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One of the most profound challenges associated with biomarker de-
velopment in neurological diseases is the specific capture of
neuronally-derived molecules in the massive excess of chemically
complex biofluids such as serum. This is especially important for
a-synuclein because almost all of blood a-synuclein is in the circula-
tion in a free form, mainly derived from peripheral sources such as
red blood cells. This explains why blood-based measurements of
unfractionated a-synuclein are not clinically useful. A promising al-
ternative is the isolation of neuronally-derived extracellular vesicles
(EVs) using the neuronal antigen LICAM (L1EVs). We previously de-
veloped an improved immunocapture method to isolate L1EVs dir-
ectly from serum with minimal fouling and reported that L1EV
a-synuclein is increased in the serum of patients with Parkinson’s
disease (PD) but not controls or patients with alternative proteinopa-
thies using >700 samples from four cohorts internationally.™?
Additional studies also found increased EV-associated a-synuclein
levels in PD compared to controls.**®

Blommer et al.® recently reported in Brain that L1EV a-synuclein
is reduced in PD compared to controls and in PD with cognitive im-
pairment compared to PD with normal cognition in one cohort from
New Zealand (n=273). Intriguingly, the authors reported in their
supplementary material that the mean EV o-synuclein levels in
PD with normal cognition (PD-N) is 3502.2 pg/ml versus 3099.9 pg/
ml for controls (i.e. higher in PD than controls), which is in contrast
to some of their own conclusions. The authors reported a concen-
tration of L1EV a-synuclein in the range of 2000-3500 pg/ml, which
is substantially higher than the threshold value (~10-15 pg/ml) that
was previously shown to separate PD from controls by us and
others.”™* Although the authors have thoroughly demonstrated
that they successfully immunocapture L1EVs, their methodology
involves the ExoQuick kit, a polymer-based precipitation assay
that is prone to non-specific binding of contaminant proteins or

vesicles. It is noteworthy that studies employing the ExoQuick kit
in EV isolation from serum or plasma are inconsistent in terms of
absolute L1EV-associated a-synuclein concentrations and reported
relatively high levels.>®° In contrast to Blommer et al.,® other stud-
ies using this method found increased L1EV-associated a-synuclein
inPD.>®

a-Synuclein is highly abundant in a free form in blood with a ten-
dency to aggregate and to bind non-specifically to most surfaces in-
cluding magnetic beads or polymers that are used in the ExoQuick
assay. Therefore, we believe that the use of ExoQuick specifically
in the study of EV-associated a-synuclein is likely to confound the
results due to non-specific precipitation of free circulating
a-synuclein monomers and/or oligomers. We used the HiScreen
Capto Core 700 column to separate EVs from the bulk of free proteins
and estimated the levels of a-synuclein in total EV-associated frac-
tions in serum from healthy volunteers without employing immu-
nocapture. Based on the UV spectra that measured total protein
abundance, we identified a small early-elution peak, followed by a
second larger peak, which depicts abundant free serum proteins.
We collected 10 separate fractions (F) spanning across these two
peaks (F1 to F10) as shown in Fig. 1A. The stacked spectra were ob-
tained from n=10 subjects, with comparable column retention
time and elution peaks, demonstrating the high reproducibility of
the fractionation process. Using nanoparticle tracking analysis
(NTA) we found that EVs were enriched in F2 to F5 with no nanopar-
ticles detected in subsequent fractions, as shown in Fig. 1B. To
further define the molecular profile of EVs that were detected in
F2-F5 we performed immunoblotting for CD9, which is a generic
EV surface marker and syntenin-1, which is an internal EV cargo
protein and the best available marker for exosomes, which are
endosome-derived EVs.! Based on immunoblotting, CD9 and
syntenin-1bands were enriched in F3 and F4 and not in the late frac-
tions (Fig. 1C). Thus, size exclusion chromatography using the
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Figure 1 a-Synuclein concentration in all extracellular vesicles isolated
from serum by size exclusion chromatography. (A) Size exclusion chro-
matography spectra of 10 eluted fractions (F) from 1 ml of serum. (B)
Extracellular vesicles were measured in each fraction using nanoparti-
cle tracking analysis. (C) Immunoblotting for syntenin-1 (Synt-1) and
CD?9 in each fraction after total protein precipitation using methanol-
chloroform extraction. (D) Profiling of each unprocessed fraction with
duplexed MSD assay demonstrates that CD81 is detected in early frac-
tions, which also contain very low levels of a-synuclein (<50 pg/ml)
whereas later fractions are enriched in free a-synuclein (up to
~3000 pg/ml).

HiScreen Capto Core 700 column successfully separates EVs from
the bulk of free serum proteins with EVs eluting primarily in F3
and F4. Under these conditions, most a-synuclein in serum as mea-
sured by electrochemiluminescence (MSD platform) was detected in
a free form in late fractions (n=6 replicates) with only a small
amount eluted in F3 and F4 (Fig. 1D). Importantly o-synuclein in
the EV-associated fractions F3 and F4 was very consistent across
biological replicates (43.46 + 19.99 pg per 1 ml of serum) despite con-
siderable variability in the free a-synuclein in fractions F5-F8
(4716.47 +4973.63 pg per 1 ml of serum), which may be caused by
haemolysis or contamination from other peripheral sources.
Similar results to our findings in serum were previously reported
in plasma.” In these experiments, parallel measurements of CD81
using electrochemiluminescence, which is more sensitive than im-
munoblotting, identified this generic EV marker mostly in F3 and F4,
in line with our earlier conclusions above using immunoblotting for
CD9 and syntenin-1. Thus, a-synuclein levels in the EV-enriched
fractions which include both neuronal (L1EVs) and non-neuronal
EVs are much lower than free o-synuclein and what was reported
by Blommer et al. in L1EVs.

We then assessed how much a-synuclein in the EV-enriched frac-
tions is found in the association with the L1EV subpopulation. We
performed anti-L1CAM immunocapture using pCBMA-coated beads
followed by immunoblotting in each fraction from F2 to F7 that
span over the two peaks across the size exclusion chromatography
spectra. Although we detected full-length L1CAM (220 kDa) in all
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Figure 2 o-Synuclein concentration in the L1CAM-positive serum extra-
cellular vesicle subpopulation. (A) Immunocapture using anti-L1CAM
antibodies from Fractions (F) 2 to 7 covering the two identified peaks
on the size exclusion chromatography (SEC) spectra shows that full-
length L1CAM was present in all fractions but co-immunoprecipitated
with EV proteins syntenin-1 and CD9 only in F3 and F4 as shown by im-
munoblotting. (B) LLCAM immunocaptured EVs from Fractions 2 to 4 vi-
sualized with transmission electron microscopy (left). No EVs were
detected with anti-HA antibodies used as control (right). (C)
Nanoparticle tracking analysis of EVs eluted following L1CAM immuno-
capture from Fractions 2 to 4. (D) a-Synuclein concentration in the EV
subpopulation immunocaptured with anti-L1CAM antibodies from
pooled Fractions 2 to 4 (n=4 healthy volunteers tested, two replicates
for each individual).

tested fractions, only in F3 and F4 was L1CAM isolated in associ-
ation with CD9 and syntenin-1 (Fig. 2A). This was confirmed by
negative staining transmission electron microscopy after EV elu-
tion with glycine buffer (pH 2.8), demonstrating that the
L1CAM-immunocaptured particles from F2-F4 had the typical cup-
shaped morphology of EVs and measured ~100 nm (Fig. 2B). Thus,
although a large amount of L1CAM is found free in blood as previ-
ously reported, a small fraction is found in association with EVs.
Based on NTA, the total number of eluted L1EVs with a typical
peak size at ~110 nm (i.e. area under the curve in Fig. 2C) was cal-
culated to constitute ~ 8% of total serum EVs from the correspond-
ing fractions (F2-F4 in Fig. 1B) assuming elution efficiency was
complete. Under these conditions, LICAM immunocapture from
pooled fractions F2-F4 followed by a-synuclein measurements
using electrochemiluminescence revealed that L1EV-associated
a-synuclein is 13.33 + 4.45 pg per ml of serum based on four healthy
volunteers each tested in duplicate (Fig. 2D). This is in line with our
previous estimates of a-synuclein concentration in serum L1EVs
from healthy controls>**° and much lower than what Bloomer
et al.? reported in Brain (3099.9 + 2986 pg/ml).
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The wunusually high concentration of LI1EV-associated
a-synuclein reported by Blommer et al.’ is most likely explained
by non-specific contamination with free a-synuclein, including po-
tentially aggregated forms, casting doubt on the validity of their
conclusions. For these reasons, we believe that the use of
ExoQuick to concentrate EVs is not suitable for the quantification
of blood-derived EV-associated a-synuclein in PD biomarker stud-
ies. This issue demonstrates the need for standardization of EV im-
munocapture protocols across laboratories and validation of any
reported results in independent cohorts.
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