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Abstract 
Adenoid cystic carcinoma (ACC) is the second most common malignant salivary glands neoplasms with a controversial biological behavior. 
Even though these tumors grow slowly, they have increased potential for recurrence and distant metastasis. In order to elucidate this behavior, 
our study aimed to investigate the immunoexpression in such tumors of the most important transcriptional factors [Twist, Snail, Slug, and zinc 
finger E-box binding homeobox 1 (ZEB1)] involved in the epithelial–mesenchymal transition process. The highest level of expression was 
recorded for Twist, present in all the investigated cases, followed by the Slug and Snail, while no tumor parenchyma reactivity was noticed for 
the ZEB1 factor. There were tumor reactivity differences regarding topography, histopathological variant, and nerve and lymph node invasion 
status. Thus, tumors developed from the intraoral minor salivary glands, with solid pattern, perineural invasion, locally aggressive and with 
lymph node metastasis were the most reactive. Therefore, these transcription factors could be useful as prognostic biomarkers and efficient 
therapeutic targets in such salivary malignancies. 
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 Introduction 
Adenoid cystic carcinoma (ACC) is considered in many 

records the second most common malignant salivary glands 
neoplasms and the first one in the minor salivary glands 
[1, 2]. The biological behavior of this tumor is controversial 
because even though they grow slowly and indolent, the 
recurrence rate can achieve 74% [3, 4] and, moreover, the 
distant metastasis seems to be more common than regional 
recurrences [5]. Thus, if the five-year overall survival rate 
in patients with ACC without recurrences is around 70%, 
this rate drops down to 57% in patients with recurrences 
[6], and to 46% in those cases with distant metastasis [7]. 
According to data recorded between 1973–2008 by the 
Surveillance, Epidemiology, and End Results (SEER) 
Program of the National Cancer Institute, about 3208 
people were diagnosed with oral cavity and pharynx ACC, 
with one-third of the patients with regional ACCs of the major 
salivary glands having the risk of death [8]. Recent studies 
have shown that the epithelial–mesenchymal transition 
(EMT) process appears to be partly responsible for such 
behavior [9, 10]. One of the key events of EMT process 
is the loss of E-cadherin expression, which is regulated 
by several transcription factors, such as Snail, Slug, Twist, 

and δEF1/zinc finger E-box binding homeobox 1 (ZEB1) 
[11–14]. Some recent research has indicated that such 
transcription factors are associated with locoregional 
invasiveness and distant metastasis which make them useful 
in evaluating the prognosis of patients with salivary ACC 
(SACC) [15–18]. 

Aim 

In this regard, our study aimed to establish the immuno-
phenotype of Snail, Slug, Twist, and ZEB1 transcription 
factors in SACC. 

 Materials and Methods 
After giving informed consent, 32 patients with salivary 

gland ACC who underwent resection of their tumors at 
the Department of Oral and Maxillofacial Surgery from 
Emergency County Hospital, Craiova, Romania, between 
2010 and 2019 were enrolled in our study. The clinical and 
demographic data were collected form the database of the 
Department of Surgery, where they have been presented, 
and the histopathological (HP) data and the correspondent 
paraffin blocks were retrieved from the Archive of the 
Laboratory of Pathology from the same Hospital. Repre-
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sentative 4-μm-thick sections of these paraffin blocks 
were used for immunohistochemical (IHC) analysis. These 
were dewaxed and rehydrated and then the endogenous 
peroxidase activity was blocked by incubation with 3% 
hydrogen peroxide for 20 minutes. The antigen retrieval 
was accomplished by 0.01 M citrate buffer solution (pH 6) 
in a microwave oven 650 W for 15 minutes. Then, for  
30 minutes, at room temperature, the slides were incubated 
with 2% bovine serum albumin (BSA). Subsequently, the 
slides were exposed overnight, at 4°C, to the primary 
antibodies against Twist (1:300), Snail (1:100), Slug (1:150) 
and ZEB1 (1:100) in a humidified chamber (Table 1). 
Then the signal was detected and amplified according to 
the producer’s protocols for the LSAB2 detection kit 
(K0675, Dako, Redox, Romania). 3,3’-Diaminobenzidine 
tetrahydrochloride (DAB, Dako, K3468) was used to detect 
the IHC targets, and the slides were counterstained with 
Hematoxylin (Tunic, Bio-Optica, Romania – M06002). 
Negative controls were performed by replacing the primary 
antibodies with phosphate-buffered saline (PBS). 

Table 1 – The antibodies and immunostaining protocol 

Antibody 
Clone / 

Manufacturer, 
Catalog No. 

Dilution 
Antigen 
retrieval 

External  
positive  
control 

Twist 

Rabbit 
polyclonal / 

Abcam, 
ab50581 

1:300 
0.1 M 

Citrate, 
pH 6 

Colon 

Snail 

Rabbit 
polyclonal / 

Novus 
Biologicals, 

NBP1-80022 

1:100 
0.1 M 

Citrate, 
pH 6 

Kidney 

Slug 

Rabbit 
polyclonal / 

Abcam, 
ab27568 

1:150 
0.1 M 

Citrate, 
pH 6 

Placenta 

ZEB1 

Mouse 
monoclonal – 

CL0151 / 
Sigma Aldrich, 
AMAb90510 

1:100 
0.1 M 

Citrate, 
pH 6 

Prostate 
adenocarcinoma 

ZEB1: Zinc finger E-box binding homeobox 1. 

IHC results were analyzed by two independent 
pathologists (BIC and MC) and these were evaluated using 
the immunoreactivity score (IRS) given by Remmele & 
Stegner [19]. According to this score, the slides were 
quantified with values between 1 and 12, considering both 
cytoplasmic and nuclear reactivity for all investigated 
markers. 

For statistical analysis, we utilized the Statistical Package 
for the Social Sciences (SPSS) 10 software package. In 
order to assess the association between different categorical 
classes in this study, data was organized in contingency 
tables, and a χ2 (chi-squared) test was utilized. The analysis 
of variance (ANOVA) test was used for comparisons of 
more than two groups of continuous data variables, and a 
Pearson’s correlation coefficients were calculated for 
analysis of correlations between two sets of continuous 
variables. A p-value <0.05 was considered the threshold 
for statistical significance. 

 Results 
In our casuistry, the mean age at diagnosis was 57.5 

years (range, 31–91 years), with males being more commonly 
affected then females (59.37% versus 40.63%). In 50% 

of cases, ACCs were localized in the major salivary gland, 
and in half of these cases, developed from the parotid 
gland (28.12%). However, oral minor salivary glands 
developed ACCs in the other half of the patients with  
the hard palate mucosa as the most affected (18.75%). 
Histopathologically, the most reported variant was the solid 
type (46.88%), followed by the tubular variant (34.37%) 
and in the last place was the cribriform variant (18.75%). 
Perineural invasion was found in 71.87% patients, and 
lymph nodes metastases was found in 18.75% patients. 
Most patients presented in stage II–pTNM (71.87%), 
followed by patients with stage III–pTNM (18.75%), 
patients with stage IV–pTNM (6.25%) and one patient 
with stage I–pTNM (3.12%). In 40.62% of cases were 
identified positive surgical margins. 

Twist expression 

In the normal tissue regions of the surgical specimens, 
Twist expression was observed mainly in the ductal and 
myoepithelial cells of excretory ducts of salivary glands, 
with a cytoplasmic predominant pattern (Figure 1A). Focal 
reactivity was recorded in the acinar cells, most obvious 
in the intraoral minor salivary glands (Figure 1B). Also, 
Twist reactivity was noticed in the adnexal glands of the 
skin and in the oral and epidermal keratinocytes adjacent 
to invading neoplastic proliferations (Figure 1C). At the 
invasive tumor front, we also noticed Twist reactivity in 
the skeletal muscle fibers and adipocytes (Figure 1D). 

From all investigated EMT inducing transcription 
factors, Twist was the most intensely expressed factor in 
tumor tissues, with an average IRS score of 6.875±1.979, 
all investigated cases being positive. The reactivity was 
higher in the tumor specimens developed in the intraoral 
minor salivary glands (Figure 2A). Regardless the tumor 
topography, the solid variant was the most reactive to Twist, 
the reaction pattern being both nuclear and cytoplasmic, 
but most commonly nuclear (Figure 2B). The tumor reactivity 
decreased in the cribriform and tubular variants, and the 
cytoplasmic pattern was more prevalent (Figure 2, C and 
D). Also, the tumor reactivity was higher at the invasive 
front (Figure 2E) and in those cases that associated peri-
neural invasion (Figure 2F) and lymph node metastases. 

Snail reactivity 

Regarding Snail reactivity, the remnants of normal 
salivary glandular parenchyma from surgical specimens 
showed reactivity especially at the level of parotid glands, 
more obvious in the acinar cells with both cytoplasmic and 
nuclear reactivity (Figure 3A). Instead, in the parenchyma 
of the other major salivary glands and at the level of the 
intraoral minor salivary glands, the Snail reactivity was 
more obvious in the cytoplasm of the ductal epithelial 
cells (Figure 3B). Reactivity was also noticed at the level 
of skeletal muscle fibers, smooth muscles, fibroblasts, 
lymphocytes, and in the oral squamous epithelial cells. 

In the tumor samples, Snail reactivity was recorded in 
20 cases (62.5% of all investigated cases) and the average 
IRS score was about 2.9±2.716. At the tumor parenchyma, 
the reactivity was heterogeneous with positive areas 
alternating with negative areas regardless of the HP variant 
or tumor topography. The nuclear pattern was more obvious 
in the solid variant and at the invasive front (Figure 3, C 
and D). The cytoplasmic pattern predominated especially 
in the cribriform and tubular variant (Figure 3, E and F). 
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Regardless the HP variant or tumor topography, the tumor 
Snail reactivity seems to be higher in those cases that 
associated perineural invasion and lymph node metastases. 

Slug expression 

Slug transcription factor was positive in the normal 
salivary parenchyma, both in acinar and ductal epithelial 
cells but with variable intensity according to the topography 
of the salivary glands. In the major salivary glands, the 
highest intensity was in the cytoplasm of ductal epithelial 
cells (Figure 4A), while in the intraoral minor salivary 
glands, Slug reaction was more obvious in the cytoplasm 
of the acinar cells (Figure 4B). A weak Slug reactivity was 
also recorded in the basal and supra-basal keratinocytes of 
oral epithelium (Figure 4C) and epidermis (seen in those 
ACC with parotid development that invaded the superficial 
skin). At the same time, Slug reactivity was observed in 
the endothelial cells (Figure 4D), fibroblast and in the 
skeletal muscle fibers. 

Regarding tumor Slug reactivity, positive reactions was 
recorded in 25 ACC cases (78.12% from all investigated 
cases). The average of IRS scores was about 5.28±3.215 
without reactivity differences related to tumor topography. 
The prevalent cellular pattern was the cytoplasmic one, 
regardless HP ACC variants. The highest reactivity was 
noticed in the solid ACC variant, with the cytoplasmic 
pattern as most prevalent (Figure 5A). A lower reactivity 
was observed in the ACC cribriform and tubular variants 
(Figure 5, B and C). Also, a higher reactivity was noticed 

in the invasion front (Figure 5D) and in those cases that 
associated perineural invasion (Figure 5E) and lymph 
node metastases. Slug reactivity was also noticed in the 
stroma of ACCs at the level of fibroblasts and endothelial 
cells (Figure 5F). 

ZEB1 reactivity 

In the normal residual salivary gland parenchyma, we 
noticed a ZEB1 granular cytoplasmic reactivity, especially 
in the ductal epithelial cells (Figure 6A). Some reactivity 
was also noticed in the cytoplasm of keratinocytes from 
the lips’ epithelium, in those cases of ACCs developed 
from lips minor salivary glands (Figure 6B). Moreover, 
ZEB1 reactivity was noticed in the endothelial cells, skeletal 
muscle fibers (Figure 6C), peripheral nerve fibers (Figure 6D), 
fibroblasts and adipocytes with nuclear pattern. 

The tumor parenchyma was devoid of ZEB1 reactivity 
in all investigated ACC cases regardless tumor histo-
pathology, tumor topography and pTNM stages. However, 
the tumor stroma was positive in all cases and this reactivity 
was obvious at the level of tumor associated fibroblasts 
and endothelial blood cells. Quantification of reactivity 
at this level revealed an average ZEB1 IRS score about 
5.53±2.031. We did not find any reactivity differences 
between different HP variants, but we noticed a higher 
reactivity at the invasion front (Figure 7, A–C) versus 
inside of the tumors (Figure 7, D–F). Moreover, a higher 
ZEB1 reactivity was also noticed in those ACC cases that 
associated perineural invasion and lymph node metastases. 

 
Figure 1 – Twist reactivity in the SACC surgical specimens: (A) Cytoplasmic intense reactivity in the ductal and 
myoepithelial cells of excretory ducts of salivary glands; (B) Focal cytoplasmic reactivity in the acinar cells, most obvious 
in the intraoral minor salivary glands; (C) Nuclear reactivity in the oral and epidermal keratinocytes adjacent to invading 
neoplastic proliferations; (D) Cytoplasmic reactivity in the skeletal muscle fibers and adipocytes. Anti-Twist antibody 
immunolabeling: (A) ×400; (B–D) ×200. SACC: Salivary adenoid cystic carcinoma. 
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Figure 2 – Twist reactivity in the SACC surgical specimens: (A) Nuclear and cytoplasmic intense reactivity from tumors 
developed from sublingual minor salivary glands; (B) Nuclear intense reactivity in the solid variant of a parotid tumor; 
(C) Nuclear and cytoplasmic reactivity in the cribriform variant of a parotid tumor; (D) Cytoplasmic predominant 
reactivity in the tubular variant of a parotid tumor; (E) High and nuclear predominant reactivity at the invasive front of 
a submandibular salivary gland tumor; (F) Both nuclear and cytoplasmic high reactivity in a sublingual salivary gland 
tumor with perineural invasion. Anti-Twist antibody immunolabeling: (A and F) ×200; (B–E) ×400. SACC: Salivary 
adenoid cystic carcinoma. 
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Figure 3 – Snail reactivity in the SACC surgical specimens: (A) Nuclear and cytoplasmic intense reactivity in the acinar 
cells of parotid glands; (B) Cytoplasmic reactivity of the ductal epithelial cells from intraoral minor salivary glands;  
(C) Nuclear reactivity in the solid variant of a parotid tumor; (D) Nuclear reactivity at invasion front in the solid variant 
of a parotid tumor; (E) Cytoplasmic predominant reactivity in cribriform variant of a parotid tumor; (F) Cytoplasmic 
predominant reactivity in tubular variant of a parotid tumor. Anti-Snail antibody immunolabeling: (A and B) ×200;  
(C–F) ×400. SACC: Salivary adenoid cystic carcinoma. 
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Figure 4 – Slug reactivity in the SACC surgical specimens: (A) Cytoplasmic reactivity in the ductal epithelial cells of 
parotid glands; (B) Cytoplasmic reactivity of acinar cells from intraoral minor salivary glands; (C) Weak cytoplasmic 
reactivity in the basal and supra-basal keratinocytes of oral epithelium; (D) Cytoplasmic reactivity in the endothelial cells. 
Anti-Slug antibody immunolabeling: (A–D) ×200. SACC: Salivary adenoid cystic carcinoma. 

 
Figure 5 – Slug reactivity in the SACC surgical specimens: (A) Cytoplasmic intense reactivity in the solid ACC variant 
of parotid glands; (B) Cytoplasmic reactivity in cribriform variant of a parotid tumor; (C) Cytoplasmic reactivity in the 
tubular variant of a submandibular tumor; (D) Cytoplasmic intense reactivity at invasion front in the cribriform variant 
of a parotid tumor; (E) High cytoplasmic reactivity in a cribriform variant of a sublingual tumor with perineural invasion; 
(F) High cytoplasmic reactivity at the level of fibroblasts from a solid variant of a sublingual tumor. Anti-Slug antibody 
immunolabeling: (A–C) ×400; (D) ×200. SACC: Salivary adenoid cystic carcinoma. 
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Figure 5 (continued) – Slug reactivity in the SACC surgical specimens: (E) High cytoplasmic reactivity in a cribriform 
variant of a sublingual tumor with perineural invasion; (F) High cytoplasmic reactivity at the level of fibroblasts from 
a solid variant of a sublingual tumor. Anti-Slug antibody immunolabeling: (E) ×400; (F) ×200. SACC: Salivary adenoid 
cystic carcinoma. 

 

 
Figure 6 – ZEB1 reactivity in the SACC surgical specimens: (A) Granular cytoplasmic reactivity in the ductal epithelial 
cells of lip salivary glands; (B) Cytoplasmic reactivity of keratinocytes from the lips epithelium in a lip SACC; (C) Weak 
cytoplasmic reactivity in the skeletal muscle fibers from the invasive front of a solid parotid tumor; (D) Reactivity in the 
peripheral nerve fibers in a lip SACC. Anti-ZEB1 antibody immunolabeling: (A, C and D) ×200; (B) ×400. SACC: 
Salivary adenoid cystic carcinoma; ZEB1: Zinc finger E-box binding homeobox 1. 
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Figure 7 – ZEB1 reactivity in the SACC surgical specimens: (A) Negative reactivity in the tumor parenchyma of a solid 
ACC variant of parotid glands; (B) Negative reactivity in the tumor parenchyma of a cribriform variant of a submandibular 
tumor; (C) Negative reactivity in the tumor parenchyma of a tubular variant of a sublingual tumor; (D) Stromal reactivity 
at the invasive front in a solid variant of a parotid tumor; (E) Stromal reactivity at the invasive front in a cribriform 
variant of a submandibular tumor; (F) Stromal reactivity at the invasive front in a tubular variant of a submandibular tumor. 
Anti-ZEB1 antibody immunolabeling: (A–C) ×400; (D–F) ×200. SACC: Salivary adenoid cystic carcinoma; ZEB1: Zinc 
finger E-box binding homeobox 1. 

 
Statistical analysis 

The statistical investigation did not find a significant 
correlation between IHC scores and gender, tumor 
topography, HP variant, perineural invasion and pTNM 
stage. However, we found a direct moderate correlation 

between the IHC scores of all investigated biomarkers 
(Twist/Snail – r=0.580, p<0.001; Twist/Slug – r=0.614, 
p<0.001; Twist/ZEB1 – r=0.619, p<0.001; Snail/Slug – 
r=0.557, p<0.001; Snail/ZEB1 – r=0.676, p<0.001; 
Slug/ZEB1 – r=0.687, p<0.001) (Figure 8, A–F). 
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Figure 8 – Statistical analysis proving a direct moderate correlation between the IHC scores of all investigated biomarkers 
for our casuistry of SACC: (A) A moderate correlation between Twist and Snail IHC scores (r=0.580, p<0.001); (B) A 
moderate correlation between Twist and Slug IHC scores (r=0.614, p<0.001); (C) A moderate correlation between Twist 
and ZEB1 IHC scores (r=0.619, p<0.001); (D) A moderate correlation between Snail and Slug IHC scores (r=0.557, 
p<0.001); (E) A moderate correlation between Snail and ZEB1 IHC scores (r=0.676, p<0.001); (F) A moderate correlation 
between Slug and ZEB1 IHC scores (r=0.687, p<0.001). SACC: Salivary adenoid cystic carcinoma; IHC: Immuno-
histochemical; ZEB1: Zinc finger E-box binding homeobox 1. 

 
 Discussions 
ACC is considered the most frequent malignancy of 

salivary glands with an annual global incidence of 1.5 cases 
per 100 000 people [20]. The biological behavior of this 
salivary cancer is poorly understood, with a slow progression, 
but highly invasive and prone to nerve invasion and 
metastases. In the absence of effective molecular therapeutic 
targets, nowadays no curative treatments are available for 
patients with metastatic ACC [21]. Hence, the need for new 
in-depth studies on the molecular biology of these cancers, 
one of the new research directions aiming at the involving 
of the EMT process in the loco-regional aggressiveness of 
this type of cancer. The EMT process involves the disruption 
of intercellular adhesions, and cellular polarity, remodeling 
of the cytoskeleton, and changes in cell–matrix adhesion, 
things that allow enhancement of cell motility and their 
detachment from epithelial tumor cell blocks [22]. Thus, 

these cells acquire a mesenchymal-like phenotype, which 
is suitable for migration and, thus, for tumor invasion and 
metastasis. Earlier studies have shown that EMT seems to 
be a typical event in SACC metastasis [9, 10, 23]. EMT is 
a complex process with several interconnected transduction 
pathways, numerous factors being involved, such as 
transcription factors, epigenetic modifications, micro-
ribonucleic acids (miRNAs) and long non-coding RNAs 
[24]. The purpose of our study was to investigate the 
expression at the protein level of the most important 
transcription factors (Twist, Snail, Slug, and ZEB1) involved 
in the EMT process from the investigated ACC cases. 

Twist transcription factor 

Twist belong to the basic helix-loop-helix (bHLH) 
transcription factors family that have been implicated in 
cell lineage determination and differentiation, playing a 
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key role in embryonic development [25]. After birth, their 
expression turns down and it remains restricted only to 
the precursor cells in adult tissues [26]. However, Twist 
overexpression has been found in many different carcinomas, 
including head and neck squamous cell carcinomas and 
its expression was associated with poor prognosis, high 
grade, invasive and metastatic lesions [26]. Several authors 
proved its involvement in tumor invasiveness, metastasis, 
growth, angiogenesis, and apoptosis inhibition, and even in 
the maintenance of cancer stem cells and the development 
of chemotherapy resistance [27–29]. The prometastatic 
Twist potential relies on its ability to induce an EMT 
process in cancer cells by turning-down the expression of 
epithelial specific markers, especially of the E-cadherin and 
by upregulating the expression of mesenchymal markers 
mainly of the N-cadherin [29–31]. 

In our study, the Twist expression in the normal 
tissues of the surgical specimens was restricted mainly  
to the ductal epithelial of salivary glands supporting the 
hypothesis of the ductal origin of SACC. In the tumor 
tissues, Twist was the most reactive transcriptional marker, 
all investigated cases being positive, and we recorded the 
highest IRS scores. We noticed differences in tumor Twist 
reactivity according to tumor topography and HP variants. 
Thus, we found that the highest Twist reactivity was noticed 
in ACC developed from intraoral minor salivary glands 
and in the solid histological variant. Also, we found that 
the Twist pattern reactivity had the tendency to shift the 
nuclear to cytoplasmic pattern from the solid ACC variant 
to the cribriform and tubular ACC variants. Moreover, Twist 
tumor reactivity seems to be higher at the invasive front 
and in those cases that associated perineural invasion and 
lymph node metastases. 

Shen et al. (2010) showed that Twist expression was 
significantly higher in SACCs than in pleomorphic 
adenomas and normal parotid gland tissues suggesting that 
this marker could be associated with the development and 
progression of such salivary cancers [16]. Like us, the 
authors had also proved that Twist expression was 
significantly higher in the solid pattern of SACC compared 
to that of cribriform and tubular pattern and suspected its 
involvement in the regulation of cancer cell differentiation 
from this tumor. Moreover, the Twist expression level was 
higher in those cases that associated perineural invasion, 
compared to the group without perineural invasion, 
suggesting that this protein may be able to promote 
perineural invasion in such salivary cancers [16]. Also, 
the authors revealed the prognostic role of this marker by 
revealing that its expression was higher in cases with 
distant metastasis than that in those without distant 
metastasis, suggesting the involvement of this protein in 
the SACC metastasis by promoting the EMT process. 
Zhou et al. (2012) observed that overexpression of Twist 
induces EMT-like transformation of the metastatic cell 
lines of human SACC, with enhancing the migration and 
invasion abilities of these cells [32]. Pardis et al. (2016) 
recorded a high Twist expression in malignant salivary 
gland tumors, including ACC compared to normal glands 
and benign tumors, but they did not find any correlation 
with the size, stage or grade of tumor [33]. However, the 
authors proved the existence of a relationship between 
nuclear Twist expression and increasing tumor invasiveness 
in SACC, confirming the invasive behavior of these tumors. 

Snail transcription factor 

Snail was first reported in Drosophila melanogaster, 
where it has been shown to play a key role in mesoderm 
formation [34]. In vertebrates there were identify three 
members of this family of zinc-finger transcription factors, 
respectively: Snail1 (Snail), Snail2 (Slug), and Snail3 
(Smuc) [35]. In addition to the major role played in EMT 
induction, Snail is also involved in cell survival, immune 
regulation, and stem cell biology [36]. Its involvement in 
the EMT process is due mainly to the direct repression  
of E-cadherin transcription through direct binding to the 
E-cadherin promoter [37], but it also seems to be involved 
in promotion of N-cadherin expression [38]. Moreover, it 
was proved for various human cancers that Snail1 act as 
marker of aggressiveness, being considered a prognostic 
marker in these tumors [39–44]. 

In our study, at the level of the salivary gland parenchyma 
remnants, we noticed a cytoplasmic and nuclear Snail 
reactivity mostly in the parotid acinar cells, while for the 
other salivary glands the reactivity was mainly cytoplasmic 
and more obvious in the ductal epithelial cells. In tumor 
samples, Snail reactivity was recorded in 62.5% of 
investigated SACCs, and it was lower than Twist or Slug 
tumor reactivity. Overall, tumor reactivity was hetero-
geneous, positive areas alternating with negative zones 
regardless of the HP ACC variants or tumor topography. 
However, the nuclear pattern reactivity was more obvious 
in the solid variant and at the invasive front, while the 
cytoplasmic pattern predominated, especially in the 
cribriform and tubular variant. Also, we noticed the 
tendency for a higher reactivity in those cases associated 
with perineural invasion and lymph node metastases. 

In the study conducted by Jiang et al. (2010), Snail 
reactivity with cytoplasmic and or nuclear pattern was 
observed in 58.68% of the investigated SACCs [15]. Like 
in our work, these authors did not find any significant 
difference between Snail1 reactivity and tumor topography. 
The same authors recorded a higher Snail1 reactivity in the 
solid variant of ACC, followed by the cribriform pattern 
and finally by the tubular variant [15]. Also, they found 
differences regarding Snail1 reactivity and prognosis in 
different variants of SACCs, and elevated levels of this 
marker were significantly associated with perineural invasion, 
local regional recurrence, and distant metastasis. Zhao et 
al. (2013) proved that increased expression of Snail and 
Integrin-linked kinase (ILK) strongly correlated with the 
solid ACC variant, advanced TNM stages, high risk of 
recurrences and distant metastasis [45]. Also, the authors 
noticed that overexpression of Snail and N-cadherin and 
down regulation of E-cadherin correlated with a neural 
invasive phenotype of SACC. Liu et al. (2016) showed 
that epiregulin (EREG)-activated epidermal growth factor 
receptor (EGFR) stabilized Snail and Slug, which promoted 
EMT and metastatic features in SACC cells and targeting 
the EREG–EGFR-Snail/Slug axis could be an efficient 
treatment in metastatic SACCs [46]. In accordance with 
these data, Wang et al. (2018) found that that epidermal 
growth factor (EGF)-induced EGFR activation stabilized 
Snail expression and induced EMT in SACC and 
knockdown of Snail greatly suppressed EGF-induced EMT 
in these tumors [47]. 
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Slug transcription factor 

Slug member of the Snail family of zinc-finger trans-
cription factors was first described in the neural crest and 
developing mesoderm in the chick embryos [48]. This 
protein is also found in most adult tissues that could help 
in the maintaining of their normal function after birth. 
Slug has activities similar to Snail, including E‐cadherin 
transcriptional repression and anti‐apoptotic activity and 
its expression is increased in many human cancers [40, 
49, 50]. By its ability to alter E‐cadherin and vimentin 
gene expression, this transcription marker is involved in 
tumor progression and invasiveness [11, 51–53]. 

Regarding Slug reactivity in the remaining salivary 
glandular parenchyma, our study showed a positive reaction 
both in ductal and acinar cells but with variable intensity 
according to the salivary gland topography. Thus, in major 
salivary gland, the highest reactivity was noticed in the 
cytoplasm of ductal epithelial cells, while for the intraoral 
minor salivary glands Slug reaction was more obvious in 
the cytoplasm of the acinar cells. In the tumor tissue, 
reactivity was recorded in 78.12% from all investigated 
cases, being the second most reactive studied EMT inducing 
transcription factors. Regardless the HP ACC variants, 
we noticed a prevalent cytoplasmic tumor reactivity with 
the highest scores in the solid ACC variant. Also, we 
observed a trend for a higher reactivity at the invasion 
front, and in those cases that associated perineural invasion 
and lymph node metastases. Moreover, tumor reactivity 
was also noticed in stroma, most obviously in fibroblast 
and endothelial cells. 

Tang et al. (2010) reported that 71.9% from the 
investigated SACCs were reactive to Slug and excepting 
only four cases, the reactivity pattern was exclusively 
cytoplasmic [17]. Its tumor expression was significantly 
associated with tumor topography, TNM stages, HP variants, 
perineural invasion, local regional recurrence, and distant 
metastasis. The authors concluded that Slug is an inde-
pendent and significant prognostic factor in SACCs, and it 
may be a useful therapeutic target in such salivary cancers 
[17]. He et al. (2013) proved that mitogen-activated protein 
kinase (MAPK)–Slug pathway has an important role in 
SACC metastasis [54]. Also, Wu et al. (2016) revealed 
that high expression of Slug and extracellular matrix 
metalloproteinase inducer (EMMPRIN) together with a 
low E-cadherin expression were significantly associated 
with perineural invasion and SACCs [55]. The authors, 
by a series of in vitro assays revealed Slug silencing could 
inhibit the EMT process by downregulating EMMPRIN 
and then upregulating E-cadherin in the perineural invasion 
of SACC. Also, Liu et al. (2016) proved that autocrine 
EREG-activated EGFR stabilize Snail and Slug and further 
induce EMT and metastatic features in SACC cells [46]. 
The authors concluded that EREG–EGFR–Snail/Slug axis 
is an important mechanism for SACC metastasis towards 
the lung and targeting the EGFR may provide an effective 
therapy for patients with SACC with autocrine EREG 
and no genetic EGFR mutation. 

ZEB1 transcription factor 

ZEB1 has a key role during normal embryonic develop-
ment mainly by inducing EMT [56]. Also, by the same 
mechanism it seems to hold a critical role in invasion and 

metastasis of several types of human cancer [57]. By 
triggering EMT at the invasive front, it induces in the 
cancer cells a proinvasive and stem-like phenotype, being 
responsible of a worse clinical prognosis in most human 
malignancies [57, 58]. 

Investigating the ZEB1 reactivity in the residual salivary 
gland parenchyma, we observed a weak granular cytoplasmic 
reactivity, especially in the ductal epithelial cells. In the 
tumor parenchyma, we did not observe any positive reaction 
to ZEB1, regardless tumor histopathology, tumor topography 
and pTNM stages. However, the tumor stroma was positive 
in all cases and this reactivity was obvious at the level of 
tumor associated fibroblasts and endothelial blood cells. 
There were no significant differences between different HP 
variants, but we noticed a higher reactivity at the invasion 
front, and in those cases that associated perineural invasion 
and lymph node metastases. Statistically, we found a 
direct moderate correlation between the IHC scores of all 
investigated biomarkers, but no significant correlation 
between this immunoreactivity and the major clinical and 
morphological variable of the investigated SACCs. 

Yao et al. (2017) proved that in oral squamous cell 
carcinomas, ZEB1 was overexpressed while the E-cadherin 
was downregulated and this immunoprofile was correlated 
with lymph node metastasis and pathological grading, 
and further on, these patients had a bad prognosis [59]. 
Moreover, in vitro and in vivo studies of tongue squamous 
cell carcinoma revealed that elevated levels of ZEB1 were 
accompanied by the downregulation of E-cadherin and 
upregulation of vimentin at the invasive front, conforming 
the role of this transcription factor in the promotion of EMT 
and invasion of these cancers [60]. Tang et al. (2014) 
showed that the endogenous messenger ribonucleic acid 
(mRNA) levels of Slug, Snail1, ZEB1, ZEB2, paired related 
homeobox protein 1 (Prrx1), homeobox B7 (HOXB7) were 
elevated in response to c-kit overexpression, contributing 
to SACC progression [61]. Also, Peng et al. (2017) proved 
in SACC that cancer cell‑derived immunoglobulin G 
(cancer‑IgG)-knockdown suppressed the EMT, as evidenced 
by the overexpression of E‑cadherin and downregulation 
of Twist, Slug and ZEB1/2, as well as the reduced numbers 
of lamellipodia and disruption of F‑actin filament arran-
gement [62]. The authors revealed a strong association 
between overexpression of cancer‑IgG and metastasis, 
recurrence and invasion in such salivary cancers and they 
concluded that this marker could be useful to predict the 
prognosis of the disease. Moreover, Yao et al. (2018) 
showed that nuclear factor kappa B (NF-κB) could directly 
bind to the promoter region of ZEB1 and promote its 
transcription and insulin-like growth factor-binding protein 2 
(IGFBP2), which is highly expressed in SACC plays an 
important role in invasion and metastasis in such cancers 
through the NF-κB/ZEB1 signaling pathway [18]. There 
are only a few studies available on ZEB1 expression on 
tumor endothelium, one of them highlighting that inacti-
vation of endothelial ZEB1 impedes tumor progression 
and sensitizes tumors to conventional therapies, a fact that 
was also suspected by us [63]. In accordance with what 
we found, the latest literature data evidence indicates that 
ZEB1 protein is predominantly present in tumor stromal 
cells in various human cancer and it could play an 
important role in their progression [64, 65]. 
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 Conclusions 
Our investigation revealed that most of SACCs were 

positive to the studied EMT inducing transcription factors, 
suggesting their implication in tumor differentiation, 
invasion, and metastasis of such salivary malignancies. 
Twist and Slug reactivity identified the solid variant of 
SACC as the most aggressive malignancy, especially for 
those cases developed from the intraoral minor salivary 
glands. Statistically, we found a direct moderate correlation 
between the IHC scores of all investigated biomarkers. 
These biomarkers could be used as prognostic factors and 
also as useful therapeutic targets for human SACC. 
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