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SUMMARY

Glial cytoplasmic inclusions (GCIs), commonly observed as a-synuclein («-syn)-positive aggregates within oligodendrocytes, are the
pathological hallmark of multiple system atrophy. The origin of a-syn in GClIs is uncertain; there is little evidence of endogenous
a-syn expression in oligodendrocyte lineage cells, oligodendrocyte precursor cells (OPCs), and mature oligodendrocytes (OLGs). Here,
based on in vitro analysis using primary rat cell cultures, we elucidated that preformed fibrils (PFFs) generated from recombinant human
a-syn trigger multimerization and an upsurge of endogenous a-syn in OPCs, which is attributable to insufficient autophagic proteolysis.
RNA-seq analysis of OPCs revealed that a-syn PFFs interfered with the expression of proteins associated with neuromodulation and mye-
lination. Furthermore, we detected cytoplasmic a-syn inclusions in OLGs through differentiation of OPCs pre-incubated with PFFs. Over-
all, our findings suggest the possibility of endogenous a-syn accumulation in OPCs that contributes to GCI formation and perturbation of

neuronal/glial support in multiple system atrophy brains.

INTRODUCTION

Multiple system atrophy (MSA) is an a-synucleinopathy
characterized by a relentless worsening of motor and
non-motor symptoms during a typical time frame of
6-10 years. Glial cytoplasmic inclusions (GClIs) in
oligodendrocytes (OLGs), which consist of a-synuclein
(¢-syn)-positive filamentous components, are the hallmark
for a definitive neuropathological diagnosis of MSA. Given
that the emergence of GCIs occurs prior to neuronal loss, it
is likely that a primary oligodendroglial event is the root of
the disease pathology in MSA (Wenning et al., 2008).
Since a-syn is considered to be expressed almost exclu-
sively in neurons, the origin of the a-syn that composes
GClIs in oligodendrocytes has been enigmatic. Recent re-
ports have suggested the existence of endogenous a-syn
in oligodendrocyte lineage cells, emphasizing the patho-
logical importance of endogenous a-syn as the source of
the misfolded a-syn in GCIs (Djelloul et al., 2015). The fi-
brillary form of a-syn contributes to prion-like propaga-
tion of the misfolded structure and disease progression
among both in vitro and in vivo models of synucleinopa-
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thies (Angot et al., 2010). Considering that exogenous
a-syn preformed fibrils (PFFs) seed and recruit endogenous
a-syn to form insoluble aggregates in primary neurons, it
is of great importance to determine if exogenous a-syn
PFFs induce misfolding of endogenous a-syn in primary
oligodendrocyte lineage cells (Volpicelli-Daley et al.,
2011).

Oligodendrocyte lineage cells support neuronal activity
not only by forming a myelin sheath to enable saltatory
conduction but also by modulating axonal and neuronal
homeostasis through the supply of neurotrophic factors
(Wilkins et al., 2003). Myelin-forming mature OLGs are
derived from oligodendrocyte precursor cells (OPCs).
When activated in response to brain damage, OPCs prolif-
erate and attempt to differentiate into mature OLGs. OPCs,
which are immunoreactive to NG2 chondroitin sulfate or
platelet-derived growth factor o receptor (PDGFRa), are
distributed diffusely within the central nervous system
and account for 5%-8% of all cells in adult brains (Levine
et al., 2001). Despite the importance of OPCs in brain ho-
meostasis, there are limited numbers of pathological inves-
tigations of OPCs in MSA brains.



mailto:harutoma@kuhp.kyoto-u.ac.jp
mailto:ryosuket@kuhp.kyoto-u.ac.jp
https://doi.org/10.1016/j.stemcr.2017.12.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.stemcr.2017.12.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

o

a-syn PFFs (-)

a-syn PFFs (+)
Human a-syn + DAPI

PDGFRa + DAPI a-syn + PDGFRa + DAPI

GS|H + DAPI MBP + DAPI

a-syn + DAPI

B

OPC

OLG

Human a-syn
+ rat a-syn + DAPI

Rat a-syn + DAPI

=
c
=
3
]
=
=
o
2
2
]
(<
S

OPC OLG

Rat a-syn + DAPI

Rat a-syn / B-actin expression
(normalized by control average)

C(rol 1 3 $ Control 1 3
a-syn a-syn
PFFs (uM) PFFs (uM)

Total rat a-syn

OPC OLG

B-aCTin | ————

0 1 3 0 1 3

a-syn PFFs
concentration (uM)

[
Control 1 3
[S—

Rat a-syn / B-actin expression
(normalized by control average)

a-syn a-syn

Indicates non-specific bands PFFs (uM) PFFs (uM)

(legend on next page)
Stem Cell Reports | Vol. 10 | 356—365 | February 13,2018 357




In the present study, we provide new pathological insight
into the interaction between endogenous and exogenous
a-syn by using primary rat oligodendrocyte lineage cell cul-
tures, and we propose the possibility of OPC involvement
in the pathogenesis of MSA.

RESULTS

Oligodendrocyte Precursor Cells Contain o-Syn
Aggregates in MSA Brains

We investigated whether OPCs contain a-syn aggregates
in MSA brains. One previous analysis revealed that a
small fraction of OPCs in MSA cases showed o-syn immu-
noreactivity, which was also confirmed by our postmortem
investigation (May et al., 2014) (Figure S1A). The a-syn
immunoreactivity in OPCs was stained with Thioflavin S,
suggesting that the a-syn aggregate was misfolded. These
results suggest that not only OLGs but OPCs may also
contain a-syn aggregates in MSA brains.

Oligodendrocyte Lineage Cells in Rat Primary

Cultures Express Moderate Amounts of a-Syn

To confirm the endogenous a-syn expression in oligoden-
drocyte lineage cells, primary oligodendrocyte lineage cell
cultures were obtained from neonatal rats. Consistent
with previous reports, anti-a-syn antibody immunostained
endogenous a-syn within OPCs and OLGs with cyto-
plasmic predominance (Figures S1B and S1C) (Richter-
Landsberg et al., 2000). Immunoblot analysis showed that
oligodendroglial endogenous a-syn expression at 4-6 days
after plating was slightly greater than 20% of the neuronal
a-syn expression (Figures S1D and S1E). Consistent with
immunoblot analysis, quantitative real-time PCR (qPCR)

also suggested that oligodendrocyte lineage cells expressed
10%-20% of the amount of a-syn transcripts expressed
in neurons (Figure S1F). Immunoblot analysis, immunocy-
tochemistry, and gqPCR analysis using each cell marker
validated the high purity of each cell-type culture (Figures
S1D and S1G-S1I, and Movies S1 and S2).

Exogenous a-Syn PFFs Are Internalized into OPCs

To elucidate the impact of extracellular a-syn PFFs on
primary oligodendrocyte lineage cells, these cells were
incubated with either recombinant human a«-syn PFFs or
monomer for 24 hr and immunostained with an anti-
a-syn antibody. When OPCs and OLGs were incubated
with a-syn PFFs, prominent a-syn immunoreactivity was
observed on the cell membranes. Observation of the magni-
fied images obtained by confocal microscopy enabled visu-
alization of internalization of a-syn predominantly in OPCs
but not in OLGs (Figure 1A), which was also confirmed by
immunoelectron microscopy showing the intracellular
localization of «-syn fibrils in OPCs (Figures 1B and 1C).
Meanwhile, the enhanced a-syn immunoreactivity was
not found either in OPCs or OLGs exposed to an equivalent
amount of a-syn monomer (Figure S2A). The cytosoliclocal-
ization of exogenous a-syn in OPCs was also verified by sub-
cellular fractionation of these cells (Figure S2B).

Endogenous a-Syn Protein Expression in OPCs
Dramatically Increases in Response to Exogenous
Recombinant Human o-Syn PFFs

To visualize the interaction between exogenous human
a-syn and endogenous rat a-syn in OPCs and OLGs, cells
were immunostained with an anti-a-syn antibody that
specifically recognizes rodent a-syn (endogenous o-syn

Figure 1. Internalization of Recombinant Human a-Syn PFFs Inducing Accumulation and Multimerization of Endogenous Rat a-Syn
(A) Confocal microscopy of OPCs and OLGs incubated with a-syn PFFs (3 uM) shows prominent a.-syn accumulation on the cell membranes.
The magnified view of an OPC reveals intracellular a-syn immunoreactivity, which is not observed in OLGs. Each scale bar represents 10 um.
(B) Immunoelectron microscopy of a-syn PFF (1 uM)-treated OPCs reveals intracellular fibril-like structures, which are labeled with anti-
a-syn antibody (arrowheads). The antibody recognizes both rat and human a-syn. Each scale bar represents (a) 2 um, (b) 500 nm, and (c)
100 nm, respectively. (b) Dotted line indicates cell surface. N, nucleus.

(C) Immunoelectron microscopy of a-syn PFF (1 uM)-treated OLGs shows extracellularly distributed layers of fibril-like structures, which
are labeled with anti-a-syn antibody (arrowheads). The antibody recognizes both rat and human a-syn. Each scale bar represents (a) 2 um
and (b) 500 nm, respectively. (b) Dotted line indicates cell surface. N, nucleus.

(D) Confocal microscopy with human-specific (exogenous) and rat-specific (endogenous) anti-a-syn antibodies identifies the enhanced
expression of endogenous a-syn in a-syn PFF (3 puM)-treated OPCs. The increase in rat-specific a-syn expression is less notable in OLGs
treated with a-syn PFFs (3 puM). White arrowheads indicate locations where endogenous rat a-syn accumulation is predominantly
observed. Each scale bar represents 20 um.

(E) The magnified view of a-syn PFF (1 uM)-treated OPCs shows intracellular colocalization of exogenous human and endogenous rat a.-syn
(white arrowheads). The bar represents 5 pum.

(F) Immunoblot analysis with a rat-specific anti-o-syn antibody reveals that 24-hr incubation with a-syn PFFs induces multimerization of
endogenous rat a-syn, with a remarkable increase in the total amount of endogenous rat a-syn in OPCs.

(G) Quantification of endogenous rat a.-syn accumulation in a-syn PFF-treated OPCs and OLGs by immunoblot analysis is illustrated. Both
total and multimer endogenous rat a-syn are significantly increased in OPCs by a-syn PFF application. Mean + SEM; n = 5, respectively,
independent cultures; one-way ANOVA, *p < 0.05.
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Figure 2. Insufficient Autophagic Degradation in OPCs Trig-
gered by o-Syn PFF Application

(A) Accumulation of Triton-insoluble endogenous rat a-syn in OPCs
is triggered by a-syn PFF (3 uM) application.

(B) Quantitative real-time PCR reveals unchanged Snca expression
levels after 72-hr incubation of oligodendrocyte lineage cells with
3 uM a-syn PFFs. Mean + SEM; n = 6, respectively, independent
cultures; paired t test. NS, not statistically significant.

antibody) (Figure S2C). In response to incubation with
exogenous a-syn PFFs, the endogenous a-syn expressions
in OPCs were remarkably enhanced (Figures 1D and
S2D). The enhanced immunoreactivity of endogenous
a-syn colocalized with that of exogenous a-syn in the cyto-
plasm of OPCs (Figures 1E and S2B). The cytoplasmic inclu-
sions immunostained with the endogenous a-syn antibody
were also stained with Thioflavin S, which was exclusively
observed in OPCs (Figures S2E and S2F). Immunoblot anal-
ysis revealed a drastically increased amount of endogenous
a-syn expression in OPCs characterized by the emergence
of multimerized a-syn as the result of a-syn PFF application
(Figures 1F and 1G). On the other hand, there was minimal
change in the total amount of endogenous a-syn expres-
sion in OLGs, as shown by both immunostaining and
immunoblot analysis. Monomeric a-syn did not alter the
protein expression pattern of endogenous a-syn in OPCs
(Figure S2G). Despite the striking evidence of inclusion for-
mation in OPCs, the expression of phosphorylated a-syn
was not confirmed either in immunostaining or immuno-
blot analysis (Figures S2ZH and S2I).

Impairment of Autophagy Contributes to Endogenous
a-Syn Accumulation in OPCs

Incubation of OPCs with a-syn PFFs facilitated expression
of endogenous a-syn not only in Triton-soluble fractions
but also in Triton-insoluble fractions (Figure 2A). Based
on the evidence of pathological a-syn expression, we
then asked whether the endogenous a-syn protein increase
is caused by overproduction, accompanied by increased
a-syn transcripts, or by proteolytic dysfunction. qPCR of
oligodendrocyte lineage cells 72 hr after application of
a-syn PFFs clarified that there was no significant increase
in a-syn transcripts (Figure 2B).

Subsequently, we investigated the effect of 24-hr applica-
tion of a-syn PFFs on proteolytic systems in oligodendro-
cyte lineage cells. Immunoblot analysis of a-syn PFF-
treated cells revealed p62 accumulation and fraction
conversion of LC3-I to LC3-II in OPCs (Figures 2C and
2E), which are correlated with insufficient autophagic
clearance and autophagosome accumulation, respectively.

(C) Immunoblot analysis with proteolytic markers discloses marked
increases in p62 and LC3-IIin OPCs, suggesting the induction of an
autophagic pathway due to a-syn PFF application.

(D-G) Quantification of each proteolytic marker expression in
oligodendrocyte lineage cell is exhibited. (D and E) Autophagic
indicators, p62 and LC3-II/LC3-I, show increasing trends in o-syn
PFF-treated OPCs. (F) Cathepsin D protein expression is not
significantly affected by a-syn PFF application. (G) The expression
of lysine-48-linked ubiquitin chains is not affected by a-syn PFF
application. Mean + SEM; n = 4, respectively, independent cultures;
one-way ANOVA, *p < 0.05, ***p < 0.001.
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These findings, as well as the increase of endogenous
a-syn, were also observed when OPCs were incubated
for 24 hr with an autophagy inhibitor, chloroquine
(Figures S3A-S3C). The interaction of a-syn and autophagy
markers (p62, Beclin-1, and LC3) as well as the intra-lyso-
somal localization of a-syn was verified by immunostain-
ing and LysoTracker probes, implying the possibility of
compromised lysosomal degradation (Figures S3D and
S3E). Conversely, the protein expression levels of p62 and
LC3-II in OLGs treated with a-syn PFFs only slightly
increased, which did not reach statistical significance.

Cathepsin D is one of the lysosomal enzymes that are
known to regulate cell homeostasis by mediating the degra-
dation of misfolded protein aggregates delivered to lyso-
somes via autophagy or endocytosis (Bae et al., 2015).
Although the o-syn PFF application did not affect the
cathepsin D protein expression levels in OPCs or OLGs,
the enzymatic activity analysis suggested the reduced
cathepsin D activity in a-syn PFF-treated OPCs (Figures
2C, 2F, and S3F).

Lysine-48-linked polyubiquitin chains are well estab-
lished as the signal for 26S proteasomal degradation (Grice
and Nathan, 2016). Both the OPCs and OLGs showed no
appreciable increase in lysine-48-linked ubiquitin chains
(Figures 2C and 2G). Taken together, these results indicate
that a-syn PFFs impair autophagy more severely in OPCs
compared with OLGs, leading to the accumulation of
endogenous a-syn proteins.

a-Syn PFFs Interfere with mRNA Expression Related to
Myelination and Neuronal Support in
Oligodendrocyte Precursor Cells

Media lactate dehydrogenase (LDH) and water-soluble
tetrazolium (WST) assays revealed that a-syn PFFs did not
cause acute cell death after 24-hr exposure (Figures S3G
and S3H). Therefore, we assessed the functional influence
of a-syn PFF application on OPCs.

RNA sequencing (RNA-seq) analysis in OPCs revealed
remarkable alterations in mRNA profiles associated with
OLG maturation and neuromodulation after 72-hr a-syn
PFF application (Figure 3A). As for the gene expression
involved in oligodendrocyte maturation, o-syn PFF
application to OPCs suppressed the gene expressions of
myelination-promoting factors such as Ackr3 (encoding
CXCR-7) and Cntnl (encoding Contactin 1), while
increasing those of myelination-inhibiting factors such
as Sirt2 (encoding sirtuin 2) and Il1b (interleukin 1B).
Among the neurotrophic factors that regulate neurodegen-
erative disease pathology, monocarboxylate transporter 1
(MCT1) encoded by Sicl16al, which mediates neuronal
death through the release of lactate, and brain-derived neu-
rotrophic factor (BDNF) showed a tendency to decrease
(Lee et al., 2012). Therefore, we verified the alteration of
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mRNA expression levels of Slc16al and Bdnf (Figures 3B
and 3C) as well as those of glial cell-derived neurotrophic
factor (Gdnf) and insulin-like growth factor-1 (Igf1) by
gPCR (Figures S3I and S3)). Interestingly, the mRNA expres-
sion level of Slc16al was significantly suppressed, whereas
those of Bdnf and Gdnf were unchanged. The perturbation
of these neurotrophic factors induced by extracellular
a-syn PFFs was more severe in OPCs than in OLGs, possibly
reflecting the difference of a-syn internalization and sus-
ceptibility against seeding. Alterations of mRNA expression
levels were observed in various profiles associated with pro-
teolysis and protein trafficking (Figure S3K), phenotypic
markers (Figure S3L), and risk genes for familial Parkinson's
disease and MSA (Figure S3M). The results and interpreta-
tion of RNA-seq analysis regarding possible endocytic
players for a-syn PFF uptake in OPCs are described in the
Supplemental Information.

OPCs Pre-incubated with Recombinant Human «-Syn
PFFs Differentiate into Mature OLGs with Endogenous
a-Syn-Positive Inclusions

To determine if the endogenous «-syn accumulation in
OPCs remains even after differentiation into mature
OLGs, we tried to differentiate a-syn PFFs-treated OPCs ac-
cording to the procedure shown in Figure 4A. Immuno-
staining revealed a-syn aggregates in differentiated OLGs,
which were also immunoreactive to an endogenous a-syn
antibody (Figures 4B—4D). Immunoelectron microscopy
showed the intracellular existence of fibrillar a-syn (Fig-
ure S4A). An anti-phosphorylated «-syn antibody detected
vague immunoreactivity merged with «-syn aggregates
through immunostaining, nevertheless the immunoreac-
tivity was not detectable with immunoblot analysis (Fig-
ures S4B and S4C). Pre-incubation with a-syn PFFs also
caused a reduction in myelin-associated proteins, such as
myelin basic protein (MBP) and tubulin polymerization
promoting protein (TPPP/p25a) (Figures 4E, S4D, and
S4E). The decrease of these OLG-specific markers was
accompanied with an increase in the protein expression
levels of PDGFRa and a decreasing trend of Mbp mRNA
expression levels, suggesting insufficient differentiation
as a result of a-syn PFF application (Figures S4F-S41).

In order to delineate the functional consequence
induced by a-syn PFF application before maturation, we
focused on the neuro-supportive function of conditioned
medium from OLGs (Figures 4F—4I). The equivalent me-
dium kept under the same conditions in culture flasks
without cells was used as control medium. Generally,
when primary neurons are incubated with full-medium
change, the survival of neurons is impaired compared
with half-medium change. The conditioned medium
from our OLG culture promoted the survival of primary
neurons even with full-medium change. Notably, this
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neuro-supportive effect was suppressed when OLGs were reflection of autophagic impairment in oligodendrocyte
differentiated from OPCs pretreated with a-syn PFFs. lineage cells in our study (Figures 1D-1G) are in keeping
with both of the previous studies and suggested the possi-
bility that endogenous a-syn in oligodendrocyte lineage

DISCUSSION cells per se contributes to the formation of a-syn aggregates
in MSA.
The existence of endogenous a-syn in primary oligoden- Macroautophagy is particularly important for patholog-

droglial cell culture has been previously reported by ical a-syn clearance, as it can degrade insoluble or aggre-
Richter-Landsberg et al. (2000). On the other hand, a previ-  gated forms of proteins (Konno et al., 2012). In fact, GCIs
ous report of in situ hybridization in GCI-rich regions re- in MSA brains are immunoreactive to autophagic markers,
vealed no increase in a-syn mRNA expression in MSA  such as LC-3 and p62 (Schwarz et al., 2012). In addition,
brains compared with controls (Miller et al., 2005). The the downregulation of a lysosomal enzyme, cathepsin D,
in vitro findings of endogenous a-syn accumulation as a is associated with intracellular a-syn accumulation in
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SH-SYSY cells and myelin degeneration in knockout mice
(Mutka et al., 2010; Bae et al., 2015). The lysosomal locali-
zation of a-syn, as well as the altered cathepsin D activity in
OPCs of our study, emphasizes the pathological relevance
of insufficient lysosomal degradation for a-syn accumula-
tion and disease progression in MSA patients (Figures S3E
and S3F).

Loss of neurotrophic support from oligodendrocytes
in MSA has been postulated as the mechanism for
neurodegeneration secondary to the primary glial pathol-
ogy (Fellner et al., 2011). The RNA-seq and qPCR analysis
corroborated that OPCs express comparable amounts of
transcripts related to neuro-supportive factors, such as
MCT1, BDNF and GDNF (Figures S1H and 3). The lack
of metabolic support for neurons by oligodendroglial
MCT-1, a key player for the shuttling of lactate, results in
neuronal death, which potentially contributes to neuronal
degeneration in MSA (Lee et al., 2012). Furthermore, the
OLGs containing a-syn aggregates in our experiments
showed decreased expression levels of myelin-associated
proteins and compromised neuro-supportive function via
soluble factors (Figures 4E-4I). These findings are consis-
tent with a previous investigation that detected myelin
loss and neurodegeneration in the brains of transgenic
MSA mice overexpressing o-syn in OLGs (Shults et al.,
2005).

A limitation of the present study is that primary oligo-
dendrocyte lineage cell cultures can only be used in exper-
iments with relatively short incubation times due to the
short survival time of these cells. Thus, we conducted the
studies with higher concentrations of recombinant human
a-syn PFFs compared with the concentrations used in the
previous study of primary neurons (Volpicelli-Daley et al.,
2011). In consequence, our study could not clearly detect
phosphorylated o-syn immunoreactivity in oligodendrog-
lial cells, even with 7 days of incubation after a-syn PFF

administration (Figures S2H, S2I, S4B, and S4C). Consid-
ering that at least 7-10 days of the incubation period is
required for neuronal «-syn to be phosphorylated, a longer
observation period is warranted to confirm phosphoryla-
tion of a-syn in oligodendrocyte lineage cells with their
modest basal a-syn expression compared with neurons
(Volpicelli-Daley et al., 2011). As another limitation of
the present study, we administered a-syn PFFs to cultured
OPCs and OLGs to induce endogenous a-syn aggregation,
since this is the standard protocol for a-syn aggregate for-
mation in neurons (Volpicelli-Daley et al., 2011). However,
the primary pathogenesis by which oligodendrocytes spe-
cifically trigger the production of misfolded a-syn in MSA
is yet to be elucidated.

Overall, in vitro a-syn PFF administration in our primary
cultures recapitulated a critical aspect of MSA pathogenesis
and thus represents a practical model system. We suggest
that OPCs potentially play a role in MSA pathology
through internalization of extracellular a-syn and accumu-
lation of endogenous a-syn, and that manipulation of
a-syn expression in OPCs may serve as a therapeutic strat-
egy against GCI formation.

EXPERIMENTAL PROCEDURES

Study Approval

Autopsied human brains were obtained from Kyoto University
Hospital through a process approved by an institutional research
committee. All animal procedures were performed according to
the guidelines of the Animal Use and Care Committee of Kyoto
University and of the Institute of Biomedical Research and
Innovation.

Primary Oligodendrocyte Lineage Cell Cultures
Mixed glial cell cultures were obtained from cerebral cortices of
1- to 2-day-old Sprague-Dawley rats and prepared as previously

Figure 4. Cytoplasmic o-Syn Inclusions and Impaired Neuro-supportive Function in Mature OLGs Derived through Maturation-

Induction of a-Syn PFF-Treated OPCs

(A) Time chart of the experimental procedure is displayed. Cells are incubated with a-syn PFFs (1 or 3 uM) for 24 hr followed by complete
removal of extracellular a-syn PFFs and initiation of 7 days of maturation.
(B) Cytoplasmic a-syn inclusion is confirmed by confocal microscopy. The scale bar represents 20 pum.

(C) The cytoplasmic inclusions contain endogenous rat a-syn. The inclusions are also labeled with Thioflavin S staining. The scale bar
represents 20 pm.

(D) Percentages of OLGs containing cytoplasmic inclusions labeled with both endogenous rat a-syn and Thioflavin S are compared between
OLGs with and without a-syn PFF (1 uM) pretreatment before maturation. Mean + SEM; n = 3, respectively; independent cultures; one-way
ANOVA, **p < 0.01.

(E) Immunoblot analysis reveals reduced myelin-associated proteins, MBP and TPPP/p25a, in OLGs pretreated with a-syn PFFs before
maturation.

(F) Immunostaining of primary cortical neurons incubated with conditioned medium from OLGs reveals that reduced neuronal expressions
of MAP2 and NeuN are induced by a-syn PFF (3 uM) pretreatment to OPCs before maturation. Each scale bar represents 50 um.

(G-T) Viability of primary neurons is evaluated by the quantification of (G) WST assay, (H) MAP2-positive areas, and (I) numbers of NeuN-
positive cells. Mean + SEM; n = 4, respectively; independent cultures; one-way ANOVA, *p < 0.05, **p < 0.01, ***p < 0.001.
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described (Maki et al., 2015). Isolated OPCs were differentiated
into mature OLGs by incubation with differentiation medium
for 7 days.

Preparation of Recombinant Human «-Syn

Recombinant human «-syn was purified in accordance with a
previously established method (Masuda-Suzukake et al., 2013).
PFFs were diluted in PBS at 1 uM or 3 uM, sonicated several times
(30-60 s in total), filtered with 0.2-um syringe filters (Life Sciences),
and diluted in medium.

Immunostainings Observed with Confocal Laser
Microscopy

An Olympus Fluoview FV1000 confocal microscope was used to
observe immunostaining with secondary antibodies conjugated
to fluorescein isothiocyanate, Texas red, or CyS5 (1:200, Alexa Fluor
488, 594, and 647).

RNA-Seq Analysis of OPCs

Agilent SureSelect Strand Specific RNA prep kit (catalog no.
G9691A) was used with 200 ng of total RNA to construct cDNA
libraries.

Statistical Analysis
All quantitative data were analyzed by using GraphPad Prism 5.0.

ACCESSION NUMBERS

The GEO accession number for the full dataset of RNA-seq is GEO:
GSE107582; see https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE107582 for more information and a full list of sup-
ported databases.
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Procedures, four figures, one table, and two movies and can be
found with this article online at https://doi.org/10.1016/j.stemcr.
2017.12.001.
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