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Abstract

Epithelial–mesenchymal transition (EMT) is an essential biological process involved in the initiation and progression of cancer by which
epithelial tumor cells lose their differentiated characteristics, such as cell–cell adhesion and apical–basal polarity and acquire a more invasive
and/or metastatic mesenchymal phenotype. The present study investigated the expression of immunomarkers with a role in EMT of nonmelanoma skin cancers (NMSCs), such as E-cadherin, fibronectin and Slug, for a number of 50 NMSCs, represented by 30 cases of basal cell
carcinomas (BCCs) and 20 cases of squamous cell carcinomas (SCCs). For BCC, the statistical analysis of the investigated immunomarkers
indicated significantly differences in relation to the depth of invasion, and for E-cadherin and fibronectin with the degree of risk. In the case
of SCC, the statistical analysis indicated significant differences of E-cadherin and Slug with the degree of tumor differentiation, and for
fibronectin and Slug with the depth of invasion. The analysis of the distribution for the percentage values of the investigated immunomarkers
in the case of BCC indicated a significant negative linear relation between E-cadherin/fibronectin and E-cadherin/Slug, and in SCC a significant
negative linear relation between E-cadherin/fibronectin, E-cadherin/Slug and a positive linear one in the case of fibronectin/Slug. The study
indicates through the statistically significant relation between E-cadherin/fibronectin and E-cadherin/Slug, the EMT intervention in carcinogenesis
of NMSC.
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 Introduction
Epithelial–mesenchymal transition (EMT) is an essential
biological process involved in the initiation and progression
of cancer [1]. Neoplastic EMT is a process by which epithelial
tumor cells lose their differentiated characteristics, such as
cell–cell adhesion and apical–basal polarity and acquire a
more invasive and/or metastatic mesenchymal phenotype
[2–4].
Loss of keratins expression, accompanied by de novo
expression of vimentin, is a particularity of EMT in
carcinomas [5]. The cadherin switch is primarily the result
of transcriptional regulation of cadherin expression by several
factors, such as Snail, Slug, Twist, Zeb1, and Zeb2 [6, 7].
These factors act by repressing E-cadherin transcription by
direct binding to its promoter [8]. While initially considered
only a phenotypic conversion from epithelial to mesenchymal
cells, recent studies indicate the critical role that this process
plays in metabolic reprogramming, immune evasion, and
resistance to therapy [1]. Currently, EMT has a rather
flexible, plasticity status, known as the “partial EMT
program”, rather than the status of carrier of the complete
transformation phenotype during the tumor progression
[9]. However, the roles of EMT-associated proteins in basal
cell carcinomas (BCCs) and squamous cell carcinomas
(SCCs) have not been fully elucidated [10].

Aim
Due to numerous studies indicating the involvement of
EMT in the progression of cancer with various locations,
we aimed to evaluate the different aspects of this process
in the most common malignant skin tumors, respectively in
non-melanoma skin cancers (NMSCs) whose incidence
has an alarming growth rate, but with quite limited
therapeutic targets. The present study investigated the
expression of some immunomarkers with a role in EMT
of NMSC, such as E-cadherin, fibronectin and Slug.
 Materials and Methods
We investigated a number of 50 cases of NMSC from the
Clinics of Dermatology and Plastic Surgery, Emergency
County Hospital, Craiova, Romania. The surgical excision
specimens were fixed in 10% neutral buffered formalin,
processed by paraffin embedding technique and Hematoxylin–
Eosin (HE) staining. The histopathological classification
of the lesions allowed the identification of 30 cases of BCC
and 20 cases of SCC. The histopathological study of both
tumor varieties was completed by identification of two
categories: low-risk grade BCC (LRG–BCC) and highrisk grade BCC (HRG–BCC), and forms of SCC with high
grade of differentiation (HGD–SCC) and low grade of
differentiation (LGD–SCC) [11].
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From the paraffin blocks, we performed serial sections
that were immunohistochemically processed using a detection
system based on amplification polymer (EnVision™ FLEX
System, code K8002, Dako, Agilent). Visualization of the
reactions was done using the 3,3’-Diaminobenzidine (DAB)

tetrahydrochloride chromogen included in the same kit,
and for the validation of the reactions, we used positive
and negative external controls (by omitting the primary
antibody) (Table 1).

Table 1 – Antibodies used: clone, dilution, antigen retrieval and external positive control
Antibody

Clone

Manufacturer

Dilution

Antigen retrieval

External control

E-cadherin
Fibronectin
Slug

36B5
A024502-2
ab27568

Leica Biosystems
Dako, Agilent
Dako, Agilent

1:50
1:200
1:150

Microwaving in citrate buffer, pH 6
Pepsin
Microwaving in citrate buffer, pH 6

Mammary gland
Kidney
Placenta

the comparison tests [chi-squared (χ2) and Pearson] within
Statistical Package for the Social Sciences (SPSS) 10
automatic software.
This study follows the general ethical guidelines of
scientific research and has been approved by the Local
Ethics Committee.

The examination of the semiquantitative expression
of the investigated immunomarkers was performed by an
adapted system, by two specialists, who assessed the
intensity of the immunostaining and the rate of positive cells
[12], using the Panthera L research binocular microscope
with 5 Megapixel digital camera (Motic manufacturer) and
the software integrated in the microscope. The intensity of
the score was assessed as following: 1 (low), 2 (moderate),
3 (high). The percentage of positive cells was noted as
following: 1 (6–25%), 2 (26–50%), 3 (51–75%) and 4
(>75%), with a cutoff value of over 5% for the positivity
of the reactions, in case of a reaction with a number of
positive cells below this value or without a reaction the
aspect being considered negative. The multiplying of these
two scores of intensity and percentage, allowed the calculation
of the final staining scores (FSS), and then the mean value
for each group, these being considered low for values between
1–6 and high for values between 8–12. Low, high, and
negative scores were used for statistical comparison.
For statistical analysis, we used the mean values and

 Results
This study included a number of 50 NMSC cases of
which 30 cases of BCC (20 cases of LRG–BCC and 10
cases of HRG–BCC), and 20 cases of SCC (10 HGD–SCC
and 10 LGD–SCC). For each lesion category, we selected
cases appropriate to the various primary tumor (pT)
subcategories: for pT1 a number of 26 cases (15 BCC cases
and 11 SCC cases), for pT2 12 cases (eight BCC cases and
four SCC cases), for pT3 10 cases (six BCC cases and
four SCC cases) and for pT4 two cases (one BCC case and
one SCC case). The results of the immunohistochemical
study for E-cadherin, fibronectin and Slug are shown in
Table 2.

Table 2 – Distribution of BCC and SCC according to the number of positive cases and the average values of FSS for
E-cadherin, fibronectin and Slug
BCC
NMSC
E-cadherin
pT1
pT2
pT3
pT4
χ2 test
Fibronectin
pT1
pT2
pT3
pT4
χ2 test
Slug
pT1
pT2
pT3
pT4
χ2 test

LRG
No. of cases

FSS

HRG
No. of cases

SCC
2

χ test

FSS

10
6
4
–

8
6
6
–
p=0.003

5
2
–
–

6
6
–
–

–
–
–
–

–
–
–
–
p=0.038

–
–
1
1

–
–
1
1

2
5
4
–

2
9
11
–
p=0.350

4
2
1
1

7
10
12
12

p<0.001

p=0.001

p=0.041

HGD
No. of cases

FSS

LGD
No. of cases

FSS

6
2
2
–

12
6
6
–
p=0.004

3
1
1
–

4
1
1
–

–
1
2
–

–
3
3
–
p=0.311

–
2
2
1

–
4
9
9

1
2
2
–

1
5
6
–
p=0.034

2
2
2
1

7
10.5
12
12

χ2 test

p=0.117

p<0.001

p=0.024

BCC: Basal cell carcinoma; FSS: Final staining score; HGD: High grade of differentiation; HRG: High-risk grade; LGD: Low grade of differentiation;
LRG: Low-risk grade; NMSC: Non-melanoma skin cancer; pT: Primary tumor; SCC: Squamous cell carcinoma.

E-cadherin immunoexpression
The study of E-cadherin immunoexpression indicated
positivity in 27 (90%) of the BCC cases, with membranous

topography, in the tumoral parenchyma, respectively 20
cases of LRG–BCC and seven cases of HRG–BCC. For
LRG–BCC, the mean FSS value was between 6–8 depending
on the pT category, and for the mean FSS value it was 6
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regardless pT. The immunostaining intensity for LRG–
BCC was moderate, with a positive cell average of 80%
in pT1 tumors, 66.6% in pT2 tumors, and 70% in pT3
tumors (Figure 1A). In HRG–BCC, the immunostaining
intensity was also moderate with a different mean value
of positive cells, respectively 75% for pT1 and 65% for
pT2 (Figure 1B). The statistical analysis indicated significant
lower differences of the E-cadherin immunoexpression in
HRG–BCC (p=0.003, χ2 test) with deep invasion (p<0.001,
χ2 test).
For SCC, the immunoexpression of E-cadherin was
positive in 15 (75%) cases, in the tumoral parenchyma,
with membranous topography (pT1 and pT2 tumors) or
membranous and cytoplasmic localization (pT3 tumors).
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In the HGD–SCC, the mean FSS value was 12 for pT1
tumors and 6 for pT2 and pT3 stages, with mostly moderate/
high intensity of the immunoreactions and labeled cells
of 80%, 72.5% and 65.5% in pT1–pT3 SCC (Figure 1C).
In the LGD-SCC cases, immunoexpression was identified
in the pT1–pT3 tumor categories, with FSS values between
1–4. For LGD–SCC, the immunostaining distribution was
variable, with 15–50% positive cells, moderate intensity
in pT1 tumors and low in pT2 and pT3 tumors and mean
FSS values of 4.1 and 1 (Figure 1D). The statistical
analysis indicated significantly lower differences of the
E-cadherin immunoexpression in LGD–SCC (p=0.004,
χ2 test) and a nonsignificant difference in the case of pT
category (p=0.117, χ2 test).

Figure 1 – E-cadherin immunoexpression (×400): (A) LRG–BCC, pT1; (B) HRG–BCC, pT1; (C) HGD–SCC, pT1;
(D) LGD–SCC, pT1. BCC: Basal cell carcinoma; HGD: High grade of differentiation; HRG: High-risk grade; LGD:
Low grade of differentiation; LRG: Low-risk grade; pT: Primary tumor; SCC: Squamous cell carcinoma.

Fibronectin immunoexpression
The fibronectin immunoexpression study revealed
positivity only in eight (6.7%) of the BCC cases, in the
tumoral parenchyma, for HRG tumors with deep invasion.
In addition, we observed positivity of this immunomarker
in the tumoral stroma, with moderate intensity. FSS values
for HRG–BCC were in both cases 1, with limited distribution
(10% and 15%, respectively) and low intensity (Figure 2,
A and B). The statistical analysis indicated significantly
higher differences in fibronectin in HRG–BCC (p=0.038,
χ2 test) and with deep invasion (p=0.001, χ2 test).
In SCC, fibronectin positivity was identified in eight

(40%) cases, with cytoplasmic topography, in the tumoral
parenchyma, especially at the interface level of epithelium–
stroma. HGD–SCCs were positive in three cases with
mean FSS values of 3, high intensity immunoexpression,
with 15% of positive cells, constant in the peripheral area
of the tumoral islands (Figure 2C). For LGD–SCC, we
found positivity in five cases, with an average number of
labelled cells of 37.5±24, with moderate or high intensity
(Figure 2D). The statistical analysis indicated significant
higher differences of the fibronectin immunoexpression
in SCC with deep invasion (p<0.001, χ2 test) and nonsignificant with the degree of differentiation (p=0.311, χ2
test).
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Figure 2 – Fibronectin immunoexpression (×400): (A) LRG–BCC, pT3; (B) HRG–BCC, pT4; (C) HGD–SCC, pT3;
(D) LGD–SCC, pT3. BCC: Basal cell carcinoma; HGD: High grade of differentiation; HRG: High-risk grade; LGD:
Low grade of differentiation; LRG: Low-risk grade; pT: Primary tumor; SCC: Squamous cell carcinoma.

Slug immunoexpression
The study of Slug immunoexpression revealed positivity
in 19 (63.3%) of the analyzed BCC cases, with nuclear
topography, in the tumoral parenchyma. In the LRG–BCC
cases, tumors from the pT1 category presented a lower
intensity, with an average number of 35% positive cells,
with a mean FSS value of 2, and for the pT2 and pT3
tumors, we observed high intensity of the immunostaining,
with an average of 73% and respectively 82.5% positive
cells, FSS mean values being 9 and 11 (Figure 3A). For
HRG–BCC, the intensity of the immunostaining was
moderate, with an average of 77.5% positive cells for
pT1 tumors and FSS mean value of 7, high intensity with
an average of 77.5% positive cells and mean FSS value
of 10 for the pT2 tumors, 82.5% for pT3 and 85% for
pT4, both with a mean FSS value of 12 (Figure 3B). The
statistical analysis indicated significant high differences
of Slug immunoexpression in tumors with deep invasion
(p=0.041, χ2 test), the statistical aspects being nonsignificant
for BCC risk groups (p=0.350, χ2 test).
In SCC, the Slug immunoexpression revealed positivity
in 12 (60%) cases, with nuclear topography, in the tumoral
parenchyma. For HGD–SCC, FSS mean values were
between 1–6, and for LGD–SCC varied between 7–12.

The intensity of the immunostaining in HGD–SCC was
low in the pT1 tumors with 20% marked cells, in the pT2,
pT3 moderate intensity with an average of 47.5±3.5 and
82.5±3.53 marked cells (Figure 3C). In the case of LGD–
SCC from the pT3/pT4 category, high intensity was
observed, with approximately 85% of the tumoral cells
being marked. In the pT1/T2 category, the intensity of
the immunoreaction was moderate/high, with an average
number of marked cells of 60% and 78% (Figure 3D).
The statistical analysis indicated significant higher differences
of Slug immunoexpression in LGD–SCC (p=0.034, χ2 test)
with deep invasion (p=0.024, χ2 test).
The analysis of the distribution for the percentage
values of the investigated immunomarkers in BCC cases
indicated a significant negative linear relation between
E-cadherin/fibronectin (p<0.001, Pearson’s test), and
E-cadherin/Slug (p=0.004, Pearson’s test), as well as a
nonsignificant positive linear relation in the case of
fibronectin/Slug (p=0.193, Pearson’s test) (Figure 4A).
In SCC, the analysis of the distribution for the percentage
values of the same immunomarkers indicated a significant
negative linear relation between E-cadherin/fibronectin
(p=0.016, Pearson’s test) and E-cadherin/Slug (p=0.013,
Pearson’s test), as well as a positive linear relation between
fibronectin/Slug (p=0.001, Pearson’s test) (Figure 4B).
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Figure 3 – Slug immunoexpression (×400): (A) LRG–BCC, pT2; (B) HRG–BCC, pT2; (C) HGD–SCC, pT3; (D) LGD–
SCC, pT3. BCC: Basal cell carcinoma; HGD: High grade of differentiation; HRG: High-risk grade; LGD: Low grade
of differentiation; LRG: Low-risk grade; pT: Primary tumor; SCC: Squamous cell carcinoma.

Figure 4 – The distribution of percentage values of E-cadherin, fibronectin and Slug: (A) BCC; (B) SCC. BCC: Basal
cell carcinoma; SCC: Squamous cell carcinoma.

 Discussions
The EMT is based on complex molecular and cellular
mechanisms [3]. EMT involves concomitant downregulation
of epithelial cell surface markers (cytokeratins, cadherins,
etc.), an increased expression of the mesenchymal markers
(vimentin, fibronectin), and upregulation and/or nuclear
translocation of the specific transcription factors (Snail,
Slug, Zeb1/2, and Twist1/2, etc.) [13].

E-cadherin is a cell surface adhesion molecule that
mediates cell adhesion in the normal epidermis [14] and
is essential in maintaining cellular integrity and epithelial
tissue architecture and in mechanical regeneration of
the skin through stretching and can serve as a potential
therapeutic target for promoting skin regeneration [15, 16].
In carcinomas, loss of E-cadherin immunoexpression has
been described in the late stages of carcinogenesis, with
decreased expression being a particularity of EMT [17].
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By losing E-cadherin-mediated cell–cell adhesion and
acquiring mesenchymal properties, carcinomatous cells
acquire mobility and invasiveness, thus being able to
penetrate the surrounding stroma [15].
Studies that have analyzed the immunoexpression
of E-cadherin in BCC have provided quite a variety of
results. While some authors have shown that E-cadherin
immunoexpression in BCC cells was frequently reduced
and its decrease or loss was associated with a more
aggressive tumor biology [18–20], the results of other studies
did not confirm such an assumption [21]. In our study,
the statistical analysis of E-cadherin immunoexpression
indicated significantly lower differences in high-grade and
deeply invasive tumors.
Among malignant skin tumors, reduced E-cadherin
immunoexpression has been better documented in SCC
[22]. Jang demonstrated a reduced immunoexpression of
membrane E-cadherin in SCC, compared to its precursor
lesions and normal skin, indicating EMT as an important
process in tumor progression [23]. The membrane immunoexpression of E-cadherin seems to be related to the degree
of tumor differentiation through high expression in lowgrade SCC and decreased or absent expression in highgrade SCC [24, 25]. Wu et al. reported the E-cadherin
immunoexpression in 93–100% of the normal adjacent
squamous epithelia or distant from the tumor and in
most well-differentiated SCC (75–100%), unlike poorlydifferentiated SCC which expressed E-cadherin in less
than 40% of the cases [14]. In the present study, statistical
analysis indicated significantly lower differences in
E-cadherin immunoexpression in high-grade tumors and
nonsignificant in relation with the pT category. In some
studies, LGD–SCC seem to have a high cytoplasmic
E-cadherin immunoexpression [24], and the translocation
from the membrane to the intracytoplasmic region is
considered by several authors as a functional loss of
E-cadherin, which decreases cellular integrity and thus
it promotes malignant transformation and metastasis
[26, 27].
Fibronectins bind various components of the extracellular
matrix (ECM), such as collagen and proteoglycans, and
also serve as binding sites for components of the ECM with
adjacent cells [28, 29]. The expression and organization
of fibronectin 1 (FN1) is altered in cancer and appears to
be significantly correlated with an immunosuppressive
environment and associated with primary resistance to
immunotherapy in melanoma patients [30] which opens
a new perspective in the study of FN1 in immuno-oncology,
with potential of high clinical impact [31]. A study reported
high fibronectin immunoexpression in the BCC stroma,
the maximum expression being identified in the immediate
vicinity of the tumoral islands, which may explain the
characteristic biological behavior of BCC, including the
low metastatic potential and the local destructive nature
of the tumors [32]. In SCC, as well as other cancers with
various locations, degradation of the FN1 expression
has been associated with tumor progression [33]. For the
analyzed cases, fibronectin immunoreactions had a negative
FSS value in LRG–BCC, no matter the tumor stage and a

low FSS mean value in HRG–BCC, diagnosed in advanced
stages (pT3, pT4 categories), compared to SCC immunoreactions in which FSS value was variable, being present
in HGD–SCC, as well as in LGD–SCC, starting with pT2
tumors, an aspect with statistical significance.
Slug transcription factor also plays an important role
in the ultraviolet radiation (UVR)-induced cutaneous
carcinogenesis, especially in EMT which takes place during
tumor progression. An experimental study indicated the
fact that Slug and Snail have similar immunoexpression
patterns in both UVR exposure, similar to chemical carcinogenesis, under certain conditions Slug and Snail may be
adjusted differently, but the in vitro results may not be
similar to the in vivo ones [34].
One study reported high immunoexpression of Slug in
SCC induced by UVRs, with epithelial and mesenchymal
morphology (spindle cells), but Slug messenger ribonucleic
acid (mRNA) expression is considerably higher in spindle
cells than in epithelial ones, suggesting that high Slug
expression precedes high Snail expression during SCC
progression [5]. Another study reported, for preinvasive
lesions and SCC, significant negative correlations between
Snail and E-cadherin expression and between Slug and
E-cadherin expression, the immunostaining intensity for
Snail and Slug being associated with decreased E-cadherin
immunostaining, which may promote EMT [35]. In our
study, statistical analysis indicated significant higher
differences in Slug immunoexpression in deep invasion
BCC and nonsignificant in cases of risk grades. In SCC,
the differences were significantly higher in LGD–SCC
with deep invasion.
 Conclusions
The study indicates through the negative linear correlation
between E-cadherin/fibronectin and E-cadherin/Slug the
EMT intervention in NMSC carcinogenesis. Using the
relation between grading groups, risk groups and depth
of invasion, the immunomarkers used in this study may
be useful in identifying BCC and SCC with aggressive
biological behavior.
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