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Abstract

Objectives. Most of the peripheral a-synuclein is found in erythrocytes, and several studies have examined a possible association between erythrocytic a-synuclein and Parkinson’s Disease (PD). The notion that peripheral a-synuclein can
reflect pathological changes in the CNS is mostly based on its expected diffusion through the damaged blood brain barrier (BBB). Independently from BBB impairment, a-synuclein has been shown to navigate bidirectionally from the blood to
the BBB in a free form and via extracellular vesicles. Even though a-synuclein aggregates are present in erythrocytes, their exact forms are not fully characterized, and their diagnostic value has not been clarified. Methods. \We have used a
recently developed ELISA that selectively detects fibrillar and oligomeric a-synuclein to measure aggregated a-synuclein in red blood cells (RBCs) collected from PD patients and age/sex-matched control individuals (n=35). The PD group
included patients without any common mutation (genetically undetermined group, GU-PD, n=56) as well as mutation carriers in the a-synuclein gene (A53T-PD, n=28) and glucocerebrosidase gene (GBA-PD, n=24). Results. We found that
the concentration of aggregated a-synuclein in erythrocytes was significantly increased in GU-PD patients compared to controls. A53T-PD and GBA-PD patients exhibited similar levels of erythrocytic aggregated a-synuclein as the control
group. The levels of fibrillar/oligomeric a-synuclein in RBCs were reduced in respect to the age of control individuals suggesting that the observed increase in the GU-PD cohort was not due to normal aging. Parallel assessment of monomeric
a-synuclein revealed that aggregated, but not total, could discriminate PD patients from control individuals. Conclusions. The elevation of aggregated a-synuclein in PD erythrocytes, which is not related to aging, suggests that these forms
may be indicative of PD pathology and possibly accumulate upon disease establishment. As such, aggregated a-synuclein in RBCs could be a potential biomarker for PD diagnosis.

Results

Development and validation of a conformation-specific ELISA for fibrillar/oligomeric a-synuclein
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A new conformation-specific ELISA was developed using the SynF2 mouse monoclonal antibody as the capture antibody (Vaikath et al, 2015)
which was shown to preferentially bind to mature amyloid fibrils and high molecular weight oligomers. Anti-a-synuclein aggregate MJFR-14-6-4-2
antibody was used as the detection antibody (A). The detection limit of the assay was 0.1 ng/mL (with a sighal-to-background ratio of 2) and the
linear range 300 ng/mL (B). The new ELISA was selective for the aggregated forms of a-synuclein (C) as tested by measuring similar concentrations
of monomeric a-synuclein (barely detectable only at 10 and 50 ng/mL), able to detect both fibrillar and oligomeric forms (D), and conformation-
specific as assessed by measuring PFFs following urea treatment (E). The new assay was validated in human postmortem brain tissue (caudate
nucleus and putamen) from PD patients and non-PD control individuals. Western blotting (F) using the C-20 polyclonal antibody indicated that
SDS-stable aggregated a-synuclein conformers could be selectively detected in PD tissue homogenates whereas the levels of monomeric a-
synuclein were similar between PD and control samples (N=8 samples per group per brain area). GAPDH was used as a loading control. The same
homogenates were analyzed by the conformation-specific ELISA (G) which revealed that the levels of aggregated a-synuclein were highly elevated
in the putamen compared with caudate nucleus. Importantly, low levels of a-synuclein aggregates were also present in control samples.
Statistics: In (C) by multiple t-tests (* p =0.0023 and ** p = 0.00036). In (G) by Student’s t-test; *** p <0.0001.

Aggregated, but not total, a-synuclein is elevated in erythrocytes from PD patients compared to controls
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The specificity of the measurements using the conformation-specific ELISA in lysed RBCs was
verified using serial dilutions (H) or using the standard addition of 1.2 or 3.6 ng/ml PFFs (l) in a
control RBC sample. Data presented as mean * SEM. Measurement of total protein using the
Bradford assay showed similar distributions in GU-PD (n=56) vs control (n=34) RBC samples
suggesting comparable conditions of storage and handling for samples in both cohorts. Statistics by
Student’s t-test (p=0.4024).

Aggregated a-synuclein was measured in RBCs from controls (n=35) and GU-PD patients (n=56) (K)
and compared to PD patients carrying GBA and A53T mutations (L). Parallel measurement of
aggregated or total a-synuclein in RBCs from 9 controls and 9 GU-PD patients showed that total a-
synuclein could not discriminate between control and PD groups (M). The use of aggregated:total
ratio further reinforced the discrimination capacity in the same RBC samples (N). For the
assessment of both aggregated and total a-synuclein, the concentrations were normalized to total
erythrocytic protein since the erythrocyte content of blood samples is reported to have substantial
variability by subject.
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Table 1. Demographic information about enrolled subjects by group
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presence of GBA variants, and were divided into two categories: patients without

Statistics: In (K) by Mann Whitney test (**p=0.0067). In (L) by Kruskal-Wallis test followed by Dunn’s any known mutations in SNCA or GBA genes (Genetically-Undetermined PD

multiple comparisons test (p=0.0702, 0.9616, and >0.9999 for GU-PD, GBA-PD and A53T-PD vs

patients, GU-PD) and patients harboring GBA mutations (GBA-PD). Enrolled healthy

controls, respectively. In (M) by Student’s t-test (*p=0.02379 for aggregated a-synuclein, p=0.9327

for total a-synuclein). In (N) by Mann-Whitney test (*p=0.0326 for aggregated a-synuclein,

controls had no known family history of PD and were not screened for the

**n=0.0078 for aggregated:total ratio. aforementioned mutations. Data in tables represents mean (STDEV).

The accumulation of a-synuclein aggregates in GU-PD erythrocytes is not due to aging
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We found a negative correlation, albeit with a low rho value, between aggregated a-synuclein levels and the age of control participants suggesting that a-synuclein aggregates in RBCs tend to decrease during normal aging (I, A). There was no such correlation in the cohort of GU-PD
patients, possibly due to the accumulation of these forms upon disease development and progression (I, B). We also found that the levels of aggregated a-synuclein in PD RBCs were not related to the age of disease onset or disease duration in the GU-PD group (I, C and D). To further
reinforce this observation, we further examined potential correlations of aggregated a-synuclein in RBCs with clinical features reflecting the motor and cognitive performance of the patients in the GU-PD group. Our analysis suggested that aggregated a-synuclein is not linked with
either UPDRSIII or MMSE scores (I, E and F). Extension of this analysis for the GBA-PD and A53T-PD groups yielded similar results (panels Il and lll, respectively).

Conclusions

» A new conformation-specific ELISA was developed for the selective detection of a-synuclein fibrils and high-order oligomers without cross-reacting with

monomers.
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