by pro-inflammatory 
cytokine production linked to a toxic cascade and neuronal 
death (Schwartz and Baruch, 2014). 

Adaptive immunity in brain proteinopathies
In addition to microglial activation, the neuroinflammation 
is characterized by the presence of infiltrating leukocytes in 
the brain parenchyma (Schwartz and Deczkowska, 2016). 
The adaptive immunity, also known as acquired immunity, 
encloses the humoral and the cell-mediated immunity (Chen 
and Palmer, 2008). Under neurodegenerative conditions, 
T lymphocytes infiltrate specific brain regions (Engelhardt 
and Ransohoff, 2005) and high frequencies of reactive T 
lymphocytes have also been found in the bloodstream, sug-
gesting their crucial role in the physiopathology of neurode-
generative diseases (Ciccocioppo et al., 2008; Huang et al., 
2009; Miscia et al., 2009; Lanuti et al., 2012). In the central 
nervous system, CD4+ T cells orchestrate immune homeo-
stasis through a complex network of cellular interactions 
(Huang et al., 2009). The involvement of cellular immune 
responses in neurodegenerative diseases has been demon-
strated, as increased T-cell responses to CNS antigens, or 
shifts in CD4+ and CD8+ subsets both in the periphery and 
in the CNS have been shown (Amor et al., 2010). Therefore, 
a relationship among innate immunity, adaptive immunity 
and neurodegenerative pathologies has been demonstrated 
(McGeer and McGeer, 2011; Andreasson et al., 2016; Nataf, 
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Figure 1 Protein misfolding mechanisms.
In most neurodegenerative disorders, proteins that are unstructured in healthy brains, undergo modifications in their structural folding, forming 
small oligomeric or large fibrillary aggregates. These changes lead to their self-association, elongation and intra- and extra-neuronal precipitation. 
The molecular mechanisms resulting in misfolded protein conformational changes tend to be the same in all the proteinopathies and may include 
different mechanisms, such as post-translational modifications, the loss of protein clearance or the enhancement of protein production. Source: Ser-
vier Medical Art by Servier and modified under the following terms: Creative Commons Attribution 3.0 Unported license (CC BY 3.0). Aβ: Amyloid β 
protein; BBB: blood-brain barrier; CSF: cerebrospinal fluid; FUS: fused in sarcoma gene; SOD: superoxide dismutase; TDP-43: transactive response 
DNA binding protein with a molecular weight of 43 kDa.  

Figure 2 Combined theory in the neurodegenerative diseases.
Misfolded protein aggregates can bind and activate a whole range of PRRs triggering neuroinflammation. In the brain parenchyma, when the innate 
immunity microglia-mediated and adaptive immunity, regulated by the BBB, the CP and the Treg functionality, are not decisive, the toxic cascade 
and neuronal death have been demonstrated. Therefore, a relationship among amyloid-like deposition, immune mechanisms and neurodegenera-
tive pathologies has been described. Source: Servier Medical Art by Servier and modified under the following terms: Creative Commons Attribution 3.0 
Unported license (CC BY 3.0). AD: Alzheimer’s disease; Aβ: amyloid β protein; α-syn: α-synuclein; ALS: amyotrophic lateral sclerosis; BBB: blood-
brain barrier; CP: choroid plexus; FTLD: Frontotemporal lobar degeneration; FUS: fused in sarcoma gene; LBD: Lewy body disease; MSA: multiple 
system atrophy; PD: Parkinson’s disease; PRRs: Pattern-recognition receptors; SOD1: superoxide dismutase 1; TDP-43: transactive response DNA 
binding protein with a molecular weight of 43 kDa; Teff: effector T cell; TLR: toll-like receptor; Treg: regulatory T cell.  
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2017). In the adaptive immunity, T cells play a key role both 
in cell-mediated immunity and in humoral immunity, par-
ticipating in immunological homeostasis. The CD4+ T cells 
can be subtyped into effector T cells, memory T cells and 
regulatory T cells; their roles have mainly been emphasized 
in the neurodegenerative research field (Huang et al., 2009). 
After antigen exposure, naïve CD4+ T cells (Th0) undergo 
their clonal expansion. Depending on different stimuli as 
well as on antigen-presenting cell signals, CD4+ T cells be-
come Th1 (IL-2, IFN-g, and TNF-a), Th2 (IL-4, IL-5, and 
IL-13) and Th17 (IL-17 and IL-22) cells (Bodles and Barger, 
2004). During neuroinflammation, Th1, Th2 and Th17 cells 
provide both neuroprotection and neuronal loss. Specifical-
ly, Th1 and Th17 cells produce pro-inflammatory cytokines 
(IL-1, IL-6, IL-17, TNF-α and IFN-g) and directly contrib-
ute to neuroinflammation as well as indirectly enhance the 
secretion of reactive oxygen species and nitric oxide from 
microglia. Lymphocytes Th1 and Th17, together with Th2, 
up-regulate the release of insulin-like growth factor-1 (IGF-1) 
from microglia, enhancing microglia-mediated neuroprotec-
tion (Huang et al., 2009). Regulatory T cells (Tregs) express 
several markers, including CD4, CD25, CD62L, CD103, 
CD152, glucocorticoid-induced tumor necrosis factor recep-
tor, latency-associated peptide and the forehead home box 
domain P3 transcription factor (Igarashi et al., 2008). During 
chronic neuroinflammation, Tregs display the ability to 
dampen down neuroinflammation by the suppression of Teff 
activation and induction of Teff apoptosis and also by the 
upregulation of brain-derived neurotrophic factors and glial 
cell-derived neurotrophic factors (O’Connor and Anderton, 
2008). Regulatory T cells have been proposed as crucial 
players in neurodegenerative diseases, such as AD, PD, and 
ALS (Baruch et al., 2015; Dansokho et al., 2016; Ciccocioppo 
et al., 2019; Pieragostino et al., 2019). It has also been sug-
gested, in AD transgenic animal models, that the adaptive 
immunity is impaired and that Tregs stimulation modulates 
brain inflammation in AD (Smigiel et al., 2014; Dansokho et 
al., 2016; Schwartz and Deczkowska, 2016). 

The choroid plexus role in the neurodegenerative 
disorders
Expanding data support the hypothesis that, in neurodegen-
erative disorders, the recruitment of immunoregulatory cells 
to the brain areas of neuropathology is crucial for damping 
the inflammatory machinery (Schwartz and Baruch, 2014; 
Baruch et al., 2015). The BBB has the role in regulating the 
movement of the immunocompetent cells in the brain (Sardi 
et al., 2011; Baruch et al., 2013; Schwartz and Deczkowska, 
2016). The chronic neuroinflammation status compromises 
the BBB integrity, increasing its permeability and leading to 
the loss of immunologically privileged status of the CNS. The 
migration and infiltration of T cells in the neuropathological 
areas of the brain is also a result of the BBB de-regulation 
and impairment (Montagne et al., 2015; Nelson et al., 2016). 
In this contest, the choroid plexus (CP) constitutes the 
blood-CSF barrier and represents a critical site for the neu-
roimmune crosstalk (Schwartz and Baruch, 2014). In the an-
imal models of CNS inflammation, such as AD, ALS and the 

brain ageing, the CP is not stimulated to allow the trafficking 
of immune cells, probably because of the deficient IFN-g 
signalling levels (Baruch et al., 2013; Mesquita et al., 2015). 
In parallel, in ageing and neurodegenerative disorders, the 
CP does not allow the entrance of appropriate amounts of 
healing leukocytes, whereas compromised integrity of the 
BBB contributes to disease exacerbation through the passage 
of leukocytes. This supports the hypothesis that the CP is 
well equipped to regulate the trafficking of leukocytes for the 
maintenance of the CNS health (Schwartz and Baruch, 2014; 
Baruch et al., 2015; Schwartz and Deczkowska, 2016).

Immunotherapeutic Strategies in 
Neurodegenerative Diseases
Immunotherapy is one of the most studied therapeutic strat-
egies in neurodegenerative disorders, and, in particular, in 
such a context, the vaccination against Aβ, α-synuclein, and 
tau has been extensively explored (Valera et al., 2016).

Immunotherapeutic approaches include both passive and 
active immunization. The passive immunization consists in 
the monoclonal antibody infusion directed against the target 
molecules, which, in this case, are the misfolded proteins; 
while the active immunization method employs specific an-
tigens inducing specific adaptive immune responses (Areva-
lo-Villalobos et al., 2017).

Immunotherapy in synucleinopathies
Passive immunotherapy for treating synucleinopathies uses 
monoclonal antibodies directed against the C-terminus 
(Masliah et al., 2011) or the N-terminus or the central region 
of the α-synuclein. Those antibodies exerted neuroprotective 
effects on α-synuclein-induced nigral cell death and on the 
related innate immune activation (Shahaduzzaman et al., 
2015). The active immunization with short peptides-AFFI-
TOPEs®, has been studied in two mouse models of Lewy 
body disease; some studies showed a reduction in α-synuclein 
aggregation and an increase in anti-inflammatory cytokine 
production, resulting in an improvement of the motor func-
tions (Mandler et al., 2015).

Immunotherapy in Alzheimer’s disease
Passive immunization against AD has strongly attracted 
the interest of scientists in recent years. Among humanized 
monoclonal antibodies, bapineuzumab, solanezumab, gan-
tenerumab, crenezumab and monoclonal antibodies tar-
geting phosphorylated Tau gave controversial results linked 
to their side effects. On the other hand, those monoclonal 
antibodies demonstrate an improvement in terms of cogni-
tive dysfunctions only in patients with the mild form of the 
disease. These data suggest that this kind of immunothera-
peutic approaches could be useful only when administrated 
at an early stage of the disease (Jia et al., 2014; Wisniewski 
and Goñi, 2014). As a consequence, this evidence remarks 
the need to recognize preclinical biomarkers that identify the 
early stage of the neuropathological mechanism, when the 
iceberg-like process is at its starting phase. 
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In the active immunization against the Aβ peptide, the 
AN-1792 vaccine (a full-length pre-aggregated amyloid pep-
tide Aβ1–42) and the ACC-001 vaccine (a sequence of six ami-
no acids (Aβ1–6)) phase II clinical trials have been stopped 
because their administration is associated with severe side 
effects, including aseptic meningoencephalitis (Arai et al., 
2015). Another vaccine, the CAD106, consisting in Aβ1–6 

fragments linked to the coat protein of bacteriophage Qβ, 
does not induce adverse effects; however, no clinical efficacy 
has been described so far (Farlow et al., 2015).

Conclusion
Neurodegenerative diseases have a substantial impact on 
global health and no curative treatments are available to date. 
In addition to classic immunotherapeutic approaches, new 
insights are pointing out multifaceted immunotherapeutic 
perspectives. The involvement of  the adaptive immunity in 
the NDs, which manifestation relies on the involvement of 
the Treg compartment that affects the brain’s choroid plexus, 
a selective gateway for recruitment of immunoregulatory 
cells to cerebral sites of pathology, has been proposed as an 
additional factor in the modulation of neuroinflammatory 
mechanisms (Baruch et al., 2015; Fakhoury, 2015; Schwartz 
and Deczkowska, 2016; Arevalo-Villalobos et al., 2017). The 
emerging data support the immune involvement in neurode-
generative disorders. Further studies could be addressed to 
identify new immunotherapeutic prospective based on the 
adaptive immune modulation.
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