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Abstract

Basal cell carcinoma (BCC) is the most common cancer among Caucasians. It generally occurs on sun-exposed areas
of the body, mostly on the head and neck (80%), trunk (15%), rarely on arms and legs. Basal cell carcinoma is a good
example of a disease caused by a combination of genetic and environmental factors. Ultraviolet (UV) radiation plays a dual
role in the development of BCC: it causes DNA damage and immunosuppression. UVA and UVB rays damage the DNA
via various mechanisms. UVB radiation directly damages DNA within skin cells, causing cytosine — thymine mutations at
dipyrimidine sites, whereas UVA radiation is 10.000 times less mutagenic, but it is significantly more present in the natural UV
radiation. Also, UVA photons have lower energy than UVB photons and do not induce mutations. UV radiation exerts immune
suppression by decreasing the antigen presenting cells ability and by producing immunosuppressive cytokines, such as
interleukin-10 (IL-10) and tumor necrosis factor alpha (TNF-o). Mediators of UV-induced immunosuppression are DNA and
cis-urocanic acid. Several studies showed a significant association between the development of BCC and sun-exposure
during childhood and adolescence, and a strong relation with family history of skin cancer.

Exposure to ionizing radiation increases the risk of nonmelanoma skin cancers by three times, while the risk is proportional
to the radiation dose.

Chemical carcinogens, such as arsenic, tar, psoralen, and pesticides, increase risks for nonmelanoma skin cancers,
predominantly for squamous cell carcinoma (SCC).

Regarding genetic predisposition, there is glutathione S-transferase (GST) as an important part of cellular defense against
endogenous and exogenous chemicals. Several polymorphisms in GST family members have been associated with
impaired detoxification, thus influencing the risk for some cancers, including nonmelanoma skin cancers. Cytochrome P450
enzymes are involved in detoxification of photosensitizing agents, and thus involved in BCC carcinogenesis. PTCH is a tumor
suppressor gene first identified in patients with Gorlin syndrome. Abnormal activation of this gene and its pathways result in
various types of tumorigenesis. BCC is associated with homozygous PTCH gene deletion.

With regard to acquired genetic mutations, it was found that aggressive BCCs are significantly associated with increased
p53 protein expression, probably representing the mutated form, although that assertion could not be established with
certainty. Considering the apparently limited contribution of DNA damage and chromosome instability to the expression of
BCC phenotype, the relevance of p53 mutations for BCC growth remains to be demonstrated. Data on the role of Bcl-2 gene
family in the development of BCC are scarce. It is unclear whether Bcl-2 has a functional role in the development of BCC, or
it only indicates the level of gene expression in tumor stem cells. Activation of Ras gene may play an important role during
early stages in the development of nonmelanoma skin cancers, and it is often found on UV-exposed skin in BCC, actinic
keratosis and SCC.

Concerning immunologic factors, studies have shown that tumor necrosis factor-a. (TNF-a) is the critical mast cell product
involved in ultraviolet-induced immunosuppression: mast cells contain high quantities of TNF-a. which is released after
activation; the level of TNF-a. is increased in the skin exposed to UV radiation disrupting the morphology and function of
Langerhans cells, the principal antigen-presenting cells of the skin. An animal study suggests that the degree of susceptibility
to ultraviolet-B-induced local immunosuppression depends on TNF-a level within the epidermis after UVB. It has been
established that mast cell-derived histamine stimulates prostaglandin E2 (PGE2) production from keratinocytes. PGE2 alters
the cytokine balance in favor of the immunosuppressive interleukin-10 (IL-10) against the immunostimulatory IL-12; histamine
also increases suppressor T-cell function by binding to the H2 receptors, which in turn release higher levels of immune
suppressive cytokines including IL-10 and induce apoptosis of antigen-presenting cells. All this results in a shift of the immune
response from T helper 1 (Th1) cytokine profile to T helper 2 (Th2) cytokine profile, inhibiting antigen-presenting cells to
induce antitumor activity.
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Basal cell carcinoma (BCC) is the most common
type of skin cancer in Caucasians. It mostly occurs
in areas that are often exposed to the sun and is most
frequently manifested on the head and neck (80%),
the trunk (15%) and rarely on upper and lower
extremities. Also, very rarely, BCC affects the skin on
axillary and perineal region, the hands and soles and
genital region (1,2,3). Skin phototypes 1 and 2, male
sex, old age and history of previous sun burns are all
considered significant risk factors in developing BCC (1).

Also, simultaneous appearance of BCC and other
cutaneous lesions, that come as a direct consequence
of exposure to UV radiation and skin phototype,
such as solar lentigo and actinic keratosis, has also
been proven. Apart from standard sun-ptrotection,
chemopreventive agents such as retinoids offer the
possibility of effective non-melanoma skin cancer
prevention (4).

Basal cell carcinoma is a good example of a
disease caused by interaction of genetic and site-
specific factors. However, BCC remains a frequent
challenge for dermatologists (5). The following text
will explain factors that influence its development and
pathogenesis.

Ultraviolet Radiation

Ultraviolet (UV) radiation plays two key roles in the
development of BCC: it causes DNA damage and
immunosuppression (6). UVA and UVB rays damage
DNA by different mechanisms. UVB rays harm the
DNA directly by causing constitutional cythosine a
thymine (C 4 T) mutations at dyprimidine sites, as
well as CC a TT, while UVA rays have 10.000 times
lower mutagenic effect but are significantly more
present in natural UV radiation (7). Also, UVA
radiation photons are lower in energy compared to
UVB radiation photons and have no mutagenic effect.

UVB radiation induces cutaneous ornithine-
decarboxylase, the first enzyme in polyamine-
biosynthesis pathway, which plays an important role
in proliferation and monoclonal expansion of initially
mutated cells leading to cancerogenesis. Grossman
and Leffell demonstrated the association between
exposure to UVB rays and skin cancer development
(6). UV radiation induces immunosuppression
by reducing antigen-presenting ability, as well as
immunosuppressive cytokine production, such as
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interleukin-10 (IL-10) and tumor necrosis factor
alpha (TNF-a) (1). Mediators of immunosuppression
induced by UV radiation are DNA and cis-urocanic
acid.

UV radiation-induced mutations of the human
patched gene (PTCH) were found in several sporadic
cases of BCC, approximately 30-41% (8). However,
this type of DNA damage has been recorded in
79% of patients suffering from BCC and xeroderma
pigmentosum (9). Half of these cases had both PTCH
and p53 mutations, as well as a large number of UV
specific alterations (10). These results strongly suggest
the existence of other causes of mutation, in adition
to UV radiation, which can cause inactivation of
PTCH and initiate tumorigenesis. This hypothesis
is supported by results of epidemiological studies
showing low correlation between the dose of UVB
radiation and occurrence of BCC, as opposed to higher
correlation between UVB radiation and squamous
cell carcinoma (SCC) (11). Vitasa et al. demonstrated
that the cumulative dose of ultraviolet radiation is
in direct correlation with occurrence of SCC, but
not with occurrence of BCC (12). Considering the
fact that BCC develops from cells found in deeper
skin layers than SCC, it can be assumed that these
two tumors need different doses and wavelenghts of
UV rays in order to occur. Several studies indicate
that short-term intermitent exposure to UV rays
during vacations can pose a higher risk of skin cancer
compared to the amount of sun exposure that outdoor
workers get (13). Corona et al. noted a significant
association between occurrence of BCC and sun
exposure during childhood and adolescence, as well as
its high correlation with family history of skin cancer
(14). Ramani and Bennett reported a significantly
higher incidence of BCC in Second World War
soldiers based in the Pacific as opposed to those who
were stationed in Europe (15). These data show that
intense UV exposure in periods ranging from a few
months to several years can have long-term harmful
effects. In adition, latitude plays no important role
in development of BCC, which is not the case with
SCC (16). Regular use of sunscreens before the age
of eighteen, reduces the risk of nonmelanoma skin
cancers by up to 78% (17).

Several studies show an increased risk of BCC and
SCC in people who are exposed to artificial sources of
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UV radiation (18,19). Thus, when it comes to BCC,
Boyd et al. determined that female patients with BCC
visited solariums twice as much than patients in the
contol group (20). However, a significant number of
BCC cases develop on skin that has not been exposed
to UV rays, e.g., recently Popadi¢ et al. reported a
patient who exhibited superficial BCC on the penis
(3), suggesting the existence of other risk factors that
contribute to the occurrence of BCC.

lonizing Radiation

Exposure to ionizing radiation increases the risk
of nonmelanoma skin cancers by three times (17).
The risk is proportional to the amount of recieved
radiation. It is generally believed that high single
doses of radiation (> 12-15 Gy) are required for the
tumor to develop, which means the risk caused by
ionizing radiation can be reduced if the total radiation
sum is fractioned into smaller individual doses (21).
Most SCC and BCC cases that occur due to ionizing
radiation have along latency period, lasting up to a few
decades. Before the discovery of effective antifungal
medications, treatment of fungal scalp infections was
associated with the development of multiple BCCs.
In a study including 2.224 Caucasian children treated
with X-rays, the relative risk of developing BCC on
the head and neck proved to be higher [RR 3.6 (95%
CI, 2.3-5.9)], compared to the control group of 1.380
children treated only with topical therapy (22). Cases
of BCC on skin within the radiation field after therapy
for port wine stain vascular malformation, Hodgkin
disease, as well as after accidental radiation, have all
been documented (23).

Chemical Carcinogens

Chemical carcinogens, such as arsenic, tar, psoralens
and pesticides increase the risk of nonmelanoma skin
cancers, predominantly SCC. Lesions are mainly
localized on the hands and are usually multiple (24).
The period from exposure to chemical carcinogens
and the occurrence of tumors lasts from 20 to 40
years (25). Exposure to psoralen combined with
UVA radiation (PUVA), used in the treatment of
patients with psoriasis, increases the risk of BCC
and SCC. However, some studies show no increased
risk of BCC in patients undergoing PUVA therapy
(26). Considering all facts, it can be concluded that
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agents causing DNA damage more often lead to the
development of SCC than BCC. This observation is
consistent with the fact that in congenital diseases,
caused by defects in DNA reparation process, the
above mentioned defects are more often manifested

with SCC than with BCC.

Viruses

Some authors point to the connection of oncogenic
types of human papillomaviruses (HPV) and the
development of BCC (27, 28). HPV-DNA has been
detected in BCC related lesions, indicating a possible
role of HPV infections in the development of BCC
(27, 28). It is generally assumed that carcinogenesis is
associated with apoptosis inhibition, by blocking the
effects of Bcl-2 homologous antagonist killer protein
by the HPV EG protein. However, a strong correlation
between HPV and BCC has not yet been established,
and there is a reasonable doubt that this correlation
will ever be confirmed (29).

Genetic Predisposition

Glutathion S-transferase

Glutathion S-transferase (GST) is part of the cellular
defense mechanism against chemicals, endogenous
or exogenous: UV radiation causes oxidative stress
in skin cells, leading to lipid peroxidation and DNA
damage via hydrogen formation. GST is responsible
for removing these potential mutagens. Seven distinct
gene families are responsible for coding human
soluble GST synthesis. Most of the genes belonging
to these families are polymorphic, but researchers
most frequently concentrate on mi, theta and pi
gene families. Alpha, mi and pi classes counteract
potentially dangerous a-f-unsaturated carbonyl
compounds, such as acrolein found in cigarette
smoke, 4-hydroxynonenal, adenine- and thymine-
propene caused by the oxidative DNA damage, and
aminochrome, dopachrome and noradrenochrome
which are derived from catecholamine (30). Zeta
class enzymes degrade dichloroacetic acid, a common
contaminant in chlorinated drinking water (30).
Unlike other classes, theta class enzymes catalyze a
number of important small dihaloalkanes, such as
dichloromethane used in chemical synthesis of plastic
and drug manufacturing (30). In addition, #heta class
enzymes metabolize: monochlorometane, ethylene

115



Serbian Journal of Dermatology and Venereology 2013; 5 (3): 113-124

Z. P. Mijuskovi¢
Etiology and pathogenesis of basal cell carcinoma

oxid present in cigarette smoke, and polycyclic
aromatic hydrocarbon epoxides (30). GST activity
is mostly expressed in sebaceous glands and outer
hair follicle sheath. Insufficient detoxification of
some polymorphic GST family members increases
the risk of cancer, including nonmelanoma skin
cancers. GSTT1 null genotype is associated with high
sensitivity to UV radiation. GSTM1 null genotype
is also associated with predisposition to BCC, most
probably due to its role in defense mechanisms against
UV-induced oxidative stress (29, 31). It has been
proved that GSTM3 polymorphism also increases the
risk in BCC occurrence (32).

Cytochrome P450

Cytochrome P450 enzymes (CYP) are a superfamily
of monooxygenases that catalyze the oxidation of
various organic substances. These enzymes are part
of the detoxification process of photosensitive agents,
and therefore are also included in BCC carcinogenesis:
genetic polymorphism CYP2D6 (cytochrome P450
encoding gene) correlates with an elevated number
of BCC (33). In addition, certain CYP2D6 allelic
variants are in direct correlation with the occurrence
of multiple BCCs. Patients who carry them have an
elevated risk of developing BCC in the future (34).

DNA Repair

It has been observed, in 1973, that patients suffering
from xeroderma pigmentosum are prone to SCC,
BCC and melanoma (29, 35). Segerbick et al.
demonstrated that BCC patients have a less efficient
DNA repair mechanism compared to healthy
individuals (36). Werner and Bloom syndrome are
hereditary diseases associated with DNA helix defects
and a high tendency to develop skin cancer, but
not BCC (37, 38). Contrary to these, patients with
Rothmund-Thomson syndrome do develop BCC,
considering that DNA helix defects are present only
in some cases. Diseases identified with chromosome
instability, such as ataxia-telangiectasia syndrome
and Nijmegen breakage syndrome, do not carry an
increased risk of BCC. The same goes for Li-Fraumeni
syndrome, which may be caused by p53 gene
mutations, and dyskeratosis congenital, associated
with defect in telomere maintenance (29, 39, 40). The
reason for which various forms of genetic instability
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are not associated with the development of BCC is
unknown. Biological differences between BCC and
other malignancies may be one explanation: primarily
due to the fact that most tumors, sooner or later, show
chromosomal instability, which does not seem to be

the case with BCC (29).

Patched Gene

The patched gene (PTCH) is a tumour-suppressor
gene first discovered in patients suffering from Gorlin
syndrome. PTCH inactivation in people with Gorlin
syndrome raised suspicion that PTCH mutations can
also contribute to the pathogenesis of sporadic BCC.
Alternations in PTCH have been detected in 30-40%
of sporadic BCC cases, 41% of which carry specific
UV-signature mutations: C-T, CC-TT substitutions
at dypirimidine sites, suggesting that UVB rays play a
role in their development. All BCClesions carrying this
type of mutation occur on skin that has been exposed
to UV radiation, which further confirms these claims
(41). The gen is located in the 9¢22.3 chromosome
and regulates the process of gene expression, thus
controlling embryonic cell development, growth and
differentiation processes, such as Hedgehog signaling
pathway. Abnormalities in the activation of PTCH
and its signaling pathways lead to various types of
carcinogenesis: homozygous deletion of the patched
gene is necessary for the formation of BCC. Earlier
studies demonstrate the occurrence of BCC in patched
heterozygous mutant mice, but for the occurrence of
these tumors UV or ionizing radiation is necessary
and, in some cases, p53 mutations as well (42). The
PTCH gene is responsible for coding the synthesis of
a large transmembrane glycoprotein that, combined
with a transmembrane glycoprotein coded by the Smo
gene (smoothened gene), forms a part of the receptor
complex. This protein complex is the principal
receptor for the hedgehog extracellular signaling
molecule. The patched gene protein acts as a Smo
inhibitor. Abnormal activation of the Smo protein
leads to continuous uncontrolled signal transmission
to the nucleus, resulting in the transcription activation
controlled by the so called Gli transcription factors.
PTCH mutations cause inactivation of the suppression
function and lead to uncontrolled cell proliferation,
resulting in tumor formation. PTCH damage causes
not only changes in the hedgehog signaling pathway
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but also in downstream events. This mainly refers to
the Wnt gene and its protein product. Certain genetic
polymorphisms are associated with certain phenotypic
characteristics of BCC. PTCH mutations are found in
all types of BCC, but their expression levels do not
correlate with different types of tumors (43).

In addition to PTCH mutations, sporadic BCC
cases also contain Smo gene mutations (6-20%) as
well as PTCH2 mutations. The highest percentage of
Smo gene mutations were detected in BCC lesions in
patients with xeroderma pigmentosum. All this points
to the fact that mutations in one (or more) signaling
pathway components inevitably lead to uncontrolled
cell proliferation, which ultimately results in tumor
occurrence.

Nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-«xB)

A good example of the importance of embryonic
developmental pathway in occurrence of BCC is the
discovery that deficiency in nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-«B),
one of the signal pathway components, can also cause
BCC (29).

The activation of NF-kB depends on
phosphorylation and subsequent degradation of NE-kB
inhibitor proteins (IkB) via IkB kinase complex (100).
The NEMO gene (nuclear factor B essential modulator)
mutation which causes incontinentia pigmenti, is part
of the IkB kinase complex. In adition, cylindromatosis
(CYLD) gene intarracts with the NEMO gene, and these
mutations were found with the familiar trichoepithelioma
(44, 45). These findings suggest that the NF-kB
singnaling pathway, involved in inflammatory processes
and embryogenesis of skin adnexal epithelium, may also

affect the development of BCC (29).

Acquired Genetic Mutations
p53 gene

Most common genetic aberrations in skin carcinomas,
as well as their precursor lesions, are found in the p53
gene (46). The p53 gene is responsible for coding the
synthesis of phosphoprotein and is part of the cell
cycle system and enables chromosome stability. In case
of cellular stress, i.e. DNA damage, p53 is activated
by phosphorylation. The level of p53 protein in the
cell determines the cellular reaction to existing DNA
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damage: in case of low or medium p53 expression, the
cell will allow DNA repair, but high p53 levels result
in cellular apoptosis (47). The so called wild type p53
is not detectable in healthy skin, but becomes visible
two hours after sun exposure. Its levels peak after 24
hours, only to become undetectable 36 hours after
radiation exposure (48). Mutated p53 gene is known
to accumulate inside the cell, and these mutations
have been detected in approximately half of all BCC
patients (49). Also, it has been suggested that more
aggressive types of BCC go hand in hand with elevated
p53 expression, probably in its mutated form, but this
claim has not been proven yet (29). Consequently, it
seems reasonable to assume that p53 mutations are
secondary events in BCC pathogenesis occurring after
tumor initiation. The vast majority of p53 mutations
in sporadic BCCs are missense mutations, frequently
displaying UV-signature. In patients with Gorlin
syndrome, p53 gene mutations are different, showing
single nucleotide deletions, previously undetected in
sporadic BCC, SCC or actinic keratosis, as well as
rare double substitution of base pairs. One possible
explanation could be that patients with Gorlin
syndrome avoid solar radiation due to propensity for
skin cancer, and that several mutations are secondary
to other mutagenic events such as oxidative stress.

A study including BCC patients, compared
those who used sunscreens and those who did not,
showed a significantly lower level of p53 gene
mutations in patients using UV protection, which
supports the assumption that mutations of p53
gene are secondary events that may not contribute
considerably to tumorigenesis (50). Other studies
showed that p53 mutations were detected in 33% of
BCC:s found in Korean patients compared to 50% of
BCCs in Caucasian patients (49, 51). These findings
suggest that ethnic factors play an important role in
the development of BCC, as well as life-style habits
related to UV exposure. Due to the limited role of
DNA damage and chromosomal instability in the
development of BCC, the role of p53 gene mutations
in BCC remains unclarified (29).

Finally, in the absence of genetic damage,
p53 activation will not occur. Moreover, one of the
hallmarks of p53 dysfunction, aberrant mitosis,

perhaps as a consequence of centrosome amplification,
has never been observed in BCC (52).
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p63 gene

The p63 gene, a p53 homologue and a member of
the p53 family of proto-oncogenes, is located on
chromosome 3q27 and encodes at least six different
protein isoforms. The p63 is restricted to cells with
a high proliferative potential, and is absent in cells
undergoing terminal differentiation. The p63 gene is
rarely mutated in BCC. It was shown that aberrant
expression of p63 altered the UVB-induced apoptotic
pathway, suggesting that down-regulation of this
protein in response to UV radiation is important in
epidermal apoptosis (53).

Bcl-2 gene

The Bcl-2 gene encodes synthesis of Bcl-2 protein
expressing 24 kDa anti-apoptotic protein previously
identified in human B-cell lymphoma. The
cytoarchitectural distribution of Bcl-2 protein in
normal skin includes basal keratinocytes, the dermal
papillae of the hair follicle, the keratinized Huxley’s
and Henle’s layers, and the keratinized outer root
sheath cells of the isthmus and infundibulum of the
hair follicle. Bcl-2 expression is negative in suprabasal
keratinocytes (54). Most BCCs, if not all, express high
levels of Bcl-2 protein, whereas SCCs typically exhibit
no detectable BCL-2 protein (55, 56). In comparison
with invasive BCCs, high level of Bcl-2 was found in
less aggressive types of BCCs. There are some studies
which stated that Bcl-2 diffusely stains the tumor
nests in BCCs, while it stains the outermost cell layers
in trichoepithelioma (56).

Another member of Bcl-2 family, the so-called
BAX gene, encodes the synthesis of BAX protein
with pro-apoptotic properties which is not elevated
in BCC (57). Data on the role of other Bcl-2 family
members in the development of BCC are scarce. It is
an interesting paradox that BCC, with high level of
apoptosis, expresses anti-apoptotic proteins (42). In
the end, it is unclear whether Bcl-2 has a functional
role in the development of BCC, or it only indicates
the level of gene expression in tumor stem cells.

Ras genes

Ras genes are important constituents of mitogenic
signaling pathways, and when activated, they
contribute to deregulated cellular growth. The
activated Ras genes can play an important role during
early stages in the development of nonmelanoma skin
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cancers, and it is often found on UV exposed skin in
BCC, actinic keratosis and SCC. The activation of
Ras genes is a result of aberrant repair of UV-induced
pyramidine dimers.

Matrix metalloproteinases

Matrix metalloproteinases (MMPs) are a family of
zinc dependent endopeptidases that degrade the
extracellular matrix. Matrix metalloproteinases are
produced by cells such as fibroblasts, keratinocytes,
macrophages, endothelial cells, mast cells, and
eosinophils. The activity of MMPs is inhibited
by tissue inhibitors of metalloproteinases binding
with active MMPs. Most MMPs are not expressed
in normal intact skin, but they may temporarily be
induced as a response to exogenous signals such as UV
radiation. Aggressive types of BCCs express MMPs.

Immunologic factors

Immunosuppression
Organ transplant recipients are at higher risk for
developing cancer because they often require life-
long immunosuppressive therapy. Malignancies occur
in at least 20% of transplant recipients within 20
years after grafting. Among them, skin carcinomas
account for up to 50% (58). SCC of the skin is the
most common malignancy occurring in the setting of
solid-organ transplantation and immunosuppression,
and its incidence increases substantially with extended
survival after transplantation. Increased incidence
of BCC has not been described in organ recipients,
so it seems clear that immunosuppressive therapy
after organ transplantation does not increase the
risk of developing BCC (29). In a study involving
South Australian and Danish subjects, patients with
a history of basal cell carcinoma and melanoma are
found to have a significantly higher, genetically
predetermined density of dermal mast cells (59, 60).
It is suggested that a higher density of dermal mast
cells is a predisposing factor for the development of
BCC and melanoma, and predisposes an individual to
ultraviolet-B-induced immunosuppression. However,
a similar correlation has not been found for patients
with SCC, probably because development of SCC
is caused by other immunomodulatory mechanisms
(61).

Tumor factor-o.  (TNF-a) is the
critical mast cell product involved in ultraviolet-

necrosis
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induced immunosuppression: mast cells contain high
quantities of TNF-o which is released after activation;
the level of TNF-a is increased in the skin exposed
to UV radiation disrupting the morphology and
function of Langerhans cells, the principal antigen-
presenting cells of the skin. An animal study suggests
that the degree of susceptibility to ultraviolet-B-
induced local immunosuppression depends on
TNEF-a levels within the epidermis after UVB (62).
Mast cell-derived histamine stimulates prostaglandin
E2 (PGE2) production from keratinocytes. PGE2
alters the cytokine balance in favor of the immune
suppressant interleukin-10  (IL-10) against the
immunostimulatory IL-12 (63); histamine also
increases suppressor T-cell function by binding to the
H2 receptors, which in turn release higher levels of
immune suppressive cytokines including IL-10 and
induce apoptosis of antigen-presenting cells (64).

Several studies have shown that the level of
immunosuppression is dose-dependent on UV
irradiation, whereas immunosuppression is mediated
by T-lymphocytes (65, 66). The mechanism of
immunosuppression is based on two chromophores:
DNA and urocanic acid, both altering expression
of the following cytokines: TNF-a, IL-1a/B, IL-3,
IL-6, IL-8, IL-10, granulocyte-macrophage colony
stimulating factor (GM-CSF) and nerve growth factor
(NGF) (67). All this results in a shift of the immune
response from T helper 1 (Thl) cytokine profile to
T helper 2 (Th2) cytokine profile, inhibiting antigen-
presenting cells to induce antitumor activity (67, 68).
Itis assumed that production of IL-10 by keratinocytes
or tumor cells induces immunosuppression and anti-
inflammatory effects providing tumor cells to avoid
immune response. It has been observed that most
patients with solid tumors have increased levels of
IL-10 (69). All these data show that UV radiation
compromises the immune system of patients with
cutaneous tumors (68).

Human Immunodeficiency Virus

Seemingly in contradiction to the lack of an increase
in the incidence of BCC in organ recipients, people
suffering from acquired immune deficiency syndrome
(AIDS) have shown an elevated risk for developing
BCC (70). There have also been some reports of
BCCs metastasizing in people suffering from AIDS,
suggesting that immune surveillance is one of the
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factors determining the normally nonmetastatic nature
of the BCC (71). Why immunosuppression by HIV
increases the risk of BCC, whereas pharmaceutical
immunosuppression in transplant recipients does not,
is not clear.

Human Leukocyte Antigen (HLA)
The major histocompatibility complex (MHC) genes

code for membrane proteins that play important roles
in controlling immune responses. While normal skin
lesions show high levels of class I molecules (MHC I),
BCC shows either complete absence or heterogeneous
expression (72). All class I-negative tumors were
histologically proven to be aggressive, whereas all non-
aggressive BCCs were class I-positive. Low levels or
absence of expression of class I antigens may result
in escape from regulation by cytotoxic T cells, which
then facilitates tumor growth (73). Evidence for the
involvement of HLA genes in the development of skin
cancers was provided by Bouwes Bavinck et al. These
authors showed that the presence of HLA-DR7 and a
decrease of HLA-DR4 are significantly associated with
BCC (74). This corroborates the previous finding of
Rompel et al. that HLA-DR4 is decreased in BCC,
especially in patients with multiple BCCs located on
the trunk. The authors suggested a protective role
for HLA-DR4 against the development of BCC (75,
76). Czarnecki and associates showed that HLA-DR1
antigen is weakly associated with the development of

multiple BCCs at an early age (77).

Cancer Stem Cells

The cellular origin of BCC is considerably less defined
than in SCC. Several cell types have been suggested
to be the precursor cells or stem cells for BCC:
interfollicular basal keratinocytes, basal keratinocytes
from hair follicles or sebaceous gland cells (78, 79).
In general, stem cells have a relatively undifferentiated
and slow-cycling phenotype, but can be stimulated
to proliferate and give rise to transient amplifying
cells which have a limited proliferative potential
(80). Stem cells may be the target of carcinogens and
as such play an important role in tumorigenesis. As
first suggested, stem cells in the skin are in the bulge
region of the outer root sheath (81). In support of
this hypothesis, chemically-induced BCCs in rats
arise from hair follicles, but it is not known whether
this is also the case in humans. As a result, hair
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follicles are likely to play an important role in skin
homeostasis, wound healing and tumorigenesis (80).
Histologically, BCC may resemble hair follicles, and
may show characteristics from both bulge region stem
cells and transient amplifying cells (82). In particular,
BCC can histologically resemble trichoepithelioma,
a benign hair follicle tumor (83). The suprabulbar
region of the outer root sheath of the hair follicle
has an immunohistochemical profile that is almost
indistinguishable from that of a BCC (84). The hair
follicle hypothesis is further supported by the fact
that when a carcinogen is added in the anagen phase,
in which the hair follicle bulge region cells undergo
transient amplification, BCCs are generated more
frequently (85). Furthermore, BCCs seldom occur on
non-hairy skin, whereas expression of the basal cell
adhesion molecule (B-CAM) occurs both in normal
and diseased skin (82, 86). This cell-surface protein
is preferentially expressed in suprabasal cell layers and
the outer root sheaths of the hair follicle. It also shows
high levels of expression in BCCs, suggesting that
BCCs originate from hair follicles rather than from
basal keratinocytes, which are negative for B-CAM in
normal skin (29). However, the lack of cytokeratin 15
expression in the tumor cells supports the hypothesis
that BCCs do not differentiate towards a hair bulge
cell fate (87).

Finally, in conclusion, results of previous studies
indicate that the hair follicle stem cell is the progenitor
cell of the BCC. It seems that BCC cell is a hair
follicle stem cell in which the normal differentiation
and anagen-initiation program has gone awry (29).
Unfortunatelly, the biomolecular basis responsible for
the different susceptibility of skin at different sites of
the body to BCC development is still not known (88).
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Abbreviations

BCC - basal cell carcinoma

SCC - squamous cell carcinoma

DNA - deoxyribonucleic acid

UV - ultraviolet

C—-T - cytosine—>thymine

IL - interleukin

TNF-a - tumor necrosis factor alpha

PTCH - patched

Gy - Gray

HPV - human papillomavirus

Bak - Bcl-2 Antagonist/Killer

GST - glutathione S-transferase

CYP - cytochrome P450

Smo - smoothened

NF-kB - nuclear factor kappa-light-chain-
enhancer of activated B cells

NEMO - nuclear factor B essential modulator
CYLD - cylindromatosis

Bcl - basall cell lymphoma
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MMP - matrix metalloproteinase

GM-CSF - granulocyte-macrophage colony-
stimulating factor

NGF - nerve grouth factor

AIDS - acquired immunodeficiency syndrome
HLA - human leukocyte antigen

MHC - major histocompatibility complex
B-CAM - basal cell adhesion molecule

Etiopatogeneza bazocelularnog karcinoma

Sazetak

Uvod: Bazocelularni karcinom (BCK) predstavlja
naj¢eséi karcinom kod pripadnika kavkaske rase.
Uglavnom nastaje na kozi koja je izlozena suncevim
zracima i najées¢e se manifestuje na glavi i vratu
(80%), trupu (15%), a retko na rukama i nogama.
Bazocelularni karcinom je dobar primer oboljenja
koje nastaje uzajamnim delovanjem genetike i faktora
okoline.

Ultravioletni zraci: Ultravioletno (UV) zradenje ima
dve klju¢ne uloge u razvoju BCK: izazivanje DNK
oStedenja i imunosupresija. Razli¢itim mehanizmima
UVA i UVB zraci o$te¢uju DNK. Direktno UVB zraci
oste¢uju DNK praveéi karakeeristi¢ne citozin—timin,
(C—>T) mutacije na dipirimidinskim mestima i
CC—TT, dok UVA zraci imaju 10 000 puta manje
mutageno dejstvo, ali su znacajno viSe prisutni u
prirodnom UV zracenju. Takode, fotoni UVA zracenja
imaju manju energiju od UVB zracenja i nemaju
mogucénost izazivanja mutacija. Imunosupresiju UV
zratenje indukuje smanjenjem antigen-prezentujude
sposobnosti, kao i produkcijom imunosupresivnih
citokina kao §$to su interleukin 10 (IL-10) i
faktor nekroze tumora alfa (TNF-a). Medijatori
imunosupresije indukovane UV zracenjem su DNK i
cis-urokani¢na kiselina. Nekoliko studija pokazalo je
znacajnu udruzenost izmedu nastanka BCK i izlaganja
suncu tokom detinjstva i adolescencije, kao i visoku
povezanost s porodi¢nom anamnezom o prisustvu
karcinoma koze.

Jonizujuée zraenje: Izlaganje jonizujuéem zraenju
tri puta povecava rizik za nastanak nemelanomskih
karcinoma koze, a rizik je proporcionalan primljenoj
dozi zracenja.

Hemijski karcinogeni - arsen, katran, psoralen,
pesticidi - povecavaju rizik za nastanak nemelanomskih
karcinoma koze, uglavnom skvamocelularnog kar-
cinoma (SCK).

Genetska predispozicija:  Glutation =~ S-transferaza
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(GST) deo je Celijskog odbrambenog sistema usmeren
protiv hemijskih produkata, produkovanih endogeno
ili delovanjem faktora spoljne sredine. Postoji
nekoliko polimorfizama ¢lanova GST familije kod
kojih je prisutna insuficijentna detoksifikacija, koja
poveéava rizik za nastanak karcinoma, ukljucujuci
i nemelanomske Citohrom
P450 enzimi uklju¢eni su u proces detoksifikacije
fotosenzitivnih agenasa, ¢ime su ukljuceni i u proces
karcinogeneze BCK.

PTCH je tumorski supresorski gen koji je prvi
put otkriven kod pacijenata s Gorlin-Golcovim
(Gorlin-Goltz) sindromom. Abnormalna aktivacija
ovog gena i njegovog puta vode razli¢itim tipovima
tumorogeneze: za formiranje BCK neophodna je
homozigotna delecija PTCH gena.

Pokazalo se da su agresivniji tipovi BCK udruzeni s
pove¢anom ekspresijom p53 proteina, koja verovatno
predstavlja mutiranu formu, ali ova tvrdnja nije sa
sigurno$¢u potvrdena.

Stecene genetske izmene: Imajuéi u vidu ograni¢enu
ulogu koju imaju oSte¢enja DNK i hromozomska
nestabilnost u nastanku BCK, znadaj mutacija p53
gena u BCK ostaje i dalje nepotvrden.

Podaci o ulozi ostalih ¢lanova Bcl-2 familije gena u
nastanku BCK su oskudni, ostaje nejasno da li Bcl-
2 ima funkcionalnu ulogu u nastanku BCK ili samo
odrazava nivo genske ekspresije u mati¢nim ¢elijama
tumora.

Aktivnost Ras gena moze biti rani dogadaj u razvoju
nemelanomskih karcinoma koze, a aktivacija se ¢esto
moze naé¢i kod osoba obolelih od BCK, aktini¢ne
keratoze i SCK na koZi koja je izlozena UV zracima.
Imunski faktori: Ispitivanja su pokazala da faktor
nekroze tumora - o (TNF-a) predstavlja glavni
medijator u UV indukovanoj lokalnoj imunosupresiji:
mast-Celije sadrze velike koli¢cine TNF-a, koji se
oslobada posle aktivancije; nivo TNF-a povisen je

karcinome  koze.
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u kozi izlozenoj UV zracima, pri ¢emu on menja
morfologiju i funkciju Langerhansovih éelija, glavnih
antigen- prezentujucih Celija u kozi. Na Zivotinjskom
modelu, pokazano je da stepen lokalne imunosupresije,
izazvane UVB zradenjem, zavisi od nivoa TNF-a. u
epidermisu posle ozracivanja UVB zracima. Utvrdeno
je da histamin poreklom iz mast-éelija ostvaruje lokalni
imunosupresivni efekat tako $to: stimuliSe produkciju
prostaglandina E2 iz keratinocita koji menja citokinski
balans, favorizuju¢i u odnosu na imunostimulatorni

Kljuéne reci

IL-12, produkciju imunosupresivnog IL-10; histamin
nakon vezivanja za H2 receptore poveéava funkciju
supresorskih T-limfocita koji oslobadaju velike koli¢ine
IL-10 indukujuéi apoptozu antigen- prezentujucih
¢elija. Sve ovo rezultuje zamenom imunskog odgovora
zavisnog od T-helper 1 citokinskog profila u korist
supresivnog imunskog odgovora zavisnog od T-helper
2 citokinskog profila, ¢ime se inhibira sposobnost
antigen-prezentujucih ¢elija da indukuju antitumorsku
aktivnost.

Bazocelularni karcinom + etiologija + patologija + genetika; Imunosupresija; Ultravioletni zraci; Faktori rizika;

Tumor supresorski geni; p53 geni; bcl-2 geni
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