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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Parkinson’s disease (PD) is a prevalent neurodegenerative
disorder, affecting around 500,000 to 1 million Americans, with
a significant portion diagnosed before age 50. Despite advances
in treatments such as dopamine replacement therapy and deep
brain stimulation, no therapies currently exist to halt or slow
disease progression in advanced stages. Research is increasingly
focused on identifying early biomarkers for PD to enable earlier
intervention. Alpha-synuclein (a-Syn), a key protein implicated
in PD pathology, is studied using various proteomics techniques
like mass spectrometry, gel electrophoresis, and chromatography,
to understand its role and alterations in PD. These techniques
help in extracting, analyzing, and characterizing o-Syn from
brain samples, providing insights into disease mechanisms and
potential diagnostic and therapeutic applications.

Key words. Parkinson’s disease, alpha-synuclein, analytical
techniques, biomarkers, clinical implications.

Introduction.

Parkinson’s Disease.

Parkinson's disease (PD) is the second-most common
neurodegenerative disorder in the United States, following
Alzheimer’s disease [1]. Although most people are diagnosed
with PD at age 60 or older, approximately 5 to 10 percent
receive a diagnosis before age 50 [2]. Current estimates suggest
that around 500,000 Americans are diagnosed with PD, though
some experts believe the actual number may be as high as 1
million [3]. Projections indicate that these figures could double
by the year 2040.

Over the decades, numerous treatment options have been
developed worldwide to address the motor symptoms
associated with PD. Dopamine (DA) replacement therapy,
utilizing medications such as Sinemet and levodopa, remains
a cornerstone of PD treatment and has proven effective,
particularly in the early stages of the disease [4]. Additionally,
deep brain stimulation has shown promise in reducing tremors,
rigidity, and improving movement in PD patients [5]. However,
despite these advancements, significant challenges persist, as
there are currently no therapies available to slow down disease
progression or alleviate symptoms in advanced PD stages.

Further research is crucial for enhancing our understanding
of PD pathology, particularly in its preclinical phase. Priority
should be placed on identifying biological markers, or
biomarkers, that can detect PD in its early stages, thus enabling
early intervention and risk mitigation. The development of
highly sensitive and specific analytical methods capable of
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detecting PD biomarkers in preclinical samples will be essential
for future advancements in this area. This review will focus
on the analytical techniques for extracting and analyzing PD
biomarkers in brain tissue samples.

Biomarkers and their Role in PD Pathology.

Parkinson’s disease (PD) manifests when neurons within the
central nervous system or elsewhere in the nervous system
malfunction or undergo cell death [2]. Key symptoms include
bradykinesia, tremors, postural instability, and rigidity,
primarily stemming from neuron loss in the substantia nigra,
a critical region in the midbrain responsible for motor control.

Dopamine (DA), a neurotransmitter produced in the substantia
nigra, plays a crucial role in synaptic signal transmission
essential for bodily movement [1]. An abnormal concentration
of DA disrupts signal transmission, impairing movement. At PD
diagnosis, individuals typically exhibit a loss of approximately
60 to 80 percent of DA-producing cells in the substantia nigra
[2]. Recent studies indicate that besides DA, neurotransmitters
like norepinephrine, serotonin, and acetylcholine, which regulate
nervous signal transmission, also experience alterations in
concentration, affecting brain structure and chemical pathways,
potentially contributing to PD's non-motor features.

Furthermore, abnormalities in alpha-synuclein (a-Syn) are
believed to be pivotal in PD development. a-Syn is a component
of presynaptic neuron terminals where neurotransmitters are
released for interneuronal signaling [6]. Excessive buildup of
a-Syn in presynaptic neurons is implicated in PD pathogenesis.
Certain genetic mutations in o-Syn within families lead to
misfolding of its structure, resulting in accumulation and
aggregation of misfolded a-Syn into fibrils. These fibrils serve
as the building blocks of Lewy bodies, abnormal structures
forming inside nerve cells of the substantia nigra, ultimately
affecting normal function and triggering nerve cell death,
characteristic of PD [7].

Proteomics of Alpha-Synuclein Biomarkers.

The study of alpha-synuclein (a-Syn) proteomics in Parkinson's
disease (PD) has garnered significant attention in recent years
[8]. Proteomics techniques enable the comprehensive analysis
of proteins, including a-Syn, in biological samples, offering
insights into their abundance, post-translational modifications,
and interactions within cellular pathways [9].

Several studies have employed mass spectrometry-based
proteomics to investigate a-Syn levels and modifications in
PD. These approaches have identified specific a-Syn isoforms
and post-translational modifications, such as phosphorylation,
nitration, and truncation, which may influence a-Syn aggregation
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and toxicity [10]. Furthermore, quantitative proteomics studies
have revealed alterations in a-Syn-associated protein networks
in PD brains, shedding light on potential biomarkers and
therapeutic targets [11].

In addition to mass spectrometry, other proteomics techniques,
including immunoassays and protein microarrays, have been
utilized to assess o-Syn levels in biological fluids such as
cerebrospinal fluid and blood plasma [12]. These studies aim
to identify reliable biomarkers for PD diagnosis, prognosis, and
monitoring disease progression.

Overall, proteomics approaches offer valuable tools
for investigating a-Syn biology and its implications in
PD pathogenesis. Continued advancements in proteomic
technologies hold promise for uncovering novel insights into
a-Syn-related mechanisms and facilitating the development of
precision diagnostics and therapeutics for PD [13].

Analytical Techniques Involved in the Proteomics of Alpha-
Synuclein Biomarkers.

The proteomic investigation of alpha-synuclein (a-Syn)
biomarkers in Parkinson's disease (PD) involves a range of
analytical techniques for sample preparation, separation,
extraction, and identification [14] as shown in Figure 1.

Analytical Techniques Involved in Proteomics
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Figure 1. Schematic diagram for the homogenization, separation and
identification of a-Syn from brain tissue samples.

Homogenization.

Traditional Homogenization Methods: Sonication involves
the application of high-frequency sound waves to disrupt
cellular structures and release a-Syn from tissues or cells [15].
While effective in some cases, sonication may result in protein
denaturation or aggregation, affecting the accuracy of a-Syn
quantification. Mechanical methods, such as bead beating or
grinding, rely on physical force to break down tissues and cells
[16]. These techniques are widely used due to their simplicity
and effectiveness but may require optimization to ensure
consistent a-Syn extraction and minimal degradation.

Enzymatic Homogenization: Proteinase K treatment
selectively digests cellular proteins while preserving a-Syn
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integrity [17]. This enzymatic approach efficiently releases
a-Syn from complex biological matrices, making it suitable
for biomarker analysis in cerebrospinal fluid (CSF) and brain
tissues. Trypsin digestion can be employed to fragment proteins
and improve the solubility of a-Syn aggregates [18]. Combined
with subsequent mass spectrometry analysis, trypsinization
enables detailed characterization of a-Syn isoforms and post-
translational modifications.

Detergent-Based Homogenization: Detergent-based methods
involve the use of non-ionic detergents to solubilize a-Syn
aggregates and membrane-bound proteins [19]. Triton X-100 or
NP-40 extraction is commonly used for a-Syn isolation from cell
cultures or tissue lysates, facilitating downstream biochemical
analyses. Sarkosyl, a mild detergent, can selectively solubilize
a-Syn aggregates while preserving their native conformation
[20]. Sarkosyl extraction is particularly valuable for isolating
insoluble o-Syn species from post-mortem brain samples,
providing insights into pathological mechanisms underlying PD.

Novel Homogenization Approaches: Microfluidization
utilizes high-pressure homogenization to achieve uniform
particle size reduction and efficient protein extraction [21].
This emerging technique shows promise for preserving
a-Syn structure and improving the reproducibility of
biomarker quantification in biological fluids and tissues.
Ultracentrifugation-based methods, such as density gradient
centrifugation, enable the isolation of a-Syn aggregates based
on their buoyant density [22]. By separating soluble and
insoluble o-Syn fractions, ultracentrifugation facilitates the
characterization of pathological a-Syn conformers associated
with PD progression. The different types of homogenization
methods and their outcome are listed in Table 1.

Separation.

Gel Electrophoresis: Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) separates proteins based
on their molecular weight under denaturing conditions [23].
This technique is widely used to detect and quantify a-Syn
monomers and oligomers in cell lysates, tissue extracts, and
biological fluids.

Chromatographic Techniques: Size-Exclusion
Chromatography (SEC) separates proteins based on their size
and molecular weight by allowing smaller molecules to enter
the porous stationary phase, while larger molecules elute first
[24]. SEC is valuable for analyzing a-Syn oligomerization
and aggregation states in biological samples. Ion-Exchange
Chromatography (IEC) separates proteins based on their
net charge, exploiting differences in their ionic interactions
with the stationary phase [25]. This technique can be utilized
for the purification and fractionation of a-Syn isoforms
and post-translationally modified forms. Reversed-Phase
Chromatography (RPC) separates proteins according to their
hydrophobicity, with more hydrophobic proteins eluting
later [26]. RPC coupled with mass spectrometry allows for
the identification and characterization of a-Syn variants and
modifications.

Immunoprecipitation (IP) and Affinity Capture: IP utilizes
specific antibodies to selectively capture a-Syn from complex
biological samples, followed by elution and downstream analysis



Table 1. Different homogenization techniques and their outcomes [15-22].

S. No. Type Method Outcome Reference (s)
Traditional Sonication It resglts in protein denaturation or ag.gregelltion, [15]
.. affecting the accuracy of a-Syn quantification.
1. Homogenization It . timization to ensure consistent o-Svn
Methods Mechanical Homogenization FEQUITES OPHMIZALION f0 CNSUIe CONSISIENt A-Sy [16]
extraction and minimal degradation.
It efficiently releases a-Syn from complex biological
Proteinase K Digestion matrices, making it suitable for biomarker analysis in |[17]
) Enzymatic cerebrospinal fluid (CSF) and brain tissues.
’ Homogenization It enables detailed characterization of a-Syn isoforms
Tripsinization and post-translational modifications in combined with [18]
mass spectrometry.
It is commonly used for a-Syn isolation from cell
Triton-X or NP-40 Extraction | cultures or tissue lysates, facilitating downstream [19]
3 Detergent Based biochemical analyses.
' Homogenization It is particularly valuable for isolating insoluble a-Syn
Sarkosyl Extraction species from post-mortem brain samples, providing [20]
insights into pathological mechanisms underlying PD.
It shows promise for preserving o-Syn structure
Microfluidization and improving the reproducibility of biomarker [21]
4 Novel Homogenization quantification in biological fluids and tissues.

Ultracentrifugation

It facilitates the characterization of pathological
a-Syn conformers associated with PD progression by [22]

separating soluble and insoluble a-Syn fractions.

[27]. This technique enables the enrichment and detection of
a-Syn in low-abundance samples, such as cerebrospinal fluid
(CSF) or blood plasma. Affinity chromatography utilizes
immobilized ligands, such as antibodies or aptamers, to
selectively bind and isolate a-Syn from sample matrices [28].
This approach offers high specificity and purity, facilitating the
analysis of a-Syn interactions and modifications.

Mass Spectrometry (MS)-Based Techniques: Matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) analyzes a-Syn peptides or
protein fragments based on their mass-to-charge ratio [29].
MALDI-TOF MS is employed for profiling a-Syn isoforms and
PTMs in biological samples. Liquid chromatography-tandem
mass spectrometry (LC-MS/MS) combines chromatographic
separation with mass spectrometric detection, allowing for
the identification and quantification of a-Syn peptides with
high sensitivity and accuracy [30]. LC-MS/MS is instrumental
in elucidating o-Syn proteoforms and their dynamics in PD
pathology. The different types of separation techniques and
their outcome are listed in Table 2.

Identification/Imaging.

Mass Spectrometry-Based Techniques: Peptide Mass
Fingerprinting (PMF) involves enzymatic digestion of a-Syn
followed by mass spectrometry analysis to generate a peptide
mass fingerprint [14]. Comparison of experimental peptide
masses with theoretical masses allows for the identification
of o-Syn and its post-translational modifications (PTMs).
Tandem Mass Spectrometry (MS/MS) fragmentation of a-Syn
peptides enables the determination of its amino acid sequence
and characterization of PTMs [15]. This technique provides
valuable insights into a-Syn structure and function, aiding in the
understanding of PD pathology. Shotgun proteomics combines
enzymatic digestion of a-Syn with liquid chromatography-
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tandem mass spectrometry (LC-MS/MS) to identify and
quantify a-Syn and its interacting partners in complex biological
samples [28]. Shotgun proteomics facilitates comprehensive
characterization of a-Syn proteoforms and their roles in PD
pathogenesis.

Antibody-Based Techniques: Immunohistochemistry (IHC)
utilizes a-Syn-specific antibodies to detect and localize a-Syn
aggregates in tissue sections [24]. This technique is valuable
for visualizing a-Syn pathology in post-mortem brain samples
and identifying cellular and subcellular localization patterns
associated with PD. Immunoblotting, or Western blotting,
employs a-Syn antibodies to detect and quantify o-Syn
monomers and oligomers in cell lysates or tissue homogenates
[29]. Immunoblotting is widely used for semi-quantitative
analysis of a-Syn expression levels and aggregation states.

Imaging Techniques: Immunofiuorescence (IF) combines
a-Syn-specific antibodies with fluorescent dyes to visualize
a-Syn localization and distribution in cultured cells or tissue
sections [24]. IF allows for the assessment of a-Syn aggregation
and subcellular localization dynamics in PD models. Positron
emission tomography (PET) imaging utilizes radiolabeled
ligands to visualize o-Syn aggregates in living brains of PD
patients [30]. PET imaging provides non-invasive insights into
a-Syn pathology and disease progression, facilitating early
diagnosis and monitoring of PD.

Emerging Techniques: Single-molecule imaging techniques,
such as single-molecule fluorescence microscopy, enable the
visualization and tracking of individual a-Syn molecules in real-
time [29]. Single-molecule imaging offers unprecedented spatial
and temporal resolution for studying a-Syn aggregation kinetics
and protein dynamics. Proximity Ligation Assay (PLA) detects
protein-protein interactions, including a-Syn interactions with
other cellular components, by amplifying the signal generated
from close proximity of two target proteins [30]. PLA is



Table 2. Different separation techniques and their outcomes [23-30].

S. No. Type Method

1. Gel Electrophoresis SDS-PAGE
Size-Exclusion
Chromatography (SEC)
Ton Exchange

2. Chromatographic Techniques Chromatography
Reversed Phase
Chromatography
Anti P

3 Immunoprecipitation (IP) and ntibody based

' Affinity Capture

Affinity Chromatography
MALDT-TOF-MS

4 Mass Spectrometry (MS)

Based Techniques LC-MS/MS

Outcome

It is widely used to detect and quantify a-Syn monomers
and oligomers in cell lysates, tissue extracts, and
biological fluids.

It is valuable for analyzing a-Syn oligomerization and
aggregation states in biological samples.

It can be utilized for the purification and fractionation of
o-Syn isoforms and post-translationally modified forms.
It coupled with mass spectrometry allows for the
identification and characterization of a-Syn variants and
modifications.

It enables the enrichment and detection of a-Syn in low-
abundance samples, such as cerebrospinal fluid (CSF) or
blood plasma.

It offers high specificity and purity, facilitating the
analysis of a-Syn interactions and modifications.

It is employed for profiling a-Syn isoforms and PTMs in
biological samples.

It combines chromatographic separation with mass
spectrometric detection, allowing for the identification
and quantification of a-Syn peptides with high sensitivity
and accuracy.

Table 3. Different identification/imaging techniques and their outcomes [14,15, 24,25,27-30].

S. No. Type Method

Peptide Mass

Fingerprinting (PMF)

Mass Spectrometry Based Tandem Mass

1. Techniques Spectrometry (MS/MS)
Shotgun Proteomics
Immunohistochemistry
2. Antibody Based Techniques
Immunoblotting
Immunofluorescence
3. Imaging Techniques
PET imaging
Single Molecule Imaging
4. Emerging Techniques

Proximity Ligation Assay

(PLA)
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Outcome

By comparing experimental peptide masses with
theoretical masses, it allows for the identification of
a-Syn and its post-translational modifications (PTMs).
It provides valuable insights into a-Syn structure and
function, aiding in the understanding of PD pathology.
It combines enzymatic digestion of a-Syn with liquid
chromatography-tandem mass spectrometry (LC-MS/
MS) to identify and quantify a-Syn and its interacting
partners in complex biological samples

It is valuable for visualizing a-Syn pathology in post-
mortem brain samples and identifying cellular and
subcellular localization patterns associated with PD.

It employs a-Syn antibodies to detect and quantify
o-Syn monomers and oligomers in cell lysates or tissue
homogenates.

It combines a-Syn-specific antibodies with fluorescent
dyes to visualize o-Syn localization and distribution in
cultured cells or tissue sections.

It provides non-invasive insights into a-Syn pathology
and disease progression, facilitating early diagnosis and
monitoring of PD.

It offers unprecedented spatial and temporal resolution
for studying a-Syn aggregation kinetics and protein
dynamics.

It detects protein-protein interactions, including

a-Syn interactions with other cellular components, by
amplifying the signal generated from close proximity of
two target proteins.

Reference (s)

(23]

(24]

(23]

[26]

(27]

(28]

[29]

[30]

Reference (s)

[14]

[15]

(25]

(27]

[30]

(28]

(24]

[29]



valuable for studying a-Syn interactions and their implications
in PD pathogenesis. The different types of separation techniques
and their outcome are listed in Table 3.

Clinical Applications of Alpha-Synuclein Biomarkers.

a-Syn has garnered significant interest as a biomarker in
the clinical management of PD and other neurodegenerative
disorders. The protein's role in disease pathology and its presence
in various body fluids and tissues have led to its exploration
across several clinical applications. This section will delve
into the potential uses of a-Syn biomarkers in early diagnosis,
differential diagnosis, monitoring disease progression, and
assessing therapeutic response.

Early Diagnosis: The early diagnosis of PD is crucial, as
neurodegeneration often precedes clinical symptoms by several
years. Traditional diagnostic methods rely on clinical signs and
symptoms, which typically appear after significant neuronal
loss has already occurred. a-Syn biomarkers offer the potential
to detect the disease at a much earlier stage [32].

Prodromal Biomarkers: The presence of a-Syn aggregates
in peripheral tissues, such as skin, olfactory neurons, or the
gastrointestinal tract, has been observed in individuals who are
still asymptomatic but are at high risk for PD. These findings
suggest that o-Syn could be a biomarker for prodromal PD,
allowing for the identification of individuals before the onset
of motor symptoms. Early intervention strategies could then be
applied to slow or alter the course of the disease.

Screening for At-Risk Populations: Inindividuals with known
risk factors (e.g., genetic predisposition, rapid eye moment
(REM) sleep behaviour disorder, or hyposmia), screening for
a-Syn in accessible tissues or fluids could help identify those
at the highest risk of developing PD. This approach could be
particularly valuable in clinical trials aimed at testing disease-
modifying therapies in pre-symptomatic individuals.

Differential Diagnosis: PD shares many clinical features
with other neurodegenerative disorders, such as Multiple
System Atrophy (MSA), Dementia with Lewy Bodies (DLB),
and Alzheimer’s Disease (AD). However, these conditions
have different pathophysiological mechanisms, prognoses,
and treatment approaches. Accurate differential diagnosis is,
therefore, essential for optimal patient management [31].

Distinguishing PD from MSA and DLB: Although MSA and
DLB are also synucleinopathies, the distribution and form of
a-Syn pathology differ from that in PD. For example, in MSA,
a-Syn aggregates are primarily found in oligodendrocytes rather
than neurons. Biomarkers that distinguish between neuronal and
oligodendroglial a-Syn could be instrumental in differentiating
these diseases.

AD vs. PD with Dementia (PDD): In clinical settings where
distinguishing between AD and PDD is challenging, a-Syn
biomarkers, when combined with other biomarkers (e.g., tau
and amyloid-beta), can improve diagnostic accuracy. Elevated
levels of a-Syn in CSF or reduced levels in plasma have been
observed in PD and PDD, offering a contrast to the typical
biomarker profile seen in AD.

a-Syn and Tau/Amyloid-Beta Ratios: Recent studies
have explored the use of ratios between o-Syn and other
neurodegenerative biomarkers, such as tau and amyloid-beta,
to enhance diagnostic precision. This approach may help
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clinicians differentiate between pure synucleinopathies and
mixed pathologies that involve both tau and amyloid pathology.

Monitoring Disease Progression.

As PD progresses, patients typically experience a gradual
worsening of motor and non-motor symptoms. Monitoring
disease progression is vital for evaluating the effectiveness
of therapeutic interventions and adjusting treatment plans
accordingly. o-Syn biomarkers have the potential to serve as
indicators of disease progression [33].

Longitudinal Biomarker Changes: Studies have shown that
levels of oligomeric or phosphorylated a-Syn in CSF and blood
may change as the disease progresses. For instance, an increase
in CSF oligomeric a-Syn has been correlated with the severity
of motor symptoms and cognitive decline in PD patients. By
regularly monitoring these biomarkers, clinicians can gain
insights into disease progression at a molecular level, beyond
what is visible through clinical assessment alone.

Stage-Specific Biomarkers: The development of stage-
specific a-Syn biomarkers could allow for a more nuanced
understanding of disease progression. For example, certain
forms of a-Syn might be more prevalent in early versus late
stages of PD, providing a timeline of molecular changes that
correspond to clinical stages.

Prognostic Value: o-Syn biomarkers could also offer
prognostic information, helping to predict the rate of disease
progression in individual patients. This could be particularly
valuable in stratifying patients for clinical trials or tailoring
treatment strategies to slow disease progression.

Response to Therapy.

As the focus of PD treatment shifts from symptomatic
management to disease modification, there is a growing need
for biomarkers that can accurately reflect treatment response.
a-Syn biomarkers hold promise in this regard, particularly in
evaluating the efficacy of therapies aimed at reducing a-Syn
aggregation or enhancing its clearance [34].

Measuring Treatment Efficacy: In clinical trials, o-Syn
biomarkers could serve as surrogate endpoints, allowing for the
early assessment of treatment efficacy. For example, a decrease
in CSF or plasma oligomeric a-Syn levels following treatment
could indicate a reduction in pathological a-Syn burden, even
before clinical improvements are evident.

Targeted Therapies: Therapies targeting o-Syn, such as
immunotherapies (e.g., monoclonal antibodies against a-Syn),
gene therapies, or small molecules that inhibit aggregation,
could benefit from a-Syn biomarkers to track their effects in
real-time. These biomarkers could help determine the optimal
dosing and timing of such treatments.

Personalized Medicine: By integrating a-Syn biomarkers
into clinical practice, clinicians could adopt a more personalized
approach to PD treatment. For instance, patients with higher
levels of oligomeric a-Syn might respond better to therapies that
specifically target these toxic species, leading to more tailored
and effective interventions.

Conclusion.

The proteomic investigation of o-Syn biomarkers in PD
has become increasingly prominent, employing advanced



proteomics techniques to explore the abundance, modifications,
and interactions of a-Syn within biological samples. Mass
spectrometry-based proteomics has been particularly valuable
in identifying specific a-Syn isoforms and post-translational
modifications, such as phosphorylation and nitration, which
are believed to influence a-Syn's aggregation and toxicity.
Moreover, quantitative proteomics studies have revealed
significant alterations in o-Syn-associated protein networks
in PD brains, offering insights into potential biomarkers and
therapeutic targets. Besides mass spectrometry, other techniques
like immunoassays and protein microarrays are used to assess
a-Syn levels in cerebrospinal fluid and blood plasma, aiming to
develop reliable biomarkers for PD diagnosis and monitoring.
These proteomics approaches are pivotal in understanding
a-Syn biology and its role in PD pathogenesis, holding promise
for the development of precision diagnostics and therapeutics
tailored to PD.
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