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Abstract
Alpha-synuclein (α-syn) aggregation is a neuropathological hallmark of many diseases including
Dementia with Lewy Bodies (DLB) and Parkinson’s Disease (PD), collectively termed the α-
synucleinopathies. The mechanisms underlying α-syn aggregation remain elusive though emerging
science has hypothesized that the interaction between cholesterol and α-syn may play a role.
Cholesterol has been linked to α-synucleinopathies by recent work suggesting cholesterol metabolites
appear to accelerate α-syn fibrilization. Consistent with these findings, cholesterol-lowering agents
have been demonstrated to reduce α-syn accumulation and the associated neuronal pathology in vitro.
In this context, this study sought to investigate the in vivo effects of the cholesterol synthesis inhibitor
lovastatin on α-syn aggregation in two different transgenic (Tg) mouse models that neuronally over
express human α-syn. Lovastatin-treated mice displayed significantly reduced plasma cholesterol
levels and levels of oxidized cholesterol metabolites in the brain in comparison to saline-treated
controls. Immunohistochemical analysis demonstrated a significant reduction of neuronal α-syn
aggregates and α-syn immunoreactive neuropil in the temporal cortex of lovastatin-treated Tg mice
in comparison to saline-treated α-syn Tg controls. Consistently, immunoblot analysis of mouse brain
homogenates showed a reduction in levels of total and oxidized α-syn in lovastatin-treated α-syn Tg
mice in comparison to saline-treated α-syn Tg controls. The reduced α-syn accumulation in
lovastatin-treated mice was associated with abrogation of neuronal pathology. The results from this
study demonstrate that lovastatin administration can reduce α-syn aggregation and associated
neuropathology and support the possibility that treatment with cholesterol-lowering agents may be
beneficial for patients with PD and/or DLB.
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INTRODUCTION
Parkinson’s Disease (PD) and Dementia with Lewy Bodies (DLB) are common
neurodegenerative disorders of the aging population. DLB is defined as dementia occurring
concurrently, or before parkinsonism (McKeith, et al., 2005). Both PD and DLB are amongst
a group of diseases collectively referred to as the α-synucleinopathies which are characterized
by widespread α-synuclein (α-syn) accumulation in cortical and subcortical regions
(Spillantini, et al., 1997, Wakabayashi, et al., 1997, Waxman and Giasson, 2009).

Whilst the precise role of α-syn remains to be determined, it is known to be abundantly present
at the synapse (Iwai, et al., 1995), where it has been proposed to be involved in synaptic vesicle
trafficking and interactions with lipid rafts (Fortin, et al., 2004). In diseases such PD and DLB,
α-syn, a natively unfolded protein, is found in oligomeric and fibrillar forms and as neuronal
aggregates that have been linked to the neurodegeneration observed in these disorders (Uversky
and Eliezer, 2009, Uversky, et al., 2005, Walsh and Selkoe, 2004, Waxman and Giasson,
2009). Interest in the connection between cholesterol and α-syn has been prompted by recent
studies demonstrating that they may interact when performing functions related to vesicular
trafficking (Lotharius and Brundin, 2002), and that oxidized cholesterol metabolites are
detected in the cell membrane and are involved in α-syn oligomerization and fibrilization in
α-synucleinopathies, (Bieschke, et al., 2006, Bosco, et al., 2006). In addition, recent
epidemiological reports have shown the incidence of PD to be increased in those who intake
high levels of cholesterol in their diet (Hu, et al., 2008) and there is some evidence suggesting
that the use of cholesterol-lowering drugs such as the statins is associated with decreased risk
of PD (Huang, et al., 2007).

A number of studies have investigated the effect of cholesterol-reducing agents on α–syn
pathology, recently methyl-ß-cylclodextrin, a molecule that extracts cholesterol from the cell
membrane, has been reported to reduce α-syn accumulation both in vitro and in vivo (Bar-On,
et al., 2006). Lovastatin, as other statins, reduces cholesterol levels by inhibiting 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) reductase, the enzyme that converts HMG-CoA to
mevalonate, which is the rate-limiting step in the biosynthesis of cholesterol (Alberts, et al.,
1980). Lovastatin has previously been shown to dramatically reduce α-syn accumulation in
vitro in B103 neuroblastoma cells as well as in primary human neurons and to contribute to
overall cell viability as evidenced by increased cell adhesion and neurite outgrowth (Bar-On,
et al., 2008). As lovastatin crosses the blood brain barrier once ingested (Saheki, et al., 1994)
it is a reasonable candidate for in vivo studies directed at investigating the disease modifying
effects of cholesterol lowering drugs in models of α-synucleinopathy.

In this context, this study sought to investigate the in vivo effects of lovastatin on α-syn
aggregation in vivo in two Tg mouse lines, each over expressing human α-syn under the control
of different neuronal promoters. These mice (collectively termed the α-syn Tg mice) have been
previously characterized and been shown to model some aspects of DLB and PD (Fleming, et
al., 2004, Masliah, et al., 2000, Rockenstein, et al., 2002). We report a reduction in α-syn
aggregation and accumulation of oxidized α-syn and an abrogation of neuronal pathology in
lovastatin-treated α-syn Tg mice in comparison to saline-treated controls, highlighting a
possible therapeutic relevance for lovastatin in the treatment of α-synucleinopathies.
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METHODS
Animals, Treatment and Detection of Cholesterol Levels

For this study, heterozygous Tg mice expressing human α-syn under the regulatory control of
the platelet-derived growth factor-β (PDGFβ) or the mThy1.2 neuronal promoter were used.
These animals were selected because they display abnormal accumulation of α-syn and develop
α-syn-immunoreactive inclusion-like structures in the brain (Masliah, et al., 2005, Masliah, et
al., 2000, Masliah, et al., 2001, Rockenstein, et al., 2002). Furthermore, these animals also
display neurodegenerative and motor deficits that mimic certain aspects of PD (mThy1.2) and
DLB (PDGFβ) (Fleming, et al., 2004, Rockenstein, et al., 2002).

Animals were treated daily via lovastatin gavage 100 mg/kg (20mg/ml in 1% methocellulose)
or vehicle for 2 months and sacrificed. A total of 12 animals from each genotype were used
and began treatment at 10 months, an age at which extensive behavioral deficits and α-syn
accumulation can be observed: 12 non transgenic (Non Tg) animals (n = 6 saline, n = 6
lovastatin), 12 PDGFβ α-syn Tg animals (n = 6 saline, n = 6 lovastatin) and 12 mThy1.2 α-syn
Tg animals (n = 6 saline, n = 6 lovastatin) were used. All procedures were completed under
the specifications set forth by the Institutional Animal Care and Use Committee. Quantification
of plasma cholesterol was done using the Cholesterol/Cholesterol Ester Quantification Kit
(BioVision, Mountain View, CA) colorimetric method. The plasma was collected and assayed
in triplicate for cholesterol only (not cholesterol esterase).

Quantification of Oxidized Cholesterol Metabolites
Hydrazine derivatization of aldehydes with fluorescent hydrazones, that were separated and
quantified by reverse phase HPLC, served to assess the levels of oxidized cholesterol
metabolites in mouse brains, as described previously for human tissue (Bosco, et al., 2006).
Here, brain tissue from each mouse treated with saline or lovastatin was weighed (0.1-0.03g)
and homogenized in 1ml KH2PO4 (pH7.4) using a tissue homogenizer (Tissue Tearor, Biospec
Products Inc, Bartlesville, OK). An additional 1ml of KH2PO4 was used to fully recover tissue
homogenate from the vessel and homogenizer, followed by addition of 3ml of methanol. The
samples were vortexed prior to the addition of 6ml chloroform for extraction. 10μl of a
2.5μM 7-keto-cholesterol dansyl hydrazone solution in isopropanol was added to each sample,
which served as an internal standard used in the analysis to correlate for extraction efficiency.
Samples were vigorous vortexed and centrifuged at 3,000 rpm for 5 minutes in a Centra CL2
bench centrifuge (IEC, Needham heights, MA). The organic phase was recovered by pipetting,
evaporated and then resuspended in 100μl conjugation solution consisting of 100μM dansyl
hydrazine and 100μN H2SO4 in isopropanol. Samples were incubated at 37°C for 48h in the
dark facilitating hydrazone attachment of the fluorescent dansyl substrate to the reactive
aldehyde group on oxidized cholesterol.

Samples were loaded on to a CogentO UDC-cholesterol column (100A 4μm 4.6mm × 250mm
MicroSolve Technologies Corp, Long Branch, NJ) connected to a Hitachi L-7485 fluorescent
detector (excitation 360nm, emission 534nm) (Hitachi Ltd, Tokyo, Japan) pumped by a Hitachi
D-7000 series HPLC and evaluated by Hitachi Chromatography Data station Software version
4.0. Separations were performed at a flow rate of 1ml/min with an isocratic mobile phase of
80% acetonitrile/20% H20 with 0.04% H2PO4.

Brain tissues from each animal were analyzed in triplicate and concentrations of aldol dansyl
hydrazone (a reaction product of dansyl hydrazine and oxidized cholesterol) and 10μl of the
2.5μM 7-keto-cholesterol dansyl hydrazone solution (internal standard) were also analyzed on
the same day to generate a standard curve. Retention times were 13.5 and 17.5 minutes,
respectively, and ratios of the standard/internal standard peak areas were plotted against the
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known concentrations. The acquired ratio of the peak areas with retention times corresponding
to aldol dansyl hydrazone and the internal standard form the brain tissue samples were applied
to the standard curve function. Values are presented as levels of oxidized cholesterol per gram
of brain tissue.

The putative aldol dansyl hydrazone from mouse brain (13.5 minute retention time) was
collected, evaporated and re-dissolved in methanol and analyzed by ESI-TOF mass
spectrometry confirming the expected mass of 666.4 m/z, equivalent to the exact mass of aldol
dansyl hydrazone.

Immunohistochemical Analysis of α-Syn Accumulation and Neurodegeneration
Brains were removed and divided sagittally. One hemibrain was postfixed in phosphate-
buffered 4% paraformaldehyde, pH 7.4, at 4°C for 48 h and sectioned at 40 μm with a
Vibratome 2000 (Leica, Nussloch, Germany) and placed in cryosolution, whereas the other
hemibrain was snap frozen and stored at −70°C for biochemical analysis. Sections were first
washed 3 times for 5 minutes each in Phosphate Buffered Solution (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.
Sections were then incubated in primary antibodies against mouse anti-NeuN (1:500,
Chemicon, Temecula, CA) or rabbit anti-human α-syn (1:500, Chemicon, Temecula, CA)
overnight at 4°C. The next day, sections were washed 3 times for 5 min in PBS and then placed
in biotinylated secondary antibody (1:100) (Vector Laboratories, Burlingame, CA) for 2 hours.
After washing again 3 times in PBS, each of the sections was placed in 20% diaminobenzene
(DAB) (Vector Laboratories) for 20 seconds, to ensure uniform DAB-reaction times across
sections. Immersing the sections in double distilled H2O halted the reaction with DAB. Sections
were then dried, mounted and coverslipped with entillin (Fisher).

Sections for fluorescent immunohistochemistry were incubated with the mouse monoclonal
anti-microtubule-associated protein-2 antibody (MAP2, 1:50, Roche Molecular Biochemicals,
Indianapolis, IN) overnight at 4°C. Immunofluorescence was then detected with the fluorescein
isothiocyanate (FITC)-conjugated anti-mouse secondary antibody (Vector Laboratories).
Coverslips were air-dried overnight, mounted on slides with anti-fading media (Vectashield,
Vector Laboratories), and blind-coded sections were imaged with the LSCM (Laser scanning
confocal microscope, MRC1024, Bio-Rad). The images were analyzed with the Image Quant
1.43 program (NIH), as described previously (Mucke, et al., 1995, Toggas, et al., 1994). Levels
of α-syn immunoreactivity in the neuropil were assessed in digital images analyzed with the
Image Quant software by selecting and area to exclude cell bodies, setting the threshold levels
and expressing the data as corrected optical density.

Stereological analysis
An unbiased stereological estimation of total number of neurons immunolabeled with α-syn
or NeuN was performed using an optical fractionator as previously described (Mayhew and
Gundersen, 1996). There were generally eight to nine sections in a series. Sampling was
performed using the Olympus C.A.S.T.-Grid system (Olympus Denmark A/S, Denmark),
using an Olympus BX51 microscope connected to the stage and feeding the computer with
distance information in the z-axis. The region of interest was delineated with a 1.25x objective.
A counting frame (60%, 35,650μm2) was placed randomly on the first counting area and
systemically moved though all counting areas until the entire delineated area had been sampled.
Actual counting was performed using a 40x oil objective. Guard volumes (4μm from the top
and 4–6μm from the bottom of the section) were excluded from both surfaces to avoid the
problem of lost caps, and only the profiles that came into focus within the counting volume
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(with a depth of 10μm) were counted. The total number of cells was calculated according to
the optical fractionator formula (West, et al., 1991).

Fractionation of Mouse Brain Homogenates
Brain homogenates were fractionated by centrifugation into soluble and insoluble fractions as
previously described (Ho, et al., 2005). Briefly, brain tissue was homogenized in TNE solution,
consisting of 20mM Tris–HCl, 150mM NaCl, 1mM EDTA, 1% NP-40, 5mM 2-
mercaptoethanol, 1× protease inhibitor cocktail (Calbiochem, La Jolla, CA) and 1×
phosphatase inhibitor cocktail (Calbiochem, La Jolla, CA) containing sodium orthovanadate.
To prepare the soluble and insoluble fractions, homogenates were first centrifuged at 5000 ×
g at 4°C for 10 min to obtain the fraction containing highly NP-40-insoluble material. This
insoluble fraction was resuspended in 200μL of modified TNE and resonicated. The
supernatant was further centrifuged at 274,000 × g at 4°C to obtain a pellet and the soluble
fraction. Samples were stored at −80°C when not in use. Total protein concentration of each
fraction was determined using the BCA (bicinchoninic acid) protein assay reagents (Pierce,
Rockford, IL) prior to loading the SDS-PAGE gels.

Immunoblot Analysis
Protein levels of α-syn and oxidized α-syn were determined by immunoblot analysis. Twenty
micrograms of total protein per mouse were loaded onto 4-12% Bis-Tris (Invitrogen) SDS-
PAGE gels, transferred onto Immobilon membranes, incubated with antibodies against total
α-syn (1:1000, Chemicon, Temecula, CA) and oxidized α-syn (1:1000, Abcam, Cambridge,
MA). After overnight incubation with primary antibodies, membranes were incubated in
appropriate secondary antibodies, reacted with ECL (PerkinElmer, Waltham, MA), and
developed and analyzed on a VersaDoc gel-imaging machine (Bio-Rad, Hercules, CA). Anti-
β-actin (1:1000, Sigma, St. Louis, MO) antibody was used to confirm equal loading.

Statistical Analysis
Differences between groups were tested using one and two factor ANOVA with Fisher PLSD
posthoc tests. Additional preliminary analysis between control and treated groups was by
unpaired, two-tailed, Student’s t-test. All the results are expressed as mean +/− SEM.

RESULTS
Lovastatin reduced plasma cholesterol and oxidized cholesterol metabolites

Initially, in order to confirm that the lovastatin treatment was effective, blood plasma
cholesterol levels were analyzed. This showed a significant reduction in plasma cholesterol
levels in all mice treated with lovastatin in comparison to saline-treated controls (Fig. 1A).
These results indicate that lovastatin has a similar effect on the levels of cholesterol in the Non
Tg and the PDGFβ α-syn Tg mice and the mThy1.2 α-syn Tg mice (hereafter collectively
described as the α-syn Tg mice), interestingly the saline-treated PDGFβ α-syn Tg mice
displayed higher cholesterol levels compared to the saline-treated Non Tg and mThy1.2 Tg
mice.

Oxidized cholesterol levels were also significantly reduced in the brains of Non Tg and α-syn
Tg mice following lovastatin treatment (Fig 1B). There was no increase in oxidized cholesterol
levels in saline-treated PDGFβ α-syn and mThy1.2 α-syn Tg mice in comparison to saline-
treated Non Tg controls, indicating that α-syn over-expression does not affect the levels of
oxidized cholesterol metabolites in the brain.
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Lovastatin Treatment Reduced Neuronal α-Syn Accumulation in the Brains of Transgenic
Mice

To determine whether α-syn accumulation was reduced in the brains of α-syn Tg mice,
immunohistochemical was performed. Consistent with previous studies (Masliah, et al.,
2000), we found that both α-syn over expressing Tg mice had widespread α-syn accumulation
in neuronal cell bodies of the temporal cortex in comparison to Non Tg controls (Fig. 2A-C,
analyzed in G). In contrast, when treated with lovastatin, both lines of α-syn Tg mice, displayed
a significant reduction in the number of neurons containing α-syn aggregates (Fig. 2 D-F,
analyzed in G). Analysis of the neuropil demonstrated a significant reduction in α-syn
immunoreactive neuropil in the lovastatin-treated α-syn Tg mice in comparison to the saline-
treated α-syn Tg mice (Fig. 2 B, E an C, F, analyzed in H). Lovastatin had no significant effect
on levels of α-syn aggregates or α-syn immunoreactive neuropil in the Non Tg mice (Fig. 2 A,
D, analyzed in G and H).

Lovastatin Treatment Reduced Accumulation of Total and Oxidized α-Syn in the Brains of
Transgenic Mice

In agreement with immunohistochemical studies, immunoblot analysis using an antibody
against total α-syn demonstrated a significant reduction in the lovastatin-treated α-syn Tg mice
in comparison to saline-treated α-syn Tg mice, in both the soluble (Fig. 3A) and insoluble
fractions (Fig. 4A).

In the soluble fraction, levels of the α-syn monomer (14kDa) were reduced in the lovastatin-
treated α-syn Tg mice in comparison to the saline-treated α-syn Tg mice, as were levels of a
higher molecular weight species of α-syn, likely a dimer (28kDa) (Fig. 3A, analyzed in B and
E). Lovastatin also appeared to reduce levels of the 28kDa α-syn species in the Non Tg mice.
Levels of oxidized α-syn in the soluble fraction were also significantly reduced in the
lovastatin-treated α-syn Tg mice in comparison to the saline-treated α-syn Tg mice, represented
by a bands at 14 and 28kDa corresponding to monomer and dimer weights (Fig. 3A analyzed
in C and F). As expected, saline-treated α-syn Tg mice displayed significantly higher levels of
14kDa and 28kDa α-syn species when compared to saline-treated Non Tg mice. In order to
determine the effect of lovastatin on relative levels of oxidized α-syn, the ratio between
oxidized α-syn and total α-syn was calculated for each band observed, this demonstrated a
significant decease in the ratio of oxidized α-syn to total α-syn at the 28kDa band for the Non
Tg and both the α-syn Tg mice and at the 14kDa band for the mThy1.2 α-syn Tg mice in
comparison to saline-treated group members (Fig. 3D, G).

In the insoluble fraction, there was a trend towards a decrease in the α-syn 14kDa species in
the α-syn Tg mice and a dramatic decrease in the 28kDa α-syn species in the PDGFβ α-syn Tg
mice upon lovastatin treatment (Fig. 4A, analyzed in B and E). Levels of the 28kDa species of
αsyn were below detection in the mThy1.2 α-syn Tg mice. Lovastatin treatment appeared to
have no effect on the levels of total α-syn in the Non Tg mice. Levels of the 28kDa species of
oxidized α-syn were dramatically reduced in the PDGFβ α-syn Tg mice (Fig. 4A, analyzed in
F) whilst levels of the 28kDa species of mThy1.2 α-syn Tg mice and the 14kDa species of
oxidized α-syn were too low to detect by immunoblot, lovastatin had no detectable effect on
these levels. Analysis of the relative ratios of oxidized to total α-syn was complicated by the
difficulties in detecting some species of total and oxidized α-syn and in the relative sensitivities
of the two different antibodies, but, for the 14kDa band at least, it appears that there is a
significant increase in the ratios of oxidized to total α-syn for the Non Tg and both the α-syn
Tg mice, combined with the results from the soluble fraction this suggests a possible
‘relocation’ of oxidized α-syn from the soluble to the insoluble fraction upon lovastatin
treatment.
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Lovastatin Reduced Neurodegenerative Pathology in α-Syn Transgenic Mice
In order to determine whether the lovastatin-induced reduction/relocation in α-syn
accumulation was associated with an abrogation of neurodegeneration in the α-syn Tg mice,
immunohistochemical analysis of the neuronal marker NeuN and the dendritic marker MAP2
was performed. Saline-treated α-syn Tg mice displayed a significant reduction in neuronal
density (Fig. 5A-C analyzed in G) and dendritic complexity (Fig. 6A-C, analyzed in G) in the
cortex compared to saline-treated Non Tg mice. Lovastatin-treatment attenuated the alterations
in the levels of NeuN (Fig. 5 B, E and C, F analyzed in G) and MAP2 immunohistochemistry
(Fig. 6 B, E and C,F analyzed in G) in the cortex of the α-syn Tg mice in comparison to saline-
treated α-syn Tg mice. No significant differences in NeuN or MAP2 immunoreactivity were
observed between saline and lovastatin-treated Non Tg controls (Fig 5A, D, analyzed in G, Fig
6A, D, analyzed in G).

DISCUSSION
The present study sought to investigate the in vivo use of the cholesterol-lowering agent
lovastatin in Tg mice over expressing α-syn. The results from this study demonstrate that
lovastatin reduces α-syn accumulation and may lead to a shift in oxidized α-syn from the soluble
to the insoluble fraction. This reduction/relocation of α-syn was accompanied by an abrogation
of neuronal pathology as evidenced by NeuN and MAP2 immunoreactivity. These results are
consistent with previous studies that have demonstrated that the cholesterol modifying agent
methyl-ß-cyclodextrin’s ability to reduce the pathology in α-syn Tg mice (Bar-On, et al.,
2006) and recent studies demonstrating the effects of statins on levels of oxidized α-syn and
α-syn aggregation in vitro (Bar-On, et al., 2008). Additionally, the present study was conducted
in two different Tg mouse models, making it unlikely that the results observed were a promoter-
specific phenomenon.

The mechanisms through which cholesterol and α-syn interact and how lovastatin might reduce
α-syn aggregation and neurodegenerative pathology remain ill defined. Whilst epidemiological
evidence has pointed to dietary factors contributing to PD (Hu, et al., 2008), the significance
of this is complicated by the fact that circulating peripheral cholesterol cannot cross the blood-
brain-barrier (BBB) (Bjorkhem, 2006, Bjorkhem, et al., 2009). A recent study has shed new
light on this issue by demonstrating that an oxidized metabolite of cholesterol, 27-
hydroxycholesterol (27-OHC), which can cross the BBB, and increase levels of α-syn and
induce apoptosis in vitro (Rantham Prabhakara, et al., 2008). Recent work has also reported
that oxidized cholesterol metabolites, which can lead to α-syn fibrillization are elevated in α-
synucleinopathies (Bieschke, et al., 2006, Bosco, et al., 2006). In light of these results,
lovastatin, which itself readily crosses the BBB (Guillot, et al., 1993), may work by reducing
the levels of 27-OHC either in the periphery before it crosses the BBB or centrally once it has
crossed.

Another possible mechanism linking lovastatin to α-syn modification is oxidative stress.
Oxidative stress leads to the generation of nitrative radicals such as NO, O2- and ONOO- which
may modify α-syn post-transcriptionally (Good, et al., 1998). Tyrosine residues 39, 125 and
136 on α-syn have all been shown to become nitrated during oxidative stress and this nitration
has been linked to α-syn accumulation (Ischiropoulos, 2003, Ischiropoulos and Gow, 2005,
Paxinou, et al., 2001, Souza, et al., 2000). Previous studies have shown that statins reduce
superoxide production in THP-1 derived monocytes by their action on HMG coenzyme A
(Delbosc, et al., 2002). Lovastatin itself is a lipophilic molecule which also exhibits antioxidant
behavior and may contribute anti-oxidative effects independent of its ability to inhibit
cholesterol synthesis (McTavish and Sorkin, 1991). In MPTP-treated mice, simvastatin was
shown to prevent protein tyrosine nitration, dopamine depletion and a reduction in TNF-α
levels (Selley, 2005). Collectively, these studies support the hypothesis that statins can inhibit

Koob et al. Page 7

Exp Neurol. Author manuscript; available in PMC 2011 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the formation of 3-nitrotyrosine in proteins such as α-syn, which have been linked to
progression of DLB/PD. Both of these statin properties, anti-oxidant and cholesterol lowering,
might be able to protect against the harmful aspects of DLB/PD.

Taken together, the results from this study and previous studies support the possibility that
treatment with cholesterol-lowering agents such as lovastatin could be beneficial to patients
with DLB/PD.
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Figure 1. Characterization of lovastatin activity
In order to assess the effect of the lovastatin treatment plasma cholesterol levels were analyzed
in Non Tg, PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (A).
To assess central effects of lovastatin treatment oxidized cholesterol metabolites were analyzed
in the brains of Non Tg, PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (B).
# Indicates a significant difference between saline-treated Non Tg mice and saline-treated α-
syn Tg mice (p<0.05, one way ANOVA and post hoc Fisher).
* Indicates a significant difference between saline-treated and lovastatin-treated members of
the same genotype (i.e. saline-treated PDGFβ α-syn Tg mice Vs lovastatin-treated PDGFβ α-
syn Tg mice) (p<0.05, one way ANOVA and post hoc Fisher).
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Figure 2. α-syn immunoreactivity in α-syn Tg mice following lovastatin treatment
α-syn immunoreactivity was assessed in the temporal cortex of saline-treated Non Tg,
PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (A, B and C) and lovastatin-treated Non Tg,
PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (D, E, and F).
Quantitative analysis of levels of α-syn aggregates (G) and α-syn immunoreactive neuropil (H)
was also conducted.
Scale bar = 50μM
# Indicates a significant difference between saline-treated Non Tg mice and saline-treated α-
syn Tg mice (p<0.05, one way ANOVA and post hoc Fisher).
* Indicates a significant difference between saline-treated and lovastatin-treated members of
the same genotype (i.e. saline-treated PDGFβ α-syn Tg mice Vs lovastatin-treated PDGFβ α-
syn Tg mice) (p<0.05, one way ANOVA and post hoc Fisher).
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Figure 3. Immunoblot analysis of total and oxidized α-syn in α-syn Tg mice following lovastatin
treatment – soluble fraction
In order to examine the effect of lovastatin on α-syn levels, soluble fractions isolated from
mouse brain homogenates were assessed by immunoblot with antibodies against total and
oxidized α-syn (A).
Quantitative analysis of bands at 14kDa and 28kDa (corresponding to monomeric and dimeric
species of α-syn) were analyzed for total α-syn (B and E) and oxidized α-syn (C and F).
In order to investigate the effect of lovastatin on relative levels of total and oxidized α-syn,
ratios were calculated at 14kDa (D) and 28kDa (G).
# Indicates a significant difference between saline-treated Non Tg mice and saline-treated α-
syn Tg mice (p<0.05, one way ANOVA and post hoc Fisher).
* Indicates a significant difference between saline-treated and lovastatin-treated members of
the same genotype (i.e. saline-treated PDGFβ α-syn Tg mice Vs lovastatin-treated PDGFβ α-
syn Tg mice) (p<0.05, one way ANOVA and post hoc Fisher).
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Figure 4. Immunoblot analysis of total and oxidized α-syn in α-syn Tg mice following lovastatin
treatment – insoluble fraction
In order to examine the effect of lovastatin on α-syn levels, insoluble fractions isolated from
mouse brain homogenates were assessed by immunoblot with antibodies against total and
oxidized α-syn (A).
Quantitative analysis of bands at 14kDa and 28kDa (corresponding to monomeric and dimeric
species of α-syn) were analyzed for total α-syn (B and E) and oxidized α-syn (C and F).
In order to investigate the effect of lovastatin on relative levels of total and oxidized α-syn,
ratios were calculated at 14kDa (D) and 28kDa (G).
# Indicates a significant difference between saline-treated Non Tg mice and saline-treated α-
syn Tg mice (p<0.05, one way ANOVA and post hoc Fisher).
* Indicates a significant difference between saline-treated and lovastatin-treated members of
the same genotype (i.e. saline-treated PDGFβ α-syn Tg mice Vs lovastatin-treated PDGFβ α-
syn Tg mice) (p<0.05, one way ANOVA and post hoc Fisher).
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Figure 5. NeuN immunoreactivity to assess neuronal pathology in α-syn Tg mice following
lovastatin treatment
Neuronal density, as evidenced by NeuN immunoreactivity, was examined in the temporal
cortex of saline-treated Non Tg, PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (A, B and C)
and lovastatin-treated Non Tg, PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (D, E, and F),
quantitative analysis (G).
Scale bar = 50μM
# Indicates a significant difference between saline-treated Non Tg mice and saline-treated α-
syn Tg mice (p<0.05, one way ANOVA and post hoc Fisher).
* Indicates a significant difference between saline-treated and lovastatin-treated members of
the same genotype (i.e. saline-treated PDGFβ α-syn Tg mice Vs lovastatin-treated PDGFβ α-
syn Tg mice) (p<0.05, one way ANOVA and post hoc Fisher).
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Figure 6. MAP2 immunoreactivity to assess dendritic pathology in α-syn Tg mice following
lovastatin treatment
Dendritic complexity, as evidenced by MAP2 immunoreactivity, was examined in the temporal
cortex of saline-treated Non Tg, PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (A, B and C)
and lovastatin-treated Non Tg, PDGFβ α-syn Tg and mThy1.2 α-syn Tg mice (D, E, and F),
quantitative analysis (G).
Scale bar = 50μM
# Indicates a significant difference between saline-treated Non Tg mice and saline-treated α-
syn Tg mice (p<0.05, one way ANOVA and post hoc Fisher).
* Indicates a significant difference between saline-treated and lovastatin-treated members of
the same genotype (i.e. saline-treated PDGFβ α-syn Tg mice Vs lovastatin-treated PDGFβ α-
syn Tg mice) (p<0.05, one way ANOVA and post hoc Fisher).
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