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Epithelial-mesenchymal transition (EMT) is involved in physiologic processes such as embryogenesis and wound healing. A similar
mechanism occurs in some tumors where cells leave the epithelial layer and gain mesenchymal particularities in order to easily
migrate to other tissues. This process can explain the invasiveness and aggressiveness of these tumors which metastasize,
by losing the epithelial phenotype (loss of E-cadherin, desmoplakin, and laminin-1) and acquiring mesenchymal markers
(N-cadherin). Complex changes and interactions happen between the tumor cells and the microenvironment involving different
pathways, transcription factors, altered expression of adhesion molecules, reorganization of cytoskeletal proteins, production of
ECM-degrading enzymes, and changes in specific microRNAs. The purpose of this review is to determine particularities of the
EMT process in the most common malignant cutaneous tumors (squamous cell carcinoma, basal cell carcinoma, and
melanoma) which still have an increasingly high incidence. More studies are required on this topic in order to establish clear
correlations. High costs related to skin cancer therapies in general as well as high impact on patients’ quality of life demand
finding new, reliable prognostic and therapeutic markers with significant public health impact.

1. Introduction

Epithelial-mesenchymal transition (EMT) is a complex
biological process by which epithelial cells acquire special
properties that make them more capable of undergoing
embryogenesis and promoting normal wound healing. In
contrast with these two physiologic aspects, EMT can also
take place in the late carcinogenesis, promoting tumor pro-
gression and metastasis. During EMT, epithelial tumor cells
leave their differentiated properties in order to obtain a
mesenchymal-like phenotype, that makes them more inva-
sive and more aggressive, allowing them to migrate into the
surrounding tissues [1].

The hallmarks of EMT in vitro and in vivo include the
acquisition of a spindle-like/fibroblastic morphology, the
upregulation of mesenchymal markers and extracellular
matrix components, the downregulation of epithelial cell
surface markers and cytoskeleton components, and the
upregulation and/or nuclear translocation of specific tran-
scription factors (i.e., Snail, Slug, Zeb1/2, and Twist1/2) [2]
(Figure 1).

EMT implies losing cell-cell junctions and cell polarity.
During this process, both gap and adherent junctions are
lost. Cadherin-mediated adhesion is a dynamic process that
is regulated by several signal transduction pathways. There
is also evidence that cadherins are not only targets for
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signaling pathways that regulate adhesion but also may
themselves send signals that regulate basic cellular pro-
cesses, such as migration, proliferation, apoptosis, and cell
differentiation [3, 4].

All these changes lead to the loss of basal membrane
integrity. Moreover, there are cytoskeletal changes regarding
the distribution of actin and the replacement of the cytoker-
atin filaments with vimentin [5, 6].

Single cells can invade lymphatic and hematogenous
routes and induce distant metastasis. This phenomenon is
facilitated by a decreased expression of E-cadherin, a subtype
of cell adhesion molecule expressed by the epithelial cells.
This protein is considered a key epithelial marker with tumor
suppressor function that inhibits invasion and metastasis.
A proof for this is a low transcription of its gene in vari-
ous malignancies [7]. Moreover, other epithelial markers
(cytokeratin, desmoplakin, entactin, and laminin-1) are lost
and the cells acquire a mesenchymal phenotype through an
increased expression of mesenchymal markers (neural
cadherin (N-cadherin), vimentin, fibronectin, and smooth
muscle actin alpha (α-SMA)) [1]. It has been shown that
these cells with mesenchymal phenotype are often found in
the invasion front of primary tumors being involved in inva-
sion and metastasis processes [8].

The EMT process is controlled and enhanced by various
transcription factors depending on the skin tumor (such as
Zeb, Twist, Snail families, and podoplanin), expressed not
only by cancer cells but also within the tumor microenviron-
ment. The microenvironment, also known as the tumor
stroma, is composed of tumor-associated macrophages
(TAM), cancer-associated fibroblasts (CAFs), lymphocytes,
and many other immune cells, that were proved to favor
tumor progression and dissemination [9].

Snail and Zeb directly lower E-cadherin expression [10]
while other factors, as Twist, have an indirect effect [11].
The maintenance of the epithelial cell polarity is provided
by three protein complexes: Par, Crumbs, and Scribble, regu-
lated by the EMT inductors [12]. During EMT, epithelial cell
polarity is lost as a result of the Snail 1 suppressor action on
Crumbs3 transcription and the loss of Par and Crumbs pro-
tein complexes at a junction level [13]. Zeb1 also has suppres-

sive action on gene transcription of cellular polarity by
inhibiting Crumbs3 and other genes [14]. TGFβ plays an
important role in the loss of cellular polarity in the EMT
process, on the one hand, by expressing the Snail and Zeb
genes and, on the other hand, by modifying the cytoskeletal
architecture [15]. Snail and Zeb transcription factors pro-
mote invasion by the expression of matrix metalloproteinases
(MMPs) that play a role in destroying the basement mem-
brane. Moreover, MMP3 stimulates the production of reac-
tive oxygen species, thus inducing Snail1 expression and
ultimately triggering EMT [16]. Transcription factors confer
malignant traits, such as motility, invasiveness, and resis-
tance to apoptosis on neoplastic cells [10, 17–21].

The EMT process can be reversible as the mesenchymal
cells become epithelial cells when they reach the secondary
sites. This process known as mesenchymal-epithelial transi-
tion (MET) facilitates the formation of metastasis [1].

Another process involved in cancer metastasis is collec-
tive cancer invasion, in which a group of neoplastic cells, with
preserved cell-cell adhesion, move away from the primary
tumor. In this case, only a few cells suffer EMT, in order to
head the entire group [22–24].

Being so evident of the implication of EMT in cancer pro-
gression, in aggressiveness, the aim of this review is to assess
different aspects of EMT in the most commonmalignant skin
tumors (squamous cell carcinoma (SCC), basal cell carci-
noma (BCC), and melanoma) whose incidence is alarmingly
increasing but still with limited therapeutic targets.

2. EMT in Cutaneous SCC

Cutaneous squamous cell carcinoma (cSCC) is easily treated
and the cure rate is high, but there are cases where metastasis
can occur. An accurate clinical exam correlated with a histo-
logical and immunohistochemical investigation can establish
the biomarkers involved in the development and evolution of
this malignancy and reveal the appropriate treatment for
each patient.

EMT in the setting of cSCC is a process far from being
completely understood. As within other skin cancers, the
phenomenon has been explained through two important
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Figure 1: Epithelial-mesenchymal transition hallmarks.
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aspects in the cSCC metastasis process: on the one hand, the
loss of the expression of epithelial markers in order to invade
and disseminate from the primary tumor, on the other hand,
the need to revert to an epithelial identity in order to form
metastases to distant sites [8]. This hypothesis could have
major implications for the management of cSCC, question-
ing whether therapeutic agents that inhibit EMT [25] or ther-
apeutic agents that inhibit the reversion of EMT [26] would
be more appropriate to be used as a treatment. Animal model
studies are expected to play major roles in assessing different
management strategies designed for skin carcinomas [27].

Often involved in the transformation into a
mesenchymal-type phenotype is the acquisition of vimentin
and the loss of cell-cell attachment molecules E-cadherin
and beta-catenin [26, 28, 29]. Adhesion proteins such as
E-cadherin are essential in maintaining cellular integrity.
Results from studies demonstrating a reduction in the
expression of membranous E-cadherin on cSCC cells, when
compared to precursor cSCC lesions and normal skin, indi-
cate EMT as an important process in cSCC progression
[30]. Membranous E-cadherin is bound to beta-catenin,
which is released when the former is downregulated and
can translocate to the nucleus, being able to activate genes
involved in proliferation and invasive growth [31]. Membra-
nous E-cadherin expression appears to be correlated with the
degree of tumor differentiation, with upregulation in well-

differentiated SCCs and attenuated or missing staining in
poorly differentiated tumors [24, 32]. Instead, poorly differ-
entiated SCCs seem to have a high cytoplasmic expression
of E-cadherin [24]. This translocation from the membrane
to the intracytoplasmic region is regarded by many as func-
tional loss of this adhesion molecule, attenuating cellular
integrity and thus, promoting malignant transformation
and metastasis in the setting of EMT [33–36]. Further evi-
dence that point to EMT as a tumor progression indicator
in cSCC is delivered by studies showing a decrease of
membranous E-cadherin in corresponding lymph node
metastases when compared to primary cSCCs [24, 37]. The
membranous downregulation is again accompanied by
increased cytoplasmic staining [24, 34].

We will shortly review herein the most important factors
reported to influence EMT in cSCC (Figure 2).

Aberrant expression of several transcriptional repressors
including Zeb1, Slug, and Twist induces E-cadherin down-
regulation at the invasive cancer front [38, 39]. These
EMT-related proteins can also be expressed by cells from
the tumor stroma, such as cancer-associated fibroblasts
(CAFs). Activated CAFs are believed to promote tumor pro-
gression and decrease patient survival [40–42]. Sasaki et al.
analyzed the expression of proteins related to EMT and
CAF in different skin cancers, showing that the microenvi-
ronment at the tumor invasive front shows different specific
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expression patterns in cutaneous BCC, SCC, and MM [9].
High expression levels of podoplanin, PDGFRβ, CD10,
S100A4, α-SMA, Zeb1, Slug, and Twist were obtained in
the group of cSCCs. The result could represent a useful panel
of biomarkers in order to assess skin cancer invasiveness [9].

The contribution of the tumor microenvironment to
tumor invasiveness and metastasis is also portrayed by the
role of tumor-associated macrophages (TAM). They are
shown to induce Snail promoter activity and EMT in MCF-7
breast cancer cells via TNF-α [43] and have been found in
higher numbers in cSCC and Bowen’s disease (BD) when
compared to precancerous lesions [44]. In addition, the cell
surface zinc-dependent metalloprotease CD10, expressed in
the peritumor fibroblast-like stromal cells of the invasion
front of variousmalignancies [45–48], appears to be increased
in cSCC compared to precancerous lesions.

Podoplanin, a mucin-type transmembrane glycopro-
tein, mediating cellular contractile properties and cytoskel-
etal reorganization, is upregulated at the leading edge of
the tumor in metastatic and poorly differentiated cSCC
[24]. Studies comparing primary nonmetastatic cSCC, pri-
mary metastatic cSCC, and their corresponding lymphatic
metastases demonstrate podoplanin, Twist, Zeb 1, vimen-
tin, and beta-catenin overexpression in metastatic cSCC,
with Twist ectopic expression inducing Zeb1, vimentin,
and podoplanin expression and also E-cadherin delocaliza-
tion, resulting in scattered migration pattern in vitro [33].
However, EMT marker expression was decreased in metas-
tases compared to the corresponding primary tumors [33].
Overexpression of podoplanin represented a statistically
independent prognostic factor for disease-free survival in
other studies [24].

PGE2–EP2 signaling pathway is also believed to play
an important role in EMT mediation by contributing to
E-cadherin downregulation during ultraviolet- (UV-)
induced cSCC progression [35]. Cyclooxygenase 2 (COX-2)
overexpression in cSCC and precursor lesions was reported
in various studies [49–52], and it seems to occur together
with inactivation of E-cadherin [53].

B7-H1 (CD274), a T-cell coinhibitory molecule, often
expressed in human carcinoma cells, believed to be impli-
cated in the immune escape process also appears to favor
EMT. Murine models studied by Cao et al. investigating
its expression in a murine methylcholanthrene- (MCA-)
induced model of SCC revealed that upregulation of
B7-H1 in skin epithelial cells downregulates E-cadherin
and upregulates Slug and Twist, promoting EMT [54].

Visinin-like protein 1 (VILIP-1), a neuronal calcium
sensor protein, putative tumor migration suppressor gene,
modulating cyclic nucleotide levels and inducing cell differ-
entiation, appears to be involved in the process of EMT in
cSCC. Studies on SCC mouse model cells by Schönrath
et al. found that VILIP-1 suppresses the expression of the
EMT-related transcriptional repressor Snail1 in a cAMP-
dependent manner [55]. The induction of Snail is inhibited
by elevated cAMP levels [55]. Mahloogi et al. used also
murine cSCC cells and reported that ectopic expression of
VILIP-1 in high-grade SCC lines that did not express
VILIP-1 increased cAMP levels, decreased MMP9 and RhoA

activity, reducing the invasiveness of the SCC cells [56].
Gonzalez Guerrico et al. suggested that VILIP-1 reduces cell
adhesiveness, migration, and invasiveness thorough decreas-
ing fibronectin-specific integrin [57].

In spite of the majority of studies gathering over-
whelming proof of EMT implication in cSCC progression,
conflicting results by few studies indicate high, predomi-
nantly membranous expression of E-cadherin in primary
cSCC and cSCC skin metastases. These results dispute
the implication of EMT in SCC progression favoring the
hypothesis of collective cancer invasion [24]. In this pro-
cess, adherent cell groups are believed to detach from the
primary tumor, favoring malignant transformation and
metastasis. Therefore, E-cadherin upregulation is essential
to maintain cellular integrity. However, even in this setting,
a small number of cells at the leading edge of the adherent cell
complex presumably undergo EMT, in order to provide
guidance [24].

2.1. Discussions. Different authors have analyzed the role of
EMT in cutaneous squamous cell carcinogenesis, using
human and animal models, highlighting the expression and
activity of epithelial andmesenchymal markers, transcription
regulatory factors, and relevant intra- and extracellular
pathways.

We identified studies that have investigated EMT con-
tribution to skin SCC mechanisms, current topics of high
concern for medical and scientific research. Thus, there is
evidence of EMT involvement in actinic keratosis progres-
sion into invasive cSCC [58], EMT upregulation in the
invasive cSCCs compared to normal skin and with cSCCs
in situ [30, 59], a particular immunohistochemical pattern
of EMT-related protein expression in SCCs [9], and EMT
reversion at distant metastasis sites [8, 26].

New insights into the mechanisms of metastasis in SCCs
may reveal the distinct contribution of collective cancer inva-
sion and single-cell invasion pathways, in order to optimize
the treatment strategy of these patients.

3. EMT in Basal Cell Carcinoma

EMT is also a critical regulator in the progression of cancer
metastasis in BCC through SOX2 expression that regulates
the EMT processes and proliferation of BCC cells. Some
studies showed that overexpression of SOX2 promotes
human cancer cell proliferation mainly through promoting
migration and invasion via PI3K/AKT by increasing MMP2
expression. In BCC, downregulation of SOX2 leads to low
expression of SRPK1 which inhibits the PI3K/AKT signaling
pathway decreasing migration and invasion. These data sug-
gest that SRPK1 may be a direct target of SOX2-induced
EMT processes in BCC cells as reduced expression of SOX2
may lead to suppression of BCC metastasis (Figure 3). This
could be an explanation of why BCCs are usually less aggres-
sive. However, in the very few cases when BCC becomes
invasive, it was reported that activation of the PI3K/AKT sig-
naling pathway may abrogate the effects of SOX2 knockdown
on BCC cell migration and invasion [60].
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Papanikolaou et al. found in all 100 cases of human BCC
in their study that ILK (Integrin-Linked Kinase) was overex-
pressed and it was strongly correlated with tumor invasion
and also with EMT features (loss of E-cadherin, Snail, nuclear
β-catenin, and α-SMA expression) [61].

Majima et al. showed that tumor cells were positive for
Twist1 at the invasive front of the primary tumor, whereas
the tumor cells centrally were negative for Twist1.

In nonmetastatic BCC (nodular BCC), tumor cells were
Twist1 negative. Double immunofluorescence stains for
E-cadherin and N-cadherin showed that E-cadherin was
prominently expressed in nodular BCC, whereas this epithe-
lial marker was markedly decreased in the tumor cells of met-
astatic BCC. For N-cadherin, the tumor cells were negative in
nodular BCC andmarkedly positive in tumor cells at the inva-
sive front of metastatic BCC. Twist1 and N-cadherin were
highly expressed in metastatic tumor cells, and E-cadherin
expression was markedly decreased in the metastatic tumors.
Twist1 is capable of promoting EMT, contributing to aggres-
sive invasion and multiple organ metastases. The expression
levels of Snail, a direct transcriptional repressor of E-cadherin,
the other transcription factor have been shown to correlate
with the depth of tumor invasion in BCC [62].

Tumors of epithelial origin can express transcription
factors Snail and Twist1, or the cell adhesion molecule
N-cadherin as a mesenchymal marker.

3.1. Discussion. The association of SOX2 expression with the
progression of other several human cancer cells has been
reported [63–65] but the role of SOX2 in these cancers
remains controversial [66] as Yang et al. [67] reported that
SOX2 promotes the migration and invasion of laryngeal can-
cer cells by induction of MMP2 via the PI3K/AKT/mechanis-
tic target of the rapamycin pathway, while Yoon et al. [68]
indicated that overexpression of SOX2 is associated with bet-
ter overall survival in squamous cell lung cancer patients
treated with adjuvant radiotherapy.

The SRPK1/PI3K/AKT pathway may be involved in the
role of SOX2 in the migration and invasion of BCC cells,
and this is why SOX2 may be a novel potential therapeutic
target for BCC [60]. SRPK1 is a protein that is dysregulated
also in other types of cancer, and this is why SRPK1 inhibi-
tion is considered a potential therapeutic target in prostate
cancer [69]. A study indicated that SRPK1 has a critical role
in the EMT process of human glioblastoma too [70]. It was

demonstrated that SRPK1 functions as an oncogene by pro-
moting the activation of PI3K/AKT signaling [71], a pathway
involved in the development and progression of human
cancer, very well described in lung cancer [72–75].

Meanwhile, knockdown of SOX2 inhibits BCC cell prolif-
eration by upregulating E-cadherin expression and also by
lowering vimentin and fibronectin and also by downregula-
tion of the SRPK1-induced EMT signaling pathway [60].

The immunofluorescence assay also confirmed the effects
of SOX2 knockdown and overexpression on the epithelial
and mesenchymal marker expression levels in BCC cells.
SRPK1 overexpression canceled the SOX2 knockdown-
inhibited EMT processes of BCC cells. These data suggest
that SRPK1 is a direct target of SOX2-induced EMT pro-
cesses in BCC cells [60].

Aberrant expression of E-cadherin, nuclear beta-catenin,
and alpha-SMA correlated with BCC tumor invasion.

In BCC expression, levels of Snail were correlated with
the depth of tumor invasion, whereas in cSCC, there is no
significant expression of Snail.

4. EMT in Melanoma

Melanocytes are cells derived from neuroectoderm, and dur-
ing their migration to the epidermis, in the fetal period, they
undergo numerous changes similar to EMT-MET ones, thus
preserving some particularities. Because of their different
origin than the other epidermal cells, melanoma cells were
observed to experience a distinct EMT development than
other tumor cells derived from the epidermis.

Normally, keratinocytes keep melanocytes from leaving
the epidermis through E-cadherin, which is a cell-cell adhe-
sion molecule not present between melanocytes [76, 77]. This
molecule is no longer expressed when melanoma cells leave
the epidermal layer, suggesting that they lose their epidermal
properties, acquiring new specific mesenchymal changes
which promote melanoma’s invasiveness and progression
[78–80]. In a study of Diana et al. which included nevi and
dysplastic nevi, the other cell-cell adhesion molecule involved
in the EMT, N-cadherin, was present only in the dermal
component, being absent in the epidermal or junctional
areas, highlighting the idea that its positivity shows a poten-
tial malignant transformation of nevi [81].

In melanomas, it has been observed that when switching
from radial growth phase (RGP) to vertical growth phase
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SOX2  via MMP2  Invasion
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Figure 3: SOX2 pathway in cancer cells (a) vs. BCC cells (b).
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(VGP), there is downregulation of E-cadherin, P-cadherin,
and H-cadherin expression, explaining the loss of keratinocyte
control over melanoma cells. This is how melanoma cells are
gaining properties to evade the epidermis [82–84]. Mela-
noma is believed to progress characteristically by alternating
between proliferative and invasive states, the presence of both
types of melanoma cell phenotypes in the same tumor being
the main argument [85, 86].

Several pathways are incriminated in the EMT: RAS/-
RAF/MEK/ERK, PI3K/AKT/mTOR, Wnt/β-catenin, and
Transforming Growth Factor β (TGFβ), Src—and subse-
quently their effectors, transcription factors—such as
microphthalmia-associated transcription factor (MITF),
SOX Family, Snail, Slug, Twist, Zeb, and NFκB [2]. An illus-
trative overview of the progression, migration, and invasion
pathways and key points in the EMT of melanoma is
described in Figure 4.

Caramel et al. proved in their study that there is a switch
in EMT transcription factors between Snail2 and Zeb2 which
are found in normal melanocytes and Zeb1 and Twist1 seen
in melanoma, changes acquired through the MEK/ERK
oncogenic pathway. These modifications were seen to be
happening gradually starting from the superficial areas of
the melanomas, respectively, from the cortical area of the
lymph node metastases (Zeb2/Snail2 positive and Zeb1/-
Twist1 negative) until the deeper parts of the tumor and
the medullar part of the metastatic lymph nodes (Zeb2/Snail2
negative and Zeb1/Twist1 positive) [87].

MITF, which is a transcription factor involved in mela-
nocyte development and differentiation, was found to be reg-
ulated by Zeb2. The switch between Zeb2 and Zeb1 inside the
melanoma was observed to be correlated with reduced

expression of MITF and consequently with tumor progres-
sion [87, 88].

The interaction between beta-catenin, lymphoid
enhancer-binding factor 1 (LEF1), and transcription factor
4 (TCF4) was studied in order to see its effects on melanoma.
It was observed that the increase in TCF4 and decrease in
LEF1 was associated with an invasive transformation of mel-
anoma, in contrast with epithelial tumors where the upregu-
lation of beta-catenin interaction factor LEF1 was seen to
promote EMT [89, 90]. The Wnt signaling pathway controls
the complex beta-catenin/LEF1 resulting in the regulation of
MITF [91].

Another pathway believed to be involved in the EMT of
melanoma cells is the oncogenic Notch pathway; however,
therapy with Notch inhibitors was not effective on metastatic
melanoma until now [92]. The Notch1 signaling pathway
increases N-cadherin expression in mesenchymal melanoma
cells. As a consequence, the malignant melanocytes acquire a
more aggressive phenotype by increasing their invasiveness.
Diana et al. observed that while a high presence of Notch1
or N-cadherin alone in the melanoma or the metastases did
not bring any significant correlations with overall survival
of the patients. The high expression of both Notch1 and
N-cadherin in the same lesions correlated with poor prog-
nosis. The authors suggest that this coexpression should be
taken into account as a prognostic factor for melanoma
patients [81].

In contrast to Notch1, Notch4 was seen to induce oppo-
site changes in melanoma cells, reexpressing epithelial
markers (MET-like changes as explained in the introduc-
tion). By increasing E-cadherin expression and decreasing
Snail2, Twist, vimentin, and MMP2 expression, Notch4
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reverts the progressive and invasive pattern of EMT and suc-
ceeds in tumor suppression. This is believed to be a reason for
the yet unsuccessful therapy with Notch inhibitors [93].

Podoplanin, introduced in the paragraph about SCC, is
another researched molecule believed to play different roles
in the EMT of some cancers, by losing epithelial-specific
markers such as E-cadherin and gaining mesenchymal
markers, among which are N-cadherin and fibronectin [94].
It was found to be absent in normal melanocytes and fibro-
blasts, but present in almost 69% of the melanoma patients
studied by Kan et al., yet without any significant correlation
with tumor progression or overall survival. However, they
observed a worse prognosis and a higher risk for metastases
for melanomas with podoplanin positive tumor-associated
fibroblasts, suggesting its role as a potential prognostic
marker and therapeutic target [95].

As far as immune cells and EMT are concerned, mela-
noma cells exhibit an interesting particularity. When the
change in phenotype is acquired, epithelial to mesenchymal,
tumor antigens modify, thus escaping immune surveillance.
This is why it is important to target antigens which are com-
mon to both epithelial and mesenchymal phenotypes when
trying to develop immune therapy [96]. NK cells were seen
to promote the change from the proliferative to the invasive
state [97]. TAM induce EMT through TGFβ by secreting
IL6, IL1, TNFα, and MMPs [98].

Moreover, in order for the EMT to take place, melanoma
cells are required to pass through the basement membrane
and ECM (extracellular matrix). Specific molecules which
have the role of degrading proteins are called matrix metallo-
proteinases and are released in the tumor environment by
tumor cells (MMP7, 14, 15, and 16), inflammatory cells
(MMP12), and fibroblasts (MMP1, 2, 3, and 13). When their
enzymatic activity surpasses their inhibitors, called tissular
inhibitors of matrix metalloproteinase (TIMPs), they favor
tumor cells acquire invasiveness and aggressiveness facilitat-
ing EMT. As far as TIMPs are concerned, it was observed that
an increase in their expression is correlated with a decrease in
melanoma’s invasiveness [99–102].

60% of melanomas have V600E BRAF mutation. Vemur-
afenib is a competitive kinase inhibitor with activity against
BRAF kinase with V600E that interrupts the B-Raf/MEK step
on the B-Raf/MEK/ERK pathway (Figure 4). Patients treated
with Vemurafenib had a median overall survival of 14 to 16
months, which significantly improved comparing to the
classical treatments, that induced a median survival period
of 6 to 10 months [103]. Frequently, after an initial response,
the disease progresses due to MEK reactivation [104].

It has been suggested for the melanoma patients who are
resistant to Vemurafenib to associate an inhibitor of the
EMT. This approach was proposed after noticing cell migra-
tion and phenotype switching in these drug-resistant patients
while only suppressing the oncogenic signaling pathway
BRAF is not sufficient. The targeted molecule was TGFβ,
and its inhibition associated with Vemurafenib was seen to
defeat the resistance [105]. Other suggestions of future
therapies involving EMT were changing the phenotype of
melanoma cells to a targetable one or by shifting the cadherin
switch [106, 107].

5. Discussion

The differences between melanoma and keratinocyte
carcinomas highlight the idea that EMT is a polymorphic
and distinct phenomenon with element characteristic to each
type of tumor in order to best integrate the cells in the micro-
environment [108].

It is assumed that melanoma can metastasize faster than
other malignant skin tumors, being more aggressive because
normal melanocytes possess from the start elements which
contribute to EMT, such as vimentin or some transcription
factors (SNAIL2, ZEB2) [109, 110].

Melanoma is a sneaky tumor which has a dynamic char-
acter changing back and forth between phenotypes. Due to
the unique diversity and plasticity of melanoma cells, it is
hard to treat this skin tumor and to foresee its evolution
and prognosis.

6. Conclusion

Further studies are needed to assess the onset time of
EMT during the process of cutaneous carcinogenesis.
Summarizing, the EMT process may influence each stage
of skin carcinogenesis, from premalignant changes to distant
macrometastatic tumorigenesis. The rationale of inhibiting
EMT or inhibiting the reversion of EMT during therapeutic
management should also be clarified.

Although the loss of E-cadherin is a critical step in EMT,
alone it is not necessarily sufficient to drive EMT.

In this paper, we have focused on the involvement of
epithelial-mesenchymal transition in skin cancer mecha-
nisms. We discussed the role of EMT events in cutaneous
melanoma, basal cell carcinoma, and squamous cell carci-
noma. The results are suggestive rather than conclusive
regarding the pathogenic contribution of EMT in different
skin neoplasia pathways. The relative paucity of the scientific
literature on this topic, the quantitative and qualitative limi-
tations of some studies lead to the need for further insights in
order to decipher: EMT contribution to the natural history of
cutaneous malignancies, the potential use of EMT markers
for an optimized diagnostic staging, and the relevance of
the therapeutic modulation of EMT steps.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] R. Kalluri and A. Robert, “The basics of epithelial-
mesenchymal transition,” Journal of Clinical Investigation,
vol. 119, no. 6, pp. 1420–1428, 2009.

[2] R. L. Pearlman, M. K. Montes de Oca, H. C. Pal, and
F. Afaq, “Potential therapeutic targets of epithelial-
mesenchymal transition in melanoma,” Cancer Letters,
no. 391, pp. 125–140, 2017.

[3] A. Hollestelle, J. K. Peeters, M. Smid et al., “Loss of
E-cadherin is not a necessity for epithelial to mesenchymal
transition in human breast cancer,,” Breast Cancer Research
and Treatment, vol. 138, no. 1, pp. 47–57, 2013.

7Analytical Cellular Pathology



[4] J. Hülsken, W. Birchmeier, and J. Behrens, “E-cadherin and
APC compete for the interaction with beta-catenin and the
cytoskeleton,” The Journal of Cell Biology, vol. 127, no. 6,
pp. 2061–2069, 1994.

[5] S. Grünert, M. Jechlinger, and H. Beug, “Diverse cellular and
molecular mechanisms contribute to epithelial plasticity and
metastasis,” Nature Reviews Molecular Cell Biology, vol. 4,
no. 8, pp. 657–665, 2003.

[6] D. S. Micalizzi, S. M. Farabaugh, and H. L. Ford, “Epithelial-
mesenchymal transition in cancer: parallels between normal
development and tumor progression,” Journal of Mammary
Gland Biology and Neoplasia, vol. 15, no. 2, pp. 117–134,
2010.

[7] K. Vleminckx, L. Vakaet Jr., M. Mareel, W. Fiers, and F. van
Roy, “Genetic manipulation of E-cadherin expression by epi-
thelial tumor cells reveals an invasion suppressor role,” Cell,
vol. 66, no. 1, pp. 107–119, 1991.

[8] J. P. Thiery, “Epithelial-mesenchymal transitions in tumour
progression,” Nature Reviews Cancer, vol. 2, no. 6, pp. 442–
454, 2002.

[9] K. Sasaki, T. Sugai, K. Ishida et al., “Analysis of cancer-
associated fibroblasts and the epithelial-mesenchymal
transition in cutaneous basal cell carcinoma, squamous cell
carcinoma, and malignant melanoma,” Human Pathology,
vol. 79, pp. 1–8, 2018.

[10] H. Peinado, D. Olmeda, and A. Cano, “Snail, ZEB and bHLH
factors in tumour progression: an alliance against the epithe-
lial phenotype?,” Nature Reviews Cancer, vol. 7, no. 6,
pp. 415–428, 2007.

[11] J. Yang and R. A. Weinberg, “Epithelial-mesenchymal
transition: at the crossroads of development and tumor
metastasis,” Developmental Cell, vol. 14, no. 6, pp. 818–
829, 2008.

[12] G. Moreno-Bueno, F. Portillo, and A. Cano, “Transcriptional
regulation of cell polarity in EMT and cancer,” Oncogene,
vol. 27, no. 55, pp. 6958–6969, 2008.

[13] E. L. Whiteman, C. J. Liu, E. R. Fearon, and B. Margolis, “The
transcription factor snail represses Crumbs3 expression and
disrupts apico-basal polarity complexes,” Oncogene, vol. 27,
no. 27, pp. 3875–3879, 2008.

[14] S. Spaderna, O. Schmalhofer, M. Wahlbuhl et al., “The tran-
scriptional repressor ZEB1 promotes metastasis and loss of
cell polarity in cancer,” Cancer Research, vol. 68, no. 2,
pp. 537–544, 2008.

[15] B. Ozdamar, R. Bose, M. Barrios-Rodiles, H. R. Wang,
Y. Zhang, and J. L. Wrana, “Regulation of the polarity protein
Par6 by TGFß Receptors Controls Epithelial Cell Plasticity,”
Science, vol. 307, no. 5715, pp. 1603–1609, 2005.

[16] D. C. Radisky, D. D. Levy, L. E. Littlepage et al., “Rac1b and
reactive oxygen species mediate MMP-3-induced EMT and
genomic instability,” Nature, vol. 436, no. 7047, pp. 123–
127, 2005.

[17] K. Briegel, “Embryonic transcription factors in human breast
cancer,” IUBMB Life (International Union of Biochemistry
and Molecular Biology: Life), vol. 58, no. 3, pp. 123–132,
2006.

[18] A. Chen, H. Beetham, M. A. Black et al., “E-cadherin loss
alters cytoskeletal organization and adhesion in non-
malignant breast cells but is insufficient to induce an
epithelial-mesenchymal transition,” BMC Cancer, vol. 14,
no. 1, 2014.

[19] M. A. Huber, N. Kraut, and H. Beug, “Molecular require-
ments for epithelial-mesenchymal transition during tumor
progression,” Current Opinion in Cell Biology, vol. 17, no. 5,
pp. 548–558, 2005.

[20] P. Savagner, D. F. Kusewitt, E. A. Carver et al., “Develop-
mental transcription factor slug is required for effective
re-epithelialization by adult keratinocytes,” Journal of
Cellular Physiology, vol. 202, no. 3, pp. 858–866,
2005.

[21] J. P. Thiery, H. Acloque, R. Y. J. Huang, and M. A. Nieto,
“Epithelial-mesenchymal transitions in development and dis-
ease,” Cell, vol. 139, no. 5, pp. 871–890, 2009.

[22] P. Friedl, J. Locker, E. Sahai, and J. E. Segall, “Classifying
collective cancer cell invasion,” Nature Cell Biology, vol. 14,
no. 8, pp. 777–783, 2012.

[23] A. Wicki, F. Lehembre, N. Wick, B. Hantusch, D. Kerjaschki,
and G. Christofori, “Tumor invasion in the absence of
epithelial-mesenchymal transition: podoplanin-mediated
remodeling of the actin cytoskeleton,” Cancer Cell, vol. 9,
no. 4, pp. 261–272, 2006.

[24] K. Hesse, I. Satzger, V. Schacht et al., “Characterisation of
prognosis and invasion of cutaneous squamous cell carci-
noma by podoplanin and E-cadherin expression,” Dermatol-
ogy, vol. 232, no. 5, pp. 558–565, 2017.

[25] K. Garber, “Epithelial-to-mesenchymal transition is impor-
tant to metastasis, but questions remain,” Journal of the
National Cancer Institute, vol. 100, no. 4, pp. 232–239, 2008.

[26] J. H. Tsai, J. L. Donaher, D. A. Murphy, S. Chau, and J. Yang,
“Spatiotemporal Regulation of Epithelial-Mesenchymal
Transition Is Essential for Squamous Cell Carcinoma Metas-
tasis,” Cancer Cell, vol. 22, no. 6, pp. 725–736, 2012.

[27] M. Neagu, C. Caruntu, C. Constantin et al., “Chemically
induced skin carcinogenesis: updates in experimental models
(Review),” Oncology Reports, vol. 35, no. 5, pp. 2516–2528,
2016.

[28] E. D. Hay, “An overview of epithelio-mesenchymal transfor-
mation,” Cells Tissues Organs, vol. 154, no. 1, pp. 8–20, 1995.

[29] P. Slootweg and S. Zurac, “Prognostic and predictive value of
epithelial to mesenchymal transitionassociated markers in
oral squamous cell carcinoma,” Current Proteomics, vol. 10,
no. 3, pp. 218–227, 2013.

[30] T. J. Jang, “Epithelial to mesenchymal transition in cutaneous
squamous cell carcinoma is correlated with COX-2 expres-
sion but not with the presence of stromal macrophages or
CD10-expressing cells,” Virchows Archiv, vol. 460, no. 5,
pp. 481–487, 2012.

[31] F. H. Brembeck, M. Rosário, and W. Birchmeier, “Balancing
cell adhesion and Wnt signaling, the key role of β-catenin,”
Current Opinion in Genetics and Development, vol. 16,
no. 1, pp. 51–59, 2006.

[32] Y. J. Lan, H. Chen, J. Q. Chen, Q. H. Lei, M. Zheng, and Z. R.
Shao, “Immunolocalization of vimentin, keratin 17, Ki-67,
involucrin, β-catenin and E-cadherin in cutaneous squamous
cell carcinoma,” Pathology & Oncology Research, vol. 20,
no. 2, pp. 263–266, 2014.

[33] A. Toll, E. Masferrer, M. E. Hernández-Ruiz et al., “Epithelial
to mesenchymal transition markers are associated with an
increased metastatic risk in primary cutaneous squamous cell
carcinomas but are attenuated in lymph node metastases,”
Journal of Dermatological Science, vol. 72, no. 2, pp. 93–102,
2013.

8 Analytical Cellular Pathology



[34] D. L. V. Vinicius, C. Scapulatempo, N. M. Perpetuo et al.,
“Prognostic and risk factors in patients with locally advanced
cutaneous squamous cell carcinoma of the trunk and extrem-
ities,” Journal of Skin Cancer, vol. 2011, 9 pages, 2011.

[35] S. Brouxhon, S. Kyrkanides, M. K. O'Banion et al., “Sequen-
tial down-regulation of E-cadherin with squamous cell carci-
noma progression: loss of E-cadherin via a prostaglandin E 2
-EP2-dependent posttranslational mechanism,” Cancer
Research, vol. 67, no. 16, pp. 7654–7664, 2007.

[36] A. Lyakhovitsky, A. Barzilai, M. Fogel, H. Trau, and
M. Huszar, “Expression of E-cadherin and beta-catenin in
cutaneous squamous cell carcinoma and its precursors,”
The American Journal of Dermatopathology, vol. 26, no. 5,
pp. 372–378, 2004.

[37] S. Koseki, T. Aoki, S. Ansai, Y. Hozumi, Y. Mitsuhashi, and
S. Kondo, “An immunohistochemical study of E-cadherin
expression in human squamous cell carcinoma of the Skin,”
The Journal of Dermatology, vol. 26, no. 7, pp. 416–422,
1999.

[38] M. C. Karlsson, S. F. Gonzalez, J. Welin, and J. Fuxe, “Epithe-
lial-mesenchymal transition in cancer metastasis through the
lymphatic system,” Molecular Oncology, vol. 11, no. 7,
pp. 781–791, 2017.

[39] S. J. Serrano-Gomez, M. Maziveyi, and S. K. Alahari, “Regu-
lation of epithelial-mesenchymal transition through epige-
netic and post-translational modifications,” Molecular
Cancer, vol. 15, no. 1, 2016.

[40] H. Li, X. Fan, and J. M. Houghton, “Tumor microenvi-
ronment: the role of the tumor stroma in cancer,” Journal
of Cellular Biochemistry, vol. 101, no. 4, pp. 805–815,
2007.

[41] S. H. Omland, E. E. Wettergren, S. Mollerup et al., “Cancer
associated fibroblasts (CAFs) are activated in cutaneous basal
cell carcinoma and in the peritumoural skin,” BMC Cancer,
vol. 17, no. 1, p. 675, 2017.

[42] B. Zhou, W. L. Chen, Y. Y. Wang et al., “A role for cancer-
associated fibroblasts in inducing the epithelial-to-
mesenchymal transition in human tongue squamous cell
carcinoma,” Journal of Oral Pathology & Medicine, vol. 43,
no. 8, pp. 585–592, 2014.

[43] R. Dong, Q. Wang, X. L. He, Y. K. Chu, J. G. Lu, and Q. J. Ma,
“Role of nuclear factor kappa B and reactive oxygen species in
the tumor necrosis factor-a-induced epithelial-mesenchymal
transition of MCF-7 cells,” Brazilian Journal of Medical and
Biological Research, vol. 40, no. 8, pp. 1071–1078, 2007.

[44] M. Takahara, S. Chen, M. Kido et al., “Stromal CD10 expres-
sion, as well as increased dermal macrophages and decreased
Langerhans cells, are associated with malignant transforma-
tion of keratinocytes,” Journal of Cutaneous Pathology,
vol. 36, no. 6, pp. 668–674, 2009.

[45] M. Albrecht, S. Gillen, B. Wilhelm, J. Doroszewicz, and
G. Aumüller, “Expression, localization and activity of neutral
endopeptidase in cultured cells of benign prostatic hyperpla-
sia and prostate cancer,” Journal of Urology, vol. 168, no. 1,
pp. 336–342, 2002.

[46] K. Iwaya, H. Ogawa, M. Izumi, M. Kuroda, and K. Mukai,
“Stromal expression of CD10 in invasive breast carcinoma:
a new predictor of clinical outcome,” Virchows Archiv,
vol. 440, no. 6, pp. 589–593, 2002.

[47] R. Kesse-Adu and S. Shousha, “Myoepithelial markers are
expressed in at least 29% of oestrogen receptor negative inva-

sive breast carcinoma,” Modern Pathology, vol. 17, no. 6,
pp. 646–652, 2004.

[48] H. Ogawa, K. Iwaya, M. Izumi et al., “Expression of CD10 by
stromal cells during colorectal tumor development,” Human
Pathology, vol. 33, no. 8, pp. 806–811, 2002.

[49] T. Nijsten, C. G. Colpaert, P. B. Vermeulen, A. L. Harris,
E. Van Marck, and J. Lambert, “Cyclooxygenase-2 expression
and angiogenesis in squamous cell carcinoma of the skin and
its precursors: a paired immunohistochemical study of 35
cases,” British Journal of Dermatology, vol. 151, no. 4,
pp. 837–845, 2004.

[50] K. Müller‐Decker, G. Reinerth, P. Krieg et al., “Prostaglan-
din-H-synthase isozyme expression in normal and neoplastic
human skin,” International Journal of Cancer, vol. 82, no. 5,
pp. 648–656, 1999.

[51] M. Kagoura, M. Toyoda, C. Matsui, and M. Morohashi,
“Immunohistochemical expression of cyclooxygenase-2 in
skin cancers,” Journal of Cutaneous Pathology, vol. 28,
no. 6, pp. 298–302, 2001.

[52] C. Denkert, M. Köbel, S. Berger et al., “Expression of cycloox-
ygenase 2 in human malignant melanoma,” Cancer Research,
vol. 61, no. 1, pp. 303–308, 2001.

[53] M. Tsujii and R. N. DuBois, “Alterations in cellular adhesion
and apoptosis in epithelial cells overexpressing prostaglandin
endoperoxide synthase 2,” Cell, vol. 83, no. 3, pp. 493–501,
1995.

[54] Y. Cao, L. Zhang, Y. Kamimura et al., “B7-H1 overexpression
regulates epithelial-mesenchymal transition and accelerates
carcinogenesis in skin,” Cancer Research, vol. 71, no. 4,
pp. 1235–1243, 2011.

[55] K. Schönrath, A. J. Klein-Szanto, and K. H. Braunewell, “The
putative tumor suppressor VILIP-1 counteracts epidermal
growth factor-induced epidermal-mesenchymal transition
in squamous carcinoma cells,” PLoS ONE, vol. 7, no. 3,
p. e33116, 2012.

[56] H. Mahloogi, A. M. González-Guerrico, R. Lopez de Cicco
et al., “Overexpression of the calcium sensor visinin-like
protein-1 leads to a cAMP-mediated decrease of in vivo and
in vitro growth and invasiveness of squamous cell carcinoma
cells,” Cancer Research, vol. 63, no. 16, pp. 4997–5004,
2003.

[57] A. M. Gonzalez Guerrico, Z. M. Jaffer, R. E. Page, K. H.
Braunewell, J. Chernoff, and A. J. P. Klein-Szanto, “Visinin-
like protein-1 is a potent inhibitor of cell adhesion andmigra-
tion in squamous carcinoma cells,” Oncogene, vol. 24, no. 14,
pp. 2307–2316, 2005.

[58] X. Saenz-Sardà, C. Carrato, L. Pérez-Roca et al., “Epithelial-
to-mesenchymal transition contributes to invasion in squa-
mous cell carcinomas originated from actinic keratosis
through the differentiated pathway, whereas proliferation
plays a more significant role in the classical pathway,” Journal
of the European Academy of Dermatology and Venereology,
vol. 32, no. 4, pp. 581–586, 2018.

[59] K. Barrette, S. van Kelst, J. Wouters et al., “Epithelial-
mesenchymal transition during invasion of cutaneous
squamous cell carcinoma is paralleled by AKT activation,”
British Journal of Dermatology, vol. 171, no. 5, pp. 1014–1021,
2014.

[60] Z.-R. Li, Y. Jiang, J.-Z. Hu, Y. Chen, and Q.-Z. Liu, “SOX2
knockdown inhibits the migration and invasion of basal cell
carcinoma cells by targeting the SRPK1-mediated PI3K/AKT

9Analytical Cellular Pathology



signaling pathway,” Oncology Letters, vol. 17, no. 2, pp. 1617–
1625, 2019.

[61] S. Papanikolaou, V. Bravou, K. Gyftopoulos, D. Nakas,
M. Repanti, and H. Papadaki, “ILK expression in human
basal cell carcinoma correlates with epithelial-mesenchymal
transition markers and tumour invasion,” Histopathology,
vol. 56, no. 6, pp. 799–809, 2010.

[62] Y. Majima, S. Hirakawa, Y. Kito et al., “Twist1 as a possible
biomarker for metastatic basal cell carcinoma,” Acta Der-
mato-Venereologica, vol. 92, no. 6, pp. 621-622, 2012.

[63] X. F. Liu, W. T. Yang, R. Xu, J. T. Liu, and P. S. Zheng,
“Cervical cancer cells with positive Sox2 expression exhibit
the properties of cancer stem cells,” PLoS ONE, vol. 9, no. 1,
p. e87092, 2014.

[64] M. Herreros-Villanueva, J. S. Zhang, A. Koenig et al., “SOX2
promotes dedifferentiation and imparts stem cell-like fea-
tures to pancreatic cancer cells,” Oncogenesis, vol. 2, no. 8,
p. e61, 2013.

[65] S. Chen, Y. Xu, Y. Chen et al., “SOX2 gene regulates the tran-
scriptional network of oncogenes and affects tumorigenesis of
human lung cancer cells,” PLoS ONE, vol. 7, no. 5, 2012.

[66] K. Weina and J. Utikal, “SOX2 and cancer: current research
and its implications in the clinic,” Clinical and Translational
Medicine, vol. 3, no. 1, p. 19, 2014.

[67] N. Yang, L. Hui, Y. Wang, H. Yang, and X. Jiang, “SOX2 pro-
motes the migration and invasion of laryngeal cancer cells by
induction of MMP-2 via the PI3K/Akt/mTOR pathway,”
Oncology Reports, vol. 31, no. 6, pp. 2651–2659, 2014.

[68] H. I. Yoon, K. H. Park, E. J. Lee et al., “Overexpression of
SOX2 is associated with better overall survival in squamous
cell lung cancer patients treated with adjuvant radiotherapy,”
Cancer Research and Treatment, vol. 48, no. 2, pp. 473–482,
2016.

[69] A. Mavrou, K. Brakspear, M. Hamdollah-Zadeh et al., “Ser-
ine-arginine protein kinase 1 (SRPK1) inhibition as a poten-
tial novel targeted therapeutic strategy in prostate cancer,”
Oncogene, vol. 34, no. 33, pp. 4311–4319, 2015.

[70] Z. Liao, J. Wu, M. Wu et al., “Retraction Note to: The
Critical Role of SRPK1 in EMT of Human Glioblastoma
in the Spinal Cord,” Molecular Neurobiology, vol. 54,
no. 10, p. 8459, 2017.

[71] Y. Chang, Q. Wu, T. Tian et al., “The influence of SRPK1 on
glioma apoptosis, metastasis, and angiogenesis through the
PI3K/Akt signaling pathway under normoxia,” Tumor Biol-
ogy, vol. 36, no. 8, pp. 6083–6093, 2015.

[72] J.-F. Liu, Y.-T. Tsao, and C.-H. Hou, “Fractalkine/CX3CL1
induced intercellular adhesion molecule-1-dependent tumor
metastasis through the CX3CR1/PI3K/Akt/NF-κB pathway
in human osteosarcoma,” Oncotarget, vol. 8, no. 33,
pp. 54136–54148, 2017.

[73] H. Cui, S. Wu, Y. Shang et al., “Pleurotus nebrodensis polysac-
charide(PN50G) evokes A549 cell apoptosis by the
ROS/AMPK/PI3K/AKT/mTOR pathway to suppress tumor
growth,” Food & Function, vol. 7, no. 3, pp. 1616–1627, 2016.

[74] Y. Sun, Y. Tu, L. He, C. Ji, and B. Cheng, “High mobility
group box 1 regulates tumor metastasis in cutaneous squa-
mous cell carcinoma via the PI3K/AKT and MAPK signaling
pathways,” Oncology Letters, vol. 11, no. 1, pp. 59–62,
2016.

[75] J. Meng, X. T. Zhang, X. L. Liu et al., “WSTF promotes prolif-
eration and invasion of lung cancer cells by inducing EMT via

PI3K/Akt and IL-6/STAT3 signaling pathways,” Cellular
Signalling, vol. 28, no. 11, pp. 1673–1682, 2016.

[76] J. Pérez-Losada, M. Sánchez-Martín, M. Pérez-Caro, P. A.
Pérez-Mancera, and I. Sánchez-García, “The radioresistance
biological function of the SCF/kit signaling pathway is medi-
ated by the zinc-finger transcription factor Slug,” Oncogene,
vol. 22, no. 27, pp. 4205–4211, 2003.

[77] P. Pla, R. Moore, O. G. Morali et al., “Cadherins in neural
crest cell development and transformation,” Journal of
Cellular Physiology, vol. 189, no. 2, pp. 121–132, 2001.

[78] A. J. Miller and M. C. Mihm Jr., “Melanoma,” New England
Journal of Medicine, vol. 355, no. 1, pp. 51–65, 2006.

[79] M. Y. Hsu, F. E. Meier, M. Nesbit et al., “E-cadherin expres-
sion in melanoma cells restores keratinocyte-mediated
growth control and down-regulates expression of invasion-
related adhesion receptors,” The American Journal of Pathol-
ogy, vol. 156, no. 5, pp. 1515–1525, 2000.

[80] J. E. Kim, E. Leung, B. C. Baguley, and G. J. Finlay, “Hetero-
geneity of expression of epithelial-mesenchymal transition
markers in melanocytes and melanoma cell lines,” Frontiers
in Genetics, vol. 4, 2013.

[81] D. Murtas, C. Maxia, A. Diana et al., “Role of epithelial–
mesenchymal transition involved molecules in the progres-
sion of cutaneous melanoma,” Histochemistry and Cell
Biology, vol. 148, no. 6, pp. 639–649, 2017.

[82] K. Hoek, D. L. Rimm, K. R. Williams et al., “Expression
profiling reveals novel pathways in the transformation of
melanocytes to melanomas,” Cancer Research, vol. 64,
no. 15, pp. 5270–5282, 2004.

[83] R. Bauer, R. Hein, and A. K. Bosserhoff, “A secreted form of
P-cadherin is expressed in malignant melanoma,” Experi-
mental Cell Research, vol. 305, no. 2, pp. 418–426, 2005.

[84] S. Kuphal, A. C. Martyn, J. Pedley et al., “H-Cadherin expres-
sion reduces invasion of malignant melanoma,” Pigment Cell
& Melanoma Research, vol. 22, no. 3, pp. 296–306, 2009.

[85] N. Fenouille, G. Robert, M. Tichet et al., “The p53/p21Cip1/
Waf1 pathway mediates the effects of SPARC on melanoma
cell cycle progression,” Pigment Cell & Melanoma Research,
vol. 24, no. 1, pp. 219–232, 2011.

[86] M. Rodriguez, E. Aladowicz, L. Lanfrancone, and C. R.
Goding, “Tbx3 represses E-cadherin expression and
enhances melanoma invasiveness,” Cancer Research, vol. 68,
no. 19, pp. 7872–7881, 2008.

[87] J. Caramel, E. Papadogeorgakis, L. Hill et al., “A Switch in the
Expression of Embryonic EMT-Inducers Drives the Develop-
ment of Malignant Melanoma,” Cancer Cell, vol. 24, no. 4,
pp. 466–480, 2013.

[88] G. Denecker, N. Vandamme, O. Akay et al., “Identification of
a ZEB2-MITF-ZEB1 transcriptional network that controls
melanogenesis and melanoma progression,” Cell Death and
Differentiation, vol. 21, no. 8, pp. 1250–1261, 2014.

[89] K. Kim, Z. Lu, and E. D. Hay, “Direct evidence for a role
of β-catenin/LEF-1 signaling pathway in induction of
EMT,” Cell Biology International, vol. 26, no. 5, pp. 463–476,
2002.

[90] O. M. Eichhoff, A. Weeraratna, M. C. Zipser et al., “Differen-
tial LEF1 and TCF4 expression is involved in melanoma cell
phenotype switching,” Pigment Cell & Melanoma Research,
vol. 24, no. 4, pp. 631–642, 2011.

[91] L. Larue, “The WNT/Beta-catenin pathway in melanoma,”
Frontiers in Bioscience, vol. 11, no. 1, p. 733, 2006.

10 Analytical Cellular Pathology



[92] S. M. Lee, J. Moon, B. G. Redman et al., “Phase 2 study of
RO4929097, a gamma-secretase inhibitor, in metastatic mel-
anoma: SWOG 0933,” Cancer, vol. 121, no. 3, pp. 432–440,
2015.

[93] E. B. Rad, H. Hammerlindl, C. Wels et al., “Notch4 signaling
induces a Mesenchymal–Epithelial–like transition in mela-
noma cells to suppress malignant behaviors,” Cancer
Research, vol. 76, no. 7, pp. 1690–1697, 2016.

[94] E. Martin-Villar, D. Megias, S. Castel, M. M. Yurrita,
S. Vilaro, and M. Quintanilla, “Podoplanin binds ERM pro-
teins to activate RhoA and promote epithelial-mesenchymal
transition,” Journal of Cell Science, vol. 119, no. 21,
pp. 4541–4553, 2006.

[95] S. Kan, E. Konishi, T. Arita et al., “Podoplanin expression in
cancer-associated fibroblasts predicts aggressive behavior in
melanoma,” Journal of Cutaneous Pathology, vol. 41, no. 7,
pp. 561–567, 2014.

[96] K. Woods, A. Pasam, A. Jayachandran, M. C. Andrews, and
J. Cebon, “Effects of Epithelial to Mesenchymal Transition
on T Cell Targeting of Melanoma Cells,” Frontiers in Oncol-
ogy, vol. 4, pp. 1–7, 2014.

[97] L. Huergo-Zapico, M. Parodi, C. Cantoni et al., “NK-cell edit-
ing mediates epithelial-to-mesenchymal transition via phe-
notypic and proteomic changes in melanoma cell lines,”
Cancer Research, vol. 78, no. 14, pp. 3913–3925, 2018.

[98] P. J. Chockley and V. G. Keshamouni, “Immunological con-
sequences of epithelial–mesenchymal transition in tumor
progression,” Journal of Immunology, vol. 197, no. 3,
pp. 691–698, 2016.

[99] A. Brînzea, R. I. Nedelcu, G. Turcu, M. Antohe, S. A. Zurac,
and D. A. Ion, “TIMPs expression in lentigo maligna/lentigo
maligna melanoma versus aged skin–a review of the literature
and personal experience,” Romanian Journal of Morphology
and Embryology, vol. 58, no. 3, pp. 717–721, 2017.

[100] S. Zurac, M. Neagu, C. Constantin et al., “Variations in the
expression of TIMP1, TIMP2 and TIMP3 in cutaneous
melanoma with regression and their possible function as
prognostic predictors,” Oncology Letters, vol. 11, no. 5,
pp. 3354–3360, 2016.

[101] V. Thakur and B. Bedogni, “The membrane tethered matrix
metalloproteinase MT1-MMP at the forefront of melanoma
cell invasion and metastasis,” Pharmacological Research,
vol. 111, pp. 17–22, 2016.

[102] J. Xu, S. Lamouille, and R. Derynck, “TGF-Β-induced epithe-
lial to mesenchymal transition,” Cell Research, vol. 19, no. 2,
pp. 156–172, 2009.

[103] A. Ribas, K. B. Kim, L. M. Schuchter et al., “BRIM-2: an open-
label, multicenter phase II study of vemurafenib in previously
treated patients withBRAFV600E mutation-positive meta-
static melanoma,” Journal of Clinical Oncology, vol. 29,
15_suppl, p. 8509, 2011.

[104] G. A. McArthur, A. Ribas, P. B. Chapman et al., “Molecular
analyses from a phase I trial of vemurafenib to study mecha-
nism of action (MOA) and resistance in repeated biopsies
from BRAF mutation–positive metastatic melanoma patients
(pts),” Journal of Clinical Oncology, vol. 29, 15_suppl, p. 8502,
2011.

[105] S. Huang, M. Hölzel, T. Knijnenburg et al., “MED12 controls
the response to multiple cancer drugs through regulation of
TGF-β receptor signaling,” Cell, vol. 151, no. 5, pp. 937–
950, 2012.

[106] T. Singh and S. K. Katiyar, “Green tea catechins reduce inva-
sive potential of human melanoma cells by targeting COX-2,
PGE 2 receptors and epithelial-to-mesenchymal transition,”
PLoS ONE, vol. 6, no. 10, p. e25224, 2011.

[107] M. Sáez-Ayala, M. F. Montenegro, L. Sánchez-del-Campo
et al., “Directed phenotype switching as an effective antimela-
noma strategy,” Cancer Cell, vol. 24, no. 1, pp. 105–119, 2013.

[108] J. P. Thiery and J. P. Sleeman, “Complex networks orchestrate
epithelial-mesenchymal transitions,”Nature ReviewsMolecu-
lar Cell Biology, vol. 7, no. 2, pp. 131–142, 2006.

[109] M. Miettinen, V. P. Lehto, and I. Virtanen, “Presence of
fibroblast-type intermediate filaments (vimentin) and
absence of neurofilaments in pigmented nevi and malignant
melanomas,” Journal of Cutaneous Pathology, vol. 10, no. 3,
pp. 188–192, 1983.

[110] P. B. Gupta, C. Kuperwasser, J. P. Brunet et al., “The melano-
cyte differentiation program predisposes to metastasis after
neoplastic transformation,” Nature Genetics, vol. 37, no. 10,
pp. 1047–1054, 2005.

11Analytical Cellular Pathology


	Epithelial-Mesenchymal Transition in Skin Cancers: A Review
	1. Introduction
	2. EMT in Cutaneous SCC
	2.1. Discussions

	3. EMT in Basal Cell Carcinoma
	3.1. Discussion

	4. EMT in Melanoma
	5. Discussion
	6. Conclusion
	Conflicts of Interest

