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Abstract
α-Synuclein (α-syn) is an abundant neuronal protein expressed at the synapse. In
neurodegenerative disease α-syn accumulates in the extracellular space. Astrocytes present at
neural synapses are thought to contribute to synaptogenesis through cholesterol release and
normally exhibit increased glial fibrillary acidid protein (GFAP) reactivity and apolipoprotein E
(apoE) expression in neurodegenerative disease states. We proposed that extracellular α-syn
treatment of human astrocytes would impact cholesterol levels and expression of GFAP and
apolipoprotein E (apoE). Human astrocytes were treated with α-syn at different concentrations and
time points to determine the effective membrane permeability of the peptide. After α-syn
treatment, we analyzed apoE and cholesterol levels in the astrocyte membrane. Lastly, we
performed immunoctyochemistry for GFAP in control and α-syn treated cells. Our results indicate
membrane apoE was reduced and redistributed from a nuclear and membranous dominated
expression to the cytosol. Cholesterol levels were also reduced in the astrocyte cell membrane.
GFAP expression was sharply increased in α-syn treated cells indicating that α-syn may contribute
to reactive gliosis. Our results support the conclusion that astrocytes play a role in pathological
mechanisms in synucleinopathies.
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Article Outline
α-Synuclein (α-syn) is an abundant protein expressed in neurons. The location of this protein
is in the synapse [15]. The function of α-syn is largely unknown, but the accumulation of α-
syn in Parkinson’s Disease and Dementia with Lewy Bodies is seen in post-mortem brain
analysis and is characteristic of the disease pathology. [31,34].

Some evidence suggests that α-syn itself may be responsible for the destruction of neurons
in Parkinson’s Disease and Dementia with Lewy Bodies [5,16,18]. While other evidence
disputes this notion, lending credence to the idea that cell stress causes cell death [1,14],
which leads to aggregation of α-syn.

It is also known α-syn is normally released by neurons into the extracellular space at the
synapse [3]. Astrocytes surround synapses and increased glial fibrillary acid protein (GFAP)
expression in astrocytes, a marker for reactive gliosis, occurs after brain injury and in
neurodegenerative disease [4,17,19,25].

Recent evidence points to cholesterol lowering agents having the ability to diminish α-syn in
cell culture and cell free assays [1,2]. Cholesterol release from astrocytes can cause
synaptogenesis in neurons [8,23,24,27,28]. Cholesterol is secreted from astrocytes in
lipoproteins, a main component which is apolipoprotein E (apoE) [10], a protein exclusively
synthesized in astrocytes in the human nervous system [29,30]. The e4 allele of apoE is the
most definitive genetic risk factor for late onset Alzheimer’s Disease and causes Abeta
peptide accumulation [32]. Deficient apoE can increase neurodegeneration in aging [22]. α-
Syn overexpression in transgenic mice was shown to cause large increases in apoE and
insoluble Abeta deposits supporting the idea of interrelation between Parkinson’s Disease
and Alzheimer’s Disease mechanisms and pathology [7].

Since α-syn is normally expressed in the synapse [21], is membrane permeable [6], and can
be released from neurons [3], we were interested in understanding how α-syn in the
extracellular space might influence human astrocytes. In this study, we analyzed apoE and
cholesterol levels as well as apoE and GFAP immunocytochemistry in human astrocytes
after α-syn treatment.

Human primary astrocytes (Sciencell, Carlsbad, CA) were cultured in Astrocyte Medium
(Sciencell, #1801), 1% penicillin/streptomycin solution (Sciencell, #0503), 2% Fetal Bovine
Serum (Sciencell), and 1% astrocytes growth supplement (Sciencell #1852). When cells
were about 80% confluent, they were treated with human recombinant α-syn (Calbiochem,
San Diego, CA) in identical but serum free media. For cholesterol levels assay, cells were
placed in identical medium but with delipidized Fetal Bovine Serum (Valley Biomedical,
Winchester, VA) 24 hours prior to serum free treatment with α-syn. These cells were chosen
for their known ability to express glial fibrillary acidic protein (GFAP).

Immunoblot analysis was performed with cells which were fractionated by centrifugation
into soluble (cytosolic) and insoluble (membrane) fractions as previously described with
slight changes [12,26]. Briefly, cells were sonicated in PDGF buffer (HEPES 1.0 mM,
Benzamidine 5 mM, 2-mercaptoethanol 2 mM, EDTA 3 mM, Magnesium sulfate 0.5,
Sodium Azide 0.05%) containing 1X protease and phosphatase inhibitors (Sigma-Aldrich)
and centrifuged for 10min at 5000×g. The resulting supernatent was ultracentrifuged
(274,000×g, 1 hrs, 4°C), and the detergent soluble proteins were collected in the supernatant
fraction. The pelleted detergent insoluble proteins were dissolved in PDGF buffer containing
1X protease and phosphotase inhibitors. Total protein concentration of each sample was
determined using BCA protein assay reagents (Pierce, Rockford, IL).
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Samples from detergent-soluble and -insoluble fractions were separated on 4–12% SDS-
PAGE gels (NuPAGE, Invitrogen) and transferred onto 0.22 µM PVDF membranes
(Schleicher & Schunell, Keene, NH) using 1X 3-[Cyclohexylamino]-1-propaneosulfonic
acid (CAPS) transfer buffer containing 20% methanol. Membranes were blocked with 3%
milk in PBS containing 0.1% Tween-20 (Sigma-Aldrich) (PBS-T), followed by incubation
in primary antibody (1:1000) in PBS-T and 3% Bovine Serum Albumin (BSA) overnight at
4 °C. The primary antibodies used were as follows: anti-actin and anti-α-syn from Chemicon
International (Temecula, CA); anti-apoE (Q-16) (Santa Cruz Biosciences, Santa Cruz, CA).
Membranes were further incubated with goat anti-mouse or anti-rabbit IgG secondary
antibodies conjugated to horseradish peroxidase (1:5000, American Qualex, San Clemente,
CA) and visualized by enhanced chemiluminescence (ECL, NEN Life Sciences, Boston,
MA) and exposed to film. For determinations of levels of immunoreactivity, ECL treated
membranes were analyzed in the VersaDoc imaging system (Bio-Rad, Hercules, CA) using
the Quantity One software (Bio-Rad).

Quantification of membrane cholesterol was performed using the Cholesterol/Cholesterol
Ester Quantification Kit (BioVision, Mountain View, CA) colorimetric method. 15 µg of
protein for each membrane cell lysate sample was assayed in triplicate for cholesterol only
and not cholesterol esterase.

Immunocytochemistry was performed as follows: cells were seeded onto poly-l-lysine-
coated glass coverslips, grown to 80% confluence, fixed in 4% paraformaldehyde (30 min)
at 4°C and placed in PBS. Coverslips were first washed 3 times for 5 minutes each in PBS.
They were then pretreated with 1% triton-X, 3% hydrogen peroxide in PBS for 15 minutes,
washed again 3 times for 5 minutes in PBS and blocked in 10% serum matching the animal
the secondary antibody was raised in for 1 hour and then washed again 3 times for 5 minutes
each in PBS. Coverslips were then placed in primary antibody: mouse anti-GFAP and
(Chemicon, Temecula, CA (1:500)) and goat anti-apoE (Q-16) (Santa Cruz) overnight in
4°C. Coverslips were washed 3 times for 5 min in PBS and then placed in biotynilated
secondary antibody (1:100) (Vector Laboratories, Burlingame, CA) for 2 hours. After
washing again 3 times in PBS, sections were placed in 20% diaminobenzene (DAB) (Vector
Laboratories) for 20 seconds. The reaction with DAB was halted by immersing the sections
in double distilled water. Coverslips were then mounted, dried and coverslipped with entillin
(Fisher).

All values in the figures are expressed as the means ± SEM. To determine the statistical
significance, the values were compared by two group t-tests using the Statview II statistical
package for the Macintosh computer. The differences were considered to be significant if p
values were less than 0.05.

To determine the best dose response for α-syn we added 33 nM, 66 nM, 100 nM and 133
nM of recombinant α-syn to the media for 24 hours. Western blot analysis showed that the
threshold level for α-syn to irrupt into the cytosol (Figures 1A, 1B) was at 133nM and 100
nM in the membrane (Figures 1C, 1D). Using 100 nM, we attempted to determine whether
this dosage would be effective at earlier time points. However, when looking at dimers and
monomers of α-syn, it was able to penetrate astrocytes most effectively after 24 hours in
both the cytosol and membrane fractions (Figure 2).

A noticeable decrease in ApoE levels was discerned in the membrane fraction after α-syn
treatment (Figure 3A, 3B). The levels were diminished by 19% at 3 hours and 21% at 6
hours after treatment. However, levels of apoE as a ratio of actin equilibrated back towards
normal at 24 hours. To determine whether effects of apoE levels and distribution coincided
with a change in cholesterol, we analyzed cholesterol levels in the membrane fraction of
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astrocytes after α-syn treatement. Cholesterol levels were reduced by 35% when cells were
treated with α-syn (100 nM for 24 hrs) (Figure 3C).

In control cells, apoE was expressed more in nuclear adjacent membranous compartments
(Figure 4A). But when treated with α-syn at the particular concentration and time (100 nM
for 24 hours), apoE staining diminished and migrated to the cytosol (Figure 4B). GFAP
immunocytochemistry was present in control cells (Figure 4C). But when cells were treated
with α-syn, GFAP staining increased dramatically (Figure 4D) indicating astrocytic
reactivity to α-syn treatment (100 nM for 24 hrs).

In the experiments presented here we provide initial evidence for the effects of extracellular
α-syn on human astrocytes. α-Syn accumulates in the extracellular space in brains of
patients with Parkinson’s Disease and Dementia with Lewy Bodies [34]. When astrocytes
were treated with α-syn, we visualized apoE redistribution, membrane cholesterol reduction
and GFAP reactivity.

Increased GFAP reactivity is the hallmark of reactive gliosis, an effect shown to be
increased in Parkinson’s Disease [19,25]. Reactive gliosis also occurs in astrocytes in other
neurodegenerative diseases, within an hour after injury to neural tissue and after stroke
[4,17]. Here we also show for the first time that α-syn can directly cause GFAP reactivity in
human astrocytes in vitro. These results indicate α-syn may contribute to gliosis as seen in
injury and neurodegenerative disease.

Our results also show a reduction and redistribution of apoE and a reduction of cholesterol
in the astrocyte cell membrane after treatment with α-syn. ApoE synthesis is known to
increase in astrocytes after injury [13,20] and was also shown to be secreted from astrocytes
and redistributed to neurons in Parkinson’s Disease and Alzheimer’s Disease [9]. Previous
studies have shown that deficient apoE is implicated in neurodegenerative disease [7,11,22].
It is possible that the redistribution and reduction seen in the immunocytochemical studies
here could be astrocyte secretion of apoE instigated by extracellular α-syn.

We also show reduction in astrocyte membrane cholesterol levels. Cholesterol release from
astrocytes is believed to increase synaptogenesis [8,23,24,27,28] and synapse loss is a
known byproduct of neurodegenerative disease [33]. The fact that these results demonstrate
α-syn treatment of astrocytes causes disruptions in apoE and cholesterol levels suggests a
possible role for α-syn in astrocyte function and supports the notion that astrocytes are
involved in neurodegenerative disease.

Future studies on the mechanisms involved in the role of astrocytes in neurodegenerative
disease will help understand these processes.
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Figure 1. Dose Response Levels of α-Synuclein in Human Astrocytes Treated with α-Synuclein
Peptide
A) An immunoblot of the cytosolic fraction of human astrocytes for α-syn after cells were
treated with the α-syn peptide in the media for 24 hours. B) Pixel density levels of α-syn in
A when comparing to actin as a loading control. Pixel density levels revealed α-syn had the
highest concentration in the cytosol when 133 nM of peptide was added to the media. C) An
immunoblot of α-syn in the membrane fraction of human astrocytes after treatment with the
α-syn peptide in the media for 24 hours. When comparing pixel density to the actin loading
control in D, 100 nM was effective for α-syn to enter the cell membrane.
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Figure 2. Time Course Levels of α-Synuclein in Human Astrocytes Treated with α-Synuclein
Peptide
Immunoblots of human astrocytes treated with 100 nM α-syn for 3, 6 and 24 hours. In A and
B, two molecular weight levels are seen, the band at 14 corresponds to the protein monomer
and at 28 to the protein dimer. In A, the immunoblot of the cytosolic fraction indicates that
the α-syn monomer and dimer increased inside the astrocytes at 24 hours. In B, the
monomer and dimer were also elevated at 24 hours when compared to the 3 and 6 hour
treatment time points.
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Figure 3. ApoE and Cholesterol Expression Levels in the Membrane Fraction of Human
Astrocytes Treated with α-Synuclein
A) Membrane fraction of human astrocytes treated with α-syn (100 nM) analyzed by
immunoblot for apoE at 3, 6 and 24 hours treatment. When the average blot pixel density for
each time point was compared to actin in B, apoE was considerably reduced when cells were
treated with α-syn at 3 and 6 hours (p < .05) but returned back to normal and was slightly
increased when compared to controls at 24 hours. In C, the cholesterol level in the
membrane fraction of cells treated with 100 nM α-syn for 24 hours was significantly
decreased (p < .05).
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Figure 4. ApoE and GFAP Expression in Human Astrocytes after α-Synuclein Treatment
A and B reveal immunocytochemistry of apoE in human astrocytes after 24 hours treatment
with 100 nM α-syn. ApoE was diminished in α-syn treated cells in B when compared with
controls in A. Additionally, apoE redistribution was visualized in α-syn treated cells in B. In
control astrocytes, apoE demonstrated nuclear dominant expression, while the cytoplasm
had higher expression than the nucleus in α-syn treated astrocytes (arrows). Additionally,
GFAP expression in human astrocytes treated with α-syn at 100 nM for 24 hours exhibited
characteristics of reactive gliosis as evidenced by the large increase of expression in D when
compared with control cells in C. (scale bar – 20 µm).
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