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ABSTRACT

Objectives: Neuropathological evaluations are the gold standard for
diagnosing a patient’s neurodegenerative disease and for validating biomarker
tests. However, there may be a long delay between a biomarker determination
and death. Plasma biomarker assays may provide a useful probabilistic
determination of the identity of the causative condition and may easily be
standardized across clinics. Unfortunately, validations of antemortem plasma
biomarkers with postmortem neuropathology are rare. In this work, plasma
was obtained from the Arizona Study of Aging and Neurodegenerative
Disorders and Brain and Body Donation Program (AZSAND/BBDP) a
longitudinal clinicopathological study that collects plasma antemortem and
conducts autopsies after death.

Methods: Plasma samples were collected from 1 to 1.5 years before death.
Biomarkers, including ABy.40, AB1.47, T-Tau, pTaul81, a-synuclein, TDP-43,

etc., in plasma were assayed using Immunomagnetic Reduction (IMR).
Postmortem semi-quantitative histological assessments were done of the
regional brain distributions of amyloid plaques, Neurofibrillary Tangles
(NFT), Lewy-Type Synucleinopathy (LTS) and TDP proteinopathy.

Results: The levels of T-Tau and AP4;xT-Tau can be used to estimate the
histopathological brain loads of all of these. Plasma pTaul81/TDP-43
predicts the regional and total brain NFT densities. Plasma o-synuclein levels
positively correlate with LTS total brain load. Significantly higher levels of
plasma TDP-43 were detected in subjects with histopathological TDP-43
pathology as compared to TDP-43-negative subjects.

Conclusion: These results demonstrate the significant relationships between
antemortem plasma biomarkers and postmortem neuropathology.

Key Words: Neuropathology; Neurodegenerative disease; Plasma biomarkers;
Immunomagnetic reduction

INTRODUCTION

Neuropathological evaluations are the gold standard for diagnosing a

patient’s neurodegenerative disease. Anatomic vulnerabilities of amyloid
plaques, neurofibrillary tangles, Pick bodies, Lewy bodies, and neural
cytoplasmic and neural intranuclear inclusions are frequently found in
various types of neurodegenerative diseases [1]. Pathological lesions are
characterized by the accumulation of misfolded native peptides or proteins
such as Amyloid B peptides (Af), tau proteins, o-synuclein and Transactive
DNA-binding Protein 43 (TDP-43) [2-6]. In addition to proteinopathies,
neuropathological diagnosis depends on the location (extracellular or
intracellular), morphology and topography of the accumulated peptides/
proteins and the cell types affected (neurons, astrocytes, oligodendrocytes)
[7]. These pathological causes result in various clinical features of movement
disorders, language disorders, and cognitive or behavioral disorders [8].

Antemortem anatomy for examining neuropathology is impossible in
clinical practice. However, studies correlating anatomic investigations at
autopsies with antemortem neuroimaging, such as amyloid Positron
(PET), tau PET, dopamine scanning, and
metaiodobenzylguanidine scanning, have revealed the feasibility of in vitro
examinations of neuropathology [9-12]. Although neuroimaging is approved
for clinical use [13-16], it is not routinely performed because of its high cost
and low availability. It would be better to have friendly evaluations for
neuroimaging or neuropathology. Assays of relevant peptides/proteins in
body fluids are promising for predicting neuropathology.

Emission Tomography

There has been considerable interest in using antemortem Cerebrospinal
Fluid (CSF) biomarkers in autopsy-confirmed neurodegenerative diseases to
discriminate Alzheimer’s Disease (AD) pathology from non-AD pathology
[17-20]. The CSF biomarkers of interest are AB1.49, AP14, total tau protein
(T-Tau), phosphorylated tau protein at threonine 181 (pTaul81), TDP-43,
Neurofilament Light Chain (NfL), etc. The reported results show that CSF

APy4; or pTaul81 predominantly predict AD pathology [20]. The clinical
sensitivity and specificity of identifying AD neuropathology increase when

CSF pTaul81 and ABy4;, TDP43 and AP14;, or AP and APy4; are
combined [19]. CSF biomarkers have been listed in the diagnostic guidelines
for Alzheimer’s disease. However, because of the perceived invasiveness of
lumbar puncture, the clinical utility of CSF biomarkers is limited. Plasma
might be predicting
neuropathology.

biomarkers alternative fluid biomarkers for

With the development of ultrasensitive assay technologies, precise quantitative
detection of plasma biomarkers associated with neurodegenerative diseases
has become feasible [22-25]. Many reports have revealed correlations
between plasma biomarkers and clinical features, brain atrophy and the
standardized uptake value ratio of AP tracers in the brain in patients with
Alzheimer’s disease [26-32]. However, plasma-to-autopsy studies are rare in
neurodegenerative diseases [33,34]. In this study, the ability of antemortem
plasma biomarkers assayed with Immunomagnetic Reduction (IMR) to
predict postmortem neuropathology, not limited to AD pathology, was
investigated.

MATERIALS AND METHODS

Subject enrollment

Human subjects were enrolled in the Arizona Study of Aging and
Neurodegenerative Disorders and Brain and Body Donation Program
(AZSAND/BBDP) a longitudinal clinicopathological study AZSAND,/Brain
and Body Donation Program (www.brainandbodydonationprogram.org)

[35].

Neuropathological evaluation

All subjects received identical blinded neuropathological examinations [35]
by a single observer, including summary regional brain density measures for
total amyloid plaques and neurofibrillary tangles (for both is a summary
score of 5 regional semi-quantitative 0-3 density scores for a maximum
possible total of 15 in frontal, temporal and parietal lobes plus hippocampal
CALl and entorhinal/transentorhinal area), summary LTS regional brain
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density scores (summary score of semi-quantitative 0-4 density scores in 10
brain regions for a maximum possible total of 40), and staging using the
unified staging system for Lewy body disorders [36], as well as substantia
nigra depigmentation scores (0-3 for none, mild, moderate and severe) and
assignment of CERAD neuritic plaque density, Braak neurofibrillary stage,
and AD neuropathological change levels of low, intermediate or high, as
[37,38]. Pathological TDP-43 deposits were
immunohistochemically detected and semi-quantitatively assessed (0-3 for
none, sparse, moderate and severe), in sections of amygdala, hippocampal
CAl, entorhinal/transentorhinal area, middle temporal gyrus and middle
frontal gyrus, with antibodies to TDP-43 phosphorylated at phosphoserine
residues 409-410 as previously described [39,40].

described  previously

Plasma collection

We used EDTA tubes and processed blood within an hour of collection.
Spin the blood tubes at 2,000x g for 10 minutes at 4°C to separate plasma,
buffy coat and red blood cells in Beckman Allegra X-14R. Collect plasma
and centrifuge in Beckman Allegra X-14R for 5 minutes, 4°C at 3000x g to
remove pellet cells. Aliquot and store plasma at -80°C. The antemortem
plasma samples were collected from 1 to 1.5 years before death.

Plasma biomarkers assays

The plasma samples were sent to MagQu Co., Ltd., in Taiwan to assay
AB147, T-Tau, total asynuclein and TDP-43 using IMR. Frozen plasma
samples were transferred to wet ice and then to room temperature. Fifteen
minutes later, 60 ul of plasma was mixed with 60 pl of reagent for assaying
AB14; MEAB2-0060, MagQu). For each of the other biomarkers, 40 pl of
plasma was mixed with 80 ul of reagent (ME-TAU-0060, MF-ASC-0060, MF-
TDP-0060, MagQu). An IMR analyzer (XacPro-S, MagQu) was used to
measure the concentrations of biomarkers. For each batch of measurements,
calibrators (CA-DEX-0060, CA-DEX-0080) and control solutions (CL-
AB2-000T, CL-AB2-020T, CL-TAU-000T, CL-TAU-000T, CL-TAU-050T,
CL-ASC-000T, CL-ASC-010T, CL-TDP-000T, CL-TDP-001T) were used.
Measurements were repeated once for each biomarker per plasma sample.
The average concentration of the duplicate measurements was reported.

Statistical methods

The discriminations of plasma biomarkers between neuropathological
positives and negatives were analyzed via Student's t test. A p value lower

than 0.05 denotes a significant difference in the levels of plasma biomarkers
between neuropathologically positive and negative patients. Two-tailed
Person’s correlation coefficients (r values) were analyzed between the
biomarker levels and total counts of anatomic vulnerabilities. Analyses were
performed via GraphPad Prism 5 and Med-Calc version 13.

RESULTS

In this study, three autopsies were negative of amyloid plaques (A-), and twelve
autopsies were positive of amyloid plaques (A+). The measured plasma
individual and combined APy 49, AP1_42, T-Tau, pTaul8l, asynuclein and
TDP-43 concentrations are listed in Table 1. Among plasma biomarkers, T-
Tau and APj4xT-Tau levels are significantly different between A- and A+
patients (T-Tau: p<0.05; APi4xT-Tau: p<0.01). There was no significant
difference in the other biomarkers between A- and A+ patients (p>0.05).
These findings suggest that both AB;4; and tau contribute to the development
of the observed amyloid plaques. The dot plots of the plasma T-Tau and
ABr4xT-Tau levels in A- and A+ are shown in Figure 1(a) and (b),
respectively. A+ is associated with higher levels of plasma T-Tau and ABq.4;xT-
Tau than A-.
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Figure 1) Plasma (a) T-Tau and (b) AB1.4;xT-Tau levels in amyloid-plaquenegative
(A—Tm) and positive (A+T1“ and A+T1\/<v1) patients.

Table 1: Measured antemortem plasma biomarkers in postmortem negative/positive cases of amyloid plaques.

Neuropathology A- A+

Ti (n=3) T (n=7) Tiv-vi (n=5) Combined (n=12)
Age of death (years) 86.0 £ 3.0 81.0+94 86.8 £ 3.6 83.3+84
Braak stage 1] 1] IV-VI -vi
Biomarker
AB1.40 (pg/ml) 4410+ 5.74 46.67 + 6.59 46.03 +4.07 46.40 + 5.46
AB142 (pg/ml) 16.90 + 0.42 16.60 + 0.99 16.84 + 0.51 16.70 + 0.80
T-Tau (pg/ml) 20.14 £ 0.61 24,77 £1.73" 2216+ 1.50"* 23.69 +2.06"
pTau181 (pg/ml) 3.93 £0.94 4.09 + 0.56 3.88 £0.52 4.00 +0.53
a-synuclein (fg/ml) 95 + 36 179 £ 117 96 + 33 145 + 99
TDP-43 (pg/ml) 0.246 + 0.053 0.256 + 0.036 0.188 + 0.051 0.227 + 0.054
AB1-42/AB1-40 0.387 + 0.040 0.362 + 0.056 0.368 + 0.033 0.365 + 0.046
AB1.42xT-Tau 340.4 £ 14.9 4102+ 19.7" 373.0 £21.5 394.7+27.3"
AB14oxpTau181 66.60 + 17.33 67.82 +9.09 65.25 +7.15 66.75 + 8.09
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Note: A-: Negative cases of amyloid plaques; A+: Positive cases of amyloid plaques

Ty: Braak stage lIl; Ty.y): Braak stage IV-VI,
“: p<0.05 compared with A-Ty;;; *: p<0.05 compared with A+Ty,

The discrimination of A+ from A- is based on the AB plaque density over
the regions of frontal cortex, temporal cortex, parietal cortex, hippocampus
and entorhinal area. The correlations between plasma T-Tau and plaque
density, plasma AP14;xT-Tau and plaque density in regions of frontal
cortex, temporal cortex, parietal cortex, hippocampus and entorhinal area

were analyzed wvia two-tailed Pearson’s correlation, as listed in Table 2.
Plasma T-Tau levels do not correlate with any regional or combined Af
plaque density. Plasma AB1.4,xT-Tau correlated significantly and positively
with AP plaque density only in temporal cortex.

Table 2: Pearson’s correlations between plasma T-Tau and AR plaque density and between plasma AB1.4;xT-Tau and AR plaque density in regions of

frontal cortex, temporal cortex, parietal cortex, hippocampus and entorhinal area.

Plasma biomarker T-Tau

Brain region

AB142xT-Tau

Frontal cortex 0.223 (p>0.05)

Temporal cortex 0.474 (p>0.05)
Parietal cortex 0.271 (p>0.05)
Hippocampus -0.066 (p>0.05)
Entorhinal area 0.480 (p>0.05)

Combined 0.306 (p>0.05)

0.231 (p>0.05)
0.522 (p<0.05)
0.276 (p>0.05)
-0.032 (p>0.05)
0.431 (p>0.05)

0.314 (p>0.05)

The Braak stage is a semiquantitative measure of the severity of the
Neurofibrillary Tangle (NFT) pathology of the brain in AD patients. The
Braak stages of the fifteen autopsies were examined, as listed. All three A-
subjects were Braak stage III (Typ). Seven of the twelve A+ subjects were
Braak stage III (Typp), and the other five A+ subjects were Braak stages IV, V
or VI (Tpyyp. In A+, the levels of plasma T-Tau and APq4xT-Tau were
relatively lower in Tpyyg than in Ty (p<0.05).

The relationships between individual and combined plasma biomarkers and
NFT density in regions of frontal cortex, temporal cortex, parietal cortex,
hippocampus and entorhinal area are investigated. There was no significant
correlation  between APy 40, APy 47, TTau, pTaul8l or asynuclein
concentration and regional or combined NFT density (p>0.05). However,
TDP-43 was significantly negatively correlated with NFT density at P
(r=-0.540, p<0.05) and almost significantly correlated with combined NFT
density (r=0.507, p=0.504), as listed in Table 3. By combining TDP-43 and
pTaul8l, i.e., pTaul81/TDP-43, significantly positive correlations with NFT
density were found for the region of frontal cortex (r=0.641, p<0.05),
temporal cortex (r=0.550, p<0.05), parietal cortex (r=0.724, p<0.01) and
combined NFT density (r=0.637, p<0.05). The comparison of the plasma
ptaul81/TDP-43 and the combined NFT density is shown in Figure 2. The
ptaul81/TDP-43 promisingly predicts the NFT density in the brain.

40
[ ]
35 F
| r=0.637
30 p <0.05

Plasma pTaul81/TDP-43
-]
o

O 1 1 1 1 1
0 3 6 9 12 15 18

Combined NFT density

Figure 2) Plasma pTaul81/TDP-43 versus combined NFT density in the brain.

Table 3: Pearson’s correlations between plasma TDP-43 and NFT density and between plasma pTaul81/TDP-43 and NFT density in regions of frontal

cortex, temporal cortex, parietal cortex, hippocampus and entorhinal area.

Plasma biomarker TDP-43

Brain region

pTau181/TDP-43

Frontal cortex -0.432 (p>0.05)

Temporal cortex -0.489 (p>0.05)
Parietal cortex -0.540 (p<0.05)

Hippocampus -0.104 (p>0.05)

0.641 (p<0.05)
0.550 (p<0.05)
0.724 (p<0.01)

0.242 (p>0.05)
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Entorhinal area -0.392 (p>0.05)

Combined -0.507 (p>0.05; 0.504)

0.324 (p>0.05)

0.637 (p<0.05)

The two-tailed Pearson’s correlation coefficients between antemortem
biomarker levels in plasma and the Lewy-Type Synucleinopathy (LTS) total
brain load were analyzed, as listed in Table 4. The LTS total brain load is
the sum of LTS in olfactory bulb, dorsal motor nucleus of vagus nerve (in
medulla), locus ceruleus (in pons), substantia nigra, amygdala, transentorhinal
area, cingulate gyrus, middle frontal gyrus, middle temporal gyrus and
inferior parietal lobule. Except for total asynuclein, no significant
correlation was found between measured plasma biomarkers and the LTS
total brain load (p>0.05). The Pearson’s correlation coefficient between the
measured total asynuclein in plasma and the LTS total brain load was 0.876
(p<0.0005), as shown in Figure 3. The assayed total a-synuclein in plasma
clearly and highly reflects the formation of Lewy bodies in the brain.

r=0.876
p <0.0005 .-

Plasma fotal a-synuclein (fg/ml)

0] 5 10 15 20
Lewy-type synucleinopathy total brain load

Figure 3) Relationship between the plasma o-synuclein level and Lewy-Type
Synucleinopathy (LTS) total brain load.

Table 4: Correlations between antemortem plasma biomarkers and postmortem Lewy-Type Synucleinopathy (LTS) total brain load.

Biomarker r (p value)
AB1-40 (pg/ml) -0.058 (>0.05)
AB1-42 (pg/ml) 0.160 (>0.05)
T-Tau (pg/ml) 0.350 (0.05)
pTau181 (pg/ml) 0.397 (>0.05)
a-synuclein (fg/ml) 0.876 (<0.0005)
TDP-43 (pg/ml) 0.298 (>0.05)
AB1-42/AB1-40 0.095 (>0.05)

AB1_42xT-Tau
AB1.42xpTau181

0.483 (>0.05)
0.411 (>0.05)

The observed plasma biomarker levels in subjects with negative and positive
histopathological TDP-43 pathology are listed in Table 5. There were three
subjects with negative TDP-43 pathology and six subjects with positive
TDP-43 neuropathology. There was no significant difference in the levels of
individual or combinations of A, tau, and a-synuclein between negative
and positive TDP-43 neuropathology (p>0.05). However, the TDP-43 levels
in patients with positive TDP-43 neuropathology (0.225 + 0.024 pg/ml) wre
significantly greater than those in patients with negative TDP-43
neuropathology (0.158 + 0.040 pg/ml, p<0.05), as shown in the dot plot in
Figure 4. This implies that TDP-43 neuropathology in the brain is
promisingly predicted with plasma TDP-43 assayed with IMR.

0.30
= o025 | .
L))
L .
™
<
4 020 | H .
]
[
g
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o .
0.10 - —
Negafive Posifive
TDP neuropathology
Figure 4) Plasma TDP-43 levels in TDP neuropathology-negative and TDP-43-
positive patients.
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Table 5: Measured antemortem plasma biomarkers in postmortem negative/positive TDP-43 neuropathology.

TDP-43 Negative (n=3)

Neuropathology

Positive (n=6)

Age of death (years) 82.0+26
Biomarker

AB1-a0 (pg/ml) 45.45 +3.84
AB1-42 (pg/ml) 16.83 + 0.54
T-Tau (pg/ml) 21.92+0.94
pTau181 (pg/ml) 3.87£0.75
a-synuclein (fg/ml) 100 £ 91
TDP-43 (pg/ml) 0.158 + 0.040
AB1-42/AB1-40 0.372 £ 0.041
AB1-42xT-Tau 368.7 £ 17.8
AB1.42xpTau181 64.85 + 10.78

Note: *: p<0.05

85.0+5.3

45.62 +5.91
16.57 £0.72
21.91+3.14
3.59+0.30
92 +32

0.225 + 0.024*
0.369 + 0.054
362.9 £ 53.3
59.53 + 6.38

DISCUSSION

As listed, both the plasma T-Tau and APj4xT-Tau levels discriminate A+
from A-. However, individual and combined ABi40 and APi4 do not
differentiate A+ from A-. This finding might suggest that the deposition of Ap
plaques in the brain is attributed to not only amyloid B peptides but also tau
proteins. In fact, the contributions of amyloid B peptides and tau proteins to
the formation of amyloid plaques in the brain are not independent. Several
groups have reported interactions between amyloid B peptides and tau
proteins, resulting in the accumulation of AP [41-45]. According to published
papers, extracellular AP causes the phosphorylation of tau proteins with
mediators of glycogen synthase kinase-3p or insulin-like growth factorbinding
protein 3 [43,45]. The coexistence of AP and phosphorylated Tau (pTau) has
been shown pathologically in AD animal models and human postmortem
studies [41,42,44]. A significant correlation between AP147 and pTau, AP142
and T-Tau in AD patients was demonstrated in plasma studies [46]. In
addition to accelerating phosphorylation, AP exacerbates the spread of tau
proteins in the brain [47-50]. In mouse studies, amyloid deposition in the
cortex leads to a dramatic increase in the speed of tau-protein propagation and
an extraordinary increase in the spread of tau proteins to distal brain regions
[47]. The acceleration of tau protein spreading in the human brain was
validated by reports that abnormal levels of cortical tau proteins on PET are
rarely found with normal levels of AP but are found outside the entorhinal
cortex at abnormal levels of AP [49]. These results reveal that AP interacts with
tau proteins. Thus, changes in AP levels could modify T-Tau levels. In this
work, the T-Tau levels were found to be significantly and negatively correlated
with the APr42 levels (r=0.525, p<0.05). However, APi4; levels did not
correlate with pTaul81 levels (r=-0.182, p>0.05).

The ability to discriminate the occurrences of amyloid plaques shown in above
figures could allow for distinguishing between Cognitive Unimpairment (CU),
amnestic Mild Cognitive Impairment (aMCI) and Alzheimer’s Disease
Dementia (ADD) using plasma AP142xT-Tau. This deduction is supported by
many clinical studies, which revealed that the levels of plasma AP1.4xT-Tau
assayed with IMR continuously increase from the CU to aMCI to the ADD
[28,51-53]. The cutoff value of plasma AB1.47xT-Tau for differentiating aMCI
patients from CU was suggested to be 403 (pg/ml)%, whereas it was 642 (pg/
ml)? for differentiating ADD patients from aMCI patients. The clinical
sensitivity and specificity are greater than 0.8. Thus, plasma APi4xT-Tau is
not only an assessment parameter for aMCI and ADD but also an index for
predicting disease severity. Hence, some groups have utilized changes in
plasma AP142xT-Tau levels assayed with the IMR to monitor intervention
effects in high-risk patients with AD or aMCI [54,55].

J Neurol Clin Neurosci Vol.9 No.1 2025

In addition, the discrimination of A+ from A-, plasma T-Tau and AP14xT-Tau
differentiates advanced Braak stages (IV-VI) from early Braak stage (III) in A+.
Notably, the levels of T-Tau and AB1.4oxT-Tau were lower in A+Tyy.yy than
in A+Tyj1. Several reports have demonstrated significant elevations in plasma
or CSF T-Tau or pTau levels as the Braak stage changes from zero to I or II
[56-58]. However, the changes in plasma or CSF T-Tau or pTau as the Braak
stage varies from III to VI are not consistent among studies. This could
depend on the detected fragments, phosphorylation sites of the tau protein,
coexistence of other biomarkers, atrophy of the brain, etc. In this work, the
autopsies of Ty and Tivyi in A+ patients were AP neuropathologically
positive. This finding indicates the coexistence of AP with tau proteins in
the included autopsies. The level of tau protein phosphorylated at threonine
181 (pTaul81) was assayed. For the T-Tau assay, the antibody used in IMR
is against the middle region of tau proteins, i.e., amino acids 209-229. The
middle region is present in six isoforms of the tau protein. Only one
antibody was used in the IMR system, without the secondary antibody.
Once the epitope of amino acids 209-229 is exposed, whether in the form of
full-length proteins, fragments or oligomers, etc., the tau protein is assayed.
More investigations are needed to clarify the relationships between T-Tau or
pTau and tau neuropathology in the brain.

As shown in Table 3, TDP-43 levels were negatively correlated with regional
NFT density in parietal cortex. Meanwhile, pTaul81/TDP-43 significantly
and positively correlated with regional and combined NFT densities in the
brain. This finding might suggest that TDP-43 could suppress the expression
of pTaul81 or T-Tau to prevent the formation of NFT in the brain. Gu, et
al. proposed a possible mechanism for the suppression of T-Tau or pTau
expression [59,60]. TDP-43 promoted tau mRNA instability by binding to
two (UG)n elements in the 3’-Untranslated Region (3’-UTR) of tau mRNA.
Thus, tau protein expression was suppressed. The downregulation of T-Tau
and pTau with TDP-43 could potentially contribute to the negative
correlation between TDP-43 and regional NFT density in parietal cortex and
the positive correlation between pTaul81/TDP-43 and regional/combined
NFT densities. However, further studies are needed.

The results in Figure 3 reveal the feasibility of predicting Lewy bodies in the
brain using plasma a-synuclein. Lewy bodies are the pathological hallmark
of Parkinson’s Disease (PD). Thus, plasma a-synuclein can potentially be
used to assess PD. Several groups have demonstrated the feasibility of
differentiating PD patients from normal controls by assaying plasma o
synuclein with the IMR [61-64]. High clinical sensitivity and specificity were
found.
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In addition to the LTS total brain load, the regional LTS load in the olfactory
bulb, dorsal motor nucleus of vagus nerve (in medulla), locus ceruleus (in
pons), amygdala, substantia nigra, transentorhinal area, cingulate gyrus,
middle temporal gyrus, middle frontal gyrus, inferior parietal lobule and
limbic lobe were analyzed in this work [35,36,65]. Among the observed
regional LTS load, plasma a-synuclein levels were most strongly correlated
with regional LTS load in the limbic lobe (r=0.958, p<0.0001). This finding
implies that plasma a-synuclein levels significantly predict vulnerability in the
limbic lobe in PD patients. This deduction is consistent with the observations
of Chen, et al. [65], who reported a weak association between plasma o-
synuclein levels and thinning of the limbic cortex.

Beach, et al. correlated LTS load with clinical features such as cognitive
impairment and motor disorders in PD patients [36]. Higher LTS total
brain load result in lower MMSE scores and higher UPDRS III scores. LTD
total brain load predicts disease severity in PD patients. With the positive
correlation between plasma a-synuclein levels and the LTS total brain load
shown in Figure 3, the plasma asynuclein density promisingly predicts
disease severity in PD patients. Lin, et al. demonstrated the prediction of
cognitive decline in PD patients via plasma a-synuclein levels assayed with
the IMR [61].

TDP-43 pathology is the hallmark of Amyotrophic Lateral Sclerosis (ALS)
and Behavioral Variant Frontotemporal Dementia (BVFTD). As shown in
Figure 4, significantly increased levels of plasma TDP-43 were found in
patients with positive TDP-43 neuropathology. Hence, TDP-43 in the fluid
body is suggested as a potential diagnostic biomarker for ALS and BVFTD.
Reported increases in CSF TDP-43 in patients with ALS [67]. Steinacker, et
al. reported increases in CSF TDP-43 levels in both ALS and FTD patients
[68]. Furthermore, Zecca, et al. proposed that high levels of CSF TDP-43
may be associated with rapid disease progression and reduced survival [69].
In addition to CSF, Chatterjee, et al. reported an increase in TDP-43 in
plasma extracellular vesicles in patients with ALF or FTD [70]. Yang, et al.
utilized IMR to assay soluble TDP-43 in plasma and found a clear difference
in plasma TDP-43 levels between FTD patients and normal controls [71].
However, not all published results are consistent. Reported a decrease in
serum TDP-43 levels in FTD patients with C90rf72 repeat expansion or a
concomitant motoneuron disease phenotype [72]. This finding implies that
genotypes and comorbidities could manipulate changes in body-fluid
TDP-43 in individuals with ALS or FTD.

TDP-43 pathology is found not only in ALS and FTD patients but also in AD
patients. According to pathology studies, 20% to 50% of AD patients have
TDP-43 pathology [73,74]. Yang, et al. reported that 20.6% of AD patients
have increased levels of plasma TDP-43 [71]. This plasma study result
coincides with that of TDP-43 pathology studies. Josephs, et al. reported that
the most frequent deposition of TDP-43 was in the limbic system (67%) [75].
TDP-43 pathology in limbic regions leads to limbic-predominant age-related
TDP-43 encephalopathy (LATE), which is associated with anamnestic
dementia syndrome, which is a clinical feature of AD. Hence, to assess AD in
elderly individuals, not only plasma AD and tau but also plasma TDP-43
should be assayed.

CONLUSION

The plasma-to-autopsy relationships were explored in this work. The
antemortem biomarkers in plasma were assayed by using immunomagnetic
reduction. The levels of T-Tau and AP.4,xT-Tau discriminate amyloid-plaque
positives from negatives at autopsy and differentiate advanced from early
Braak stages in positive cases of amyloid plaques. Plasma pTaul81/TDP-43
predicts the regional NFT density in parietal cortex and the combined NFT
density in the brain. Plasma a-synuclein levels positively correlate with Lewy-
type synucleinopathy total brain load. Significantly higher levels of plasma
TDP-43 were detected in subjects with histopathological TDP-43 pathology as
compared to TDP-43-negative subjects.

LIMITATIONS

Owing to the limited sources of autopsies at the brain bank, few subjects
were included in this work. In addition, the time interval between blood
draw and autopsy is 1-1.5 years. This might explain the slight inconsistency
between antemortem plasma biomarkers and postmortem neuropathology.
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