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ABSTRACT: Epithelial-mesenchymal transition (EMT) is a fundamental process which governs invasiveness.
E-cadherin plays a major role in development, organogenesis and tissue formation, but also in tumor progression.
Snail is a transcription factor described as a direct repressor of E-cadherin during development and in
carcinogenesis. In this study we analyzed E-cadherin and Snail immunoexpression in 47 cases of colorectal
adenocarcinoma (CRC) in comparison with some histopathological prognostic factors. The majority of cases were
G2 tumors in stages II and III, with vascular and perineural invasion. All cases showed positive cytoplasmic signal for
E-cadherin and Snail. E-cadherin reactions were intense with the highest composite score (CS) values in CRC G1.
CS values of E-cadherin decreased with the advancement in tumor stage and the association with vascular and
perineural invasion was statistically significant. Snail immunoreaction was intense with the highest values of CS in
CRC G3, being more evident with the increase of tumor staging, aspect which was statistically significant. CS and
Snail association demonstrated a statistically significant aspect related to vascular invasion. We found a negative
linear correlation of E-cadherin and Snail expression. The obtained results indicate the implication of Snail and
E-cadherin in EMT of CRC, aspect which is useful in the evaluation and stratification of patients with CRC for the
targeted specific therapy.
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Introduction

Material and Methods

Colorectal carcinoma (CRC) is the third most
frequent type of cancer worldwide and one of
the most common cancer related death causes
[1,2]. Cancer cells which undergo epithelialmesenchymal transition (EMT) can acquire
invasive properties, by entering in the adjacent
stroma, resulting in the creation of a favorable
micro-medium for progression and tumor
metastasis [3]. Tumor invasion represents the
first step in the cascade of events which lead to
the development of metastasis, and EMT is
considered one of the central mechanisms which
induces this process [4,5].
One of the characteristics of EMT is loss of
cell adhesion with the decline of E-cadherin
expression. Loss of E-cadherin may lead to
tumor progression, metastasis and being an
unfavorable prognostic factor of cancer with
different localizations, especially CRC [5]. The
main mechanism by which EMT is induced is
represented by inhibition of E-cadherin, through
the binding of Snail and Twist in E-cadherin’s
promotor e-boxes [7,8].
The present study followed the correlations
of E-cadherin and Snail immunoexpression, in
relation with the prognostic histopathological
parameters for CRC.

The study included 47 cases of CRC obtained
from the Clinics of Surgery of Emergency
County Hospital of Craiova, Romania, during
2017 and diagnosed in the Pathology
Department of the same hospital. Biological
material consisted of specimens of colectomy
and hemicolectomy, fixed in 10% buffered
formalin and then processed by the classic
histhopathological technique consisting on
paraffin embedding and Haematoxylin-Eosin
staining (HE). Tumor staging was made in
concordance with the WHO 2010 guidelines [9].
Histopathological parameters (grading, tumor
staging, vascular and perineural invasion) were
analyzed in comparison with immunoexpression
of the rabbit-antihuman polyclonal antibodies,
Snail (NBP1-822) and rabbit-antihuman
monoclonal E-cadherin (36B5), both of IgG
isotype. For the immunohistochemical (IHC)
analysis, serial sections were used, which were
processed by Labeled Streptavidin-Biotin
(LSAB)+System-Horseradish peroxidase (HRP)
(Dako, Redox, Romania, code K0675), signal
developing being made with the chromogen
3,3’-Diaminobenzidine
tetrahydrochloride
(Dako, Redox, Romania, code K3468). We used
1:100 dilution for Snail and E-cadherin (ready to
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use) and antigen recovery pretreatment was done
with microwaving in citrate buffer pH6.
The quantification of IHC reactions was
realized by using a composite score (CS)
resulted by multiplying the percentage of
marked cells with the immunostaining intensity.
Depending on the number of marked tumor
cells, cases were divided into several categories,
respectively 0 (absence of marked cells), 1 (less
then 10% marked cells), 2 (11-25% marked
cells), 3 (26-50% marked cells), 4 (more then
50% marked cells). The immunostaining
intensity was divided into 4 categories,
respectively 0 (absent), 1 (weak), 2 (moderate)
and 3 (intense). The images were acquired with
the Nikon Eclipse E600 microscope and imaging
software Lucia 5.
Statistical analysis was made by X2
(chi-square test) and Pearson’s comparison tests,
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within Statistical Package for the Social
Sciences (SPSS) 10 software. Mean values were
reported as standard deviation (SD). The results
were considered significant for values of p<0.05.
For the statistical analysis the resulted scores
were considered low for values between 1 and
4 and high for values between 6 and 12.
The study was approved by the Local Ethical
Committee (no. 42/27.03.2018).

Results
Analysis of the 47 cases indicated that the
majority were moderately differentiated tumors
(G2-53,2%) and corresponded to stage II and III
(29,8% each), 59,6% presenting vascular
invasion and 70,2% perineural invasion
(Table1).

Table 1. Relation between histopathological parameters and E-cadherin and Snail immunoexpression

E-cadherin
Snail
%
Score
%
Score
Tumor stage
94.16+/-8.01
10
38.33+/-6.83
6.5
85.57+/-22.31
8.42
68.92+/-20.20 11
77.14+/-15.89
7.85
78.57+/-11.40 11.78
58.84+/-26.23
4.69
90.38+/-8.77
11.38
p=0.009
p=0.001
Grading
G1-8 (17.0%)
88.75+/-20.83
8.25
40+/-20.87
7.5
G2-25 (53.2%)
80.2+/-19.22
8.04
74.6+/-19.36
11.4
G3-14 (29.8%)
61.78+/-25.54
5.85
87.5+/-9.14
11.5
p=0.170
p=0.005
Vascular
Present-28 (59.6%)
70.17+/-24.01
7.39
81.60+/-14.59 11.59
invasion
Absence-19 (40.4%)
85+/- 19.57
7.47
59.21+/-27.29 9.68
p=0.038
p=0.047
Perineural
Present-33 (70.2%)
71.36+/-23.66
6.45
78.33+/-18.56 11.24
invasion
Absence-14 (29.8%)
87.5+/-18.57
9.71
58.92+/-27.88 9.64
p=0.049
p=0.109
*G1: well differentiated CRC, G2: moderately differentiated CRC, G3: low differentiated CRC
Parameters

Variables and
number of cases (%)
I-6 (12.8%)
II-14 (29.8%)
III-14 (29.8%)
IV-13 (27.7%)

E-cadherin reaction was identified with a
membranar and cytoplasmic pattern in 76,17%
of cases (Fig.1A-B). E-cadherin intensity and
immunostained cell percentage were different
depending on the differentiation grade. Well
differentiated cancers (G1) had an intense
reaction, with a mean CS value of 8.25,
moderately differentiated cancers (G2) had a
intense reaction with a mean CS value of 8.04,
while low differentiated cancers (G3) had a low
reaction with a mean CS value of 5.85, aspect
which is statistically insignificant (Fig.1C).
In the same time, the mean CS values
decreased with advancement of tumor stage,
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respectively 10 (stage I), 8,42(stage II),
7,85 (stage III) and 4,69 (stage IV), which was
statistically significant (Fig.1D).
Referring to the relation of CS and vascular
invasion, we observed a tendency towards rising
in the presence of vascular invasion. Mean CS
values were higher in the presence of vascular
invasion (7,39 vs. 7,47) which was statistically
significant. Similarly, the analysis of the relation
between CS and perineural invasion, indicated a
statistically significant aspect (p=0,049) in the
presence of perineural invasion (6,45 vs. 9,71).
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Fig.1. A. Well differentiated CRC, E-cadherin immunostaining, x100; B. Low differentiated CRC,
E-cadherin immunostaining, x100; C. Cases distribution depending on E-cadherin scores and grading;
D. Cases distribution depending on E-cadherin scores and tumor stage

Snail immunoreaction was identified with a
cytoplasmic pattern in 72.55% of cases
(Fig.1A-B). Snail intensity and percentage of
stained cells were different depending on grade
of differentiation. Well differentiated cancers
(G1) indicated intense reactions and high CS
with a mean value of 7.5. Also moderately and
low differentiated cancers revealed an intense

reaction with mean CS values of 11.4 for G2 and
11.5 in G3 (Fig.2C).
Referring to tumor stage, the marked cells
presented an increase of mean CS values with
the advancement of tumor stage, respectively
6,5 (stage I), 11 (stage II), 11.87 (stage III) and
11,38 (stage IV) (Fig.2D)

Fig.2.A. Well differentiated CRC, Snail immunostaining, x100; B. Low differentiated CRC,
Snail immunostaining, x100; C. Cases distribution depending on Snail scores and grading;
D. Cases distribution depending on Snail scores and tumor stage
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Regarding the relation between CS and
vascular invasion, we observed an increase of
CS values in the presence of vascular invasion,
compared with cases without vascular invasion
(11,59 vs. 9,68), aspect which was statistically
significant. Similarly, the analysis of the relation
between CS with perineural invasion indicated
an increase of CS values in the presence of
perineural invasion (11,24 vs. 9,64), but without
a statistic significance.
Statistical analysis revealed a negative linear
correlation of E-cadherin expression and Snail
(p<0.05, Pearson) (Fig.3).

Fig.3. E-cadherin and Snail percentage values
distribution

Discussions
CRC is the third most frequently diagnosed
type of cancer worldwide. Tumor stage
represents the most important prognostic factor
for patients with CRC, being associated with a
low grade of differentiation, perineural and
vascular invasion [10]. Most cases that were
analyzed were moderately differentiated tumors,
which corresponded to stage III and presented
frequent perineural and vascular invasion, with
statistically significant results across various
parameters (p<0.05, χ2 test). Related to this
aspect, the literature data is extensive [11,12].
Hashmi et al. demonstrated that the majority of
tumors are diagnosed in late stages III/IV, being
associated with vascular and perineural invasion
[12]. Furthermore, with the increase in tumor
stage the grade of differentiation also modifies
in parallel, most tumors being moderately
differentiated [13].
EMT is implicated in tumor progression and
metastasis being thus considered one of the
essential mechanisms involved in aggressive
cancers. Epithelial tumor cells, loose their
polarity and are converted to the mesenchymal
phenotype, receiving migratory capabilities.
They receive invasive properties and enter the
surrounding stroma, thus resulting in the
formation of a favorable micro-medium for
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tumor progression and metastasis. This process
is accompanied by different modifications, such
as inhibition of epithelial markers and
appearance of mesenchymal markers [14]. The
definitory role of EMT is represented by the
direct link to invasion, metastasis and with an
unfavorable prognostic of patients with CRC
[15].
E-cadherin is a transmembranary calcium
dependent glycoprotein, expressed in most
epithelial tissues, which forms a tight junction
which connects adjacent cells. One of the
primary discoveries in EMT is loss of cell
adhesion with the lowering of E-cadherin. Loss
of E-cadherin leads to tumor progression,
metastasis and an unfavorable prognostic in
different cancers [6,16].
E-cadherin expression analysis showed its
presence in 76,17% of studied cases, being
evidentiated in membranary and cytoplasmic
levels. Similar to our study, Brabletz et al.
showed E-cadherin expression in the membrane
and cytoplasm level [17]. Elzaghied et al.
concluded that aberrant cytoplasmic expression
of E-cadherin may predict a recurrent disease,
which would be of clinical and therapeutic
interest [18]. E-cadherin markings were intense,
with the highest values of mean CS in CRC G1
(8,25) and G2 (8,04), in comparison with G3
(5,85) being statistically insignificant. Palaghia
et al. evidenced E-cadherin membranary and
cytoplasmic immunoreaction but also the
association of it with tumor differentiation. Thus
they concluded that well and moderately
differentiated tumors have a higher E-cadherin
expression
in
comparison
with
low
differentiated, the association being statistically
significant [19].
In our study the tumor cells intensity
decreased in advanced tumor stage, aspect
which was statistically significant. Similarly,
Kwak et al., demonstrated that low expression of
E-cadherin was significantly correlated with
grade of tumor differentiation and advanced
tumor stage [20]. Association of E-cadherin
immunoreaction with perineural and vascular
invasion was statistically significant, being
demonstrated in many studies [21,22]. Wang et
al., in a study on signet cell CRC, demonstrated
that vascular invasion and perineural invasion
correlated with overexpression of E-cadherin
may predict patient prognostic with this type of
cancer [23].
Transcriptional repressors of E-cadherin, of
which the family of zinc finger proteins (Snail,
Slug) are associated with EMT, being markers
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useful for establishing a prognostic for different
cancers [24].
Snail is one of the best promoters of EMT,
being considered with a prognostic role in CRC.
Additionally, it mediates invasiveness and
metastasis in many types of malignant tumors
[25,26].
Snail highlighting CRC was identified in
73% of cases which presented overexpression of
this protein, with a cytoplasmic pattern. In
literature many studies showed Snail
overexpression in CRC [27,28]. For example,
Fan et al. showed that 78% of analyzed cases
showed Snail overexpression [8]. Many studies
claim that intense Snail reaction of tumor cells is
responsible for a decrease in E-cadherin signal
in many types of cancers [29,30].
In our study, we identified a statistically
significant
association
between
Snail
immunoreaction and vascular invasion. We
didn’t find any relation between tumor cell
immunostaining and perineural invasion. The
invasiveness ability and migratory ability of
Snail and an unfavorable prognostic, were cited
in literature and is demonstrated the
overexpression of this biomarker with vascular
invasion and perineural invasion [31,32,33].
Yung et al. showed that overexpression of
Snail and EMT correlates with aggressive CRC
[27]. In this study the Snail reactions were
intense, with the highest mean values of CS in
CRC G2 (11.4) and G3 (11.5), aspect which was
statistically significant (p<0,05, χ2 test), the
results being similar to literature data [34].
Kwoon et al., demonstrated that overexpression
of Snail in 75% of cases, being correlated with
low differentiated CRC and in advanced stages
of disease. Furthermore, the association with
perinerual invasion and vascular invasion was
shown [35].
Furthermore, we found significant linear
negative correlation of E-cadherin expression
and Snail (p<0.05, Pearson), which suggests that
association of the two markers demonstrates
EMT presence and a low survival rate, similar to
data found in literature [24].

Conclusions
In this study E-cadherin expression was
significant superior in low stage well
differentiated CRCs, while immunoexpression
of Snail was superior in advanced and low
differentiated lesions. This aspect suggests the
implication of the two biomarkers in EMT of
CRC, and results obtained can be used in the
stratification of patients and therapeutic attitude.
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