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Introduction

Abstract

Objective: The presence in the brain of a-synuclein containing Lewy neurites,
or bodies, is the histological hallmark of Parkinson’s disease (PD). The discov-
ery of a-synuclein aggregates in nerve endings of the heart, digestive tract, and
skin has lent support to the concept of PD as a systemic disease. Our goals
were, first, to demonstrate the presence of a-synuclein inclusions in the skin
and, second, to detect quantitative differences between patients with PD and
atypical parkinsonism (AP). Methods: Skin biopsies were taken from 67
patients and 20 controls. The biopsies underwent immunohistochemistry (IHC)
and immunofluorescence (IF) testing for o-synuclein, whereupon its presence
was quantified as the percentage of positive cells. Patients were divided into
those with PD and those with AP. AP patients included AP with neurodegener-
ative disease (proteinopathies) and secondary AP. Results: Sixty-seven patients
(34 with PD) and 20 controls were recruited. In the PD group, a-synuclein was
detected in 58% of the cells in the spinous cell layer (SCL), 62% in the pilose-
baceous unit (PSU), and 58% in the eccrine glands (EG). The AP-proteinopa-
thies group showed 7%, 7%, and 0% expression of o-synuclein, respectively.
No expression was found in the skin of the control group. Conclusions: The
expression of a-synuclein in the skin was relatively high in the PD group, scarce
in AP, and null for the individuals in the control group. While these findings
require further confirmation, this minimally invasive technique may aid in the
improvement of the accuracy of PD diagnoses.

ulum stress, the disruption of calcium homeostasis, and
intracellular signaling, which triggers synaptic dysfunc-

A major hallmark of neurodegenerative diseases is the
abnormal deposition of aggregates of misfolded proteins.
Although the cascade of molecular events that trigger and
propagate protein aggregation is not completely under-
stood, it has been firmly established that protein misfold-
ing initiates a series of intracellular perturbations that
lead to cell dysfunction and eventually cell death.' In ner-
vous tissue, cellular alterations include endoplasmic retic-

tion, morphological changes, and a deficit in energy sup-
ply leading to neuronal death.” Parkinson’s disease (PD),
dementia with Lewy bodies (DLB), and multiple system
atrophy (MSA) all share the abnormal intracellular accu-
mulation of o-synuclein and lead to posttranslational
modifications, especially phosphorylation.* The anatomi-
cal distribution of protein aggregates determines the spe-
cific clinical manifestations of each of these diseases. In
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PD, inclusions containing a-synuclein are found in the
neurons of the substantia nigra, olfactory bulb, locus coe-
ruleus, pontine tegmentum, hypothalamus, limbic system,
and amygdala nuclei. Outside the central nervous system
(CNS), sympathetic and parasympathetic pre- and post-
ganglionic nerve endings in the heart,” the digestive
tract,’” and the skin®’ also present a-synuclein aggre-
gates. It is still unclear whether these aggregates display
similar toxicity in peripheral cells to that observed in the
CNS, but multiple autonomic dysfunctions suggest a
mechanism of widespread cell damage associated with o-
synuclein aggregates.'®""

In DLB, intracytoplasmic neuronal inclusions are pre-
dominantly distributed in the neocortex, leading to
dementia (visual hallucinations, fluctuations in cognitive
status over the course of each day, and deficits in
attention and executive function) and parkinsonism.'?
In MSA, the cytoplasmic inclusions are found in the
oligodendroglial cells in the brainstem and cerebellum,
resulting in parkinsonism with ataxia and dysautono-
mia."> Other proteinopathies show a set of distinctive
clinical features and poor and transient responsiveness
to levodopa. Classic non-o-synuclein parkinsonisms
include tauopathies such as progressive supranuclear
palsy (PSP), Alzheimer’s disease (AD), fronto-temporal
lobar dementia (FTLD), and corticobasal syndrome
(CBS)."

Since the diagnosis of PD is purely clinical, errors are
common in the early stages even for specialists in the
area.'>'® Dopamine transporter (DAT) scans and mag-
netic resonance imaging (MRI) are helpful but cannot
differentiate among PD, MSA, and PSP since all of them
exhibit a similar dopamine deficit and characteristic signs
are not always pathognomonic (the “hot cross bun” for
MSA and the “hummingbird sign” for PSP).'”° There is
not a strong biomarker to help differentiate between these
diseases yet, but the presence of a-synuclein has been
confirmed in PD?*' in a number of different tissues,
including skin tissue.”**> While studies suggest that the
sebaceous glands can express protein aggregates during
neurodegenerative diseases,?? there is little information
available regarding the in vivo accumulation of a-synuc-
lein,** since a low positive rate is reported in postmortem
studies.>” The aims of this study were to demonstrate the
presence of a-synuclein inclusions in the skin of patients
with PD and atypical parkinsonism (AP) and to detect
quantitative differences between these groups compared
with a control group. Researchers analyzed the epidermis,
pilosebaceous unit (PSU), and eccrine glands (EG) of
patients clinically diagnosed with PD and other forms of
parkinsonism (AP) looking for immunopositive o-synuc-
lein cellular inclusions.

I. Rodriguez-Leyva et al.

Methods

Control group

The study included a control group of 20 age-matched
neurologically asymptomatic subjects, comprising 10
males. These subjects were patients of the Dermatology
Department, and had no neurological problems. They
were invited to participate in the study and signed an
informed consent document. The controls were recruited
in order to make comparisons with the experimental sub-
jects and confirm the absence of a-synuclein in unaffected
individuals.

Patients

All patients were seen in the movement disorder clinic
at the Central Hospital in San Luis Potosi, Mexico. The
diagnosis of the different pathologies considered in the
study was based on the following criteria or references:
the diagnosis of PD used the United Kingdom PD Soci-
ety Brain Bank'®; the diagnosis of Lewy body dementia
(LBD) used the report of the consortium on DLB inter-
national workshop®’; the diagnosis of AD used the rec-
ommendations from the National Institute on Aging
and Alzheimer’s Association workgroups on diagnostic
guidelines for AD?® the diagnosis of MSA used the
Second consensus statement on the diagnosis of multiple
system atrophy’’; the diagnosis PSP used the report of
the NINDS-SPSP International Workshop®®; CBS* and
we included a case with diagnosis of neurodegeneration
with brain iron accumulation syndrome (NBIA).*® Most
of these criteria are summarized in the SIC Task Force
appraisal of clinical diagnostic criteria for Parkinsonian
disorders.”" Patients were classified in one of the follow-
ing groups: (1) PD — the patient initially presented
asymmetric onset (with both rest and postural tremors
with a frequency of between 5 and 7 Hz), rigidity,
bradykinesia, postural instability, an acceptable and
sustained response to levodopa, and previous and con-
comitant nonmotor characteristic semiology; (2) AP was
divided into primary (neurodegenerative) and secondary
(post encephalitic, vascular, drug induced, toxic) groups.
All participants underwent a 4-mm punch biopsy in the
retroauricular area. Informed written consent was
obtained from each participant. The study was approved
by the Research and Ethics Committee from our Insti-
tution and conducted at the Dermatology and Neurol-
ogy Departments at Central Hospital in San Luis
Potosi, Mexico. The protocol was registered at the U.S.
National Institutes of Health Clinical Registry,
NCT01380899.
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Immunohistochemistry

Sections of 4 um frozen tissue were fixed in acetone and
processed for immunohistochemistry (IHC). A polyclonal
antibody for o-synuclein (RB-9026-P; Thermo Fisher
Scientific, Fremont, CA, USA) was used at a working
dilution of 1:1500, as determined through sequential trials
using PD midbrain, with abundant Lewy bodies as a posi-
tive control. Sections were blocked with horse serum and
incubated with o-synuclein for 1 h and rinsed twice with
a Tris-HCI buffer (pH 7.6) for 20 min. Sections were then
incubated for 30 min with a biotinylated secondary anti-
body, rinsed, and treated with an Avidin—Biotin—Peroxi-
dase complex (Vectostain Elite, Vector Laboratories,
Burlingame, CA). The sections were developed with 3-
amino-ethyl-carbazole for 3 min, rinsed with water and
counterstained with Mayer’s hematoxylin.

Confocal immunofluorescence

This study employed a triple labeling technique in either
single or combined form (a-synuclein, cytokeratins, and
DAPI). (4°,6-Diamidino-2-Phenylindole, Dihydrochloride)
The identification of a-synuclein and cytoskeletal cytokera-
tins was performed on frozen sections. The samples were
incubated for 1 h with rabbit anti-a-synuclein antibodies
(1:750; Thermo Scientific Fremont, CA, USA) and mouse
anti-cytokeratin AE1/AE3 (1:50, DAKO, Carpinteria, CA).
For detection, we used goat anti-rabbit Alexa Fluor 568
(1:500; Invitrogen, Carlsbad, CA) and goat anti-mouse
Alexa Fluor 488 (Invitrogen). Nuclei were contrasted with
DAPI Vectashield® Mounting Medium (Vector Laborato-
ries, Burlingame, CA). The samples were analyzed with a
Zeiss LSM 700 Carl Zeiss GmbH, Jena, Germany. Confocal
microscope with 49 DAPI shift-free filters, 38 Endow GFP
GFP (Green Fluorescent Protein) shift-free y 45 HQ Texas
Red, d = 25 shift free. Objectives: Plan-Apochromat 40x/
1.3 Oil DIC M27, Plan Q Apochromat 63x/1.40 Oil DIC
M27, and Plan-Apochromat 100x/1.40 Oil DIC M27. The
fluorochromes were excited with a 405-nm laser line
(5 mW fiber output), 488-nm laser line (5 mW fiber out-
put), and 561-nm laser line (5 mW output fiber) for LSM
700. For the three-dimensional reconstruction, optical cuts
of 0.198 um were made with Zeiss Zen 2011® software.

Semiquantitative analysis of «-synuclein

Every 4 um processed section was digitally captured with a
40x magnification using a 6-megapixel Olympus SP-320
camera, mounted on an Olympus CX31 microscope that
was connected to a PC. Images were processed using the
software Image J v1.44 (National Institutes of Health, Beth-
esda, MD). We determined the presence (+) or absence (—)
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of a-synuclein in the cells of the spinous cell layer (SCL) of
the epidermis, the PSU, and the EG. Both a dermatopathol-
ogist and a neuropathologist independently counted IHC
a-synuclein positive cells blinded to the clinical group. The
intra- and interobserver researchers’ agreements were eval-
uated using positive slides of a-synuclein in mesencepha-
lon. The intraclass correlation coefficient indicated a value
of 0.94 (P < 0.001) and 0.89 (P < 0.001) for an intra- and
interobserver reliability, respectively.

Using light microscopy, positive staining was consid-
ered when two or more reddish nodular intracellular
structures 1-2 microns wide, perfectly delimited and sepa-
rated from each other, were observed (Figs. 1, 2). Cells
were viewed under a 40x objective. A 10x ocular was
used. The number of positive cells per 100 in at least five
different zones (total count of 500 cells) was determined.
The result was expressed as the percentage of positive
cells in each of the observed structures (epidermis, the
PSU, and EG).

Statistical analysis

The patients were stratified according to the clinical diag-
nosis made on the basis of the clinical findings, the MRI,
and the progression of the disease. Both the clinical diag-
nosis and the semiquantitative histological analysis where
carried out independently and blind to each other. The
presence of aggregates of abnormal a-synuclein, expressed
as the percentage of cells with positive inclusions in each
experimental group, was tested for normality with the
Shapiro—Wilk test. Next, the groups were analyzed with
the nonparametric Kruskal-Wallis followed by Mann—
Whitney U tests. One independent analysis was per-
formed for each structure, namely the epidermis, PSU,
and EG. Assessments were performed using the software
Statistica 7.0 (Tulsa, OK) at 95% confidence.

Results

General characteristics of the population and comparison
of immunopositive cells (percentage) found in each group
(Control, PD, and AP) are presented in Table 1. We
enrolled 67 patients, of whom 34 had PD and 33 had AP,
26 were found to have a neurodegenerative disease clini-
cally (18 had synucleinopathy-related diagnosis: MSA,
LBD and 8 had tauopathies: PSP, AD). We also included
seven patients with secondary parkinsonism. A control
group (n = 20) of similar age and sex distribution to the
patient population was included. There was no significant
difference in either age or evolution of disease between
the two groups with parkinsonism (Table 1). IHC analy-
ses revealed intense a-synuclein positive immunostaining
in PD patients, showing small nodular deposits from 1 to
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Figure 1. Immunohistochemistry (IHC), a-synuclein. Upper view. (A, B) Mesencephalon of a Parkinson’s disease (PD) subject. (A) Positive IHC-
control specimen showing Lewy bodies (in red). (B) H&E. Lewy bodies (arrow). (C, D) Skin biopsy, IHC, PD patient. (C) Positive a-syn aggregates in
spinous cells (arrows). (D) Hair follicle emerging through epidermis. Red, juxtanuclear nodular aggregates in keratinocytes (arrows).

Figure 2. Immunohistochemistry (IHC), a-synuclein. Pilosebaceous unit. Left view. Atypical parkinsonism subject, negative staining. Right view.
Parkinson'’s disease subject with numerous a-synuclein, juxtanuclear, red aggregates in spinous and sebaceous cells.

2 um in diameter in the SCL of the epidermis including
the epidermal component adjacent to hair follicles, and in
cells from PSUs (Figs. 1, 2), while control subjects pre-
sented null immunoreaction. The a-synuclein inclusions
in the two groups of patients were morphologically simi-
lar but quantitatively different. Using light microscopy,
these inclusions appeared to be juxtanuclear (Figs. 1, 2).
Table 2 compares the percentages of a-synuclein positivity
in patients, divided into PD and AP. AP was classified as
neurodegenerative (synucleinopathies other than PD, and
tauopathies) and secondary (post encephalitic, vascular,
drug induced, toxic). Close to 60% of the cells from

the epidermis and PSUs of the PD patients presented
a-synuclein inclusions. In contrast, in AP patients, a-syn-
uclein immunopositive inclusions were scarcely observed.
In general, as a group, AP patients with a neurodegenera-
tive disorder showed a median of 6.9%, 7.7%, and 0% of
immunopositive cells in the epidermis, PSUs and EG,
respectively. The EG showed deposits mainly at the acini
component in 58% of cells in the PD group, while in the
AP group, o-synuclein positive cells were almost inexis-
tent in these structures.

Further analysis made using confocal microscopy and
the three-dimensional image reconstruction of optical

474 © 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.
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Table 1. General characteristics and classification of patients according to the clinical diagnosis.

Statistical
PD Neurodegenerative AP Secondary AP analysis
Related Tauopathies
to other and other ANOVA
a-synucleinopathies proteinopathies Not degenerative (F value) P
Males 24 LBD 6 PSP 3 PID 1
MSA 2 CBS 1
Females 10 LBD 6 PSP 3 VaP 2
MSA 3 PEP 2
NBIA 1 AD 1 PID 2
Total 34 26 7
Age (mean =+ SD) 66.82 (11.4) 68.2 (13.5) 74 (7.9) NS
Duration (years + SD) 5.02 (4.1) 5.84 (3.7) 7.7 (5.2) NS
Hoehn and Yahr scale 2.1(0.8) 2.92 (0.8) 2.7 (0.75) (7.4) 0.001

ANOVA F and P values arise from the comparison of the three groups: PD (n = 34), neurodegenerative AP (n = 26), and secondary AP (n = 7).
Only Hoehn and Yahr scale values showed a significant difference. PD, Parkinson’s disease; AP, atypical parkinsonism; ANOVA, analysis of vari-
ance; LBD, Lewy body dementia; MSA, multiple system atrophy; NBIA, neurodegeneration with brain iron accumulation; PSP, progressive supranu-
clear palsy; PID, parkinsonism induced by drugs;, CBS, corticobasal syndrome; AD, Alzheimer’'s disease; VaP, vascular parkinsonism; PEP,
postencephalitic parkinsonism.

Table 2. Comparison of positive a-synuclein expression in skin cells (percentage) by skin structures in PD and AP (neurodegenerative and secondary).

Epidermis Pilosebaceous unit Eccrine gland
Condition n Median (range) n Median (range) n Median (range)
PD 34 57.9%(44.9-62.6) 31 62.1*(485-71.2) 16 58.4* (47.4-69.3)
AP-neurodegenerative (18 synucleopathies eight with tauopathies) 26 6.9 (0-18.3) 23 7.7 (0-20.7) 9 0(0-0)
AP (secondary) 7 0 (0-1.7) 7 0(0-8.7) 7 0 (0-0)

PD, Parkinson’s disease; AP, atypical parkinsonism, further divided into neurodegenerative AP (related to synucleinopathies, tauopathies, and other
proteinopathies) and secondary AP (related to non-neurodegenerative conditions). Comparisons among groups were performed by Kruskal-Wallis
followed by Mann-Whitney U test.

*P < 0.001 PD versus both neurodegenerative and secondary AP.

Figure 3. Confocal microscopy. Skin biopsy, epidermal cells (keratinocytes). (A) Negative control. (B, C) Parkinson’s disease patient with positive
juxtanuclear, a-syn inclusions (arrows). a-Synuclein is in red (Alexa 568); nuclei are in blue (DAPI); and cytokeratins AE1/AE3 are in green.

sections confirmed the findings reported in the light =~ EG. The confocal study determined that the o-synuclein
microscopy study. In PD patients, immunoreactivity to o- inclusions were predominantly located adjacent to the
synuclein was observed in the epidermal cells, PSU, and nucleus (nuclear juxtaposed, Fig. 3).
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Discussion

Although the sample is small, the data observed in this
study is encouraging. We found and described deposits of
o-synuclein, with intracytoplasmic and juxtanuclear loca-
tion, in the epidermis and its appendages that occurred
with a very strong expression in PD when compared to
AP. Controls did not have any a-synuclein positive inclu-

I. Rodriguez-Leyva et al.

sions. To our knowledge this is the first study to detect
o-synuclein expression in the epidermis and its append-
ages and to describe its potential as a biomarker for the
differentiation between PD and AP.*

Given the complexity and heterogeneity of the genetics,
the underlying molecular mechanisms, and the environ-
mental risk factors in PD and other neurodegenerative
diseases, there is an increasing need for a reliable

Figure 4. Skin biopsies embedded in paraffin. Immunohistochemistry with antibody to nonphosphorylated (A, B) and phosphorylated a-synuclein
(C, D). Control samples shows melanin in basal cells and scarce red granules in melanocytes (A) and scarce perinuclear red granules in squamous
cells (C). Parkinson’s disease patient shows red granular inclusion in perinuclear (juxtanuclear) region (B and D) and cytoplasm (B) with both

antibodies

476 © 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.
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biomarker in living patients that correlates with the histo-
pathological changes in the brain derived from the pro-
teinopathy.”> Besides the motor characteristics of PD
(bradykinesia, rigidity, tremor, and postural instability),
its nonmotor symptoms and signs are common (sensory,
autonomic, cognitive, and behavioral), and at least 60%
of PD patients have more than one nonmotor symptom
or sign.”> These manifestations, however, are also com-
mon in AP and, although neurologists specializing in
movement disorders achieve a high degree of diagnostic
accuracy, more than 60% of cases with a final diagnosis
of AP had their diagnosis changed during the course of
the illness.>*

Previous studies of the occurrence of aggregated o-syn-
uclein outside the nervous system have demonstrated that
PD is a multiorgan disease.'®** While a-synuclein depos-
its have been evidenced by studies describing IHC in
paraffin sections of cutaneous nerve endings,&g’16 includ-
ing a recent report on cutaneous autonomic nerves,** the
authors did not mention its expression in other skin
appendages or in the epidermis. After Ikemura et al. dem-
onstrated in 20 of the 85 autopsies o-synuclein-positive
unmyelinated fibers in the skin,® Miki et al. found immu-
noreactivity to o-synuclein in unmyelinated fibers near
the blood vessels and sweat glands in skin biopsies of the
chest wall for 2 of the 20 PD patients.” Subsequently,
Shishido et al. showed the clear expression of a-synuclein
aggregates in the autonomic nerves in the skin of one
73-year-old patient.”” Concerning the analysis of the skin,
Beach et al. reported the absence of a-synuclein in the
abdominal skin of 14 subjects; however, those samples
were autopsies,”” not biopsies as is the case in this study,
whose research process was also different. The main dif-
ferences between those studies and the study presented
here are that they employed antibodies for phosphory-
lated o-synuclein and paraffin-embedded tissue sections,
whereas in this study, frozen sections “ex vivo” were used
with an anti-a-synuclein antibody (nonphosphorylated).
Although this study used fresh tissue and a polyclonal
antibody for nonphosphorylated o-synuclein, we are
now conducting a study with formalin-fixed material
(I. Rodriguez-Leyva et. al.,, unpublished results) (Fig. 4).
The same antibody plus an antibody for phosphorylated
a-synuclein are used, and with which the preliminary
results obtained are very similar. Although we recognize
that our patients are not autopsy-confirmed diagnosis, all
the included patients had clear clinical manifestations.

The exclusive occurrence of immunoreactivity in me-
sencephalic neurons presenting Lewy bodies, its absence
in the skin of control subjects, and scarce occurrence in
patients with AP confirms that the well-defined, red nod-
ular structures correspond to a-synuclein insoluble aggre-
gates. The intracellular distribution of o-synuclein was

a-Synuclein Inclusions in Skin

thought to be only cytoplasmic, but recent studies indi-
cate a-synuclein translocation to the nucleus.’®”” The
findings achieved using confocal immunofluorescence that
are reported here, are in agreement with a predominant
cytoplasmic localization of the protein; moreover, its jux-
tanuclear and nuclear presence in keratinocytes was also
observed. Although evidence of this translocation has
been generated in vitro in dopaminergic cell lines, the
multiorgan expression of a-synuclein aggregates suggest
the possibility of similar protein trafficking in other cell
types. Finally, although the number of cases is small, the
sample is representative of the patient population with
PD who are treated in our hospital, and from which it
was possible to observe, as previously reported by other
authors, the predominance of males, something which
was not observed in the case of AP.>®* This finding is
also an area of opportunity for future research.

In conclusion, our findings suggest an important quan-
titative difference between the expression of o-synuclein
in the epidermis and its appendages when comparing
patients with PD and AP. Pending further confirmation
in larger cohorts, we propose o-synuclein screening in
skin biopsies as a minimally invasive, affordable, and safe
technique that may distinguish PD from AP.

Conflict of Interest

Ildefonso Rodriguez-Leyva is the speaker for Novartis,
Boehringer Ingelheim, UCB and Genzyme (Sanofi Com-
pany) but they are not related with the research that he is
making and pretending to publish.

References

1. Wakabayashi K, Tanju K, Mori F. Pathology of basal
ganglia in neurodegenerative diseases. Brain Nerve
2009;61:429-439.

2. Mukherjee A, Soto C. Role of calcineurin in
neurodegeneration produced by misfolded proteins and
endoplasmic reticulum stress. Curr Opin Cell Biol
2011;23:223-230.

3. Lu Y, Prudent M, Fauvet B, et al. Phosphorylation of
a-synuclein at Y125 and S129 alters its metal binding
properties: implications for understanding the role of
o-synuclein in the pathogenesis of Parkinson’s disease
and related disorders. ACS Chem Neurosci 2011;2:
667-675.

4. Uversky VN. Alpha-synuclein misfolding and
neurodegenerative diseases. Curr Protein Pept Sci
2008;9:507-540.

5. Iwanaga K, Wakabayashi K, Yoshimoto M, et al. Lewy
body type degeneration in cardiac plexus in Parkinson’s
and incidental Lewy body diseases. Neurology
1999;52:1269-1271.

© 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 477



a-Synuclein Inclusions in Skin

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

478

Wakanayashi K, Takahashi H, Takeda S, et al. Parkinson’s
disease: the presence of Lewy bodies in Aurbach’s

and Meissner’s plexuses. Acta Neuropathol 1998;76:217—
221.

. Wakabayashi K, Takahashi H, Ohama E, Ikuta F.

Parkinson’s disease: an immunohistochemical study of
Lewy body-containing neurons in the enteric nervous
system. Acta Neuropathol 1990;79:581-583.

. Ikemura M, Saito Y, Sengoku R, et al. Lewy body

pathology involves cutaneous nerves. ] Neuropathol Exp
Neurol 2008;67:945-953.

. Miki Y, Tomiyama M, Ueno T, et al. Clinical availability

of skin biopsy in the diagnosis of Parkinson’s disease.
Neurosci Lett 2010;469:357—359.

Jain S. Multi-organ autonomic dysfunction in Parkinson
disease. Parkinsonism Relat Disord 2011;17:77—83.

Jain S, Siegle GJ, Gu C, et al. Autonomic insufficiency in
pupillary and cardiovascular systems in Parkinson’s
disease. Parkinsonism Relat Disord 2011;17:119-122.
McKeith I, Mintzer ], Aarsland D. Dementia with Lewy
bodies. Lancet Neurol 2004;3:19-28.

Yamada M. Initial cellular target in multiple system
atrophy: glial cell. Rinsho Shinkeigaku 2011;51:843.

Irwin DJ, Cohen TJ, Grossman M, et al. Acetylated tau a
novel pathological signature in Alzheimer’s disease and
other taupathies. Brain 2012;135(Pt 3):807-818.

Quinn N. Parkinsonism-recognition and differential
diagnosis. BMJ 1995;310:447—452.

Hughes AJ, Daniel SE, Kilford L, et al. Accuracy of clinical
diagnosis of idiopathic Parkinson’s disease. A
clinico-pathological study of 100 cases. ] Neurol
Neurosurg Psychiatry 1992;55:181-184.

De la Fuente-Ferndndez R. Role of DaTSCAN and clinical
diagnosis in Parkinson disease. Neurology 2012;78:696—701.
Verrone A, Halldin C. Molecular imaging of the dopamine
transporter. ] Nucl Med 2010;51:1331-1334.

Shrivastava A. The hot cross bun sign. Radiology
2007;245:606—607.

Pandey S. Hummingbird sign in progressive supranuclear
palsy disease. ] Res Med Sci 2012;17:197—198.

Djaldetti R, Lev N, Melamed E. Lesions outside the CNS
in Parkinson’s disease. Mov Disord 2009;24:793—800.
Makrantonaki E, Schonknecht P, Hossini AM, et al. Skin
and brain age together: the role of hormones in the ageing
process. Exp Gerontol 2010;45:801-813.

Shishido T, Ikemura M, Obi T, et al. Alpha-synuclein
accumulation in skin nerve fibers revealed by skin

biopsy in pure autonomic failure. Neurology
2010;16:608—-610.

Wang N, Gibbons CH, Lafo J, Freeman R. a-Synuclein in
cutaneous autonomic nerves. Neurology 2013;81:1604—
1610.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

I. Rodriguez-Leyva et al.

McKeith IG, Dickson DW, Lowe J, et al. Diagnosis and
management of dementia with Lewy bodies. Third

report of the DLB consortium. Neurology 2005;
65:1863—-1872.

McKhann GM, Knopman DS, Chertkow H, et al. The
diagnosis of dementia due to Alzheimer’s disease:
recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimers Dement
2011;7:263-269.

Gilman S, Wenning GK, Low PA, et al. Second consensus
statement on the diagnosis of multiple system atrophy.
Neurology 2008;71:670—676.

Litvan I, Agid Y, Calne D, et al. Clinical research criteria
for the diagnosis of progressive supranuclear palsy
(Steele-Richardson-Olszewski syndrome) report of the
NINDS-SPSP international workshop. Neurology
1996;47:1-9.

Litvan I, Agid Y, Goetz C, et al. Accuracy of the clinical
diagnosis of corticobasal degeneration: a clinicopathologic
study. Neurology 1997;48:119—125.

Kruer MC, Boddaert N. Neurodegeneration with brain
iron accumulation: a diagnostic algorithm. Semin Pediatr
Neurol 2012;19:67-74.

Litvan I, Bhatia KP, Burn DJ, et al. SIC task force
appraisal of clinical diagnostic criteria for Parkinsonian
disorders. Mov Disord 2003;18:467—486.

Morgan JC, Mehta SH, Sethi KD. Biomarkers in Parkinson’s
disease. Curr Neurol Neurosci Rep 2010;10:423—430.
Pandya M, Kubu CS, Giroux ML. Parkinson disease: not
just a movement disorder. Clevel Clin ] Med 2008;75:856—
864.

Wenning GK, Krismer F, Poewe W. New insights into
atypical parkinsonism. Curr Opin Neurol 2011;24:331-338.
Beach TG, Adler CH, Sue LI, et al. Multi-organ
distribution of phosphorylated a-synuclein histopathology
in subjects with Lewy body disorders. Acta Neuropathol
2010;119:689-702.

Shengli Xu, Zhou Ming, Shun Yu, et al. Oxidative stress
induces nuclear translocation of C-terminus of
alpha-synuclein in dopaminergic cells. Biochem Biophys
Res Commun 2006;342:330-335.

Zhou M, Xu S, Mi J, et al. Nuclear translocation of
alpha-synuclein increases susceptibility of MES23.5 cells to
oxidative stress. Brain Res 2013;1500:19-27.

Cubo E, Doumbe J, Martinez-Martin P, et al. Comparison
of clinical profile of Parkinson's disease between Spanish
and Cameroonian cohorts. ] Neurol Sci 2013;336:122—126.
Dluzen DE, McDermott JL. Gender differences in
neurotoxicity of the nigrostriatal dopaminergic system:
implications for Parkinson’s disease. ] Gend Specif Med
2000;3:36—42.

© 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.



