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ABSTRACT
Parkinson’s disease is the most common age-related motor movement
disorder. Pathological changes in Parkinson’s disease are the loss
of melanin-containing dopaminergic neurons and the detection
of inclusion bodies in the cells, which contain alpha-synuclein and
ubiquitinated proteins, called as Lewy bodies. In this review; the
structure of Lewy bodies, structural features and intracellular localization
of α-synuclein protein, intracellular functions and intercellular spread
of α-synuclein protein are discussed. The physiological and pathologic
features of α-synuclein protein are reviewed based mostly upon review
of the literature. α-synuclein has significant functions especially at central
nervous system. α-synuclein is a protein that can be found in various
areas within the cell, particularly in the presynaptic axon terminals.
Under pathologic conditions, cellular accumulation of misfolded
α-synuclein oligomers and aggregates are observed in a group of
neurodegenerative diseases called synucleinopathies. The mechanisms
of how α-synuclein protein takes part in the neurodegeneration process
and physiologic roles of the protein have not been fully elucidated yet.
It’s important to unravel the secrets of this protein and understand its
behaviours in order to improve existing treatment protocols and also
to develop new and more effective treatments for Parkinson’s Disease.
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INTRODUCTION
Parkinson’s Disease
Parkinson’s disease (PD) is the most common agerelated motor movement disorder ans second
most common neurodegenerative disease after
Alzheimer’s disease. The prevalence of the disease
is 2-3 per thousand in the population and 1% in the
age of 55 years. It is a progressive neurodegenerative
disorder in which many systems are affected. Both
non-motor and motor symptoms occur during the
progress of the disease. Generally, patients have
some non-motor symptoms at early and silent
stages of the disease. Motor symptoms usually
occur after 80% loss of dopaminergic neurons at
substantia nigra pars compacta. The most common
© 2021 Acta Medica. All rights reserved.

motor symptoms related with PD are; bradykinesia,
tremor, rigidity and postural instability [1,2].
The studies have shown that, there are various
pathological mechanisms underlying Parkinson’s
disease. The most emphasized ones of them so far
are; mitochondrial disorder, ubiquitin proteasome
system dysfunction, change in calcium homeostasis
and increased oxidative stress [3]. Although there
is no single pathway describing the underlying
mechanism of the disease, the main mechanism
responsible for cellular pathologies is thought to be
the aggregation of α-syn protein and subsequent
mitochondrial dysfunction. Another important
mechanism is neuroinflammation, which is getting
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popular each day and there are lots of studies
ongoing in this field [4].
Since there is no definitive cure for PD nor
other neurodegenerative disorders, it is
crucial to enlighten cellular pathologies and
neurodegeneration pathways to develop new
treatments for efficient clinical practices.
Lewy Bodies
Fritz Jakob Heinrich Lewy (1885-1950) described
the inclusion bodies in Parkinson’s disease in 1912
5. Later, in 1919, Konstantin Nikolaevich Tretiakoff
(1892-1956) named these structures as Lewy
bodies. Lewy also identified inclusion bodies in
neuron extensions (axons) as well as in the cell
body; which are known as Lewy neurites [6]. So
far, Lewy bodies are thought to be indicators of
neuronal degeneration [6,7].
Looking to the structure of Lewy bodies, there is
a complex structure containing many different
molecules. We are still not completely sure how
these structures are shaped and whether they
are the definitive cause of cell death. With the
help of new laboratory methods, the structure of
Lewy bodies is being illuminated more and more
every day and new molecules are being defined.
According to the data obtained so far, it contains
more than 90 molecules, mostly composed of
α-synuclein (α-syn) protein. In addition, the
products of PD-related genes (DJ-1, LRRK2, parkin
and PINK1), mitochondrial-related proteins and
the molecules are associated with ubiquitin
proteasome system (UPS) [7]. A new study shows
that besides these proteins, Lewy bodies have
some lipid content too. According to the research;
in Lewy bodies there are some membrane residues,
including vesicular structures and membranes of
dysmorphic organelles. These results suggest that
there might be a protein–lipid mixture in Lewy
bodies [8].
Previous researches showed that, Lewy bodies first
appear as pale, slightly eosinophilic accumulations
in the cells and then these structures are become
Lewy bodies [6,7]. Further studies with electron
microscopy, it was observed that Lewy bodies and
Lewy neurites contain 200-600 nm long and 5-10
nm wide, non-branched fibrillar α-syn protein [6].
Two types of Lewy bodies have been identified:
brain stem type (classical type) and cortical type
[6,7]. In brightfield microscopy studies, sections
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stained with haematoxylin and eosin staining,
the brainstem Lewy bodies are observed as
eosinophilic masses located intracytoplasmic,
single or multiple, spherical or prolonged, have
dense nucleus and peripheral ring. The cortical
type is not as well defined as the brain stem type.
The cortical type was observed different from
brainstem type in some ways; a halo was not seen,
and thread-like Lewy neurites were found in the
axons and dendrites of the affected neurons. The
cortical Lewy bodies are also eosinophilic structures
with irregular in shape like brainstem Lewy bodies
[7]. Brain stem type and cortical type Lewy bodies
have strong immunostaining with ubiquitin and
phosphorylated α-syn [6,7].
Lewy bodies are widely seen in central nervous
system (CNS). Studies show that Lewy bodies are
seen in olfactory bulbus [9], hypothalamus [10],
posterior lobe of pituitary gland [11], substantia
nigra, locus coeruleus, dorsal raphe nucleus, dorsal
vagal nucleus [12], cerebellum [13] and medulla
spinalis [14,15]. In addition, they can be located in
amygdaloidal nucleus and cerebral cortex neurons,
especially in the deep layers of limbic system (V and
VI) [16,17]. Similar inclusions were found in many
areas of the peripheral nervous system (PSS). In PSS
they are observed in sympathetic ganglion [18],
enteric nervous system (Meissner and Auerbach
plexuses) [19-22], heart [23], pelvic organs [24],
adrenal medulla [24,25], submandibular gland
[26,27] and skin [28,29].
Synucleins and Alpha Synuclein
Synucleins, are small and soluble proteins located
especially in nervous tissue and in some tumors.
Unlike many other proteins, they found only in
vertebrates [30,31]. Three members of synuclein
family have been identified so far: α-, β- and
γ- synuclein [30-32]. Synucleins have gained
importance after the linkage found between α-syn
protein and Parkinson’s disease, both genetically and
neuropathologically. While α-syn has been shown
to be associated with various neurodegenerative
diseases such as Lewy body dementia, Multiple
system atrophy (MSA), Alzheimer’s disease (AD),
Parkinson’s disease (PD); γ-syn is found to be
related with especially some cancers, also some
neurodegenerative diseases and eye pathologies
[32,33]. It is thought that β-syn acts as an antagonist
to α-syn and its function is preventing misfolding
and intracellular accumulation of α-syn in the cell
[30,31].
© 2021 Acta Medica. All rights reserved.
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The synuclein proteins have three regions with
different contents. These are; the amino-terminal
region (N-terminal), the central region and the
carboxyl-terminal region (C-terminal) [31,34]. The
amino terminal region (N-terminus) is the part
that binds with acidic lipids, and is responsible
for the formation of the α-helix structure during
the binding to the membrane phospholipids.
This portion is conserved between species
[31,34,35]. The central region is responsible for
the conformational change required to form fibrils
(β-sheet structure) [34,36]. The carboxyl terminal
region (terminal C) has a high negative charge and
it is variable between species. It is also the binding
region for Ca2+, Cu2+ and other cations [34,36].
The synucleins exhibit conformational changes
with temperature rise or acidic pH while they are
unfolded in the cell at physiological conditions and
at neutral pH. The most common conformational
change is fibrillation and it is mostly seen in α-syn.
While it is not seen in β-syn, it is seen at higher
concentrations in γ-syn [31,34].
Alpha Synuclein
Structure and Location of Alpha Synuclein
Protein
Human α -syn protein is a 140 amino acid and
normally an unfolded protein [34,37] encoded by
the SNCA gene. The SNCA gene is located at the
chromosome 4q21 [31,34].
α-syn protein has been shown to be found mostly
in human brain, especially in the neocortex,
hippocampus, substantia nigra (SN), thalamus
and cerebellum [38]. The heart, muscle and other
tissues present the protein in small amounts [33].
It has shown that α-syn protein can accumulate in
neurons at various locations such as; cytoplasm,
nucleus, mitochondria, presynaptic terminals,
synapses (Figure 1) and also extracellular areas in
central, autonomic and peripheral nervous system
[39-41]. The α-syn protein is also found in the
cerebrospinal fluid in the central nervous system
which means it has ability to cross the bloodbrain barrier and switch between cerebrospinal
fluid and peripheral blood [42]. In addition to this
locations, α-syn protein is present in platelets and
lymphocytes [41].
It has been shown that α-syn can be present in
many conformations under in vitro conditions.
© 2021 Acta Medica. All rights reserved.
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Under normal conditions, when it first synthesized
in the cell, it is in the form as unfolded monomer
[37,43]. A lot of studies about Parkinson’s disease
showed that, α-syn (dimer, oligomer, protofibril
and fibril) proteins can be found in different
conformations in the cells [37,44,45]. Normally,
levels of these different conformations of α-syn
protein in the cell, are thought to be in a certain
balance. It is known that the α-syn protein has
various functions within the cell under normal
conditions [34,37,43]. Conformational changes at
the structure of the protein are important for the
formation of Lewy bodies and also physiological
functions of the protein. The majority of Lewy
bodies are consist of the α-syn protein in the
fibrillar form [34,37,43]. The α-syn protein has
also been shown to induce neurotoxicity under in
vitro conditions, when it is partially folded or has
oligomeric structure [34,37,43,44]. Oligomers are
in β-sheet form, are much smaller than aggregates
and their sizes are variable. The oligomers might
be the transition form between the monomer
and fibrillar forms of the α-syn protein; however,
if the protein remains the oligomeric form in the
cells it is known that it causes cytotoxicity [37,44].
Although the mechanisms of toxicity for the α-syn
protein are still not fully enlightened, so far the
most emphasized mechanism is they might cause
membrane damages [46]. In vitro and in vivo
studies have shown that the loss of dopaminergic
neurons is increased related to the oligomeric
α-syn overexpression, that can cause pores on
membranes, followed by increased calcium (Ca2+)
permeability and as a result cytotoxicity and cell
death are elevated [43,45,47]. The pathophysiology
of α-syn misfolding includes endoplasmic reticulum
stress, oxidative stress, impaired Ca2+ balance and
neuroinflammation [45].
Post-Translational
Synuclein Protein

Modifications

of

Alpha

α-syn protein has various post-translational
modifications, after synthesized. With these
modifications; functions of the protein are
regulated, the protein is directed to different
intracellular areas, and as a result of some
modifications the pathological forms of the protein
occur within the cell [48]. Analysis of Lewy bodies
revealed, there are different forms of modified
α-syn proteins in these inclusion bodies. The most
common post-translational modifications are;
3
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Figure 1. α-syn immunofluorescent labeling of α-syn overexpressing H4 human neuroglioma cells. Blue (DAPI,
Vectasheild Mounting Medium with DAPI H-1200, Vector Laboratories); Nuclei of the cells. Red HRP anti-α-Synuclein
antibody, Biolegend); α-syn protein (Magnifications: A, x20 and B, x40) (Unpublished data; Kaya et al. 2020)

phosphorylation, nitration and ubiquitination.
Other post-translational modifications that are
observed are; glycosylation, enzymatic crosslinking, methionine oxidation, and proteolytic
cleavage from the C-terminus [34,48].

substrate protein [34,50]. Three enzymatic steps of
ubiquitination are; activation (ubiquitin activation
enzymes-E1), conjugation (ubiquitin conjugation
enzymes-E2) and ligation (ubiquitin ligases-E3)
[50].

Phosphorylated α-syn protein is closely related
to the pathogenesis of Parkinson’s disease. The
C-terminal of the protein is additionally negative
charged. It has been shown that, phosphorylated
α-syn is located especially at the mitochondria
in the cell and it binds to the inner membrane
of the mitochondria, leads to the dysfunction
of the electron transport chain (ETC) complex I.
Approximately 90% of the insoluble α-syn proteins
are in phosphorylated form [40,49].

Up to now, more than ten protein-encoding genes
have been identified in Parkinson’s disease. In these
which related to UPS are; Parkin, CHIP, TRAF6 and
UCHL1 mutations. Parkin, CHIP and TRAF6 are E3
enzymes, and UCHL1 is a deubiqutination enzyme
that separates ubiquitin from the substrate protein
[51].

Nitration is another post-translational modification
that has an important role in the pathogenesis of
neurodegenerative diseases. There are studies
that show the cytoplasmic accumulation of
nitrated α-syn protein in brain tissues is related
to synucleinopathies. It was observed that
nitrated α-syn protein causes amorphous protein
aggregates in the cells [36,40].
Ubiquitination is one of the important posttranslational mechanisms involved in the
pathogenesis of PD. Looking at the structure of
Lewy bodies, the α-syn protein there, is mostly in
ubiquitinated form. Ubiquitin is a 76 amino acid
(aa) protein that binds to other proteins with three
sequential enzymatic activities. The linkage usually
occurs between the carboxyl group (COO-) of
glycine, the last amino acid of ubiquitin, and the
amino group (NH + 3) in the lysine residue of the
4

Other Proteins that Alpha Synuclein Protein
Interacts in the Cell
α-syn protein can interact with various other
proteins in Lewy bodies or in the cell. Different
protein interactions can interfere with protein
biogenesis and lead to neurodegenerative
disorders. As a result, these interactions between
other proteins and α-syn protein may trigger
misfolding and aggregation of α-syn, and finally
speeds up the disease progression. Protein
interactions can occur on both co-translational and
post-translational levels [52].
The most emphasized ones of these proteins are;
Synphilin, Tubulin, Cysteine-string protein- α (CSP
α), Rab, Agrin, histone proteins, chaperone proteins,
14-3-3 protein and Tau protein [38].
Synphilin, is a protein located in the Lewy bodies or
in the cytoplasm that interacts with α-syn. Although
early studies have suggested that this protein may
increase the tendency to form aggregates and
© 2021 Acta Medica. All rights reserved.
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inclusion bodies of α-syn protein, on the contrary
recent studies have shown that this protein is
neuroprotective [53,54].
Tubulin is one of the proteins involved in
cytoskeleton. Studies have shown that tubulin can
increase the formation of α-syn fibrils by initiating
polymerization of α-syn. Besides, some epigenetic
factors (such as drugs, chemicals, environmental
toxins, food additives) can enhance α-syn
fibrillation via tubulin [55]. In addition, it has been
observed that the microtubule formation in the cell
is inhibited by the interaction of α-syn with tubulin
[56].
CSP-α is a synaptic vesicular protein. In recent years,
it has been shown to be neuroprotective in in vivo
and in vitro studies. It is thought that it takes a role
in maintaining synaptic function and through this
it has a neuroprotective effect [57,58].
Rab proteins (Rab GTPases) are a family of protein
associated with the regulation of cell membrane
dynamics and intracellular vesicular transport.
Selectively, some Rab proteins (Rab3a, Rab5,
Rab8, Rab7, Rab11a) bind with α-syn to protect
cells from damage caused by α-syn mutation
or overexpression [59]. Cells with mutant α-syn
protein or containing fibrillar form of α-syn and
accumulation of α-syn aggregates, have damaged
axonal transport, and also have an irregularity in
vesicle trafficking [60].
Agrin, is of a proteoglycan which has shown to
be involved with α-syn in Lewy bodies and Lewy
neurites in patients with PD. By binding with α-syn,
it triggers conformational changes and causes
β-sheet and protofibril structures to be formed in
the cell [61,62]. Some studies and analyses have
shown that agrin increases the insoluble α-syn in
the cells and enhances fibril formation [63].
Histone proteins are located at the nucleus of the
cell. Binding of the α-syn protein in the nucleus,
increases the acetylation and aggregation of
the α-syn. A recent study also demonstrates
that histone-induced aggregates contain α-syn
oligomers, protofibrils and mature fibrils, and can
trigger additional aggregation. Finally, causes
increased neurotoxicity [64].
Chaperones are assisting proteins that play a role
in folding of the intracellular proteins properly
and get their three-dimensional structures. α-syn
© 2021 Acta Medica. All rights reserved.
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interacts with various chaperones, particularly
Hsp27, Hsp70, Hsp90, and can be located together
with these proteins in Lewy bodies. Chaperones
take part in protein aggregation, re-localization of
α-synuclein to the mitochondria and inhibition of
protein degradation [65].
14-3-3 proteins are proteins that have chaperone
function, involved in regulating intracellular protein
trafficking and are highly expressed in nervous tissue
cells. 14-3-3 interacts with the proteins mentioned
in Parkinson’s disease, particularly α-syn, parkin
and LRRK2. Studies have shown that in Lewy bodies
α-syn protein and 14-3-3 proteins are co-localized.
In the literature, there are some claims that these
proteins reduce the transmission of α-syn from cellto-cell. However, it has not been shown that there
is a reduction in α-syn oligomerization or formation
of intracellular aggregates [66].
Tau protein is known to be important in the
pathogenesis of Alzheimer’s disease, especially in
the process of neurodegeneration. There are some
studies indicate that accumulated α-syn protein in
PD, interacts with Tau protein in the cell. Interaction
of α-syn with Tau protein, initiates tau fibrillation.
An another view is, the interaction of these proteins
starts protein polymerization and then each other’s
transition to fibrillar form [67,68].
Intracellular Localizations of Alpha Synuclein
Protein
The α-syn protein is capable of binding with
membrane lipids. Thus, it can make connections
with cell membrane structures (mitochondria
membrane, endoplasmic reticulum, golgi apparatus
and nuclear membrane). The mitochondrial
membrane affinity is thought to be higher among
those structures. Cell toxicity is elevated by α-syn
protein binding to cell membrane structures.
Although the mechanisms of toxicity are not fully
clear yet, common thought is due to membrane
damage and increased calcium (Ca2+) transmission
through the cytoplasm [69,70].
Nucleus
α-syn protein does not target the nucleus under
physiological conditions. The translocation to the
nucleus is triggered by monoubiquitination and
increased oxidative stress. Following, neurotoxicity
is elevated by the translocation of α-syn into the
nucleus. Neurotoxicity and neuroinflammatory
5
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environment starts DNA fragmentation and
some different cell death mechanisms, including
apoptosis and necrosis, occur [70]. After entering
the nucleus α-syn can interact with histone
proteins. There are also some studies showing that
it can alter the regulation of some gene expressions.
a-syn also can bind directly to a single DNA chain
that is transcriptionally active and does not contain
histones, which means it can change the stability
and conformation of DNA [71,72].
Mitochondrion
Mitochondria are the main regulators of energy
metabolism and apoptotic pathways in the cell.
Mitochondrial oxidative stress has a major role in
the pathogenesis of neurodegenerative diseases.
The main mechanism responsible for pathologies
is the aggregation of the α-syn protein followed by
loss of mitochondrial function [73].
The α-syn protein has the ability to bind with
various molecules both located on the inner and
outer membranes of mitochondria. It is well known
that, α-syn binds with cardiolipin which is located
on the inner membrane [35,74]. α-syn binding
to cardiolipin is independent from membrane
potential changes. Another mechanism defined
for binding mitochondria membrane is, interacting
with TOM 40, a channel located at the mitochondrial
translocase of outer membrane (TOM) complex
[74]. In addition to this, it is thought that α-syn
can bind to TOM 20 too, again located on the
mitochondrial membrane, and through this binding
can inhibit the import of some necessary proteins
to mitochondria [75]. In vivo and in vitro studies
have shown that mitochondrial fragmentation
occurs after α-syn binds to mitochondria. α-syn
is also thought to enhance the communication
between the endoplasmic reticulum (ER) and
mitochondria and the transfer of calcium (Ca2+)
from ER to mitochondria. α-syn may enhance
the elevated levels of cellular reactive oxygen
species (ROS) over its link with mitochondria. The
mitochondrial enzyme complex of ETC I and III
are the primary sites for the production of ROS.
In particular, functions of ETC enzyme complex
I might be changed related to α-syn protein
[73,74]. ROS accumulation occurs in the cell due to
structural changes at the mitochondrial membrane
and loss of function of the ETC system. ROS
increase leads to the oxidation of dopamine in the
dopaminergic neurons [3]. Oxidized dopamine is a
6

specific protein that causes mitochondrial damage
and enhances the vulnerability of dopaminergic
neurons [2,3]. Disruption of intracellular dopamine
homeostasis also causes increase in ROS. As a
result, mitochondrial dysfunction is triggered and
increased intracellular oxidative stress occurs.
Mitochondrial damage is further triggered by
increased ROS in the cell as a result of mitochondrial
dysfunction. This process, starts with an increase in
intracellular oxidative stress, leads to the death of
the cells by repeating these steps like a cycle [3,76].
Functions of Alpha Synuclein Protein
It is well known that, α-syn is a protein that
expressed in the cell under physiological
conditions, yet all functions of this protein are not
fully understood. The most important functions
that have been shown so far are; reduction of
apoptosis by suppression of protein kinase C (PKC)
activity in dopaminergic neurons [77], prevention
of unsaturated fatty acid oxidation by acting
as an antioxidant [78], regulation of synaptic
vesicle trafficking at presynaptic terminals [79],
contributing to SNARE complex formation [80,81],
taking part at clatrin-dependent endocytosis [82],
inhibition of Phospholipase D2 (PLD2) [83], taking
part at neuronal differentiation.
Presynaptic terminals are important for the release
of neurotransmitters and to ensure inter-neuronal
communication. In particular, α-syn is thought to
be helpful with the regulation of dopamine release
in the substantia nigra, the brain region responsible
for balance and movement control [84].
In addition to these functions, some studies have
shown that, α-syn plays a role in the regulation of
blood glucose levels [85].
Translocation of Alpha Synuclein Protein to the
Extracellular Area and Endocytosis by Other
Cells
It has shown with some studies that α-syn protein
can pass from cell to cell. α-syn protein is covered
by a vesicle in the cell and transported out of the
cell by exocytosis [3,86]. α-syn can be released
by some exocytosis mechanisms including
exosome releasing, and autophagosome mediated
exocytosis. There are also some studies that claims
α-syn protein can pass through between the cells
by a prion like manner [87,88].
© 2021 Acta Medica. All rights reserved.
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α-syn protein is taken into cells from the
extracellular space by endocytosis. The cells of
central nervous system which are known that can
take α-syn by endocytosis are, neurons and glia
cells (microglia cells, astrocytes, oligodendrocytes)
[88,89]. In a recent study, it is shown that, under
in vitro conditions the protofibrillar form of the
α-syn protein is taken by the other neurons from
extracellular area via binding to LAG-3 (lymphocyteactivation gene 3) receptor. In the same study,
the researchers haven’t detected LAG-3 receptor
at the membrane of astrocytes and microglia
cells, thus, it is thought to be important for the
uptake of protofibrillar form of α-syn protein into
the neurons. In the same study, binding of α-syn
protein to the LAG-3 receptor has also been shown
to induce endocytosis of more α-syn protein inside
the cells [86].
Another receptor involved with the endocytosis
of α -syn protein is the toll-like receptor 2 (TLR2)
receptor. The TLR2 receptor is present at neurons
and glia cells and plays a role in the endocytosis
of both the oligomer and the fibrillar form of
α-syn [90]. Interestingly, in some studies, increased
TLR2 protein levels are observed higher in
neurons than in microglia cells. In microglia cells,
by TLR2 activation inflammatory cytokines are
expressed and released from the cells. Triggered
inflammation results with increased neurotoxicity
and accelerated cell degeneration [88,91].
Inflammatory cytokines, especially TNF-α and IL1β increase with inflammation, while IL-2 and IL-6
are also detected [92]. TNF-α is known to strongly
induce ROS production through mitochondria and
also to induce apoptosis as an external apoptosis
activator [92]. Similarly, when neuronal TLR2 is
activated, there is an increase of inflammatory
cytokine levels which leads an increase of oxidative
stress and also accumulation of endogenous α-syn
protein [90].

© 2021 Acta Medica. All rights reserved.
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CONCLUSION
α-synuclein is an intracellular protein that has been
shown to play a role in a group of neurodegenerative
diseases called synucleinopathies. Lewy bodies
are an important pathological structure in
synucleinopathies, especially in Parkison’s Disease.
Although many studies about this protein have
been done so far, most of the α-syn protein
functions remain unclear. In various studies,
it has been shown that α-syn protein can be
found in different areas within the cell (nucleus,
mitochondria, endoplasmic reticulum, cytoplasm,
axon terminal). It is now well known that, α-syn
is located especially at axon terminals, on the
membrane of the synaptic vesicles and is strongly
involved with the synapses. The misfolded and /
or overexpressed α-syn protein has been shown
to be toxic to the cell by forming oligomers and
aggregates, and cause cell death through various
pathways. The most common cell death pathways
are apoptosis necrosis. In addition, recent studies
have shown that some cytotoxic forms of α-syn
protein can pass through the extracellular area and
can be taken into the neurons and other glia cells
by endocytosis. The details of the exocytosis and
endocytosis are not fully elucidated yet; the further
studies are going on about these pathways. Since
α-syn has some important functions in the cells and
also is related with neurodegenerative diseases, a
complete understanding of the synthesis, folding,
different forms and aggregations of this protein is
crucial for developing new clinical treatments for
the diseases that have no exact cure so far.
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