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The UV-C Induced Cell Death
in Human Malignant Melanoma and Normal Fibroblasts
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Differences in cellular death between melanoma (Me45) cells and fibroblasts (CCL-110) were investigated after
irradiation with UV-C (1.5–15 J/m2) and incubation for up to 48 h. The role of DNA double strand breaks in
this process was assessed. Decrease of the Me45 cells viability began about 6 h after irradiation. The fibroblasts
viability negatively correlated with the dose applied, since necrosis within this cell population began immediately
after irradiation. The enhanced apoptosis of fibroblasts was observed between 6 and 24 h, while for melanoma cells,
high level of apoptotic cells was still detected after 48 h. Statistically significant correlation between the percentage
of apoptotic cells and DSBs was estimated for both cell lines. The melanoma cells responded differently to the
UV-C radiation than did the fibroblasts. These differences were explained by deficiency of the necrotic processes
as well as the delay of apoptotic melanoma response to UV-C damage.
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1. Introduction

DNA damage can be caused by exogenous agents (for
example radiation, chemicals) as well as byproducts of
endogenous cellular processes (for example reactive oxy-
gen species). Generally, human cells apply three strate-
gies to protect genomic DNA from accumulating dam-
age (for example microdeletions, point mutation). If the
damage is slight, DNA repair is attempted. The more
extensive damage blocks the cell cycle progression, giv-
ing more time for DNA repair. When the repair is not
successful, cells can undergo some kind of cell death.
The severe damage cause that the affected cells suffer
necrosis or they undergo apoptosis [1, 2]. Interestingly,
fragmentation of DNA, meaning high frequency of DNA
double strand breaks (DSBs), is a characteristic feature
for both apoptosis and necrosis processes. In this study,
melanoma cells (cancer cell line) were employed to in-
vestigate the influence of UV-C exposure on cellular re-
sponse (viability, apoptosis, and necrosis) in comparison
to fibroblasts (normal cell line). Additionally, the contri-
bution of DSBs detected by the presence of γ-H2AX-foci
to those processes was evaluated.

The cell response to ionizing radiation and other ra-
diomimetic agents garner a great deal of attention, how-
ever role of the UV-C in induction of DNA damage and
its consequences (cell viability or death) is still not well
known. The complexity of the cellular response to UV-C
irradiation makes it possible for individual cells to ac-
tivate an appropriate signalling/metabolic path. Then
various types of cells (normal or cancer cell line) may
exhibit different response to UV irradiation.

Despite the UV-C radiation does not induce DNA dou-
ble strand breaks [3, 4] literature data indicated that
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H2AX phosphorylation was detected, during the cyclobu-
tane pyrimidine dimers (CPD) and bulky (6-4) adducts
removal after UV irradiation in quiescent cells [3]. Also
it was shown that after UV-C irradiation, H2AX phos-
phorylation occurs in all phases of the cell cycle and is
primarily displayed as a diffuse staining of the whole nu-
cleus, called “pan-nuclear” staining [3, 5].

2. Experimental protocol
The human malignant melanoma (Me45) cell line was

grown in DMEM:F12 HAM (1:1), supplemented with
12% fetal bovine albumin and 80 µg/ml gentamicin. This
cell line was kindly provided by the Radiobiology Depart-
ment of the Oncology Centre in Gliwice, Poland.

The normal human skin fibroblasts (CCL-110) cell line
(the American Type Culture Collection, ATCC) was cul-
tured in MEM medium supplemented with 20% FBS,
1% penicillin — streptomycin and 2 mM L-glutamine.
The cells from both cell lines were grown at the tem-
perature of 37 ◦C and 5% CO2. Cells were irradiated
with the 254 nm UV-C from a UVLS-28 lamp at a dose
rate of approximately 3 J/m2/s, 0.51 mW/cm2 of energy
density (CDR2 All Wave ultraviolet intensity meter).
The cells were irradiated with doses: 1.5, 3, 9, 15 J/m2

of UV-C, immediately after the cell culture medium was
changed and then cells were incubated up to 48 h. Apop-
totic and necrotic cells were detected in FITC-Annexin
V and Ethidium Homodimer III-stained cells test (Bi-
otium Inc.). The Annexin-V test detects changes in the
cellular membrane related to the early stage of apopto-
sis [6]. The DNA strand breaks as pan-nuclear spots were
evaluated using γ-H2AX test [5].

For each radiation dose, and the incubation time af-
ter UV-C irradiation, thousand cells were scored. Mean
value and standard deviation (scanning electron mi-
croscopy, SEM) has been evaluated for each set of data.
The Pearson correlation, ANOVA with post-hoc Turkey-
Kramer Multiple Comparisons were performed with the
Statistica 8.0 software.
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3. Results and discussion

The variations in viability of fibroblasts were statis-
tically significant (decrease to 6 h and later increase
to 48 h). The melanoma cells viability slowly decreased
up to 48 h after irradiation (Fig. 1). Low number

Fig. 1. The cellular response of melanoma (Me45) and
fibroblast (CLL-110) cells for 9 J/m2 of UV-C irradi-
ation ((a) living cells, (b) necrosis, (c) apoptosis and
(d) γ-H2AX foci-positive cells).

of dead melanoma cells after UV irradiation found by
Kobayashi et al. [7] was explained by presence of the
intracellular melanin and its role in preventing UV in-
duced cell killing by reducing the formation of DNA dam-
age [7]. The limited access to damaged DNA due to the
presence of melanin might be the reason for the delay
of melanoma cells response to UV-C irradiation in our
study. As expected, in this study necrosis turned out to
be the first observed type of CCL-110 cell death after UV-
C treatment. The process proved to be dose-dependent
(r = 0.93, p < 0.01) and took place during the first 6 h
after UV-C irradiation in these cells. In melanoma cells,
however, necrosis did not contribute to cellular response
to the UV-C damage induction. Six hours after UV-C ir-
radiation the apoptosis was a dominant type of death in
both cell lines. The increase of apoptotic melanoma cells
in time was found to be statistically significant. In fi-
broblast cells the intensification of apoptosis processes
occurred after 24 h, and then the percentage of apop-
totic cells began to decline. Others results for various
melanoma cell lines [8, 9] showed that the DNA damage
induced by UV-C (50 J/m2) caused growth arrest and,
eventually, the apoptotic response. The collapsed repli-
cation fork in response to UV photoproducts generates
DSBs [10], and non-repaired DSBs may trigger apopto-
sis [5, 11]. That is why the involvement of DNA DSBs
in cell death processes was investigated in this study.
The number of γ-H2AX foci-positive cells significantly
increased with incubation time for both types of cells.

Figure 1 presents cellular response for 9 J/m2 UV-C dose,
however similar results were obtained for others: 1.5, 3,
15 J/m2 UV-C doses. The Pearson correlation analysis
showed a significantly positive correlation between DSBs
and the number of apoptotic cells (r = 0.87, p < 0.05 for
fibroblasts and r = 0.92, p < 0.01 for melanoma cells),
and no correlation between the DSB appearance and the
necrotic processes. These results were consistent with lit-
erature data [10] in that the DSBs formation was involved
with the apoptosis.

In conclusion, the melanoma Me45 cell response to the
UV-C irradiation was different in comparison to the fi-
broblast CCL-110 cells. Results indicated necrosis pro-
cesses disorders and delay of apoptosis in melanoma cells
after UV-C-damage induction. The DNA DSBs were
agents triggering apoptosis in the melanoma cells as well
as in the fibroblasts.
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