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Abnormal aggregates of alpha-synuclein (a-syn) in the nerv-
ous system are the neuropathological hallmark of the synu-
cleinopathies. Based on autopsy studies, we know that these
abnormal deposits occur not only in the central nervous sys-
tem in these disorders but also in the peripheral autonomic
nervous system [1, 2]. The most common synucleinopathies
are Parkinson disease (PD) and dementia with Lewy bodies
(DLB); much less common synucleinopathies are multiple
system atrophy and pure autonomic failure (PAF). The diag-
nosis of these diseases is currently still based on clinical
criteria. A more accurate in vivo diagnosis is of major inter-
est since it could lead to the early detection and treatment of
patients affected by these diseases. However, reliable bio-
markers are still lacking.

In the hope of identifying a diagnostic biomarker of synu-
cleinopathies, researchers have been searching for peripheral
a-syn deposits in patients, initially in the olfactory epithe-
lium and subsequently in the stomach, the intestines, and
salivary glands.

In this issue of Clinical Autonomic Research, V. Donadio
reviews the use of skin biopsies for the search of peripheral
a-syn deposits in patients with synucleinopathies [3]. In
this article the author summarizes current progress in this
area, reviewing different methodological aspects to facili-
tate the standardization of the method and eliminate dif-
ferences between the various approaches used in different
laboratories.

Skin innervation is easily accessible and contains a large
number of autonomic nerve fibers. The peripheral sympa-
thetic nerves have been proposed to be the earliest affected
part of the nervous system in synucleinopathies. In vivo
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studies have reported on the presence of a-syn aggregates
in patients with PD and other synucleinopathies, with vari-
able frequencies ranging from 0 to 100% [4—6]. This variable
rate of detection of abnormal a-syn aggregates could be, at
least in part, due to the different methodological aspects of
the different studies. In his paper, Donadio reviews some of
these aspects, including the skin site, the number of biopsies
performed, the method use for tissue fixation, the number of
skin sections, the primary antibody used, and/or the immu-
nohistochemical procedures. The majority of the reported
studies reviewed used an indirect immunofluorescence tech-
nique that both utilizes primary antibodies against abnor-
mal a-syn aggregates and enables the localization of these
aggregates; as such, this technique is the better option—at
least at this point in time. Regarding the type of antibodies
used, it would appear that those against a-syn phosphoryl-
ated at Ser129 are the most efficacious in detecting a-syn
aggregates in the skin nerves. Donadio also found that the
thickness of the skin sections varied widely among studies,
which is mainly a reflection of differences in the underlying
immunohistochemical technique used, leading to different
probabilities of finding a-syn aggregates.

The skin site and the number of biopsies performed are
also variable. This aspect is of high relevance. A centrip-
etal propagation of axonal a-syn aggregates has been found
to occur in the peripheral autonomic nervous system [7].
Moreover, samples from patients with PD and DLB with-
out clinically significant autonomic failure present a patchy
expression of phosphorylated a-syn throughout all skin sites
(i.e., proximal vs. distal), whereas samples from patients
with marked autonomic failure (i.e., PAF, PD with orthos-
tatic hypotension, DLB with orthostatic hypotension) show
widespread deposits of phosphorylated a-syn in nearly all
analyzed proximal and distal skin samples [8]. Accordingly,
the choice of skin site may be relevant when the aim is to
search for abnormal a-syn aggregates in synucleinopathies,
especially in those conditions not associated with orthostatic
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hypotension. The number of skin biopsies may also be rel-
evant when the distribution of a-syn aggregates in skin
nerves is irregular. In patients with PD and in DLB without
orthostatic hypotension, the incidence of phosphorylated
a-syn in autonomic nerves differs between the proximal
and distal skin sites, with the highest incidence observed
in proximal sites [5, 9]. Similar findings were observed in
samples from patients with idiopathic rapid eye movement
sleep behavior disorder, a clinical condition that often pre-
cedes PD and DLB [10]. Proximal sites included the skin
around the spine, i.e., close to autonomic ganglia, possibly
suggesting that misfolded a-syn comes from ganglia and
spreads first to the closest autonomic skin terminals. This
mechanism could explain why in some studies abnormal
a-syn aggregates in distal regions, such as the distal leg,
were not found. A spine gradient, from proximal to distal,
with a higher load of abnormal a-syn deposits in the skin
of the paravertebral cervical and the thoracic areas, has also
been reported [10], although other studies did not confirm
these findings. Available data support the hypothesis that
the skin around the spine is the optimal site to search for
phosphorylated a-syn in skin nerves in synucleinopathies,
with the cervical area being the site of choice. However,
the optimal number of skin samples and sections needed to
detect phosphorylated a-syn in skin nerves remains to be
defined. Finally, criteria for considering a biopsy positive
or negative for a-syn are not uniform among laboratories,
making comparisons of results difficult.

Skin biopsy is a promising diagnostic tool for synucle-
inopathies because it is a low-cost and easy-to-perform
procedure that causes only minor discomfort to the patient.
However, standardization of these procedures is desirable
to facilitate the large-scale automation of this technique.
Obtaining a skin sample is a technically challenging process
that cannot be done in a routine laboratory setting, at least
not at this time. The search for peripheral a-syn aggregates
in synucleinopathies is still ongoing, and tissues other than
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the skin, such as the submandibular or the salivary glands,
need further investigation.
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