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Abstract

The incidence of non-melanoma skin cancers (NMSC) is
rising worldwide resulting in demand for clinically use-
ful prognostic biomarkers for these malignant tumors,
especially for invasive and metastatic cutaneous squa-
mous cell carcinoma (cSCC). Important risk factors for
the development and progression of ¢SCC include ul-
traviolet radiation, chronic skin ulcers and immunosup-
pression. Due to the role of cumulative long-term sun
exposure, cSCC is usually a disease of the elderly, but
the incidence is also growing in younger individuals due
to increased recreational exposure to sunlight. Although
clinical diagnosis of cSCC is usually easy and treatment
with surgical excision curable, it is responsible for the
majority of NMSC related deaths. Clinicians treating
skin cancer patients are aware that certain cSCCs grow
rapidly and metastasize, but the underlying molecular
mechanisms responsible for the aggressive progression
of a subpopulation of ¢cSCCs remain incompletely un-
derstood. Recently, new molecular markers for progres-

(4 9

Tap
JBaishideng®

WJCO | www.wjgnet.com

85

sion of cSCC have been identified.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Several molecular markers for progression of
cutaneous squamous cell carcinoma (cSCC) have been
identified, but a clinically useful panel of biomarkers is
still not available. Further studies are required to de-
termine whether prognostic ¢SCC biomarker panel can
be incorporated into clinical practice. In the meantime,
while waiting for novel diagnostic and prognostic tools,
clinicians must actively advocate public awareness on
skin protection against excessive sun exposure in order
to lower the increasing incidence of cSCC.
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INTRODUCTION

The incidence of cutaneous squamous cell carcinoma
(cSCC) is increasing worldwide™”. SCC of the skin is re-
sponsible for the majority of non-melanoma skin cancer
(NMSC) deaths, as invasive cSCC displays a potential for
recurrence and metastasis”. At present, cSCC is primarily
a disease of the elderly, but the incidence is also increas-
ing in younger individuals due to excessive recreational
exposure to sunlight'”, The rising incidence of ¢SCC
is also a reason for increased demand for medical care
related to skin cancer which is estimated to grow 5% an-
nually in the Central Europem. Public awareness of skin
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Table 1 Risk factors for the development of squamous cell

carcinoma of the skin

Exposure to ultraviolet (UV) radiation (UVA, UVB)

Therapy with methoxalen and UVA

Fair skin type

Ionizing radiation

Genodermatosis (albinism, xeroderma pigmentosum, epidermolysis
bullosa)

Chronic inflammation of skin (lupus erythematosus, epidermolysis bul
losa)

Chronically injured skin with ulcers (burn scars, leg ulcers, epidermoly
sis bullosa)

Human papilloma virus infection

Exposure to chemical carcinogens

Immunosuppression

Immunosuppressive medications

Organ transplantation

Osteomyelitis

Sinus tracts

Precursor lesions (actinic and arsenical keratoses)

In situ squamous cell carcinoma (Bowen’s disease and Erythro
plasia Queyrat)

Tobacco smoking

Leukemia and lymphoma

Originated from Madan et al”), with permission.

cancer as a potentially lethal disease should therefore be
fostered, and the growing economical burden of rising
skin cancer incidence to the societies should be taken into
consideration in healthcare planning[ﬁ’ﬂ. In addition to
promoting avoidance of excessive sun-exposure, carly le-
sional skin biopsy and treatment of premalignant lesions
are essential in prevention of ¢SCC". To ensure eatly di-
agnosis, dermatologic expertise is obviously needed, and
this should be taken into account in planning of medical
education”.

The treatment of choice for primary cSCC is surgical
excision, whereas Mohs micrographic surgery is recom-
mended for high-risk cases™". Unfortunately, excision
is not always curative, as cSCCs have an overall 5-year
recurrence rate of approximately 5%, Here, the chal-
lenge faced by clinicians is to identify the high-risk cases
before the recurrence and metastasis of the tumort.
There is an obvious demand for predictive molecular
markers that could be used at the time of excision of the
primary tumor for evaluation of the risk of recurrence
and metastasis. Furthermore, if dissemination of the tu-
mor has already taken place, novel targeted therapies are
needed.

In this editorial, we discuss the molecular pathways
involved in the development of invasive c¢SCC and the
risk factors for cSCC progression, recurrence and me-
tastasis. Finally, recent progress in the search for cSCC
progression biomarkers will be discussed.

MORBIDITY AND ECONOMICAL BURDEN
OF cSCC

NMSC, including ¢SCC, are among the most commonly
diagnosed cancers in Europe, United States and Aus-

(49

TR
JBaishideng®

WJCO | www.wjgnet.com

86

tralia">'". Moreover, the incidence of ¢SCC is steadily
increasing worldwide, especially among the white popula-
tion living in the proximity of the equatorm. Interestingly,
the incidence of ¢SCC is also rising in the less sun ex-
posed regions of the globe, as approximately 4% annual
increase in the incidence has been registered in Finland
during the past decades”. The growing number of new
cSCC cases, as well higher incidence of recurrent tumors
makes cSCC one of the costliest cancers in many coun-
tries’”' " It is conceivable, that the cost of NMSC to the
societies will continue to grow due to the extension of
individual lifespan and aging of the population.

One of the main reasons for the rising incidence of
cSCC is popularity of recreational sun-exposure despite
growing public awareness of the harmful effects of solar
ultraviolet (UV)—lightW. On the other hand, the number
of individuals receiving long-term immunosuppressive
medication after organ transplantation has increased. As
organ transplant recipients have a 65-fold higher risk of
developing cSCC, regular follow-up of these individuals
is mandatory and early diagnosis of ¢SCC, preferably
at pre-malignant stage, is essential®, Even if the skin
malignancies are diagnosed at premalignant stage, the
treatment may be costly due to the field cancerization of
the skin and the relatively high-cost of topical therapies
available. Interestingly, kidney transplant recipients with
a history of ¢SCC also have a higher risk for internal
malignancieslw]. It has been proposed that switching
the immunosuppressive medication from calcineurin
inhibitors to inhibitors of the mammalian target of ra-
pamycin, such as sirolimus could have an antitumoral
effect among kidney-transplant recipients with previous
¢SCC™ but this observation has been challengedm].

For dermatologists, diagnosis of ¢SCC and its precur-
sot, actinic keratosis and cSCC 7 situ (Bowen’s disease),
is often easy by visual inspectionm]. However, clinical
diagnosis may sometimes be challenging, especially in
patients suffering from severe generalized form of reces-
sive dystrophic epidermolysis bullosa (gs-RDEB), with
multiple chronic ulcers, mimicking malignant lesions®”

RISK FACTORS FOR DEVELOPMENT OF
cSCC

Sunlight has a vital role on the Earth as the primary
source of energy, but it is also the primary cause of
skin cancer™. Theoretically, UV-radiation as the major
risk factor for cSCC could be avoided, but avoiding sun
exposure is a challenge in daily life”. UVB (wavelength
280-320 nm) radiation can damage both DNA and RNA
directly leading to the generation of mutagenic photo-
products such as pyrimidine-pyrimidine adducts and cy-
clopyrimidine dimers®™. UVA (wavelength 320-400 nm)
radiation damages DNA indirectly #iz a photo-oxidative-
stress- mediated mechanism which results in DNA
double-strand breaks™?”. As both UVB and UVA are
carcinogenic, the sunscreen used should block both UVB
and UVA rayleSJ. The risk factors for the development of
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Table 2 Risk factors for recurrence and metastasis of cutane-

ous squamous cell carcinoma

Variable Approximate relative risk'
Recurrence Metastasis
Rapid tumor growth = =
Tumor size > 2 cm 2 2
Tumor location (lip/ear) 2 3
Immunosuppression - 2
Previous radiotherapy - -
Previously treated cSCC 3 4
RDEB -associated cSCC - -
Tumor depth >4 mm 2 5
Poor differentiation 2 3

Acantholytic features - -
Spindle-cell features
Perineural invasion

Originated from Alam et al, with permission. 'A relative risk of 1 is
defined as the likelihood of recurrence or metastasis of a small primary
cutaneous squamous cell carcinoma (cSCC). Dashes indicate an association
with increased risk, but of which there are insufficient data to estimate the
relative risk. RDEB: Recessive dystrophic epidermolysis bullosa.

c¢SCC are summarized in Table 1.

MOLECULAR PATHWAYS INVOLVED IN

THE DEVELOPMENT OF cSCC

Major pathways involved in the pathogenesis of SCC
of the skin are shown in Figure 1. Eatly inactivation of
both alleles for tumor protein 53 gene (IP53) has an
important role in the development of cSCC®™. TP53
mutations are observed in roughly 90% of all ¢SCCs
and these mutations occur mainly due to UV radiation.
Following inactivation of both TP53 alleles, a marked
expansion in simple mutations takes place making cSCCs
the human cancer with highest mutation rate known""!
Subsequently, epidermal keratinocytes undergo malignant
transformation and clonal expansion will occur which is
clinically manifested as the development of eatly in situ
SCC, actinic keratosis™”. In patients with xeroderma
pigmentosum, mutations in xeroderma pigmentosum
complementation group C, that lead to failure to re-
pair DNA, are the key event of ¢SCC development[33].
Melanocortin-1 receptor variants are associated with fair
skin, red hair and increased risk of developing melanoma,
and they are also an independent risk factor for devel-
opment of SCC of the skin”". In addition, telomerase
activity may be elevated in ¢SCC leading to immortaliza-
tion of tumor cells””. Moreover, inactivation of cyclin-
dependent kinase inhibitor 2A locus has been detected in
SCC of the skin®”. Moreover, loss of function mutations
of NOTCH-1 and NOTCH-2 genes have been noted in
75% of ¢SCCs emphasizing the importance of NOTCH
genes as tumor suppressors in these epithelial malig-
nancies””.

Chronic skin exposure to UV light results in DNA
damage and mutations in the genes mentioned above
leading to malignant transformation of keratinocytes.
Moreover, UV light can promote ¢SCC tumorigenesis
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Skin squamous
cell carcinoma

]

Telomerase

Figure 1 Pathways involved in the pathogenesis of cutaneous squamous
cell carcinoma. Originated from Madan et al® with permission. p53: Tumor
protein 53; CDKN2A: Cyclin-dependent kinase inhibitor 2A; MC1R: Melanocor-
tin 1 receptor; XPC: Xeroderma pigmentosum complementation group C.

and progression also #iz other mechanisms, such as immu-
. R . . 2838
nosuppression and inhibition of macrophage migration”*.

RECURRENCE AND METASTASIS OF

cSCC

SCC of the skin is often relatively rapidly growing, locally
invasive malignant tumor that has potential for recur-

rence and metastasis, with an overall 5-year recurrence
rate of 8% and a 5-year rate of metastasis of approxi-
mately 5%!"". The location and the size of the primary
tumor are relevant in the assessment of the risk of re-
currence and metastasis of a given tumor. Typical high-
risk anatomical areas are lips and ears, as ¢SCC in these
areas recur and metastasize at a rate of 10% to 25%. The
relatively low general risk of recurrence and metastatic
spread is markedly higher if the primary lesion is large,
as tumors with a diameter > 2 cm show a recurrence rate
of 15% and metastasis rate of 30%"". In certain cSCC
subtypes, such as as in tumors arising in chronic ulcers or
chronically injured skin, the risk of metastasis may be as
high as 40%™* 1n addition, certain histological features
of ¢SCC are known to be related to poor prognosis[]’4”.
These features are shown in the Table 2.

Although these clinical and histological risk factors
have been established, clinicians treating patients with
cSCC still do not have access to molecular tools to assess
the risk of recurrence and metastasis in a given patient.
Thus, novel molecular biomarkers would be of great
value in the risk assessment.

SEARCH FOR NOVEL BIOMARKERS FOR
c¢SCC PROGRESSION

In our own studies, we have searched for novel biomark-
ers for progression of cSCC. We have utilized a diverse
range of research methods to identify relevant candi-
date genes and tumor proteins. The first step has been
genome-wide expression profile analysis of ¢SCC cell
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lines »s normal human epidermal keratinocytesm]. Sec-
ondly, we have validated the expression profiling data at
the mRNA level with quantitative real-time polymerase
chain reaction™. Then, we have confirmed the findings
at the protein level with Western blotting™. As cultured
tumor cells represent only a selected portion of a given
tumor, we have collected a large panel of 7# vivo tissue
samples containing normal human skin, actinic keratoses,
¢SCCs in sitn (Bowen’s diseases) and ¢SCCs™*. These
formalin fixed, paraffin embedded samples were used for
immunohistochemical studies as tissue microarrays'™*,
In addition, we have used chemically induced mouse skin

. . . . 42]
carcinogenesis model for validation of our human data™.

ROLE OF MATRIX
METALLOPROTEINASE-7
IN ¢cSCC PROGRESSION

Matrix metalloproteinases (MMP) contribute to the ho-
meostasis of a variety of tissues and participate in many
physiological processes, such as proteolysis of extracel-
lular matrix in skin™. Upregulation of MMP expression
has been seen in many different types of cancers, includ-
ing cSCCH"*,

In recent studies, we showed that the expression
and production of MMP-7 is specifically elevated in
cSCCs™, Interestingly, MMP-7 expression was even

more abundant in the gs-RDEB-associated cSCCs rep-
[43]

resenting an aggressive subtype of SCC of the skin
Immunohistochemical studies revealed elevated MMP-7
expression especially in the invasive edge of the ¢SCC
tumors'™.

Furthermore, we studied the mechanistic role of
MMP-7 in ¢SCC and noted that MMP-7 activates hepa-
rin binding epidermal growth factor-like growth factor
(HB-EGF) in ¢SCC cells™. In functional studies, pro-
liferation of c¢SCC cells was suppressed when the acti-
vation of HB-EGF by MMP-7 was inhibited"’. These
findings provide mechanistic evidence for proposed
therapeutic effect of epidermal growth factor receptor
antagonists in treatment of advanced c¢SCCs.

SERINE PEPTIDASE INHIBITOR CLADE
A MEMBER 1 AS A NOVEL BIOMARKER
FOR PROGRESSION OF cSCC

Serine peptidase inhibitors (Serpins) constitute the largest
and most broadly distributed superfamily of peptidase
inhibitors described in humans™*", We studied the gene
expression levels of entire serpin family in cSCC cell

lines »s normal keratinocytes and found that expression
of SerpinAl, also known as l-antitrypsin, was markedly
elevated™. Furthermore, elevated SerpinAl expression
correlated with the tumorigenic potential of transformed
keratinocytes'”. Moreover, SerpinAl expression in SCC

. . . . 4]
tumor cells 7z vivo correlated with tumor progresslon[ 1
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Furthermore, SerpinAl expression was clearly more
abundant in gs-RDEB-associated ¢cSCCs representing
an aggressive subtype of cSCC™, To further verify the
role of SerpinAl in the progression of ¢SCC, we used
chemically induced mouse skin carcinogenesis model that
showed correlation with SerpinAl expression and pro-
gression of mouse skin scc™. Our findings cleatly dem-
onstrate that SerpinAl may serve as a useful biomarker
for progression of ¢SCC.

CONCLUSION

Although patients with ¢SCC in general do not have as
poor prognosis as those with melanoma, the impact of
cSCC to the quality of life of the patients, as well as to
the societies in general will be greater in the near future

due to the increased incidence of this malignant tumor
and the longer life-span of the population. To improve
the accuracy of diagnosis and the assessment of individ-
ual prognosis, there is a demand for novel biomarkers for
progtession of ¢SCC. We have identified potential bio-
markers for this purpose, but further research is required
to validate their feasibility in clinical practice. As cSCC is
not a uniform disease but rather a heterogenous group
of tumors, we assume that a single biomarker probably
will not be sufficient, but a panel of biomarkers is needed
for making clinical decisions. Finally, the power of pre-
ventive measures against skin cancer should not be un-
derestimated. For this purpose, physicians, together with
other healthcare professionals, must actively promote
public awareness of skin protection against excessive sun
exposure.
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