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Abstract: The role of sex hormone receptors in human cancer development and progression has
been well documented in numerous studies, as has the success of sex hormone antagonists in the
biological therapy of many human tumors. In salivary gland tumors (SGTs), little and conflicting
information about the role of the estrogen receptor alpha (ERα), progesterone receptor (PgR) and
androgen receptor (AR) has been described and in most cases the use of sex hormone antagonists is
not contemplated in clinical practice. In this study, we analyzed a panel of sex hormone receptors
that have not been widely investigated in SGTs—ERα, PgR, AR, but also ERβ and GPR30—to define
their expression pattern and their prognostic and predictive value in a case series of 69 benign
and malignant SGTs. We showed the aberrant expression of AR in mucoepidermoid and oncocytic
carcinoma, a strong relation between cytoplasmic ERβ expression and tumor grade, and a strong
correlation between nuclear GPR30 expression and disease-free survival (DFS) of SGT patients.
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1. Introduction

Salivary gland tumors (SGT) are rare tumors, representing approximately 0.5% of all human
cancers and less than 5% of head and neck lesions [1]. The WHO classification identifies 24 different
malignant subtypes with different clinical courses and variable prognoses, mainly represented by
primary epithelial tumors that account for approximately 88% of the SGTs [2]. Mucoepidermoid tumor
(MEC), Salivary Duct Carcinoma (SDC) and adenoid cystic carcinoma (AdCC) represent the most
frequent and often the more aggressive lesions [1]. Until today, surgical excision represents the only
choice of treatment, with radio and/or chemotherapy in case of advanced disease and loco-regional
recurrences. The application of new therapeutic strategies that are mainly based on the employment of
biological drugs should be integrated into the management of these patients.

The overexpression of several sex hormone receptors, in particular, estrogen receptor alpha (ERα),
progesterone receptor (PgR), and androgen receptor (AR), suggests their fundamental role in tumor
pathogenesis and progression [3–7]. The production of sex hormone antagonists and their success
in the treatment of patients with ERα+ and PgR+ breast carcinomas and AR+ prostate carcinomas

Int. J. Mol. Sci. 2018, 19, 399; doi:10.3390/ijms19020399 www.mdpi.com/journal/ijms

http://www.mdpi.com/journal/ijms
http://www.mdpi.com
http://dx.doi.org/10.3390/ijms19020399
http://www.mdpi.com/journal/ijms


Int. J. Mol. Sci. 2018, 19, 399 2 of 15

have also suggested the investigation of the expression of these receptors in other tumors including
SGTs [8].

Sex steroid hormones appear to play the main role in the physiology of the human oral cavity
and salivary glands. However, most of the studies focused on the expression of ERα and PR report
conflicting results. Alternatively, the expression and role of AR in SGTs are well documented [9,10].
The other estrogen receptor (ERβ) was described in salivary gland adenocarcinoma cell lines and
certain salivary gland carcinomas such as AdCC and Pleomorphic adenoma (PA) [11,12]. The structure
of ERβ is homologous to that of ERα and its DNA-binding domain is 96% conserved compared to ERα,
suggesting that ERβ could bind the same target genes [13]. Specific ERβ isoforms are able to activate
specific signal transduction pathways starting from the cytoplasm or plasma membrane, which may
explain the effect of E2 in the modulation of cytoskeletal remodeling and the migration of salivary
gland adenocarcinoma cells [14].

Whereas ERα and ERβ mediate the genomic estrogen signaling, the third membrane-bound
Estrogen Receptor GPR30 (GPER) mediates the non-genomic signaling mechanisms. Several studies
reported that the ligand activation of GPR30 signaling, coupled with the upregulation of specific
GPER genes, was involved in the proliferation of tumor cells, suggesting that GPER can contribute to
tumorigenesis [15,16]. On the role of GPR30 in SGTs, only one study showed GPR30 expression in oral
epithelia like salivary glands and tongue [17].

Overall, little information is reported in the literature on the role of ERβ and GPR30 in SGTs.
In this study, we aimed to analyze a panel of sex hormone receptors, such as ERα, ERβ, GPR30, PgR,
and AR, in a case series of 75 SGTs of different histotypes to better define their expression pattern and
their prognostic and predictive value in these tumors.

2. Results

2.1. Characteristics of SGTs Patients

In the study, only the patients with a complete panel of clinical-pathological features have been
included, while Kaplan–Meier analysis has been carried out on selected patients with clinical outcome.
The patients initially selected were 69 in number, and their samples have been included in Tissue
Micro Array (TMA), however, the number of samples evaluable for statistical elaboration ranges
from 54 to 62 cases, because of skipping cores for the different markers. The SGTs TMA was built
with 36 cases of benign tumors (pleomorphic adenoma (PA), myoepithelioma, basal cell adenoma,
Warthin tumor, and oncocytoma) and 33 cases of malignant tumors (MEC, acinic cell carcinoma (ACC),
adenocarcinoma, mixed tumor, carcinoma ex pleomorphic adenoma (Ca ex PA), AdCC, oncocytic
carcinoma and salivary duct carcinoma (SDC)). The prevalent location of these lesions is the parotid
gland. All clinical pathological information of patients is summarized in Table 1.

Table 1. Main Clinical-Pathological data.

Patient Features
Number of Patients 69

Median Age (Range) 60 (17–87) Years

Sex
Male 41 (59.4%)

Female 28 (40.6%)

Lesion
Benign 36 (52.2%)
Malign 33 (47.8%)

Site
Parotid 59 (85.5%)

SG 10 (14.5%)

Grading
G1 14 (42.4%)

G2/G3 19 (57.6%)
Benign (without grading) 36

Ki67 Score
≤5% 42 (60.9%)
>5% 20 (29%)
NA 7 (10.1%)

Cell Type Differentiation
Epithelial 38 (55.1%)

Myoepithelial 7 (10.1%)
Mixed 24 (34.8%)
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Table 1. Cont.

Patient Features
Number of Patients 69

Median Age (Range) 60 (17–87) Years

Histotype

MEC 13 (18.8%)
ACC 9 (13%)

CA ex PA 3 (4.3%)
Adenocarcinoma 2 (2.9%)

AdCC 1 (1.4%)
SDC 1 (1.4%)

Oncocytic CA 1 (1.4%)
Mixed tumor 3 (4.3%)

PA 18 (26.1%)
Warthin’s tumors 9 (13%)
Myoepithelioma 7 (10.1%)

Oncocytoma 1 (1.4%)
Basal cell adenoma 1 (1.4%)

SG: Salivary Galnd; G1: Grading 1 G2: Grading 2 G3: Grading 3; MEC: Mucoepidermoid carcinoma; ACC: Acinic
cell carcinoma; CA: Carcinoma; PA: Pleomorphic adenoma; AdCC: Adenoid cystic carcinoma SDC: Salivary
ductal carcinoma.

2.2. Immunohistochemical Expression of AR, ERβ and GPR30, and Relation with Clinical-Pathological
Features and Survival in SGTs

Little and often conflicting information about the role of sex hormone receptors in SGTs has been
provided and, consequently, the use of specific biological drugs is not usually planned for these tumor
diseases. For this reason, we analyzed a panel of sex hormone receptors in a case series of patients
with benign and malignant SGTs.

For all biomarkers, we considered both nuclear and cytoplasmic staining. Receptors ERα and PgR
are never expressed in our series, in line with the literature [18]. In detail, we detected only nuclear AR
expression in 15/61 (24%) of SGT samples in both malignant and benign SGT lesions. A total of eight
cases were not considered evaluable.

Considering the stratification of the lesions based on their cell differentiation, we detected AR
expression in 17% of epithelial SGTs, in 28% of myoepithelial lesions and in 35% of mixed SGTs.
(Figure 1A).
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Figure 1. Schematic representation of distribution of Androgen Receptor (AR), Estrogen Receptor Beta
(ERβ) and G protein-coupled receptor 30 (GPR30 IHC) expression in salivary gland tumors (SGTs):
(A) AR, ERβ and GPR30 expression in cell differentiation SGT types (epithelial, myoepithelial and
mixed); (B) nuclear AR expression in different histotypes; (C) nuclear ERβ expression in different
SGT histotypes; (D) cytoplasmic ERβ expression in different SGT histotypes; (E) nuclear GPR30
expression in different SGT histotypes; (F) cytoplasmic GPR30 expression in different SGT histotypes.
X = SGTs histotypes; Y = number of positive samples in percentage terms.
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In the context of benign lesions, AR was mainly expressed in PA (33%) and in 28% of myoepithelioma
samples, and interestingly in 36% of MEC, in sporadic cases of Ca ex PA, and oncocytic carcinoma
(Figures 1B and 2). Their aberrant expression in malignant SGTs was sporadically reported in MEC,
a very poor prognosis tumor, and never reported for oncocytic carcinoma, suggesting the use of AR
antagonists in therapeutic strategies for these patients.

Regarding ERβ we detected nuclear expression in 21/58 (36%) of SGTs and cytoplasmic staining
in 16/58 (27%) of SGTs. We never detected nuclear and cytoplasmic ERβ co-expression. A total of
11 cases were not considered evaluable.

Regarding cell differentiation types, we detected cytoplasmic expression of ERβ in 36% of epithelial
SGTs, in 28% of myoepithelial lesions, and in 11% of mixed SGTs. Nuclear expression was present in
42% epithelial SGTs, in 38% of mixed SGTs, and never detected in myoepithelial lesions (Figure 1A).
In detail, nuclear ERβ was present in 40% of malignant lesions, mainly in 50% of MEC samples and
in 33% of ACC. Moreover, we detected ERβ nuclear expression in 25% of benign lesions, mainly
represented by PA and Warthin tumor (Figures 1C and 3). Cytoplasmic expression of ERβ was
detected in 33% of malignant lesions, mainly in 25% of MEC samples and in 33% of ACC, followed
by sporadic cases of mixed tumors and adenocarcinoma. Moreover, we detected ERβ cytoplasmic
expression in 19% of benign lesions, above all in myoepithelioma and Warthin tumors (Figures 1D
and 4). Also, in this case, the overexpression of ERβ in several malignant SGTs can suggest the
use of antagonists of estrogen receptors, with equivalent affinities for ERβ and ERα [19], in these
tumor patients.
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Figure 2. Nuclear AR IHC staining of SGTs samples: (A) Pleomorphic Adenoma (PA); (B) Oncocytic
carcinoma; (C) Myoepithelioma; (D) Mucoepidermoid Carcinoma (MEC) (Magnification 20×).

Finally, we detected cytoplasmic staining of GPR30 in 34/62 (86%) of specimens with nuclear
co-expression in 11/62 (18%) of SGTs. A total of 7 cases were not considered evaluable.

Regarding cell differentiation types we detected cytoplasmic expression of GPR30 in 88% of
epithelial SGTs, in 85% of myoepithelial lesions and in 78% of mixed SGTs. Nuclear staining was
detected respectively in 13%, 57% and 10% of epithelial, myoepithelial and mixed SGTs (Figure 1A).
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Cytoplasmic GPR30 expression was present in all cases of MEC and in most of other malignant
lesions. In benign SGTs its expression was prevalent in myoepithelioma and PA samples. (Figure 5).
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The nuclear GPR30 positivity was detected in 57% of myoepithelioma and in sporadic cases of PA
and Warthin’s tumors. In malignant SGTs we detected nuclear GPR30 in 16% of MECs and in sporadic
cases of ACCs, and adenocarcinoma (Figure 6).
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For the statistical elaboration, we considered tumor grade only in malignant tumors. Based on
statistical elaboration of nuclear AR expression with the clinical-pathological features of SGTs,
we showed no statistical significance with age, gender, site location, grade, cell differentiation,
and proliferation index (Table 2). Cytoplasmic ERβ expression was significantly associated only with
tumor grade (p-value = 0.052), while no statistical association with clinical-pathological features exist
for nuclear ERβ expression. Similarly, no statistical association with clinical-pathological characteristics
exist for cytoplasmic and nuclear GPR30 expression, except a trend of statistical association between
cytoplasmic GPR30 expression and tumor grade (p-value = 0.087). All data are schematized in Table 2.
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Table 2. Statistical association of AR, ERβ and GPR30 tumor expression with clinical pathological features of SGT patients. (SG = Submandibular Gland)

Patient Features
Nuclear AR Cytoplasmic ERβ Nuclear ERβ Cytoplasmic GPR30 Nuclear GPR30

Negative Positive p-Value R
Pearson Negative Positive p-Value R

Pearson Negative Positive p-Value R
Pearson Negative Positive p Value R

Pearson Negative Positive p-Value R
Pearson

Age
≤60 24 10

0.326 −0.126
25 6

0.133 0.197
18 13

0.331 −0.128
3 29

0.235 −0.151
24 8

0.122 −0.196
>60 22 5 17 10 19 8 6 24 27 3

Sex
Male 27 8

0.715 0.047
25 10

0.836 −0.027
22 13

0.855 −0.024
3 32

0.130 −0.192
30 5

0.417 0.103
Female 19 7 17 6 15 8 6 21 21 6

Site
Parotid 41 13

0.795 0.033
35 14

0.695 −0.051
32 17

0.576 0.073
8 45

0.754 0.040
42 11

0.132 −0.191
SG 5 2 7 2 5 4 1 8 9 0

Lesion
Benign 22 9

0.413 −0.105
21 6

0.394 0.112
18 9

0.671 0.056
4 27

0.718 −0.046
24 7

0.319 −0.127
Malignant 24 6 21 10 19 12 5 26 27 4

Grade
G1 10 2

0.709 0.068
12 2

0.052 0.349
9 5

0.756 0.056
4 10

0.087 0.307
13 1

0.385 0.156
G2–G3 14 4 9 8 10 7 1 16 14 3

Ki67
≤5% 29 9

0.904 −0.016
26 9

0.392 0.116
23 12

0.570 0.077
8 31

0.150 0.191
32 7

0.704 0.050
>5% 14 4 12 7 11 8 1 17 14 4
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Regarding the relation with clinical outcome of SGT patients, Kaplan–Meier curves referred to
DFS and OS are illustrated in Figures 7 and 8. We showed no statistical association with DFS and
OS for both AR and nuclear and cytoplasmic expression of ERβ. Regarding GPR30 we showed a
strong statistical significance between its nuclear expression and DFS (p-value = 0.055) (Figure 8D).
The relationship between nuclear GPR30 and DFS highlighted the never reported prognostic role of
this marker in SGTs.
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Figure 7. (A)Kaplan–Meier plot for disease-free survival (DFS) in patients with SGT stratified by AR
IHC expression. The green line represents patients with AR nuclear positivity; (B) Kaplan–Meier
plot for Overall survival (OS) in patients with SGT stratified by AR IHC expression. The green line
represents patients with AR nuclear positivity; (C) Kaplan–Meier plot for DFS in patients with SGT
stratified by cytoplasmic ERβ IHC expression. The green line represents patients with cytoplasmic
ERβ positivity; (D) Kaplan–Meier plot for OS in patients with SGT stratified by Cytoplasmic ERβ
IHC expression. The green line represents patients with cytoplasmic ERβ positivity; (E) Kaplan–Meier
plot for DFS in patients with SGT stratified by nuclear ERβ IHC expression. The green line represents
patients with nuclear ERβ positivity; (F) Kaplan–Meier plot for OS in patients with SGT stratified by
nuclear ERβ IHC expression level. The green line represents patients with nuclear ERβ positivity.
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in biological therapies for several tumors has suggested the evaluation of their expression and/or 
activity in different cancer types. However, in SGTs there is fragmentary and often conflicting 
information about the role of sex hormone receptors, and, for this reason, the use of biological drugs 
is not contemplated in clinical practice in the majority of the cases. 

In our study, we analyzed a case series of patients with benign and malignant SGTs included in 
a TMA and correlated their expression with clinical-pathological parameters and outcomes. 

In our SGT case series, we have never detected the expression of ERα and PgR. In literature, 
whereas benign salivary glands tumors were negative for hormone receptors expression [20], widely 
disparate results about ERα and PR expression in various malignant SGTs have been reported. Early 
studies showed immuno-positivity of ERα in 8% of SDC, with a total absence of PgR expression [21], 
a marked expression of PgR and absence of ERα expression in AdCC [22,23], while sporadic cases of 
ACC and MEC showed a positivity for both receptors [24]. Another study has described the absence 
of ERα expression both in AdCC and MEC [25]. More recent studies described ER and PgR positivity 
in only a few cases [20] while, as in our case, a large case series (139 salivary glands tumors) study 
never detected ERα and PgR positivity [18].  

Figure 8. (A) Kaplan–Meier plot for disease-free survival (DFS) in patients with SGT stratified by
Cytoplasmic GPR30 IHC expression. The green line represents patients with Cytoplasmic GPR30
positivity; (B) Kaplan–Meier plot for overall survival (OS) in patients with SGT stratified by GPR30 IHC
expression. The green line represents patients with Cytoplasmic GPR30 positivity; (C) Kaplan–Meier
plot for DFS in patients with SGT stratified by Nuclear GPR30 IHC expression (p-value = 0.055).
The green line represents patients with Nuclear GPR30positivity; (D) Kaplan–Meier plot for OS in
patients with SGT stratified by Nuclear GPR30 IHC expression. The green line represents patients with
Nuclear GPR30 positivity.

3. Discussion

In recent years, many studies have focused on the expression of sex hormone receptors in human
cancer and on the mechanisms through exerting their actions and influence the progression of tumor
diseases. Moreover, the development of sex hormone antagonists and their successful employment in
biological therapies for several tumors has suggested the evaluation of their expression and/or activity
in different cancer types. However, in SGTs there is fragmentary and often conflicting information
about the role of sex hormone receptors, and, for this reason, the use of biological drugs is not
contemplated in clinical practice in the majority of the cases.

In our study, we analyzed a case series of patients with benign and malignant SGTs included in a
TMA and correlated their expression with clinical-pathological parameters and outcomes.

In our SGT case series, we have never detected the expression of ERα and PgR. In literature, whereas
benign salivary glands tumors were negative for hormone receptors expression [20], widely disparate
results about ERα and PR expression in various malignant SGTs have been reported. Early studies
showed immuno-positivity of ERα in 8% of SDC, with a total absence of PgR expression [21], a marked
expression of PgR and absence of ERα expression in AdCC [22,23], while sporadic cases of ACC and
MEC showed a positivity for both receptors [24]. Another study has described the absence of ERα
expression both in AdCC and MEC [25]. More recent studies described ER and PgR positivity in only a
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few cases [20] while, as in our case, a large case series (139 salivary glands tumors) study never detected
ERα and PgR positivity [18].

Regarding AR expression, we detected nuclear AR expression mainly in several benign lesions
such as PA and myoepithelioma, but the aberrant AR expression was also identified in several
malignant lesions. Whereas AR expression was abundantly documented in Ca ex PA, our data also
showed the interesting expression in many cases of MEC and oncocytic carcinoma.

A rich literature documented the expression and the role of AR in salivary glands tumors.
Early studies described a very high IHC AR expression in SDC [9,10] with a more significant expression
in men (79%) than in women (33%) [26]. Little information is available in literature about the role of
AR in other SGTs. The absence of its expression was reported in AdCC, MEC, and ACC [27]. In PA a
focal immunohistochemical expression of AR was described [28], while its expression was detected in
90% of Ca ex PA, suggesting an AR role in malignant tumor evolution [29].

Concerning the therapeutic potential of anti-AR drugs, several studies reported the benefits
of anti-androgen therapy, in particular in the SDC histotype. In a series of 10 patients with an
overexpression of AR, 50% of them was enormously benefited from treatment with bicalutamide [30].
Our data, in particular the aberrant expression of AR in several MEC and oncocytic carcinoma could
suggest the potential use of anti-AR drugs also in these tumor types.

Regarding ERβ expression, we detected its positivity both at nuclear and cytoplasmic level with a
prevalent expression in epithelial malignant lesions such as MEC samples and ACC, while myoepithelial
lesions never present ERβ nuclear expression.

Expression of ERβ was reported at high levels in oral tissues, mainly in keratinocytes and salivary
gland acinar and ductal cells [31]. Overexpression of ER-β was described in four cases of pediatric
MEC and in ACC cell line [32], while nuclear overexpression of ER-β was detected also in 71% of
ACC FPPE tissues, with the average expressions higher in women, and in the cases with a cribriform
architecture [11]. ERβ was also detected in several cases of PA of the salivary gland [12].

Several studies showed that antagonists of estrogen receptors, can have therapeutic effects in
preclinical models, in particular in ERβ+ TNBC models. Oral estradiol, approved for treatment of
metastatic breast cancer has equivalent affinities for ERβ and ERα [19]. In fact, ERβ can bind other
ligands with rather higher affinity than ERα, such as 4-hydroxytamoxifen, the phytoestrogen genistein,
and, testosterone derivatives, 3βAdiol [33]. This suggests the possibility of its use to target ERβ
in TNBC [29] but also in other ERα+ tumors. Moreover, several studies showed that higher ERβ
expression was an independent predictor of better tamoxifen response [34,35] and overexpression of
ERβ1 was also associated with increased sensitivity to 4-hydroxytamoxifen [36].

In our SGTs case series, while the nuclear ERβ expression does not appear to be associated
with clinical outcomes, cytoplasmic ERβ staining showed a strong association with tumor grade,
highlighting its strong prognostic value. It was reported that different ERβ variant isoforms can be
localized in the cytoplasm and plasma membrane, showing variable expression in cancer tissues and
influencing cancer progression and response to therapy [37]. Our results suggest that cytoplasmic
ERβ signaling in SGTs may be more important for patient outcome than its nuclear signaling. This is
probably due to ERβ2 isoform which is already documented to be strongly related to poorer prognosis
in breast cancer [38]. Several studies showed the same findings in other tumor types, such as ovarian
cancer, squamous cell carcinoma [39,40]. For these tumors, the use of estrogen receptor antagonists
could be suggested in clinical practice.

Only one study in the literature reported the expression of GPR30 in oral tissues [20]. GPR30 (GPER),
as a 7-transmembrane GPCR and is predominantly, though not exclusively, localized on intracellular
membranes, particularly on those of the endoplasmic reticulum and Golgi apparatus [41] in several
tissues such as reproductive tissues, heart, intestines, ovary, CNS, pancreatic islets, adipose tissue,
skeletal muscle, liver, neurons, and inflammatory cells [42].

We detected its cytoplasmic staining in most SGT specimens, particularly in MEC. Furthermore,
its nuclear staining was prevalent in several benign lesions but also in a discrete number of MEC
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and ACC. Cheng et al. demonstrated that retrograde transport of GPR30 from the plasma membrane
towards the nucleus occurs with a consecutive accumulation of GPR30 in the perinuclear space
followed by a later dispersion in the cytoplasm [43]. Recent studies showed that the different location of
GPR30—cytoplasmic and nuclear locations—can reflect distinct tumor properties in breast cancer [44],
and the lack of GPR30 expression in the plasma membrane can be associated with excellent long-term
prognosis in ERα and PgR-positive tamoxifen-treated primary breast cancer [45]. This trend reflects
our data. In fact, in our series nuclear expression of GPR30, it was statistically associated with a better
DFS in SGT patients. Although the subcellular GPR30 trafficking process (which is probably related
to a functional receptor modulation) has never been described in SGTs, we can speculate a dynamic
intracellular shift strongly related to SGT cancer progression.

A non-steroidal, high-affinity GPR30 agonist G-1 has been developed to dissect GPR30-mediated
estrogen responses from those mediated by classic estrogen receptors [46]. Moreover, several highly
selective GPR30 antagonists, such as G15 and G36, were identified [47]. In particular, G36 has a
better activity compared to G15 in a range of functional assays, both in vitro and in vivo [48]. In an
endometrial tumor cell model, G36 greatly reduces growth of estrogen-stimulated cells, suggesting
that GPR30 may play a critical role in endometrial carcinogenesis and, therefore, providing G36 as a
novel target for prognosis and treatment [49].

In conclusion, our data highlighted the aberrant expression of several sex hormone receptors,
in particular of alternative estrogen receptors, such as ERβ and GPR30 in SGTs, showing their prognostic
value and suggesting consideration of them as new biological targets.

4. Material and Methods

4.1. Patients with Salivary Glands Tumors

75 patients admitted to the National Cancer Institute “Giovanni Pascale” of Naples, between
2012 and 2017, were recruited in this study. All patients had provided written informed consent
for the use of samples according to the institutional regulations and the study was approved by the
ethics committee of the National Cancer Institute “Giovanni Pascale” and was registered “Bio-Banca
Istituzionale BBI” Deliberation (NO. 15 del, 20 Jan. 2016).

All cases have been reviewed according to WHO 2017 classification criteria [2] using standard
tissue sections. Clinic-pathological characteristics, including tumor–node–metastasis (TNM) stage,
were collected. Medical records have been reviewed for clinical information, including histologic
parameters assessed on standard H&E-stained slides.

4.2. TMA Building

A Prognostic-Tumor Array was built using 75 tumor tissue samples. H&E staining of 4 µm
TMA section was used to verify all samples. One core from tumor areas of each subtype tumor was
arrayed in a recipient block. All tumors and controls were reviewed by two experienced pathologists
(Giuseppe Pannone and Nunzia Simona Losito). Discrepancies for the same case were resolved in
a joint analysis. Tissue cylinders with a diameter of 1 mm were punched from morphologically
representative tissue areas of each “donor” tissue block and brought into one recipient paraffin block
(3 core of tissue × 1 mm) using a semi-automated tissue array (Galileo TMA CK 3500 Tissue Micro
arrayer; ISE TMA Software, Integrated System Engineering, Milano, Italy).

4.3. Immunohistochemistry Analysis

Immunohistochemical staining was carried out on slides from formalin-fixed, paraffin embedded
tissues (FPPE), in order to evaluate the expression of ERα, ERβ, GPR30, PgR, and AR. FPPE slides were
de-paraffinized in xylene and rehydrated through graded alcohols. Antigen retrieval was performed
with slides heated in 0.0.1 M citrate buffer (pH 6.0) in a bath for 20 min at 97 ◦C. After antigen
retrieval, the slides were allowed to cool. The slides were rinsed with TBS and the endogenous
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peroxidase has inactivated with 3% hydrogen peroxide. After protein block (BSA 5% in PBS 1x),
the slides were incubated with primary antibody to human ERα (Monoclonal Mouse Anti-Human
ERα, Clone ID5, dilution 1:35, Dako North America, Inc., Carpinteria, CA, USA), PR (Monoclonal
Mouse Anti-Human PR, Clone 636, dilution 1:50, Dako North America, Inc., Carpinteria, CA, USA),
Ki67 (Monoclonal Mouse Anti-Human Ki67 Ag Clone MIB-1, dilution 1:75, Dako North America, Inc.,
Carpinteria, CA, USA) for 30 min, AR (monoclonal mouse anti-human AR antibody clone AR441,
dilution 1:75, #M3562; Dako North America, Inc., Carpinteria, CA, USA), GPR30 (polyclonal rabbit
antibody, clone sc-48524-R, dilution 1:300, Santa Cruz Biotechnology, Dallas, TX, USA) and ERβ
(Monoclonal Mouse Anti-Human ERβ, clone PPG5/10, dilution 1:30, Dako North America, Inc.,
Carpinteria, CA, USA) overnight. Sections were incubated with mouse anti-rabbit or goat anti-mouse
secondary IgG biotinylated secondary antibody for 30 min. Immunoreactivity was visualized by means
of avidin–biotin–peroxidase complex kit reagents (Novocastra, Newcastle, UK) as the chromogenic
substrate. Finally, sections were weakly counterstained with hematoxylin and mounted.

4.4. Evaluation of Immunostaining

Antigen expression was independently evaluated by two experienced pathologists (GP/SL)
using light microscopy. All values of immunostaining were expressed in percentage terms of
positive cells and intensity. The percentage of positive cancer cells was evaluated in each sample
by counting the number of positive cells over the total cancer cells in 10 non-overlapping fields
using 400× magnification. The cutoff used to distinguish “positive” from “negative” cases was
≥1% ERα/PR positive tumor cells. For the proliferative index Ki67 was defined as the percentage
of immuno-reactive tumor cells out of the total number of cells. The percentage of positive cells per
case was scored according to 2 different groups: group 1: <5% (low proliferative activity); group 2:
>5% (high proliferative activity). For nuclear AR expression the cutoff used to distinguish “positive”
from “negative” cases was ≥1% AR-positive tumor cells. For ERβ expression was considered the
percentage of positive cells for both nuclear and cytoplasmic staining. For GPR30, being positive
in the most of cells for each sample, we considered the intensity of the reaction as negative, weak,
intermediate, and strong (0, 1+, 2+, 3+) (Supplementary Table S1).

4.5. Statistical Analysis

The association between ERα, ERβ, GPR30, PgR and AR expression with clinical-pathological
parameters and was conducted using the χ2 and Student’s t-test.

The Pearson χ2 test was used to determine whether a relationship existed between the variables
included in the study. The level of significance was defined as p < 0.05. Overall survival (OS) and
disease-free survival (DFS) curves were calculated using the Kaplan–Meier method with significance
valuated using the Mantel–Cox log-rank test. All the statistical analyses were carried out using the
Statistical Package for Social Science v. 20 software (SPSS Inc., Chicago, IL, USA). OS was defined
as the time from diagnosis (first biopsy) to death by any cause or until the most recent follow-up.
DFS was measured as the time from diagnosis to the occurrence of progression, relapse after complete
remission, or death from any cause. DFS had a value of zero for patients who did not achieve complete
remission. The follow-up duration was five years.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/xxx/s1.
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