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Several studies examining which portion of solar
ultraviolet (UV) light is responsible for melanoma
induction have recently been published [1-3]. Using
highly pigmented (75%) Xiphophorus hybrid fish
and neonatal mouse models, the results from these
studies strongly suggest that UVB (290-320 nm),
rather than UVA (320-400 nm), is responsible
for inducing melanoma. However, results from
epidemiological studies [4], including studies
on tanning bed users 5], clearly show that UVA
exposure significantly increases the probability of
developing melanoma. Although these conclu-
sions are diametrically different in terms of the
role of UVA in melanoma, both sets are probably
correct in their proper context.

“While visible sunlight can penetrate
deeply to the dermis and subcutaneous
layers of human skin, (ulfraviolet) A and

(ultraviolet) B can penetrate through

the epidermis to the dermis and
reach melanocytes...”

Melanoma is a deadly disease, and we are
exposed to sunlight almost constantly, out of
necessity as well as by choice. Understanding
the risks of the different portions of sunlight in
melanoma induction will allow individuals to
have a balanced view of the pros and cons of sun-
light exposure, to make intelligent choices on the
proper amount of sunlight exposure and to take
the necessary measures to reduce the risk of devel-
oping melanoma. In this article, I will attempt
to elucidate the effects of UVA irradiation, from
biochemistry to biology, in a basic way.

First, let us understand the sunlight that reaches
the surface of the earth. Thanks to our atmosphere,
in particular the ozone layer, most of the harmful
UV light is absorbed or reflected back into space
and thereby prevented from reaching the surface

of the Earth. Of the UV light that does reach the
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“Understanding the risks of the different portions
of sunlight in melanoma induction will allow
individuals to have a balanced view of the pros
and cons of sunlight exposure...”

Earth’s surface, 95% is UVA and 5% is UVB [¢].
While visible sunlight can penetrate deeply to the
dermis and subcutaneous layers of human skin,
UVA and UVB can penetrate through the epider-
mis to the dermis and reach melanocytes, which
are embedded at the junction of the epidermis and
dermis [6]. Melanocytes are the cells that produce
melanin to shield human skin from sunlight and
are also the cells that can develop into melanoma.

Sunlight causes pleiotropic effects on the human
body. Visible sunlight is beneficial and neces-
sary, and UV light has beneficial effects, such
as triggering vitamin D synthesis [7]. However,
sunlight, particularly UV light, also has many
negative effects. UV light causes changes in
our genetic material, namely in DNA. UV light
induces cyclobutane pyrimidine dimer and
pyrimidine<6—4>pyrimidone formation; these
two photoproducts can block DNA replication,
transcription and affect protein~-DNA interac-
tions. If not repaired, they can cause cell death —
this is how sunburns start (8. If these photoprod-
ucts are improperly repaired or escape repair
processes then they can cause mutations — this
is how most skin cancer occur [9]. UV light can
also cause damage in cellular RNA and proteins.
However, because each cell has multiple copies of
these cellular components but only one to two cop-
ies of genetic materials, the major damaging effect
of UV light resides in the production of these two
photoproducts. Generation of these photoproducts
is wavelength-dependent and UVB is 1000-fold
more efficient than UVA in their production [10].
Sunlight has another important effect, which is
the induction of free radicals, including reactive
oxygen species (ROS). Excessive ROS can cause
DNA damage and lipid peroxidation (LPO). This
effect is only notable in melanocytes because mela-
nin can greatly augment this process [11]. In con-
trast to photoproduct generation, UVA induces
much more ROS than does UVB in melanocytes
(more than 1000-fold) [11,12].
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Similarly to UV photoproducts, unrepaired
oxidative DNA damage can block DNA repli-
cation, transcription and protein—-DNA interac-
tions, as well as cause mutations. LPO can trig-
ger further LPO generation and the byproducts
of LPO have many adverse effects, including
damaging DNA and proteins. The level of LPO
byproducts in oxidatively stressed cells frequently
reaches 0.1 mM to several mM ranges [13]. My
group and others have shown that these byprod-
ucts can damage DNA as well as reduce the capac-
ity to repair DNA damage [14.15]. It is abundantly
clear from many basic studies that both UVA and
UVB irradiation can be harmful to melanocytes
and cause mutations in these cells [1-6,12]. The
effect of UVB is through photoproduct produc-
tion in the genome, while that of UVA is through
production of free radicals, particularly ROS,
which can be augmented greatly in the presence
of melanin. It should be noted that in the process
of synthesizing melanin from tyrosine precursors,
a significant amount of ROS can also be gener-
ated and, as a result of natural biochemistry, the
production of pheomelanin (the major pigment
form in white and light skin) generates more ROS
than the production of eumelanin (the major
form of pigment in dark skin) [16].

“DNA damagein ...
melanocytes could originate from
oxidative stress and other metabolites
that interact with DNA.”

More ROS are generated in melanocytes than
in other types of skin cells such as keratinocytes,
despite the fact that melanin can also scavenge
ROS. Melanocytes are constantly under oxida-
tive stress because of melanogensis; we label it
‘melanogensis stress. We have recently found
that melanocytes have a significantly lower repair
capacity for both oxidative DNA damage and
bulky photoproducts. This inherent deficiency
in DNA damage repair makes melanocytes more
vulnerable to mutagenesis and tumorigenesis [12].
This may explain why melanocytes in body
regions that are never exposed to sunlight can still
form mucosal melanomas. DNA damage in these
melanocytes could originate from oxidative stress
and other metabolites that interact with DNA.

Our experimental results show that UVA is
harmful to human melanocytes by inducing oxi-
dative DNA damage and that human melano-
cytes are defective in the repair of DNA dam-
age [12]. Furthermore, DNA damage induces more
mutations in human melanocytes than in skin
fibroblasts [12]. These results raise two questions:
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Is there any evidence that UVA exposure
enhances human melanoma incidence?

Why are animal models so resistant to
UVA-induced melanomagenesis?

To answer the first question, there are ample
studies indicating that UVA can cause melanoma
in humans, but the link may not be immediately
apparent without additional analysis (4.17]. First,
let us compare the incidences of melanoma and
nonmelanoma skin cancer (basal cell carcinoma
and squamous cell carcinoma) in countries at dif-
ferent latitudes. The sunlight at different laticudes
has not only different intensities but also differ-
ent UVA:UVB ratios; in northern Scandinavian
areas (Norway and Denmark) the UVA:UVB
ratio is much higher than in areas closer to the
equator, such as in Australia [4.17]. Epidemiologic
studies have found that the incidence of non-
melanoma skin cancers and the incidence of
melanoma correlate with the UVB:UVA ratio.
The nonmelanoma and melanoma incidences
in Australia are 555 and 19 per 100,000 popula-
tion, respectively, while in Scandinavia they are
45 and 11 [4,17). These results strongly suggest that
the high UVA:UVB ratio in Scandinavia plays
a role in the disproportionately high melanoma
incidence. Correspondingly, the UVB:UVA ratio
plays an important role in nonmelanoma skin
cancer incidence in Australia. People in Australia
are exposed to much more UVB and modestly
more UVA than people in Scandinavia, explain-
ing why Australians are much more prone to
developing nonmelanoma skin cancer and mod-
estly more prone to developing melanoma than
people in Scandinavia. In addition, epidemiologic
studies have found that individuals who regularly
use a tanning bed (99% of tanning bed light is
UVA [18]) have a 74% greater chance of develop-
ing melanoma [s5]. Simply put, UVA is important
in melanomagenesis while UVB is important for
nonmelanoma skin cancer.

One piece of evidence that is even more insidi-
ous is the following: it is well established that
melanin protects against the harmful effects of
sunlight. However, the ratio of nonmelanoma
skin cancer incidence in white-skinned individu-
als to that in people of African descent in the USA
is far greater than that found in melanoma [19].
These results indicate that while melanin may
shield melanocytes and skin cells from the ill
effects of both UVA and UVB; it may interact
with UVA to produce secondary effects that offset
its shielding effect on melanomagenesis. UVA and
melanin are thus key factors in why, compared
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with white people, the melanoma incidence in
African—Americans is not as low as nonmelanoma
skin cancer.
“ .. (ultraviolet) A isimportant in
melanomagenesis while (ultraviolet) B is
important for nonmelanoma skin cancer.”

Individually, none of these results can unequi-
vocally lead to the conclusion that UVA is the
primary culprit for human melanomagenesis.
However, when examined collectively, it becomes
evident that UVA is the primary culprit [45,12,17].

Now let us examine UV-induced melanoma-
genesis in animal models. The only success-
ful examples of UVB-induced melanoma-
genesis models have been in highly pigmented
Xiphophorus hybrids and in neonatal transgenic
mice (<4 days old); successful models of UVA-
induced melanomagenesis have only been in
Xiphophorus hybrids [20. Melanocytes in these
models have three things in common: they are
less differentiated, highly proliferative and contain
high levels of melanins. It has been proposed that
these melanocytes are ‘primed’ and UV exposure-
induced DNA damage can trigger the progression
of melanomagenesis; by contrast, highly differen-
tiated melanocytes are resistant to UV-induced
melanomagenesis. UV irradiation most likely
triggers apoptosis in these differentiated, matured
melanocytes. Furthermore, less differentiated pre-
mature melanocytes (possibly melanoblasts) are
probably more resistant to UV-induced apoptosis,
which allows DNA damage to be fixed into muta-
tions and hence triggers tumorigenesis. Human
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skin, even in older individuals, probably contains
a portion of melanoblasts in the epidermis. In
younger individuals, there are more melanoblasts
in the epidermis, which is why overexposure to
sunlight and tanning bed light at an early age
increases the probability of developing melanoma.
By contrast, mouse skin contains only mature
melanocytes in the epidermis. UV can cause
sunburn in these mice but not melanomagenesis.

In summary, not all skins are equal and not all
melanocytes are equal. Negative results in animal
models of UVA-induced melanomagenesis should
not negate the overwhelming evidence that
UVA exposure increases the potential to trigger
melanomagenesis in humans. We should avoid
excessive sunlight and tanning bed exposure in
order to reduce melanoma risk.
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