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MINI-REVIEW

Pathomechanism of malignant melanoma
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ABSTRACT

Treatment of malignant melanoma has made great strides in the last decade. On the one hand, immune checkpoint

inhibitors and molecular targeted drugs improved the prognosis of patients. On the other hand, it is very important to be

aware of the causes of malignant melanoma based on the latest knowledge. In this review, I will briefly review the car-

cinogenic mechanism of malignant melanoma from the aspects of ultraviolet rays, mechanical stress, trauma and so on.
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1. Introduction

The treatment of malignant melanoma has changed significantly
with the launch of immune checkpoint inhibitors!'?. There are also
reports on appropriate drug therapy”! and measures against side effects,
and safer and more effective treatment methods are being pursued*®.
For that purpose, it is necessary to update the cause of malignant mel-
anoma.

Ultraviolet light (UVL) is the oldest and most well-known cause
of malignant melanoma. It is widely known that the incidence of ma-
lignant melanoma is significantly higher in Caucasians than in colored
races including Asians, and awareness-raising activities for UV protec-
tion are currently being actively carried out, especially in Europe and
the United States. Recently, it has been pointed out that external force,
trauma, radiation, etc. may also trigger malignant melanoma.

In this paper, I would like to outline the causes or triggers of these
malignant melanomas, including some basic data.

2. UV rays and malignant melanoma

In the living body, when exposed to UV rays, pyrimidine dimers
(Figure 1) and 6-4 photoproducts (Figure 2) are produced'”’, and the
mutation of cytosine to thymine (CT mutation) occurs, if repair sys-
tems do not work (Figure 3).

b9

HN H

Figure 1. Pyrimidine dimer produced by ultraviolet rays.
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Figure 2. 6-4 photoproducts produced by ultraviolet rays.

Figure 3. Cytosine to thymine mutation caused by ultraviolet
rays (CT mutation).

Normally, when pyrimidine dimer or 6-4 pho-
toproduct is produced, UV-specific endonuclease
recognizes and incises DNA, DNA polymerase rep-
licates DNA from the normal side, DNA ligase im-
plants, and repair is completed.

A disease in which UV repair function is con-
genitally impaired is xeroderma pigmentosum (XP),
which is an autosomal recessive inheritance disease.
Patients with XP develop erythema when exposed
to solar UV rays from an early age, and often de-
velop malignant melanoma, squamous cell carci-
noma (SCC), basal cell carcinoma (BCC), etc. at an
early age.

Among UV rays, medium-wave UVB (ultravi-
olet B) has been considered to have a strong car-
cinogenic effect, but recently, it has become clear
that long-wave UVA (ultraviolet A) is also involved
in carcinogenesis. Skin cancer is more likely to oc-
cur in exposed areas than in non-exposed areas, and
within the same ethnic group, the incidence is high-
er in the equatorial region where the sun’s rays are
stronger. In addition, skin cancer occurs more fre-
quently in people working outdoors than indoors,
and the risk of skin cancer is inversely correlated
with the degree of melanin pigmentation. From
these results, it is considered that solar UV rays are
deeply involved in skin malignant tumors such as
SCC, BCC, and malignant melanoma, and the
number of patients with any skin malignant tumor

increased due to ozone layer depletion.

Malignant melanoma often occurs in exposed
areas in Europe and the United States, and it is
thought that UV rays are involved. In Japan, the
number of cases is high in the southern regions in
terms of latitude, in which the primary site is 14%
on the face and head, and 27% on the sole, which
does not necessarily occur on the exposed area. It is
speculated that the number of acral types will in-
crease because the amount of melanin in the skin of
the yellow race is larger than Caucasian and its
protective ability is associated with relative low
number of UV-induced malignant even if the num-
ber of cases is the same.

3. Model animal for malignant me-
la-noma

In 1989, Setlow et al.’® exposed zebrafish to
visible light to make the first model animal for ma-
lignant melanoma. In 2002, Noonan et al.”! suc-
ceeded to develop malignant melanoma in the epi-
dermis of irradiate hepatocyte growth factor (HGF)
transgenic mice with UVB + UVA at 3, 5, and 6
weeks after birth.

In 1998, Kunisada et al.'” linked c-kit under
the keratin 14 promoter to overexpress stem cell
factor (SCF) in the epidermis, and created trans-
genic mice with mast cell proliferation and mela-
nocytes present in the epidermis. By crossing this
mouse with an XPA knockout mouse, a mouse hav-
ing high UV sensitivity and having melanocytes in
the epidermis was created"'". In this mouse, when a
large amount of UVB was irradiated, malignant
melanoma could be generated in the epidermis even
when it was not a child, and it became a mouse
model closer to human malignant melanoma.

Thus, these results suggest that UV rays are
essentially involved in the development of malig-
nant melanoma.

4. Foot sole melanoma and mecha-
nical stress

As mentioned above, it has become clear that
UV rays are closely related to the development of
malignant melanoma, but malignant melanoma does
not always occur in exposed areas, and factors other
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than UV rays are also involved. The sole of the foot
is a common site for malignant melanoma in Japa-
nese as well as Asian people, in which the amount
of UV exposure is low. The effects of mechanical
stress on sole malignant melanoma were investi-
gated at Shinshu University, Japan''.

Of the malignant melanomas treated at
Shinshu University, Japan from 1990 to 2014, 123
cases with lesions on the sole of the foot were in-
cluded, and cases originating from the nails were
excluded. Detailed lesion locations were compared
using clinical photographs, and resected specimens
measured tumor thickness on a Breslow scale. Of
the 123 cases, 54 were male and 69 were female,
with an average age of 73.5 years. It occurred on
the left sole in 61 cases and on the right sole in 62
cases. The number of lesions by tumor thickness on
the Breslow scale was 28 for in situ, 12 for 1 mm or
less, 20 for 1.01 mm to 2 mm, 28 for 2.01 mm to 4
mm, 33 for 4.01 mm or more, and 2 for unmeasura-
ble. Analysis of mapping the center of the lesions
revealed that the most lesions were distributed in
the heel, followed by the 1* and 5" toes. In addition,
there were almost no lesions on the arch. There was
no bias in the distribution of lesions depending on
the tumor thickness. Looking at the number of le-
sions per 1 cm?, many lesions were accumulated in
the heel and toe, but there were almost no lesions in
the arch. From these facts, it was speculated that
mechanical stress due to load-bearing was involved
in the pathophysiology of sole malignant melano-
ma.

S. Trauma and subungual malig-
nant melanoma

There is a history of trauma in subungual ma-
lignant melanoma, and there are many cases in
which trauma may be the trigger. According to the
report by Takai et al.'"*!, 62% of all subungual ma-
lignant melanomas were accompanied by obvious

" collected the literature on

trauma. Omoto et al.!
subungal malignant melanoma with a history of
trauma, and the average time from trauma to diag-
nosis was 99 months for adults and children. For
those who develop pigmented streaks as a result of

trauma and subsequently develop malignant mela-

noma, the average time to diagnosis is about 130
months for adults and 72 months for children. Be-
sides, it has been reported that the time to onset of
pigmented streaks with trauma is as short as 15
months in adults, and that it progresses rapidly after
trauma in children.

In other words, subungual malignant melano-
ma appears earlier when trauma is applied to the
part where the pigmented streak was originally pre-
sent than where there is no pigmented streak.

6. Radiation and malignant mela-
noma

Otsu et al.!"" reported the proportion of cuta-
neous malignancies that developed after irradiation
for 1923-1980 and 1981-2014, which were collect-
ed from Japanese literatures mainly. In 1923-1980,
62% had SCC, 12.6% had BCC, 3.7% had intraep-
idermal cancer including Bowen’s disease, and 0%
had malignant melanoma. As well, in 1981-2014,
42% had SCC, 29.4% had BCC, 7.5% had intraep-
idermal cancer including Bowen’s disease, and 2.5%
had malignant melanoma. That is, the proportion of
BCC has markedly increased in recent years. The
reason for this is that radiation was used for benign
skin diseases including tumor diseases and chronic
inflammatory diseases previously. The relative de-
crease in SCC was due to the improvement of site
selection, irradiating dose reduction, and tangential
irradiation application. Radiation-induced malig-
nant melanoma is extremely rare compared to SCC,
BCC, and Bowen’s disease, whether or not the
slight increase of 2.5% makes sense.

7. AID and malignant melanoma

AID is an activation-induced cytidine deami-
nase (activation induced deaminase), a 24- kDa en-
zyme that removes an amino group from a cytidine
group in DNA. In 2000, it was shown that this AID
is essential for immunoglobulin class switching and
point mutations in the variable region of immuno-
globulin'®,

Moreover, it was hypothesized that AID is
highly expressed in various malignant tumors such
as liver cancer and gastric cancer, and that AID is
induced by various inflammations and infections.
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Furthermore, the induction of a point mutation is
speculated to be closely associated with carcino-
genesis. When the expression of AID was examined
in malignant melanoma, it was revealed that malig-
nant melanoma with high expression of AID fre-
quently causes BRAF** mutation and has a poor
prognosis'' .

In addition, malignant melanoma spontane-
ously developed when AID was highly expressed in
all organs under the promoter that expresses it in all
organs!'®. From these reports, AID may be involved
in the development of BRAF "
lignant melanoma.

mutation and ma-
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