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UVB - susceptibility in malignant melanoma *
UVB: suscetibilidade no melanoma maligno

Nilton Nasser 1

Abstract: BACKGROUND: It is well established that UV radiation provokes an immunological depletion in
the skin, enabling the development of malignant cutaneous tumors. Most nonmelanoma skin cancer
patients are considered to be UVB-susceptible. 
OBJECTIVE: To study the behavior of UVB- susceptibility in malignant melanoma (MM) patients and
whether this is a risk factor to the development of MM. 
METHODS- Eighty-eight volunteers were selected and divided into two groups: healthy control group (n
= 61) and MM group (n = 27), which were identified according to the following clinical criteria:
histopathological type, level of invasion, skin phototype, sex and age. Susceptibility to ultraviolet B
(UVB) radiation was measured by the onset of a contact hypersensitivity reaction to diphenylcyclo-
propenone among individuals sensitized in previously irradiated areas. 
RESULTS - Susceptibility to UVB radiation was 81.5 in the MM group and 31.2% in the control group. The
risk of an UVB-susceptible individual to develop MM was 9.7 times higher than when UVB resistant. 
CONCLUSION - UVB susceptibility should be considered an important risk factor to the development of this
type of cancer.
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Resumo: FUNDAMENTOS: Está bem definido que a radiação ultravioleta provoca depleção imunológica na
pele, permitindo o desenvolvimento de tumores cutâneos malignos. A maioria dos pacientes de
cânceres da pele não melanomas são considerados UVB-suscetíveis. 
OBJETIVOS: Estudar a UVB-suscetibilidade nos pacientes com melanoma maligno e se este é um fator de
risco para o desenvolvimento desse câncer. 
MÉTODOS: Foram selecionados 88 voluntários divididos em dois grupos: grupo-controle saudável
(n=61) e grupo de portadores de melanoma (n=27), todos identificados de acordo com os critérios:
tipo histológico, nível de invasão, fotótipos de pele, sexo e idade. A suscetibilidade à radiação ultravio-
leta B (UVB) foi medida pela reação de hipersensibilidade ao contato com o difenciprone nos volun-
tários sensibilizados em áreas previamente irradiadas. 
RESULTADOS: A suscetibilidade à radiação UVB foi de 81,5% nos pacientes com melanoma maligno e de
31,2% no grupo-controle. O risco de um indivíduo desenvolver o melanoma maligno foi 9,7 vezes maior
do que nos indivíduos UVB-resistentes. 
CONCLUSÕES: A UVB-suscetibilidade pode ser considerada um fator de risco importante para o desen-
volvimento do melanoma maligno. 
Palavras-chave: Fotobiologia; Melanoma; Raios ultravioleta
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INTRODUCTION
Malignant melanoma (MM) is the most fre-

quent cause of death among skin diseases. The
American Cancer Society estimates that there were
68,720 new cases of melanoma in the United States of
America in 2009. 1

The incidence and mortality of malignant skin
melanoma have increased dramatically over the last
25 years, especially in Caucasians. 

The highest incidence of MM occurs in
Queensland (Australia) with 56 new cases per
100,000 inhabitants per year in men and 43 in
women. Mortality rates appear to have stabilized in
the United States, Australia and Europe. 1,2,3,4,5

Epidemiological studies on MM over the last
decades have indicated as main risk factors those asso-
ciated with the environment (sun exposure and geo-
graphic zone) and those associated with the individ-
ual (skin, eyes, and hair color), 4,5,6,7 and, among these,
photoimmunologic behavior and more recently
genetic tests. 8,9

It is known that the capacity that ultraviolet B
radiation (UVB) has to alter the skin’s immune sys-
tem has been widely documented and is an impor-
tant risk factor to the development of sun-induced
skin cancer. 4-5-6

Strong epidemiologic and molecular evidence
relate sun exposure to the development of malignant
melanoma. In fact, sun exposure is the most impor-
tant risk factor to the development of this type of skin
cancer. 7,10,11,12

Schwarz A. et al. demonstrated the importance
of T regulatory cells in the inhibition of the induction
and in the suppression of the effector phase of contact
hypersensitivity in ultraviolet light-exposed skin. 13

The immune response of the skin to haptens,
called contact hypersensitivity, is a standard model
that has been developed in rats and humans to study
the effects of ultraviolet B radiation (UVB) on local
and systemic immunity. 14

The application of haptens to UV-irradiated
skin may depress the immune response of UVB-sus-
ceptible individuals and induce a contact hypersensi-
tivity reaction in UVB-resistant subjects. 15

Most non-melanoma skin cancers are consid-
ered UVB-susceptible. 15

The study of susceptibility in MM patients is
very important to establish this factor as an important
risk for the development of this cancer. 

Therefore, our objective in this study will be to
determine the UVB-susceptibility of MM patients and
the importance of this risk factor for UVB-susceptible
individuals to develop melanoma. 

MATERIAL AND METHODS
Participants

Inclusion criteria: both men and women of at
least 18 years old, previously informed about the
nature of the procedures, with formal approval, with
no history of photosensitivity, immunosuppression,
use of corticosteroids or other drugs. 

Exclusion criteria: pregnancy or breastfeeding,
previous history of allergy, immunosuppressive disor-
ders, relatives of MM patients in the control group,
use of corticosteroids and/or other immunosuppres-
sive drugs, history of photosensitivity. 

All participants followed a specific protocol and
all of them signed an informed consent. 

The study, the protocols and consent forms
were approved by the Ethics Committee of the
Regional University of Blumenau, process number
008/04. 

This is a case-control study with healthy and
MM groups, of both sexes, aged between 18 and
78 years.

Eighty-eight volunteers were included in the
study and divided into a control group with 61 healthy
individuals and an MM group with 27 patients. 

The MM group was identified based on sex, age,
skin phototypes I, II and III (Fitzpatrick classification),
16 histological type, and degree of invasion according
to Clark’s level and Breslow’s depth. 

The control group was identified based on sex,
age, and skin phototypes, all skin phototypes I, II, and III. 

Tests were performed between 2004 and 2008,
and the groups were standardized based on sex and
minimum age due to the test reactions. Age equaliza-
tion was not considered because UVB-susceptibility is
due to a genetic factor present at birth and that con-
tinues until death, thus suffering no influence of this
factor. 15,17

Determination of the Minimal Erythema Dose (MED)
Once the phototype was defined, the skin was

exposed to UVR to determine the minimal erythema
dose (MED). 

The minimal erythema dose (MED) is defined
as the time needed for the formation of a discrete ery-
thema with well-demarcated borders and without blis-
ters, after a single UVR exposure, expressed in energy
by surface unit (KJ/m2). 

The area chosen was the medium or low
untanned portion of the dorsum, that is, a skin area
unexposed to the sun. Psora-Comb Dermalight 80 (Dr
K. Hönle Gmb, Munich, Germany) was used as an UVR
emitting source. It emits ultraviolet radiation with a
continuous spectrum with peaks of 313 nm, placed at
a distance of 2.5 cm. 

The test area was covered with an opaque film,
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with 4 (four) 2 cm2 openings through which
irradiation was performed for 15, 30, 45, and 60
seconds, corresponding to doses of 0.375, 0.75; 1.125
and 1.5 KJ/m2 UVB at a distance of 2.5 cm.

The squared openings were progressively
closed in the corresponding times. 

Patients were oriented to avoid sun exposure
during the observation period. 

MED results were read 24 hours after irradiation. 

Susceptibility to Ultraviolet B radiation 
All the volunteers received the equivalent of 4

MED in a 4 cm2 area unexposed to the sun. This dose
is considered sufficient for the depletion of antigen-
presenting skin cells and nearly capable of causing a
burn similar to sunburn. 

Immediately after irradiation, 0.1 ml of 2%
diphencyprone in acetone in Finn Chambers was
applied to the irradiated skin and fixated with hypoal-
lergenic adhesive. It was then removed after 48 hours.
Diphencyprone is considered a potent contact sensi-
tizer hapten. 

21 to 28 days after sensitization, a hypersensi-
tivity contact test was performed using a chamber with
0.025% diphencyprone placed in a non-irradiated area
of the dorsum or arm. 

Results were read 48 hours after application,
always by the same observer and at least 30 minutes
after the removal of the adhesive, complying with the
following criteria: (-) negative reaction; (+) weak reac-
tion = discrete erythema, little infiltration, no vesicula-
tion; (++) strong reaction = moderate erythema, occa-
sional papules, few vesicles; (+++) very strong reac-
tion= strong erythema, edema and many vesicles;
(++++) extreme reaction = blistering and ulceration.

Interpretation of the results of the 0.025% DPCP test 
- Negative = Non-reactive: considered UVB-sus-

ceptible (UVB-S)
- Positive = reactive: UVB-resistant (UVB-R)

Statistical Analyses 
The odds ratio (OR) was calculated with confi-

dence intervals (95%) for the association of UVB-sus-

ceptibility in the two groups. Significance was deter-
mined by the Chi-square test and the Mantel-Haenzel
test was used to determine OR. 

RESULTS
Eighty-eight individuals completed the study:

27 malignant melanoma patients  (12 men and 15
women) and 61 control subjects (30 men and 31
women). 

Table 1 shows the main result of this study, that
is, the UVB-susceptibility found in MM patients and in
the control group. 

MM patients were considered UVB-susceptible
in 81.5% of the cases and UVB-resistant in 18.5%. In
the control group 32.2% of the individuals were UVB-
susceptible and 68.8%, UVB resistant. 

The odds ratio was 9.73 with a confidence inter-
val (95%) ranging from 2.89 to 34.8 (p=0.0000127)

These results show that the risk of UVB-suscep-
tible individuals to develop malignant melanoma is
9.7 times higher than for UVB-resistant individuals. 

Table 2 shows the histological types of malig-
nant skin melanoma found in our study in relation to
UVB-susceptible individuals. We observed that the
group with nodular melanoma includes 80% of UVB-
susceptible individuals and the group with the super-
ficial spreading type includes 82.3% of UVB-suscepti-
ble individuals, showing high susceptibility and simi-
lar susceptibility rates for the two histological types. 

Table 3 shows the histological types and the
degree of invasion based on Breslow’s depth. 

Table 4 shows the participants, their skin pho-
totypes and irradiation doses needed to reach the
minimal erythema dose. We observed that phototype I
individuals need a lower dose of UVB radiation than
phototype II individuals to obtain the minimal erythe-
ma dose. The latter need less radiation than photo-
type III individuals. 

According to the primary localization (table 5),
45% of the melanomas were found in exposed areas
and 55% in unexposed areas of UVB-susceptible
patients. UVB-resistant patients had 60% of their pri-
mary lesions in exposed areas and 40% in unexposed
ones. 
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Malignant Melanoma Control Group Total

UVB-susceptible 22 81,5 % 19 31,2 % 41 46,5 %
UVB-resistant 5 18,5 % 42 68,8 % 47 53,5 %
Total 27 100 % 61 100 % 88 100 %

TABLE 1: UVB-susceptibility in malignant melanoma (MM) patients and in the control group

OR = 9,73; intervalo de confiança = 2,89-34,8; p = 0,0000127
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DISCUSSION
Exposure of untanned Caucasians to acute and

low UVB radiation doses allows us to classify individ-
uals into two groups denominated UVB-resistant and
UVB-susceptible. 15

Groups are defined when a sensitizing hapten
(diphencyprone) is applied to a previously irradiated
area. Individuals who do not react to hapten exposure
after previous sensitization are denominated UVB sus-
ceptible and those who respond with a vigorous reac-
tion to the contact hypersensitivity test are called
UVB-resistant. The phenotype of UVB
susceptibility/resistance in humans is genetically
determined and, as previously seen, is an epidermal
phenomenon associated with contact sensitivity
(CHS). 15,17

UVB susceptibility is found in 40% of humans
and is a better indicator than sun exposure to deter-
mine the risk for developing skin cancer. 4,5,6,15,17

In this study the control group with healthy vol-
unteers had a 31.2% incidence of UVB susceptibility.
This number contrasts with the high frequency of
81.5% of UVB susceptibility found in the MM group. 

The odds ratio was 9.73, which indicates that
the risk of UVB susceptible individuals to develop MM

is 9.7 times higher than for UVB resistant individuals.
This strongly suggests that UVB-susceptibility in
humans may be considered a risk factor for the devel-
opment of malignant melanoma. 

The study showed that individuals with nodular
melanoma were UVB-susceptible in 80% of the cases
and those with superficial spreading melanoma were
UVB-susceptible in 82.3% of the cases. 

The incidence of malignant melanoma is
increasing worldwide, particularly in the white popu-
lation. 1-2-3-4-5-6-7

Early histological diagnosis identifies a high
proportion of melanomas denominated thin tumors
with a better prognosis, and this indicates that preven-
tion is the best way to reduce mortality. 4-10

Many characteristics have been recognized as
risk factors for the development of malignant
melanoma, such as fair skin, light hair, blue eyes,
ephelides, great number of melanocytic nevi, family
incidence and tendency to sunburn. 4-5-7-10-12

In view of the results of this study, we suggest
that the determination of UVB-susceptibility can con-
tribute to the evaluation of the risk of malignant
melanoma development when associated with clinical

Superfial Spreading Melanoma Nodular Melanoma Total

UVB-susceptible 14 82,3 % 8 80 % 22
UVB-resistant 3 17,7 % 2 20 % 5
Total 17 100 % 10 100 % 27

TABLE 2: UVB-susceptibility in melanoma patients according to histological type 

TABLE 3: Percentage of the degree of invasion based on Breslow’s depth in the histological types shown by the
malignant melanoma group 

Histological type Breslow  <  1MM Breslow  > 1MM Total

Superficial spreading 13 (75,5%) 4 (24,5%) 17(100%)
Nodular 4 (40%) 6 (60%) 10(100%)
Total 17 (63%) 10 (37%) 27(100%)

TABLE 4: Minimal erythema dose (MED) calculated for the participants (malignant melanoma (MM) and control
groups) based on their phototypes 

Phototype Mm Med kj/m2 Control Med kj/m2 Total Med kj/m2

I 4 0,375 3 0,375 7 0,375
II 19 0,414 40 0,480 59 0,464
III 4 0,562 18 0,729 22 0,656
Total 27 61 88
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and epidemiological markers and, whenever possible,
with genetic tests. 

CONCLUSION
The rapid increase of the incidence of malig-

nant melanoma worldwide in the white population
shows the need for prevention and determination of
the risk factors for the development of this type of
skin cancer. 

This study shows the presence of UVB-suscepti-
bility in 81.5% of the individuals with malignant
melanoma. It also shows that UVB-susceptible individ-

uals are 9.7 times more likely to develop melanoma as
compared with the general population. 

Therefore, we can state that UVB-susceptibility
is an important risk factor to the development of
malignant melanoma. The identification of UVB sus-
ceptible individuals offers another parameter for early
diagnosis and primary prevention. 

UVB-susceptible individuals should receive
instruction on photoprotection, on how to recognize
the early signs of melanoma (ABCD rule) and to self-
examine. They should also visit their dermatologist
regularly. �
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Area of localization UVB-susceptible UVB-resistant Total

Exposed 10 (45%) 3 (60%) 13 (48%)
Unexposed 12 (55%) 2 (40%) 14 (52%)

TABLE 5: UVB-susceptibility in melanoma patients based on the primary localization (exposed and unex-
posed areas)

Exposed areas – face, head, back of the neck, hands, forearms and feet
Unexposed areas – torso, thighs and arms
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