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Abstract

Clear cell renal cell carcinomas (ccRCC) represent about 80% of the malignant neoplasia with this localization. Snail, Twist1 and Slug are
transcription factors and play a central role in the epithelial–mesenchymal transition (EMT), which is involved in the progression of renal
cell carcinoma (RCC). In this study, we analyzed the immunoexpression of these transcription factors in 50 cases of ccRCC, in relation to
histopathological aggressiveness parameters of the lesions. The results indicated the association of Snail and Twist1 expression with high
Fuhrman grade, as well as the association of Slug expression with low Fuhrman grade. The immunoexpression of Snail and Twist1 was
significantly superior for advanced stages and Slug was overexpressed in early stages of ccRCC. Our study supports the usefulness of the
Snail, Twist1 and Slug expression for the appreciation of aggressiveness in ccRCC, the panel being attractive for targeted therapy.
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 Introduction
Renal cell carcinoma (RCC) has multiple histological
subtypes, clear cell (ccRCC) being the most common one,
which represents 80–85% of all renal malignant epithelial
tumors [1].
Numerous clinico-epidemiological parameters [gender,
age, tumor–node–metastasis (TNM) stage, Fuhrman grade]
are used in medical practice, but their capacity to predict
prognosis after the surgical intervention or systemic therapy
is limited, which shows the need for new approaches or
new prognosis factors in the management of RCC [2, 3].
Epithelial–mesenchymal transition (EMT) is a biological
process through which epithelial cells lose cell–cell contact
and polarity and obtain a mesenchymal phenotype [4].
Therefore, tumor cells lose the epithelial markers and
overexpress mesenchymal markers, which play a key role
in the process of invasion and metastasis [5].
Several transcription factors including Snail, Twist1
and Slug were identified as inductors of EMT and metastasis
[6], repressing the expression of E-cadherin through different
mechanisms [7, 8]. Numerous studies have analyzed the
role of these factors in the progression of carcinomas,
including RCC, but their results are not conclusive.
Snail is one of the most important transcription
factors involved in the regulation of EMT, and is overexpressed in various cancers [9, 10], including RCC,
where the expression of Snail appears to be related to a
bad prognosis of these lesions [11].
Twist1 promotes EMT in various pathological conditions,
including malignant tumors [12, 13] and it has an important
role in the tumor growth, invasion and metastasis by
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regulating the various mechanisms related to carcinogenesis,
such as angiogenesis and the degradation of the extracellular matrix, in numerous malignant neoplasms, including
RCC [12, 14–18].
There are studies which reported that Slug is involved in
tumor progression, overexpressed in aggressive carcinomas
[19], and other studies in which Slug immunoexpression
was lower in aggressive and advanced stages [11].
In the present study, we analyzed the immunoexpression
of Snail, Twist1 and Slug in ccRCC to determine their
associations with histopathological parameters of the lesions.
 Materials and Methods
The study included 50 cases of ccRCC diagnosed in
the Emergency County Hospital of Craiova, Romania,
during 2015–2017, the biological material being represented
by nephrectomy specimens that were fixed in 10% buffered
formalin, and then processed by the paraffin embedding
technique and Hematoxylin–Eosin (HE) staining. The
classification of the lesions was done according to the
latest data from literature [20]. We followed the evaluation
of several epidemiological (age, gender) and histopathological parameters (Fuhrman grade, tumor size, fat tissue
invasion, vascular invasion, tumor stage, sarcomatoid
transformation, the presence of necrosis).
The immunohistochemical analysis included the
following antibodies: Snail (NBP1-80022, Dako, 1:100
dilution), Twist1 (ab50581, Abcam, 1:500 dilution), Slug
(ab27568, Dako, 1:150 dilution). The external positive
control for Snail was kidney, for Twist1 was colon, for
Slug was placenta, and the pretreatment was microwaving
ISSN (online) 2066–8279
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in citrate buffer, pH 6. We used the Labeled Streptavidin–
Biotin 2 (LSAB2) System–Horseradish Peroxidase (HRP)
method (Dako, Redox, Bucharest, Romania, code K0675),
and the signal visualization was done with 3,3’-Diaminobenzidine tetrahydrochloride (DAB, Dako, code 3467).
The quantification of the immunostaining was done in
parallel by two specialists and the values were then
tested for the concordance index kappa (Cohen’s kappa
coefficient). The quantification of the reactions was done
through a final composite score (CS), resulted from the
multiplication of the intensity of the reactions and the
percent of labeled cells. The cases were classified according
to the percentage of positive tumor cells in the categories:
0 (no marked cells), 1 (<25% marked cells), 2 (25–50%
marked cells), 3 (51–75% marked cells) and 4 (>75%
marked cells). The intensity of reactions was divided
in the categories: 0 (absent), 1 (low), 2 (moderate) and
3 (high). For the statistical analysis, we used the following
CS: negative for values of 0, low positive for values 1–4
and high positive for values 6–12.
For the statistical analysis, we used Pearson’s and chisquare (χ2) comparison tests within Statistical Package for
the Social Sciences (SPSS) 20 software. The results were
considered significant for p<0.05. The image acquisition
was done using the Nikon Eclipse E600 and the Lucia 5
software. The study was approved by the local Ethics
Committee (No. 41/27.03.2018).
 Results
The study included 50 cases of ccRCC, out of which
more than half were identified in male patients (32 cases),
with an average age of 60.18±10 years (Table 1). Most
cases were low Fuhrman grade (37 cases), had tumor sizes
between 2 and 14 cm, the fat tissue invasion was present
in 32 cases and vascular invasion in 11 cases (Table 1).
Most cases were pT3 (30 cases), over half of the cases
being labeled in pTNM III tumor stage (30 cases). Necrosis
was present in 26 cases and sarcomatoid transformation in
only two cases (Table 1). In this study, the stage classification and primary tumor (pT) extension were identical.
The immunostainings of the analyzed markers were
observed also in the tubules of adjacent normal tissue
and in some stromal elements with variable intensity.
For cases with low Fuhrman grade, the Snail immunoreaction indicated an average percent of labeled cells of
19.05±11.77, with predominantly low or moderate intensity
and an average CS of 1.75 (Figure 1). For high Fuhrman
grade tumors, the average percentage of labeled cells was
33.05±25.7, the intensity was variable, with an average
CS of 3.92 (Figure 1).
In the case of advanced stage ccRCCs (pT3/stage III),
the average percentage was 27.41±18.61, intensity of
reactions was predominantly moderate, with an average
CS of 2.87 (Figure 1).
The statistical analysis of the studied parameters
revealed significant associations between the increased
expression of Snail and high Fuhrman grade (p=0.007),
the presence of fat tissue invasion (p=0.03) (Table 1).
Immunostaining for Twist1 was identified in 90% of
the cases, with cytoplasmic and nuclear patterns. Twist1
immunoreaction also varied according to tumor Fuhrman

grade, ccRCC with low Fuhrman grade had average
percentage of 34.77±21, variable intensity and mean CS
of 3.05 (Figure 2). For high Fuhrman grade ccRCC, the
average percentage of labeled cells was 58.07±26.34,
the intensity was predominantly moderate and high, and
average CS of 6.84 (Figure 2).
Table 1 – Snail, Twist1 and Slug immunoexpression
and their relation with the investigated clinicopathological parameters
Clinicopathological
parameters
Gender
Age
[years]
Fuhrman
grade
Tumor sizes
[cm]
Fat tissue
invasion
Vascular
invasion

pT/pTNM

Necrosis
Sarcomatoid
transformation

males
females
≤60
>60
low
high
≤4
>4 and ≤7
>7 and ≤10
>10
present
absent
present
absent
1
2
3
4
present
absent
present
absent

No. of
cases
32
18
23
27
37
13
12
17
15
6
32
18
11
39
13
5
31
1
26
24
2
48

Snail Twist1 Slug
p – chi-square test
0.779 0.545 0.177
0.792 0.156 0.123
0.007 0.003 0.002

0.36

0.121 0.079

0.03

0.001 0.001

0.169

0.13

0.1

0.011

0.005 0.006

0.529 0.355 0.014
0.601 0.786 0.281

pT: Primary tumor; TNM: Tumor–node–metastasis.

Related to tumor stage, average percentage was higher in
advanced stages (pT3/stage III) (45.64±23), with moderate
and high intensity and average CS of 4.83. On the other
hand, in pT1, the mean percentage of labeled cells was
32.3±25, intensity was variable and average CS was 2.3
(Figure 2).
Statistical analysis indicated significant associations
between increased expression of Twist1 and high Fuhrman
grade (p=0.003), advanced tumor stage (pT3/stage III)
(p=0.005) and the presence of fat tissue invasion (p=0.001)
(Table 1).
Slug immunoreaction was observed in 96% of the cases,
with cytoplasmic localization. Low Fuhrman grade ccRCC
had an average percentage of labeled cells of 50.4±26,
variable intensity and an average CS of 4.62 (Figure 3).
For ccRCC with high Fuhrman grade, the mean percentage
was 27.19±23, intensity was variable and average CS was
3.23 (Figure 3).
For advanced stage of ccRCCs (pT3/stage III), average
percentage was 38.87±25.32, intensity was predominantly
moderate and average CS was 3.96 (Figure 3).
Statistical analysis showed significant associations
between high expression of Slug and low Fuhrman grade
(p=0.002), early tumor stage (pT1/stage I) (p=0.006), the
absence of fat tissue invasion (p=0.001), the absence of
vascular invasion (p=0.011) and the absence of necrosis
(p=0.014) (Table 1).
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Figure 1 – ccRCC: (A) Low grade, Snail immunostaining, ×100; (B) High grade, Snail immunostaining, ×100;
(C) Cases distribution depending on Fuhrman grade and Snail CS; (D) Cases distribution depending on tumor extension
and Snail CS. ccRCC: Clear cell renal cell carcinoma; CS: Composite score.

Figure 2 – ccRCC: (A) Low grade, Twist1 immunostaining, ×100; (B) High grade, Twist1 immunostaining, ×100;
(C) Cases distribution depending on Fuhrman grade and Twist1 CS; (D) Cases distribution depending on tumor extension
and Twist1 CS. ccRCC: Clear cell renal cell carcinoma; CS: Composite score.
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Figure 3 – ccRCC: (A) Low grade, Slug immunostaining, ×100; (B) High grade, Slug immunostaining, ×100;
(C) Cases distribution depending on Fuhrman grade and Slug CS; (D) Cases distribution depending on tumor extension
and Slug CS. ccRCC: Clear cell renal cell carcinoma; CS: Composite score.

The analysis of the distribution of percentage values of
the investigated markers indicated statistically significant
negative linear correlations between Slug and Snail (p<0.05,
Pearson’s test), statistically significant positive linear
correlations between Twist1 and Snail (p<0.05, Pearson’s
test) and statistically non-significant negative linear relations
between Twist1 and Slug (p>0.05, Pearson’s test) (Figure 4).

Figure 4 – Values distribution of the labeled cells for
the investigated markers.

 Discussions
Important prognostic factors in ccRCC are Fuhrman
grade, tumor stage, vascular invasion, sarcomatoid transformation and fat tissue invasion [21]. All these factors
were studied in several papers and correlated with the
disease prognosis and survival rate [22].
The EMT is a complex process in which several factors
are involved in the progression of lesions, invasion and

metastasis [23]. Recent studies have reported the involvement of several transcription factors with key role
in EMT, among which Snail, Twist1 and Slug [24]. An
important target for anticancer therapy is controlling the
gene expression of the transcription factors [25–27].
Snail is a zinc-finger transcription factor and an
important repressor of E-cadherin [28]. Snail expression
was observed in various malignant tumors and correlated
with tumor invasion and metastasis, being considered a
key marker of EMT [28–30].
In our study, Snail immunoreactions were present in
92% of the cases at the nuclear and cytoplasmic levels.
There are studies that have reported a positivity rate of
Snail of 82.61% in ccRCC, significantly larger compared
to precancerous lesions [31].
In this study, Snail immunoreactions were significantly
superior in high-grade extensive tumors, but statistically
insignificant in advanced stage carcinomas. For the ccRCC,
the reports from the literature confirm our results about
the overexpression of Snail in high Fuhrman grade ccRCC
[11, 24, 31, 32] and they also reported that the expression
of E-cadherin and Snail in ccRCC was significantly
correlated with the tumor differentiation grade and local
invasion [31]. Contrary to our study, some reports have
indicated significant associations between Snail expression
and clinical stage, and also metastasis [31]. Similar to
our results, Messai et al. reported that the expression
of Snail is lower in low grade RCCs compared to high
grade and suggested that this increase of Snail could be
important in EMT evolution [33].
Snail expression in ccRCC was studied by other
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authors that obtained significant associations between the
increased cytoplasmic immunoexpression of Snail and
high Fuhrman grade ccRCC [34]. In Liu et al. study,
cytoplasmic immunoexpression of Snail had no significant
association with any other clinicopathological parameter
and the intensity of the Snail nuclear immunoexpression
was identified as independent factor for bad prognosis
[34]. In contrast to our study, in the study done by
Zaldumbide et al., all cases of high-grade ccRCC presented
Snail immunostaining and the negative immunoexpression
was present only in low-grade cases [35].
Twist1 is a classic transcription factor involved in
tumor growth and invasion [36] and has a key role
in tumor aggressiveness [36, 37]. Despite the Twist1
expression being associated with negative prognosis in
ccRCC [36, 37], his significance in RCC was not fully
understood [36].
In our study, the immunostaining was cytoplasmic
and nuclear for Twist1, the reactions being identified in
90% of the studied cases. Twist1 immunoexpression was
increased in high Fuhrman grade, in advanced tumor
stages, in those cases which presented fat invasion and
vascular invasion.
The literature also describes the expression of Twist1
compared to histopathological parameters, reporting similar
results [38, 39]. Rasti et al. evaluated the expression of
Twist1 in ccRCC and reported significant associations
between the increase of Twist1 expression and high tumor
grade, venous invasion and vascular microinvasion [38],
results which are similar to ours. Moreover, the study of
Arezzo et al. suggests that the cytoplasmic expression
of Twist1, but not the nuclear one, is an important
prognosis factor in RCC, being supported by the study
of Harada et al. [37, 38].
Other studies confirm our results reporting increased
expression of Twist1 in ccRCC in advanced tumor stages
and with high Fuhrman grade [39]. Also, Ohba et al.
stated that the expression of Twist1 is considerably higher
in the cases with sarcomatoid transformation [36].
Slug is a vertebrate-specific Snail-related gene, which
is expressed in several carcinomas with increased invasion,
through the regulation of E-cadherin [19].
In our study, we observed the presence of cytoplasmic
expression of Slug in 96% of the cases. Statistical analysis
indicated significant associations between the decrease
of Slug expression and high Fuhrman grade, advanced
tumor stage, the presence of fat tissue invasion, the
presence of vascular invasion, the presence of necrosis
and pTNM.
Mikami et al. reported that the immunoexpression
of Slug was present in 69% of the studied cases [11],
and it was negatively correlated with tumor stage, which
suggested that Slug is less expressed in advanced ccRCC
[11, 40], similar to our results.
In addition, Mikami et al. also analyzed the correlations
between Snail, Slug and E-cadherin expression in 83 cases
of ccRCC and they observed that ccRCC with low Snail
expression had increased percentages of E-cadherinpositive tumor cells compared to tumors with high Snail
immunoexpression, with no statistically significant
correlation [11]. Moreover, the study did not report any
correlation between the expression of Slug and E-cadherin,
the authors suggesting the fact that Slug was not involved
in the expression of E-cadherin [11]. Other studies have
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also reported that Slug is neither a repressor of E-cadherin,
nor an inductor of cellular mobility in EMT from renal
tubulogenesis, but it would be necessary for cellular
survival [41].
Mikami et al. investigated the association between
the expression of Slug, Snail, E-cadherin and survival
and they showed that increased Slug immunoexpression
was significantly associated with improved survival,
in contrast with the expression of Snail, which was
negatively associated with survival, and the association
of E-cadherin was not significant [11].
Though many studies have shown that Slug and Snail
are positive regulators of EMT [42], Mikami et al. consider
that in RCC Snail is a positive regulator of EMT and
Slug has a role in cellular survival [11]. Other authors
have also reported that Slug expression is low during
carcinogenesis and RCC progression, which suggests it
might not have a role in EMT [40].
Other researchers have determined, through the
combination of early tumor stage and increased Slug
expression, an association with a better prognosis in
ccRCC comparative to these parameters separately [32].
These markers are of particular interest in the literature
because of their involvement in the EMT process and
their association with ccRCC prognosis [7, 8]. In the case
of Snail and Slug, because of the contradicting results,
some researchers believe that further studies are necessary
to clarify the role of the immunoexpression of the two
markers [40].
 Conclusions
Our study indicated a significant association of the
immunoreactivity of Snail, Twist1 and Slug with Fuhrman
grade in ccRCC and with tumor stage for Slug and Twist1.
The results suggest that these markers could be of useful
to evaluate the aggressiveness of lesions and can represent
a target for the therapy of patients with ccRCC.
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