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Abstract. Non-melanoma skin cancer (NMSC) is the most
common type of neoplasm affecting Caucasian individuals,
with squamous-cell carcinoma (cSCC) being the second
most common type of NMSC after basal-cell carcinoma.
The immunohistochemical study of cSCC is of particular
importance, especially for the diagnosis of its rare forms, for
which accurate and early diagnosis is crucial for survival. In
the present review of the literature, the potentially significant
value of immunohistochemical markers were highlighted to
more accurately assess the biological behaviour, the prognosis
of ¢SCC and to optimize case management. The immunohis-
tochemical markers were classified from a pathophysiological
point of view in order to present the mechanism by which carci-
nogenesis occurs with its subsequent evolution and therefore, to
develop a more accurate novel risk staging criteria for this type
of neoplasm.
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1. Introduction

In the last 10 years, as a result of the collaboration
between various European experts in Dermatology and
Dermato-Oncology, it has been concluded that non-melanoma
skin cancer (NMSC) is the most common type of neoplasm
affecting Caucasian individuals and squamous-cell carcinoma
(cSCC) is the second most common type of NMSC after
basal-cell carcinoma. cSCC is a form of carcinoma charac-
terised by the proliferation of keratinocytes that occurs in a
long process of intraepidermal dysplasia (1). Previous data
indicated that there has been a significant increase in the
incidence of cSCC, especially in the fair-skinned elderly popu-
lation exposed to more chronic levels of ultraviolet radiation
(UV) (2). The chronic, cumulative exposure of UV in areas
such as the upper extremities, as well as advanced age, fair
skin and immunosuppression are the most important causal
risk factors for cSCC. Chronic exposure to UV radiation can
cause genetic mutations responsible for the degree of tumour
differentiation and tumour aggression.

The incidence of cSCC is constantly increasing worldwide,
but the precise causes are not known, and the primary reasons
underlying this shortcoming are the lack of registration of
diagnosed cases, heterogeneity of treatments and low mortality
rates (3). Although the vast majority of cSCC cases are curable
via surgical excision, a small percentage of patients with locally
advanced or metastatic cSCC may relapse and have a high risk
of mortality (4).
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There are several staging systems for cSCC [the American
Joint Committee on Cancer, 7th and 8th edition (AJCC 7,
AJCC 8) staging system, the Breuninger staging system (5), the
Brigham and Women's Hospital (BWH) staging system] (5-7),
with a number being difficult to use in clinical practices due to
the lack of uniformity of the evaluated criteria (5). For instance,
the AJCC 7 staging system comprises a number of elements
considered to be risk factors such as thickness, poor degree of
differentiation, perineural infiltration, involvement of the ear
or lower lip and level of invasion, while the AJCC 8 includes
tumour size, infiltration, deep invasion, perineural invasion
and bone erosion in cutaneous tumours of the head and neck
excluding those located in the eyelid. However, AJCC 8 excludes
the degree of histological differentiation, tumour stage and
associated risk factors in contrast to the Breuninger staging
system (5) and the Brigham and Women's Hospital staging
systems, which use clinical and pathological classification
and also associated risk factors (6,7). An easy-to-use system
for assessing tumour and prognosis based on the evaluation
of tumour parameters and the elements of disease aggression
would have a double benefit both in diagnosis and staging but
also in the application of personalised therapies. Considering
the importance of staging due to the risk of metastasis of
¢SCC, in the present review, the immunohistochemical aspects
of ¢cSCC were highlighted. The immunohistochemical study of
¢SCC is of particular importance, especially for the diagnosis
of its rarer forms, for which accurate and early diagnosis are
important for survival (5,6).

The present systematic review aimed to summarize the
literature on the immunohistochemical markers currently used
and/or studied for the accurate diagnosis and staging of cSCC.
As well as their incidence and treatment, the stratification
of the risk of ¢SCC is uncertain, and the aim of this review
was to highlight immunohistochemical markers that could be
incorporated into diagnostic criteria to more accurately assess
the risk, the prognosis of these tumours, the need for further
investigation and to guide adjustments to treatment plans.

The immunohistochemical markers from the reviewed
articles have been classified from the pathophysiological point
of view in order to represent the mechanism by which carci-
nogenesis occurs with its subsequent evolution and, therefore,
to develop a more comprehensive and representative novel risk
staging criteria for this type of neoplasm.

2. Search strategy and inclusion/exclusion criteria

Studies addressing both non-melanoma skin cancers and other
non-skin sites of cSCC were excluded. Studies addressing
¢SCC exclusively with immunohistochemical studies relevant
to the diagnosis and prognosis of this type of carcinoma were
included. The references in the articles obtained in the initial
search were evaluated to see if they were relevant or not for
inclusion.

A search strategy was developed using PubMed
(https://pubmed.ncbi.nlm.nih.gov/), ScienceDirect
(https://www.sciencedirect.com/), SpringerLink (https://link.
springer.com/), Wiley Online (https://onlinelibrary.wiley.
com/) and Elsevier (https://www.elsevier.com/), with the
following search terms to identify the scientifically relevant
papers for this systematic review: ‘Squamous skin cell

carcinoma’, ‘cutaneous squamous cell carcinoma’, ‘cSCC’,
‘immunohistochemistry’, ‘angiogenesis’, ‘cellular invasion’,
‘cellular infiltrate’ and ‘inflammation infiltrate’, with suitable
use of Boolean modifiers as appropriate.

The search strategy identified 63 articles of which
37 were deemed to be eligible for inclusion in this systematic
review. Of these, five studies addressed markers of epithe-
lial-mesenchymal transition (EMT), seven studies addressed
invasion markers, three studies addressed vascular prolifera-
tion markers, 17 studies focused on cell proliferation markers
and five studies addressed inflammation markers.

3. Macroprocesses involved in the development and/or pro-
gression of ¢SCC

EMT. EMT is a biological process that consists of multiple
biochemical changes of the polarised epithelial cell, which
typically interacts with the basement membrane. The epithe-
lial cell takes on the phenotype of a mesenchymal cell, which
includes increased migratory capacity, invasiveness, increased
resistance to apoptosis and increased production of extracel-
lular matrix components (8). EMT is a physiological and
important process involved in embryogenesis and healing.
In cancer, elements found in normal development have been
identified, and this observation supports the hypothesis that
cells ‘reactivate their developmental properties out of context
in adults’, thus contributing to carcinogenesis and in EMT
facilitating tumour progression (9). The specific co-localiza-
tion of markers associated with epithelial and mesenchymal
phenotypes suggests that the cells have partially undergone the
process of EMT (8).

A total of three types of EMT have been proposed: Type 1,
which is associated with implantation, embryo formation and
organ development; type 2, associated with healing, tissue
regeneration and fibrosis, in addition to inflammation; finally,
type 3, which occurs in neoplastic cells (8,10).

Invasion. Invasion is the first step in the metastasis of tumour
cells. Morphologically, invasion is the process by which
neoplastic cells detach from the tumour mass, and acquire
the ability to actively move and invade neighbouring tissues
through the basement membrane. EMT plays a key role in
tumour dissemination, but is not always necessary for inva-
sion and metastasis (10,11). Therefore, the occurrence of EMT
cannot always predict whether the tumour cell will migrate
at some point (11,12). Although the mechanisms of invasive-
ness have been well studied and described, to the best of our
knowledge, there is currently no validated panel of effective
markers for the identification of migratory cells in ¢SCC or to
assess their invasive potential (11).

The perineural region is the space between the nerve
fascicles and the perineurium. Cancer cells migrate around
the nerve or even invade the nerve. Perineural invasion (PNI)
is associated with a particularly poor prognosis, and patients
with PNI are more likely to possess distant metastases and
local recurrence (13).

Vascular proliferation. Tumour growth and the process
of metastasis is dependent on the formation of new blood
vessels. Tumours cannot grow >2 mm in diameter if they
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are not vascularised (14). Malignant cells can stimulate
angiogenesis or vasculogenesis, but tumour vascularization
is relatively less common (15). The vessels are perme-
able and dilated, and their organization appears random.
Angiogenesis is necessary not only for the continuation
of tumour growth, but also for neoplastic cells to become
vascularised, as well as for metastasis (14). Tumour angio-
genesis is a multifactorial process in which, in addition to
the factors that promote it [vascular endothelial growth
factor (VEGF), fibroblast growth factor (FGF), pan endo-
thelial marker CD34, endoglin (CD105) or mammary serine
protease inhibitor (maspin)], other growth factors, extra-
cellular matrix proteins and cellular adhesion molecules
are also involved. It takes place in several stages, which
are regulated by a complex interaction of stimulatory and
inhibitory factors. The angiogenetic stages include: Increase
in vascular permeability, destabilization of endothelial-peri
endothelial cell contact, enzymatic dissolution of the
vascular basement membrane, endothelial cell migration,
endothelial cell proliferation, lumen formation and, finally,
formation of a stable blood vessel (16).

The spread of malignant tumour cells through the
lymphatic system is of great clinical importance, and the state
of the lymph nodes influences the stage of the tumour, and
is often the basis for selection of an appropriate therapeutic
regimen. The markers of lymphatic proliferation include
podoplanin and VEGF receptor-3 (16).

Cellular proliferation. Cell proliferation plays a key role in cell
injury, including injury leading to neoplasia. Increased prolif-
eration and changes in the cell cycle are essential processes
required for successful carcinogenesis (17).

Inflammation markers. Tumour-infiltrating-lymphocytes
and other immune infiltrates in the peritumoral tissue have
prognostic relevance in several types of cancer (18,19). The
mechanisms by which local inflammation modulates the
tumour behaviour of invasive cSCC are not fully established;
however, the inflammatory tumour microenvironment is a
major determinant for the regression of in situ lesions and
the control of ¢SCC development in immunocompetent
patients (20,21).

4. EMT markers

The first study reviewed (22) addressing markers of EMT,
conducted in Korea, included the markers axis inhibi-
tion protein-2 (AXIN2) and Snail family of zinc-finger
transcription factors (SNAIL). AXIN2 enhances SNAIL
activity via the wingless-related integration site (Wnt)
signalling pathway. This study included 111 tissue biop-
sies from 93 patients without recurrence of the carcinoma
and 18 patients with recurrence after Moh's micrographic
surgery at 156 months. No patients exhibited distant
metastasis. A significant association was observed between
SNAIL expression in the expressing tissues and AXIN2,
and the clinicopathological significance was demonstrated
by the fact that the expression of both markers were detected
more frequently in patients with recurrence. Additionally,
the expression of AXIN2 and SNAIL was also correlated
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with the size of the tumour, with their expression being more
prominent in patients with larger tumours. Kaplan-Meier
survival curve analysis demonstrated that survival without
recurrence of cSCC was associated with tumour size, degree
of differentiation and expression levels of AXIN2 and
SNAIL. It was therefore concluded that these two markers
should be considered in predicting the risk of recurrence.
Unfortunately, this study had some limitations, such as the
lack of all information on >50% of patients (for example,
history of organ transplantation, diabetes and other types of
cancer) (22).

The nextlarge study by Toll e al (23) in Spain, with patients
who developed SCC between 2001 and 2011. EMT markers
were analysed in primary ¢SCC cases without metastases,
in those with metastases and in lymphatic metastases. This
retrospective study included 146 biopsies, of which 51 were
non-metastatic, 56 were metastatic and 39 were lymphatic
metastases. Immunohistochemistry (IHC) was performed
for the following markers: E-cadherin, vimentin, SNAILI,
B-catenin, Twist, Zinc finger E-box-binding homeobox 1
(Zebl), podoplanin and the AE1-AE3 cytokeratin panel.
Loss of membrane E-cadherin expression was observed
in metastatic and non-metastatic SCCs, with no signifi-
cant differences between the two. Conversely, the nuclear
localization of E-cadherin was predominantly observed
in metastatic SCC compared with non-metastatic SCC.
E-cadherin loss is associated with the release of B-catenin
from the adherens junctions, the adherens area and its trans-
location to the nucleus (23,24). Loss of cellular (3-catenin is
frequently observed in both metastatic and non-metastatic
SCC groups, but its nuclear localization has been detected
only in patients with metastases (23-25). Thus, p-catenin
is a very specific marker for risk assessment of metastases,
but its sensitivity is relatively low (33%). Additionally, the
acquisition of mesenchymal markers was studied and thus,
the presence of vimentin was observed immunohistochemi-
cally, and was revealed to be present in 67.9% of metastatic
and 31.4% of non-metastatic SCC tissues. The presence of
the EMT-associated transcription factors SNAIL, Twist and
Zebl were also assessed. Unlike the previous study, in the
cases reported by Toll et al (23), <1% cells were positive for
SNAIL and were thus considered negative for this marker.
Twist expression was revealed in 40% of metastatic SCCs,
whereas non-metastatic SCCs were all negative for Twist
expression. Finally, Zebl was observed in 48.1% of meta-
static and 19.6% of non-metastatic SCCs. Finally, increased
expression of podoplanin was observed in metastatic SCCs.
The study by Toll ef al (23) concluded that vimentin was a
more accurate marker for predicting metastatic risk compared
with loss of E-cadherin expression at the membrane, which
was later confirmed in 2014 by Barrette et al (26), and Twist
was an even more specific marker for the development of
lymphatic metastases (23,26).

Toll et al (23) in 2013 also demonstrated what was
concluded in the study conducted by Vinicius et al (27)
in 2011: E-cadherin expression is not correlated with the risk
of metastasis or survival, and that podoplanin is a promising
prognostic marker, the expression of which is correlated
with disease progression and indicative of the presence of an
aggressive tumour (23,27). Podoplanin has also stood out in
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Table I. Epithelial-mesenchymal transition markers.

Involved in

disease Prediction Prediction  Potential
First progression/ of risk of  of risk of  therapeutic
author (year) Markers Role/signalling pathway invasiveness recurrence metastasis target (Refs.)
Zhao (2020) AXIN2, AXIN2 enhances SNAIL + (22)
SNAIL activity via the Wnt
signalling pathway
(wingless-related
integration site)
Toll (2013) Nuclear + (23)
[-catenin
Hesse (2016) E-cadherin Marker of cancer invasion + (28)
in various types of cancer
Toll (2013), Loss of Expression of the members + (23,26)
Barrette (2014) membrane of the AKT signalling
E-cadherin pathway is decreased in
metastatic tissue compared
with the corresponding
primary tumour
Vinicius (2011) Cytoplasmic + 27
accumulation
E-cadherin
Toll (2013) Zebl + (23)
Toll (2013),
Vinicius (2011), Podoplanin Marker of EMT, single-cell + + + (23,27,28)
Hesse (2016) invasion
Toll (2013) SNAILL1 (23)
Toll (2013), Twist + + lymphatic (23,26)
Barrette (2014) metastases
Vinicius (2011) HER-4 EGFR, HER-2, HER-3 and + lymph 27
HER-4. Involved in cell node
proliferation, metastasis
differentiation, and
apoptosis

AXIN?2, axis inhibition protein-2; SNAIL, Snail family of zinc-finger transcription factors; Zeb1, Zinc finger E-box-binding homeobox 1;
HER, human epidermal growth factor receptor; EGFR, epidermal growth factor receptor.

subsequent studies as an independent marker of prognosis and
metastatic risk (28) (Table I).

5. Invasion markers

A 2006 study (13) addressed the nerve growth factor receptor
(p75N°FR) marker with the aim of determining its value
in detecting PNI compared with the non-specific serum
S-100 protein, which results in staining of a wide variety of
cells. The 2006 study (13) revealed that S-100 was useful and
easier to perform with regard to nerve detection. P75V was
not a more specific marker for the detection of PNI; however,
unlike S-100, which identifies axons, P75N°FR analysis tended
to stain the endoneurium and perineurium. This allowed the
assessment of the space between the two structures, a key

location for detecting PNI. Therefore, this study demonstrated
that p75~N®R | although non-specific, may exhibit potential as a
diagnostic marker due to its superior haematoxylin and eosin
staining sensitivity and may thus be used as an alternative or
adjunct to S-100 (13).

A study by Nissinen et al (29), which included
65 SCC cases, 65 in situ SCC cases, 31 actinic keratoses
cases, seven seborrheic keratoses cases and 16 normal skin
samples, examined the expression of claudin-11 in all these
samples. The conclusion of this study was that claudin-11 was
not expressed in the samples of in situ SCC, actinic keratosis
or in benign skin tumours (seborrheic keratosis). Additionally,
the expression of claudin-11 was negative in metastatic and
poorly-differentiated SCC cases. Its expression was positive in
well- and moderately-differentiated SCC samples. Therefore,
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claudin-11 may serve as a potential biomarker for analysis of
tumour progression to the invasive stage (29).

Focal adhesion kinase (FAK) and cortactin are two
proteins known for their role in cell migration and inva-
sion in other types of cancer (30,31). A study conducted by
Munguia-Calzada et al (32) in Spain, published in 2019, inves-
tigated the involvement of FAK and cortactin in metastatic
SCC compared with a control group of patients who possessed
tumours that had not metastasised. FAK expression in at least
1% of tumour cells was observed in 69 of the cases, and that of
cortactin in 54 of the 100 cases included in the study. Regarding
the relationship between the two proteins, no connection was
observed. The data from the study indicated that cortactin
expression was not correlated with lymph node metastases
and had no impact on the prognosis. Conversely, the positive
expression of FAK highlighted its value as a biomarker for the
stratification of metastatic risk and moreover, its value as a
therapeutic target has also been studied (32,33).

The study conducted by Rose et al (34) addressed the
expression of phosphorylated (p-)SSMAD?2 and p-SMAD3 as
potential markers. Of the 230 lesions examined, 225 were SCC
and five were keratoacanthomas. This study demonstrated
the link between invasive SCC and low TGF-f3 pathway
activity (the pathway in which SMAD2 and SMAD3 are acti-
vated) (34); however, given the limitations of the study this
was not a definitive conclusion and further investigation is
required (34).

A recent retrospective cohort study at the Mayo Clinic,
published in 2020, demonstrated that low immunohisto-
chemical expression of inositol polyphosphate-5-phosphatase
(INPP5A) was associated with a poor prognosis of cSCC (28).
INPP5A plays a role in the progression of actinic keratosis to
SCC, as well as from localised to metastatic tumour (29). Loss
of INPP5A expression in ¢SCC is correlated with aggressive
tumour behaviour and a more severe clinical presentation,
as demonstrated by Cumsky ez al (35) in 2019, in which it
was demonstrated that tumours with low expression levels
of INPP5SA were likely to exhibit high-risk characteristics (a
Brigham and Women's Hospital stage =T2a, tumours with
large diameter, moderate-to-poor differentiation, perineural
invasion), thus it became a potential immunohistochemical
marker for stratifying the risk of cSCC. The Mayo Clinic study
complemented the study by Cumsky er al (35), and it further
demonstrated the potential of evaluating INPP5A expression as
an adjuvant tumour marker for clinical management and risk
stratification of recurrent and metastatic carcinoma. However,
given the limitations of the study, including the small number
of patients, further research with larger cohorts are required to
determine whether INPP5A can be used as a biomarker for the
prognosis of patients with metastatic disease (35,36) (Table II).

6. Vascular proliferation markers

Angiogenesis is an important phenomenon in tumour evolu-
tion; however, the mechanisms underlying its occurrence
and its role in cSCC have not yet been identified. In 2011
Florence er al (37) published a study, which included both
¢SCC of varying degrees of invasiveness and actinic keratosis.
It examined the following membrane markers: CD34, which is
a pan endothelial marker, and CD105, also known as endoglin,
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a marker for neo-angiogenesis (37). CD34 can be used to
assess the tumour vascular bed, but not the status of angiogen-
esis. It also does not differentiate between the different stages
of carcinoma (37). CD105 is associated with proliferation and
can be induced by hypoxia, thus it has an important role in
vascular development and remodelling. It has been observed
that CD105 expression is lower in samples from patients with
chronic exposure of the skin to the sun compared with those
with squamous cell carcinoma, thus it may be used to indicate
progression. The results of the study by Florence er al (37)
have assisted in understanding the evolution of SCC in relation
to angiogenesis and in the identification of novel therapeutic
targets, in particular CD105 (37).

The following study, conducted in Romania at the
University of Medicine and Pharmacy Targu Mures and
published in 2015 (38), evaluated 38 cases of SCC, using
VEGF-A, cyclooxygenase-2 (COX-2), CD31, mammary serine
protease inhibitor (maspin), pl6 and discovered-on-gastro-
intestinal stromal tumour (DOG-1). The conclusion of this
study was that DOG-1/COX-2 interactions were responsible
for the sun exposure-independent carcinogenesis of ¢cSCC,
which could be influenced by androgens. In addition, in terms
of the potential therapeutic targets, DOG-1 positive cases
responded to anti-COX-2 therapy. Inhibition of angiogenesis
outside of these cases could be achieved with anti-maspin
medication (38).

The following two studies refer to lymphovascular prolif-
eration. In 2012 Toll ef al (39) used anti-podoplanin antibodies
(also known as D2-40) to evaluate metastatic squamous-cell
carcinoma with lymphovascular infiltrate. It aimed to identify
lymphovascular invasion in skin tumours. Podoplanin is a
non-specific vascular proliferation marker and is also involved
in EMT, but Toll et al (39) concluded that podoplanin could
be used to differentiate the lymphatic endothelium from that
of blood vessels, and was associated with the risk of metas-
tasis (39). The most recent study on this topic, published
in 2020, supported previous research on the presence of podo-
planin in ¢SCC, but further studies are required to outline in
detail how podoplanin can be used as a prognostic marker in
patients with cSCC (40).

7. Cellular proliferation markers

In 2009, Takahara et al (41) published a study based on the
hypothesis that the marker CDI0 (also known as neprilysin)
in peritumoral stromal cells contributed to cell proliferation
and the progression of cSCC. The results of the study on CD10
were as follows: Samples of normal skin, seborrheic keratosis
and actinic keratosis demonstrated no marker expression;
two of the 15 cases of Bowen's disease and keratoacanthoma
presented weak expression; and all cases of SCC clearly
presented strong CD10 expression in peritumoral stromal
cells. It was concluded that CD10-positive stromal cells
induced the migration of tumour-associated macrophages
(TAMs) and the decrease in the number of Langerhans cells in
the skin. These phenomena were strongly correlated with cell
proliferation, highlighted by analysis of Ki-67 expression (41).
In 2013 Yun et al (42) continued the study of the CD10 marker,
assessing its expression within tumour cells, not in the peritu-
moral stromal cells. They compared the presence of CD10 in
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Table II. Invasion markers.

Involved
in disease = Prediction Prediction Potential
First progression/ of risk of  of risk of therapeutic
author (year) Markers Role/signalling pathway invasiveness recurrence metastasis target (Refs.)
Lewis (2006) p75NCrR p75NCR marker (nerve + + + (13)
growth factor receptor),
increased detection of
Perineural invasion (PNI)
Lewis (2006) S-100 S-100 identifies axons, + + + (13)
stains the endoneurium and
perineurium, and reveals the
space between the two
structures, a key location for
detecting perineural invasion
Nissinen (2017) Claudin-11 Tight junction transmembrane + 29)
protein involved in cell-cell
adhesion, apoptosis and tumour
invasion via the p38 MAPK
signalling pathway
Munguia- FAK Involved in cell + lymph + (32)
Calzada (2019) migration and invasion node
metastases
Rose (2018) Low TGF-p signalling pathway + (34)
expression of activity (the pathway in which
INPP5A PO,- SMAD?2 and SMAD?3 are
SMAD2 and activated)
PO,-SMAD3
Cumsky (2019); Low A membrane-associated + + + (35,36)
Maly (2020) expression of type I inositol phosphatase

INPP5SA

FAK, focal adhesion kinase; INPP5A, inositol polyphosphate-5-phosphatase.

selected cases of actinic keratosis, Bowenoid actinic keratosis,
Bowen's disease and ¢cSCC. All cases of precursor lesions were
CDI10-negative, and eight of the 25 squamous cell carcinomas
(32%) were positive, suggesting that the presence of the marker
in epithelial tumour cells was possibly associated with its
proliferation and progression (42).

Regarding the Ki-67 marker mentioned above, in 2009
Kreuter et al (43) addressed its expression in invasive and
in situ SCC due to a- and B-HPV infections of the hands,
compared with an HPV-negative control group. Cells in the
HPV-positive tumours demonstrated considerably higher
Ki-67 expression compared with the HPV-negative cells,
particularly periungual cells. Therefore, high proliferative
activity, assessed by immunohistochemical staining of Ki-67,
was associated with the aggressiveness and risk of recurrence
of periungual cSCC (43). A study published in Romania,
conducted in Craiova by Marinescu et al (44) in 2016,
also assessed Ki-67 expression in all samples included as
follows: 20 of the 28 actinic keratoses (71.4%), two cases
of Bowen's disease (100%) and 54 of 61 squamous cell

carcinomas (88.5%) were positive. The involvement of the
p16 marker was also demonstrated in these two studies. In the
study of Kreuter ef al (43), pl6 expression was shown to be
present in a considerably higher percentage of HPV-positive
lesions compared with HPV-negative lesions, which may have
explained their increased aggressiveness (43,44).

In the study by Marinescu et al (44), p5S3 was examined,
which is physiologically a tumour suppressor; however, when
the encoding gene gathers certain mutations, it functions as an
oncogene, and may thus serve as a tumour marker. Therefore,
immunohistochemistry using Ki-67, p16 and p53 as markers
may assist in differentiation between precancerous lesions
and invasive SCC, and their expression supports the idea of
continuous evolution of these lesions, whereas their absence
suggests that other mechanisms are involved (44).

The next proliferation marker is insulin growth like
factor 1 receptor (IGF-1R), which has been revealed to be
predominantly associated with poorly differentiated SCC, and
numerous anti-IGF-1R drugs are under study for management
of inoperable tumours (45). Epidermal growth factor receptor
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(EGFR), whose activation promotes cell proliferation and
increases epidermal thickness and cellularity, is associated
with tumour progression and a poor prognosis. Anti-EGFR
therapies may be useful in select cases of metastatic carci-
noma, but further studies are required to establish this (46).

The clinico-pathological and prognostic implications
of the p300 marker in cutaneous squamous cell epithelium
were not studied until 2014. In a study by Chen er al (47),
all 165 samples demonstrated p300 expression, of which
79 47.9%) had low expression and 86 (52.1%) exhibited
increased marker expression. Thus, the increased presence of
the p300 marker was associated with aggressive traits, such as
lymphatic metastases, which have also been shown to be an
independent marker for a poor prognosis of the disease (47).

Another potential marker of proliferation, CD133, is
strongly expressed in cancerous stem cells, which possess the
ability to initiate and maintain tumour growth (48). In a study
by Xu R et al (49), 81 of the 165 carcinoma samples (49.1%)
had low CD133 expression and 84 had high expression (50.3%).
Therefore, CD133 was a useful biomarker that can be used to
assess the poor prognosis of the patients and can also serve as
a novel therapeutic target.

With regard to absent in melanoma 2 (AIM?2), a component
of the inflammasome, there is evidence of its involvement in
the progression of carcinoma. In normal skin samples, AIM2
expression was either absent or minimal, and in samples of
actinic keratosis, Bowen's disease and invasive SCC, its expres-
sion was low, moderate and increased, respectively. These
results suggest that AIM?2 is a biomarker for the progression of
premalignant lesions to invasive carcinoma (50).

One of the most widely studied markers in this category,
especially for differential diagnosis, is p63, a member of the
p53 family. Overexpression of p63 in SCC has led to the
conclusion that it plays an oncogenic role. In a 2007 article by
Ko et al (51), which included eight cases of SCC, p63 expres-
sion was evaluated, although it was a limited evaluation due
to a lack of tissues for immunohistochemical staining in their
study. Of the eight cases, six exhibited p63 staining and were
all considered positive for it. However, four cases presented
difficulties for a conclusive evaluation due to the atypical
presentation of SCC; a spindle cell subtype. p63 together with
cytokeratin MNF116 has been shown to assist in the diag-
nosis of cases of cSCC with atypical presentations of various
subtypes (51).

The study by Alomari er al (52) addressed the diagnosis
of poorly differentiated cutaneous SCC, which in most cases
is a challenge for pathologists. Control cases include atypical
fibroxanthoma, cutaneous leiomyoma and giant cell tumours
of the soft parts. The aim of their study was to compare an
isoform of p63, the p40 protein, with the other markers often
used for diagnosis (p63, CKMNF116) in terms of specificity,
and p40 proved to be superior (52).

The differential diagnosis is particularly important for
the rare types of cSCC, such as spindle cell type, which
is difficult to distinguish from atypical fibroxanthoma,
desmoplastic melanoma, leiomyosarcoma and dermatofibro-
sarcoma protuberans (53,54). Studies show that p63 and its
more specific isoform, p40, are the most important markers
of differentiating spindle cell squamous-cell carcinoma from
other control samples. Cytokeratin CK34BE12 (CK903) has
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also been shown to be promising for this purpose (54-58)
(Table III).

8. Inflammation markers

In a study by Tahakara et al (41) from 2009, CD68 expression
in dermal macrophages was predominantly positive in cases
of SCC compared with the precancerous lesions. By contrast,
Langerhans epidermal CDla cells were rarer in SCC compared
with the precancerous lesions (41)

Additionally, the leukocyte tumour microenvironment was
analysed in 2018 by Strobel er al (21), and anti-CD68 (macro-
phages), CD20 (mature B lymphocytes), CD8 (T-lymphocytes),
CD4 (helper T-lymphocytes, macrophages, monocytes and
dendritic cells) were used. This comparative study included
20 renal transplant patients and 18 immunocompetent patients,
and a low density of peritumoral inflammatory infiltrate
in renal transplant and immunocompromised patients was
observed (16).

CD4, CDS8 together with CD3 (T-lymphocytes), CD123
(plasmacytoid dendritic cells) and forkhead-box-protein 3
(FOXP3; regulatory T-lymphocytes) were analysed by
Miihleisen et al (59) in 2009, in which SCC samples from
43 immunocompetent patients and 42 transplanted and
immunocompromised patients were used. Low peritumoral
inflammatory infiltrate in immunocompromised patients indi-
cates a negative prognosis, with more aggressive neoplastic
growth and metastasis (59).

In a study by Pettersen et al (60) from 2011, it has
been shown that the marker CD163 is much more specific
compared with CD68 for identifying macrophages. It was
noted that in the same sample, cells that simultaneously
expressed CD163 and CD68 were highlighted, as well as
CD163* cells that did not express CD68. This translates
into the fact that CD163 has higher specificity and sensi-
tivity compared with CD68 for macrophages. Moreover,
CD68" cells exhibit double immunohistochemical staining
with CDl11c (dermal myeloid dendritic cells), which supports
the advantage of CD163 (60).

In 2015, Sandvik et al (61) studied the markers CDIll1c
(for dermal myeloid dendritic cells), CD303 (CLEC4C; for
dermal plasmacytoid dendritic cells), CD163 (macrophages)
and FOXP3 (T-lymphocytes) in immunocompromised
patients and a control group of immunocompetent patients.
Peritumoral CDl11c* labelled myeloid dendritic cells were
revealed to be fewer in immunocompromised patients. The
proportion of FOXP3* T-lymphocytes was also decreased
in this group. The number of macrophages was revealed to
be similar in both groups. Contrary to the previous article
published by Miihleisen et al (59), the number of plasmacytoid
dendritic cells, this time labelled with CD303, was similar in
both groups (61) (Table IV).

9. Conclusions

In conclusion, the present review summarized the literature
on IHC markers used for the diagnosis and staging of cSCC,
which may be of relevance as appropriate staging can provide
important insights into the extent of the disease and allow
for suitable treatment. In addition, characteristics such as the
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Table III. Vascular, lymphatic and cell proliferation markers.

Involved in

disease Prediction Prediction
First author progression/  of risk of of risk of therapeutic
(year) Marker Role/signalling pathway invasiveness  recurrence metastasis (Refs.)
Florence CD105 A marker for neo- + 37
(2011) angiogenesis. associated
with proliferation and can
be induced by hypoxia. It
has an important role in
vascular development and
remodelling as well
Ciortea Maspin Maspin cytoplasmic to + (38)
(2015) nuclear translocation
Ciortea DOG-1,COX-2  DOG-1/COX-2 interaction (38)
(2015) is responsible for the sun-
independent carcinogenesis
of cutaneous squamous-
cell carcinoma that can be
influenced by androgens
Toll (2012) D2-40 (anti- + tumour lymph + 39
podoplanin) vessel invasion
antibodies
Gulseren Podoplanin Involved in the EMT + tumour lymph (40)
(2020) vessel invasion
Takahara CD10 (neprilysin) Marker of stromal + 4142)
(2009); fibroblasts
Yun (2013)
Kreuter Ki67 Marker of proliferation + + + (43,44)
(2009);
Marinescu
(2016)
Oh (2014) IGF-1R Detected in the cell surface + 45)
membrane of well-
differentiated cSCC. It is
predominantly present in
the cytoplasm in
moderately differentiated
¢SCC, and is poorly
expressed in the nuclei of
tumour cells of poorly
differentiated cSCC
Canueto EGFR Promotes cell proliferation + + lymph (46)
(2017) and increases epidermal node
thickness and cellularity metastasis
Chen (2015) p300 marker Transcriptional coactivator + + lymph 47
participates in the node
regulation of a wide range metastasis
of cell biological processes
Xu (2016) CD133 Initiates and maintains + (49)

tumour growth

DOG-1, discovered-on-gastrointestinal stromal tumour; COX-2, cyclooxygenase-2; EMT, epithelial-mesenchymal transition; cSCC, squa-

mous-cell carcinoma.
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Table IV. Markers of inflammation.

Involved in
disease Prediction Prediction Potential

First author progression/ of risk of  of risk of therapeutic
(year) Marker Role/signalling pathway invasiveness recurrence metastasis target (Refs.)
Farshchian AIM2 Progression of + + (50)
(2014) premalignant lesions to
invasive carcinoma
Ko (2008), p63,p40, p63, a member of the + + (51,52,54-58)
Alomari CKMNF116, pS3 family, is
(2014), CK348E12 expressed as two
Morgan (CK903) distinct isoforms
(2008), [ANp63 (p40) and
Dotto TAp63]. p63, p40 and
(2006), CK903 are important
Hall markers used for
(2008), differentiating spindle
Gleason cell squamous-cell
(2009), carcinoma from other
Ha (2014) lesions
Takahara, CDI10,CD68 CD10 marker for + 41
(2009) stromal fibroblasts,

CD68 marker for
dermal macrophages

Strobel A decrease in Anti-CD68 markers + 21)
(2018) immune cell (macrophages), CD20
infiltrates (mature B
lymphocytes), CD8
(T lymphocytes),
CD4 (helper T
lymphocytes,
macrophages,
monocytes, dendritic cells)
Miihleisen, A decrease in CD3, CD4, CDS8, FOXP3, + + 59)
(2009) perineoplastic CD123 and STAT1 in
inflammatory immunocompromised
infiltrate individuals
Pettersen  CD163* and CD163*TAMs + (60)
(2011) CD68* TAMs produced pro-tumoral

factors MMP9 and
MMP11, at the gene
and protein levels
Sandvik A decrease in + (61)
(2015) CDl1c in dermal
myeloid dendritic
cells

AIM2, absent in melanoma 2; FOXP3, forkhead-box-protein 3; TAMs, tumour-associated macrophages.

size of tumour, thickness, tumour depth, margins, histological In the studies reviewed, some of the IHC markers have
grade, histological subtype, perineural and lymphovascular ~ proven useful in diagnosing cutaneous poorly differentiated
invasion are valuable predictors of disease progression and  SCC, for example: p63, p40, CKMNF116 and CK34BE12
disease-specific death. (CK903) (51,52,54-58).
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IHC markers that allow for prediction of the aggressive-
ness, invasiveness and risk of tumour progression included
markers of mesenchymal epithelial transition [E-cadherin (27),
podoplanin (23,26-28) and Twist (5,23)], markers of inva-
sion [p75N9FR S-100 (13), Claudin-11 (29), INPP5A (34-36)],
markers of vascular/lymphatic cell proliferation [CD105 (37),
DOG-1, maspin (38), anti-podoplanin antibodies (23),
CDI0 (41,42), IGF-1R (45), EGFR (46), p300 marker (47) and
CD133 (49)] and inflammatory markers [AIM2 (50), CD10,
CD68 (41), a decrease in immune cell infiltrates (21), reduced
peri neoplastic inflammatory infiltrate (59), TAMs, CD163,
CD68 (60) and CD1lIc (61)].

In prediction of the risk of recurrence, EMT markers
[AXIN2 and SNAIL (22)], invasion markers [S-100,
p75NCGFR (13), INPP5A (35,36)] and Ki-67, a proliferation
marker (43,44) hold value.

To predict the risk of metastasis, EMT markers [nuclear
B-catenin (23), E-cadherin (23,26,28), Zebl (23), podo-
planin (23,27,28), Twist (23,26) and human epidermal growth
factor receptor 4 (27)], invasion markers [p75~N°FR, S-100 (13),
FAK (32) and INPP5A (35,36)], proliferation markers
[anti-podoplanin antibodies (23), Ki-67 (43,44) EGFR (46),
p300 marker (47),and a lower density of peri-neoplastic inflam-
matory infiltrate in immunocompromised individuals (59)
may have predictive value.

The therapeutic targets identified included podoplanin (a
marker of EMT) (23,27,28), FAK (a marker of invasion) (32),
CDI105 (37), cytoplasm to nuclear translocation of maspin,
DOG-1 (38), IGF-1R (45), EGFR (46), CD133 (all markers of
proliferation) (49) and AIM2 (a marker of inflammation) (50).

Molecular mechanisms, as determined by the expression
of certain immunohistochemical markers, may be useful
in diagnosing atypical forms of cSCC and highlighting the
specific features of aggressive tumours. Therefore, the present
study placed an emphasis on the importance of understanding
the pathophysiological mechanisms at the different stages of
evolution and progression of SCC.

The primary limitation of the present systematic review
arises from the design of the included studies (observational
but also experimental studies), the heterogeneity of the
studies (human tissue probes and also cell line studies), and
the large differences between the number of cases included
in each of these studies. Due to the limitations of most of
the analysed studies, no final conclusions can be postulated.
Further studies are required to better understand the value
of these immunohistochemical markers, and also for the
discovery of novel biomarkers and more adequate thera-
peutic strategies. Newer therapies, such as targeted therapy
and immunotherapy used for SCC cases with limited treat-
ment options are evidence of the value of deciphering the
biological behaviours of cSCCs. Understanding the molecular
mechanisms underlying the development and progression
of cSCC, as well as highlighting the value of IHC markers
with a role in disease progression, may be the basis for the
discovery of novel biomarkers and development of improved
therapeutic strategies.
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