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ABSTRACT

Parkinson's disease (PD) is one of the most commeanodegenerative disorders characterized by tlwgm@ssive
loss of dopaminergic neurons in the substatia nigF@llowing the loss of dopaminergic neurons is the
accumulation of the inclusion bodies commonly refiéto as Lewy bodies that contairsynuclein, synphilin, SIAH
and parkin. These are small proteins that have ispeelevance for understanding PD. Not only arsynuclein,
synphilin, SIAH and parkin found in Lewy bodies relateristic of PD, but also mutations in the gee &-
synuclein, synphilin, SIAH or parkin can cause amerited form of PD and over-expression of normalynuclein

or synphilin is thought to increase the risk of eleping PD in sporadic or non-familial cases. Hoegvthe
mechanisms involved in the death of dopaminergicares as well as the role of Lewy bodies in thdpgénesis of
the PD are still unclear. Parkin and SIAH are E3iquitin-ligases that ubiquitylate themselves andrpote their
own degradation. Parkin and SIAH interact with pddjquitylate synphilin (the-synuclein interacting protein) and
in the same manner monoubiquityladéesynuclein. Taken together, formation of Lewy b®daecurs upon
coexpression o#-synuclein, synphilin, SIAH and parkin. This revidiscusses the way and manner in which the
interaction ofa-synuclein, synphilin, SIAH and parkin has beemtid to be responsible for developing PD.
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INTRODUCTION

Parkinson's disease (PD) is one of the most commeamodegenerative disorders characterized by fardtimal
features: rigidity, bradykinesia, tremor and postunstability, and affects nearly 1% of people otlee age of 65
[1,2]. Histopathological features include loss adpdminergic neurons, notably in the substantia anigars
compacta, with a concomitant accumulation of indundodies variously known as Lewy bodies [3,4]h&tthan
associated with a single gene mutation, more tha¥% @f PD cases are sporadic in nature, in somescase
epidemiologically linked to pesticide exposure [5Both sporadic and inherited forms of PD are aehtarized by
substantial loss of dopaminergic neurons, predontiypan the substantia nigra that are the targenofst current
symptomatic therapies [7].

a-synuclein, synphilin, SIAH and parkin are smalbtgins that have special relevance for understanéiD
[7,8,9]. Not only aren-synuclein, synphilin, SIAH and parkin found in Lgwodies characteristic of PD, but also
mutations in the gene far-synuclein, synphilin, SIAH or parkin can causeiaherited form of PD and over-
expression of normal-synuclein or synphilin can increase the risk ofaleping PD in sporadic, or non-familial,
cases [7,8]. However, the mechanisms involve indisath of dopaminergic neurons as well as the ableewy
bodies in the pathogenesis of the PD are fully tstded [7]. Thus, it is thought thatsynuclein, synphilin, SIAH
and parkin, especially in their mutant forms or emdonditions where their expression levels arandtially
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increased, are toxic proteins such that they asecésted with an increased rate of neuronal celtid§s,9]. This
review discusses the way and manner in which ttegdntion ofa-synuclein, synphilin, SIAH and parkin has been
thought to be responsible for developing PD.

a-Synuclein

a-synuclein is first member of the family protein®elongs to and predominantly found in both syeand nuclei
bound to lipids and is associated with presynaygisicles in the neurons, and thus the nansgnuclein [7]. In
humans, there are three synuclein family member8-(y-) and all synuclein genes are relatively well aymed
both within and between species [7,10]. The syrnonaenes are specific to the vertebrate lineagé suat neither
single cell organisms (including yeast) nor invleréges Drosophila melanogasteCaenorhabditis elegahdave
any apparent synuclein homologue [7]. Moreovermate a-synuclein sequences differ from other vertebrate
synucleins by a substitution of Alanine for a Thmee at position 53 [7,11]. Although the normal ¢tion of a-
synuclein is poorly understood, it is thought torb@rkedly expressed in the brain; most notably iwitteurons and

to a lesser extent found in other tissues, e.gnatepoietic cells [7,12].

Interestingly, a key elucidation to understandiriyy Was thought to be an A53T mutation in dxsynuclein gene,
i.e., a reversion of the human Alanine to the atnak3hreonine found in rodents and many other iggewhich
was the genesis for dominantly familial diseasd3¥, Equally, this has been the first clear-cutdevice that a
Mendelian gene might be responsible for causingwiich to some extent was found to be sporadicatune [7].
Since then, two other point mutations namely: A30B E46K have been reported in different familigd4,15]. In
summary, three different point mutations in the ggemcoding fom-synuclein, as well as gene locus triplication
were found to cause some rare familial cases of/.D

Furthermore,a-synuclein has been the major component part ofyLbadies in sporadic forms of PD that is
monoubiquitylated by E3 ubiquitin-ligase such af\l$land parkin;and in the same manner interacts with
synphilin, which colocalizes with-synuclein leading to formation of Lewy bodies amelirodegeneration [7,8].
The accumulated, histopathological formsxesynuclein aggregates were found to show lowerbsiity than that

of the normal protein [7,9]. This might have beew ghartly to post-translational modification sushtaincation, S-
nitrosylation, ubiquitylation and phosphorylatiof].[ Thereforep-synuclein deposition into Lewy bodies could be a
marker of the PD disease state.

Synphilin

Synphilinis ana-synuclein interacting protein that in humans ignfencoded by theNCAIPgene SNCAIPstands
for "synuclein, alpha interacting protein" and thijsne encodes a protein containing several protetein
interaction domains, including ankyrin-like repeatsoiled-coil domain, and an ATP/GTP-binding mfib]. Like
a-synuclein, synphilin is a presynaptic protein thasociates with synaptic vesicles [8]. Synphilinak previously
been characterized as a protein that interacts avthinuclein and leads to the formation of Lewy bedigon
cotransfected with the nonpAcomponent (NAC) portion ofi-synuclein in cultured cells [8]. Two forms of
synphilin have so far been identified namely syhiptii and its novel isoform called synphilin-1A. bontrast,
synphilin-1A lacks exons 3 and 4 found in synphilinand displays an extra exon (termed 9A) locdietiveen
exons 9 and 10 [17]. Synphilin-1A is by far moresr@oxic and aggregation-prone protein than thatyoiphilin-1
[17,18]. Equally, alternatively spliced transcrigariants encoding different isoforms of this gersvén been
demonstrated, but their full-length nature is stiltler investigation [16].

The encoded protein of either synphilin-1 or sylipfiA interacts witha-synuclein in neuronal tissue and each one
of them is polyubiquitylated both in vitro and iive by SIAH and parkin, and consequently leadingptonation of
Lewy bodies [8,17,18]. Additionally, a mutation asgted with synphilin-1 gene comes from the fimdimhich
identified two sporadic PD patients with the samepmutation (R621C) in synphilin-1 [8]. The R62bdlitation
reduces the ability of synphilin-1 to form inclusidodies and this might have been due partly tbiliba of
synphilin-1 to colocalize witl-synuclein [17]. Thus, synphilin is an intrinsicresponent of Lewy bodies in PD [8].

Seven In Absentia Homolog (SIAH)

SIAH is an E3 ubiquitin-ligase that interacts withiquitylatesa-synuclein and synphilin and is present in Lewy
bodies of PD patients. Like parkin, both SIAH-1 &8A\H-2 are RING finger domain E3 ubiquitin-ligasehe
nature of ubiquitylation of synphilin by SIAH is pobiquitylation, in contrast toa-synuclein which is
monoubiquitylation [8,18]. In humans, there are twighly conserved forms of SIAH namely SIAH-1 aBidAH-2,
but significantly differ in their N-terminal regiobefore their RING-finger domain and are markedtpressed in
the central nervous system, as well as other #s§l@]. However, the interaction and monoubiquiigla of a-
synuclein by SIAH-2 is much stronger when companéith SIAH-1 and monoubiquitylated-synuclein is not
targeted for degradation by the proteasome sys&B0] In agreement with this, the monoubiquityatiof a-
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synuclein by SIAH-2 so far identified was not ac@amied by degradation [8].

In addition, SIAH promotes limited polyubiquitylati of synphilin-1A that does not lead to its degttémh by the
proteasome [18]. SIAH also increases the formatbrsynphilin-1A inclusions in the presence of pesgeme
inhibitors, supporting the participation of ubiguétted synphilin-1A in the formation of Lewy bodg{]. It has
been reported recently that the E3 ubiquitin-ligaSeAH-1 and SIAH-2 interact with polyubiquitylasgnphilin-1,
promoting its degradation through the ubiquitintpesome system [8].

Parkin

Parkin is an E3 ubiquitin-ligase which in humansinigoded by thePARK2 gene [21]. It was found to interact with
polyubiquitylate, monoubiquitylate synphilin amesynuclein respectively and in the same mannerdsnaponent
part of Lewy bodies [8,9]. This is because patiavith parkin mutations (PARK2) do not have Lewy kesdin the
surviving dopaminergic neurons [21].

Parkin was also reported to ubiquitylate a glyca®d form ofa-synuclein, but does not act on unmodified
synuclein and monoubiquitylategtsynuclein is not targeted for degradation by thetgasome system [20,22].
Additionally, mutations in this gene are known tause a familial form of PD known as autosomal reiwes
juvenile Parkinson's disease (AR-JP) [21]. Thisrfaf genetic mutation is thought to be one of thesihntommon
known genetic causes of early-onset PD [23]. In sindy of patients with onset of PD prior to age(20% of all
PD patients), 18% had parkin mutations, with 5% bpygous mutations [23]. Such patients develop @m®mme
that closely resembles the sporadic form of PD;éxew, they tend to develop symptoms at a much yeuage
[21]. Although other neuroprotective functions dairkin as a novel transcriptional repressor of pa8ehbeen
recently demonstrated, how the loss of functiorthef parkin protein leads to dopaminergic cellattlein this
disease is not fully understood [9]. The prevailingothesis is that parkin helps degrade one oermpuooteins toxic

to dopaminergic neurons [21].
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Lewy Bodies

Lewy bodies are abnormal aggregates of proteint dftan develop inside nerve cells in PD, and Levody
dementia [8,24]. They are identified under the oécope when histology is performed on the brain @ppkar as
spherical masses that displace other cell compseri@d]{. The two morphological types are classitahih stem)
Lewy bodies and cortical Lewy bodies. A classically body is an eosinophilic cytoplasmic inclusiamsisting of
a dense core surrounded by a halo of 10-nm-widiatiag fibrils, the primary structural componentwlfiich isa-
synuclein followed by synphilin, SIAH and parkim ¢ontrast, a cortical Lewy body is less well defirand lacks
the halo [8,24]. Nonetheless, it is still made dpaesynuclein fibrils. Cortical Lewy bodies are a diguishing
feature of dementia with Lewy bodies (DLB), but nwgcasionally be seen in ballooned neurons charstiteof
Pick's disease and corticobasal degenera®mell as in patients with other tauopathies [Z#ky are also seen in
cases of multiple system atrophy, particularly Baekinsonian variant [25].
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CONCLUSION

It is not surprising that loss of dopaminergic e and the accumulation of Lewy bodies are theifségnt part of
the pathogenesis of PBIthough the extent of apoptosis of dopaminergiaroas with respect to accumulation of
Lewy bodies needs to be established, the primeesti$pr neurodegeneration has currently been thiotagbe the
interaction of synphilin-1A with associatedsynuclein and synphilin-1. Equally, the ubiquitiga of a-synuclein,
synphilin-1 and synphilin-1A suggested the parttipn of E3 ubiquitin-ligase such as SIAH and parki the
pathogenesis of PD.

Recommendations

Since proteasomal dysfunction has been implicatetie pathogenesis of PD, post-translational meatifins such
as S-nitrosylation, ubiquitylation and phosphorigiatof a-synuclein, synphilin-1, synphilin-1A, SIAH and jar
should be carefully evaluated because these pathafdgrd golden opportunity for developing novedridpeutics
for PD especially NOS inhibitor.

REFERENCES

[1] Dunnett, S. B. and Bjorklund, A1999: Nature.399, A32—-A39.

[2] Mayeux, R., Marder, K., Cote, L.J., Denaro,Hemenegildo, N., Mejia, H., Tang, M.X., LantiglR,, Wilder,
D. and Gurland, B.1995: Am J Epidemiol142:820-827.

[3] Giasson, B.l. and Lee, V.M2003: Ann Neurol 3(53):S26-36. Discussion S36-28.

[5]Betarbet, R., Sherer, T.B., MacKenzie, G., Ga&©@isuna, M., Panov, A.V. and Greenamyre, JZ00(): Nat
Neurosci 3:1301-1306.

[6]Langston, J.W.Z002: Neurotoxicology 23:443-450.

[7] Cookson, M.R.2009: Molecular Neurodegeneratiord:9-23.

[8] Liani, E., Eyal, A., Avraham, E., Shemer, Rzafgel, R., Berg, D., Bornemann, A., Riess, O.,9RG5A., Rott,
R. and Engelender, 22q04): Proc. Natl. Acad. Sci. USA01 (15): 5500-5505.

[9] Sunico, C.R., Nakamura, T., Rockenstein, E.nMaM., Adame, A., Chan, S.F., Newmeyer, T.F., MAsE.,
Nakanishi, N. and Lipton, S.A2013: Molecular Neurodegeneratio®:29-46.

[10] George, J.M.2002: Genome Biol3:REVIEWS3002.

[11] Hamilton, B.A. Q004: Genomics83:739-742.

[12]Mmiller, D.W., Hague, S.M., Clarimon, J., Baptis M., Gwinn-Hardy, K., Cookson, M.R. and Singletd\.B.
(2009): Neurology 62:1835-1838.

[13]Polymeropoulos, M.H., Lavedan, C., Leroy, Ee|S.E., Dehejia, A., Dutra, A., Pike, B., Root, Rubenstein,
J., Boyer, R., Stenroos, E.S., ChandrasekharappaitBanassiadou, A., Papapetropoulos, T., Johngdsg.,
Lazzarini, A.M., Duvoisin, R.C., Di lorio, G., GabL.l. and Nussbhaum, R.L1997: Science276:2045-2047.
[14]Kruger, R., Kuhn, W., Muller, T., Woitalla, DGraeber, M., Kosel, S., Przuntek, H., Epplen,,JSEhols, L.
and Riess, 0.1098: Nat Genet18:106-108.

31



S. S Usmaret al Ann. Exp. Bio., 2014, 2 (4):28-32

[15]zarranz, J.J., Alegre, J., Gomez-Esteban, l€zcano, E., Ros, R., Ampuero, |., Vidal, L., Ho#a, J.,
Rodriguez, O., Atares, B., Llorens, V., Gomez TsatoE., del Ser, T., Munoz, D.G. and de Yeben&s, (20049:
Ann Neurol55:164-173.

[16]Engelender, S., Kaminsky, Z., Guo, X., Sharp,H\, Amaravi, R. K., Kleiderlein, J. J., MargoliR. L.,
Troncoso, J. C., Lanahan, A. A., Worley, P. F., Bamw V. L., Dawson, T. M., and Ross, C. A999: Nat. Genet.
22:110-114.

[17]Engelender, S. and Eyal, 2006: Cell Cycle 5:18, 2082-2086.

[18]Szargel, R., Rott, R., Eyal, A., Haskin, J.aBh V., Balan, L., Wolosker, H. and Engelender(Z209: The
Journal of Biological Chemistry284 (17): 11706-11716.

[19]Hu, G., Chung, Y.L., Glover, T., Valentine, \Look, A. T. and Fearon, E. RLg97: Genomics46:103-111.
[20]Hicke, L. 001: Nat. Rev. Mol. Cell. BioR:195-201.

[21]Kitada, T., Asakawa, S., Hattori, N., Matsumi&, Yamamura, Y., Minoshima, S., Yokochi, M., Mo, Y.
and Shimizu, N.X998: Nature 392:605-608.

[22]Shimura, H., Schlossmacher, M. G., Hattori, Nigsch, M. P., Trockenbacher, A., Schneider, Rzukib, Y.,
Kosik, K. S. and Selkoe, D. 2q01): Science293: 263—-269.

[23]Choi, P., Snyder, H., Petrucelli, L., Theisl€,, Chong, M., Zhang, Y., Lim, K., Chung, K.K., kee, K.,
D'Adamio, L., Lee, J.M., Cochran, E., Bowser, Raw3on, T. M. and Wolozin, B2003: Brain Res. Mol. Brain
Res. (Netherlands}17 (2): 179-189.

[24]Dickson, D.W., Feany, M.B., Yen, S.H., Mattia¢eA. and Davies, P.1096: Journal of Neural Transmission.
Supplementund7: 31-46.

[25]Jellinger, K.A. 2007): Acta Neuropathological14 (3): 299-303.

32



