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Abstract: (1) Background: Non-melanoma skin cancer is the most frequently diagnosed cancer
in humans. The process of skin carcinogenesis is still not fully understood. However, several
studies have been conducted to better explain the mechanisms that lead to malignancy; (2) Methods:
We reviewed the more recent literature about the pathogenesis of non-melanoma skin cancer focusing
on basal cell carcinomas, squamous cell carcinoma and actinic keratosis; (3) Results: Several papers
reported genetic and molecular alterations leading to non-melanoma skin cancer. Plenty of risk factors
are involved in non-melanoma skin cancer pathogenesis, including genetic and molecular alterations,
immunosuppression, and ultraviolet radiation; (4) Conclusion: Although skin carcinogenesis is
still not fully understood, several papers demonstrated that genetic and molecular alterations are
involved in this process. In addition, plenty of non-melanoma skin cancer risk factors are now known,
allowing for an effective prevention of non-melanoma skin cancer development. Compared to other
papers on the same topic, our review focused on molecular and genetic factors and analyzed in detail
several factors involved in non-melanoma skin cancer.
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1. Introduction

Non-melanoma skin cancer (NMSC) is by far the most frequently diagnosed cancer [1]. The most
common NMSC are basal cell carcinoma (BCC) and squamous cell carcinoma (SCC), respectively 70%
and 25% of NMSC, although skin cancers could arise from each host cell of the skin [1]. NMSC show
different behavior, growth, and metastatic capability, however, both BCC and SCC have a good
prognosis, especially when detected at their initial stages [2]. BCC contributes minimally to the
NMSC mortality rate (MR). Indeed, metastatic BCC shows an incidence of 1 case per 14,000,000 and
2 patients per 14,000,000 who die from locally advanced BCC. Therefore, a MR of 0.02 per 10,000
is to be expected [1,2]. On the other hand, SCC shows a variable metastatic rate of 0.1–9.9% and
it accounts for about 75% of deaths due to NMSC [1,2]. Although the first-choice therapy is still
surgical excision, plenty of alternative approaches have been reported to manage NMSC, including
photodynamic therapy, cryotherapy, topical imiquimod 5%, and topical diclofenac sodium 3% [2].
Indeed, it is mandatory to obtain remarkable aesthetical results in the case of NMSC-affected areas
such as the lips and the face [2].

BCC is characterized by cells that resemble epidermal basal cells and it is the least aggressive
NMSC [2]. Indeed, BCC shows a low degree of malignancy, despite of the capability of local invasion,
tissue destruction, recurrence, and a limited potential for metastasis [2]. Individual risk factors
for BCC include gender, age, immunosuppression, genetic diseases (e.g., Gorlin–Goltz syndrome),
and Fitzpatrick skin types I and II [2]. However, ultraviolet (UV) radiation plays the most important
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role in BCC pathogenesis, although the relationship between UV radiation and BCC development
remains highly controversial [2]. BCC develops primarily on sun-exposed skin. Indeed, BCC is rarely
found on palmoplantar surfaces and never appears on the mucosa [2].

SCC is characterized by atypical proliferation of invasive squamous cells, which could metastatize.
In addition, SCC show a considerable potential for recurrence, which depends on the tumor size,
degree of histological differentiation, depth of the lesion, perineural invasion, patient’s immune system,
and anatomic localization [2]. Several risk factors have been reported in SCC patients, including
Fitzpatrick skin types I and II, outdoor occupation, human papillomavirus (HPV) types 16, 18 and
31, and cutaneous genetically inherited skin diseases, like albinism, xeroderma pigmentosum and
epidermodysplasia verruciformis [2]. However, the most important risk factor is represented by UV
radiation and sunlight [3]. Indeed, a direct correlation between psoralen and UVA (PUVA) exposure
and the incidence of SCC has been reported [3]. Usually SCC arises on sun-exposed areas. Indeed,
about 55% of all SCC involves the head and neck [1,2]. In addition, SCC frequently occurs on the
extensor surfaces of the hands and forearms (18%) [1,2]. Nevertheless, up to 13% of SCC cases arise on
the legs [2].

Individuals who develop BCC have an elevated risk of developing new foci of BCC, as well as
other types of skin cancer, including melanoma and SCC [2]. Their incidence has increased strongly
over time, reflecting also our ageing population [1]. Furthermore, the prevalence of BCC and SCC
has increased by 35% and 133%, respectively, over the last 20 years [1,3]. Actinic keratoses (AKs),
considered as the earliest manifestation of SCC, are extremely common, showing a prevalence greater
than 40% in the adult population [1]. According to some authors, AKs affect half of the global
population, although the prevalence varies according to geographical location and age [1–4]. AKs occur
usually on chronically light-exposed skin [3]. AKs share several pathological features with SCC,
and they represent a continuum in a multistep process over the years on chronically sun exposed fair
skin [2]. Normal-appearing skin that surrounds AKs may develop AKs, because of the UV exposure
and expression of molecular alteration, including p53 mutations [2]. This whole area is today known
as “field cancerization” [2].

2. NMSC and AK: Factors Involved in the Pathogenesis

In the pathogenesis of NMSC and AKs different factors play an important role, including UV rays,
X-rays, HPV, arsenic compounds, and other chemical products (Figure 1).
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2.1. UV Role

As reported by several papers, the primary risk factor for cutaneous carcinogenesis is cumulative
UV exposure from sunlight and/or tanning beds, which lead to UV-induced alteration in skin protein
expression [2–4]. UV exposure is considered as a complete carcinogen, since it affects each stage
of carcinogenesis. In fact, it leads to cellular damage because of the reduction of cell-mediated immune
responses, production of reactive oxygen species (ROS) and DNA alteration [5–8]. The earliest event
after high UV exposure is keratinocyte apoptosis led by the p53/p21/bax/bcl-2 pathway followed by
a hyperproliferative phase, leading to epidermal hyperplasia [5,6]. Chronic exposure to nonionizing
solar radiation, specifically UVA and UVB, is the most important risk factor in BCC pathogenesis [2–4].
Indeed, UVB-induced carcinogenesis amplifies the risk of developing BCC in immunosuppressed
patients and in people with Fitzpatrick skin types I and II [2]. It has been reported that UV irradiation
of keratinocytes enhances the pro-opiomelanocortin gene (POMC) and α-melanocyte-stimulating
hormone (αMSH) production, which are critically involved in determining whether the skin produces
brown-black pigment (eumelanin) or red-yellow pigment (pheomelanin) [2]. Furthermore, it must be
highlighted that UV radiation induces not only direct DNA damage but also indirect DNA damage
by producing free radicals and UV-induced immunosuppression [3]. Indeed, the Langerhans cells
(LCs) are largely affected by UV radiation, which leads to the loss of the dendritic network that they
form in the epidermis [3]. In addition, it has been reported that LCs migrate to lymph nodes after UV
irradiation, activating natural killer T-cells (NK-T cells) that produce interleukin (IL)-4, which shows
immunosuppressive activity [3,7]. In addition, UV-damaged LCs can induce Treg which produce IL-10,
another immunosuppressive cytokine [3,7]. It has also been reported that mast cells (MCs) in skin
show an increase in response to UV radiation because of IL-33 production from keratinocytes and
dermal fibroblasts [3,7]. Consequently, the number of MCs in the B cell areas of the draining lymph
nodes increases, stimulating the IL-10-producing B cells, which show a regulatory, immunosuppressive
function [7].

It has been suggested that exposure to chronic UVB radiation determines heparanase activation,
which causes the degradation of heparin sulfate and increments the interaction between the epidermal
growth factor and the dermis [9]. Indeed, it has been reported that the cutis consists of hyaluronic
acid (HA), dermatan sulfate (DS), heparan sulfate (HS) and keratan sulfate (KS), which play a pivotal
role in several processes in the skin, including migration and cell proliferation [10]. Chondroitin
sulfate (CS), DS, KS, heparin (HEP) and HS fall in the category of sulfated glycosaminoglycans (GAGs),
while hyaluronic acid belongs to the class of non-sulfate GAGs [11]. GAGs affect several biological
processes through their interaction with various proteins, including chemokines and cytokines [12].

Proteoglycans (PGs) are composed of protein scaffolds and GAGs strains [11,12]. PGs participate
in in the organization of collagen fibers, and affect the differentiation and organization of the
extracellular matrix [13]. Heparan sulfate proteoglycans (HSPG) play a pivotal role in the extracellular
matrix, influencing the integrity of cellular membranes [14]. Heparanase cleaves proteoglycan strains,
promoting the growth of the tumor cells, leading to the formation of oligosacharides that enhance
angiogenesis and production growth factors, leading in turn to cell proliferation and inflammation [15].
Therefore, heparanase is involved in BCC and SCC formation [15]. Intermittent UV exposure may be
most often associated with BCC and melanoma appearance while continuous exposure is associated
with SCC.

In addition, UV exposure affects the p53 expression, which is altered in both AKs and SCC [7].
Therefore, this mutation could further confirm that AK is an invasive SCC (iSCC) precursor. Indeed,
cutaneous SCC is thought to arise via a multistep process, gradually acquiring mutations that lead to
more aggressive behavior [2].

2.2. X-rays Role

As reported by several papers, X-rays play a role in the pathogenesis of NMSC [16–18].
Lichter et al. reported that therapeutic ionizing radiations (IRs), such as X-rays, lead to an increased
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risk of both BCC and SCC [17]. In particular, radiation therapy for acne has been reported to be
associated with about a threefold risk of a new BCC [16]. An increased risk of skin cancer has been
observed with occupational, therapeutic, and atomic bomb exposure to IRs [16–18]. In addition, it has
been reported that the risk of NMSC is higher among those who received radiation therapy at an
earlier age [16].

Although studies on atomic bomb survivors have described a relationship only between BCC
and ionizing radiations, a recent study reported an odd ratio of 5.7 and 4.8 respectively for BCC
and SCC after non-diagnostic radiation exposure [19]. In addition, in patients who received ionizing
radiation therapies, a relative risk of 1.7 for new BCC lesions and of 1.0 for SCC lesions has been
reported [16]. The latency period between the first exposure and the NMSC development is at least
20 years, although it is difficult to separate the effects of latency from those of age at treatment and type
of therapy received [17]. The risk of developing BCC and SCC is confined to the irradiated anatomic
area [16–18]. Absorption of ionizing radiations leads to a direct breaking of chemical bonds or to
the production of radicals that produce massive damage in cellular molecules, including lipids and
nucleic acids [19]. Exposure to IRs often leads to exogenous damage, especially to single or double
stranded breaks (DSBs). DSBs are DNA alterations that lead to cell death [20]. After DSBs, the histone
H2AX moves to the involved area and is converted to the phosphorylate γ-H2AX form in order to
repair the damage [21,22]. It has also been reported that the accumulation of p53 after cellular damage
could increase cellular mass after IRs exposure [23]. P53 accumulation can lead to cell cycle arrest,
DNA repair, or apoptosis [24].

IRs are also used as a treatment option for invasive or inoperable BCCs, showing 5 years control
rates of 89–100% [2,17]. In addition, radiotherapy represents an important therapeutic strategy against
recurrent BCC or morphea-type BCC [17]. However, BCC that recur after radiotherapy are aggressive,
invasive and very difficult to eradicate, also showing high recurrence rates after surgical excision [17].

2.3. HPV Role

Cutaneous HPV is classified into alpha, beta and gamma types. Beta-HPV is thought to be a
cofactor in SCC pathogenesis in immunosuppressed patients. Indeed, many studies have detected
DNA from multiple beta-HPV types in SCC lesions, concluding that beta-HPV species 2 is a high-risk
subtype [25–27]. Beta-papillomaviruses are thought to have an early role in SCC tumorigenesis,
altering cell cycle progression, DNA repair, and immune surveillance, leading to clonal expansion of
keratinocytes with UVinduced DNA damage [28]. In addition, some alpha-HPV types have also been
implicated in SCC [29]. More precisely, HPV77, an alpha-papillomavirus detected in only cutaneous
lesions of immunosuppressed patients, contains a p53-DNA binding site. Once activated by UVR,
p53 is thought to stimulate HPV77 promoter activity, leading to the production of E6 and E7 proteins
that de-regulate p53 and Rb tumor suppressor pathways [29].

However, the exact role of HPV in SCC remains unclear, because HPV DNA has been found
also in normal skin samples from SCC patients [30]. It must be highlighted that human leukocyte
antigen (HLA) allele groups positively associated with SCC in immunosuppressed patients may
encode the HLA protein with reduced efficiency in presenting tumors or HPV antigens, as reported for
HLA-DRB1/07 allele. HLA-DRB1/07 allele is associated with impaired presentation of the L1 antigen
of HPV8 to CD4+ T lymphocytes, provoking an ineffective Th2-mediated immune response [31].

Genital SCC HPV also plays a role. Indeed, HPV leads to the expression of viral genes E6 and E7,
which inactivates tumor suppressor genes [32,33]. High heat shock protein (Hsp)70 levels have been
detected in penile SCC. This suggests that it may help tumorous cells to survive apoptosis and necrosis,
in part because it was also found to be elevated in several other cancers [33]. In addition, C3 was not
detected in penile SCC samples, suggesting that viral proteins are involved in counteracting the host
immune response. Therefore, it could be postulated that HPV could provide a favorable milieu for the
development of SCC [33].
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2.4. Carcinogenic Chemicals and Arsenic

The risk of developing SCC is also increased by exposure to carcinogenic chemicals, above all
arsenic [34]. Indeed, the expression of several proteins, including keratin 7 and keratin 9,
is increased after in vitro arsenic exposure [34]. Contrarily, the production of involucrin is
reduced [35]. In C57BL/6-resistant and DBA/2 sensitive mouse models it has been reported that
several proteins, including S100, proteins A8 and A9, were elevated after topical application of
12-O-tetradecanoylphorbol-13-acetate (TPA), a potent promoter of carcinogenesis [36]. These proteins
were related to inflammatory pathways that affect skin neoplastic growth, such as tumor necrosis
factor (TNF)-α and nuclear factor (NF)-κB [36]. In addition, it has been demonstrated that CD151,
a member of the transmembrane 4 superfamily, induced skin chemical carcinogenesis and promoted
the development of SCC, because CD151 might induce the activator of transcription 3 (STAT3) [37].
Therefore, it has been concluded that chemically induced carcinogenesis in animal models may be
promoted by inflammation [36].

2.5. Immunosuppression

Immunosuppression also plays a role in carcinogenesis, leading to an easier NMSC development.
Indeed, transplant recipients have a 30-80-fold higher risk of developing NMSC [38].

It has been reported that several class I and class II HLA allele groups were associated with SCC
in immunosuppressed patients, including HLA-B*27, HLA-A*03 and HLA-DQA1*01 [31]. However,
other authors did not confirm these association [26,39]. Indeed, Glover et al. no longer observed
the previously-reported negative association between HLA-A*11 and SCC [39]. In addition, it has
been reported that multiple studies found no association between HLA-DRB1/01 and SCC in
immunosuppressed patients, in contrast to the positive association reported in immunocompetent
patients [31].

Associations in renal transplant patients were not confirmed by Bavnick et al., describing
conversely a reversal of association between HLA-A/11 and SCC, in contrast to multiple previous
studies [40]. It has been postulated that these inconsistent conclusions may result from differing
environmental factors affecting renal transplant patients in different countries [31]. Indeed,
Yesantharao et al. proposed that HPV infection may have been a cofactor in SCC pathogenesis in
the Dutch population [31,41], while the Australian ones were exposed to a greater excess of UV
radiation as compared to the Dutch patients [40], thus neoantigens produced by UVR-induced DNA
mutations may have played a much larger role in the etiology of SCC in these patients. In conclusion,
these underlying differences in tumor antigens may have altered the association between SCC and
HLA-A*11 in these population [31].

It has been postulated that the heterogeneous expression of class I HLA proteins in SCC may
also explain why immunosuppression increases the SCC risk 65-fold, but BCC risk only 10-fold [42].
Indeed, immunosurveillance may better control the SCC pathogenesis because of the partial expression
of class I HLA proteins in SCC, in comparison to BCC, where class I HLA proteins are often completely
absent [43]. Consequently, a loss of immunosurveillance due to immunosuppression would influence
SCC pathogenesis more than that of BCC.

Therefore, Yesantharao et al. proposed that the abnormal expression of the HLA-G protein on
the surface of SCC cancer cells in immunosuppressed patients allowed for the evasion of immune
surveillance [31]. The immunomodulatory effects of HLA-G under normal physiological conditions
are well documented. Indeed, HLA-G in embryonic tissues, adult immune privileged organs, and in
hematopoietic cells provide inhibitory signals to NK and T cells [42]. Consequently, HLA-G expression
on SCC tumors could allow tumoral cells to negatively regulate NK and T lymphocyte-mediated
destruction. In addition, it has been reported that HLA-G expression was present in various cancers
(melanoma, breast, colon, lung and renal), and that melanoma cell lines expressing HLA-G isoforms
had inhibited cytotoxic responses from NK and T-cells [44].
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In addition, UV radiation also has suppressive effects on skin immunity. Indeed, it has been
reported that UV radiation-induced photolesions such as cyclobutane pyrimidine dimers (CPDs)
are immune-suppressive [45]. Furthermore, UV radiation also stimulates other molecules with
immunosuppressive properties such as IL-10, prostaglandins, platelet-activating factor and ROS [46].
Moreover, UV radiation also inhibits mast cells, cytotoxic T cells and memory T cells, whereas
regulatory B lymphocytes, T lymphocytes and natural killer cells are activated by UV radiation [45].
In addition, UV radiation also affects Langerhans cells (LC), reducing LC numbers in the skin by
inducing LC migration to the draining lymph node [47]. All these findings highlight sharply the clear
relationship between UV radiation and immunosuppression.

3. AK and SCC Genetic Profile

AKs are the most frequent precancerous lesion in humans; they develop usually in fair-skinned
people on sun-exposed areas [48,49]. Between 0.025% and 16% of AKs evolve to iSCC every year [45,48].
Because every patient shows several AKs, the annual risk of developing iSCC has been reported as
between 0.15 to 80% [49]. AK and iSCC have a similar genetic profiles, including alterations in the
p53 gene [45]. Pathologically, these alterations are described as hyper-chromatic and pleomorphic
nuclei with alteration of the nuclear cytoplasmic ratio, loss of polarity, and cellular superposition [49].
Cytological atypia at the basal layer of the AK can determine progression to SCC. Nevertheless, not all
AKs show this behavior. Indeed, many AKs persist in the same stage, while others will regress and
a few will progress into iSCC [49]. It has been reported that the risk of progression varies up to 16%
and the evolution of a particular lesion is unpredictable [50]. AK is the most common precursor of
cutaneous iSCC, and it represents a disease continuum [2]. AK can remain stable, regress, relapse or
progress [2]. Every AK starts with an atypical basal layer [2,4,48]. It has been reported that the
progression from AK to iSCC of the skin follows a pathway similar to the ones of cervical cancer [2,48].
However, cutaneous iSCC could also develop from atypical basaloid localized at the epidermal basal
layer (AK I) [2,4]. This pathway, known as the differentiated pathway, is the most frequent way
that leads to cutaneous iSCC [2,4,48]. However, the progression from AK I to AK II and AK III
(classic pathway) has been described in several iSCC cases [2]. Therefore, it could be concluded that all
AK lesions are potentially invasive [2]. The cell will loss polarity, polygonal shape and cell-cell contacts,
and will switch from epithelial to mesenchymal type, with a significant difference in E-cadherin,
β-catherin, vimentin and Ki67, without significant differences in podoplanin (D2-40), p16 and p53 [2,4].
Proliferative AK is a new subtype of AK that exhibits proliferative characteristics both histologically
and clinically [2,48]. Proliferative AK is resistant to standard therapies because of deep migration of
abnormal cells along hair follicles and sweat ducts. It has a strong propensity to develop infiltrative
SCC and may occur concomitantly with BCC [2,48].

However, it has been also observed that AKs are unlikely to be precursors of SCCs in the Japanese
population. Indeed, in a study on Japanese populations, loss of heterozygosis (LOH) was detected
in seven of 37 AKs analyzed, but in only one of 14 SCCs evaluated [51]. In addition, microsatellite
instability was not detected in all the AK or SCC analyzed specimens [51].

Mitochondrial DNA (mtDNA) is known to be subject to the loss of a significant proportion
of specific sections of genetic code due to exposure to UV radiation and aging [52]. It has been
demonstrated in several studies that the mtDNA4977 and mtDNA3895 deletions are more frequent
in sun exposed areas. In particular, it has been reported that mtDNA4977 deletion could be an
indicator of developing NMSC. Indeed, Powers et al. found that mtDNA deletions were related to
sun exposure [53]. In the same study, Powers et al. demonstrated that SCC which had arisen in
non sun-exposed skin had a percentage of mtDNA4977 that was on average over three times the
level observed in non sun-exposed skin in any other cohort [53]. This high percentage could be an
indicator of predisposition to SCC development. Exposed skin showed elevated levels of the deletion.
In addition, mtDNA4977 was present at a much higher level in perilesional skin. Follicular extension
in AK, too, has a prognostic significance [49]. Infundibular, isthmic, and sub-isthmic atypia have
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been reported in 25%, 63.6%, 100%, respectively, of iSCC [49]. These findings have implications for
identifying patient factors which would be predictive of the progression of actinic keratosis to invasive
carcinoma, providing potentially valuable patient screening guidelines. Stem cell quiescence acts as a
tumor suppressor in squamous tumors [49].

3.1. SCC Proliferation

SCC is the second most frequent type of NMSC, with over 250,000 new cases per year in the
US [1]. Several risk factors have been reported for SCC development, including aging, fair complexion,
chronic skin ulcers, burn scars, immune suppression, and exposure to ultraviolet light and chemical
carcinogens [2]. SCCs usually have favorable prognosis, but around 4% of the patients develop
metastases and 1.5% eventually die [2]. SCC behavior is characterized by possible progression
from a AK precursor to SCC in situ, iSCC, and finally metastatic SCC [54]. The evolution from
AK to iSCC occurs following progressive stages of keratinocyte intraepidermal neoplasia (KIN).
Based on these stages, AKs with atypical keratinocytes (KIN I) could progress to lesions with atypical
keratinocytes in the lower two-thirds of the epidermis (KIN II) and then to lesions with full thickness
epidermal neoplasia (KIN III) [54]. In a recent study, Fernandez-Figueras reported that AK I, AK II and
AK III lesions overlying invasive SCC were present in 63.8%, 17.9% and 18.4% of cases, respectively [54].
In addition, the authors showed that AKs I, AKs II and AKs III were detected in 77.9%, 6.6% and
8.3% of cases respectively [54]. These results indicate that direct transformation from AK I to iSCC
(the so-called “differentiated pathway”) is the most prevalent mechanism of transformation [54].

Complement factor H (CFH) is a soluble molecule that inhibits one of the three pathways that
activates the complement C3, the alternate pathway. In SCC, it supports the proliferation and migration
of malignant cells. Indeed, it has been reported that the progresses from AK to SCC is characterized
by a high expression of CFH, factor H-like protein-1 (FHL-1), and CF-1—three important markers of
inflammation [55]. Therefore, a high CFH expression in SCC is associated with negative prognosis [55].
Furthermore, it has been highlighted that SCC cells produce CFH, escaping the complement mediated
cell destruction, which leads to faster SCC progression [55]. Another protein that stimulates SCC
malignant cell proliferation is Serpin A1 [56], that is overexpressed in SCC in comparison to normal
keratinocytes [57]. In addition, the Serpin A1 level is related to SCC invasiveness [57]. Moreover, Serpin
A1 level are increased by TNF-α, IFN-γ and IL-1β, showing the relationship between inflammation
and tumorigenesis [57].

3.2. Abnormal Cell Surface Expression of HLA Protein in SCC

Downregulation of the HLA-I protein expression reduces the presentation of tumor antigens
to CD8+ T lymphocytes, diminishing T lymphocyte mediated destruction of SCC cells [58].
Multiple studies suggest a role for immunoselection in carcinogenesis via HLA-I protein expression
alteration [31]. Selective downregulation would allow SCC cells to escape recognition by CD8+ T cells.
In addition, the overall decrement in HLA-I proteins on the cell surface may increase the ability of
SCC cells to escape immune surveillance [31].

3.3. Alteration of APC Gene

LOH of the adenomatous polyposis coli (APC) gene has been reported in several neoplasia,
including SCC [8]. APC plays a pivotal role in microtubule assembly and leads to β-catenin destruction,
which activates the transcription of oncogenes, such as Myc and Cyclin D1. It has been reported that in
SCC samples, APC was expressed only in the nucleus of proliferating cells [59]. Conversely, in normal
skin APC was detected only in the cytoplasm [59]. However, APC was also found in the nucleus of
cells that surrounded SCC, suggesting that these could be exposed to the genetic changes that modified
the normal APC expression [59].
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4. BCC Risk Factors

BCCs arise from basal cells, which are a layer of cells located at the deepest part of epidermis.
Basal cells have recently come to be considered skin stem cells, as they are constantly proliferating and
generating keratinocytes, which are continuously pushed to the surface and eventually become a dead
layer of stratum corneum. In developing BCC, several risk factors are involved, including Fitzpatrick
phototype I and II, sunburns in childhood, family history of skin cancer, immunosuppression,
high cumulative UV exposure, and exposure to carcinogenic chemicals, especially arsenic [60].
Among them, UV radiation is thought to be the most important risk factor. Indeed, 80% of BCC
arises on sun-exposed areas, especially the head and neck [54]. Regional differences, including hair
follicles density, could clarify why the dorsal area of the hands is usually not involved by BCC, despite
extensive sun exposure [61]. Contrarily to SCC, BCC is believed to arise de novo [54]. In a recent study,
Powers et al. reported that BCC had three times more genomes bearing mtDNA4977 in sun exposed
skin compared to non sun-exposed skin [53]. As is already known, the mtDNA4977 has proved to
be an indicator of possible risk of developing NMSC [53]. The high percentage of deletion bearing
genomes in skin described as non sun-exposed may be due to poorly recalled exposure of the selected
area. In addition, perilesional skin had an equal percentage of deletion, suggesting that exposed but
still normal skin had endured levels of exposure similar to skin in proximity to a lesion [53].

4.1. Sporadic BCC

Sporadic BCC is characterized by several genetic alterations, which affected mainly the sonic
hedgehog (SHH) patched (Ptch) 1 signaling pathway [62]. The SHH pathway plays a pivotal role
in embryonic development [62]. Indeed, SHH signaling influences morphogenesis of the epidermis
and its appendages [63]. Although most of BCCs are sporadic, several cases are caused by basal cell
nevus syndrome (BCNS), an inherited disorder characterized by multiple BCCs and other types of
tumors [64]. BCNS patients show an inactivating mutation in the human homolog of the Drosophila
gene Ptch, which regulates the SHH pathway [65]. This gene is also inactivated in sporadic BCCs [66].
Therefore, it could be concluded that Ptch1 normal function is required for the suppression of BCC.

Indeed, glioma 1 and 2 have been reported as altered in sporadic BCC [67]. FOXM1, a Forkhead
box protein, has also been described as mutated in sporadic BCC, resulting in hyperproliferation of
tumoral cells [68]. Recently, Asplund et al. have identified 201 upregulated and 160 downregulated
genes in BCC cells compared to normal basal cells, including aquaporin 3, envoplakin, desmoglein 2,
and MHC class II proteins [68]. In BCC pathogenesis, several immune-related markers have been
reported [69]. On the one hand, the BCC inflammatory infiltrate is principally influenced by
Th2 cytokines, linked to immunosuppression. On the other hand, regressing BCC are modulated by
Th1 cytokines, especially by interferon (IFN)-γ that functions as a tumor suppressor [69]. IL-17, IL-23
and IL-22 play a pivotal role in inflammatory diseases of the skin, but their role in skin carcinogenesis
is not completely understood [69]. However, it has been found that IL-17 is produced by both CD4+
and CD8+ T cells and it is related to IFN-γ secretion [56].

4.2. Recurrent BCC

In recurrent BCC, several risk factors play an important role, such as topography (centrofacial and
periauricular region), diameter of the lesion, and age > 60 years [60]. It has also been demonstrated
that in recurrent BCC, cyclooxygenase-2 (COX-2) was overexpressed. Indeed, over 90% of recurrent
BCC expressed COX-2 compared to only 59.1% of sporadic BCC [70]. In addition, the overexpression
of COX-2 was related to increased levels of vascular endothelial growth factor-A and regulators
of apoptosis, such as Mcl-1 and Bcl-2 [70]. Matrix metallopeptidase 9 (MMP-9) has also been
reported as overexpressed in BCC [71]. MMP-9 plays a role in neutrophil migration across the
basement membrane, angiogenesis, and neovascularization, and in collagen contraction [71]. Indeed,
MMP-9 was demonstrated to infiltrate BCC by in situ hybridization in the stromal fibroblasts around
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the tumor and squamous cell carcinomas, and was found in the reactive eosinophils infiltrating the
dermis [70].

5. Role of Keratinocytes-Specific Proteins

The process of skin carcinogenesis is still not fully understood. However, several studies
have been conducted to better explain the mechanisms that lead to malignancy. More than
50 keratinocytes-specific proteins have been described by Paulitschke et al. [5]. On one hand, several
of these, such as IF regulatory factor 6 and alpha-2 macroglobulin-like protein 2, play a pivotal
role in keratinocyte proliferation and differentiation. On the other hand, other proteins, such as
calmodulin-like protein 5, are involved in keratinocyte differentiation. It has been reported that IL-1
beta could modulate the production of keratinocyte proteins in inflammation, leading to a reduction
in the expression of both keratinocyte differentiation and motility proteins [5]. Otherwise, IL-1 also
affects the synthesis of angiogenetic and anti-apoptotic proteins, leading to a higher expression of
both [5]. Therefore, it has been postulated that IL-1 could play a pivotal role in skin carcinogenesis.

6. Role of ROS and NO

AK shows the earliest changes at the basal layer of the interfollicular epidermis [49]. Indeed,
inactivation of p53 induced by UVB has been demonstrated in the basal keratinocytes of AK [49].
In addition to direct DNA damage, UV damage leads to the production of ROS and reactive nitrogen
intermediates, which also cause oxidative damage to DNA. Furthermore, both UVB and UVA have
been demonstrated to increase the level of cutaneous nitric oxide (NO) by inducing NO synthase [72].
As a consequence, high NO and high ROS levels lead to peroxynitrite production, formed by the
combination of NO and ROS. Peroxynitrite is extreme toxic to DNA [73].

7. Role of Angiogenesis

Angiogenesis is the formation of new blood vessels from pre-existing ones and this process has
an important role in tumor formation, invasion, and metastatization [74]. Vascular endothelial growth
factor (VEGF) is the most important factor in angiogenesis [75]. On one hand, VEGF promotes
intracellular transduction pathways. On the other hand, VEGF supplies the new vessels with
nutrients and oxygen, leading to more aggressive tumor behavior and metastatization [76]. VEGF
single-nucleotide polymorphisms (SNPs) can be detected in regulatory regions, affecting VEGF
expression or activity [77,78]. VEGF polymorphisms have been previously reported in several
carcinomas, including esophageal squamous cell carcinoma, and oral squamous cell carcinoma [78–80].
The VEGF gene −460 C>T polymorphism and −1154 G>A polymorphism have been reported as
possible markers of prognosis in SCC [79].

8. Animal Models to Study in NMSC

Classical mouse models do not produce neoplasia of the BCC lineage [81]. Nowadays, several
mouse models in which SHH signaling could be manipulated have been developed with the aim of
studying BCC in vivo [81]. Thanks to these models, chemoprevention and chemotherapy, as well as
BCC pathogenesis, have been studied. Indeed, it has been found that SHH signaling plays a pivotal
role in BCC carcinogenesis. In addition, it has been shown that the overexpression of the Gli family of
transcription factors (GLI) 1 or GLI 2 can lead to BCC-like proliferations [82]. Furthermore, BCC arises
in Ptch1+/− mice, often showing the deletion of the wild-type copy of Ptch1 and the upregulation of
SHH signaling [83]. Thus, it can be concluded that mouse models with mutations in the genes that
encode four or more different parts of SHH signaling develop at least BCC-like neoplasia. In addition,
it has been reported that the higher the activation of SHH signaling, the more the neoplasia resemble
human BCC, while with lower SHH activation the tumors are more hair-follicle-like [83].

It has also been shown that p53 loss strongly increases tumorigenesis via the SHH pathway [81].
Indeed, Ptch1+/− mice in which p53 is deleted have shown a strong increase of BCC formation [81].
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Therefore, it has been postulated that the high incidence of p53 mutations in human BCC is probably
not caused by UV radiation, but rather reflects the fact that p53 loss is involved in the development of
BCC [81].

Mice treated with UV, IR, or with chemical carcinogens develop SCC [81]. Indeed, it has been
demonstrated that p53 increases in epidermal cells after exposure to UV radiation in hairless SKH-hr1
mice [84]. It has also been reported that p63 −/− mice keratinocytes show a reduced proliferative
capability, probably because of increased expression of p21, a direct transcriptional repression target of
p63 [85]. P63 affect Notch activation, regulating the balance between keratinocyte self-renewal and
differentiation. A microarray analysis for p63 target genes in genetically complemented mice has also
shown that the function of p63 in epithelial development was partly mediated by IkB kinase-alpha
and GATA-3 [85]. It has also been reported that Fas ligand-deficient mice develop more p53 mutations
than wild-type mice after prolonged UV irradiation [86]. Indeed, after a transitory upregulation of Fas
and Fas ligand expression induced by acute exposure to UV, a reduction of Fas ligand expression has
been observed after 1 week of continuous UV irradiation in mice, leading to a decrease in the number
of apoptotic cells [86]. Finally, it has been demonstrated that transfected NIH 3T3 cells induce tumors
at the subcutaneous site of injection and spontaneous lung metastases in nude mice [87].

9. Conclusions

Non-melanoma skin cancers (NMSCs) are the most common malignancy worldwide, of which
99% are basal cell carcinomas (BCCs) and squamous cell carcinomas (SCCs) of skin. NMSCs are
relatively non-lethal and curable by surgery, hence are not reportable in most cancer registries around
the world, yet they currently pose an increasing global healthcare problem due to rising incidence.
Both basal cells and squamous cells belong to keratinocytes, therefore sometimes BCC and SCC are
termed keratinocyte cancer. These three types of cancer share many characteristics, yet they are very
different from etiology to progression. One shared characteristic of skin cancer is that, according
to the current views, they all are caused by solar or artificial ultraviolet radiation (UVR). UVA and
UVB from solar UVR are the major UV bands reaching the earth surface. Both UV types cause DNA
damage and immune suppression, which play crucial roles in skin carcinogenesis. UVB can be directly
absorbed by DNA molecules and thus causes UV-signature DNA damages. UVA, on the other hand,
may function through inducing cellular ROS which then causes oxidative DNA damages. Although
skin carcinogenesis is still not fully understood, several papers have demonstrated the presence of
genetic and molecular alterations involved in this process. In addition, plenty of NMSC risk factors
are now known, allowing for an effective prevention of NMSC development, especially in elderly
people. This has led to a shift in emphasis on prevention of NMSCs with the development of various
skin cancer prevention programs worldwide. Improving knowledge on skin cancer pathogenesis
will improve NMSC management with a focus on prevention, screening, diagnosis, and staging.
As reported, avoiding excessive exposure to UV radiation, particularly prolonged or midday sunlight
exposure, and use of sun-protective clothing and sunscreens is the most important factor in preventing
NMSC formation, since cancer field can be the first step of invasive SCC development. However,
this issue is complicated by a lack of knowledge on the amount of sun exposure required to cause skin
cancer. More studies are needed in this field.

Acknowledgments: The manuscript was supported by Associazione Romana Dermatologica. We thank our
patients for their cooperation. The authors would also like to acknowledge colleagues who have contributed in
different aspects of this study such as Giulia Macrì, Sonia Tofani and Carlo Drago.

Conflicts of Interest: The authors declare no conflict of interest.



Biomedicines 2018, 6, 6 11 of 15

References

1. Leiter, U.; Eigentler, T.; Garbe, C. Epidemiology of skin cancer. Adv. Exp. Med. Biol. 2014, 810, 120–140.
[PubMed]

2. Apalla, Z.; Nashan, D.; Weller, R.B.; Castellsagué, X. Skin Cancer: Epidemiology, Disease Burden,
Pathophysiology, Diagnosis, and Therapeutic Approaches. Dermatol. Ther. 2017, 7, 5–19. [CrossRef]
[PubMed]

3. Calzavara-Pinton, P.; Ortel, B.; Venturini, M. Non-melanoma skin cancer, sun exposure and sun protection.
G. Ital. Dermatol. Venereol. 2015, 150, 369–378. [PubMed]

4. Gloster, H.M., Jr.; Brodland, D.G. The epidemiology of skin cancer. Dermatol. Surg. 1996, 22, 217–226.
[CrossRef] [PubMed]

5. Paulitschke, V.; Gerner, C.; Hofstätter, E.; Mohr, T.; Mayer, R.L.; Pehamberger, H.; Kunstfeld, R. Proteome
profiling of keratinocytes transforming to malignancy. Electrophoresis 2015, 36, 564–576. [CrossRef] [PubMed]

6. Ouhtit, A.; Konrad Muller, H.; Gorny, A.; Ananthaswamy, H.N. UVB-induced experimental carcinogenesis:
Dysregulation of apoptosis and p53 signalling pathway. Redox Rep. 2000, 5, 128–129. [CrossRef] [PubMed]

7. López-Camarillo, C.; Ocampo, E.A.; Casamichana, M.L.; Pérez-Plasencia, C.; Álvarez-Sánchez, E.;
Marchat, L.A. Protein kinases and transcription factors activation in response to UV-radiation of skin:
Implications for carcinogenesis. Int. J. Mol. Sci. 2012, 13, 142–172. [CrossRef] [PubMed]

8. Rittié, L.; Fisher, G.J. UV-light-induced signal cascades and skin aging. Ageing Res. Rev. 2002, 1, 705–720.
[CrossRef]

9. Iriyama, S.; Matsunaga, Y.; Takahashi, K.; Matsuzaki, K.; Kumagai, N.; Amano, S. Activation of heparanase
by ultraviolet B irradiation leads to functional loss of basement membrane at the dermal-epidermal junction
in human skin. Arch. Dermatol. Res. 2011, 303, 253–261. [CrossRef] [PubMed]

10. Lavker, R.M.; Zheng, P.S.; Dong, G. Morphology of aged skin. Clin. Geriatr. Med. 1989, 5, 53–67. [PubMed]
11. Jeanloz, R.W. The nomenclature of mucopolysaccharides. Arthritis Rheum. 1960, 3, 233–237. [CrossRef]

[PubMed]
12. Gandhi, N.S.; Mancera, R.L. The structure of glycosaminoglycans and their interactions with proteins.

Chem. Biol. Drug Des. 2008, 72, 455–482. [CrossRef] [PubMed]
13. Schönherr, E.; Hausser, H.J. Extracellular matrix and cytokines: A functional unit. Dev. Immunol. 2000, 7,

89–101. [CrossRef] [PubMed]
14. Edovitsky, E.; Lerner, I.; Zcharia, E.; Peretz, T.; Vlodavsky, I.; Elkin, M. Role of endothelial heparanase in

delayed-type hypersensitivity. Blood 2006, 107, 3609–3616. [CrossRef] [PubMed]
15. Vlodavsky, I.; Friedmann, Y. Molecular properties and involvement of heparanase in cancer metastasis and

angiogenesis. J. Clin. Investig. 2001, 108, 341–347. [CrossRef] [PubMed]
16. Karagas, M.R.; McDonald, J.A.; Greenberg, E.R.; Stukel, T.A.; Weiss, J.E.; Baron, J.A.; Stevens, M.M. Risk of

basal cell and squamous cell skin cancers after ionizing radiation therapy. For The Skin Cancer Prevention
Study Group. J. Natl. Cancer Inst. 1996, 88, 1848–1853. [CrossRef] [PubMed]

17. Lichter, M.D.; Karagas, M.R.; Mott, L.A.; Spencer, S.K.; Stukel, T.A.; Greenberg, E.R. Therapeutic ionizing
radiation and the incidence of basal cell carcinoma and squamous cell carcinoma. The New Hampshire Skin
Cancer Study Group. Arch. Dermatol. 2000, 136, 1007–1011. [CrossRef] [PubMed]

18. Ron, E.; Modan, B.; Preston, D.; Alfandary, E.; Stovall, M.; Boice, J.D., Jr. Radiation-induced skin carcinomas
of the head and neck. Radiat. Res. 1991, 125, 318–325. [CrossRef] [PubMed]

19. Gallagher, R.P.; Bajdik, C.D.; Fincham, S.; Hill, G.B.; Keefe, A.R.; Coldman, A.; McLean, D.I. Chemical
exposures, medical history, and risk of squamous and basal cell carcinoma of the skin. Cancer Epidemiol.
Biomark. Prev. 1996, 5, 419–424.

20. Azzam, E.I.; Jay-Gerin, J.P.; Pain, D. Ionizing radiation-induced metabolic oxidative stress and prolonged
cell injury. Cancer Lett. 2012, 327, 48–60. [CrossRef] [PubMed]

21. Rusin, P.; Olszewski, J.; Morawiec-Bajda, A.; Przybylowska, K.; Kaczmarczyk, D.; Golinska, A.; Majsterek, I.
Comparative study of DNA damage and repair in head and neck cancer after radiation treatment. Cell Biol. Int.
2009, 33, 357–363. [CrossRef] [PubMed]

22. Kobayashi, J. Molecular mechanism of the recruitment of NBS1/hMRE11/hRAD50 complex to DNA
double-strand breaks: NBS1 binds to γ-H2AX through FHA/BRCT domain. J. Radiat. Res. 2004, 45,
473–478. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/25207363
http://dx.doi.org/10.1007/s13555-016-0165-y
http://www.ncbi.nlm.nih.gov/pubmed/28150105
http://www.ncbi.nlm.nih.gov/pubmed/26186380
http://dx.doi.org/10.1111/j.1524-4725.1996.tb00312.x
http://www.ncbi.nlm.nih.gov/pubmed/8599733
http://dx.doi.org/10.1002/elps.201400309
http://www.ncbi.nlm.nih.gov/pubmed/25395074
http://dx.doi.org/10.1179/135100000101535447
http://www.ncbi.nlm.nih.gov/pubmed/10939292
http://dx.doi.org/10.3390/ijms13010142
http://www.ncbi.nlm.nih.gov/pubmed/22312244
http://dx.doi.org/10.1016/S1568-1637(02)00024-7
http://dx.doi.org/10.1007/s00403-010-1117-5
http://www.ncbi.nlm.nih.gov/pubmed/21221614
http://www.ncbi.nlm.nih.gov/pubmed/2646002
http://dx.doi.org/10.1002/art.1780030306
http://www.ncbi.nlm.nih.gov/pubmed/14406965
http://dx.doi.org/10.1111/j.1747-0285.2008.00741.x
http://www.ncbi.nlm.nih.gov/pubmed/19090915
http://dx.doi.org/10.1155/2000/31748
http://www.ncbi.nlm.nih.gov/pubmed/11097204
http://dx.doi.org/10.1182/blood-2005-08-3301
http://www.ncbi.nlm.nih.gov/pubmed/16384929
http://dx.doi.org/10.1172/JCI13662
http://www.ncbi.nlm.nih.gov/pubmed/11489924
http://dx.doi.org/10.1093/jnci/88.24.1848
http://www.ncbi.nlm.nih.gov/pubmed/8961975
http://dx.doi.org/10.1001/archderm.136.8.1007
http://www.ncbi.nlm.nih.gov/pubmed/10926736
http://dx.doi.org/10.2307/3578117
http://www.ncbi.nlm.nih.gov/pubmed/2000456
http://dx.doi.org/10.1016/j.canlet.2011.12.012
http://www.ncbi.nlm.nih.gov/pubmed/22182453
http://dx.doi.org/10.1016/j.cellbi.2009.01.007
http://www.ncbi.nlm.nih.gov/pubmed/19385033
http://dx.doi.org/10.1269/jrr.45.473
http://www.ncbi.nlm.nih.gov/pubmed/15635255


Biomedicines 2018, 6, 6 12 of 15

23. Burma, S.; Chen, B.P.; Murphy, M.; Kurimasa, A.; Chen, D.J. ATM phosphorylates histone H2AX in response
to DNA double-strand breaks. J. Biol. Chem. 2001, 276, 42462–42467. [CrossRef] [PubMed]

24. Gudkov, A.V.; Komarova, E.A. The role of p53 in determining sensitivity to radiotherapy. Nat. Rev. Cancer
2003, 3, 117–129. [CrossRef] [PubMed]

25. Asgari, M.M.; Kiviat, N.B.; Critchlow, C.W.; Stern, J.E.; Argenyi, Z.B.; Raugi, G.J.; Berg, D.; Odland, P.B.;
Hawes, S.E.; de Villiers, E. Detection of human papillomavirus DNA in cutaneous squamous cell carcinoma
among immunocompetent individuals. J. Investig. Dermatol. 2008, 128, 1409–1417. [CrossRef] [PubMed]

26. Asgari, M.M.; Wang, W.; Ioannidis, N.M.; Itnyre, J.; Hoffmann, T.; Jorgenson, E.; Whittemore, A.S.
Identification of susceptibility loci for cutaneous squamous cell carcinoma. J. Investig. Dermatol. 2016,
136, 930–937. [CrossRef] [PubMed]

27. Harwood, C.A.; Surentheran, T.; McGregor, J.M.; Spink, P.J.; Leigh, I.M.; Breuer, J.; Proby, C.M. Human
papillomavirus infection and non-melanoma skin cancer in immunosuppressed and immunocompetent
individuals. J. Med. Virol. 2000, 61, 289–297. [CrossRef]

28. Bouwes Bavinck, J.N.; Plasmeijer, E.I.; Feltkamp, M.C. β-papillomavirus infection and skin cancer.
J. Investig. Dermatol. 2008, 128, 1355–1358. [CrossRef] [PubMed]

29. Aldabagh, B.; Angeles, J.G.; Cardones, A.R.; Arron, S.T. Cutaneous squamous cell carcinoma and human
papillomavirus: Is there an association? Dermatol. Surg. 2014, 39, 1–23. [CrossRef] [PubMed]

30. Wang, J.; Aldabagh, B.; Yu, J.; Arron, S.T. Role of human papillomavirus in cutaneous squamous cell
carcinoma: A meta-analysis. J. Am. Acad. Dermatol. 2014, 70, 621–629. [CrossRef] [PubMed]

31. Yesantharao, P.; Wang, W.; Ioannidis, N.M.; Demehri, S.; Whittemore, A.S.; Asgari, M.M. Cutaneous
squamous cell cancer (cSCC) risk and the human leukocyte antigen (HLA) system. Hum. Immunol. 2017, 78,
327–335. [CrossRef] [PubMed]

32. Prigge, E.S.; von Knebel Doeberitz, M.; Reuschenbach, M. Clinical relevance and implications of
HPV-induced neoplasia in different anatomical locations. Mutat. Res. 2017, 772, 51–66. [CrossRef] [PubMed]

33. Hampras, S.S.; Reed, R.A.; Bezalel, S.; Cameron, M.; Cherpelis, B.; Fenske, N.; Sondak, V.K.; Messina, J.;
Tommasino, M.; Gheit, T.; et al. Cutaneous Human Papillomavirus Infection and Development of Subsequent
Squamous Cell Carcinoma of the Skin. J. Skin Cancer 2016. [CrossRef] [PubMed]

34. Hunt, K.M.; Srivastava, R.K.; Elmets, C.A.; Athar, M. The mechanistic basis of arsenicosis: Pathogenesis of
skin cancer. Cancer Lett. 2014, 354, 211–219. [CrossRef] [PubMed]

35. Lan, Y.J.; Chen, H.; Chen, J.Q.; Lei, Q.H.; Zheng, M.; Shao, Z.R. Immunolocalization of vimentin, keratin 17,
Ki-67, involucrin, β-catenin and E-cadherin in cutaneous squamous cell carcinoma. Pathol. Oncol. Res. 2014,
20, 263–266. [CrossRef] [PubMed]

36. Shen, J.; Abel, E.L.; Riggs, P.K.; Repass, J.; Hensley, S.C.; Schroeder, L.J.; Temple, A.; Chau, A.; McClellan, S.A.;
Rho, O.; et al. Proteomic and pathway analyses reveal a network of inflammatory genes associated with
differences in skin tumor promotion susceptibility in DBA/2 and C57BL/6 mice. Carcinogenesis 2012, 33,
2208–2219. [CrossRef] [PubMed]

37. Li, Q.; Yang, X.H.; Xu, F.; Sharma, C.; Wang, H.X.; Knoblich, K.; Rabinovitz, I.; Granter, S.R.; Hemler, M.E.
Tetraspanin CD151 plays a key role in skin squamous cell carcinoma. Oncogene 2013, 32, 1772–1783.
[CrossRef] [PubMed]

38. Moloney, F.J.; Comber, H.; O’Lorcain, P.; O’Kelly, P.; Conlon, P.J.; Murphy, G.M. A population-based study
of skin cancer incidence and prevalence in renal transplant recipients. Br. J. Dermatol. 2006, 154, 498–504.
[CrossRef] [PubMed]

39. Glover, M.T.; Brown, J.; Navarrete, C.; Kwan, J.T.C.; Bodmer, J.; Bodmer, W.; Kennedy, L.J.; Leigh, I.M. HLA
antigen frequencies in renal transplant recipients and immunocompetent patients with non-melanoma skin
cancer. Eur. J. Cancer 1993, 29, 520–524. [CrossRef]

40. Bouwes Bavinck, J.N.; Claas, F.H.; Hardie, D.R.; Green, A.; Vermeer, B.J.; Hardie, I.R. Relation between HLA
antigens and skin cancer in renal transplant recipients in Queensland, Australia. J. Investig. Dermatol. 1997,
108, 708–711. [CrossRef] [PubMed]

41. Bouwes Bavinck, J.N.; Vermeer, B.J.; van der Woude, F.J.; Vandenbroucke, J.P.; Schreuder, G.M.; Thorogood, J.;
Claas, F.H. Relation between skin cancer and HLA antigens in renal-transplant recipients. N. Engl. J. Med.
1991, 325, 843–848. [CrossRef] [PubMed]

42. Chang, C.C.; Campoli, M.; Ferrone, S. HLA class I defects in malignant lesions: What have we learned?
Keio J. Med. 2003, 52, 220–229. [CrossRef] [PubMed]

http://dx.doi.org/10.1074/jbc.C100466200
http://www.ncbi.nlm.nih.gov/pubmed/11571274
http://dx.doi.org/10.1038/nrc992
http://www.ncbi.nlm.nih.gov/pubmed/12563311
http://dx.doi.org/10.1038/sj.jid.5701227
http://www.ncbi.nlm.nih.gov/pubmed/18185530
http://dx.doi.org/10.1016/j.jid.2016.01.013
http://www.ncbi.nlm.nih.gov/pubmed/26829030
http://dx.doi.org/10.1002/1096-9071(200007)61:3&lt;289::AID-JMV2&gt;3.0.CO;2-Z
http://dx.doi.org/10.1038/jid.2008.123
http://www.ncbi.nlm.nih.gov/pubmed/18478011
http://dx.doi.org/10.1111/j.1524-4725.2012.02558.x
http://www.ncbi.nlm.nih.gov/pubmed/22928516
http://dx.doi.org/10.1016/j.jaad.2014.01.857
http://www.ncbi.nlm.nih.gov/pubmed/24629358
http://dx.doi.org/10.1016/j.humimm.2017.02.002
http://www.ncbi.nlm.nih.gov/pubmed/28185865
http://dx.doi.org/10.1016/j.mrrev.2016.06.005
http://www.ncbi.nlm.nih.gov/pubmed/28528690
http://dx.doi.org/10.1155/2016/1368103
http://www.ncbi.nlm.nih.gov/pubmed/27891253
http://dx.doi.org/10.1016/j.canlet.2014.08.016
http://www.ncbi.nlm.nih.gov/pubmed/25173797
http://dx.doi.org/10.1007/s12253-013-9690-5
http://www.ncbi.nlm.nih.gov/pubmed/23999979
http://dx.doi.org/10.1093/carcin/bgs213
http://www.ncbi.nlm.nih.gov/pubmed/22782996
http://dx.doi.org/10.1038/onc.2012.205
http://www.ncbi.nlm.nih.gov/pubmed/22824799
http://dx.doi.org/10.1111/j.1365-2133.2005.07021.x
http://www.ncbi.nlm.nih.gov/pubmed/16445782
http://dx.doi.org/10.1016/S0959-8049(05)80143-1
http://dx.doi.org/10.1111/1523-1747.ep12292086
http://www.ncbi.nlm.nih.gov/pubmed/9129219
http://dx.doi.org/10.1056/NEJM199109193251203
http://www.ncbi.nlm.nih.gov/pubmed/1875968
http://dx.doi.org/10.2302/kjm.52.220
http://www.ncbi.nlm.nih.gov/pubmed/14748474


Biomedicines 2018, 6, 6 13 of 15

43. Walter, A.; Barysch, M.J.; Behnke, S.; Dziunycz, P.; Schmid, B.; Riter, E.; Gnjatic, S.; Kristiansen, G.; Moch, H.;
Knuth, A.; et al. Cancer-Testis antigens and immunosurveillance in human cutaneous squamous cell and
basal cell carcinomas. Clin. Cancer Res. 2010, 16, 3562–3570. [CrossRef] [PubMed]

44. Amiot, L. Biology of HLA-G in cancer: A candidate molecule for therapeutic intervention? Cell. Mol. Life Sci.
2011, 68, 417–431. [CrossRef] [PubMed]

45. Chen, A.C.; Halliday, G.M.; Damian, D.L. Non-Melanoma Skin Cancer: Carcinogenesis and
Chemoprevention. Pathology 2013, 45, 331–341. [CrossRef] [PubMed]

46. Ullrich, S.E. Mechanisms underlying UV-induced immune suppression. Mutat. Res. 2005, 571, 185–205.
[CrossRef] [PubMed]

47. Schwarz, A.; Noordegraaf, M.; Maeda, A.; Torii, K.; Clausen, B.E.; Schwarz, T. Langerhans cells are required
for UVR-induced immunosuppression. J. Investig. Dermatol. 2010, 130, 1419–1427. [CrossRef] [PubMed]

48. Glogau, R.G. The risk of progression to invasive disease. J. Am. Acad. Dermatol. 2000, 42, 23–24. [CrossRef]
[PubMed]

49. Ratushny, V.; Gober, M.D.; Hick, R.; Ridky, T.W.; Seykora, J.T. From keratinocyte to cancer: The pathogenesis
and modeling of cutaneous squamous cell carcinoma. J. Clin. Investig. 2012, 122, 464–472. [CrossRef]
[PubMed]

50. Alam, M.; Ratner, D. Cutaneous squamous-cell carcinoma. N. Engl. J. Med. 2001, 344, 975–983. [CrossRef]
[PubMed]

51. Kushida, Y.; Miki, H.; Ohmori, M. Loss of heterozygosity in actinic keratosis, squamous cell carcinoma and
sun-exposed normal-appearing skin in Japanese: Difference between Japanese and Caucasians. Cancer Lett.
1999, 140, 169–175. [CrossRef]

52. Krishnan, K.J.; Birch-Machin, M.A. The incidence of both tandem uplications and the common deletion in
mtDNA from three distinct categories of sun exposed human skin and in prolonged culture of fibroblasts.
J. Investig. Dermatol. 2006, 126, 408–415. [CrossRef] [PubMed]

53. Powers, J.M.; Murphy, G.; Ralph, N.; O’Gorman, S.M.; Murphy, J.E. Mitochondrial DNA deletion percentage
in sun exposed and non sun exposed skin. J. Photochem. Photobiol. B 2016, 165, 277–282. [CrossRef] [PubMed]

54. Fernández-Figueras, M.T.; Carrato, C.; Sáenz, X.; Puig, L.; Musulen, E.; Ferrándiz, C.; Ariza, A. Actinic
keratosis with atypical basal cells (AK I) is the most common lesion associated with invasive squamous cell
carcinoma of the skin. J. Eur. Acad. Dermatol. Venereol. 2015, 29, 991–997. [CrossRef] [PubMed]

55. Riihilä, P.M.; Nissinen, L.M.; Ala-Aho, R.; Kallajoki, M.; Grénman, R.; Meri, S.; Peltonen, S.; Peltonen, J.;
Kähäri, V.M. Complement factor H: A biomarker for progression of cutaneous squamous cell carcinoma.
J. Investig. Dermatol. 2014, 134, 498–506. [CrossRef] [PubMed]

56. Pellegrini, C.; Orlandi, A.; Costanza, G.; Di Stefani, A.; Piccioni, A.; Di Cesare, A.; Chiricozzi, A.; Ferlosio, A.;
Peris, K.; Fargnoli, M.C. Expression of IL-23/Th17-related cytokines in basal cell carcinoma and in the
response to medical treatments. PLoS ONE 2017, 12, e0183415. [CrossRef] [PubMed]

57. Farshchian, M.; Kivisaari, A.; Ala-Aho, R.; Riihilä, P.; Kallajoki, M.; Grénman, R.; Peltonen, J.; Pihlajaniemi, T.;
Heljasvaara, R.; Kähäri, V.M. Serpin peptidase inhibitor clade a member 1 (SerpinA1) is a novel biomarker
for progression of cutaneous squamous cell carcinoma. Am. J. Pathol. 2011, 179, 1110–1119. [CrossRef]
[PubMed]

58. Urosevic, M.; Dummer, R. Immunotherapy for nonmelanoma skin cancer: Does it have a future? Cancer
2002, 94, 477–485. [CrossRef] [PubMed]

59. Al-Dujaili, Z.; Henry, M.; Dorizas, A.S.; Sadick, N.S. Skin cancer concerns particular to women. Int. J.
Womens Dermatol. 2017, 3, S49–S51. [CrossRef] [PubMed]

60. Wong, C.S.; Strange, R.C.; Lear, J.T. Basal cell carcinoma. Br. Med. J. 2003, 327, 794–798. [CrossRef] [PubMed]
61. Lupu, M.; Caruntu, C.; Ghita, M.A.; Voiculescu, V.; Voiculescu, S.; Rosca, A.E.; Caruntu, A.; Moraru, L.;

Popa, I.M.; Calenic, B.; et al. Gene Expression and Proteome Analysis as Sources of Biomarkers in Basal Cell
Carcinoma. Dis. Markers 2016. [CrossRef] [PubMed]

62. Katoh, Y.; Katoh, M. Hedgehog target genes: Mechanisms of carcinogenesis induced by aberrant hedgehog
signaling activation. Curr. Mol. Med. 2009, 9, 873–886. [CrossRef] [PubMed]

63. Oro, A.E.; Higgins, K. Hair cycle regulation of Hedgehog signal reception. Dev. Biol. 2003, 255, 238–248.
[CrossRef]

64. Gorlin, R.J. Nevoid basal cell carcinoma syndrome. Dermatol. Clin. 1995, 13, 113–125. [PubMed]

http://dx.doi.org/10.1158/1078-0432.CCR-09-3136
http://www.ncbi.nlm.nih.gov/pubmed/20519358
http://dx.doi.org/10.1007/s00018-010-0583-4
http://www.ncbi.nlm.nih.gov/pubmed/21063893
http://dx.doi.org/10.1097/PAT.0b013e32835f515c
http://www.ncbi.nlm.nih.gov/pubmed/23478234
http://dx.doi.org/10.1016/j.mrfmmm.2004.06.059
http://www.ncbi.nlm.nih.gov/pubmed/15748647
http://dx.doi.org/10.1038/jid.2009.429
http://www.ncbi.nlm.nih.gov/pubmed/20090769
http://dx.doi.org/10.1067/mjd.2000.103339
http://www.ncbi.nlm.nih.gov/pubmed/10607353
http://dx.doi.org/10.1172/JCI57415
http://www.ncbi.nlm.nih.gov/pubmed/22293185
http://dx.doi.org/10.1056/NEJM200103293441306
http://www.ncbi.nlm.nih.gov/pubmed/11274625
http://dx.doi.org/10.1016/S0304-3835(99)00069-5
http://dx.doi.org/10.1038/sj.jid.5700099
http://www.ncbi.nlm.nih.gov/pubmed/16374450
http://dx.doi.org/10.1016/j.jphotobiol.2016.10.030
http://www.ncbi.nlm.nih.gov/pubmed/27829204
http://dx.doi.org/10.1111/jdv.12848
http://www.ncbi.nlm.nih.gov/pubmed/25428612
http://dx.doi.org/10.1038/jid.2013.346
http://www.ncbi.nlm.nih.gov/pubmed/23938460
http://dx.doi.org/10.1371/journal.pone.0183415
http://www.ncbi.nlm.nih.gov/pubmed/28829805
http://dx.doi.org/10.1016/j.ajpath.2011.05.012
http://www.ncbi.nlm.nih.gov/pubmed/21723846
http://dx.doi.org/10.1002/cncr.10178
http://www.ncbi.nlm.nih.gov/pubmed/11900233
http://dx.doi.org/10.1016/j.ijwd.2017.02.009
http://www.ncbi.nlm.nih.gov/pubmed/28492039
http://dx.doi.org/10.1136/bmj.327.7418.794
http://www.ncbi.nlm.nih.gov/pubmed/14525881
http://dx.doi.org/10.1155/2016/9831237
http://www.ncbi.nlm.nih.gov/pubmed/27578920
http://dx.doi.org/10.2174/156652409789105570
http://www.ncbi.nlm.nih.gov/pubmed/19860666
http://dx.doi.org/10.1016/S0012-1606(02)00042-8
http://www.ncbi.nlm.nih.gov/pubmed/7712637


Biomedicines 2018, 6, 6 14 of 15

65. Johnson, R.L.; Rothman, A.L.; Xie, J.; Goodrich, L.V.; Bare, J.W.; Bonifas, J.M.; Quinn, A.G.; Myers, R.M.;
Cox, D.R.; Epstein, E.H., Jr.; et al. Human homolog of patched, a candidate gene for the basal cell nevus
syndrome. Science 1996, 272, 1668–1671. [CrossRef] [PubMed]

66. Booth, D.R. The hedgehog signalling pathway and its role in basal cell carcinoma. Cancer Metastasis Rev.
1999, 18, 261–284. [CrossRef] [PubMed]

67. Nilsson, M.; Undèn, A.B.; Krause, D.; Malmqwist, U.; Raza, K.; Zaphiropoulos, P.G.; Toftgård, R. Induction
of basal cell carcinomas and trichoepitheliomas in mice overexpressing GLI-1. Proc. Natl. Acad. Sci. USA
2000, 97, 3438–3443. [CrossRef] [PubMed]

68. Asplund, A.; Gry Björklund, M.; Sundquist, C.; Strömberg, S.; Edlund, K.; Ostman, A.; Nilsson, P.; Pontén, F.;
Lundeberg, J. Expression profiling of microdissected cell populations selected from basal cells in normal
epidermis and basal cell carcinoma. Br. J. Dermatol. 2008, 158, 527–538. [CrossRef] [PubMed]

69. Wong, D.A.; Bishop, G.A.; Lowes, M.A.; Cooke, B.; Barnetson, R.S.; Halliday, G.M. Cytokine profiles in
spontaneously regressing basal cell carcinomas. Br. J. Dermatol. 2000, 143, 91–98. [CrossRef] [PubMed]

70. El-Khalawany, M.A.; Abou-Bakr, A.A. Role of cyclooxygenase-2, ezrin and matrix metalloproteinase-9 as
predictive markers for recurrence of basal cell carcinoma. J. Cancer Res. Ther. 2013, 9, 613–617. [CrossRef]
[PubMed]

71. Stetler-Stevenson, W.G.; Aznavoorian, S.; Liotta, L.A. Tumor cell interactions with the extracellular matrix
during invasion and metastasis. Annu. Rev. Cell Biol. 1993, 9, 541–573. [CrossRef] [PubMed]

72. Mowbray, M.; McLintock, S.; Weerakoon, R.; Lomatschinsky, N.; Jones, S.; Rossi, A.G.; Weller, R.B.
Enzyme-independent NO stores in human skin: Quantification and influence of UV radiation.
J. Investig. Dermatol. 2009, 129, 834–842. [CrossRef] [PubMed]

73. Villiotou, V.; Deliconstantinos, G. Nitric oxide, peroxynitrite and nitrosocompounds formation by ultraviolet
A (UVA) irradiated human squamous cell carcinoma: Potential role of nitric oxide in cancer prognosis.
Anticancer Res. 1995, 15, 931–942. [PubMed]

74. Maeda, A.; Nakata, M.; Yasuda, K.; Yukawa, T.; Saisho, S.; Okita, R.; Hirami, Y.; Shimizu, K. Influence of
vascular endothelial growth factor single nucleotide polymorphisms on non-small cell lung cancer tumor
angiogenesis. Oncol. Rep. 2013, 29, 39–44. [CrossRef] [PubMed]

75. Guo, D.; Wang, Q.; Li, C.; Wang, Y.; Chen, X. VEGF stimulated the angiogenesis by promoting the
mitochondrial functions. Oncotarget 2017, 8, 77020–77027. [CrossRef] [PubMed]

76. Ruiz, M.T.; Biselli, P.M.; Maniglia, J.V.; Pavarino-Bertelli, E.C.; Goloni-Bertollo, E.M. Genetic variability of
vascular endothelial growth factor and prognosis of head and neck cancer in a Brazilian population. Braz. J.
Med. Biol. Res. 2010, 43, 127–133. [CrossRef] [PubMed]

77. Jain, L.; Vargo, C.A.; Danesi, R.; Sissung, T.M.; Price, D.K.; Venzon, D.; Venitz, J.; Figg, W.D. The role of
vascular endothelial growth factor SNPs as predictive and prognostic markers for major solid tumors.
Mol. Cancer Ther. 2009, 8, 2496–2508. [CrossRef] [PubMed]

78. Wei, W.; Wang, Y.; Yu, X.; Ye, L.; Jiang, Y.; Cheng, Y. Expression of TP53, BCL-2, and VEGFA Genes in
Esophagus Carcinoma and its Biological Significance. Med. Sci. Monit. 2015, 21, 3016–3022. [CrossRef]
[PubMed]

79. Nie, X.J.; Liu, W.M.; Zhang, L. Association of VEGF Gene Polymorphisms with the Risk and Prognosis of
Cutaneous Squamous Cell Carcinoma. Med. Sci. Monit. 2016, 22, 3658–3665. [CrossRef] [PubMed]

80. Santos, M.D.; Silva, C.; Rocha, A.; Nogueira, C.; Castro-Poças, F.; Araujo, A.; Matos, E.; Pereira, C.;
Medeiros, R.; Lopes, C. Predictive clinical model of tumor response after chemoradiation in rectal cancer.
Oncotarget 2017, 8, 58133–58151. [CrossRef] [PubMed]

81. Epstein, E.H. Basal cell carcinomas: Attack of the hedgehog. Nat. Rev. Cancer 2008, 8, 743–754. [CrossRef]
[PubMed]

82. Saldanha, G.; Fletcher, A.; Slater, D.N. Basal cell carcinoma: A dermatopathological and molecular biological
update. Br. J. Dermatol. 2003, 148, 195–202. [CrossRef] [PubMed]

83. Aszterbaum, M.; Epstein, J.; Oro, A.; Douglas, V.; LeBoit, P.E.; Scott, M.P.; Epstein, E.H. Ultraviolet and
ionizing radiation enhance the growth of BCCs and trichoblastomas in patched heterozygous knockout mice.
Nat. Med. 1999, 5, 1285–1291. [CrossRef] [PubMed]

84. Nelson, W.G.; Kastan, M.B. DNA strand breaks: The DNA template alterations that trigger p53-dependent
DNA damage response. Mol. Cell. Biol. 1994, 14, 1815–1823. [CrossRef] [PubMed]

http://dx.doi.org/10.1126/science.272.5268.1668
http://www.ncbi.nlm.nih.gov/pubmed/8658145
http://dx.doi.org/10.1023/A:1006377425099
http://www.ncbi.nlm.nih.gov/pubmed/10728988
http://dx.doi.org/10.1073/pnas.97.7.3438
http://www.ncbi.nlm.nih.gov/pubmed/10725363
http://dx.doi.org/10.1111/j.1365-2133.2007.08418.x
http://www.ncbi.nlm.nih.gov/pubmed/18241271
http://dx.doi.org/10.1046/j.1365-2133.2000.03596.x
http://www.ncbi.nlm.nih.gov/pubmed/10886141
http://dx.doi.org/10.4103/0973-1482.126456
http://www.ncbi.nlm.nih.gov/pubmed/24518705
http://dx.doi.org/10.1146/annurev.cb.09.110193.002545
http://www.ncbi.nlm.nih.gov/pubmed/8280471
http://dx.doi.org/10.1038/jid.2008.296
http://www.ncbi.nlm.nih.gov/pubmed/18818674
http://www.ncbi.nlm.nih.gov/pubmed/7544092
http://dx.doi.org/10.3892/or.2012.2075
http://www.ncbi.nlm.nih.gov/pubmed/23064377
http://dx.doi.org/10.18632/oncotarget.20331
http://www.ncbi.nlm.nih.gov/pubmed/29100366
http://dx.doi.org/10.1590/S0100-879X2009007500036
http://www.ncbi.nlm.nih.gov/pubmed/20098841
http://dx.doi.org/10.1158/1535-7163.MCT-09-0302
http://www.ncbi.nlm.nih.gov/pubmed/19755511
http://dx.doi.org/10.12659/MSM.894640
http://www.ncbi.nlm.nih.gov/pubmed/26439224
http://dx.doi.org/10.12659/MSM.896710
http://www.ncbi.nlm.nih.gov/pubmed/27729640
http://dx.doi.org/10.18632/oncotarget.19651
http://www.ncbi.nlm.nih.gov/pubmed/28938543
http://dx.doi.org/10.1038/nrc2503
http://www.ncbi.nlm.nih.gov/pubmed/18813320
http://dx.doi.org/10.1046/j.1365-2133.2003.05151.x
http://www.ncbi.nlm.nih.gov/pubmed/12588368
http://dx.doi.org/10.1038/15242
http://www.ncbi.nlm.nih.gov/pubmed/10545995
http://dx.doi.org/10.1128/MCB.14.3.1815
http://www.ncbi.nlm.nih.gov/pubmed/8114714


Biomedicines 2018, 6, 6 15 of 15

85. Candi, E.; Dinsdale, D.; Rufini, A.; Salomoni, P.; Knight, R.A.; Mueller, M.; Krammer, P.H.; Melino, G. TAp63
and DeltaNp63 in cancer and epidermal development. Cell Cycle 2007, 6, 274–285. [CrossRef] [PubMed]

86. Bachmann, F.; Buechner, S.A.; Wernli, M.; Strebel, S.; Erb, P. Ultraviolet light downregulates CD95 ligand
and TRAIL receptor expression facilitating actinic keratosis and squamous cell carcinoma formation.
J. Investig. Dermatol. 2001, 117, 59–66. [CrossRef] [PubMed]

87. Ananthaswamy, H.N.; Price, J.E.; Goldberg, L.H.; Bale, E.S. Simultaneous transfer of tumorigenic and
metastatic phenotypes by transfection with genomic DNA from a human cutaneous squamous cell carcinoma.
J. Cell. Biochem. 1988, 36, 137–146. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.4161/cc.6.3.3797
http://www.ncbi.nlm.nih.gov/pubmed/17264681
http://dx.doi.org/10.1046/j.0022-202x.2001.01380.x
http://www.ncbi.nlm.nih.gov/pubmed/11442750
http://dx.doi.org/10.1002/jcb.240360205
http://www.ncbi.nlm.nih.gov/pubmed/3356753
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	NMSC and AK: Factors Involved in the Pathogenesis 
	UV Role 
	X-rays Role 
	HPV Role 
	Carcinogenic Chemicals and Arsenic 
	Immunosuppression 

	AK and SCC Genetic Profile 
	SCC Proliferation 
	Abnormal Cell Surface Expression of HLA Protein in SCC 
	Alteration of APC Gene 

	BCC Risk Factors 
	Sporadic BCC 
	Recurrent BCC 

	Role of Keratinocytes-Specific Proteins 
	Role of ROS and NO 
	Role of Angiogenesis 
	Animal Models to Study in NMSC 
	Conclusions 
	References

