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Abstract: Parkinson’s disease is associated with an increased risk of melanoma (and vice versa).
Several hypotheses underline this link, such as pathways affecting both melanin and neuromelanin.
For the first time, the fluorescence of melanin and neuromelanin is selectively accessible using a
new method of nonlinear spectroscopy, based on a stepwise two-photon excitation. Cutaneous
pigmentation and postmortem neuromelanin of Parkinson patients were characterized by fluorescence
spectra and compared with controls. Spectral differences could not be documented, implying that
there is neither a Parkinson fingerprint in cutaneous melanin spectra nor a melanin-associated
fingerprint indicating an increased melanoma risk. Our measurements suggest that Parkinson’s
disease occurs without a configuration change of neuromelanin. However, Parkinson patients
displayed the same dermatofluorescence spectroscopic fingerprint of a local malignant transformation
as controls. This is the first comparative retrospective fluorescence analysis of cutaneous melanin
and postmortem neuromelanin based on nonlinear spectroscopy in patients with Parkinson’s disease
and controls, and this method is a very suitable diagnostic tool for melanoma screening and early
detection in Parkinson patients. Our results suggest a non-pigmentary pathway as the main link
between Parkinson’s disease and melanoma, and they do not rule out the melanocortin-1-receptor
gene as an additional bridge between both diseases.
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1. Introduction

The available epidemiological data regarding a possible association between cutaneous malignant
melanoma (MM) and Parkinson’s disease (PD) show a two-way relationship. On the one hand, patients
with PD have significantly higher risk for MM [1–3], while, on the other hand, patients with MM
carry an increased risk of PD [1,3]. In order to understand this link between PD and MM, three major
hypotheses were postulated over the past decades, as outlined below.

Firstly, regarding the potential role of pigmentation as a possible bridge between PD and MM,
a first aspect to be considered is the possibility of disorders within the main gene which regulates
pigmentation, melanocortin 1 receptor (MC1R). MC1R is responsible for constitutive variation of
pigmentation in humans. Specific MC1R variants may predispose to both MM and PD [4,5]. There are
indications in relevant literature that loss-of-function MC1R variants, which result in disturbed
melanogenesis, are associated with higher risk of developing MM [6]. Several other authors discussed
an association between PD and MM due to MC1R variants [3,7], and most recent results relating to
the role of MC1R in dopaminergic neurons led to the conclusion that MC1R may represent a common
pathogenic pathway for MM and PD [8].

A second focus is directed toward α-synuclein. A pathological structural change in α-synuclein is
a hallmark of PD [9]. This protein is present in catecholamine-containing neurons of the substantia
nigra (SN) and locus coeruleus (LC) and binds to neuromelanin (NM). Current studies indicate that
α-synuclein may affect the biosynthesis of melanin and NM by regulating activities of certain enzymes,
e.g., tyrosinase, tyrosine hydroxylase, and peroxidase [6]. In addition, pathological α-synuclein may
change the biosynthesis of NM. There are also indications of structural changes in NM associated with
α-synuclein aggregation [10].

In normal epidermal melanocytes, no α-synuclein is found [11], but it is expressed in cutaneous
melanocytic lesions, as can be demonstrated for melanoma cell lines and nevus tissue [11]. Here, also
due to its possible interaction with tyrosinase [12], α-synuclein may even play a role in regulating the
biosynthesis of melanin in skin. There are research approaches concerning the use of α-synuclein as a
biomarker for melanomagenesis [13]. Therefore, in PD patients, the biosynthesis of cutaneous melanin
may be modified. More recently, α-synuclein was detected in skin nerves from PD patients [14,15].
While α-synuclein cannot be regarded as a selective skin biomarker for the early detection of PD,
a combination of skin nerve p-α-synuclein detection with an analysis of rapid eye movement (REM)
sleep behavior was proposed to detect PD in its prodromal state [15].

Lastly, recent studies focused on the tumor suppressor gene PARK2, which synthesizes the protein
Parkin [16,17]. Their results indicate that Parkin inactivation (loss-of-function mutations in PARK2),
which is often found in young-onset PD, may also strengthen a predisposition to and progression of
melanoma [18].

The first part of the following investigation is directed toward the cutaneous pigmentation of PD
patients with special emphasis on a potentially disturbed melanogenesis, and the underlying question
of whether a fingerprint of PD and/or a fingerprint of an increased MM risk can be identified in
cutaneous melanin. All discussed aspects of the PD–MM link may affect the biosynthesis of cutaneous
melanin. Such disturbed melanogenesis may concern both structural changes in the melanin subunits
(e.g., 5,6–dihydroxyindole (DHI) and 5,6–dihydroxyindole-2-carboxylic acid (DHICA) in eumelanin)
or their arrangement in the melanin polymer, as well as changes in the melanin microenvironment
in melanosomes (see below). The present investigation aims to examine such possible changes in
pigmentation of PD patients’ skin directly by dermatofluoroscopy. This examination involves both
normal pigmented tissue and specimens from nevi. A special focus was placed on signs of incipient
malignant melanocytic degeneration, for which dermatofluoroscopy is particularly suitable [19,20].
None of the PD patients studied were current melanoma patients, but two of them were in dermatological
surveillance. Thus, in addition to benign nevi, clinically atypical (dysplastic) nevi could be included.
Since this investigation is directed toward a possible pigmentary pathway with changed biosynthesis
of melanin and/or NM being part of the linkage between PD and MM, we included the NM of the
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substantia nigra pars compacta (SNpc) of the human brain into our investigation, in addition to the
pigmentation of the skin as the site of cutaneous MM. To our knowledge, no fluorescence spectra
excited by ultraviolet (UV) or visible radiation were previously found for NM in situ. However, a weak
fluorescence of synthetic NM was reported, enhanced by nicotine binding [21]. Since NM also consists
of eu- and pheomelanin [22], the same method of stepwise two-photon excitation was used to obtain
fluorescence spectra.

2. Material and Methods

2.1. Introductory Overview

The present work is based on a retrospective investigation carried out on PD patients as part
of routine survival as a melanoma check-up. This check-up is indicated because of the increased
melanoma risk of Parkinson’s patients. These investigations were carried out with informed written
consent of the patients and were advertised according to § 4 paragraph 23 clause 3 (German Medicine
Law) at the medical association. It was characterized as non-interventional and, thus, observational
because all performed evaluations are part of routine surveillance in the treatment of PD patients.

For these investigations, the diagnostic device for melanoma, derma FC (magnosco GmbH,
Berlin, Germany), was used. The derma FC is a European Commission (EC)-certified medical device,
approved for the European Market Class IIa (EC Certificate Directive 93742/EEC, Annex II excluding.
Full Quality Assurance System, Certificate Registration No.: Z-16-213-SZ-RII). This certificate is based
on a prospective multicenter clinical trial involving 620 lesions suspicious for melanoma. The device
is approved for patients of the Caucasian skin type. As a result of the measurement, the device
indicates in the form of a numerical value (score) whether the investigation speaks for a melanoma or
a benign or dysplastic nevus. It is a decision aid for the final diagnosis of the clinician. This score is
determined from the melanin fluorescence spectra from hundreds of microareas distributed throughout
the pigmented lesion. The grid pitch is 200 µm. The diameter of each analyzed microarea is 30 µm.
The underlying evaluation method is based on dermatofluoroscopy (see below). These fluorescence
spectra are stored in the device together with the displayed examination result. They are not usually of
concern to the clinician, but may be informative for in-depth questions (such as follow-up). The results
presented here are based on the retrospective analysis of such melanin fluorescence spectra from
19 pigmented lesions of 14 PD patients.

2.2. Melanin Fluorescence

Dermatofluoroscopy was developed with the aim of becoming a new diagnostic tool for early
detection of melanotic malignant melanoma [19,20,23]. It is based on the measurement of the spectral
distribution of ultra-weak melanin fluorescence from the melanosomes of cutaneous pigmented cells.
With conventional one-photon excitation, this melanin fluorescence is completely concealed by the
much more intense fluorescence of other endogenous fluorophores, e.g., of NAD(P)H and flavins
(the so-called autofluorescence of skin). To overcome this problem, a special fluorescence excitation
mechanism of non-linear spectroscopy is used: a stepwise two-photon excitation of melanin with
nanosecond pulses at 800 nm. This is the hallmark of dermatofluoroscopy. This type of excitation is
unique for melanin in contrast to all other endogenous fluorophores because only melanin can absorb
800-nm photons. However, the energy of a single 800-nm photon is too low to excite fluorescence in
the visible spectral range; this requires the subsequent absorption of a second 800-nm photon in the
already excited state (for details, see below and Figure 1). The parameters of the excitation laser are
chosen to prevent a simultaneous absorption of two 800-nm photons, as this would be more or less
equivalent to a single 400-nm photon absorption and result in (unwanted) autofluorescence.
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Figure 1. The principle of dermatofluoroscopy. Different modes of excitation of fluorescence in
the visible spectral region: (a) conventional fluorescence excitation by one photon (e.g., 400 nm);
(b) excitation by simultaneous absorption of two photons via an only virtual energy level (e.g., 800 nm,
preferably from a femtosecond laser); (c) excitation by stepwise absorption of two photons (e.g., 800 nm,
preferably from a nanosecond laser) via a real intermediate energy level.

Figure 2 illustrates the energy level scheme of melanin (Jablonski diagram) and the underlying
processes which determine the fluorescence spectrum. After absorption of the first photon, a first
excited state is reached where there is competition between the (“downhill”) relaxation (k (N) in the
nevus, k (MM) in the melanoma) and the strength of the second (“uphill”) absorption (determined
by absorption cross-section and photon flux density of the excitation). Absorption cross-section
and relaxation rate are quantities which sensitively depend on fluorophore electron structure and
the microenvironment.

The spectrum of normally pigmented skin (Figure 3a) is a superposition of melanin fluorescence
with a maximum at about 500 nm with the NAD(P)H-dominated autofluorescence (maximum at about
470 nm, obtained from oculo-cutaneous skin tissue). The ratio of the two components determines the
position of the resulting fluorescence maximum [20]; on low pigmented Fitzpatrick skin type 1, both
bands appear separately (D. Leupold et al., submitted). Melanin fluorescence from the nevomelanocytes
of benign or dysplastic nevi (Figure 3b,c) shows a distinctly different, flatter, and red-shifted spectral
profile than fluorescence from melanocytes. An obvious cause of the difference could be the lacking
discharge of melanosoma out of melanocytes (shutdown of the dominant influence of keratinocytes) and
the changing structural alignments of the melanin π-systems that determine fluorescence (“π-stacking”).
The red shift of the fluorescence spectrum changes into the characteristic curve according to Figure 3d
in melanoma: a constant increase in intensity from 440 nm to 650 nm. Mathematically described, this
means that the first derivative of the spectral fluorescence course dIF (lambda)/d (lambda) for melanoma
is a horizontal straight line between 440 and 650 nm. The spectral fluorescence course of dysplastic
nevi (Figure 3c) differs from that of melanoma by a reduced increase above about 570 nm (this means a
drop in the constant value of the first derivative above 570 nm). Benign nevi are characterized by a
zero crossing of the first derivative in the range between about 530 and 550 nm.
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Figure 2. Simplified energy level scheme of melanin in melanosomes of nevi and of melanoma
illustrates the process responsible for fluorescence spectra in the excited state: radiationless relaxation
in nevi k (N) and in melanoma k (M). The relaxation includes ultrafast Franck–Condon relaxation
(tuning of the core configuration to the changed excited-state electron distribution) and nonradiative
vibrational relaxation.

Such dermatofluoroscopic investigations were carried out on normal pigmented skin, and benign
and dysplastic nevi, as well as melanomas of more than 500 patients of Caucasian origin. This resulted
in a database of several tens of thousands of spectra, the vast majority of which can be assigned
to one of the following four classes of melanin-dominated fluorescence spectra: melanosomes of
melanocytes (Figure 3a, class 4), melanosomes of nevomelanocytes of benign nevi (Figure 3b, class
3), melanosomes of nevomelanocytes of dysplastic nevi (Figure 3c, class 2), and melanosomes of
melanoma cells (Figure 3d, class 1). It is important to note that these four types of spectra capture all
measured cutaneous melanin fluorescence. This implies that class 1 spectra display a fingerprint of
melanoma cells, regardless of the melanoma subtype. This is valid for the main melanoma subtypes
studied so far: in situ, superficial spreading, nodular, lentigo maligna, and acrolentiginous [24]. It also
means that malignant melanocytic degeneration of a nevus toward melanoma is always represented
by classes 2 and 1. The latter is also confirmed by our follow-up measurements of nevi over several
years [25]. The automatic assignment of measured fluorescence spectra to one of these four classes is
based on the minimum of the root-mean-squared difference (RMSD) between the measured curve and
each of the model curves. The RMSD has a fixed upper limit, and spectra which exceed this limit elude
this classification (e.g., hairs, marker fluorophores, or impurities). Further details of the automated
assignment of the spectra measured with derma FC were previously described [23].

The spectral analysis is concentrated on the range between 430 nm and 650 nm. An increase of
intensity below 430 nm results from second harmonic generation (SHG) in collagen. The signal in the
range above 650 nm stems from a further nonlinear optical effect that it is not considered here.
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Figure 3. Dermatofluoroscopy of skin from Caucasian patients (Fitzpatrick type 2, 3) in vivo. The four
representative classes of melanin-dominated spectra: (a) normal pigmented skin (class 4), (b) benign
nevus (class 3), (c) dysplastic nevus (class 2), and (d) melanoma (class 1).

2.3. Skin of PD Patients of Caucasian Origin

In total, 19 nevi, mainly located on the trunk and extremities, and adjacent normal pigmented
skin areas of 14 PD patients (11 males, three females; mean age 62 years) from the Department of
Neurology, Alexianer St. Joseph Hospital Berlin, Germany, were examined by dermatofluoroscopy.
The patients were of Caucasian skin type/Fitzpatrick type 2–3 [26]. Except for red, all natural hair colors
were represented. None of the patients had freckles. The skin areas to be examined were selected
by a dermatologist. On full-body inspection, attention was placed on normal and dysplastic nevi.
Among the investigated patient collective, no nevi were found that were clinically suspicious for being
dysplastic; however, two of the selected patients are now in dermatological long-term observation.
All PD patients were treated with a combination of monoamine oxidase B MAO-B-inhibitors and
dopaminergic receptor agonists. An overview of the patients data is shown in Table 1.

Table 1. Overview of the data of the patient cohort and the nevi; F = female, M = male, cl.1 = class 1, cl.2 = class 2.

Patient Age Gender Size of Nevi (mm) Location of Nevi Number of Spectra/cl.1-cl.2-Fault

1 62 F
3.0 × 2.0 Sole 160/0-0-3

2.4 × 3.8 Right lower leg 240/0-0-0

2 39 F 4.0 × 3.8 Abdomen 364/2-1-4

3 72 F 3.2 × 3.8 Right temporal 291/1-2-3

4 78 M 3.8 × 4.0 Chest wall 345/0-2-9

5 50 M
4.6 × 4.0 Right shoulder 350/0-3-7

3.6 × 4.2 Right upper leg 381/0-3-10

6 52 M
3.8 × 3.6 Right foot 310/2-1-8

5.4 × 2.6 Back 464/0-3-9

7 67 M 4.4 × 3.6 Abdomen 392/1-3-8

8 75 M 4.5 × 3.0 Left shoulder 310/0-3-10

9 75 M 2.2 × 3.0 Abdomen 158/1-2-2

10 78 M 4.4 × 4.4 Left shoulder 494/2-1-14

11 67 M 4.6 × 3.6 Back 453/0-3-10

12 61 M 3.5 × 3.5 Chest wall 278/0-3-6

13 35 M
2.8 × 3.8 Right temporal 275/2-1-1

4.6 × 4.8 Back 442/2-1-9



Cells 2019, 8, 592 7 of 13

Table 1. Cont.

Patient Age Gender Size of Nevi (mm) Location of Nevi Number of Spectra/cl.1-cl.2-Fault

14 53 M
3.0 × 4.0 Chest wall 250/0-0-0

1.6 × 1.8 Left upper leg 77/0-3-8

All subjects gave written informed consent. This investigation was advertised according
§ 4 paragraph 23 clause 3 (German Medicine Law) at the medical association. It was characterized
as non-interventional and, thus, observational because all performed evaluations are part of routine
surveillance in the treatment of PD patients.

2.4. Postmortem Neuromelanin of Substantia Nigra

The investigations were directed toward the PD-relevant NM pigmentation of the SNpc of PD
patients in relation to that of healthy controls. It is well known that, during progress of PD, there
is a decrease in the concentration of neuromelanin, as well as indications of possible neuromelanin
changes [27]. The present study was performed on histological specimens (formalin-fixed and
paraffin-embedded, FFPE) of SNpc from deceased PD patients and controls. An overview of the
patients data is shown in Table 2. Measurement of the fluorescence of the FFPE preparations of SNpc
were also realized using the device derma FC (magnosco GmbH, Berlin, Germany). Similar to the
dermal investigations, the SNpc area is covered with a measuring grid. The grid pitch is 100 microns,
and the diameter of each spectroscopically analyzed brain area is 30 microns. In this way, several
hundreds of spectra per investigated SNpc can be obtained. Formalin-fixed and paraffin-embedded
postmortem brain tissue samples from the midbrain of 10 neuropathologically characterized PD cases
with brainstem-predominant Braak stages 2–3, as well as 10 age-matched controls, were provided by
the Brain Bank Center Wuerzburg, a member of the BrainNet Europe Brain Bank Consortium Network
(http://www.brainnet-europe.org/). Human brains were obtained with the consent of the next of kin and
according to the guidelines of the National and Local Ethics Committees (Ethical Approval No. 78/99).

Table 2. Overview of the postmortem brain tissue samples from the midbrain from 10 neuropathologically
characterized Parkinson’s disease (PD) cases versus 10 age-matched controls; 1 = controls, 2 = PD cases,
F = female, M = male, PMI = postmortem interval in hours, DD = Parkinson’s disease duration in years.

Group Age Gender PMI (h) DD (years)

1 77 F 9.5 –

1 83 M 15 –

1 76 M 9 –

1 85 M 12.5 –

1 71 F 16 –

1 84 F 19 –

1 79 M 10 –

1 83 M 12.5 –

1 88 F 13 –

1 75 F 17 –

2 83 M 9.5 15

2 77 M 13.5 9

2 85 M 17 12

2 72 M 16.5 6

2 83 F 12 13

2 90 M 19.5 22

2 74 M 15.5 9

2 76 F 12 10

http://www.brainnet-europe.org/
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Table 2. Cont.

Group Age Gender PMI (h) DD (years)

2 88 F 9.5 21

2 81 M 13.5 17

3. Results

3.1. Skin Pigmentation of PD Patients and Controls

In total, 6035 melanin-dominated fluorescence spectra of pigmented skin areas (normal pigmented
skin and clinically benign nevi) from PD patients were analyzed, and their spectral profiles were
compared to representative spectra from a database of healthy controls. This comparison revealed
no obvious differences in the intensity of the melanin-dominated fluorescence between PD patients
and controls. A further significant finding is that there were no differences in the spectral shapes of
these fluorescence spectra of both normal pigmented skin and nevi (benign and dysplastic) between PD
patients and controls. Due to the sensitivity of fluorescence in terms of both the valence electron structure
of the fluorophore (melanin) and the composition of the melanin microenvironment in the melanosomes,
this coincidence of spectral classes suggests that cutaneous pigmentation has the same composition
in Parkinson patients as in controls, both in the normal skin and in melanotic lesions and melanomas.
As an example of the measurement, Figure 4a shows a measuring grid for a nevus of a PD patient.
The crosses mark the locations of the fluorescence analysis. White crosses mark healthy microareas
(spectra of classes 3 or 4 of Figure 2) and the four colored crosses mark three microareas with incipient
malignant melanocytic degeneration (class 2) and one single microarea with a fluorescence spectrum
typical for melanoma cells (class 1). With a total of only four microareas with spectra of the classes 1 and
2, the nevus shown is regarded as slightly atypical in the clinical sense. Because of the identity of the
spectral characteristics of the fluorescence between PD patients and controls, the automatic evaluation
given by the device derma FC can be used for the nevus shown. This automatically calculated score is
only one-quarter of the limit value for a recommendation for excision. Figure 4b shows representative
melanin-dominated spectra from this nevus. The PD patient to whom the nevus of Figure 4a belongs is in
dermatological supervision. All remaining 18 studied nevi showed at most three microareas with spectra
of classes 2 and 1, meaning cells of a dysplastic nevus and melanoma, respectively. Altogether, a total of
13 microareas with spectra of type 1 and 35 microareas of type 2 were measured. No fluorescence spectra
other than classes 1 to 4 were observed (exception: well-characterized fluorescence of hair shafts in a
total of 2% of the measured 6035 microareas). In summary, this shows that the cutaneous pigmentation
of PD patients had the same melanin properties as seen in controls. Notably, the malignant melanocytic
degeneration of nevi toward melanoma was also characterized by the spectra of classes 2 and 1.

Figure 4. Cont.
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Figure 4. Dermatofluoroscopy of a nevus from a Parkinson patient: (a) location of the measuring grid
on the nevus, the grid pitch is 200 µm; (b) representative melanin-dominated spectra of this nevus.
Green line: fluorescence from nevomelanocytes of a benign nevus area. Yellow line: fluorescence
corresponding to that from nevomelanocytes of a dysplastic nevus area. Red line: fluorescence
corresponding to that from melanoma cells. The wavelength (horizontal line) is given in nanometers
(nm), counts of fluorescence intensity on the vertical line.

3.2. Neuromelanin Fluorescence of SNpc from PD and Controls

The overall result of a fluorescence measurement on an FFPE preparation of the postmortem SNpc
of PD patients is shown in Figure 5.

Figure 5. Dermatofluoroscopy of the postmortem substantia nigra pars compacta (SNpc) of a Parkinson
patient. The grid above the specimen shows the individual measuring areas; the colored dots indicate
the local neuromelanin concentration resulting from the measurements, here for the sake of clarity only
as a rough differentiation (blue, no neuromelanin; yellow-green, neuromelanin). Scale 1:5.

Examples of two-photon-excited fluorescence spectra of SNpc (i.e., spectra from the individual
measurement areas) of deceased non-PD controls are shown in Figure 6.
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Figure 6. Examples of fluorescence spectra of postmortem SNpc of control case. The blue line
represents a spectrum from a largely neuromelanin (NM)-free region; this fluorescence is the tissue
autofluorescence from NAD(P)H. The other two spectra represent—from light to dark green—increasing
contribution of NM fluorescence to the autofluorescence; the dark-green lined spectrum results from
regions with maximum NM content.

When the NAD(P)H spectrum is subtracted from the (green-lined) two-component spectra,
the spectrum of the NM in the SNpc of non-PD patients is obtained (Figure 7, blue line). That these
different spectra always lead to the same spectral profile (pure NM) confirms that only two components
contribute to the total fluorescence. Similarly, two-photon-excited fluorescence spectra of postmortem
SNpc of PD patients result in the spectrum of NM in the SNpc of PD (Figure 7, yellow line). This shows
that the spectral profiles of NM in the postmortem SNpc of Parkinson patients and controls in the
range between 470 nm and 650 nm are identical. This applies to all SNpc samples examined here.

Figure 7. Fluorescence spectrum of NM in the postmortem SNpc of controls (blue line) and in a
Parkinson patient (green line).

This means that, during the course of PD, the fluorescence in the spectral region attributable
to the NM π-electron system remains unchanged. Since fluorescence is generally a sensitive
indicator of compositional/structural changes of the fluorophore, it is suggested that NM degradation
in PD progress, as shown with this method, occurs without conformational change in the NM
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π-electron structure. The spectral range below 470 nm (Figure 7) lends itself to further investigations,
e.g., for metal incorporation.

To our knowledge, Figure 7 shows for the first time a fluorescence spectrum of NM in FFPE.
On the one hand, it is distinctly different from all melanin fluorescence spectra in healthy human skin
tissue (normally pigmented nevi) in vivo and in the FFPE preparation. On the other hand, it is largely
similar to the melanin fluorescence of melanoma. This is particularly evident when calculating the
different spectra analogous to the procedure described in Figures 6 and 7 (not shown here).

4. Discussion

The melanin-dominated fluorescence spectra of normal pigmented skin and clinically benign
nevi (including those with slight atypia) of PD patients show no difference to the corresponding
spectra of PD-free controls of patients with Caucasian skin type (Fitzpatrick 2 and 3, respectively).
In these spectra obtained from the cutaneous pigmentation of PD patients, no fingerprint of PD and no
sign of increased MM predisposition could be observed. The results presented here indicate rather a
pigmentation-independent link between PD and MM for Caucasians, whereby one can neither prove
nor exclude this hypothesis.

However, the present study did not include PD patients of red hair color (RHC) phenotype.
In relation to other hair colors, the RHC phenotype carries a higher MM risk and a higher pheo-/eumelanin
ratio due to loss-of-function MC1R variants (including, for instance, p.R 151C), which facilitate
pheomelanin formation [28]. Indeed, statistical results of our collected data (not shown) indicate
an increased PD risk of healthy RHC individuals, which was also suggested by other authors [4,27].
Recent studies revealed a UV-independent pathway to MM genesis based on pheomelanin [29], which
is of particular interest against the background of pheomelanin as an NM component. Echogenic
SNpc in investigations of controls with different skin types (Fitzpatrick 1 to‘5), which also show an
increasing PD risk of lighter-skinned types, point in the same direction of a potential pathogenic role of
pheomelanin [30].

5. Conclusions

Recent publications pointed out that preventive clinical examinations for MM are particularly
desirable in PD patients [1,3,31]. Although the present studies show that there is no specific fluorescence
fingerprint of an increased MM risk of Parkinson patients, they can exhibit specific fluorescence spectra
of incipient malignant melanocytic degeneration. A dermatofluoroscopic screening of suspicious
pigmentary lesions is, therefore, recommended especially for PD patients.

Author Contributions: Conceptualization, P.R., D.L., M.S., T.M., and C.-M.M.; investigations/experimental part,
G.S., D.L., U.F., and T.M.; data evaluation, L.S., D.L., G.S., P.R., C.-M.M., and T.M.; draft of the manuscript, P.R.,
D.L., M.S., L.S., C.-M.M., S.S., and H.-U.V.; final version of the manuscript, all authors.

Funding: This publication was funded by the German Research Foundation (DFG) and the University of
Wuerzburg in the funding programme Open Access Publishing.

Acknowledgments: Contributions to fluorescence measurements of FFPE preparations by Ch. Zesch are
acknowledged. This publication was funded by the German Research Foundation (DFG) and the University of
Wuerzburg in the funding program Open Access Publishing.

Conflicts of Interest: M.S. is the Managing Director of LTB, which developed the dermatofluoroscopy technique.
L.S. is Head of Science, and G.S. is Head of Development in Magnosco GmbH, Berlin. No conflicts of interest were
declared by D.L., P.R., S.S., C.-M.M., and H.-U.V.

References

1. Bertoni, J.M.; Arlette, J.P.; Fernandez, H.H.; Fitzer-Attas, C.; Frei, K.; Hassan, M.N.; Isaacson, S.H.;
Lew, M.F.; Molho, E.; Ondo, W.G.; et al. Increased Melanoma Risk in Parkinson Disease: A Prospective
Clinicopathological Study. Arch Neurol. 2010, 67, 347–352. [CrossRef] [PubMed]

http://dx.doi.org/10.1001/archneurol.2010.1
http://www.ncbi.nlm.nih.gov/pubmed/20212233


Cells 2019, 8, 592 12 of 13

2. Disse, M.; Reich, H.; Lee, PK.; Schram, SS. A Review of the Association between Parkinson Disease and
Malignant Melanoma. Dermatol. Surg. 2016, 42, 141–146. [CrossRef] [PubMed]

3. Dalvin, L.A.; Damento, G.M.; Yawn, B.P.; Abbott, B.A.; Hodge, D.O.; Pulido, J.S. Parkinson Disease and
Melanoma: Confirming and Reexamining an Association. Mayo Clin. Proc. 2017, 92, 1070–1079. [CrossRef]
[PubMed]

4. Gao, X.; Simon, K.C.; Han, J.; Schwarzschild, M.A.; Ascherio, A. Family History of Melanoma and Parkinson
Disease Risk. Neurology 2009, 73, 1286–1291. [CrossRef] [PubMed]

5. Raimondi, S.; Sera, F.; Gandini, S.; Iodice, S.; Caini, S.; Maisonneuve, P.; Fargnoli, M.C. Mc1r Variants,
Melanoma and Red Hair Color Phenotype: A Meta-Analysis. Int. J. Cancer 2008, 122, 2753–2760. [CrossRef]
[PubMed]

6. Xu, S.; Chan, P. Interaction between Neuromelanin and Alpha-Synuclein in Parkinson’s Disease. Biomolecules
2015, 5, 1122–1142. [CrossRef]

7. Elincx-Benizri, S.; Inzelberg, R.; Greenbaum, L.; Cohen, O.S.; Yahalom, G.; Laitman, Y.; Djaldetti, R.; Orlev, Y.;
Scope, A.; Azizi, E.; et al. The Melanocortin 1 Receptor (Mc1r) Variants Do Not Account for the Co-Occurrence
of Parkinson’s Disease and Malignant Melanoma. J. Mol. Neurosci. 2014, 54, 820–825. [CrossRef]

8. Chen, X.; Chen, H.; Cai, W.; Maguire, M.; Ya, B.; Zuo, F.; Logan, R.; Li, H.; Robinson, K.; Vanderburg, C.R.; et al.
The Melanoma-Linked "Redhead" Mc1r Influences Dopaminergic Neuron Survival. Ann. Neurol. 2017, 81,
395–406. [CrossRef]

9. Spillantini, M.G.; Schmidt, M.L.; Lee, V.M.; Trojanowski, J.Q.; Jakes, R.; Goedert, M.G. Alpha-Synuclein in
Lewy Bodies. Nature 1997, 388, 839–840. [CrossRef]

10. Halliday, G.M.; Ophof, A.; Broe, M.; Jensen, P.H.; Kettle, E.; Fedorow, H.; Cartwright, M.I.; Griffiths, F.M.;
Shepherd, C.E.; Double, K.L.M. Alpha-Synuclein Redistributes to Neuromelanin Lipid in the Substantia
Nigra Early in Parkinson’s Disease. Brain 2005, 128, 2654–2664. [CrossRef]

11. Matsuo, Y.; Kamitani, T. Parkinson’s Disease-Related Protein, Alpha-Synuclein, in Malignant Melanoma.
PLoS ONE 2010, 5, e10481. [CrossRef] [PubMed]

12. Ikemoto, K.; Nagatsu, I.; Ito, S.A.; King, R.; Nishimura, A.; Nagatsu, T. Does Tyrosinase Exist in
Neuromelanin-Pigmented Neurons in the Human Substantia Nigra? Neurosci. Lett. 1998, 253, 198–200.
[CrossRef]

13. Welinder, C.; Jönsson, G.B.; Ingvar, C.; Lundgren, L.; Baldetorp, B.; Olsson, H.; Breslin, T.; Rezeli, M.;
Jansson, B.; Fehniger, T.E.; et al. Analysis of Alpha-Synuclein in Malignant Melanoma - Development of a
Srm Quantification Assay. PLoS ONE 2014, 9, e110804. [CrossRef] [PubMed]

14. Donadio, V.; Incensi, A.; Piccinini, C.; Cortelli, P.; Giannoccaro, M.P.; Baruzzi, A.; Liguori, R. Skin Nerve
Misfolded Alpha-Synuclein in Pure Autonomic Failure and Parkinson Disease. Ann. Neurol. 2016, 79,
306–316. [CrossRef] [PubMed]

15. Doppler, K.; Jentschke, H.-M.; Schulmeyer, L.; Vadasz, D.; Janzen, A.; Luster, M.; Höffken, H.; Mayer, G.;
Brumberg, J.; Booij, J.; et al. Dermal Phospho-Alpha-Synuclein Deposits Confirm Rem Sleep Behaviour
Disorder as Prodromal Parkinson’s Disease. Acta Neuropathol. 2017, 133, 535–545. [CrossRef] [PubMed]

16. Inzelberg, R.; Samuels, Y.; Azizi, E.; Qutob, N.; Inzelberg, L.; Domany, E.; Schechtman, E.; Friedman, E.
Parkinson Disease (Park) Genes Are Somatically Mutated in Cutaneous Melanoma. Neurol. Genet. 2016,
2, e70. [CrossRef]

17. Cesari, R.; Martin, E.S.; Calin, G.A.; Pentimalli, F.; Bichi, R.; McAdams, H.; Trapasso, F.; Drusco, A.;
Shimizu, M.; Masciullo, V.; et al. Parkin, a Gene Implicated in Autosomal Recessive Juvenile Parkinsonism,
Is a Candidate Tumor Suppressor Gene on Chromosome 6q25-Q27. Proc. Natl. Acad. Sci. USA 2003, 100,
5956–5961. [CrossRef]

18. Hu, H.H.; Kannengiesser, C.; Lesage, S.; André, J.; Mourah, S.; Michel, L.; Descamps, V.; Basset-Seguin, N.;
Bagot, M.; Bensussan, A.; et al. Parkin Inactivation Links Parkinson’s Disease to Melanoma. J. Natl.
Cancer Inst. 2016, 108. [CrossRef]

19. Leupold, D.; Giering, H.G. Dermatofluoroskopie; Stolz, W., Haenssle, H., Sattler, E., Welzel, J., Eds.; Thieme
Verlag: Stuttgart, Germany, 2017.

20. Leupold, D.; Scholz, M.; Stankovic, G.; Reda, J.; Buder, S.; Eichhorn, R.; Wessler, G.; Stücker, M.; Hoffmann, K.;
Bauer, J.; et al. The Stepwise Two-Photon Excited Melanin Fluorescence Is a Unique Diagnostic Tool for
the Detection of Malignant Transformation in Melanocytes. Pigment. Cell Melanoma Res. 2011, 24, 438–445.
[CrossRef]

http://dx.doi.org/10.1097/DSS.0000000000000591
http://www.ncbi.nlm.nih.gov/pubmed/26771684
http://dx.doi.org/10.1016/j.mayocp.2017.03.014
http://www.ncbi.nlm.nih.gov/pubmed/28688464
http://dx.doi.org/10.1212/WNL.0b013e3181bd13a1
http://www.ncbi.nlm.nih.gov/pubmed/19841380
http://dx.doi.org/10.1002/ijc.23396
http://www.ncbi.nlm.nih.gov/pubmed/18366057
http://dx.doi.org/10.3390/biom5021122
http://dx.doi.org/10.1007/s12031-014-0425-1
http://dx.doi.org/10.1002/ana.24852
http://dx.doi.org/10.1038/42166
http://dx.doi.org/10.1093/brain/awh584
http://dx.doi.org/10.1371/journal.pone.0010481
http://www.ncbi.nlm.nih.gov/pubmed/20463956
http://dx.doi.org/10.1016/S0304-3940(98)00649-1
http://dx.doi.org/10.1371/journal.pone.0110804
http://www.ncbi.nlm.nih.gov/pubmed/25333933
http://dx.doi.org/10.1002/ana.24567
http://www.ncbi.nlm.nih.gov/pubmed/26606657
http://dx.doi.org/10.1007/s00401-017-1684-z
http://www.ncbi.nlm.nih.gov/pubmed/28180961
http://dx.doi.org/10.1212/NXG.0000000000000070
http://dx.doi.org/10.1073/pnas.0931262100
http://dx.doi.org/10.1093/jnci/djv340
http://dx.doi.org/10.1111/j.1755-148X.2011.00853.x


Cells 2019, 8, 592 13 of 13

21. Haining, R.L.; Jones, T.M.; Hernandez, A. Saturation Binding of Nicotine to Synthetic Neuromelanin
Demonstrated by Fluorescence Spectroscopy. Neurochem. Res. 2016, 41, 3356–3363. [CrossRef]

22. Bush, W.D.; Garguilo, J.; Zucca, F.A.; Bellei, C.; Nemanich, R.J.; Edwards, G.S.; Zecca, L.; Simon, J.D.
Neuromelanins Isolated from Different Regions of the Human Brain Exhibit a Common Surface
Photoionization Threshold. Photochem. Photobiol. 2009, 85, 387–390. [CrossRef] [PubMed]

23. Forschner, A.; Keim, U.; Hofmann, M.; Spänkuch, I.; Lomberg, D.; Weide, B.; Tampouri, I.; Eigentler, T.;
Fink, C.; Garbe, C.; et al. Diagnostic Accuracy of Dermatofluoroscopy in Cutaneous Melanoma Detection:
Results of a Prospective Multicentre Clinical Study in 476 Pigmented Lesions. Br. J. Dermatol. 2018. [CrossRef]
[PubMed]

24. Leupold, D.; Scholz, M.; Stankovic, G.; Pfeifer, L.; Giering, H.-G.; Buder, S.; Bauer, J.; Dummer, R.; Garbe, C.
Uniform Spectral Fingerprint of the Different Melanoma Subtypes: Diagnostic Utility and Mechanistic
Implications. In Proceedings of the 11th International Congress of the Society for Melanoma Research;
Zurich, Switzerland: 13–16 November 2014.

25. Scholz, M.; Leupold, D.; Szyc, L.; Stankovic, G.; Pfeifer, L.; Buder, S.; Giering, H.-G. Follow-up Atypical Melanocytic
Lesions with Dermato Fluoroscopy: Rapid Malignant Degeneration, Stable State or Repair. In Proceedings of the
16th World Congress on Cancers of the Skin; Vienna, Austria: 31 August–3 September 2016.

26. Fitzpatrick, T.B. The Validity and Practicality of Sun-Reactive Skin Types I through Vi. Arch. Dermatol. 1988,
124, 869–871. [CrossRef] [PubMed]

27. Double, K.L.; Halliday, G.M. New Face of Neuromelanin. J. Neural. Transm. Suppl. 2006, 119–123.
28. Chen, X.; Feng, D.; Schwarzschild, MA.; Gao, X. Red Hair, Mc1r Variants, and Risk for Parkinson’s Disease -

a Meta-Analysis. Ann. Clin. Transl. Neurol. 2017, 4, 212–216. [CrossRef] [PubMed]
29. Mitra, D.; Luo, X.; Morgan, A.; Wang, J.; Hoang, M.P.; Lo, J.; Guerrero, C.R.; Lennerz, J.K.; Mihm, M.C.;

Wargo, J.A.; et al. An Ultraviolet-Radiation-Independent Pathway to Melanoma Carcinogenesis in the Red
Hair/Fair Skin Background. Nature 2012, 491, 449–453. [CrossRef] [PubMed]

30. Rumpf, J.; Schirmer, M.; Fricke, C.; Weise, D.; Wagner, J.A.; Šimon, J.; Classen, J. Light Pigmentation
Phenotype Is Correlated with Increased Substantia Nigra Echogenicity. Mov. Disord. 2015, 30, 1848–1852.
[CrossRef]

31. Pan, T.; Li, X.; Jankovic, J. The Association between Parkinson’s Disease and Melanoma. Int. J. Cancer 2011,
128, 2251–2260. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s11064-016-2068-9
http://dx.doi.org/10.1111/j.1751-1097.2008.00476.x
http://www.ncbi.nlm.nih.gov/pubmed/19067944
http://dx.doi.org/10.1111/bjd.16565
http://www.ncbi.nlm.nih.gov/pubmed/29569229
http://dx.doi.org/10.1001/archderm.1988.01670060015008
http://www.ncbi.nlm.nih.gov/pubmed/3377516
http://dx.doi.org/10.1002/acn3.381
http://www.ncbi.nlm.nih.gov/pubmed/28275654
http://dx.doi.org/10.1038/nature11624
http://www.ncbi.nlm.nih.gov/pubmed/23123854
http://dx.doi.org/10.1002/mds.26427
http://dx.doi.org/10.1002/ijc.25912
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Introductory Overview 
	Melanin Fluorescence 
	Skin of PD Patients of Caucasian Origin 
	Postmortem Neuromelanin of Substantia Nigra 

	Results 
	Skin Pigmentation of PD Patients and Controls 
	Neuromelanin Fluorescence of SNpc from PD and Controls 

	Discussion 
	Conclusions 
	References

