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Abstract: In the last decade, the incidence of skin cancer has increased significantly and there is data
that rank it as the most common form of malignancy in humans. Among the classified skin cancers,
melanoma is the most severe with a significant mortality rate. The determining factor in the
occurrence of skin cancer is generally recognised to be ultraviolet radiation. Skin pigmentation has
been shown to provide a high degree of protection and this is due to melanin. In order to be able to
consider certain hypotheses and to develop new approaches to melanoma, in this study it was studied
the melanin content in certain cell types that have a direct connection with melanoma. The cell lines
used in the study were: (i) human melanoma cell lines: A375, SK-MEL-1, SK-MEL-3, SK-MEL-5, SK-
MEL-28, SH-4, and COLO 829; (ii) mouse melanoma cell lines: B164A5, B16F0, and B16F10; and
(iii) healthy cell lines of human origin: HEMa (primary melanocytes), HaCaT (immortalised
keratinocytes) and 1BR3 (human fibroblasts). The results obtained pointed out that A375, SK-MEL-28
and SK-MEL-5 cells do not produce melanin, SK-MEL-1, SH-4 and SK-MEL-3 cells produce melanin
while COLO 829 cells — only in small passages produce melanin. Of the 3 lines of murine melanoma
tested, the one that produces melanin in a higher concentration is B16F10, followed by B16F0 and
B164Ab5.
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1. Introduction

Unique and specific, melanocytes - cells located in the basal layer of the epidermis - produce
melanin that is deposited in melanosomes (membrane-bound organs) and then transferred to
neighbouring keratinocytes. Melanin granules, after reaching keratinocytes, accumulate above the cell
nuclei having the role of protecting deoxyribonucleic acid (DNA) from damage caused by ultraviolet
radiation. Therefore, the function of skin pigmentation exerted by the "unit of epidermal melanin” is of
two types: constitutive pigmentation in its basal state and optional pigmentation in response to
environmental stimuli. [1] Among the markers described for the involvement of melanogenesis
induced by ultraviolet radiation are transcription factors (MITF and SOX9), various melanosomal
enzymes (tyrosine kinase TYR, tyrosinase 1 protein and DCT tyrosinase 2 protein). [2,3] In case of
sun exposure, the skin is subjected to the tanning process, a process that varies significantly depending
on its type, shape, and duration of exposure. Depending on the wavelengths of ultraviolet radiation,
specific mechanisms are triggered that differentially modulate melanocyte-specific markers, with a
synergistic effect on melanogenesis when combining type A and type B UV radiation [3,4]. Diseases
such as skin whitening and vitiligo, which are associated with a poor-quality life of patients from a
cosmetic point of view but also susceptibility to skin cancer, are due to melanocyte dysfunction [5].
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It is well known that ultraviolet radiation causes reversible or irreversible damage to the skin
leading to certain diseases. Of these diseases, in people with light skin, the most common is skin
cancer and the main triggering factor is excessive exposure to the sun (excess of ultraviolet radiation).
The association between the appearance of malignant skin diseases and its pigmentation was made
several years ago, and currently the skin's response to sunlight is causally related to the rate and
incidence of melanoma. The variation of melanin content in the skin is very wide, considering the skin
types, so that the incidence of melanoma is higher in the poorly pigmented persons compared to the
intensely pigmented ones. [6] The risk of melanoma is correlated with the individual characteristics of
the pigment: it is higher in people with light skin colour, in those with red hair, with blue eyes, in those
who have suffered sunburns throughout their lives. The main environmental factor responsible for the
damage is the type B ultraviolet radiation (280-320 nm) due to the production of pyrimidine dimers,
the cross-linking of the nucleoproteins breaks of the DNA chains, etc. These radiations trigger not only
the appearance of melanoma but also other types of skin cancers (basal cell carcinoma, sarcomas, and
squamous cell carcinomas of the skin) but by mechanisms different from those that induce melanoma.
[6] Some categories of people are more susceptible to the development of the disease, for instance: (i)
older people that live in areas with increased UV radiation exposure (due to a depleted ozone layer),
another risk factor being the existence of co-morbidities (e.g. asthma, hypertension, etc.), and (ii)
people with dental implants due to the composition of implants and materials used that might interact
with the therapy, although the risk is minimal according to the new guidelines regarding tissue healing.
[7,8] Another melanoma-related pathology also common in adults is malignant choroidal melanoma, a
primary intraocular malignancy, but with a lower risk of occurrence to persons that consume some
natural plants (e.g. garlic or mistletoe), data supported by the scientific literature. [9] In recent years, a
variety of compounds and formulations (especially nano-type) have been selected for both safety
assessment and for establishing doses that are effective in addressing melanoma cells. [10-12]

Even though it is well known the origin of cutaneous melanoma (from mature melanocytes) [13],
there are some uncertainties regarding the nature and number of cells with the ability to propagate
tumours. To a certain extent, this is because the characterization of tumorigenic subsets purified by
cancer cells has not been fully realized so far. In the present case, it is necessary to quantify melanin in
the chosen lines due to the fact that the study and testing of new therapies is done in a first phase along
these lines, after which we use 3D cells and in vivo studies.

The main aim of the current research study is to quantify the melanin content in seven human
melanoma cell lines, three murine melanoma cell lines and three healthy human skin-related cell lines,
since it was stated that melanin might interfere with melanoma therapies, like radio-, photo- and
chemotherapy. [13]

2. Materials and methods

In the present research study were chosen: seven human melanoma cell lines - A375 (ATCC®
CRL-1619™), SK-MEL-1 (ATCC® HTB-67™), SK-MEL-3 (ATCC® HTB-69™), SK-MEL-5
(ATCC® HTB70™), SK-MEL-28 (ATCC® HTB72™), SH-4 (ATCC® CRL-7724™) and COLO-
829 (ATCC® CRL-1974™); three murine melanoma cell lines - B16-FO (ATCC® CRL-6322™™),
B16-F10 (ATCC® CRL-6475™), and B164A5 (ECACC 94042254) and three skin related healthy
human cell lines - HEMa (ATCC® PCS-200-013™), HaCaT (CLS 300493) and 1BR3 (ECACC
90011801). The cell lines were purchased as frozen vials from American Type Culture Collection
(ATCC), European Collection of Authenticated Cell Cultures (ECACC) and CLS Cell Lines Service
GmbH. All the specific reagents utilized for cell cultures were purchased from Sigma Aldrich and
ATCC. The cell culture protocols were performed according to the manufacturer's specifications and
as described in the literature [14-16].

Melanin was acquired from Sigma Aldrich and in order to obtain the standard melanin curves, the
following protocol was applied: from the melanin stock solution - 2 mg / mL in NH4OH dilutions were
prepared in the culture medium so that the final concentrations in the plate were: 0; 5; 10; 15; 20; 25;
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30; 35; 40; 45; 50; 100; 150; 200 and 250 pg / mL. Melanin solutions were applied to the 96-well plate
in duplicate and absorbance was read at 405 nm using a spectrophotometer.

GraphPad Prism 6.0 statistical analysis software was used to determine the melanin concentration
in the environment.

3. Results and discussions
3.1. Determination of melanin content in the extracellular environment
In order to determine the melanin content of the medium from the tested samples, it was necessary
to obtain the standard melanin curves in different culture media specific to each cell line. The most
used culture media in our laboratory for the growth of melanoma / melanocyte cell lines are: DMEM -
Dulbecco’'s Modified Eagle Medium, EMEM - Eagle Minimum Essential Medium, RPMI-1640,
McCoy's 5A and Dermal Cell Basal Medium, and for these media standard curves were determined.
The standard curves for melanin and related equations were presented in the figure 1.

DMEM . : RPMI-1640M

Melanin conc (ug/mL)
Melanin conc (ug/mL)

McCoy’sM
Absorbance EMEM Absorbance y

Melanin conc (ug/mL)
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Absorbance

~ DCBM
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Figure 1. Standard curves for melanin and related equations in different specific medium.

3.2. Melanin content in the cells

The methodology employed to evaluate the melanin content from the extracellular environment,
was conducted according to the protocol described by Yoo et al., 2007. [17] Briefly, the test cells
(healthy or melanoma) were cultured in 96-well plates of culture and the main steps were: medium
collection; culture centrifugation at 1200 x g for 10 min and absorbance reading at 405 nm. This
protocol can also be applied if the cells are treated with different test compounds. For this experiment,
the culture medium was collected from several healthy cell lines and melanoma cell lines of human
and murine origin and using the standard curves the concentration of melanin in the environment was
determined. The cell lines used in the study were: (i) human melanoma cell lines: A375, SK-MEL-1,
SK-MEL-3, SK-MEL-5, SK-MEL-28, SH-4, and COLO 829; (ii) mouse melanoma cell lines:
B164A5, B16F0, and B16F10; and (iii) healthy cell lines of human origin: HEMa (primary
melanocytes), HaCaT (immortalized keratinocytes) and 1BR3 (human fibroblasts). In the experiment,
which aimed to quantify the melanin content according to the cell line, but also according to the
passage (especially those of murine origin) valuable data were obtained. Regarding human melanoma
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cell lines, the results are presented in Table 1.

Table 1. Melanin content in human melanoma cell lines spectrophotometrically determined

Cell line Cell morphology Melanin content (ug/mL)
A375 -

SK-MEL-1 6.358

SK-MEL-3 3.704

SK-MEL-5 )

SK-MEL-28 )
SH-4 1.829

COLO 829 5.891

Rev. Chim., 71 (4), 2020, 430-437 433 https://doi.org/10.37358/RC.20.4.8084


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista d_e Chimi_e _ h@c)—_
https://revistadechimie.ro

https://doi.org/10.37358/Rev. Chim.1949

As can be noted A375, SK-MEL-28 and SK-MEL-5 cells do not produce melanin, SK-MEL-1, SH-
4, and SK-MEL-3 cells produce melanin while COLO 829 cells — in small passages produce melanin.
Of the 3 lines of murine melanoma tested, the one that produces melanin in a higher concentration is
B16F10, followed by B16F0 and B164A5 (see Table 2). In the case of B16FO0 line, the longer the
culture time and the number of passages increases, the lower the melanin concentration is present (data
not shown).

Table 2. Melanin content in murine melanoma cell lines spectrophotometrically determined

Cell line / passage Cell morphology Melanin content (ug/mL)
B164A5 6.130
B16F0 p5 36.540
B16F10 p8 56.452

Regarding the healthy cell lines of human origin, melanin was detected in human melanocytes
while in the case of keratinocytes and fibroblasts no melanin content was recorded (Table 3).

Due to the fact that melanocyte function is regulated by various autocrine and paracrine factors
(factors that occur in skin cells such as keratinocytes, fibroblasts and melanocytes), it can be
hypothesized that skin pigmentation associated with UV radiation is based on these factors [18]. A
number of studies in the field have shown that the presence of melanin in melanoma decreases the
photocytotoxicity exerted by drugs: in the case of photodynamic therapy, violet light was able to
discolour melanin in melanotic tumours increasing the sensitivity to red light, the phototoxicity of
hypericin is more pronounced in non-pigmented melanoma cells (e.g. A375 cells) compared to
pigmented ones (e.g. UCT MEL-1 cells). It was also shown that 5-ALA and PDT with red light
produced differential sensitivity in melanoma cells correlated with the presence of melanin, and
mitochondrial apoptotic signalling was activated in pigmented B16F10 cells but not in unpigmented
B16G4F cells. [19] Lu and co-workers have shown that adult human RPE cells do not produce
melanin in vitro correlated with the fact that the melanin content of these cells decreases markedly in
the aging process and may be related to the appearance of different diseases of the retina; on the other
hand, human uveal melanoma cells produce melanin in vitro, expressing melanogenic genes, which
may be considered for in-depth studies in understanding the mechanisms of melanoma, assuming that
they may have a similar pathway for melanin biosynthesis (such as cutaneous melanocytes and
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Table 3. Melanin content in human healthy cell lines spectrophotometrically determined

Cell line Cell morphology Melanin content (ug/mL)
HEMa 3.879

1BR3 -

HaCaT -

melanoma cells). [20] In a previous study, it was noted that exposure to UVB radiation of
melanocytes, and two other types of human melanoma cells (SK-MEL-3 and COLO-829), led to
harmful effects on both melanocytes and melanoma cells, the most affected being COLO-829 cells,
whereas at 24 h post-exposure the melanocytes recovered completely. [16] From the data obtained in
the present study it can be observed that melanocytes and SK-MEL-3 cells have a similar melanin
content while COLO-829 cells have a higher melanin content. In future studies, the effect of type A
and type B radiation on the cells from this study will be assessed.

4. Conclusions

The skin, the largest organ of the human body, contains an excellent pigment - melanin - which has
the ability to cushion the effect of ultraviolet radiation by absorbing it, but also the ability to repair the
mechanisms related to DNA damage induced by UV radiation. At the same time, pigmentation is an
essential factor that can significantly contribute to reducing the incidence of melanoma and other types
of skin cancers. Melanoma skin cancer is one of the most therapy-resistant types of cancer and even
with proper chemotherapy the prognosis is extremely poor. Currently, many studies target tyrosinase,
the enzyme that synthesizes melanin, unique to melanogenic cells, as a promising anti-melanoma
target, and efforts for this approach are still ongoing. Therefore, the data obtained regarding the
melanin content in different cell lines, offer an essential background for subsequent studies involving
tests for anti-melanoma potential of the new candidates.
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