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A biomarker represents a characteristic that 
can be objectively measured and evaluated 
as an indicator of normal or pathogenic 
processes, or of pharmacologic responses to 
a therapeutic intervention  [1]. Biomarkers 
essentially pretend to confirm a diagnosis, 
being useful for epidemiological screening, 
predictive testing, monitoring of disease pro-
gression after diagnosis, drug development 
and its response to treatment [1].

A major hallmark of neurodegenerative 
diseases is the abnormal deposition of aggre-
gates of misfolded proteins; such diseases 
are called proteinopathies [2]. This phenom-
enon initiates a series of intracellular per-
turbations that lead to cell dysfunction and 
eventually cell death, with a corresponding 
progressive impairment in neuronal func-
tion  [2,3]. These illnesses are initially dif-
ficult to diagnose, as distinctive signs and 
symptoms appear progressively until the 
advanced stages. They are usually accompa-
nied clinically by dementia, parkinsonism 
and/or motor dysfunction [3–5].

In general, manifestations of these dis-
eases are secondary to the aggregation of 
defectively folded proteins in different brain 
regions. These proteins are able to evade 

degradation mechanisms and initiate a 
series of neurotoxic effects, including syn-
aptic dysfunction and disruption of cellular 
organelles and the cytoskeleton, enabling 
an inflammatory response and ultimately 
leading to cell death [6]. In terms of the posi-
tioning of these protein aggregates, recent 
evidence supports the notion that they 
are spread among the cells of the nervous 
system in a similar way to prions [7].

The identification of an accessible tissue 
biomarker prior to symptom development 
will allow the identification of individuals 
in the very earliest stages of disease, and 
could provide a means of assessing whether 
particular therapies could modify the con-
tinuing pathological process. In the search 
for potential histological markers, the acqui-
sition of any nervous tissue is still currently 
a complex and hazardous intervention in 
humans. Thus, other tissues have been eval-
uated as possible surrogates, including those 
of the salivary glands, olfactory epithelium, 
heart and digestive tract [8,9].

As much in terms of the diagnosis as of 
the treatment of a proteinopathy, the prin-
cipal advances that have been made are in 
Parkinson’s disease (PD), where the presence 
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“...skin biopsies may represent an alternative to support the diagnosis of 
Parkinson’s disease and Alzheimer’s disease, the two most common 

neurodegenerative diseases. The finding of α-synuclein and tau protein 
by immunohistochemistry using commercially available antibodies 

could support the diagnosis.”

“A major hallmark of 
neurodegenerative diseases is the 

abnormal deposition of aggregates 
of misfolded proteins...”
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of α-synuclein forms insoluble neurofibrillary tan-
gles distributed throughout the body, forming 
Lewy neurites. In the neurons they form conglom-
erate eosinophilic inclusions surrounded by a clear 
halo known as Lewy bodies [4,8]. A relationship 
between the brain and the skin was proposed by 
Makrantonaki et al. and finally reported by our 
working team, after examining the expression of 
α-synuclein in the epidermis and skin’s append-
ages: expression was moderate in PD, mild in 
atypical parkinsonism and null in healthy control 
subjects [10,11].

Neural and epidermal tissues share a common 
embryological origin, as ectodermal derivatives. 
So, it is anticipated than both may accumulate 
similar abnormal misfolded proteins related to 
degenerative processes  [11]. Studies have shown 
that genes expressed in signaling pathways oper-
ating in age-associated neurodegenerative disease, 
such as Huntington’s disease, dentatorubral-
pallidoluysian atrophy, amyotrophic lateral scle-
rosis and PD, are expressed in hormonally aged 
human sebocytes  [10,12]. Therefore, cutaneous 
tissue is a promising source in the search for bio-
logical markers of neurodegenerative conditions. 
This is not due exclusively to its ontological ori-
gin, but also to its profuse innervations and its 
capacity to respond to, produce and release diverse 
neuropeptides [12,13].

Cutaneous tissue also expresses genes involved 
in neurological diseases, such as APP, tau PSEN1 
and PARK2, among others [10]. Accordingly, sev-
eral diseases of the nervous system have dermal 
manifestations, as is the case with PD, where there 
is an increased risk of melanoma and patients 
frequently present seborrhea and hyperhidrosis 
alongside the classical motor manifestations of 
the disease [14].

Despite the initial failure to observe Lewy 
pathology using routine biopsies from cadaveric 
skin  [15], we were able to detect it in skin sam-
ples of patients with PD compared with healthy 
individuals  [11]. The discrepancy between the 
results of the autopsy-based study and the in vivo 
study may be explained by differences in the sites 
of the obtained samples, the size and number of 

examined sections, the type of antibodies used 
for α-synuclein (phosphorylated/non-phospho-
rylated) and the histological processing (fresh 
frozen or paraffin-embedded tissue). Moreover, 
α-synuclein aggregates have also been recently 
demonstrated in peripheral nerve terminals of the 
epidermis and skin appendages of PD patients [16]. 
The presence of protein aggregates in skin cells as 
a potential biomarker of disease has also recently 
been demonstrated for Alzheimer’s disease. The 
phosphorylated tau protein was detected by 
immunohistochemistry in 71% of the studied 
patients [17].

Biomarkers of neurodegenerative diseases have 
been developed in recent years; however, they are 
mainly based on advanced molecular neuroimag-
ing. A major drawback is that worldwide, most 
health systems do not have the capacity to offer 
these tests in clinical practice. Therefore, skin 
biopsies may represent an alternative to support 
the diagnosis of PD and Alzheimer’s disease, the 
two most common neurodegenerative diseases. 
The finding of α-synuclein and tau protein by 
immunohistochemistry using commercially avail-
able antibodies could support the diagnosis. This 
can be easily done in regularly equipped pathology 
laboratories worldwide. It is possible that in the 
near future we will be able to characterize in the 
skin signs of other neurodegenerative diseases such 
as dementia with Lewy bodies, fronto-temporal 
lobar degeneration, amyotrophic lateral sclerosis, 
Huntington’s disease and the prion diseases. All 
of these disorders are characterized as genetically 
complex proteinopathies, and reflect a Mendelian 
inheritance modified by epigenetic factors.
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“The identification of an 
accessible tissue biomarker 

prior to symptom 
development will allow the 
identification of individuals 
in the very earliest stages 

of disease...”
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