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Abstract: Background: Alzheimer’s (AD) and Parkinson’s diseases (PD) show deposits of improperly
folded modified proteins. Protein expression mechanisms are involved since the early stages. Several
studies evaluated epigenomics and proteomics profiles in these patients, with promising results. In
general, they focused on early, specific, and minimally invasive biomarkers for the diagnosis and
prognosis of AD and PD.

Objectives: This review aimed at summarizing results to find the most reliable evidence in the field.

Results: Among epigenomics studies, there is a focus on microRNAs (miRNAs) as candidate diagnos-
tic biomarkers for AD or PD from blood samples like miR-342-3p, miR-107, miR-106a-5p, miR-106b-
5p, miR-195, and miR-19b. In addition, DNA methylation has been tested in a few works, obtaining
significant differences in some genes (NCAPH2/LMF2 COASY, SPINTI, BDNFTREMI, TREM?2,
NPAS2, PDE4D), which could be useful for evaluating the disease progression as well as potential risk
factors. Regarding proteomics, most of the studies were untargeted and used plasma or serum samples.
In general, they highlighted the importance of coagulation, inflammation pathways, and oxidative
stress. Among targeted studies, some proteins (phosphorylated tau, C reactive protein (CRP), interleu-
kins, necrosis factors, transferrin, glial fibrillary acidic protein (GFAP), and neurofilaments) showed
different plasma levels in AD and PD patients in comparison with healthy participants. Finally, a few
studies have identified specific-AD and PD epigenetic and proteomic biomarkers (ApoE and oxidized
DJ-1) in comparison with other similar pathologies.

Conclusion: In general, there is a common lack of clinical validation of these potential biomarkers be-

cause of which its use in clinical practice is still limited.
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1. INTRODUCTION

Alzheimer’s (AD) and Parkinson’s diseases (PD) are the
most prevalent neurodegenerative diseases in the world.
They are age-associated and show a long preclinical phase
preceding the clinical manifestations. Also, AD usually pre-
sents mild cognitive impairment (MCI) in the early stages
[1]. The overlap of cognitive impairment across AD and PD
and their heterogeneity suggests complex physiopathology
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that may be interconnected [2], complicating their accurate
and early diagnosis. In general, both diseases show deposits
of improperly folded modified proteins in specific brain are-
as [3] (B-amyloid (Ap), total tau (t-tau), and phosphorylated
(p-tau) in AD, and a-synuclein in PD) [4, 5], as well as neu-
roinflammation [6]. Dementia with Lewy Bodies (DLB)
shares clinical features with AD and PD [7], leading to re-
markable difficulties in obtaining an accurate diagnosis. The
current gold standard diagnosis is post-mortem brain exami-
nation [8, 9].

Nowadays, diagnosis of AD is based on cognitive as-
sessments and neuroimaging and cerebrospinal fluid (CSF)
biomarkers [10]. Sensitivity and specificity are variable for
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these biomarkers, with magnetic resonance imaging (MRI)
being the less sensitive and specific one [11]. High cost and
time-requirement techniques and unusual and unpleasant
investigations are the characteristics of the current, accurate
diagnosis of early AD. Nevertheless, some blood biomarkers
correlate with CSF biomarkers and positron emission tomog-
raphy (PET) imaging data [12]. Regarding PD diagnosis, it
continues to be based on clinical criteria, with some motor
and non-motor symptoms [13, 14], which can precede the
motor dysfunction by several years [15]. The identification
of early, specific and minimally-invasive biomarkers for
diagnosis and prognosis of AD and PD is of great relevance
in improving their treatment [16]. In general, AD and PD
result from pathological imbalance affecting different types
of neuronal cells at multiple varied levels. This imbalance
may be detected by associated changes in the epigenome and
proteome. Epigenetic mechanisms include DNA methyla-
tion, which controls gene expression and repression [17], and
non-coding RNAs such as microRNAs (miRNAs) that regu-
late gene expression at the post-transcriptional level [18].
Epigenetic regulation is critical for the normal development
and functioning of the human brain [19]. Indeed, epigenetic
abnormalities have been detected in AD or PD [20] (e.g.,
CpG methylation of a-synuclein in blood, proposed as PD
biomarker [21], and epigenetically deregulation of AP pep-
tide [22] and tau-protein pathways [23, 24]). Also, abnormal
expression of miRNAs in the blood can be associated with
deregulated specific protein synthesis, leading to their depo-
sition in the brain, which makes miRNAs optimal candidates
biomarkers for AD and PD diagnosis [25, 26]. However, few
studies have evaluated the diagnostic capacity of miRNAs
expression in peripheral fluids [26, 27]. Regarding proteo-
mic, the molecular exchange between signalling proteins in
the brain and biological fluids has allowed the identification
of preliminary proteomic signatures specific for AD [28] and
PD [29] in plasma. Therefore, proteomic studies in accessi-
ble samples are also promising. Epigenomics and/or prote-
omics impairment under AD/PD conditions could trigger
potential biomarkers. This review aimed to summarize the
main results of the epigenomic and proteomic studies applied
to (1) the search of minimally invasive biomarkers for early
AD or PD diagnosis, and (2) the identification of physiologi-
cal mechanisms involved in the development of AD and PD.

2. METHODS

A PubMed search was carried out on September 30,
2020. It was limited to the last 6 years, using a combination
of search terms related to AD, PD, and epigenetics or prote-
omics (see Appendix A for complete search terms). In addi-
tion, original research articles in the English language that
used minimally invasive human samples were included. Re-
garding exclusion criteria, reviews, meta-analysis, clinical
trials, and studies with animals and invasive samples were
not included.

The search identified a total of 504 potential articles for
epigenetic biomarkers and 606 articles for proteomic bi-
omarkers. We screened the titles and abstracts to check if
they fell within the scope of this review. In some cases, when
abstracts were not available or more information was re-
quired to decide, a quick review of the whole article was
carried out. At this stage, a total of 209 original articles con-
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taining data dealing with AD/PD and epigenetics or proteo-
mic biomarkers on human minimally invasive samples were
obtained (Fig. 1).

3. RESULTS AND DISCUSSION
3.1. Epigenetic Biomarkers

Most of the studies were focused on miRNA analysis in
serum, plasma, or blood samples [27, 30-82]. Screenings of
miRNAs signatures are mainly based on the use of array and
Next Generation Sequencing (NGS) techniques [30, 32, 38,
40-42, 49, 52, 54, 63, 74, 75, 77, 79-81, 83], while target
studies for candidate miRNAs are based on quantitative pol-
ymerase chain reaction [27, 31, 35-37, 43-48, 50, 51, 53, 55-
62, 64-73, 76, 82, 84]. In this sense, some single miRNAs
have been proposed as candidate biomarkers for AD or PD,
but the combination of multi-biomarkers could increase the
sensitivity and specificity of diagnosis. However, miRNAs are
not the only epigenetic mechanisms that have recently been
investigated. In fact, a few studies mostly focused on specific
DNA methylated regions associated with AD and PD [85-98].
Finally, most of these studies were designed as transversal
case-control studies for specific populations. Table 1 summa-
rizes the miRNA studies reviewed in this study.

3.1.1. DNA Methylation

Most of the studies on DNA methylation were focused on
specific genes associated with these diseases, and blood was
the preferential sample used.

3.1.1.1. Alzheimer’s Disease

Among AD studies, different papers were centered on the
differential methylation of specific loci. In fact, using a
methylation chip for a genome-wide screening, the best can-
didate genes for differential DNA methylation in AD were
NCAPH2/ LMF2, RERG, COASY, and SPINTI1, showing
correlation with the Mini-Mental State Examination
(MMSE) score [99]. Moreover, NCAPH2/LMF2 methyla-
tion levels were considered a potential biomarker for AD and
diagnosis [99]. A subsequent analysis of the same group
suggested that methylation in this region could be associated
with hippocampal atrophy through apoptosis [96]. However,
the corresponding mechanism remains largely unknown [96,
99]. The same authors measured DNA methylation by meth-
ylation-sensitive high resolution melting in the promoter
regions of two genes (COASY, SPINT1). They detected sig-
nificant hypermethylation in AD and amnestic MCI (aMCI)
vs. healthy controls (HC) and proposed COASY methylation
as a diagnostic biomarker due to its high sensitivity and
specificity (>96%) [93]. Although these studies were per-
formed in a small cohort (30 AD patients, 28 aMCI patients,
and 30 HC), this group validated these results this year in a
larger cohort (AD (151), vascular dementia (VaD) (21), MCI
(22), HC (200)) [100]. Moreover, this recent study has also
pointed out that COASY methylation levels were significant-
ly higher in AD patients without cardiovascular diseases
compared to AD patients with them [100]. However, as far
as we know, these results have not been subsequently cor-
roborated by other authors. In another study (46 AD patients
and 61 HC), significant hypermethylation of the promoter of
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Fig. (1). Flow diagram summarizing the systematic search, screening, and studies selection for this review.

DRD4 (dopaminergic receptor) in male AD patients resulted
in a higher risk of AD among men [95]. In addition, a longi-
tudinal analysis revealed significant hypermethylation in
specific CpG islands of BDNF promoter in the aMCI group,
which converted to AD after 5 years, indicating that DNA
methylation status of these regions could be used as a poten-
tial epigenetic biomarker for predicting the progression from
aMCI to AD [94]. BDNF is a brain-derived neurotrophic
factor with a key role in the growth, development, differenti-
ation, and regeneration of various types of neurons in the
central nervous system (CNS); its DNA methylation was
already associated with AD in previous studies [101, 102].
Moreover, Sao et al. [86] proposed TREMI as a biomarker
for AD, based on its differential hypomethylation in AD pa-
tients vs. HC and its function in the immune response. On
the other hand, Ozaki et al. [92] detected hypomethylation of
TREM?2 intron | in AD patients vs. HC, which was respon-
sible for a higher TREM2 mRNA expression in leukocytes.
Based on it, TREM2 methylation was proposed as a potential
AD biomarker [92]. Therefore, TREM2 and TREM1 may be
associated with the immune responses in AD [86]. In addi-
tion, the methylation levels of two opioid receptor genes
associated with AD (OPRM 1, OPRL1) were analyzed, show-
ing significant hypermethylation of both in AD [85]. Alt-
hough the methylation status of the APOE gene had been
previously described [103-106], Shao et al. [91] found an

association between the methylation of an extended region of
regulatory elements that span across the extended APOE
locus (TOMM40-APOE-APOC2) and AD. However, some
differences were found between blood and brain samples.
GRP50, a G protein receptor, was significantly hypomethyl-
ated in male AD patients [88]. Previous studies have pointed
out the relevant role of GPCRs in the pathogenesis of AD
[107]. A significant hypomethylation of BIN1 in a specific
assay for late-onset AD (LOAD) was also detected (LOAD
(50), HC (50)) [89]. BIN1 had functions relevant to several
aspects of AD pathogenesis [108], and was identified as the
second major genetic risk factor for LOAD after APOE-g4
by the AlzGene database [109]. Hypomethylation of BIN1
might play an important role in its expression and therefore
was proposed as a candidate biomarker for LOAD [89]. Fi-
nally, two untargeted DNA methylation studies based on the
array have been recently reported. In a cohort of North
American population from the Alzheimer’s Disease Neu-
roimaging Initiative (AD (94), MCI (336), HC (223)),
FAMSA1 was the most significant differentially methylated
for AD [110]. FAM8AL encodes a protein that is associated
with endoplasmic reticulum degradation of proteins with
roles in Alzheimer’s disease pathogenesis. Also, differential-
ly methylated loci were enriched near the brain and neuro-
degeneration-related genes (e.g., BDNF, BIN1, APOCI);
however, additional studies to detect the blood-brain overlap
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Table 1.  Studies of miRNAs as potential biomarkers for AD and PD.
Disease | Sample Participants Biomarkers (has-miR) and Results Analytical Refs.
Method
Japanese population
Discovery cohort: AD (511) VaD (46), DLB (85), HC ) ) Shigemizu
(144) 78-miRNAs signature 2019 [30]
Validation cohort: AD (510) VaD (45), DLB (84), HC
(144)
- Untargeted
USA population 5-miRNAs signature (miR-455-3p, miR-4668-5p, (array) K 017
Discovery cohort:AD(10), MCI (16), HC (14) miR-3613-3p, miR-4674 and miR-6722) ““EZTI]
Validation cohort: AD (1), MCI (4), HC (4) miR-455-3p: candidate biomarker for AD
Chinese population miR-222: significantly decreased in the mild and Zeng 2017
mild AD (30), moderate AD (30), HC (30) moderate AD groups [52]
Chinese population '9—miRNAs signature (miR—26a—5p, miR_—181c—3p,
. miR-126-5p, miR-22-3p, miR-148b-5p, miR-106b-3p,
Discovery cohort: AD(19), HC (9) miR-6119-5p, miR-1246 and miR-660-5p) Guo 2017 [63]
Validation Cohort: AD (121), HC(86) miR-22-3p: best miRNA
) 9-miRNAs signature (miR-146a-5p, miR-106b-3p,
Chinese population miR-195-5p, miR-20b-5p, miR-497-5p, miR-125b-3p,
Discovery cohort:AD (20), HC (20) miR-29¢-3p, miR-93-5p and miR-19b-3p) Wu 2017 [74]
Validation cohort: AD (45), HC (40) miR-29¢-3pandmiR-19b-3p: contribute to the cogni-
tive function
Chinese population
Discovery cohort: AD (10), HC (7) 4-miRNAs signature (miR-31, miR-93, miR-143 and Dong 2015
Validation cohort: AD (127), MCI (30), VaD (30), HC miR-146a) Untargeted [78]
NGS
Serum (123) (NGS)
Japanese population 3-miRNAs signature (miR-501-3p, let-7f-5p and miR-
Discovery cohort: AD (27), HC (18) 26b-5p) Hara 2017 [80]
Validation cohort: AD (36), HC (22) miR-501-3p: candidate biomarker for AD progression
Australian population
. . . Cheng 2015
AD Discovery cohort:AD (23), MCI (3), HC (23) 16-miRNAs signature (81]
Validation cohort: AD(16), MCI(8), HC (36)
Four miRNAs desregulated (miR-5588-5p, miR-3658,
Italian population miR-567 miR-3908) De Felice 2020
AD (18), MCI-AD (18); HC (30) miR567: Candidate biomarkers for MCI-AD progres- [77]
sion to AD.
G Populati
erman Fopulation 29-miRNAS signature Targeted (96 Denk 2018
AD (47), FTD (48), HC (38) miRNAs) [82]
Chinese population miR-223, miR-519, miR-29 and miR-125b Targeted (4 Jia 2016 [31]
) ia
AD (84), HC (62) miR-223: candidate biomarker for AD miRNAs)
Chinese population miR-133b: significantly downregulated in AD pa- Targeted (1 Yang 2019
AD (105), HC (98) tients. Candidate biomarker for AD. miRNA) [65]
Iranian population Targeted (1 Madadi 2020
. . . argete: adadi
AD (56; 33 responders and 23 no responders to ri- miR-106b-5p: candidate biomarker for AD mi%{N A) [72]
vastigmine), HC (50)
Irani lati ijri
raman popuration miR4422: candidate biomarker for AD Targeted @ Hajjri 2020
AD (20), HC (15) miRNA) [73]
USA population 20-miRNAs signature Untargeted Lugli 2015
AD (35), HC (35) miR-342-3p: best candidate (NGS) [32]
23 AD miRNAs confirmed, 26 novel differential
Polish population ) mlRNAS‘_ )
Plasima Discovery cohort:AD (7), MCI-AD (7),HC (6) 15 miRNAs validated. Untargeted Nagaraj 2017
Validation cohort: AD (131 MCLAD (81.HC (9 miR-483-5p, miR-486-5p, miR-30b-5p, miR-200a- | (GRT-PCR) (33]
alidation cohort: AD (13), MCI-AD (8),HC (9) 3p, miR-502-3p and miR-142-3p: candidate bi-
omarkers for AD
Danish population m'lR-590-5p,m1R-142-5p and mlR-194-5p: differen- Untargeted | Sorensen 2016
tially expressed between AD patients and the other
AD (10), VaD (4), FTD (4), DLB (2) pathologies (qQRT-PCR) [34]

(Table 1) contd....
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Disease | Sample Participants Biomarkers (has-miR) and Results Analytical Refs.
Method
Spanish population 3-miRNAs signature (miR-92a-3p, miR-181¢c-5p and |  Targeted ws{llﬁ?clﬁczk& 0
AD (56), MCI (26), FTD (27), HC (38) miR-210-3p) (NA) [35]
miR-29b-3p, miR-34a-5p, miR-16-5p, miR-17-5p,
Ttalian population miR-107, m1R—19b—3p, let-7b-5p, miR-26b-5p and Targeted (9 Piscono 2018
Plasma AD (20), FTD (54), HC (53 miR-1273p apoptosis [26]
(20), (54), HC (33) miR-127-3p: downregulated in FTD and upregulated miRNAs)
in AD
Chinese population miR-107: cgpabi'lity to d.is'crirpinat'e between patients Targeted Wang 2015
with amnestic mild cognitive impairment and healthy :
AD (97), aMCI (116), HC (81) controls (ImiRNA) [37]
9 miRNAs selected for validation (miR-425-5p, miR-
Blood Chinese population 130a-3p, m_iR—3607—3p,_ miR-339-5p, rpiR—4297, miR- Untargeted Ren 2016 [38]
(PBMC) AD (55), HC (49) 639, miR-25-5p, miR-5699 and miR-5000-5p) (array)
miR-339 and miR-425: candidate biomarkers for AD
Brazilian population 21 differential expressed miRNAs were validated U 4 | Manzine 2018
. ntargete anzine
Discovery cohort:AD (4),HC (4) miR-144-5p, miR-221 and miR-374: downregulated (qRT—%CR) [39]
Validation cohort:AD (21),HC (17) in AD
USA population (previously reported) ) )
AD (54), HC (22) éli (;}Slslregzlanl:d mlRNA: in 'bott)h ;Oho:s Keller 2016
. miR- a-3p: lower p-value 1n both cohorts 40
AD German population (AUC 0.74) [40]
AD (49), MCI (20), MS (90), HC (55)
Australian population miR-146b-5p and miR-15b-5p: candidate biomarker | Untargeted Wu 2020 [75]
AD (40), HC (31) for AD (NGS)
Four miRNAs desregulated (miR-5588-5p, miR-3658,
Blood Italian population miR-567 miR-3908) De Felice 2020
00 AD (18), MCI-AD(18); HC (30) miR567: Candidate biomarkers for MCI-AD progres- [77]
sion to AD.
miR-9-5p, miR-29a-3p, miR-106a-5p, miR-106b-5p,
Turkish lafi miR-107, miR-125a-3p and miR-125b-5p
urkish population i
pop miR-9-5p, miR-106a-5p, miR-106b-5p and miR- T;E%gﬁg Y11n~§z7]2016
AD (172), HC (109) 107: expression reduced in AD patients
miR-106a-5p: candidate biomarker for AD
European population T 40 Ansari 2019
. R R . . argete nsart
MCI converted to ADI\:)IVétI}FZné years (19) and stable miR-146a and miR-181a: AD progression miRNAs) [64]
Brazilian population
pop miR-9: candidate biomarker for AD Targeted (25 Souza 2020
AD (36), HC (38) miRNA) [69]
Spanish population
Tears P Pop miR-200b-5p: candidate biomarker fo AD Untargeted Kenny 2019
AD (9), MCI (8), HC (15) (array) [83]
Scandinavian population
Discovery cohort: PD drug naive (16), HC (8) . .
. . . 3-miRNAs signature for PD (miR-335-5p, miR-3613- | Untargeted Patil 2019 [42
Verification cohort: PD drug naive (164), HC (182) 3p, miR-6865-3p) (array) at [42]
Validation cohort: PD drug naive (42), AD (48), HC
(22+182)
miR-135a, miR193b and miR-384 combined are better
AD + Serum Chinese population than a particular miRNA for early AD diagnosis. Tet(%:(t):lia(ﬁ Yang 2018
PD DAT (107), PDD (30), VaD (20), MCI (101) miR-384: best among the three miRNAs to discrimi- miRNAS) [43]
nate AD, VaD, and PDD.
Chinese population miR-29: significantly downregulated in PD patients. Targeted (1
The expression of serum miR-29a and miR-29¢c ex- | miRNA fami- | Bai 2017 [44]
PD (80), AD (30), HC (110) pression tended to decrease with disease severity. ly)
Chinese population miR-520d-5p: elevated in PD patients but not in AD Targeted (1 Jin 2018 [45]
PD (46), AD(40), MSA(35),HC (46) nor MSA cases miRNA)

(Table 1) contd....
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Analytical

7f, miR-142-3p and miR-222)

Disease | Sample Participants Biomarkers (has-miR) and Results Method Refs.
3-miRNAS signature for AD-like (miR-34b, miR-
125b, miR-130b)
S Italian population 6-miRNAS signature for PD-like (let-7d, miR-15b, | Targeted (26 Barbagallo
eram AD (30), PD (30), VaD (24), VP (25), HC (30) miR-24, miR-142-3p, miR-181c, miR-222) miRNA) 2020 [265]
3 miRNAs altered in all four neurodegenerative dis-
eases (miR-23a, miR-22*, miR-29a)
miRNA pairs combinations
USA population AD (22 pairs, 18 miRNAs) _PD (18 pairs, 18miRNAs) Targeted (37 Sheinerman
AD(50), FTD(50), PD(50), ALS(50),HC (50) AD vs PD (36 pairs, I8miRNAs) miRNAs) 2017 [46]
AD+ ’ ’ ’ ’ 5 Common selected miRNAs: miR-128a, miR-146a,
PD miR-292, miR-9*and miR-99b
Spanish population miR-34a-5p and miR-545-3p: candidate biomarkers | o (10 | Cosin-T.
Plasma Cohort 1 (20-21/group): AD, PAD, PD, HC for AD not confirmed in an independent cohort (co- ?;igfe{ls As) (;)lil; [21711]215
Cohort 2 for validation (15/group): AD, PAD, HC hort 2)
Chinese population
PD (319), NDC (305: 69 epilepsy, 57 CerebroVD, 49
AD, 47 parkinsonism no PD, 22 ET, 14 MG, 14 MND, miR-105-5p: candidate biomarkers for PD Tiﬁ:;i)( : Yarﬁsz]mg
11 PNP, 7 dementia, 6 RLS, 3 migraine, 3 MS, 2 mye-
lopathy, 1 SC), HC (273)
Chinese population ) .
Discovery cohort: PD (15), HC (15) 15-miRNAs signature .
Train hort: PD (45), HC (36) miR-195, miR-185, miR-15b, miR-221 and miR- Ding 2016 [49]
ra_lmr_lg conort: K 181a: candidate biomarkers for PD
Validation cohort: PD (61), HC (55) Untargeted
; ; NGS
Chinese population 12 miRNAs differentially expressed selected for vali- (NGS)
Discovery cohort: PD (77), HC (106) dation Dong 2016
Training cohort: PD (30), HC (30) miR-141, miR-214, miR-146b-5p and miR-193a-3p: [79]
Validation cohort: PD (92), HC (74) candidate biomarkers for early diagnosis of PD
Chinese population miR19b, miR24 and miR195: candidate biomarkers | Targeted (24 Cao 2017 [50]
PD (109), HC (40) for PD miRNAs)
Chi lati
Serum PDT;;;’Z?; :‘lllozn) miR-221: candidate biomarker for PD T:ﬁ:ﬁigf Ma 2016 [51]
Spanish population . . .
RBD d to PD/DLB (28: bef on 28 miR-19b, miR-29a, and miR-29¢ T ed (3 Fernandez-
converted to : before conversion 28, . . . . argete ;
after 20: 8 to PD and 12 to BLB), RBD disease free miR-19b: candidate E)]l:()) ma(rlk];ii(;r prodromal stage of miRNAs) santl?§§]2015
(28), HC (28) an
Chi lati
1rese poputation miR-204-5p: candidate biomarker for PD. Targeted (45 1 59019 [66]
PD (50), HC (50) miRNA)
PD Chinese population T d (1 Haiting 2020
pop miR-150: candidate biomarker for PD. argete ( ating
PD (80), HC (60) miRNA) [71]
Turkish lati i
HrIsh poputation miR-29c¢: candidate biomarker for PD Targeted a Ozdilek 2020
PD (51), HC (20) miRNA) [76]
Chinese population 7 miRNAs with differential expression were selected
. . for validation (miR-34c¢-3p, miR-148b-5p, let-7i-3p,
DI_SC"_V"'W cohort: PD (3), HC (5) miR-4639-5p, miR-34a-3p, miR-181a-5pand miR- Untargeted Chen 2017
Validation cohort: PD (20), HC (20) 30a-5p) (array) [54]
Validation cohort for miR-4639-5p: PD (169), ET (60), miR-4639-5p: candidate biomarkers for early diagno-
HC (170) sis of PD
. . miR29a-3p, miR29b-3p, miR30a-5p, miR30b-5p, .
Italian p()pl.l.latlol’l miR103a-3p, miR191-5p Talj%:ﬁ]ii ()6 Sc};\())vif;nﬁsasc]her
Plasma PD (99+10 drug-naive), HC (109) miR30a-5p: candidate biomarker for PD m s
Chinese population
PD (269), NCD (176: 38 epilepsy, 38 cerebroVD, 25 miR-132: candidate biomarker for diagnosis and pro- Targeted (1 Yang 2019
PNP, 20 ET 16 MG, 15 migraine, 14 MND, 10 MS), gression of PD miRNA) [56]
HC ((222)
: ; 15 miRNAs with a differential expression pattern 5-
Ch: lat; P p
11iese popuiation miRNAs with AUC value > 0.8 (miR-27a, let-7a, let- | | 2geted O1 | Chen 2018
PD (25), HC (25) miRNAs) [57]

(Table 1) contd....
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Disease | Sample Participants Biomarkers (has-miR) and Results Analytical Refs.
Method
Chi lati miR-433, miR-133b, miR-34b, miR-34c, miR-153,
inesepopulation and miR-7 Targeted (6 Zhang 2017
iRNA 58
PD(46), HC (49) miR-433 and miR-133b: candidate biomarkers for PD | ) %]
Chinese population miR-137, miR-124, and miR-184 Targeted (3 Li 2017 [59]
. i
PD (60; 24 with depression and 36 without), HC (60) | miR-137 and miR-124: candidate biomarkers for PD miRNAs)
miRNAs signatures for idiopatic PD (8: miR-7-5p,
Plasma Greek lati miR-22-3p, miR-124-3p, miR-136-3p, miR-139-5p,
| Jreekpopuiation _ miR-330-5p, miR-433-3p, miR-495-3p) and genetic | Targeted 20 | Ravanidis
PD (152: 99 1(lsl;pcainc, 27 \x(/llthlf(?Alérllutated; 26 with (14) PD miRNA) 2020 [67]
mutated), (1on miR-433-3p: significantly upregulated in the three PD
cohorts
; 4 miRNAs are significant differentially expressed: L
Greek lat 8 y exp
reck poputation (miR-22-3p, miR-139-5p, miR-154-5p, and miR-330- | 1argeted (12} Ravanidis
PD (108), HC (92) 5p) miRNA) 2020 [68]
miR-155, miR-26a, miR-146a and miR-132
Itali lati miR-155: up-regulated in PD patients and expression .
atan popuration modified with levodopa treatment. Candidate bi- Talj%:&ii ()4 CaggElgé)f 018
PD PD (37), HC (43) omarker for disease progression. m K
miR-146a: down-regulated in PD patients
Blood
PB(I)\;I)C miR-30a-5p, miR-30b-5p, miR29a-3p, miR29b-3p and
( ) Italian population miR-103a-3p Targeted (5 Serafin 2015
PD (46: 36 dopa-treated and 10 drugs naive); HC (46) miR-30b-5p, miR29a-3p and miR-103a- miRNAs) [61]
3p:candidate biomarker for treated PD
Irani lati i
raman popuration miR-376a: candidate biomarker for PD Targeted a Baghi 2020
PD (33), HC (25) miRNA) [70]
miR-4671-3p, miR-335-3p, miR-561-3p, miR-579-3p
Turkish lati and miR-3143
urkish population i
Blood pop miR-335-3p, miR-561-3p and miR-579-3p: signifi- Tar.%"gf ()5 Yﬂ“;zz]zmé
PD (102), HC (102) cantly associated with PD susceptibility m s
miR-561-3p: candidate biomarker for PD
Chinese population miR-874 and miR-145-3p: candidate biomarker for Targeted (2 Chen
PD (30), HC (30) PD. miRNA) 2020[272]
Saliva - -
Canadian population miR-153 and miR-223: candidate biomarkers of idio- | Targeted (2 Cressatti
PD (83), HC (77) pathic PD miRNA) 2020[84]

in DNA methylation are required [110]. On the other hand,
Roubroeks et al. [111] proposed a methylation signature
specific for AD and MCI based on their results from a cohort
from the cross-European AddNeuroMed study (AD (86),
MCI (109), HC (89)). Besides, HOXB6, which encodes for a
homeobox protein implicated in the hematopoietic develop-
ment of granulocutes and monocytes [112], was significantly
hypermethylated for AD [111].

3.1.1.2. Parkinson’s Disease

Related to PD, few studies have shown satisfactory re-
sults considering DNA methylation as a potential biomarker.
According to Pihlstrom et al. [87], SNCA promoter is signif-
icantly hypomethylated in PD patients, despite the small
number of participants (36 PD patients and 36 HC). Howev-
er, previous case-control studies of the methylation of this
locus in PD showed conflicting results [21, 113-115], and no
other recent works have supported these promising results.
Moreover, although in DLB patients, the mean methylation
of SNCA was lower compared to HC, no significant differ-
ences were observed between the expression of SNCA in
DLB and HC [98]. In this sense, a recent study in a small
cohort (PD (37), DLB (23), HC (60)) has shown that DRD2

DNA methylation was significantly increased in DLB pa-
tients and significantly decreased in PD patients [90]. DRD2
is a dopamine receptor that might regulate the efficacy [116,
117] and side effects [118, 119] of medication in PD. On the
other hand, considering the evidence of circadian alterations
as PD features [120], Mao et al. [97] analyzed the DNA
methylation of clock genes (NPAS2, CRY1), comparing
methylation levels of leukocyte DNA (80 medicated PD pa-
tients, 30 drug-naive PD patients, and 80 HC). They con-
cluded that NPAS2 hypomethylation occurred at early PD
stages and that it could be a potential biomarker [97]. Re-
garding untargeted studies, only two DNA methylation stud-
ies have been reported. First, Kaut ef al. [121] evaluated the
DNA methylation pattern in PD patients compared to broth-
ers or twins without PD in a cohort of 62 discordant siblings
(24 monozygotic twins, 17 male PD patients, and 21 healthy
male brothers) with a 450K methylation array. From this, 62
differentially methylated CpGs in 51 genes were selected.
These results were validated using two independent cohorts
(one with 221 PD and 227 HC; and other with 472 PD and
487 HC). A signature of CpGs in blood cells with a reasona-
ble discriminatory power was proposed. Also, PDE4D was
found to be significantly hypermethylated in PD in all co-
horts and other risk loci for PD, such as MAPT, GPX4 and
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GPX1, were differentially methylated too [121]. Second,
Henderson-Smith et al. [122] performed a longitudinal
epigenome-wide methylation analysis with a two-year win-
dow, using a methylation array with over 850.000 CpG sites
(400 PD patients and HC). Longitudinal methylation changes
in PD with the highest statistical significance were detected
in proteins of potential importance to nervous system func-
tion (ABAT, EDC3), multiple cytoskeletal and extracellular
matrix-associated proteins (TRTAPS, ELMO1, BCAN) and
epigenetic factors (NCOR2, HDAC4). Also, the comparison
between medicated vs. non-medicated PD patients showed
larger changes in methylation longitudinally, suggesting that
medication can modify the epigenome. Therefore, these pre-
liminary results presented blood DNA methylation as a po-
tential epigenetic biomarker for disease progression and re-
sponse to dopaminergic medication [122].

In general, DNA methylation could be a promising approach
to early AD/PD diagnosis. However, additional studies to
detect the blood-brain overlap in DNA methylation are re-
quired. Furthermore, medication effects on DNA methyla-
tion should be considered. Among these biomarkers, the
DNA methylation of genes COASY, SPINT1, and BDNF are
more related to AD. It could be explained by the relationship
with neuropsychological impairment, as well as with neuron
regeneration. However, different methylation of genes
NPAS2, PDE4D, and MAPT is more related to PD, consti-
tuting potential biomarkers, although the relationship with
underlying physiopathological aspects is not clear. In both
diseases, dopaminergic receptors (DRD4 and DRD?2) also
have significant differences in DNA methylation levels.
Anomalies in dopaminergic transmission may lead to the
disturbance of synaptic plasticity [95] and may even be relat-
ed to drug response [116-119].

3.1.2. miRNA

3.1.2.1. Alzheimer’s Disease

In AD studies, participants were classified into AD and
HC, as well as MCI, and other neurodegenerative or non-
neurodegenerative diseases, such as VaD, frontotemporal
dementia (FTD), and dementia with Lewy bodies (DLB))
[30, 33-37, 40, 41, 64, 77, 78, 81-83] (Table 1).

Serum was the most used sample for miRNAs assays in
AD. Most of the studies were untargeted on the Asiatic
population. Different miRNAs have been proposed as candi-
date biomarkers for AD. Kumar ef al. [41] detected a signifi-
cant up-regulation of miR-455-3p in the serum of AD pa-
tients, post-mortem brains, and AD mice. The downregula-
tion of serum miR-501-3p levels has also been associated
with its upregulation in AD brains, which may be involved in
the pathogenesis of AD through an aberrant neuronal cell
cycle [80]. Jia et al. [31] found that miR-223, an inflamma-
tion-associated miRNA, which may participate in CNS re-
generation, was significantly down-regulated, and it was
strongly correlated with MMSE scores. De Felice et al. [77]
proposed miR567 as a candidate biomarker for MCI which
will progress to AD, according to its differential expression
not only in serum but also in blood and cerebrospinal fluid
(also, taking into account that its target genes might be func-
tionally active in neuronal cells). miR4422, which targets
GSAP and BACE], was significantly deregulated in the Ira-
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nian population and could lead to an increase in the for-
mation of AP plaque [73]. However, despite the promising
results, no other group has confirmed any of these results.
On the other hand, in the Chinese population, miRNA-22-3p
was proposed as the best candidate for AD [63], meanwhile,
miR29¢c-3p, an apoptosis miRNA, and miR-19b-3p were
considered important factors for cognitive function down-
regulation in AD [74]. One year later, these three miRNAs
were included within a proposed 29-miRNAs signature for
AD on the German population [82]. Finally, other proposed
miRNAs for AD in serum, such as miR-222 [52] or miR-
133b [65], have been included in miRNA-signatures for PD
[49, 57, 58, 123].

Plasma is also a recurrent sample used for target and un-
targeted miRNAs assays in AD, mostly on the Caucasian
population. Based on these studies, other miRNAs candi-
dates have been proposed for biomarkers of AD. Wang et al.
[37] focused their assay on plasma miR-107 expression on
the Chinese population from previous studies. This miRNA
regulates the expression of B-APP cleaving enzyme 1
(BACE1), an enzyme involved in the AP generation [124].
They concluded that this miRNA expression in plasma had a
high capability to discriminate between MCI and HC [37].
This is one of the most studied miRNAs in AD. However,
other studies have selected this miRNA as a candidate bi-
omarker in blood assays, which will be mentioned in the next
section. Lugli et al. [32] proposed miR-342-3p as the most
interesting single miRNA for AD from an untargeted assay
on patients recruited from Chicago (IL, USA). This miRNA
was also pointed out one year before by Tan et al. [125] as
an AD biomarker in Chinese population. Besides, other un-
targeted assay in serum included miR-342-3p in its specific
16-miRNA signature for AD in the Australian population
[81]. On the other hand, Sorensen et al. [34] reported a dif-
ferential upregulation of miR590-5p and miR142-5p and a
downregulation of mir-194-5p in AD patients compared with
patients with other types of dementias in plasma from a
small Danish cohort. However, these results were not con-
sistent with the CSF results from the same patients. Even
more, as far as we know, these miRNAs have not been pro-
posed as AD biomarkers for any other group. Finally, a re-
cent publication has proposed a 3-miRNAs signature (miR-
92a-3p, miR-181c-5p, and miR-210-3p) for early AD in the
Spanish population, suggesting that it could be a good prog-
nostic signature for the progression from MCI to AD [35].

Regarding whole blood samples, Ren et al. [38] identi-
fied two specific differential expressed miRNAs, miR-339
and miR-425, as potential diagnostic biomarkers for AD in
peripheral blood mononuclear cells (PBMC) from the Chi-
nese population. Even more, BACE1 was considered to be a
potential target of these two miRNAs, in silico and in cell
culture. Therefore, miR-339 and miR-425 may be involved
in the pathogenesis of AD through inhibition of BACE1 pro-
tein expression [38]. Also, miR-9-5p implicated in amyloi-
dogenesis was proposed as a candidate biomarker for AD
[69]. In addition, Manzine et al. [39] found that miR-144-5p,
miR-221, and miR-374 were down-regulated in AD subjects,
compared to HC in the Brazilian population. These authors
proposed that miR-221 targets ADAMI10, an enzyme impli-
cated in the AP protein precursor processing in AD [39].
However, two other groups proposed miR-221 as a candidate
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biomarker for PD [49, 51] (Table 1). In this sense, Wu et al.
[75] selected two miRNAs differentially expressed in AD
from an untargeted assay. They were: miR-146b-5p, in-
volved in the innate immune system, and miR-15b-5p, im-
plicated in the regulation of the cell cycle. However, miR-
146b-5p was previously included in a four miRNAs signa-
ture proposed as a candidate biomarker for early PD [79].
Ansari et al. [64] pointed out the implication of miR-146a
and miR-181a in AD progression since these miRNAs were
up-regulated in patients with MCI who later converted to
AD. However, these two miRNAs were also associated with
PD progression [49, 60]. As mentioned before, miR-107 has
been proposed as a candidate biomarker for AD due to its
differential expression and its role in the regulation of
BACEI expression. This miRNA is among the 68 dysregu-
lated miRNA in two different cohorts, one from the USA and
another from Germany [40]. It was also included in the 21
differential expressed miRNAs that were validated for AD
by Manzine et al. [39] and in a 7-targeted miRNA assay
from the Turkish population [27]. This last group observed
that the expression of miR-107 and three more miRNAs
(miR-9-5p, miR-106a-5p, and miR-106b-5p) was reduced in
AD patients. However, according to their results, miR-106a-
Sp was the best candidate biomarker for AD [27]. Also, miR-
106a-5pand miR-106b-5p were included within the 68
dysregulated miRNAs in two different populations of AD vs.
HC [40]. Furthermore, these two miRNAs were included in
two different serum-miRNAs signatures from distinct popu-
lations, one made of 16 miRNAs [81] and another of 29 [82].
Recently, miR106b-5p has also been proposed as a candidate
biomarker for AD in the Iranian population [72].

3.1.2.2. Parkinson’s Disease

Most of the studies are focused only on PD, although a
few of them include other neurological disorders such as
essential tremor (ET) [54, 56]. Also, one study focused on
rapid eye movement sleep behavior disorder as a prodromal
stage for PD and DLB [53] (Table 1).

In serum samples, miR-221, also mentioned in AD, has
been proposed as a candidate biomarker for PD in the Chi-
nese population [49, 51]. In the study of 16 miRNAs, Ma et
al. [51] observed a significant downregulation of miR-221 in
PD-patient serum. Ding ef al. [49] also included this miRNA
in a 5-miRNA panel for PD. In this study, miR-195 was up-
regulated, and miR-221, miR-185, miR-15b, and miR-181a
were down-regulated [49]. In addition, miR-195 was pro-
posed as a candidate biomarker for PD along with miR-24
and miR-19b, and some of their predicted target genes might
be involved in neuronal apoptosis, regeneration, and the neu-
rodegenerative process [50]. Interestingly, miR-24 was in-
cluded in the 15 differentially-expressed miRNA signature,
from which Ding ef al. [49] validated their 5 candidate miR-
NAs. Also, miR-19b was proposed out of three down-
regulated miRNAs in PD as a candidate biomarker for the
prodromal stage of PD and DLB in the Spanish population.
Chiu et al. [66] proposed that upregulated expression of
miR-294-5p in PD might lead to the death of dopaminergic
cells by targeting DYRK1A-mediated ER stress and apoptot-
ic signaling cascade. Also, miR-150, down-regulated in PD
patients, might be involved in the inflammatory pathogene-
sis of the disease by targeting AKT3 [71].
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In plasma samples, most of the publications are based on
the Chinese population, and there is a lack of correlation
among most of the studies. Chen et al. [54] proposed miR-
4639, which regulates negatively DJ-1 expression, as a po-
tential early biomarker for PD. Yang et al. [56] proposed
miR-132 as a candidate biomarker for diagnosis and progres-
sion of PD since its expression was significantly increased in
plasma of patients compared to HC and neurological disor-
der controls, and it correlated with the disease progression
and severity. However, similar expression was observed for
this miRNA between PD patients and HC (Italian cohort)
[60]. The expression levels of miR-433 were significantly
lower in plasma of PD patients compared with the controls,
and therefore it was proposed as a candidate biomarker for
PD by Zhang et al. [58]. miR-433 regulates fibroblast growth
factor 20 (FGF20) levels and subsequent a-synuclein expres-
sion [126]. Even more, in a recent study of idiopathic and
genetic PD, miR-433 was the only miRNA significantly up-
regulated in all the PD cohorts [67]. However, in the valida-
tion essay performed by the same group for the eight brain-
enriched miRNAs differentially expressed between healthy
controls and idiopathic PD patients, miR-433 was no longer
differentially expressed and showed reverse expression [68].
In this case, gathering the results of both series, the authors
stated a 5-miRNAs signature for PD (miR-22-3p, miR-124-
3p, miR-136-3p, miR-154-5p, and miR-323a-3p) [68]. Other
candidate biomarkers obtained from targeted studies in small
PD cohorts, not confirmed by other groups, were miR-137,
miR-124, and mir-133b [58, 59]. Finally, based on previous
results of blood analysis [61] (Table 1), miR-30a-pS was
proposed as a potential biomarker for PD in plasma, alt-
hough the expression profile from both types of samples was
different [55].

In whole blood samples, a few studies have been carried
out, mainly from the European population. As mentioned
before, miR-30b-5p was proposed as a candidate biomarker
for the treatment of PD in PBMC, along with miR-29a-3p
and miR-103a-3p [61]. The association of these last two
miRNAs with PD was not confirmed later in plasma by the
same research group [55]. Yilmaz et al. [62] proposed miR-
561-3p, which targets LRRK2, as a candidate biomarker for
PD. It should be recalled that LRRK?2 gene mutations are the
most known cause of late-onset autosomal dominant and
sporadic PD [127, 128]. Caggiu et al. [60], in the analysis of
4 miRNAs commonly studied in neurodegenerative diseases,
found that miR-146a was down-regulated and miR-155 was
up-regulated in PD patients. Moreover, this group proposed
that miR-155 could be a biomarker for PD progression [60].
However, miR-146a was also included in a 4-miRNA signa-
ture for AD [78] and was recently proposed as a candidate
biomarker for progression from MCI to AD [64]. Finally,
this year miR-376a has been proposed as a candidate bi-
omarker for PD, probably through regulation of PGCla and
TFAM, in an assay from a small cohort of the Iranian popu-
lation [70].

In general, there is some evidence that miRNAs are
promising AD/PD biomarkers. However, there is a lack of
consistency among studies. So, further validation studies are
required. Specifically, some miRNAs (miR-455-3p, miR-
501-3p, miR-223, miR-29¢-3p, miR-19b-3p, miR-15b-5p,
and miR-107) are more related to AD, probably due to the
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relationship with aberrant neuronal cell cycle and AP genera-
tion, as well as with clinical correlation and inflammation
process. In PD, other miRNAs (miR-195, miR-24, miR-19b)
might be related to neuronal apoptosis, regeneration, and the
neurodegenerative process of the disease and could also be
used in diagnosis.

3.2. Protein Biomarkers

Recent studies have focused on the study of proteins as
potential early biomarkers for minimally-invasive diagnosis
of AD and/or PD. Regarding the design, most of the studies
were carried out at a single point in time and in a single co-
hort, but few of them focused on disease progression [129,
130] or the use of a second cohort to validate or confirm the
results obtained [131-133]. As can be seen in Table 2, plas-
ma is the most used sample [129, 134-137], followed by se-
rum [12, 138-142] or other blood derivatives [143, 144]. Few
of them used saliva [145-148] or urine samples [149-151], as
well as tears [83, 152, 153].

Untargeted studies were carried out mostly using mass
spectrometry for different protein identification [139, 154].
This technique could be coupled to liquid chromatography
[130, 135], matrix-assisted laser desorption/ionization-time
of flight (MALDI-TOF) [141], or surface-enhanced laser
desorption/ionization (SELDI-TOF) [155]. Electrophoresis
was also commonly used in proteomic studies [156, 157].
However, few proteomic studies used the slow off-rate modi-
fied aptamer (SOMA) scan technology [158-160]. This tech-
nology is a multiplexed, aptamer-based assay that allows the
simultaneous quantification of a large amount of proteins
[161]. Targeted studies were carried out mostly by Enzyme-
Linked Immuno-Sorbent Assay (ELISA) [162-164] or other
immunoassays [129, 165]. The second group of analytical
tools used for protein targeted determinations is based on
western blot [166-170]. In addition, few of them used immu-
noturbidimetric, chemiluminiscent methods [171-174], or
flow cytometry [175].

3.2.1. Alzheimer’s Disease

In AD studies, participants were commonly divided into
two groups (AD and HC) [172, 176-180], and some of them
also included a third group with AD in early stages (MCI or
incipient AD) [181-186], while few studies included other
neurological or neurodegenerative pathologies, such as vas-
cular disease (VD), FTD or other types of dementia [187-
190]. Cases were not defined in all the studies using the
same criteria and similar methodology for their inclusion and
exclusion.

Proteomic studies were carried out mostly using plasma
samples, and most of them were untargeted studies (Table 2).
These studies revealed that different globulins are altered
during the pathology course showing in o2-macroglobulin
[130, 191, 192] and al-microglobulin [193, 194] differential
levels between AD, MCI, and HC. Proteins from the amyloid
pathway also showed altered expression in AD [156, 166,
182]. Apolipoproteins (APO), playing an important role in
AD, showed differential expression in the pathology [28,
133, 193, 195], and individuals showed a differential protein
profile depending on their APOE genotype [195, 196]. Also,
plasmatic proteomic studies revealed the importance of co-
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agulation and the complement cascade in AD [28, 133, 197,
198], and inflammatory pathways showed alterations too
[197, 199]. Among other proteins, it is important to highlight
different kinases such as mitogen-activated protein kinase
and aurora kinase A [159, 160], or keratin type 2 and albu-
min [167]. In addition, untargeted studies allowed the devel-
opment of different multivariate protein signatures [169, 181,
183, 200] that predicted AD with accuracies above 70%
[131, 135, 169, 201, 202]. Among these multivariable stud-
ies, sensitivities around 90% with lower specificities were
obtained [186, 203]. Amyloid and tau pathologies are closely
related to AD. For that reason, several targeted studies have
been focused on the determination of different proteins im-
plied in these pathways. Thus, soluble amyloid precursor
protein B (SAPPP) was studied [182, 189, 204], as well as the
pathological peptides generated from APP, such as AB38,
AB40, AB42 [173, 205-208]. Moreover, the levels of phos-
phorylated tau, which are other hallmarks of the pathology,
were studied, showing differences in plasma from HC and
different stages of AD pathology [165, 209]. Related to in-
flammation pathways, proteins such as C reactive protein
(CRP), interleukins, or necrosis factors showed elevated lev-
els in AD patients [188, 210]. Neurogranin peptides did not
seem to be good biomarkers for AD since their levels were
similar between AD and HC [211]. In addition, proteins,
such as SUMOI1 and Chitinase 3-like 1, showed higher levels
in AD than in non-AD groups. Apolipoprotein Al (soluble
low-density lipoprotein-related protein 1) and soluble form
of the receptor for advanced glycation end products showed
reduced levels in AD. They were postulated as potential bi-
omarkers for this disease [134, 187, 212, 213]. Other pro-
teins related to AD were Cystatin C and the angiotensin-
converting enzyme (ACE) [163, 214], while plasma prion
protein was not considered a good biomarker for AD pro-
gression [129]. In serum samples, untargeted protein re-
search revealed some proteins associated with AD-related
plaque particle formation and neocortical amyloid-f burden
[158, 185]. Multivariate models that included different pro-
teins, as well as ApoE, age, sex and education level as co-
variables discriminated between AD and HC [180]. In addi-
tion, the 4-peptide model developed by Suzuki et al. [215]
could discriminate between AD and non-AD groups. Among
differentially expressed proteins, it is relevant to highlight
APOs, globulins and components from coagulation and
complement [139, 179, 216]. In addition, lipid metabolism
biomarkers are altered in AD [217]. Ijsselstijn et al. [218]
found that pregnancy zone protein (PZP) levels were in-
creased in AD since pre-symptomatic stages, so they could
act as early AD biomarker. Moreover, serum samples were
extensively used in AD protein biomarkers search. Neurofil-
ament light (Nfl), and proteins or peptides from amyloid and
tau pathways were studied as potential diagnosis and pro-
gression biomarkers [138, 219, 220]. However, Taverna et
al. [221] did not find differences for the soluble amyloid
precursor protein a peptide between AD and HC. Inflamma-
tion biomarkers, such as CRP were studied in AD, showing a
relationship with the disease [180, 222]. In addition, other
inflammatory proteins, such as interleukins or TNF-q,
seemed to be good biomarkers for AD diagnosis, showing a
correlation with cognitive alterations since early AD stages
[223-225]. Also, globulins such as f2-microglobulin and yc-
globulin have been related to AD [162, 184]. Moreover, a
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Table 2.  Studies of proteins as potential biomarkers for AD and PD.
Disease | Sample Participants (n) Biomarker and Results Analytical Method Refs.
Proteomics: 61 peptides differentially expressed, 9 of them
derived from Pregnancy zone protein (PZP). Increased lev- 3 Ijsselstijn,
AD (43), HC(43) els of PZP were found in presymptomatic AD compared to Untargeted (LC-MS) 2011 [218]
HC.
195 proteins: Some identified proteins were associated with | Untargeted (Flow cytometer- Madasamy,
AD (13), MCL(15), HE(5) AD-related plaque particle formation. MS) 2015 [185]
AD (58), HC (55 ics: i i i -
(58) (55) Proteomics: A peptldf'z, 2 phosphatidylcholine and a glyf:er Untargeted (Capillary liquid Shah, 2016
Confirmatory study 68 AD ophosphatidylcholine were confirmed as potential bi-
Iy study . : chromatography-MS) [217]
(68), HC (57) omarkers for AD diagnosis.
Proteomics: Z1nc—alpha—Z—glycoproten}, fibulin-1 (FBLNI), Untargeted (iTRAQIabeling
platelet basic protein, thrombospondin-1, S100 calcium- . . Shen, 2017
AD (15), HC (15) . . . L . and high-pH RPLC fractiona-
binding protein A8, and S100 calcium-binding protein A9 tion NanoLC-MS/MS) [216]
showed different levels between AD patients and HC.
146 peptides: A model including 4 peptides could discrimi- Un;:;iiézdlgilzlégggnafrlx Suzuki. 2015
DLB (30), AD (30), HC (28) nate between DLB group from the non-DLB (AD and HC) L P ’
. . I tion/ionization time-of-flight [215]
with a sensitivity of 93.3% and specificity of 87.9%.
mass spectrometer)
High neocortical amyloid-p Proteomics: Pancreatic polypeptide and IgM showed a sig- Vovle. 2015
burden (NAB) (107), Low nificant association with NAB (Neocortical Amyloid-p Bur- Untargeted (SOMAscan) oyle,
[158]
NAB (91) den).
Proteomics: 6 proteins differentially expressed: actin,
apolipoprotein A-IV (Apo A-1V), inter-alpha-trypsin inhibi- | Untargeted (Two-dimensional v 2012
AD (45), HC (20) tor heavy chain H4 (ITIH4), alpha-1-antitrypsin (AAT), gel electrophoresis, nano- ar[ligsg]
antithrombin-III (AT-III) and activity-dependent neuropro- HPLC-ESI-MS/MS, ELISA)
tector homeobox protein (ADNP)
6 SMCI (6), MCI-AD (6), AD | L roteomics: Complement €3 and alpha-2-macroglobulin Untargeted (LC-MS/MS, Zabel, 2012
were potential biomarkers for AD but not ready to be used
(6), HC (6) R . ELISA) [139]
in clinical practise.
AD Serum Long}tudmal, within-person Neurofilament Light (NfL) has potential utility as a clinical- | Targeted (Array immunoassay Preische
analysis of serum NfL dynam- ly useful biomarker. technology) 2019 [219]
ics (196) preclinical AD y : gy
Oligomeric proteins and variants are good AD biomarkers s
. . . . Targeted (Phage capture ELI- Williams,
Pre-MCI (11), AD (4), HC (2) since early stages and they could serve as progression bi- SA system) 2017 [138]
omarkers
. . Taverna,
AD (26), HC (24) sABPPa did not show differences between groups Targeted (ELISA) 2013 [221]
CRP
AD (284), MCI (225), HC Lower levels of CRP in AD compared to MCI and HC and Targeted (multiplexedimmu- O’Bryant,
(557) reduced of this protein levels were found in MCI compared noassay) 2013 [222]
to HC.
. Targeted (multiplexed immu- O’Bryant,
Probable AD (192), HC (174) Lower levels of CRP in AD than HC. noassay) 2010 [180]
Leptin, hsCRP, IL-6 and TNF-a levels. i -
Probable AD (12), MCI (18), s , - _ , Targeted (Leptin, IL-6 and Magalhies,
TNF-q is associated with cognitive and functional decline at | TNF-a (ELISA), hsCRP (im-
HC (13) A h o . 2018 [225]
early clinical stages of dementia. munoturbidimetric method))
IL-18 and T-lymphocyte-secreted protein I-309 levels were Villareal,
AD (28), MCI.(30), HC (77) different between groups. Targeted (NA) 2016 [223]
Memantine-sensitive AD (90), | A logistic regression model based on VEGF, BDNF, IL-6 Wei. 2018
memantine-insensitive AD and IL-1pBfor diagnosing and choosing the best course of Targeted (ELISA) [2’2 4]
(87) treatment for moderate AD
Targeted (Solid-phase, two
. . . sites chemiluminescent im- Dominici,
AD (100), MCI (45), HC (100) beta2-microglobulin could play a role in AD munometric assay on Immulite 2018 [184]
2000 Automatic analyzer)
t?c]i—i)zoor:;e/?;lie( lhza)l,nl\]/:s(](““};zlgi Higher concentrations of free yc-globulin in patients suffer- Targeted (ELISA) Kutakowska,
P ing from neurodegenerative diseases g 2018 [162]

(12), HC (20).
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86%.

Disease | Sample Participants (n) Biomarker and Results Analytical Method Refs.
Targeted (Multiplex fluores-
cent immunoassay
AD (920), MCI (277, HC Vitamin D binding protein (VDBP)is correlated with a score 177 utilizing coloured micro- Bishnoi,
(819) (inversely correlated with cognitive performance) spheres wi tﬁ protein-specific 2015 [226]
178 antibodies)
Insulin-like growth factor-I (IGF-I) showed higher levels in
AD and other dementias compared to HC and IGF-binding
AD (3(122;111th%15((1135))’ other protein-3 (IGFBP-3) was increased in AD and sMCI com- Targeted (ELISA) Jz%hlznﬁgg]’
pared to HC. In addition, IGF-I and IGFBP-3 correlated
negatively with CSF B-amyloid.
Proproteinconvertasesubtilisin/kexin type 9 (PCSK9), coag-
ulation factor XIII, A1 polypeptide (F13A1), and dermcidin Kang, 2016
MCI(3), AD (3), HC (3) (DCD)are differentially expressed in MCI and AD. They Targeted (NA) [12]
Serum could reflect PiB-PET imaging for MCI and AD
AD (40), MCI (9), young con- Sirtuinl (SIRT1) showed reduced levels with the age but g:gfi;iés(gg%e &ZZ?;E?_ Kumar, 2013
trols (22), elderly controls (22) this reduction is even more pronounced in MCI and AD. blot ELIS’A) [167]
33 proteins: an eight-protein-based algorithm was the most o
AD (156), HC (156) robust with a sensitivity of 97.7%, specificity of 88.6%, and Targeted (Che“;”“mmes' Y‘[li 7220]1 8
AUC 0f 99% cenee
Peptides from Anthrax toxinreceptor 1, Nuclear protein 1, San S
Glycogen phosphorylase, andOlfactory receptor 8J1 showed | Untargeted (Biopanning and an Segun-
AD (68), HC (52) = L . O . do-Acosta,
a statistically significant ability to discriminatebetween AD microarrays) 2019 [176]
and HC
Increased concentrations of the presynaptic protein beta- Oeckl, 2020
AD (64), HC (45) synuclein in AD Targeted (MS) [177]
Discovery cohort: 19 HC, 31 . . . .
subjective memory concerns Prgteoml(l:s: u2—tl\/flactr0gll;)bulhrtl, (?brlrtloge? v-chain (FG(tB)(,i .
SMC), 23 MCI, 6 AD. and complement factor H-related protein 1 were associate 3 shton,
( . ) with NAB. A model including FGG levels and age predicted Untargeted (LC-MS/MS) 2015 [191]
Replication cohort: 3 HC, 2 NAB with a sensitivity of 59% and specificity of 78%.
AD SMC, 25 AD, 49 FTD
Proteomics: Several proteins showed differences between
AD (25), HC (25) groups. Complement 4a plasma protein showed higher lev- UntargetflfiR(jlgg—)MS/MS, 2(?16 ; I[lfgé]
elsin AD. !
Redox proteomics: Haptoglobin was downregulated or in-
creasingly oxidized in AD and MCI compared to HC. In B Cocciolo,
MCI(10), AD (10), HC (10) addition, o2-macroglobulin, was selectively oxidized in AD Untargeted (Western-blot, MS) 2012 [192]
compared with HC
AD (207), HC (754) Proteomics: Panel of proteins differentially expressed be- Untargeted (Plasma screening Doecke
o tween both groups. The validation with an external cohort of 151 multiplexed analytes) 2012 [20’2]
Validation: HC (58), AD (112) showed an accuracy of 80%. p y
Proteomics: Set of 5 proteins differentiated between the AD | Untargeted (}90-analyte mul- Guo. 2013
AD (109), HC (58) and HC with a sensitivity of 89.36% and a specificity of tiplex [2’03]
Plasma 79.17%. immunoassay panel)
Proteomics: Twenty differentially expressed proteins be-
AD (7), HC (7) tween groups. Half of them are implied in amyloid/Ap- Untargg;igs(if%ss—ﬁil/lesl)e ctro- Z(I)ieznﬁe 5!,6]
peptide processing pathway P ’
Proteomics: Developed 11 signatures that discriminate be- .
MCI-AD (163), HC (54) tween groups with sensitivity and specificity between 65- Untargeitl‘llr(ll(:zl:(s);;cent - g?)}luzls[t;ggi

Discovery: 195 subjects (93
twin pairs and 9 individuals).

1129 proteins: Mitogen-activated protein kinase (MAPK)
and MAPKAPKS5 protein were associated with change in 10
years, and MAP2K4 were negatively correlated with volume

Untargeted (Slow Off-rate
Modified Aptamer

Kiddle, 2015

Replication: HC (91), MCI of the left entorhinal cortex. These proteins could be poten- (SOMAIIIIICS):EZSIT/? Acaptufe [159]
(81), AD (82). tial biomarkers for AD conversion. array catie scan’)
Proteomics: Differential ;xpressi_on for proteins §uch as A-1, Untargeted (2D-DIGE Kitamura
AD (9), HC (10) alpha-2-HS-glycoprotein, afamin, apolipoprotein A-4 and 2017 [28]’
fibrinogen gamma chain between AD and HC. MALDI-TOF/TOF/MS)
ics: i - i Untargeted (2D-PAGE
MCI (50), HC (50) Proteomics: Keratin type-2 was up r_egulated, and albumin g ( Kumar, 2018
was down regulated in MCI MALDI-TOF/MS-MS) [157]
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become a potential peripheral biomarker for AD

Disease | Sample Participants (n) Biomarker and Results Analytical Method Refs.
146 analytes: 4 signatures using 4-5 proteins. Apolipopro-
tein A-II, apolipoprotein E, serum glutamic oxaloacetic
transaminase, o-1-microglobulin, and brain natriuretic pep- Untargeted (Fluorescent im- Llano, 2013
AD (109), MCI (360), HC (8) tide were present in the 4 signatures. They differentiate AD munoassay) [193]
from HC with a specificity of 85% and a sensitivity of 74%.
None of them predict AD progression with a great accuracy.
Cohort 1: MCI (261), AD (24), . L
HC (411). Proteomics: _Complement re'gulaFors Cl 1nh'1b1t'0r and fgctor Untargeted (iTRAQ Muenchhoff.
H, fibronectin, ceruloplasmin, vitamin D-binding, apolipo- 2015 [133] i
Cohort 2: ?{ISC;)(ISO)’ HC proteins AIV, B-100 and H showed lower levels in MCI 2D LC-MSMS)
Proteomics: 5 proteins associated to brain structural changes . .
AD (85), MCI (300), HC (49) | could discriminate between AD and HC with a specificity of Um?;fiﬁ%:ﬁga:?;lyt;gh1_ Naz[elrg 62]‘)14
57% and a sensitivity of 89%. P Yy P
Proteomics: DC-SIGNR, Aurora kinase A, MIP-1a, RGM-A, Untargeted (Slow Off-rate
AD (90), stable MCI (37), BMP-RII, CD39, Kallikrein 14, Ck-B-8-1, VEGF, EphA1 and Modified Aptamer Sattlecker,
MCI-AD (39), HC (69). HCC-1 proteins were differentially expressed among groups (SOMAmer)-based capture 2016 [160]
and could be useful as biomarkers for AD progression. array called ‘SOMAscan’)
Untargeted (Slow Off-rate
Modified
AD (331), MCI (149), HC p ics: 13 . dicted AD with an A £0.70 Sattlecker,
@1 roteomics: protein predicte with an AUC of 0. Aptamer (SOMAmer)-based 2014 [201]
capture array called “SO-
MAscan”)
Proteomics: Pancreatic polypeptide and N-terminal protein B- .
MCI (396), AD (112), HC (58) | type brain natriuretic peptide showed higher levels in AD and U“mrgizgs(g“gﬂ;’; [mmu- Soaﬁ’sg’ 621012
MCI. ApoE €3/e4 or e4/e4 alleles showed distinct profiles Y
Proteomics: 30 proteins were differentially expressed be- Untargeted (iTRAQ
aMCI (147), nMCI (114), AD tween (AD or MCI) and HC. These proteins include in- Two-dimensional liquid chro- Song, 2014
(19), HC (411) flammatory response, cholesterol transport and blood coagu- matography and [197]
lation pathways MS/MS)
Proteomics: Complement components C3 and C3a, com-
AD Pl plement factor-I, y-fibrinogen and alpha-1-microglobulin Untargeted (2DGE and Thambisetty,
asma | AD (79), MCI (88), HC (95) with age and sex explain 35% of variance in whole brain LC/MS/MS) 2011 [194]
volume in AD patients
Baltimore Longitudinal Study l;fﬁieﬁfg;fznéﬁ (1: \i/o‘;er;r;i (ngefsggt;rt())i::ﬁe:la;nrill\:t(eigils Untargeted (2DGE and Thambisetty,
of Aging (57) brain changes in AD. (LC/MS/MS)) 2010 [195]
non-demented older individu- | Proteomics: A2M, Apo-Al, and multiple complement pro- Untargeted (2DGE and LC- Westwood,
als (157) teins could be potential pre-clinical biomarkers for AD. MS/MS) 2016 [130]
Proteomics: 60 discriminant proteins between groups pre- 3 Yang, 2014
MCI(119) dicted progressive MCI with an accuracy of 79%. Untargeted (LC-MS/MS) [135]
1129 proteins: A diagnose model with 5 proteins was devel-
Cohort 1: AD (77), HC (50) | oped. It diagnoses AD with sensitivity of 100.0%, specifici- Untarge'ted (The SOMA;can
. . assay is based on protein Zhao, 2014
Validation: AD (10), MCI ty of 80.0% and accuracy of 90.0%. MCI and pre-dementia .
> . . o e capture slow off-rate modified [131]
(30), HC (10) were diagnosed with sensitivity of 96.7%, specificity of aptamers)
80.0% and accuracy of 92.5% P
Higher levels of Tau in MCI than in HC, and it was also Dage, 2016
MCI(161), HC (378) related to memory and cortical thickness Targeted (ELISA) [209]
MCI (29), mild AD (21), HC Phosphorylated tau protein (threonine 181), denoted Yang, 2018
(23) p-taul8llevel is correlated more to AD severity than T-tau Targeted (Immunoassay) [165]
AD.(S?)f, H? §37)’ bel;a;/loural Soluble amyloid precursor protein (SAPP)a and . sSAPPB Targeted (ELISA) Perneczky,
vanant trontotempora’ Gemen- | ¢,y ed Jower levels in AD compared to HC and bvFTD. g 2013 [189]
tia (bvFTD) (14)
. . . . Alexopou-
MCI-AD (21), Dementia-AD | Further evidence for th§: potential of s'APPB in plasma as an Targeted (ELISA) Jos, 2018
(44), HC (27) AD biomarker candidate [204]
Dementia due to AD (23), AB38, AB40 and AP42. the AP42/AB40 ratio in blood plas- Targeted (Chemilumi Shahpasand-
Dementia due to other reasons | ma as a promising AD biomarker candidate which correlates (?;%E riunomirﬁ; 1;21)1(12:::61)1— Kroner, 2018
17) significantly with the validated core biomarkers of AD P Y [173]
AB levels, and platelet count. Correlation indicates that Sun 2018
AD (58), HC (61) platelets may be involved in the pathogenesis of AD and Targeted (ELISA) u[ré 05]
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AP oligomers. Higher levels in patients with AD than in HC, Wang, 2017
AD (24), HC (37) and they correlated well with conventional AD biomarkers Targeted (ELISA) [206]
AD (70), MCI (50), non-
demented subjects with white Protein-conjugated acrolein (PC-Acro) and amyloid- Targeted (ELISA) Waragai,
matter hyperintensity (nd- B40/42ratio detected MCI, AD and nd-WMH B 2012 [207]
WMH) (68), HC (33)
Mild to moderate AD (10), P-tau, AB1-42, neurogranin (NRGN), and repressor element
MCI (20), patients who transi- | 1-silencing transcription factor (REST). Neuronally derived Targeted (ELISA) Winston,
tioned within 36 months from | blood exosome proteins P-tau, AB1-42, NRGN, and REST & 2016 [208]
MCI to AD (20), HC (10) could predict MCI to AD progression.
AD (25), HC (20) Neurogranin (Ng). There were identified 16 endogenous Ng Targeted (nanoflow liquid Kvartsberg,
’ peptides, but their levels were similar between both groups. chromatography- MS/MS) 2015 [211]
Brain-derived neurotrophic factor (BDNF), Heart-type fatty
acid-binding protein (FABP), Glial fibrillary acidic protein
(GFAP), Interleukin-6 (IL6), Neuron-specific enolase
MCI (13), AD (24), VaD (10), | (NSE), Neutrophil gelatinase-associated lipocalin (NGAL), Targeted (Arrays) Rosén, 2011
Mixed (8), other (5), HC (20) | Soluble tumor necrosis factor receptor I (TNFRI), D-dimer & Y [188]
(DDMER), Thrombomodulin (TM), C-reactive protein
(CRP). Some metabolites showed differences between
groups.
. Yarchoan,
AD (203), MCI (58), HC (117) Lower levels of CRP in AD compared to HC and MCI Targeted (ELISA) 2013 [210]
. SUMOIL protein could be associated with AD as it showed
Dementia (8(2)1’321;/&1 (89), HC increased levels in dementia patients and its levels correlate Targeted (ELISA) Ch[02,122(}15
with MMSE
Higher levels of Chitinase 3-like 1 (CHI3L1) were found in Choi. 2011
MCI (49), AD (61), HC (35) AD compared to MCI and HC, while not differences were Targeted (ELISA) [1’34]
found between HC and MCI.
Cystatin C (CysC)levels were different among groups at Ghidoni,
Plasma AD (63), MCI (59), HC (63) baseline. Targeted (ELISA) 2010 [214]
AD Soluble low-density lipoprotein receptor-related protein-1
. (sLRP) showed lower levels in AD than the other groups, its
AD (126), vascular dementia sensitivity was 77.8% and its specificity was 93.3% for .
(VaD)(96), non-AD neuro- NND, 85.7% for HC and 58.3% for those with VaD. Tareeted (ELISA Liang, 2013
. . geted ( )
degenerative dementias (NND) . [187]
(30), HC (98) The soluble form of the receptor for advanced glycation end
’ products (SRAGE)showed lower levels in AD compared
with VaD or HC. AUC 0.88 with both protein levels.
Plasma prion protein (PrP)is not useful for AD progression Schmidt,
AD (84) monitorization Targeted (EIA) 2014 [129]
AD (40), non-demented (ND) Apolipoproteins. ApoA-I showed lower levels in AD and Shih, 2014
(80) discriminated AD from ND with an AUC of 0.93. Targeted (ELISA) [213]
Angiotensin-converting enzyme (ACE)levels were different Yang, 2011
AD (257), HC (137) between genotypes Targeted (ELISA) [163]
HC (92), MCI (527), AD A panel of proteins (n = 44), age and apolipoprotein E (AP- Shi, 2020
(202) OE) ¢4, predicted AD with good accuracy Untargeted (SOMAscan assay) [181]
AD (52), amnestic mild cogni- | Level of sAPPp was significantly increased in AD patients Yun, 2020
tive impairment (98), HC (114) than in HC Targeted (ELISA) [182]
HC (408),MCI (400), AD A 7-protein panel could significantly discriminate between ;:z%izglg“;r;l?f:’ E(II:}[Z%’) Westwood,
(192) individuals with high and low amyloid pathology assays) Y 2020 [183]
Early AD (33), Late AD (30), Lo . Targeted (SIMOA immunoas- Elahi, 2020
HC (36) Elevation in markers GFAP and NfLin early AD say) [220]
Proinflammatory endophenotypeidentify a specific subsetof | Targeted (Meso-scale discov- Petersen,
HC (186), MCI (50), AD (42) adults with Down Syndromeand high risk of AD ery assay) 2020 [199]
AD (186), HC (485), . . .
. ) CDH6 and HAGH may be new biomarkers in pre- Untargeted (affinity-based Ahmad,
Validation cohort: AD (242), symptomatic AD assay) 2020 [178]
HC (199)
6-biomarker panel (A1Micro, A2Macro, AAT, ApoE, com- Untargeted (immunoassay ] h
Blood AD (106), HC (51) plement C3 and PPP) that discriminate between AD patients platform and reference 5 ()a]rgrilzezé]

and HC with a sensitivity of 85.4% and specificity of 78.6%.

LC/MSMS(ADNI1))
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ty of 81% and a specificity of 77%.

Disease | Sample Participants (n) Biomarker and Results Analytical Method Refs.
mild to moderate AD (72), . . . Watt, 2015
MCI (33), HC (113). Alpha-defensins 1 and 2levels were increased in AD Untargeted (SELDI-TOF MS) [155]
Proteomics: Secretory (alpha) granule proteins showed low-
er levels in AD. Pathways as glycoprotein synthesis, lipid Untargeted (SDS-PAGE, LC- Donovan,
probable AD (7), HC (7). homeostasis, amyloidogenic proteins, and regulators of pro- MS/MS) 2013 [154]
tease activity were altered in AD platelets.
Proteomics: Thioredoxin-dependent peroxide reductase,
MCI (5), AD (5), HC (5) myosin light polypeptide 6, and ATP synthase subunit Untargeted (2D-PAGE, ESI- Sultana,
: . MS) 2013 [227]
showed differential levels among groups
APP, B-APP cleaving enzyme 1 (BACEL1), presenilin 1 (PS1)
and a disintegrin and metalloproteinase-10 (ADAM-10). Bermejo-
MCI (34), AD (45), HC (28) | APP and ADAM-10 showed reduced levels in MCI and AD Targeted (Western blot) Bescés, 2013
compared with HC. The ratio ADAM-10/BACE! was high- [229]
er for the MCI compared to AD
: Amyloid-p protein precursor (ABPP) isoform (115 kDa) was E Jelic, 2013
MCI-AD (30), HC (23) increased in AD/MCI group compared to HC. Targeted (Western-blot) [168]
- sAPP-a and sAPP-b. i
AD (68), MCI (19), Old con ' ' Targeted (ELISA) Marksteiner,
trol (33), young control (11) | sAPP-B showed higher levels in MCI and AD compared to HC. 2013 [164]
Amyloid protein precursor (APP), tau protein, clusterin,
a-synuclein and immunoglobulin (Ig). Mukaetova-
AD (25), HC (26) Slightly elevated Ig levels in AD subjects (not significative) Targeted (ELISA) Ladinska,
and APP-N measures were negatively correlated with cogni- 2012 [232]
tive scores.
Changes in amyloid structure biomarker indicates prodromal | Targeted (ATR-FTIR analyses Nabers. 2018
AD (65), HC (809) AD and correlates with CSF AD biomarkers and amyloid (attenuated total reflection a [ezr_fé]
Blood PET imaging Fourier transform infrared))
APP ratio (percentage of 120-130 kDa to 110 kDa isoforms
of the amyloid precursor protein). MCI who converted to Zainaghi,
MCI(34), AD (21) dementia showed lower levels for the ratio. The accuracy Targeted (Western blot) 2012 [231]
was 0.74 and sensitivity and specificity were 75 %
AD ApoE, BDNF, clusterin, IL-6R, IL-13, and TNF-a. .
. . Targeted (immunoassay plat- Apostol
MCI (398) Age, sex, edgcathn, hlppocampal voh'lme, APQE g'eno'type, form and reference postolova,
and plasma identify patients with brain amyloidosis with a LC/MSMS(ADNIN)) 2015 [234]
sensitivity of 68% and a specificity 78%.
Ischemia-modified albumin (IMA), advanced oxidation
protein products (AOPP), ferric reducing antioxidant power
AD (38), HC (34) (FRAP) and the prooxidant-antioxidant balance (PAB). Targeted (Colorimetric assays) IZAOIEHE;%I;
AOPP, IMA and PAB showed elevated levels in AD group
while FRAP showed lower levels.
Platelet monoamine oxidase-B, frequently described to be
increased in platelets and brains of AD patients, shows a Targeted (SDS-PAGE and Reumiller,
AD (30), MCI (30), HC (60) gender-independent but stage-related increase since it is western-blot) 2018 [236]
unaltered in MCI subjects
Platelet gmyloid precursor protein (APP) ratio (129—kD and Targeted (electrophoresis and Srisawat
AD (13), HC (27) 130-kD isoforms compared to that of the 110-kD isoform) . ) i
was lower in AD than HC. immunoblot, densitometry) 2013 [230]
Late AD (27), late control (26), GLUT] transporter and the insulin receptor (INSR). 'INSR ) Vérady,
from red blood cells (RBC) membrane are increased in AD Targeted (Flow citometry)
early AD (13), early control (17) 2015 [175]
compared to HC
303 participants and replicated o .
. . Alpha-2 macroglobulin is correlated with tau and p-tau and Varma, 2017
in ADNI CO;I;;:S()566 partici- higher levels of this protein are related to AD progression. Targeted (NA) [132]
Combining the protein level of ADAM10, BACE1, and Bram. 2019
Platelets AD (20), HC (20) PSENI in platelets, yielded a good accuracy to discriminate Targeted (Western blot) [169]
and AD from controls
leuko- In aMCI the ABPP ratio level was significantly lower and Shi. 2020
cytes aMCI (53), HC (45) levels of P-tau231 and Ser396/404 phosphorylated tau were Targeted (Western blot) [i66]
significantly higher
Prote()fn'lcs. Levels of'hpocahr.l—l, de.rmmdm,'lysozymf_:—.c' Untargeted (SDS-PAGE, LC- Kallo, 2016
Tears AD (14), HC (9) and lacritin could constitute a diagnosis tool with a sensitivi- MS/MS) 271]
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Disease | Sample Participants (n) Biomarker and Results Analytical Method Refs.
Elongation initiation factor 4E (eIF4E) as a unique protein Kenny 2019
AD (9), MCI (8), HC (15) present in AD Untargeted (RP-LC-MS/MS) 183]
Amyloid-f Protein 42 salivary levels were elevated in AD Lee. 2017
AD (7), HC (27) compared to HC. This biomarker could be useful as AD Targeted (ELISA) ce,
di . [145]
Saliva iagnosis.
Salivary beta amyloid 42 (AB42) levels were significantly Sabbagh,
AD AD (13), HC (7). higher in AD patients than in HC Targeted (ELISA) 2018 [146]
Alzheimer-associated neuronal thread protein (AD7¢c-NTP) Ma, 2015
AD (45), MCL (60), HC (65) were higher in AD and MCI compared to HC. Targeted (ELISA) [149]
. . . Ku, 2019
Urine | aMCI(23), naMCI group (23). aMCT has higher levels of urinary AD7c-NTP Targeted (ELISA) [150]
MCP-1 levels weresignificantly higher in patients with AD Xu,
AD (97), aMCI (50), HC (84) and aMCI than in CN controls Targeted (ELISA) 2020[151]
Proteomics: 17 variables showed differences between Untargeted (Matr}x—gss@ted .
PD (81), other neurodegenera- . . . laser desorption/ionization Li, 2011
. - groups. A model based on 5 biomarkers differentiate be- . .
tive diseases (39), HC (40) tween PD and HC time-of-flight mass spectrome- [141]
' try (MALDITOF-MS))
Slight PD (8), middle to seri- | Proteomics: 26 proteins were differentially expressed among | Untargeted (iTRAQ labelling, Zhang, 2012
ous PD (8), HC (6) groups 2D-LC-MS/MS) [142]
Proteomics: 15 differentially expressed proteins were found.
PD (18), HC (7) Some of them are implied in antioxidation, lipid metabo- Untargeted (2-DE, ESI-Q- Zhao, 2010
? lism, intracellular transport, cell proliferation and immuno- TOF-MS/MS) [239]
regulation pathways.
High-sensitivity C-reactive protein (hs-CRP) and carci- T?rrife;:ga(h(sj_gfpcﬁ?lﬁiﬁ?- Alal. 2015
PD (51), HC (50) noembryonic antigen (CEA) showed higher levels in PD y ) 1
nescence immunoassay meth- [174]
compared to HC.
od)
High-sensitivity C-reactive protein (hs-CRP) showed higher Song, 2011
Early PD (63), HC (117) levels in carly PD. Targeted (NA) [246]
Interleukin (IL)-1p, IL-2, IL-6, IL-10, tumor necrosis factor-
a, and high-sensitivity C-reactive protein. There is an in- Kim. 2018
Early PD (58), HC (20). creased peripheral inflammation in the early stage of PD, Targeted (ELISA) [2’4 5]
but the role of inflammation in motor and non-motor symp-
toms is unclear.
Higher levels of advanced oxidized protein product Garcla-
PD (60), HC (45) 1gher feve igse‘lrvzzr‘ifpg"c‘ozearlzg"tg‘gg“’ ucts were Targeted (LC/MS/MS) Moreno,
PD Serum P 2013 [140]
DJ-1 protein may not be a biomarker of PD. In addition, An. 2018
PD (18), HC (7) there may be differences in the serum DJ-1 protein levels Targeted (ELISA) ?537]
between Chinese and Japanese patients
Srgoii(i;ci\;glszpigl;iggr(z ﬁs)’ Expression of Rab35 was increased in PD compared to HC Chiu. 2016
prog pran PASY | and other parkinsonian disorders, and it is also related to age Targeted (ELISA) m
(PSP) (46), multiple system at onset of PD [251]
atrophy (MSA) (80), HC (177) '
Caffeine, Theophylline, Theobromine, Paraxanthine, 1,7-
Dimethyluric acid, 1,3,7-Trimethyluric acid, 1-
Methylxanthine, 3-Methylxanthine, 1-Methyluric acid, 7-
Methylxanthine, 5-acethylamino-6-formylamino-3- 3 Fujimaki,
PD (108), HC(31) methyluracil, 5-acethylamino-6-amino-3-methyluracil. Targeted (LC-MS) 2018 [252]
Lower levels of caffeine and caffeine metabolite profiles are
promising diagnostic biomarkers for early PD. This is con-
sistent with the neuroprotective effect of caffeine.
PD (23), schizophrenia (17), Apolipoprotein E levels are higher in PD patients as com- Gupta, 2018
HC (12) pared with schizophrenic patients Targeted (ELISA) [249]
Serum levels of Tumor necrosis factor-a-induced protein-8 Kouchaki
PD (43), HC (40) like-2(TIPE2) and its gene expression might be important Targeted (ELISA) qucaxl,
. 2018 [238]
prognostic biomarkers of PD.
PD (23), acute cerebral infarc- Ghal'ﬁbrlNll;ry agldlc (Il)r}:)'te;ln (IGF/?P? a;(li)neu;(flalmﬁnt T d (ELISA Su, 2012
tion (ACI, 30), HC (29) proteins (' s) showed higher levels in and ACI than argeted (ELISA) [248]
T HC. Not differences were observed between AD and ACI.
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Disease | Sample Participants (n) Biomarker and Results Analytical Method Refs.
CystatinClevels may predict the severities of sleep- Targeted (Immunoturbidimetry | Xiong, 2018
Early PD (106), HC (146) disordered breathing problems in early PD patients assay) [171]
The expression levels of some proteins (complement Clq, 3i 2019
PD (20), HC (10) protein Immunoglobulin Lambda Variable 1-33 (IGLV1- Untargeted (MS) lar[‘iz]
33)Cluster -33) were decreased in PD
PD (36), HC (16) Proteomics: IgGkL and human serum amyloid P component Untargeted (2-DE analysis , Chen, 2011
’ (SAP) were found differentially expressed between groups. LC/MS/MS) [253]
Malec-
PD (58), HC (38) Alpha-synuclein level is not valuable marker for AD Targeted (ELISA) Litwinowicz,
2018 [254]
PD (313) CRP levels correlate with death rl'sk in PD patients and it Targeted (NA) 2015 [136]
could serve as prognosis biomarker.
CRP levels could serve as prognosis biomarker for motor Umemura,
PD (375) deterioration in PD. Targeted (NA) 2015 [137]
tremor-dominant PD (TD-PD) | The elevated plasma transferrin level, combining with de- Si. 2018
Plasma (33), non-tremor dominant PD creased plasma iron level might be given considerable Targeted (Scatter turbidimetry) 1[’2 55]
NT-PD) (43 weight in the recognition of parkinsonian tremor.
g g P
PD (145), HC (45) NB8-acetylspermidine and N-acetylputrescine levels were Untargeted (Capillary Electro- Saiki, 2019
? significantly and mildly elevated in PD, respectively phoresis Time-of-Flight MS) [241]
ED (12), HC(12) Proteins CCDC154, TRIM3, DHH, NRP2 and CLIC1 were g“;arjg;fi (sh%lclﬁoﬁom?%: Dong 2019
? detected with high specificity and sensitivity phy I\I;IS)) try [250]
Proteins (BSP, OMD, ACY 1, GHR) robustly associated Posavi, 2019
PD (96), HC (45) with PD Untargeted (SOMAscanassay) [243]
PD (64), HC (30) AP42 and tau protein t1nPD may be utseful marker for cogni- ) ngc};?ig\ifkig:z,
ive impairments 2020 [244]
PD Proteomics. Diagnosis model-based peptides from a protein Alberio,
PD (9), HC ©9) signature achieved an AUC of 0.877. Untargeted (LC-MS/MS) 2014 [256]
PD (43), progressive supranu- L . . .
Oxidized DJ-1 protein levels in erythrocytes can be used as Yamagishi,
clear pa(l;})/ (I%I)(SZP(’I 163)’ MSA a marker for the differential diagnosis of PD Targeted (ELISA) 2018 [258]
Clusterin, complement Clr subcomponent, and apolipopro- . .
. i . Lo h Targeted (2D-DIGE analysis, Kitamura,
Blood PD (16), HC (8) tein Al. The expression levels qf apohpoprotem' Al in exo- MALDI-TOF/TOF/MS) 2018 [257]
somes may be useful for tracking the progression of PD.
heat shock cognate (hsc) 70 protein and lysosomal- Sala. 2014
PD (53), HC (53) associated membrane protein (lamp) 2A. Hsc70 levels were Targeted (Western blot) 3[21’43]
reduced in PD patients.
Mitochondrial ribosomerecycling factor (MRRF) and ribo- Wu. 2020
Early PD (103), HC (156) somal protein S18 (RPS18), distinguished betweenPD and Untargeted (Microarray) E12’47]
HC
Blood
derived Proteomics: Proteomic analysis further revealed that there is Lamontagne-
extracel- PD (60), HC (37) a specific signature of proteins that could reliably differenti- | Untargeted (nanoLCMS/MS) Proulx, 2019
lular ate HC from mild and moderate PD patients [144]
vesicles
Proteins from S100 superfamily (i.e. [S1I00A7], [SI00A8] Untargeted (Bottom-up liquid
Tears PD (36), HC (18) and [S100A11]), Peroxiredoxin-6 [PRDX6], Annexin-A5 chromatography electrospray Boerger,
’ [ANXAS5] and Glutathione S-transferase-A1 [GSTA1] were | ionization tandem mass spec- 2019 [153]
upregulated in PD trometry (BULCMS))
a-synuclein could serve as PD diagnosis biomarker showing Al-Nimer,
PD (20), HC (20) lower levels in PD compared to HC. Targeted (ELISA) 2014 [147]
Saliva
DJ-1and total proteins showed elevated levels in PD pa- Masters,
PD (16), HC (22) tients. Saliva could be useful for protein biomarker research. Targeted (Western blot) 2015 [1438]
. o . Untargeted Wang, 2019
Urine PD (28), HC (22) SNAP23 and calbindin were the most elevated in PD (Mass spectrometry) [240]

panel of 33 proteins, mainly related to inflammation, permit-
ted the development of a multivariate diagnosis model for
AD with an AUC close to 100% [172]. Similarly, vitamin D

binding protein was associated with cognitive decline [226]
and different growing factors, such as IGF-I and IGFBP-3,
showed correlation with AB [190]. In addition, age was
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closely related to AD and Sirtuin 1, which was negatively
correlated with age. It was more reduced in AD since its ear-
ly stages [167].

Regarding blood samples, few proteomic studies have
been carried out, probably due to a large number of compo-
nents present in the blood, making the untargeted analysis
more difficult. These studies found defensins, thioredoxin-
dependent peroxide reductase, or ATP synthase as potential
AD biomarkers [155, 227]. Meanwhile, lipid and amyloid
pathways were postulated as important pathways in disease
development [154]. In addition, a panel of 6 proteins, includ-
ing globulins, complement proteins, and APOs, permitted
AD discrimination with sensitivity and specificity around
80% [228]. In addition, amyloid and tau-related pathway
proteins were extensively studied in blood samples [169].
Specifically, amyloid precursor protein (APP) has been de-
termined in blood samples [229-232], but also soluble amy-
loid precursor protein f (SAPPB) derived from APP was
studied in blood samples [164]. In addition, the enzyme
BACEI, which contributes to the generation of pathological
peptides, was studied [229]. Moreover, blood amyloid struc-
ture correlates with PET imaging and typical CSF bi-
omarkers of AD in prodromal stages [233], and o2-
macroglobulin showed correlation with tau and p-tau being a
satisfactory biomarker for AD progression [132]. Inflamma-
tion is an important pathway in AD that allows brain amy-
loidosis identification in a multivariate model, which in-
cludes ApoE genotype and demographic variables [234].
Also, oxidative stress is increased in AD patients [235]. In
addition, glut transporter insulin receptor, tropomiosin-1, and
monoamine oxidase-B protein showed increased levels in
AD compared to HC [175, 236].

3.2.2. Parkinson’s Disease

Most of the proteomics studies in PD are focused on dif-
ferential expression between PD and HC [147, 237-244].
Few of them included early PD patients [245-247], while
other studies included acute cerebral infarction [248] or
schizophrenia [249], trying to differentiate these diseases
from PD. Proteomic studies carried out in PD used predomi-
nantly serum samples (Table 2). Untargeted studies found
signatures with differential protein levels between PD and
HC [141, 142, 250]. Antioxidation, lipid metabolism, or pro-
liferation are implied in PD [239]. Targeted studies are main-
ly focused on inflammation pathways. In this sense, CRP
showed higher levels in PD compared to HC, which could be
a good biomarker of this disease since its early stages [174,
245, 246]. Also, oxidative stress seems to be involved in the
disease since high levels of advanced oxidized protein prod-
ucts were found in PD [140]. Other potential biomarkers
were Rab35, glial fibrillary acidic protein (GFAP), and neu-
rofilament proteins (NFs) [248, 251]. Caffeine metabolites,
which have neuroprotective effects, were also differentially
expressed in early PD [252]. In addition, Cystatin C was able
to predict the severity of sleep-disordered breathing associat-
ed with PD [171]. Tumor necrosis factor-a-induced protein-8
like-2 (TIPE2) has been postulated as a good prognosis bi-
omarker [238]. However, other proteins such as DJ-1 were
not considered good biomarkers since their levels did not
differ between PD and HC [237].

Mayo et al.

Regarding plasma samples from PD patients, untargeted
studies revealed IgGkL and amyloid P components, which
were differentially expressed in comparison to HC [253].
Among targeted proteomic studies in PD, a-synuclein was
studied, but its levels were not evaluable [254]. The inflam-
matory pathway was also evaluated by means of CRP that
has been postulated as a potential prognosis biomarker for
motor deterioration [136, 137]. In addition, transferrin de-
creased levels found in PD patients seemed to be important
in associated tremors [255]. In whole blood samples, untar-
geted proteomic studies allowed the development of protein
signatures that could differentiate between PD and HC with
great accuracy [144, 247, 256]. From blood targeted analy-
sis, Kitamura et al. [257] found ApoAl as a potential pro-
gression biomarker. In addition, heat shock cognate protein
70 kDa showed reduced levels in PD [143]. Meanwhile oxi-
dized DJ-1 protein allowed the differential diagnosis of PD
[258].

In general, some proteins have been identified as promis-
ing biomarkers for AD/PD diagnosis and prognosis, as well
as different related physiological mechanisms involved in
disease development. Nevertheless, further studies are re-
quired to validate some proteins and advance physiological
knowledge.

Some proteins (sAPPB, AB38, AP40, ap42, CRP, inter-
leukins) are more related to AD, probably due to their rela-
tionship with amyloid pathologies, as well as with inflamma-
tion pathways, and they could be developed as diagnostic
biomarkers. However, other proteins (Rab35, GFAP, NFs,
transferrin) are more related to PD, and they could show
some relationship with associated tremors.

3.3. Specific Biomarkers for AD or PD Diagnosis

Some miRNAs and proteins have been postulated as po-
tential diagnostic tools. However, most of these studies com-
pared AD or PD patients with HC. There is a lack of studies
about differential diagnosis among similar pathologies to
identify specific AD or PD biomarkers.

Nevertheless, some studies (mostly targeted) analyzed
the specificity of the proposed miRNA biomarkers for one of
these specific neurodegenerative diseases. Sheinerman et al.
[46] studied 37 brain-enriched miRNAs in different neuro-
logical disorders, including AD and PD, analyzing miRNA
pairs for detection and differentiation of these diseases, but
no specific miRNA was found for AD or PD. As mentioned
before, miR-107 has been proposed as one of the most prom-
ising miRNAs associated with AD. Sheinerman et al. [46]
included this miRNA within its miRNAs selection, although
no conclusive results about its specificity for AD were pre-
sented. Even more, on a targeted assay for 9 apoptosis miR-
NAs, including miR-107, Piscopo et al. [36] studied poten-
tial biomarkers for differential diagnosis in FTD in the Ital-
ian population. However, only miR127-3p showed signifi-
cant differences between FTD and HC, so only this miRNA
was determined in samples from AD patients, proposing this
miRNA as a potential biomarker for differential diagnosis in
FTD [36]. Therefore, if miR-107 could be a good candidate
for differential diagnosis in AD vs. FTD remains to be de-
termined. Cosin-Tomas ef al. [47] analyzed a set of 10 plas-
ma miRNAs for AD using PD samples as specificity control
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and proposed miR34a and miR-545-3p as candidate bi-
omarkers. However, these results were not confirmed in the
validation cohort [47]. Also, miR-384, which regulates the
expression of APP and BACEI [259], might discriminate
between AD and other neurological diseases, such as VaD
and Parkinson’s disease with dementia [43]. However, these
results were not confirmed by other authors. The miRNA 29
family (miR-29a, miR-29b-1, miR-29b-2, miR-29¢) regu-
lates neuronal maturation [260] and dendritic spine morphol-
ogy [261], and its deregulation has been related to various
neurological disorders, including AD [262] and PD [61, 76,
263, 264]. In this sense, Sheinerman et al. [46] included
miR-29a in different miRNAs pairs for both AD and PD.
Conversely, Bai et al. [44] compared the expression profile
of 29 miRNAs families in serum from patients with PD, AD,
and HC. In conclusion, the serum levels of miR-29a and
miR-29¢ were significantly decreased in PD patients, reduc-
ing with disease severity. Furthermore, changes of miR-29s
in PD serum were specific, as the miR-29 levels in AD se-
rum did not differ from HC [44]. However, further studies
are required to confirm miR-29s specificity for PD. Bar-
bagallo et al. [265] define two specific miRNAs signatures
for AD-like and PD-like disorders: one for AD and VaD
(miR-34b, miR-125b, miR-130b) and another for PD and
Vascular parkinsonism (VP) (let-7d, miR-15b, miR-24, miR-
142-3p, miR-181c, miR-222). However, according to differ-
ent authors, miR-34b [51, 58], miR-125b and miR-130b [57]
were included in PD miRNAs signatures, and let-7d [40, 82],
miR142-3p [33], miR-181c [35] and miR-222 [52] were dif-
ferentially expressed in AD patients. Patil et al. [42] pro-
posed a 3 miRNA signature (miR-335-5p, miR-3613-3p,
mir-6865-3p) specific for PD in an untargeted study since
they exhibited different characteristics in AD serum samples.
Also, miR-335-5p was predicted to target a-synuclein [42],
and it was also included in another three miRNA signature
for PD focused on miRNAs that target LRRK?2 [62]. Howev-
er, although miR-3613-3p was predicted to target LRRK2
[42], it was also selected, in combination with other miR-
NAs, for AD signatures [32, 41]. Similarly, mir-6865-3p was
included in a 78 miRNA signature for AD [30]. Therefore,
the specificity of these miRNAs for PD remains unclear. On
the other hand, different authors have analyzed the specifici-
ty of a proposed biomarker for PD [45, 48]. Jin et al. [45]
proposed miR-520d-5p, which regulates ceruloplasmin ex-
pression, as a specific biomarker for PD in a cohort with
other neurodegenerative diseases (AD and multiple system
atrophy (MSA)). However, its expression did not correlate
with disease severity or the motor phenotype [45]. Based on
human miRNA-mRNA network, Yang et al. [48] selected
miR-105-5p as a putative biomarker for PD and evaluated its
specificity in plasma samples from different neurological
disorders, concluding that the plasma miR-105-5p expression
level may be able to differentiate idiopathic PD from other
types of parkinsonism, ET and other neurodegenerative dis-
eases, such as AD [48]. Besides, no other authors have con-
firmed miR-520d-5p nor miR-105-5p as specific biomarkers
for PD. In conclusion, it has not been demonstrated in a reli-
able manner that any of the proposed miRNAs are specific
for AD or PD.

Regarding proteins, a few studies focused on differences
between AD and PD. In this sense, tubulin and tau proteins
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showed differences between these pathologies in serum
[266]. Moreover, brain- and heart-type fatty acid-binding
proteins were found to be increased in 35% of PD patients,
29% of AD patients, and 24% of other cognitive disorders
[267]. An untargeted blood analysis showed monoamine
oxidase B (MAO-B) and tropomyosin 1 as good diagnosis
biomarkers for AD [268]. However, in spite of the fact that
MAO-B may be useful in distinguishing AD from non-
demented PD and healthy individuals, its levels were similar
between AD and demented PD patients [170]. Also, PD
could be differentiated from schizophrenic patients by means
of serum ApoE levels [249]. Meanwhile, oxidized DJ-1 pro-
tein allowed a differential diagnosis for PD [258]. In addi-
tion, Rab35 is differentially expressed in PD and HC and in
other parkinsonian disorders [251]. However, GFAP and
NfL levels were higher in PD compared to HC, but they did
not allow differentiation from acute cerebral infarction [248].
In the same sense, ApoE levels could discriminate PD from
schizophrenia [249].

Most of the potential biomarkers identified in the re-
viewed studies do not show specificity for AD or PD. How-
ever, further studies, with participants clearly identified, are
required to assay some miRNAs and proteins as promising
specific biomarkers.

3.4. Non-invasive Samples for AD and PD Diagnosis

Recently, an important research field in new diagnosis
tools from minimally non-invasive samples is increasing. It
constitutes an interesting alternative for AD since it would
avoid current invasive diagnosis tools. In this sense, some
studies have focused on the identification of potential bi-
omarkers from urine, saliva and tears samples, especially in
AD. Targeted studies found higher levels of AB42 [145, 146,
269] and reduced levels of lactoferrin [270] in saliva from
AD patients compared to HC. In addition, a-synuclein and
DJ-1 were found to be elevated in PD patients [147, 148].
Also, Alzheimer-associated neuronal thread protein has been
postulated as a good biomarker for AD and MCI in urine
samples [149, 150], as well as MCP-1 [151]. Moreover, tears
could be a promising sample to study neurodegenerative
diseases [83]. Specifically, an untargeted study found differ-
ent proteins, such as lipocalin-1, lysozyme-C, and lacritin, as
potential diagnosis biomarkers [271], as well as some pro-
teins from the S100 superfamily [153].

Regarding miRNAs, miR-153 and miR-223, regulators of
a-synuclein [84], and miR-874 and miR-145-3p, which
might regulate DJ-1 [272], were proposed as salivary candi-
date biomarkers for PD. However, as mentioned before,
miR-223 was previously associated with AD in serum [31].
Also, miR-200b-5p and elongation initiation factor 4E have
been proposed as candidate biomarkers for AD from an un-
targeted assay in tears [83]. In addition, Youn et al. [273]
found different levels of urinary neural thread protein be-
tween AD and HC groups, which permitted differentiation of
AD from PD.

Among non-invasive samples, it is important to highlight
that recent research is focusing on tears and urine as poten-
tial samples for early AD/PD diagnosis, as well as for the
disease follow-up. It would advance disease progression as-
sessment and personalized medicine development.
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CONCLUSION

Some studies evaluated epigenomics and proteomics pro-
files in AD and PD minimally invasive samples, focusing on
the search for early biomarkers for diagnosis. Among epige-
nomics studies, most of them focused on miRNAs as candi-
date biomarkers, such as miR-342-3p, miR-107, miR-106a-
5p, miR-106b-5p, miR-195, and miR-19b. In fact, some AD
and PD-related miRNAs could be involved in neuronal im-
pairment. However, few of them may be AD or PD specific.
Among proteomics studies, they highlighted the importance
of coagulation, inflammation, and oxidative stress pathways
(CRP, interleukins, necrosis factors, transferrin, GFAP, neu-
rofilaments). Some AD-related proteins showed a relation-
ship with amyloid pathologies, and they could be developed
as diagnostic biomarkers. However, other proteins could
show some relationship with associated tremors in PD. Nev-
ertheless, there is a general lack of clinical validation studies
to allow the use of these potential biomarkers in clinical
practice. In addition, recent research focusing on the use of
non-invasive samples is required in order to improve the
assessment of disease progression.

LIST OF ABBREVIATIONS

AD = Alzheimer’s disease

ALS = Amyotrophic lateral sclerosis

aMCI = Amnestic mild cognitive impairment

APO = Apolipoprotein

AUC = Area under the ROC (receiver operating
characteristic) curve

AB = p-amyloid protein

BACElL = B-APP cleaving enzyme 1

CNS = Central Nervous System

CRP = C Reactive Protein

CSF = Cerebrospinal fluid

DAT = Dementia of Alzheimer-type

DLB = Dementia with Lewy Bodies

ELISA = Enzyme-Linked Immuno-Sorbent Assay

ET = Essential tremor

FTD = Frontotemporal dementia

GFAP = QGlial fibrillary acidic protein

HC = Healthy control

MALDI-TOF = Matrix-assisted laser desorption/ionization-
time of flight

MCI = Mild cognitive impairment

MG = Myasthenia gravis

miRNA = Micro ribonucleic acid

MMSE = Mini-Mental State Examination

MND = Motor neuron disease

MS = Multiple sclerosis

MSA = Multiple system atrophy
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NA = Not available

NfL = Neurofilament Light

NGS = Next generation sequencing

p-tau = Phosphorylated tau protein

PAD = Preclinical Alzheimer’s disease

PBMC = Peripheral blood mononuclear cells

PD = Parkinson’s disease

PDD = Parkinson disease with dementia

PZP = Pregnancy zone protein

RBD = Rapid eye movement sleep behavior
disorder

RLS = Restless legs syndrome

SELDI-TOF = Surface-enhanced laser desorp-
tion/ionization-time of flight

SOMA = Slow off-rate modified aptamer
t-tau = Total tau protein

TNF-a = Tumor necrosis factor-a

VaD = Vascular Dementia

VD = Vascular disease

VP = Vascular parkinsonism
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APPENDIX A

Epigenomics

((Alzheimer[Title/Abstract] OR alzheimer's[Title/ Abstract]
OR  Parkinson[Title/Abstract] OR  Parkinson's[Title/
Abstract]) AND (biomarker OR biomarkers) AND (miRNA
OR DNA methylation OR histone OR chromatin) AND
("2015"[Date - Publication] : "3000"[Date - Publication])
AND (english[Language] OR spanish[Language]))

Proteomics

((Alzheimer[Title/Abstract] OR alzheimer's[Title/ Abstract]
OR Parkinson[Title/Abstract] OR Parkinson's[Title/Abstract])
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AND (biomarker OR biomarkers) AND (protein[Title] OR
proteomics)) AND ("2010"[Date - Publication]: "3000"[Date
- Publication]) AND (english[Language] OR Spanish [Lan-
guage])).
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