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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 over-
expressed 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 

regulating the various mechanisms related to carcinogenesis, 
such as angiogenesis and the degradation of the extra-
cellular 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 histopatho-
logical 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 
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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’-Diamino-
benzidine 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 chi-
square (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 classifi-
cation 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 immuno-
reaction 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 clinico-
pathological parameters 

Snail Twist1 Slug Clinicopathological 
parameters 

No. of 
cases p – chi-square test 

males 32 
Gender 

females 18 
0.779 0.545 0.177

≤60 23 Age  
[years] >60 27 

0.792 0.156 0.123

low 37 Fuhrman  
grade high 13 

0.007 0.003 0.002

≤4 12 

>4 and ≤7 17 

>7 and ≤10 15 
Tumor sizes 

[cm] 

>10 6 

0.36 0.121 0.079

present 32 Fat tissue 
invasion absent 18 

0.03 0.001 0.001

present 11 Vascular 
invasion absent 39 

0.169 0.13 0.011

1 13 

2 5 

3 31 
pT/pTNM 

4 1 

0.1 0.005 0.006

present 26 
Necrosis 

absent 24 
0.529 0.355 0.014

present 2 Sarcomatoid 
transformation absent 48 

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 trans-
formation 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 invol-
vement 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-cadherin-
positive 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 

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. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 
[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA 

Cancer J Clin, 2015, 65(1):5–29. 
[2] Li HL, Han L, Chen HR, Meng F, Liu QH, Pan ZQ, Bai J, 

Zheng JN. PinX1 serves as a potential prognostic indicator 
for clear cell renal cell carcinoma and inhibits its invasion and 
metastasis by suppressing MMP-2 via NF-κB-dependent 
transcription. Oncotarget, 2015, 6(25):21406–21420. 

[3] Warren AY, Harrison D. WHO/ISUP classification, grading 
and pathological staging of renal cell carcinoma: standards 
and controversies. World J Urol, 2018, 36(12):1913–1926. 

[4] Voulgari A, Pintzas A. Epithelial–mesenchymal transition in 
cancer metastasis: mechanisms, markers and strategies to 
overcome drug resistance in the clinic. Biochim Biophys Acta, 
2009, 1796(2):75–90. 

[5] Son H, Moon A. Epithelial–mesenchymal transition and cell 
invasion. Toxicol Res, 2010, 26(4):245–252. 

[6] Li L, Li W. Epithelial–mesenchymal transition in human cancer: 
comprehensive reprogramming of metabolism, epigenetics, 
and differentiation. Pharmacol Ther, 2015, 150:33–46. 

[7] Brannon AR, Reddy A, Seiler M, Arreola A, Moore DT, 
Pruthi RS, Wallen EM, Nielsen ME, Liu H, Nathanson KL, 
Ljungberg B, Zhao H, Brooks JD, Ganesan S, Bhanot G, 
Rathmell WK. Molecular stratification of clear cell renal cell 
carcinoma by consensus clustering reveals distinct subtypes 
and survival patterns. Genes Cancer, 2010, 1(2):152–163. 



Bianca Cătălina Andreiana et al. 

 

468 

[8] Zhao H, Zongming M, Tibshirani R, Higgins JP, Ljungberg B, 
Brooks JD. Alteration of gene expression signatures of cortical 
differentiation and wound response in lethal clear cell renal 
cell carcinomas. PLoS One, 2009, 4(6):e6039. 

[9] Peinado H, Olmeda D, Cano A. Snail, Zeb and bHLH factors 
in tumour progression: an alliance against the epithelial 
phenotype? Nat Rev Cancer, 2007, 7(6):415–428. 

[10] Evans AJ, Russell RC, Roche O, Burry TN, Fish JE, Chow VW, 
Kim WY, Saravanan A, Maynard MA, Gervais ML, Sufan RI, 
Roberts AM, Wilson LA, Betten M, Vandewalle C, Berx G, 
Marsden PA, Irwin MS, Teh BT, Jewett MA, Ohh M. VHL promotes 
E2 box-dependent E-cadherin transcription by HIF-mediated 
regulation of SIP1 and Snail. Mol Cell Biol, 2007, 27(1):157–169. 

[11] Mikami S, Katsube K, Oya M, Ishida M, Kosaka T, Mizuno R, 
Mukai M, Okada Y. Expression of Snail and Slug in renal cell 
carcinoma: E-cadherin repressor Snail is associated with cancer 
invasion and prognosis. Lab Invest, 2011, 91(10):1443–1458. 

[12] Lee TK, Poon RT, Yuen AP, Ling MT, Kwok WK, Wang XH, 
Wong YC, Guan XY, Man K, Chau KL, Fan ST. Twist over-
expression correlates with hepatocellular carcinoma meta-
stasis through induction of epithelial–mesenchymal transition. 
Clin Cancer Res, 2006, 12(18):5369–5376. 

[13] Qin Q, Xu Y, He T, Qin C, Xu J. Normal and disease-related 
biological functions of Twist1 and underlying molecular 
mechanisms. Cell Res, 2012, 22(1):90–106. 

[14] Mironchik Y, Winnard PT Jr, Vesuna F, Kato Y, Wildes F, 
Pathak AP, Kominsky S, Artemov D, Bhujwalla Z, Van Diest P, 
Burger H, Glackin C, Raman V. Twist overexpression induces 
in vivo angiogenesis and correlates with chromosomal instability 
in breast cancer. Cancer Res, 2005, 65(23):10801–10809. 

[15] Yang J, Mani SA, Donaher JL, Ramaswamy S, Itzykson RA, 
Come C, Savagner P, Gitelman I, Richardson A, Weinberg RA. 
Twist, a master regulator of morphogenesis, play an essential 
role in tumor metastasis. Cell, 2004, 117(7):927–939. 

[16] Gajula RP, Chettiar ST, Williams RD, Thiyagarajan S, Kato Y, 
Aziz K, Wang R, Gandhi N, Wild AT, Vesuna F, Ma J, Salih T, 
Cades J, Fertig E, Biswal S, Burns TF, Chung CH, Rudin CM, 
Herman JM, Hales RK, Raman V, An SS, Tran PT. The Twist 
box domain is required for Twist1-induced prostate cancer 
metastasis. Mol Cancer Res, 2013, 11(11):1387–1400. 

[17] Zhao M, Hu HG, Huang J, Zou Q, Wang J, Liu MQ, Zhao Y, 
Li GZ, Xue S, Wu ZS. Expression and correlation of Twist and 
gelatinases in breast cancer. Exp Ther Med, 2013, 6(1):97–100. 

[18] Yang MH, Wu KJ. TWIST activation by hypoxia inducible 
factor-1 (HIF-1): implications in metastasis and development. 
Cell Cycle, 2008, 7(14):2090–2096. 

[19] Alves CC, Carneiro F, Hoefler H, Becker KF. Role of the 
epithelial–mesenchymal transition regulator Slug in primary 
human cancers. Front Biosci (Landmark Ed), 2009, 14:3035–
3050. 

[20] Brierley JD, Gospodarowicz MK, Wittekind Ch (eds). TNM 
classification of malignant tumours. 8th edition, Wiley–Blackwell, 
2017, 199–202. 

[21] Kim H, Inomoto C, Uchida T, Furuya H, Komiyama T, Kajiwara H, 
Kobayashi H, Nakamura N, Miyajima A. Verification of the 
International Society of Urological Pathology recommendations 
in Japanese patients with clear cell renal cell carcinoma. Int J 
Oncol, 2018, 52(4):1139–1148. 

[22] Leibovich BC, Lohse CM, Cheville JC, Zaid HB, Boorjian SA, 
Frank I, Thompson RH, Parker WP. Predicting oncologic 
outcomes in renal cell carcinoma after surgery. Eur Urol, 
2018, 73(5):772–780. 

[23] Kiesslich T, Pichler M, Neureiter D. Epigenetic control of 
epithelial–mesenchymal-transition in human cancer. Mol Clin 
Oncol, 2013, 1(1):3–11. 

[24] Meng FD, Li Y, Tian X, Ma P, Sui CG, Fu LY, Jiang YH. 
Synergistic effects of Snail and quercetin on renal cell 
carcinoma Caki-2 by altering AKT/mTOR/ERK1/2 signaling 
pathways. Int J Clin Exp Pathol, 2015, 8(6):6157–6168. 

[25] Yeh JE, Toniolo PA, Frank DA. Targeting transcription factors: 
promising new strategies for cancer therapy. Curr Opin Oncol, 
2013, 25(6):652–658. 

[26] Redell MS, Tweardy DJ. Targeting transcription factors for 
cancer therapy. Curr Pharm Des, 2005, 11(22):2873–2887. 

[27] Bhagwat AS, Vakoc CR. Targeting transcription factors in 
cancer. Trends Cancer, 2015, 1(1):53–65. 

[28] Muqbil I, Wu J, Aboukameel A, Mohammad RM, Azmi AS. 
Snail nuclear transport: the gateways regulating epithelial-to-
mesenchymal transition? Semin Cancer Biol, 2014, 27:39–45. 

[29] Wu Y, Zhou BP. Snail: more than EMT. Cell Adh Migr, 2010, 
4(2):199–203. 

[30] Wu Y, Zhou BP. TNF-alpha/NF-kappaB/Snail pathway in 
cancer cell migration and invasion. Br J Cancer, 2010, 
102(4):639–644. 

[31] Cai J. Roles of transcriptional factor Snail and adhesion 
factor E-cadherin in clear cell renal cell carcinoma. Exp Ther 
Med, 2013, 6(6):1489–1493. 

[32] O’Mahony FC, Faratian D, Varley J, Nanda J, Theodoulou M, 
Riddick AC, Harrison DJ, Stewart GD. The use of automated 
quantitative analysis to evaluate epithelial-to-mesenchymal 
transition associated proteins in clear cell renal cell carcinoma. 
PLoS One, 2012, 7(2):e31557. 

[33] Messai Y, Noman MZ, Derouiche A, Kourda N, Akalay I, 
Hasmim M, Stasik I, Ben Jilani S, Chebil M, Caignard A, 
Azzarone B, Gati A, Ben Ammar Elgaaied A, Chouaib S. 
Cytokeratin 18 expression pattern correlates with renal cell 
carcinoma progression: relationship with Snail. Int J Oncol, 
2010, 36(5):1145–1154. 

[34] Liu W, Liu Y, Liu H, Zhang W, An H, Xu J. Snail predicts 
recurrence and survival of patients with localized clear cell 
renal cell carcinoma after surgical resection. Urol Oncol, 
2015, 33(2):69.e1–69.e10. 

[35] Zaldumbide L, Erramuzpe A, Guarch R, Pulido R, Cortés JM, 
López JI. Snail heterogeneity in clear cell renal cell carcinoma. 
BMC Cancer, 2016, 16:194. 

[36] Ohba K, Miyata Y, Matsuo T, Asai A, Mitsunari K, Shida Y, 
Kanda S, Sakai H. High expression of Twist is associated with 
tumor aggressiveness and poor prognosis in patients with renal 
cell carcinoma. Int J Clin Exp Pathol, 2014, 7(6):3158–3165. 

[37] Harada K, Miyake H, Kusuda Y, Fujisawa M. Expression of 
epithelial–mesenchymal transition markers in renal cell carcinoma: 
impact and prognostic outcomes in patients undergoing radical 
nephrectomy. BJU Int, 2012, 110(11 Pt C):E1131–E1137. 

[38] Rasti A, Abolhasani M, Zanjani LS, Asgari M, Mehrazma M, 
Madjd Z. Reduced expression of CXCR4, a novel renal 
cancer stem cell marker, is associated with high-grade renal 
cell carcinoma. J Cancer Res Clin Oncol, 2017, 143(1):95–104. 

[39] Harb O, Hegazy A, Ali M, Haggag R. Prognostic implication 
of MYb-like, Swirm and Mpn domain-containing protein-1 and 
Twist-1 in renal cell carcinoma. J Interdiscip Histopathol, 
2016, 4(1):1–8. 

[40] Sugimoto M, Kohashi K, Itsumi M, Shiota M, Abe T, Yamada Y, 
Kuroiwa K, Naito S, Oda Y. Epithelial to mesenchymal 
transition in clear cell renal cell carcinoma with rhabdoid 
features. Pathobiology, 2016, 83(6):277–286. 

[41] Leroy P, Mostov KE. Slug is required for cell survival during 
partial epithelial–mesenchymal transition of HGF-induced 
tubulogenesis. Mol Biol Cell, 2007, 18(5):1943–1952. 

[42] Nieto MA. The snail superfamily of zinc-finger transcription 
factors. Nat Rev Mol Cell Biol, 2002, 3(3):155–166. 

 
 
Corresponding authors 
Cristiana Eugenia Simionescu, Professor, MD, PhD, Department of Pathology, University of Medicine and 
Pharmacy of Craiova, 66 1 May Avenue, 200628 Craiova, Romania; Phone/Fax +40251–599 228, e-mail: 
csimionescu2004@yahoo.com 

Alex Emilian Stepan, Associate Professor, MD, PhD, Department of Pathology, University of Medicine and 
Pharmacy of Craiova, 66 1 May Avenue, 200628 Craiova, Romania; Phone/Fax +40251–599 228, e-mail: 
astepan76@yahoo.com 
 
 
Received: February 1, 2019     Accepted: August 6, 2019 


