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1. Introduction

Synucleins are a family of proteins consisting of α, β, and γ synuclein (syn). The first
syn was discovered in the fish Torpedo californica [1], and subsequently syn isoforms were
detected in all classes of vertebrates, although there may be variations in the number and
type of synucleins expressed in the different species [2].

Among the three proteins, α-syn appears to be particularly studied for its involve-
ment in the onset of serious neurodegenerative pathologies such as Parkinson’s disease
(PD), dementia with Lewy bodies, PD dementia, multiple system atrophy, and other less
well-characterised neuroaxonal dystrophies [3]. These pathologies are collectively called
synucleinopathies since they are characterised by amyloidogenic aggregates of hyperphos-
phorylated α-syn rich in β-sheets that can occur in neurons and glia cells of the central and
peripheral nervous system [4–7]. The direct involvement of α-syn in neurodegenerative
diseases is also demonstrated by the discovery of mutations in the α-syn gene SNCA (A30P,
E46K, H50Q, G51D, and A53T) resulting in autosomal-dominant PD [8–13].

The α-syn is a fascinating protein, characterised by prion-like mechanisms as it can exist
either in a soluble natively unfolded form or undergo conformational conversions in a β-sheet-
rich protein prone to aggregate, forming amyloidogenic α-syn. Moreover, the presence of
amyloidogenic α-syn can function as a template to guide the conversion of the physiologically
unfolded α-syn to the β sheet-rich protein [14]. The progression and spread of the synucle-
inopathies are believed to result from the ability of pathogenic α-syn to transmit from cell to
cell allowing the propagation of prion-like proteins along neuroanatomical traits. It has been
proposed that PD pathology can spread with a prion-like mechanism through the olfactory and
vagal systems to the substantia nigra [15].

Given the peculiarity of synucleins, a large amount of information is still needed to
fully understand their physiological functions and the mechanisms underlying the onset
and propagation of synucleinopathies. Further studies on syn function in different neuronal
populations and cellular districts are needed. Moreover, since the function of these pro-
teins depends on the interaction with other molecules, it is necessary to acquire complete
knowledge of syn-interacting proteins and the effect of these interactions. Furthermore, it
is important to investigate the role and involvement of homeostasis mechanisms, including
autophagy, since synucleinopathies are associated with the accumulation of α-syn aggre-
gates that the cell cannot remove. Given the wide complexity of the nervous system and
the different roles of specific neuronal populations, the effect of the formation of α-syn ag-
gregates must be studied in different neuronal populations to understand the causes of the
symptoms of patients suffering from synucleinopathies. On the other hand, the close asso-
ciation between neurodegenerative diseases and neuroinflammation requires investigating
the involvement of synucleins in these processes. The neurodegenerative effects of synucle-
inopathies arise from the ability of the disease to spread and progress. The comprehension
of the mechanisms that underlie the cell-to-cell transmission of misfolded synucleins and
the formulation of novel strategies to prevent the onset of synucleinopathies, including
the creation of targeted vaccines, are of paramount importance. Interesting studies that
address these topics are presented in this Special Issue.
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2. An Overview of the Published Articles

The work of Bonaccorsi et al. [16] analyses synuclein expression in Xenopus laevis, a
model organism in various scientific research fields including neuroscience [17–21], using
Western blot, real-time PCR, and immunohistochemistry. The expression of α, β, and
γ syn in the nervous system makes X. laevis a suitable candidate as a study model for
synucleinopathies. Moreover, its α-syn possesses a threonine instead of alanine in position
53 of the human protein, and this substitution may be biologically relevant since the A53T
mutation in humans is linked to PD. Circular dichroism was used to analyse the effect of
this substitution on the secondary structure of Xenopus α-syn.

The term “synuclein” was coined because early observations localised the protein
at both presynaptic and nuclear levels [1]. Most studies have focused mainly on α-syn
localised in the cytoplasm, where amyloid inclusions can form, and at presynaptic termi-
nals where the protein has been involved in the regulation of neurotransmitter release
through the interaction with synaptic vesicles [22]. The α-syn nuclear localisation has
been confirmed in several study models such as cultured cells [23–26], α-syn transgenic
Drosophila [27], and mice [28–30]. Furthermore, intranuclear α-syn inclusions have been
observed in neurons in multiple system atrophy [31] and PD patients [28]. Studies show
that nuclear α-syn interacts with DNA [32,33] and histones [34], modulating their acety-
lation levels [29,34,35] and promoting neurotoxicity [29]. Nuclear α-syn influences DNA
repair [33] and the regulation of gene transcription [36,37]. The formation of intranuclear
inclusions can be facilitated by α-syn mutations (e.g., A30P, A53T, or G51D) or increased
expression of wildtype α-syn [28,29,38–40]. Specific mutations can increase the binding
of the protein to DNA compared to endogenous α-syn [41]. Furthermore, α-syn nuclear
localisation affects the cognitive and motor behaviour of mice by inducing DNA damage
and the abnormal cell cycle of hippocampal neurons [42]. Interestingly, studies have un-
derscored a correlation between oxidative stress and nuclear α-syn, as oxidative stress
can induce the nuclear translocation of α-syn, and this increases a cell’s vulnerability to
oxidative stress [43,44]. The impact of α-syn nuclear localisation has been further explored
in mouse embryonic fibroblasts by Ho and colleagues [45], as detailed in this Special Issue.
Their findings underscore the role of nuclear α-syn in inducing oxidative stress-related
cytotoxicity in mouse embryonic fibroblasts. Nuclear α-syn significantly impacts cell fate,
resulting in alterations in ribosomal biogenesis, nucleolar segmentation, and apoptosis.

Protein functions strictly depend on their interactions with other molecules. The iden-
tification of α-syn-interacting proteins is important for understanding their functions and
physiopathological roles. Studies aimed at analysing the interactome of α-syn oligomers
have identified important proteins capable of interacting with α-syn including VAMP,
NKA, CaMKII-G, TUBB3, 14-3-3 protein, BASP1, MAP-1B, VDAC, Hsp60, V-ATPase, and
CaMKII-G [46]. The work of Mativ and collaborators published in this Special Issue further
investigates this topic by highlighting that NOS1AP interacts with α-syn and aggregates in
yeast and mammalian cells [47]. The NOS1AP (CAPON) gene encodes a cytosolic protein
that binds neuronal nitric oxide synthase and regulates its activity [48]. The results support
the ability of NOS1AP to interact and co-aggregate with α-syn suggesting a molecular
mechanism underlying the coexistence of schizophrenia and PD.

Autophagy is an essential process for maintaining cellular and neuronal homeosta-
sis [49] because it allows the isolation and degradation of dysfunctional organelles and mis-
folded proteins, including α-syn [50]. This Special Issue includes research by Dhanushkodi
and colleagues, which explores the impact of disrupting autophagy by silencing the
ATP13A2 (PARK9) gene, an autophagy-related protein, in Drosophila expressing wild-
type or mutated α-syn. Their results suggest that the reduction in ATP13A2 contributes to
increase the aggregation of mutant A53T-α-syn with a concomitant increase in p62 levels,
causing enhanced dopaminergic neuron loss and exacerbating the non-motor phenotype.

Among the synucleinopathies, PD is one of the most widespread neurodegenerative
pathologies that is characterised by the aggregation and accumulation of α-syn and the
progressive loss of dopaminergic neurons in the substantia nigra. This alters the correct
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functioning of the substantia nigra pars compacta–striatum system causing cardinal motor
symptoms including resting tremor, rigidity, bradykinesia, and postural instability [51].
The work of Cai and collaborators [52] published in this Special Issue explores the causal
role of α-syn in the development of forelimb and cranial fine movement deficits within the
substantia nigra–dorsolateral striatum dopaminergic pathway. The study uses transgenic
mice expressing the A53T-α-syn in the dopaminergic neurons of the substantia nigra and
involves the injection of α-syn fibrils into the dorsal striatum or substantia nigra.

Neuroinflammatory processes participate in most neurodegenerative diseases, includ-
ing synucleinopathies. Glia cells play a key role in neuroinflammatory processes, being able
to assume both pro-inflammatory and neuroprotective phenotypes. Although the main
purpose of neuroinflammation is to protect the nervous system by maintaining its home-
ostasis through promoting tissue repair and removing cellular debris, as well as inhibiting
or removing various pathogens, it can be detrimental when it occurs for prolonged periods
and can lead to neurodegeneration [53]. Evidence shows a correlation between α-syn,
microglia, and neuroinflammation. This Special Issue contains two reviews conducted by
Lyra and collaborators [54] and Forloni [55], which focus on the involvement of α-syn in
neurodegeneration and inflammation.

The identification of the molecules that favour or counteract the transmission of
pathogenic α-syn is fundamental to understanding the mechanisms underlying the onset
and spread of synucleinopathies. This Special Issue contains three different studies that
obtain important results on this topic. The work of De La Cruz and collaborators shows that
the loss of MhcII leads to dysfunctional responses in CNS-resident microglia and astrocytes
to α-syn prion seeds [56]. Specifically, in MhcII−/− mice injected with pathogenic α-
syn preformed fibrils, the absence of MhcII reduced the lifespan, accelerated the seeding
of α-syn pathology, and reduced the p62 accumulation [56]. The study of Kang and
collaborators shows that neuronal ApoE deficiency attenuates both α-syn uptake and
release and enhance chaperone-mediated autophagy [57]. Moreover, the study also shows
that α-syn propagation is attenuated in ApoE-knockout mice injected with pre-formed
mouse α-syn fibrils.

The production of monoclonal antibodies specific to α-syn through vaccine could
be effective in counteracting the onset and progression of synucleinopathies by reducing
or inhibiting the accumulation of aggregated α-syn in the brain. Evidence has shown
that antibodies generated after active and passive vaccinations can inhibit the spread of
pathological α-syn in the extracellular space and prevent or inhibit diseases in relevant
animal models. The brief report by Zagorski and collaborators [58] published in this
Special Issue developed a recombinant protein-based MultiTEP vaccine and tested its
immunogenicity in young and aged D-line mice.

The Special Issue concludes with an interesting work by Halbgebauer and collabo-
rators that assesses brain-specific β-syn as a novel blood biomarker of synaptic damage.
The results show that plasma β-synuclein are significantly increased after polytrauma com-
pared to controls. The work demonstrates that plasma concentrations of β-syn, together
with NfL and GFAP, have a good predictive performance for fatal outcome in polytrauma.

3. Conclusions

This Special Issue encompasses studies that explore fundamental aspects of synucleins,
areas in which research should concentrate to acquire the essential information needed to
combat synucleinopathies.

Funding: This research was funded by Sapienza University of Rome, Progetto Ateneo 2015 (C26A15N7NF)
and 2020 (RM1201729CB8436F).

Conflicts of Interest: The author declares no conflicts of interest.



Int. J. Mol. Sci. 2024, 25, 3223 4 of 6

References
1. Maroteaux, L.; Campanelli, J.T.; Scheller, R.H. Synuclein: A neuron-specific protein localized to the nucleus and presynaptic nerve

terminal. J. Neurosci. Off. J. Soc. Neurosci. 1988, 8, 2804–2815. [CrossRef] [PubMed]
2. Toni, M.; Cioni, C. Fish Synucleins: An Update. Mar. Drugs 2015, 13, 6665–6686. [CrossRef] [PubMed]
3. Goedert, M. Alpha-synuclein and neurodegenerative diseases. Nat. Rev. Neurosci. 2001, 2, 492–501. [CrossRef] [PubMed]
4. Baba, M.; Nakajo, S.; Tu, P.H.; Tomita, T.; Nakaya, K.; Lee, V.M.; Trojanowski, J.Q.; Iwatsubo, T. Aggregation of alpha-synuclein in

Lewy bodies of sporadic Parkinson’s disease and dementia with Lewy bodies. Am. J. Pathol. 1998, 152, 879–884.
5. Wakabayashi, K.; Hayashi, S.; Kakita, A.; Yamada, M.; Toyoshima, Y.; Yoshimoto, M.; Takahashi, H. Accumulation of alpha-

synuclein/NACP is a cytopathological feature common to Lewy body disease and multiple system atrophy. Acta Neuropathol.
1998, 96, 445–452. [CrossRef] [PubMed]

6. Spillantini, M.G. Parkinson’s disease, dementia with Lewy bodies and multiple system atrophy are alpha-synucleinopathies.
Park. Relat. Disord. 1999, 5, 157–162. [CrossRef] [PubMed]

7. Fujiwara, Y.; Kabuta, C.; Sano, T.; Murayama, S.; Saito, Y.; Kabuta, T. Pathology-associated change in levels and localization of
SIDT2 in postmortem brains of Parkinson’s disease and dementia with Lewy bodies patients. Neurochem. Int. 2022, 152, 105243.
[CrossRef]

8. Kruger, R.; Kuhn, W.; Muller, T.; Woitalla, D.; Graeber, M.; Kosel, S.; Przuntek, H.; Epplen, J.T.; Schols, L.; Riess, O. Ala30Pro
mutation in the gene encoding alpha-synuclein in Parkinson’s disease. Nat. Genet. 1998, 18, 106–108. [CrossRef]

9. Zarranz, J.J.; Alegre, J.; Gomez-Esteban, J.C.; Lezcano, E.; Ros, R.; Ampuero, I.; Vidal, L.; Hoenicka, J.; Rodriguez, O.; Atares, B.;
et al. The new mutation, E46K, of alpha-synuclein causes Parkinson and Lewy body dementia. Ann. Neurol. 2004, 55, 164–173.
[CrossRef]

10. Appel-Cresswell, S.; Vilarino-Guell, C.; Encarnacion, M.; Sherman, H.; Yu, I.; Shah, B.; Weir, D.; Thompson, C.; Szu-Tu, C.; Trinh, J.;
et al. Alpha-synuclein p.H50Q, a novel pathogenic mutation for Parkinson’s disease. Mov. Disord. Off. J. Mov. Disord. Soc. 2013,
28, 811–813. [CrossRef]

11. Lesage, S.; Anheim, M.; Letournel, F.; Bousset, L.; Honore, A.; Rozas, N.; Pieri, L.; Madiona, K.; Durr, A.; Melki, R.; et al.
G51D alpha-synuclein mutation causes a novel parkinsonian-pyramidal syndrome. Ann. Neurol. 2013, 73, 459–471. [CrossRef]
[PubMed]

12. Proukakis, C.; Dudzik, C.G.; Brier, T.; MacKay, D.S.; Cooper, J.M.; Millhauser, G.L.; Houlden, H.; Schapira, A.H. A novel
alpha-synuclein missense mutation in Parkinson disease. Neurology 2013, 80, 1062–1064. [CrossRef] [PubMed]

13. Pasanen, P.; Myllykangas, L.; Siitonen, M.; Raunio, A.; Kaakkola, S.; Lyytinen, J.; Tienari, P.J.; Poyhonen, M.; Paetau, A.
Novel alpha-synuclein mutation A53E associated with atypical multiple system atrophy and Parkinson’s disease-type pathology.
Neurobiol. Aging 2014, 35, e2181–e2185. [CrossRef]

14. Toni, M.; Massimino, M.L.; De Mario, A.; Angiulli, E.; Spisni, E. Metal Dyshomeostasis and Their Pathological Role in Prion and
Prion-Like Diseases: The Basis for a Nutritional Approach. Front. Neurosci. 2017, 11, 3. [CrossRef] [PubMed]

15. Ubeda-Banon, I.; Saiz-Sanchez, D.; de la Rosa-Prieto, C.; Martinez-Marcos, A. alpha-Synuclein in the olfactory system in
Parkinson’s disease: Role of neural connections on spreading pathology. Brain Struct. Funct. 2014, 219, 1513–1526. [CrossRef]
[PubMed]

16. Bonaccorsi di Patti, M.C.; Angiulli, E.; Casini, A.; Vaccaro, R.; Cioni, C.; Toni, M. Synuclein Analysis in Adult Xenopus laevis.
Int. J. Mol. Sci. 2022, 23, 6058. [CrossRef] [PubMed]

17. Blum, M.; Ott, T. Xenopus: An Undervalued Model Organism to Study and Model Human Genetic Disease. Cells Tissues Organs
2018, 205, 303–313. [CrossRef] [PubMed]

18. Slater, P.G.; Hayrapetian, L.; Lowery, L.A. Xenopus laevis as a model system to study cytoskeletal dynamics during axon
pathfinding. Genesis 2017, 55, 1–6. [CrossRef]

19. Borodinsky, L.N. Xenopus laevis as a Model Organism for the Study of Spinal Cord Formation, Development, Function and
Regeneration. Front. Neural Circuits 2017, 11, 90. [CrossRef]

20. Lee-Liu, D.; Mendez-Olivos, E.E.; Munoz, R.; Larrain, J. The African clawed frog Xenopus laevis: A model organism to study
regeneration of the central nervous system. Neurosci. Lett. 2017, 652, 82–93. [CrossRef]

21. Straka, H.; Simmers, J. Xenopus laevis: An ideal experimental model for studying the developmental dynamics of neural network
assembly and sensory-motor computations. Dev. Neurobiol. 2012, 72, 649–663. [CrossRef] [PubMed]

22. Man, W.K.; Tahirbegi, B.; Vrettas, M.D.; Preet, S.; Ying, L.; Vendruscolo, M.; De Simone, A.; Fusco, G. The docking of synaptic vesicles
on the presynaptic membrane induced by alpha-synuclein is modulated by lipid composition. Nat. Commun. 2021, 12, 927. [CrossRef]
[PubMed]

23. Ma, K.L.; Yuan, Y.H.; Song, L.K.; Han, N.; Chen, N.H. Over-expression of alpha-synuclein 98 triggers intracellular oxidative stress
and enhances susceptibility to rotenone. Neurosci. Lett. 2011, 491, 148–152. [CrossRef]

24. McLean, P.J.; Ribich, S.; Hyman, B.T. Subcellular localization of alpha-synuclein in primary neuronal cultures: Effect of missense
mutations. J. Neural Transmission. Suppl. 2000, 58, 53–63. [CrossRef]

25. Specht, C.G.; Tigaret, C.M.; Rast, G.F.; Thalhammer, A.; Rudhard, Y.; Schoepfer, R. Subcellular localisation of recombinant alpha-
and gamma-synuclein. Mol. Cell. Neurosci. 2005, 28, 326–334. [CrossRef]

26. Yuan, Y.; Jin, J.; Yang, B.; Zhang, W.; Hu, J.; Zhang, Y.; Chen, N.H. Overexpressed alpha-synuclein regulated the nuclear
factor-kappaB signal pathway. Cell. Mol. Neurobiol. 2008, 28, 21–33. [CrossRef]

https://doi.org/10.1523/JNEUROSCI.08-08-02804.1988
https://www.ncbi.nlm.nih.gov/pubmed/3411354
https://doi.org/10.3390/md13116665
https://www.ncbi.nlm.nih.gov/pubmed/26528989
https://doi.org/10.1038/35081564
https://www.ncbi.nlm.nih.gov/pubmed/11433374
https://doi.org/10.1007/s004010050918
https://www.ncbi.nlm.nih.gov/pubmed/9829807
https://doi.org/10.1016/S1353-8020(99)00031-0
https://www.ncbi.nlm.nih.gov/pubmed/18591134
https://doi.org/10.1016/j.neuint.2021.105243
https://doi.org/10.1038/ng0298-106
https://doi.org/10.1002/ana.10795
https://doi.org/10.1002/mds.25421
https://doi.org/10.1002/ana.23894
https://www.ncbi.nlm.nih.gov/pubmed/23526723
https://doi.org/10.1212/WNL.0b013e31828727ba
https://www.ncbi.nlm.nih.gov/pubmed/23427326
https://doi.org/10.1016/j.neurobiolaging.2014.03.024
https://doi.org/10.3389/fnins.2017.00003
https://www.ncbi.nlm.nih.gov/pubmed/28154522
https://doi.org/10.1007/s00429-013-0651-2
https://www.ncbi.nlm.nih.gov/pubmed/24135772
https://doi.org/10.3390/ijms23116058
https://www.ncbi.nlm.nih.gov/pubmed/35682736
https://doi.org/10.1159/000490898
https://www.ncbi.nlm.nih.gov/pubmed/30092565
https://doi.org/10.1002/dvg.22994
https://doi.org/10.3389/fncir.2017.00090
https://doi.org/10.1016/j.neulet.2016.09.054
https://doi.org/10.1002/dneu.20965
https://www.ncbi.nlm.nih.gov/pubmed/21834082
https://doi.org/10.1038/s41467-021-21027-4
https://www.ncbi.nlm.nih.gov/pubmed/33568632
https://doi.org/10.1016/j.neulet.2011.01.026
https://doi.org/10.1007/978-3-7091-6284-2_5
https://doi.org/10.1016/j.mcn.2004.09.017
https://doi.org/10.1007/s10571-007-9185-6


Int. J. Mol. Sci. 2024, 25, 3223 5 of 6

27. Takahashi, M.; Kanuka, H.; Fujiwara, H.; Koyama, A.; Hasegawa, M.; Miura, M.; Iwatsubo, T. Phosphorylation of alpha-synuclein
characteristic of synucleinopathy lesions is recapitulated in alpha-synuclein transgenic Drosophila. Neurosci. Lett. 2003, 336, 155–158.
[CrossRef]

28. Siddiqui, A.; Chinta, S.J.; Mallajosyula, J.K.; Rajagopolan, S.; Hanson, I.; Rane, A.; Melov, S.; Andersen, J.K. Selective binding of
nuclear alpha-synuclein to the PGC1alpha promoter under conditions of oxidative stress may contribute to losses in mitochondrial
function: Implications for Parkinson’s disease. Free Radic. Biol. Med. 2012, 53, 993–1003. [CrossRef]

29. Kontopoulos, E.; Parvin, J.D.; Feany, M.B. Alpha-synuclein acts in the nucleus to inhibit histone acetylation and promote
neurotoxicity. Hum. Mol. Genet. 2006, 15, 3012–3023. [CrossRef]

30. Zhong, S.C.; Luo, X.; Chen, X.S.; Cai, Q.Y.; Liu, J.; Chen, X.H.; Yao, Z.X. Expression and subcellular location of alpha-synuclein
during mouse-embryonic development. Cell. Mol. Neurobiol. 2010, 30, 469–482. [CrossRef]

31. Lin, W.L.; DeLucia, M.W.; Dickson, D.W. Alpha-synuclein immunoreactivity in neuronal nuclear inclusions and neurites in
multiple system atrophy. Neurosci. Lett. 2004, 354, 99–102. [CrossRef]

32. Pinho, R.; Paiva, I.; Jercic, K.G.; Fonseca-Ornelas, L.; Gerhardt, E.; Fahlbusch, C.; Garcia-Esparcia, P.; Kerimoglu, C.; Pavlou, M.A.S.;
Villar-Pique, A.; et al. Nuclear localization and phosphorylation modulate pathological effects of alpha-synuclein. Hum. Mol.
Genet. 2019, 28, 31–50. [CrossRef]

33. Schaser, A.J.; Osterberg, V.R.; Dent, S.E.; Stackhouse, T.L.; Wakeham, C.M.; Boutros, S.W.; Weston, L.J.; Owen, N.; Weissman, T.A.;
Luna, E.; et al. Alpha-synuclein is a DNA binding protein that modulates DNA repair with implications for Lewy body disorders.
Sci. Rep. 2019, 9, 10919. [CrossRef]

34. Goers, J.; Manning-Bog, A.B.; McCormack, A.L.; Millett, I.S.; Doniach, S.; Di Monte, D.A.; Uversky, V.N.; Fink, A.L.
Nuclear localization of alpha-synuclein and its interaction with histones. Biochemistry 2003, 42, 8465–8471. [CrossRef] [PubMed]

35. Liu, X.; Lee, Y.J.; Liou, L.C.; Ren, Q.; Zhang, Z.; Wang, S.; Witt, S.N. Alpha-synuclein functions in the nucleus to protect against
hydroxyurea-induced replication stress in yeast. Hum. Mol. Genet. 2011, 20, 3401–3414. [CrossRef] [PubMed]

36. Davidi, D.; Schechter, M.; Elhadi, S.A.; Matatov, A.; Nathanson, L.; Sharon, R. alpha-Synuclein Translocates to the Nucleus to
Activate Retinoic-Acid-Dependent Gene Transcription. iScience 2020, 23, 100910. [CrossRef] [PubMed]

37. Paiva, I.; Pinho, R.; Pavlou, M.A.; Hennion, M.; Wales, P.; Schutz, A.L.; Rajput, A.; Szego, E.M.; Kerimoglu, C.; Gerhardt, E.;
et al. Sodium butyrate rescues dopaminergic cells from alpha-synuclein-induced transcriptional deregulation and DNA damage.
Hum. Mol. Genet. 2017, 26, 2231–2246. [CrossRef] [PubMed]

38. Chen, V.; Moncalvo, M.; Tringali, D.; Tagliafierro, L.; Shriskanda, A.; Ilich, E.; Dong, W.; Kantor, B.; Chiba-Falek, O. The mechanistic
role of alpha-synuclein in the nucleus: Impaired nuclear function caused by familial Parkinson’s disease SNCA mutations.
Hum. Mol. Genet. 2020, 29, 3107–3121. [CrossRef] [PubMed]

39. Fares, M.B.; Ait-Bouziad, N.; Dikiy, I.; Mbefo, M.K.; Jovicic, A.; Kiely, A.; Holton, J.L.; Lee, S.J.; Gitler, A.D.; Eliezer, D.; et al.
The novel Parkinson’s disease linked mutation G51D attenuates in vitro aggregation and membrane binding of alpha-synuclein,
and enhances its secretion and nuclear localization in cells. Hum. Mol. Genet. 2014, 23, 4491–4509. [CrossRef] [PubMed]

40. Lazaro, D.F.; Rodrigues, E.F.; Langohr, R.; Shahpasandzadeh, H.; Ribeiro, T.; Guerreiro, P.; Gerhardt, E.; Krohnert, K.; Klucken, J.;
Pereira, M.D.; et al. Systematic comparison of the effects of alpha-synuclein mutations on its oligomerization and aggregation.
PLoS Genet. 2014, 10, e1004741. [CrossRef]

41. Paiva, I.; Jain, G.; Lazaro, D.F.; Jercic, K.G.; Hentrich, T.; Kerimoglu, C.; Pinho, R.; Szego, E.M.; Burkhardt, S.; Capece, V.; et al.
Alpha-synuclein deregulates the expression of COL4A2 and impairs ER-Golgi function. Neurobiol. Dis. 2018, 119, 121–135.
[CrossRef]

42. Pan, Y.; Zong, Q.; Li, G.; Wu, Z.; Du, T.; Huang, Z.; Zhang, Y.; Ma, K. Nuclear localization of alpha-synuclein affects the cognitive
and motor behavior of mice by inducing DNA damage and abnormal cell cycle of hippocampal neurons. Front. Mol. Neurosci.
2022, 15, 1015881. [CrossRef] [PubMed]

43. Xu, S.; Zhou, M.; Yu, S.; Cai, Y.; Zhang, A.; Ueda, K.; Chan, P. Oxidative stress induces nuclear translocation of C-terminus of
alpha-synuclein in dopaminergic cells. Biochem. Biophys. Res. Commun. 2006, 342, 330–335. [CrossRef] [PubMed]

44. Zhou, M.; Xu, S.; Mi, J.; Ueda, K.; Chan, P. Nuclear translocation of alpha-synuclein increases susceptibility of MES23.5 cells to
oxidative stress. Brain Res. 2013, 1500, 19–27. [CrossRef] [PubMed]

45. Ho, D.H.; Kim, H.; Nam, D.; Heo, J.; Son, I. Nuclear alpha-Synuclein-Derived Cytotoxic Effect via Altered Ribosomal RNA
Processing in Primary Mouse Embryonic Fibroblasts. Int. J. Mol. Sci. 2023, 24, 2132. [CrossRef] [PubMed]

46. van Diggelen, F.; Frank, S.A.; Somavarapu, A.K.; Scavenius, C.; Apetri, M.M.; Nielsen, J.; Tepper, A.; Enghild, J.J.; Otzen, D.E.
The interactome of stabilized alpha-synuclein oligomers and neuronal proteins. FEBS J. 2020, 287, 2037–2054. [CrossRef]

47. Matiiv, A.B.; Moskalenko, S.E.; Sergeeva, O.S.; Zhouravleva, G.A.; Bondarev, S.A. NOS1AP Interacts with alpha-Synuclein and
Aggregates in Yeast and Mammalian Cells. Int. J. Mol. Sci. 2022, 23, 9102. [CrossRef] [PubMed]

48. Jaffrey, S.R.; Snowman, A.M.; Eliasson, M.J.; Cohen, N.A.; Snyder, S.H. CAPON: A protein associated with neuronal nitric oxide
synthase that regulates its interactions with PSD95. Neuron 1998, 20, 115–124. [CrossRef]

49. Nixon, R.A. The role of autophagy in neurodegenerative disease. Nat. Med. 2013, 19, 983–997. [CrossRef]
50. Webb, J.L.; Ravikumar, B.; Atkins, J.; Skepper, J.N.; Rubinsztein, D.C. Alpha-Synuclein is degraded by both autophagy and the

proteasome. J. Biol. Chem. 2003, 278, 25009–25013. [CrossRef]
51. Lees, A.J.; Hardy, J.; Revesz, T. Parkinson’s disease. Lancet 2009, 373, 2055–2066. [CrossRef]

https://doi.org/10.1016/S0304-3940(02)01258-2
https://doi.org/10.1016/j.freeradbiomed.2012.05.024
https://doi.org/10.1093/hmg/ddl243
https://doi.org/10.1007/s10571-009-9473-4
https://doi.org/10.1016/j.neulet.2003.09.075
https://doi.org/10.1093/hmg/ddy326
https://doi.org/10.1038/s41598-019-47227-z
https://doi.org/10.1021/bi0341152
https://www.ncbi.nlm.nih.gov/pubmed/12859192
https://doi.org/10.1093/hmg/ddr246
https://www.ncbi.nlm.nih.gov/pubmed/21642386
https://doi.org/10.1016/j.isci.2020.100910
https://www.ncbi.nlm.nih.gov/pubmed/32120069
https://doi.org/10.1093/hmg/ddx114
https://www.ncbi.nlm.nih.gov/pubmed/28369321
https://doi.org/10.1093/hmg/ddaa183
https://www.ncbi.nlm.nih.gov/pubmed/32954426
https://doi.org/10.1093/hmg/ddu165
https://www.ncbi.nlm.nih.gov/pubmed/24728187
https://doi.org/10.1371/journal.pgen.1004741
https://doi.org/10.1016/j.nbd.2018.08.001
https://doi.org/10.3389/fnmol.2022.1015881
https://www.ncbi.nlm.nih.gov/pubmed/36438187
https://doi.org/10.1016/j.bbrc.2006.01.148
https://www.ncbi.nlm.nih.gov/pubmed/16480958
https://doi.org/10.1016/j.brainres.2013.01.024
https://www.ncbi.nlm.nih.gov/pubmed/23337620
https://doi.org/10.3390/ijms24032132
https://www.ncbi.nlm.nih.gov/pubmed/36768455
https://doi.org/10.1111/febs.15124
https://doi.org/10.3390/ijms23169102
https://www.ncbi.nlm.nih.gov/pubmed/36012368
https://doi.org/10.1016/S0896-6273(00)80439-0
https://doi.org/10.1038/nm.3232
https://doi.org/10.1074/jbc.M300227200
https://doi.org/10.1016/S0140-6736(09)60492-X


Int. J. Mol. Sci. 2024, 25, 3223 6 of 6

52. Cai, Q.; Xu, N.; He, Y.; Zhu, J.; Ye, F.; Luo, Z.; Lu, R.; Huang, L.; Zhang, F.; Chen, J.F.; et al. alpha-Synuclein Aggregates in the
Nigro-Striatal Dopaminergic Pathway Impair Fine Movement: Partial Reversal by the Adenosine A(2A) Receptor Antagonist. Int.
J. Mol. Sci. 2023, 24, 1365. [CrossRef]

53. Kwon, H.S.; Koh, S.H. Neuroinflammation in neurodegenerative disorders: The roles of microglia and astrocytes.
Transl. Neurodegener. 2020, 9, 42. [CrossRef]

54. Lyra, P.; Machado, V.; Rota, S.; Chaudhuri, K.R.; Botelho, J.; Mendes, J.J. Revisiting Alpha-Synuclein Pathways to Inflammation.
Int. J. Mol. Sci. 2023, 24, 7137. [CrossRef]

55. Forloni, G. Alpha Synuclein: Neurodegeneration and Inflammation. Int. J. Mol. Sci. 2023, 24, 5914. [CrossRef]
56. Gonzalez De La Cruz, E.; Vo, Q.; Moon, K.; McFarland, K.N.; Weinrich, M.; Williams, T.; Giasson, B.I.; Chakrabarty, P.

MhcII Regulates Transmission of alpha-Synuclein-Seeded Pathology in Mice. Int. J. Mol. Sci. 2022, 23, 8175. [CrossRef]
[PubMed]

57. Kang, S.J.; Kim, S.J.; Noh, H.R.; Kim, B.J.; Kim, J.B.; Jin, U.; Park, S.A.; Park, S.M. Neuronal ApoE Regulates the Cell-to-Cell
Transmission of alpha-Synuclein. Int. J. Mol. Sci. 2022, 23, 8311. [CrossRef] [PubMed]

58. Zagorski, K.; Chailyan, G.; Hovakimyan, A.; Antonyan, T.; Kiani Shabestari, S.; Petrushina, I.; Davtyan, H.; Cribbs, D.H.;
Blurton-Jones, M.; Masliah, E.; et al. Immunogenicity of MultiTEP-Platform-Based Recombinant Protein Vaccine, PV-1950R,
Targeting Three B-Cell Antigenic Determinants of Pathological alpha-Synuclein. Int. J. Mol. Sci. 2022, 23, 6080. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms24021365
https://doi.org/10.1186/s40035-020-00221-2
https://doi.org/10.3390/ijms24087137
https://doi.org/10.3390/ijms24065914
https://doi.org/10.3390/ijms23158175
https://www.ncbi.nlm.nih.gov/pubmed/35897751
https://doi.org/10.3390/ijms23158311
https://www.ncbi.nlm.nih.gov/pubmed/35955451
https://doi.org/10.3390/ijms23116080
https://www.ncbi.nlm.nih.gov/pubmed/35682759

	Introduction 
	An Overview of the Published Articles 
	Conclusions 
	References

