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The relationship between sunlight and
cutaneous malignancy has been recognized
for almost a century. Unna (1) is generally
credited with first describing this associa-
tion; others followed shortly thereafter (2,
3). Hyde (3) in 1906, also recognized the
role of pigmentation in the relative protec-
tion of pigmented races from skin cancer.
Findlay, in 1928, was able to induce the
production of skin cancer in albino mice
with radiation from a quartz mercury vapor
lamp (4). He also noted that application of
tar to the skin of the mice shortened the
exposure time necessary to induce tumors.
In recent years substantial progress in un-
derstanding the pathophysiology of ultravi-
olet-induced skin cancer has been made.
Furthermore, considerable epidemiologic
and experimental evidence linking ul-
traviolet radiation and cutaneous malignan-
cies has been obtained. The purpose of this
review is to summarize these data.

Nonmelanoma Skin Cancer. In the
generic sense any malignant tumor of the
skin other than melanoma could be in-
cluded under this heading. The two most
common types of nonmelanoma skin can-
cers in humans and those most related to
sun exposure are basal cell carcinoma and
squamous cell carcinoma. In this paper
‘‘nonmelanoma skin cancer’ will refer to
those two entities jointly. In mouse models
of nonmelanoma skin cancer induced by
ultraviolet radiation, fibrosarcomas, and
squamous cell carcinomas are most com-
monly produced.

Epidemiology. The incidence of non-
melanoma skin cancer in the United States
was recently estimated to be approximately
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400,000 new cases per year (5). Since the
treatment of most nonmelanoma skin can-
cers does not require hospitalization and
these types of neoplasms are generally not
considered serious problems, the actual in-
cidence is difficult to establish. Current es-
timates are most likely on the low side due
to underreporting of cases.

A great deal of circumstantial evidence
associates sun exposure with nonmelanoma
skin cancer. Several phenotypic character-
istics have been found by investigators to
be more common in cancer patients than in
controls (6—8). These include light eye
color (blue, hazel, gray, green), light hair
color, fair complexion, and poor tanning
ability. It has also been reported that skin
cancer patients have a prolonged duration
of delayed erythema (lasting 2 to 3 weeks)
after exposure to erythemogenic doses of
ultraviolet B (280 to 320 nm) radiation com-
pared with that of controls, independent of
skin type (9, 10). [Skin can be classified into
several types based on history and physical
examination after sunlight exposure: I—
always burn, never tan; Il—always burn,
then slight tan; III—sometimes burn, al-
ways tan; IV—never burn, always tan;
V—heavily pigmented; VI—blacks (11)].
However, a recent study challenges this
observation and indicates that prolonged
erythema is characteristic of type I (‘‘never
tans’’) skin (12). Cancer patients have a
higher frequency than expected on the basis
of chance of having parents with light-
colored eyes and ancestry from the British
Isles (6, 8). Skin cancer is very rare in the
black races (13) presumably because of
the photoprotection provided by heavily
melanized skin. In Caucasians, the ability
to tan was found in one case-control study
to be a greater deterrent to nonmelanoma
skin cancer than a dark complexion (14).
Albinos of highly pigmented races have a
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high incidence of skin cancer on sun-
exposed areas of the body (15).

Skin cancer patients have been reported
to have had a greater number of hours of
outdoor exposure than controls (7, 8) and a
recent study showed exposure to sunlight
to be the most important risk factor for both
basal cell carcinomas and squamous cell
carcinomas (14). Interestingly, this study
showed that for the same level of cumula-
tive lifetime exposure to sunlight, subjects
over 60 years of age were at higher risk for
developing tumors than those of younger
ages, implying that physiologic aging plays
a role in photocarcinogenesis. Skin cancer
occurs most commonly on the most ex-
posed body areas (16), also suggesting a
relationship to sunlight. Rates of non-
melanoma skin cancer vary inversely with
latitude (8, 17, 18); in the United States the
rate doubles with each 3°48’ of decreasing
latitude (17).

These findings suggest that skin cancer is
related to the dose of photons at the basal
cell layer with a less effective barrier to
photons (less melanin) and increased expo-
sure dose (hours outdoors, decreased
latitude, exposed parts of the body) leading
to an increased risk of cancers. It is uncer-
tain if patients with a genetically poor
melanin barrier also have other heritable
features making them more susceptible to
skin cancer.

The incidence of skin cancer is higher in
geographic areas of greater sunlight expo-
sure and is reported more frequently in
summer (19) suggesting that in addition to a
long-term cumulative effect on the skin,
sunlight may have a more immediate effect
and precipitate the appearance of skin can-
cers. If true, avoidance of sun exposure
even in patients already with severely
sunlight-damaged skin may be helpful in
preventing tumor development. Alterna-
tively, patients preparing for summer ac-
tivities may examine their skin and find a
preexisting tumor.

Nonmelanoma skin cancer is more com-
mon in men than in women (17, 18). This
may merely reflect differences in occupa-
tional sunlight exposure as the rates are
similar in the Union of Soviet Socialist Re-
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publics where occupations of men and
women are more nearly equivalent (17). In
addition, men have a higher risk of squa-
mous cell cancer relative to basal cell
cancer compared with women (6, 8, 18).
This observation might be explained by in-
creased exposure to sunlight by men. Sev-
eral lines of evidence suggest that squa-
mous cell carcinomas are more closely as-
sociated with sun exposure than basal cell
carcinomas; one-third of basal cell car-
cinomas have been found to be in areas rel-
atively well protected from light (17), the
ratio of basal cell to squamous cell car-
cinomas increases with increasing latitude,
and the average age of occurence for basal
cell carcinomas is younger than that for
squamous cell carcinomas (19). This last
finding is consistent with the hypothesis
that more ultraviolet radiation is required to
produce squamous cell carcinomas and/or a
longer latency period exists for them com-
pared with basal cell carcinoma.

Mathematical models have been derived
from empirical data regarding the incidence
of nonmelanoma skin cancer, the age dis-
tribution of patients, and the ultraviolet light
flux at given geographical locations, that
suggest that the risk of nonmelanoma skin
cancer is related to the total lifetime expo-
sure to sunlight (20, 21). Furthermore, one
model implies that apart from cumulative
dose, the skin becomes more susceptible to
tumor formation with age (21). This is con-
sistent with the empirical finding noted
above and may possibly be due to a natural
deterioration of physiologic defenses with
age. Some models also suggest that for a
given increase in ultraviolet light dosage, a
larger percentage increase in the incidence
of skin cancer occurs (21).

Pathogenesis. Ultraviolet radiation. The
ultraviolet spectrum ranges from 200 to 400
nm. This range has been divided into three
parts—UVC (200 to 280 nm), UVB (280 to
320 nm), and UVA (320 to 400 nm). While
these divisions are somewhat arbitrary,
they do have some biological relevance.
UVC radiation is efficient at killing unicel-
lular organisms and is often called ‘‘germi-
cidal radiation.”” However, wavelengths in
this region are totally absorbed by the
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stratospheric ozone layer (11). UVC and
UVB radiation are much more effective at
producing erythema in human skin than is
UVA radiation (11). However, when the
amount of radiation reaching the earth’s
surface at the different wavelengths of the
ultraviolet spectrum is accounted for, the
solar erythemal effectiveness curve lies
largely in the UVB range (11).

Blum and his associates performed a
large series of experiments to quantify the
factors that result in the induction of tumors
in albino mice (22). They estimated that the
effective wavelengths are between 260 and
300 nm. While tumor development time de-
creases and tumor number increases with
increasing ultraviolet radiation dose, the re-
sponse of the mice is influenced by dose
rate, fractionation, rest intervals, and age of
the animals at onset of exposure (16, 23).
The production of squamous cell car-
cinomas with UVB radiation has been re-
produced many times (24, 25). In mice,
when different wavelengths are studied, the
effectiveness of UVB radiation in produc-
ing tumors appears to be proportional to its
erythemal effectiveness (11, 26). UVB radi-
ation is more efficient than UVC at pro-
ducing tumors (11, 27). UV A radiation may
be able to produce tumors in mice at high
doses with continuous exposure (27); it is
estimated to be 1600 times less carcinogenic
than UVB radiation (23). Compared with
the daytime solar UV A radiation intensities
to which man is exposed, the accumulated
daily dose of UVA radiation received by
the mice was not unrealistically high (27).
However, continuous exposure without a
daily dark period, may produce a set of
conditions for which no fair comparison can
be made to the human situation (27).

Other investigators have found that UV
irradiation of hairless mice with 290 to 400
nm radiation (UVB plus UVA) given in
nonulcerating erythemogenic doses pro-
duces squamous cell carcinomas more
rapidly than UVB radiation alone (28).
Tumors reportedly arose in as few as 18
days in some animals. This interesting
finding awaits confirmation.

The role of DNA. Exposure of human
skin to ultraviolet radiation results in im-
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mediate changes in the nuclear DNA that
can be demonstrated with antibodies spe-
cific for DNA altered by ultraviolet radia-
tion (29). Ultraviolet radiation from 254 to
300 nm was effective in producing damaged
DNA (30). However, the energy required to
damage DNA increased greatly for longer
wavelengths with at least four times more
energy required at 310 nm than at shorter
wavelengths (254 to 300 nm). Recently,
production of pyrimidine dimers by ul-
traviolet radiation (290—360 nm) was dem-
onstrated in vivo in human skin (31). The
role of DNA damage in the production of
some carcinomas by ultraviolet radiation
was supported by the discovery that cells
from patients with xeroderma pigmen-
tosum, a condition marked by numerous
sunlight-related cutaneous malignancies,
are defective in their ability to repair ul-
traviolet damaged DNA (32-36). It is of
interest that studies on patients without
xeroderma pigmentosum but exhibiting ac-
tinic keratoses (a premalignant condition)
showed that the DNA repair capacity of
their cells was less than that of age-matched
controls (37—39).

Evidence that ultraviolet-induced py-
rimidine dimers in DNA can give rise to
tumors comes from the Amazon molly,
Poecilia formosa, a small fish that can be
grown in clones (40). Thyroid tissue ir-
radiated with 254 nm radiation and trans-
planted into the abdominal cavity of an-
other fish produces a growth (tumor).
However, if the 254 nm radiation is fol-
lowed by photoreactivating illumination,
the percentage of fish yielding tumors is
markedly reduced. This suggests that py-
rimidine dimers can give rise to tumors, be-
cause photoreactivating enzyme mono-
merizes cyclobutylpyrimidine dimers in
DNA. In mouse skin, of wavelengths
studied (310, 300, 290, 280, and 260 nm),
290 nm was found to be the most effective,
and 310 nm the least effective in producing
pyrimidine dimers (41). This correlates with
the carcinogenic action spectrum in mice as
noted above.

In in vitro studies, 254 nm radiation has
been shown to transform C3H mouse
embryo-derived fibroblasts (42) and human
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fibroblasts (43—45). In Syrian hamster em-
bryo cells an action spectrum for ultraviolet
radiation-induced transformation of cells
was determined (46). It was found to be
similar to the action spectrum for cytotox-
icity and for pyrimidine dimer formation.
Sensitivity of the cells is maximal at
265—-270 nm with a rapid decline of sen-
sitivity above 290 nm.

Antioxidants. Feeding antioxidants to
mice has been shown to suppress ul-
traviolet radiation-induced tumor formation
(47, 48). Speculation regarding mechanisms
of action include the scavenging of free
radicals or induction of microsomal mixed
function oxidases. Another study showed
that antioxidants inhibited the formation of
cholesterol-a-oxide in animals (49). Cho-
lesterol-a-oxide, a known carcinogen and a
photoproduct of cholesterol, is found in
both human and hairless mouse skin on ex-
posure to ultraviolet radiation (50, 51). De-
spite early enthusiasm, it is most probably
not ultimately responsible for ultraviolet-
induced carcinogenesis because (51): (i)
Peak cutaneous levels are much lower than
that required to produce tumors in mice (4
to 16 pug vs 20 mg); (ii) when introduced
subcutaneously, only tumors of dermal
origin are produced; and (iii) cholesterol-
a-oxide levels found in antioxidant-fed
animals should be lower than those on a
regular diet, but this was not the case. Cho-
lesterol-a-oxide levels in animals on an
antioxidant-supplemented diet, while reach-
ing a peak 4 weeks after that of animals
on the regular diet, were thereafter con-
sistently higher. Antioxidants nevertheless
were effective in suppressing tumor forma-
tion.

Physical effects. In animal models, heat
(52—-54), humidity, and high wind velocity
(54) accelerate ultraviolet-induced tumor
formation. The mechanisms involved re-
main speculative. In the case of humidity;
increased hydration of the stratum corneum
probably allows increased penetration of
light due to decreased scatter and reflec-
tion (54).

Chemical influences. (i) Carcinogens.
The role of chemical carcinogens in photo-
carcinogenesis has been examined in
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animal models. UVA radiation exposure
following topical application of 20-methyl-
cholanthrene accelerates papilloma forma-
tion initially, but these growths regress with
final results showing decreases in papilloma
and cancer yield (55). (In this work the light
source was unfiltered, thus some UVB was
presumably present.) Suggested mecha-
nisms for this inhibition by ultraviolet radi-
ation include enhanced absorption of the
chemical with a reduction in carcinogen
concentration at skin surface (56) and
photooxidation of the chemical leading to
decreased carcinogenicity (57—59); the
mechanisms involved remain speculative
(60). By separating ultraviolet radiation
from chemical application temporally, it
has been shown that UVB will stimulate
cancer formation initiated by 7,12-dimeth-
ylbenz[alanthracene (DMBA) (61, 62). In
one study UVB radiation given prior to
DMBA application increased tumor yield in
mice, whereas irradiation after application
decreased tumor yield (63). Promotion of
ultraviolet initiated cancers by croton oil
(64—66) and 1,3-bis(2-chloroethyl)-1-nitro-
sourea (60) has also been demonstrated in
mice. The relevance of these findings to
humans is unclear; while the environment
allows opportunity for exposure to numer-
ous chemicals, the concentrations are usu-
ally small, and the interactions with ul-
traviolet radiation in man are unknown.

(ii) Retinoids. Vitamin A and its analogs
comprise the retinoid group of agents that
perform a variety of functions. All-trans-
retinoic acid has been studied both clini-
cally and in animal models for its effects on
ultraviolet-induced malignant and pre-
malignant lesions. Actinic keratoses, pre-
malignant sunlight-induced lesions, have
been shown to regress in patients treated
with topical retinoic acid (67—71). The oral
retinoid 13-cis-retinoic acid has recently
been reported to have been of value in pa-
tients with basal cell carcinomas (72).

In animal models retinoic acid applied
topically in irritating concentrations (73)
and in low nonirritating concentrations
have been reported to promote ultraviolet
carcinogenesis (74, 75). However, another
study found that a nonirritating concentra-
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tion inhibited tumor formation (76). The
details of these effects are not yet clear and
the mechanisms involved are unclear (75,
76). However, it appears that depending on
the condition present, retinoic acid can
either promote or inhibit ultraviolet carci-
nogenesis.

(iii) B-Carotene. B-Carotene administra-
tion in hairless mice appeared to delay the
appearance and decrease the growth rate of
squamous cell carcinomas induced by ul-
traviolet radiation in one study (77). The
significance of this finding awaits further
study.

Immunologic considerations. Animal
studies. In recent years a series of observa-
tions has added a new dimension to the un-
derstanding of cutaneous malignancies (re-
viewed in (78, 79). These led to the finding
that, at least in certain circumstances, host
immunity plays an important role in photo-
carcinogenesis. It was found that murine
ultraviolet-induced fibrosarcomas and
squamous cell carcinomas are highly
antigenic and regress when transplanted to
normal syngeneic mice (80). These tumors
are antigenically dissimilar; the regression
is immunologically mediated and attribut-
able to T cells (81). These tumors would,
however, grow in immunosuppressed mice.
Further experiments showed that after re-
moval of ultraviolet-induced tumors, pri-
mary hosts were susceptible to challenge
with these autochthonous tumors, although
most of these were rejected by untreated
control mice. These animals are also sus-
ceptible to isografts of antigenically dissim-
ilar ultraviolet-induced tumors from an-
other primary host (82). Furthermore,
ultraviolet-irradiated non-tumor-bearing
mice were also susceptible to challenge
with syngeneic ultraviolet-induced tumor;
even when doses of ultraviolet radiation
(280 to 340 nm) below that necessary to
produce tumors were given (81—83) Also,
spleen cells in these tumor-challenged mice
show no cytotoxicity against the tumor in
an in vitro microcytotoxicity test (84).
However, ultraviolet irradiation does not
interfere with second-set rejection of
ultraviolet-induced tumors in mice that
were specifically immunized before ul-
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traviolet exposure (81), indicating that a
specific step in acquiring immunity is most
likely affected by ultraviolet radiation.

To try to characterize the mechanisms
responsible for these findings, several ex-
periments were done. Normal mice were
rendered tumor susceptible by the adoptive
transfer of lymphoid cells from either
tumor-bearing or non-tumor-bearing, ultra-
violet-irradiated donors. This susceptibility
could be abolished by pretreatment of the
lymphoid cells with anti-# antibody and
complement (85), showing involvement of
T cells in the susceptibility induced. In
other experiments, lethally x-irradiated
mice were reconstituted with lymphoid
cells either from normal donors or an
ultraviolet-irradiated donors (82). Mice re-
ceiving lymphoid cells from normal donors
were resistant to tumor challenge; those re-
ceiving lymphoid cells from ultraviolet-
irradiated donors did not reject the tumor.
Mice given equal numbers of lymphoid cells
from both categories of donor also did not
reject tumors. These experiments suggest
that the T cells involved in the induced sus-
ceptibility to tumor are suppressor cells.

Numerous tests of immunocompetence
in ultraviolet-irradiated mice are normal
(86, 87), confirming that these findings are
not due to a general immunosuppressive
effect of ultraviolet radiation. However, it
was found that the ability to sensitize to
contact and subcutaneously injected anti-
gens was depressed. The ability to sensitize
mice to subcutaneous dinitrochlorobenzene
(DNCB) is depressed in the early months of
ultraviolet irradiation (86—89). This phe-
nomenon occurs on areas shielded from ir-
radiation. It is transient, disappearing by
the third month of UV exposure. Upon re-
moval from the ultraviolet-irradiated host,
lymphocytes are able to respond effectively
to DNCB. This implies that the deficiency
arises in the earlier antigen processing stage
of the immune response, and suggests that
macrophages rather than lymphocytes were
the target in this effect of ultraviolet radia-
tion (88). Studies have shown that splenic
antigen presenting cells from ultraviolet-
irradiated mice are incapable of presenting
contact sensitizing antigens to normal lym-
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phocytes in a way that triggers the lympho-
cytes to respond to the antigen (88, 90).
This defective antigen presentation not only
prevents the induction of a normal immune
response, but also stimulates the produc-
tion of suppressor lymphocytes that are
specific for the ‘‘improperly’’ presented
antigen (88, 90). In this regard it is interest-
ing to speculate on the role of the Langer-
hans cell (an epidermal cell with certain
macrophage-type surface markers) in de-
fective presentation of antigens as it is
known that ultraviolet radiation affects the
membrane characteristics, cytoplasm, and
viability of Langerhans cells at doses below
that required to damage other epidermal
cells (91). In addition, in mice it has been
shown that on skin either naturally deficient
in Langerhans cells (tail skin) or skin
treated with ultraviolet radiation (290—320
nm), an inability to sensitize to topical 2,4-
dinitro-1-fluorobenzene (DNFB) is present
(92). Furthermore, these animals become
specifically unresponsive to the chemical
and are unable to become sensitized when
DNFB is painted on normal skin 14 days
later (92). However, this does not explain
the systemic effect noted above. The mech-
anism by which ultraviolet radiation influ-
ences splenic adherent cells and whether it
involves Langerhans cells remain specula-
tive.

Defective antigen presentation may ex-
plain the presence of suppressor cells in
ultraviolet-irradiated animals that prevent
the rejection of ultraviolet-induced tumors
(88). Following ultraviolet irradiation, new
antigens, related in specificity to tumor
antigens, presumably appear in the skin. At
the same time, the defect in antigen pre-
sentation occurs with inappropriate presen-
tation of these new antigens to the lym-
phoid system. The alteration in antigen pre-
sentation would then lead to the production
of suppressor cells with specificity for the
tumor antigens present on ultraviolet-
induced skin cancers (88). No direct proof
of a connection between the antigen-
presenting defect and ultraviolet-induced
tumor suppressor cells currently exists;
however, this hypothesis is consistent with
the information currently available (88).
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Human studies. The role of the immune
system in human cutaneous carcinogenesis
is suggested by the increased risk of malig-
nancy in patients undergoing immunosup-
pressive therapies. Skin cancers occur with
increased frequency in immunosuppressed
patients (93) including basal cell and
squamous cell carcinomas (94), and possi-
bly melanoma (95). The overall increased
risk of skin cancer in renal transplant pa-
tients is 7.1-fold, mostly due to squamous
cell carcinomas that are increased 36.4-fold
(96). There are also reports of skin cancers
occurring rapidly in patients being treated
with inmunosuppressive chemotherapuetic
agents for lymphomas (94, 97).

Both B and T lymphocytes have been
isolated from human basal cell and squa-
mous cell carcinomas in numbers compara-
ble to those found in biopsies of delayed
hypersensitivity reactions (98, 99). The
specificity of the cells or their products has
not been determined, and their relevance is
unknown. In one study eight of nine pa-
tients with squamous cell carcinoma of the
skin had at least some immunologic reac-
tivity against their tumor cells by their own
serum or peripheral blood lymphocytes
(100). However, patients in another study
with large (>3 cm) squamous cell car-
cinomas had defective cell-mediated im-
munity as measured by intradermal antigen
reactivity and DNCB sensitization (101).

These studies provide some suggestion
that at least some human skin tumors may
be antigenic and that immunosuppression
may lead to an increased risk of some skin
malignancies. However, definitive evi-
dence for specific immunologic involve-
ment is scant. In addition, most im-
munosuppressive agents are also mutagens.
Therefore, it is difficult to draw definitive
conclusions regarding the role of im-
munosuppression in cutaneous oncogen-
esis.

Malignant Melanoma. Malignant mela-
noma is a neoplasm derived from melano-
cytes. On the basis of histologic and clinical
criteria, it can be classified into four types
(102—104). Lentigo maligna melanoma is
the least common form; it occurs in the el-
derly on sun-exposed areas and grows
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slowly prior to invasion. Superficial
spreading melanoma is the most common
type, comprising about 70% of all melano-
mas (Melanoma Clinical Cooperative
Group data), and undergoes a lateral
growth phase for 1-7 years prior to inva-
sion. Nodular melanoma seems to occur de
novo as an invasive nodule. The fourth and
most recently described type is acrolen-
tiginous melanoma. This rare tumor occurs
predominantly on palms, soles, nail beds,
and mucous membranes. It is the predomi-
nant type in Blacks and Orientals.

Epidemiology. Both the incidence and
the death rate from malignant melanoma
appear to have been increasing in the past
few decades, both inside and outside the
United States (105—-110). In Norway the
age-adjusted incidence of melanoma dou-
bled from 1955 to 1970 (107). In Australia
the death rate rose from 8.5 per 100,000 in
the years between 1931 to 1940 to 31.9 per
100,000 from 1961 to 1970. One study chal-
lenges this apparent increase and suggests
that it is artifactual in nature (111); how-
ever, this study represents a singular opinion.

Although solar exposure appears to be
associated with the incidence of melanoma,
the relationship is not as clear as for non-
melanoma skin cancer. The anatomic
aggregation of melanomas on maximally
sun-exposed areas is not as striking as for
nonmelanoma skin cancer, and melanoma
is more common among indoor workers
compared to outdoor workers (112). These
points suggest that another factor or factors
other than sunlight may be involved in the
genesis of melanoma. (Although, the in-
creased risk of indoor workers might be ex-
plained by intermittent, intense exposures
to sunlight without benefit of protection
from the increased melanization and thick-
ened stratum corneum that occurs with
chronic sun exposure.) Also, the acrolen-
tiginous variety of melanoma and the exis-
tence of precurser lesions, both familial
(113) and nonfamilial (114—116) suggest
factors other than sunlight as important
etiologic influences.

Several lines of evidence appear to impli-
cate solar radiation in the genesis of mela-
noma. Epidemiologic studies have shown
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melanoma patients to possess phenotypic
characteristics similar to those patients
with nonmelanoma skin cancer; patients in
some studies have a greater tendency than
controls to have light complexion, light
eyes, and blond or red hair (117, 118); the
data of one study do not support these
findings (119). A latitude effect has been
noted such that in the United States, Au-
stralia, and Scandinavia, the incidence of
melanoma increases with decreasing lat-
itude (14, 107, 120). In the United States
the age-adjusted death rate from melanoma
in the southern states is two to three times
that in the northern states (14, 108). Al-
though the incidence of melanoma in Swe-
den increases with lower latitude within the
country, the overall incidence of melanoma
is higher than that of southern Europe. This
may be explained by the preponderance of
fair skin in northern Europe (120). Mela-
noma is more common on exposed sites of
the body and rarely occurs on ‘‘double
clothed’’ (outer clothing plus underwear)
areas (121). The subset of lentigo maligna
melanoma almost always occurs on ex-
posed sites. Also, melanoma may occur
with increased frequency in patients with
xeroderma pigmentosum (35).

If solar radiation is a significant etiologic
factor, then the increase in incidence of
melanoma in recent decades may be due to
changes in dress and recreational habits al-
lowing for increased sun exposure (109). A
“‘cohort’’ effect has been observed with
successively later born cohorts of people
experiencing higher incidence and higher
mortality rates (109). The most striking in-
creases have been on the lower limbs in
females, the trunk in men, and the upper
limbs in both sexes. It has been suggested
that this reflects the tendency of men to go
shirtless during work or recreation after
World War II, and the replacement in
women of opaque stockings by nylons in
the 1940s (109).

A mathematical model, that assumes
solar ultraviolet radiation to be the primary
factor in the etiology of melanoma and is
derived from empirical data, suggests that
the risk of melanoma might be related to the
annual amount of exposure to ultraviolet



122

radiation rather than to total lifetime expo-
sure (20). If true, brief exposure to high-
intensity ultraviolet radiation may be sig-
nificant for melanoma risk. However, an
alternative explanation that would satisfy
the model is a change in exposure habits
such that young people today are more
likely to be exposed to sunlight or some
other environmental agent than were young
people of previous generations (21). This
would be consistent with the ‘‘cohort ef-
fect’” discussed above.

Experimental studies. In 1959 Fitzpatrick
and Szabo showed that the melanocyte is a
major target of ultraviolet radiation expo-
sure (122). Melanin formation and migra-
tion were found to be enhanced by ul-
traviolet radiation. Good animal models
involving ultraviolet radiation in the pro-
duction of melanoma are lacking. Mela-
nocytic tumors have been produced in hair-
less mice with 7,12-dimethylbenz(a)anthra-
cene (DMBA) and ultraviolet radiation
(123). Melanoma-like tumors have been
produced in guinea pigs with 7,12-DMBA
alone (124), and with 9,10-DMBA alone
(125). Other animal models also exist. The
relevance of these to human melanoma is
unclear. In one study of ultraviolet-induced
DNA repair synthesis in peripheral lym-
phocytes, there was no difference between
melanoma patients and controls (126).

Discussion. The epidemiologic evidence
linking ultraviolet radiation and skin cancer
can hardly be doubted in light of current
knowledge. This is especially true of non-
melanoma skin cancer. In the case of mela-
noma, ultraviolet exposure appears to be at
least a contributing factor. Similarly, labo-
ratory evidence for the generation of non-
melanoma skin cancers (fibrosarcomas and
squamous cell carcinomas) with ultraviolet
radiation in animal models is abundant, but
scant for melanoma. The incidence of mel-
anoma appears to have been increasing for
several decades. This could reflect in-
creased exposure to sunlight due to changes
in recreational and dress habits, but other
factors may be responsible.

Ultraviolet radiation-induced immuno-
logic effects on photocarcinogenesis have
been shown in animals. This may increase
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our understanding of cutaneous carcino-
genesis.

While nonmelanoma skin cancer is gen-
erally not considered to be a serious prob-
lem, it can cause considerable morbidity and
in some cases mortality. The large number
of cases diagnosed each year attests to its
public health significance. This, and the
evidence linking melanoma with sun expo-
sure, indicates that at the present time it is
prudent to advise many patients to limit sun
exposure and to use adequate sunscreens.

The links between ultraviolet radiation
and skin cancer also have public health
policy implications. The stratospheric
ozone layer is responsible for filtering out
the most biologically active solar ultraviolet
radiation. The activity of chlorofluorocar-
bon propellants and refrigerants in deplet-
ing the ozone layer has been well reviewed
(127, 128). If the ozone layer is significantly
depleted, nonmelanoma skin cancer and
possible melanoma rates would increase
greatly. Thus, even ignoring the numerous
other biologic effects of increased ul-
traviolet radiation on plant and animal life,
possibly even affecting the food chain, a
strong case for controlling the emissions of
chlorofluorocarbons on an international
basis can be made.

Finally, the delineation of some of the
mechanisms involved in photocarcinogen-
esis may have relevance to other systems of
carcinogenesis. For example, it is possible
that carcinogenesis by other agents may be
influenced by immunologic effects.
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