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Melanin is believed to protect cells against ultraviolet (UV)-induced damage formation. It,
however, has not been experimentally proved, because published results have been inconclusive.
The present study was carried out to determine whether intracellular melanin protected cells
against UV-induced photoproduct type DNA damage formation and killing. Three human
melanoma cell lines containing different amounts of melanin were used. Absorption spectrum,
subcellular localization of melanin, and melanin concentration were examined in the three cell
lines. Two types of DNA damage, cyclobutane pyrimidine dimers and (6-4)photoproducts, were
detected by an enzyme-linked immunosorbent assay (ELISA) with monoclonal antibodies specific
for these photolesions. We found that melanin reduced the induction rates of both types of DNA
damage in pigmented cells irradiated with UVC in a melanin concentration-dependent manner.
Almost no differences in repair capacity for the two types of photolesions were observed among
the three cell lines. We also found that the more highly melanotic cell lines were more resistant
to UVC than the less melanotic cell lines. These results suggest that intracellular melanin plays
an important role in preventing UV -induced cell killing by reducing the formation of two types
of DNA damage. The three cell lines, however, might have different induction rates of
UV-damage and different UV sensitivities, under identical conditions with equal amounts of
melanin, since they stemmed from melanomas of three different patients. Besides, we have not
ascertained whether melanin protects cells against sunlight, since we used UVC only. Thus, we
treated highly melanotic HM3KO cells with docosahexaenoic acid (DHA) to reduce the amount
of melanin to about half, and prepared two types of cells with the same genetic background, with
different melanin levels. We carried out similar experiments using UVC and UVB, and ascetained
that melanin protected melanoma cells from the two types of DN A damage formation and killing
both after UVC and aft=r UVB irradiation. Data obtained from the two studies in series suggest
that the protective effect of intracellular melanin increases in a melanin concentration-dependent
manner and reaches a plateau.
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Table 1 Melanin concentration in three

melanin cell lines
Cells HM3KO G-361 Mewo
Melanin content 260t1.1 5SEEI0. S 0.8+0.2
(pg/cell)
Cell diameter (um) 21.2+34 200%38 139%27
Melanin concentration 5202 1.3.4£,0.1 0.6+0.2

(ug/mm3)

Each value shows the mean + SD.
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Fig.1 Absorption spectra of melanosomal
fractions from human melanoma cetlls.
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Fig.2 Induction of cyclobutane pyrimidine
dimers(a) and (6-4)photoproducts(b)
in DNA from UV-irradiated human
melanoma cells. DNA damage was
measured by the ELISA with monoclonal
antibodies against photolesions.
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Fig.3 Repair capacity for cyclobutane
pyrimidine dimers(a) and (6-4)photo-
products(b) in melanoma cells. HM3KO
G-361, and Mewo cells were UV
irradiated at 20,15,and 10J/m’
respectively, to induce similar numbers
of photolesions. The percentage of the
initial number of photolesions was
determined at various times after UV
irradiation.
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Fig.4 UV-survival curves of cultured human
melanoma cells. Survival after UV
irradiation was determined by the
colony-formation method.
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Table 2 UV-protection factors(UPFs) in three

melanoma cell lines
Cells HM3KO  G-361 Mewo
UPFs for cyclobutane dimers* 24106 1.6%0.5 1.0
for (6-4)photoproducts* 23+05 1.7£0.1 1.0
for cell killing$ 22+03 1.7x03 1.0
Relative melanin concentration! 8.7+0.4 2.2x0.2 1.0

* Calculated from UV doses showing 0.5 of absorbance at 492 nm in Figs. 2a,
b (the mean + SD). The value of Mewo was expressed as 1.0.

§ Calculated from UV doses showing 50 of percent survival in Fig. 4 (the
mean + SD). The value of Mewo was expressed as 1.0.

1 Calculated from melanin concentration in Table 1 (the mean + SD). The
value of Mewo was expressed as 1.0
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Fig.5 Cytotoxicity of DHA. Cytotoxicity was
determined by the colony-formation
me thod.
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Fig.6 Inhibitory effect of DHA on
melanogenesis. Melanin content in
DHA- and DMSO-treated cells was
determined
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Fig.7 Absorption spectra of melanosomal
fractions from DHA- and DMSO treated
cells.

COMRRED. ZD 2D L 5 ) — < HBakk
ZRAVWLEICE ST, A5 = v BEAKDESN

BN RAMETE D LEZBZ oM, RIS, A
5/ — < MBI IR (UVCH L OUVBYA BBAY L.
K4 5 DNABIE B A ELISAEIC THRIE L7ze D
R, vIonT s R —BLD G-DESY
1< —DERRIZ. UVCIBAH I L OUVBRBAH% &
bic, A 5=V BEBOZ VL | o— ) Lilkakk
DEHM. DHAMLEB L7 A 5= v BEBDV W
fatkk 0 bEF V-1 (Fig. 8, 9D

A AR I
0.1 &/ = y/
® ol 4&*

0.2 4

Absorbance at 492 nm
Absorbance at 492 nm

T — T 0 T T T T
0 5 10 15 0 100 200 300 400

WC dose (J/nd) UVB dase (J/m?)

Fig.8 Induction of cyclobutane pyrimidine
dimers in DHA- and DMSO-treated cells
irradiated with UVC (left) and
UVB (right). Cyclobutane dimers were
measured by the ELISA method
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Fig.9 Induction of (6-4)photoproducts in
DHA- and DMSO-treated cells irradiated
with UVC (left) and UVB (right).
(6-4)photoproducts were measured by
the ELISA method
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Fig.10 UV-survival curves of DHA- and DMSO-
treated cells. Survival after
UvC- (left) and UVB (right)
irradiation was determined by the
colony-formation method
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Table 3 UV-protection factors between DNA-
and DMSO-treated cells

HM3KO cells treated by DMSO DHA
UVC-induced cyclobutane dimers? 1.18%£0.11 1.0
(6-4)photoproducts? 1.14£0.10 1.0
cell killinge 1.19£0.08 1.0
UVB-induced cyclobutane dimers4 1.12+0.07 1.0
(6-4)photoproductse 1.24+0.15 1.0
cell killing® 1.21+0.02 1.0
Relative melanin concentration 233£037 1.0

abde Calculated from UV doses showing 0.74,0.42, 0.54, or 0.2€ of
absorbance at 492 nm (the mean + SD). The values of DHA-treated cells were
expressed as 1.0.

€ Calculated from UV doses showing 10 of percent survival (the mean # SD).
The values of DHA-treated cells were expressed as 1.0.
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Fig.11 Photoprotective effect of melanin
in melanoma cells with different
pigment levels. The relationship
between relative melanin
concentration (or melanin concent-
ration) and UV-protection factor
among four types of melanoma cells
was shown using the present and
previous results. Only results of
UVC were plotted. Each point shows
the mean (%SD).
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