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Abstract The pleomorphic adenoma (PA), mucoepidermoid
carcinoma (MEC), and adenoid cystic carcinoma (ACC) are
common tumors arising from salivary glands whose histopa-
thology is heterogeneous. The sonic hedgehog signaling path-
way (Hh) and signal transducer and activator of transcription 3
(STAT3) play important roles in cell proliferation, favoring
tumor growth. The aim of this investigation was to study com-
ponents of the Hh pathway, as well as STAT3 in salivary gland
neoplasms in an attempt to add information about the biolog-
ical characteristics of these neoplasms. We used 9 cases of PA,
17 cases of ACC, and 20 cases of MEC. Using immunohisto-
chemistry, SHH, GLI1, SUFU, HHIP, and STAT3 were inves-
tigated. For comparative purposes, MCM3 (cellular prolifera-
tion marker) was also included. In PA, there was high expres-
sion of cytoplasmic SHH and SUFU and low expression of
STAT3 and MCM3. In the ACC, there was high expression of
GLI1, HHIP, and STAT3 and low expression of SHH, SUFU,
and MCM3. In the MEC, we observed high expression of
SHH, GLI1, SUFU, and HHIP and low expression of
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STAT3 and MCM3. There was a statistically significant dif-
ference between SHH (p=0.0064), STAT3 (p=0.0003), and
MCM3 (p=0.0257) when all tumors were compared and a
higher expression in parenchyma for all tumors when stroma
and parenchyma were compared (p <0.05). These findings
suggests a possible role of Hh pathway in the development
and maintenance of the cytoarchitectural pattern of PA, ACC,
and MEC, as well as the participation of STAT3 in the devel-
opment of ACC, irrespective perineural infiltration.

Keywords Salivary gland tumors - Hedgehogproteins - STAT
transcription factors - Minichromosome maintenance complex
component 3

Introduction

Salivary gland neoplasms represent a heterogeneous group of
tumors, as they present several histological types and distinct
biological behaviors [1-3]. Pleomorphic adenoma (PA),
mucoepidermoid carcinoma (MEC), and adenoid cystic carci-
noma (ACC) are common tumors derived from the salivary
gland [4-6], with ACC standing out for its capacity to invade
the perineural space [7]. In addition, several studies have fo-
cused on predicting the course of these tumors.

The sonic hedgehog (Hh) signaling pathway plays impor-
tant functions in embryonic development and cell prolifera-
tion and differentiation [8—12]. Sonic hedgehog (SHH) is a
ligand protein in the Hh signaling pathway, which, when se-
creted, binds to the Patched (PTCH) receptor, inactivating its
inhibitory effect on the Smoothened (SMO) transmembrane
protein. SMO, in turn, induces the activation of the glioma-
associated oncogene (GLI) family of transcription factors,
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Table 1 Antibody, label, clone,

dilution, antigen retrieval, and Antibody Label Clone Dilution Antigen retrieval Positive control

positive control
Anti-SHH Novus Biologicals SH4 1:1000 Citrate pH 6.0 Placenta
Anti-HHIP Sigma Polyclonal 1:200 Citrate pH 6.0 Placenta
Anti-GLI1 Novus Biologicals Polyclonal 1:600 Citrate pH 6.0 Placenta
Anti-SUFU Santa Cruz Polyclonal 1:100 Citrate pH 6.0 Placenta
Anti-STAT3 Santa Cruz F-2 1:100 Citrate pH 6.0 Lung carcinoma
Anti-MCM3 Dako 101 1:50 EDTA pH 9.0 Breast carcinoma

which regulate proliferation, differentiation, and interactions
with the extracellular matrix [9, 13—16]. However, this pathway
is controlled by two different antagonists including hedgehog-
Interacting Protein (HHIP) and Suppressor of Fused (SUFU); the
hhip protein is a membrane glycoprotein with high binding af-
finity to ligands of the Hh pathway [17, 18], whereas sufu binds
to GLI proteins, negatively controlling their activity through two
mechanisms: sequestering GLI in the cytoplasm or inhibiting
GL1 transcriptional activity [19-21]. Moreover, aberrant activa-
tion of the Hh pathway has been identified in various neoplasms,
including hematological tumors [22] and carcinomas of the
breast [23], stomach [24], esophagus [25], mouth [26], pancreas
[27], liver [10], prostate [28], and thyroid [29].

Signal transducer and activator of transcription (STAT) is a
family of transcription factors that remain latent when local-
ized in the cytoplasm and is activated via phosphorylation

[30]. A high number of malignant neoplasms have constitu-
tively active STAT proteins, more frequently STAT3 [31-35].
Constitutive STAT3 activation may increase cell proliferation
and can lead to cell transformation, favoring tumor develop-
ment [36-39].

It is known that aberrant activation of the Hh pathway has
been identified in several neoplasms [23-25, 27, 29, 40],
along with STAT3, as it plays relevant functions in tumor
development [22, 36, 38, 41]. Nonetheless, considering that
to our knowledge there are only data on the role of the Hh
pathway in normal salivary glands [42—44] and merely a few
studies focusing on STAT3 [45-47] and minichromosome
maintenance protein 3 (MCM3) in salivary gland neoplasms
[48], the present study proposes to study the Hh pathway
components and STAT3 in salivary gland neoplasms in an
attempt to add to the knowledge of the biological

Table2 Immunolabeling of Hh pathway components, STAT3, and MCM3 relative to morphological aspects of the different tumors studied and in the

normal salivary gland

Tumor Cell type/stromal region SHH GLII SUFU HHIP STAT3 MCM3

Normal salivary gland Ductal cells +,a +,b +,a +,a +,a -

adjacent to Acinar cells - +,a - - - -
the tumor region

Pleomorphic adenoma Lumen cells +, a + b +,a +, a +,a +b
Ductal external cells - +,a - - - -
Myoepithelial cells +,a + b +,a +,a +,a +,b
Squamous metaplasia +, + b +,a +,a - -
Condroid stroma : - ,a ,a - -
Stromal cells - - ,a ,a - -

Adenoid cystic carcinoma Lumen cells—tubular pattern +,a +,b +,a +,a +,b +,b
Cribriform pattern cells +,a +,b +,a +,a +,b +,b
Solid pattern cells ,a +,b +,a +,a +b +b
Stromal cells ,a - ,a ,a - -

Mucoepidermoid carcinoma Epidermoid cells ,a +,b ,a ,a +,a +,b
Clear cells ,a +,b +,a +,a +,a +b
Basal cells (cystic area) ,a +b +a ,a ,a +b
Parabasal cells (cystic area) : +b +,a +,a +,a +b
Mucous and caliciform cells - + b - - +a -
Stromal cells +,a +b +a +a - -

(+) positive, (—) negative, (a) cytoplasm, (b) nuclear
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Fig. 1 Normal sahvary gland SHH zmmunolabelmg a cytoplasmic
labeling of gland ductal cells; note the absence of labeling in the serous
acini. GLII immunolabeling: b nuclear and cytoplasmic labeling of gland
ductal cells; note predominant absence of labeling in the serous acini.
SUFU immunolabeling: ¢ cytoplasmic labeling of gland ductal cells;

characteristics of these neoplasms. As a new cellular prolifer-
ation marker known to play an important role in cell cycle
progression [49-51], MCM3 was also included.

Materials and methods

Upon approval by the Research Ethics Committee (CAAE
[Certificate of Submission for Ethical Evaluation]:
33413414.0.0000.5024, Opinion: 784.874), 9 PA cases, 20
MEC cases, and 17 ACC cases were obtained from the ar-
chives of Oral Surgical Pathology, School of Dentistry of the
Federal University of Bahia (Faculdade de Odontologia da
Universidade Federal da Bahia—FOUFBA) and AC
Camargo Hospital (S&o Paulo (SP)) and were analyzed.
Clinical data regarding age, gender, anatomical localization,
and lesion size were obtained from the records of
anatomopathological reports. In addition, salivary gland tis-
sue, adjacent to the tumors, was also analyzed.

For the immunohistochemistry technique, 3-pm-thick
sections were prepared from formol-preserved, paraffin-
embedded material, and the sections were placed onto pre-
viously silanized glass slides. The EnVision Advance HRP
® (Dako Corporation, Carpinteria, USA) system was used,
following the protocol in Table 1. After antigen retrieval,
endogenous peroxidase was blocked by immersion of tis-
sue sections in a solution of 3 % hydrogen peroxide and
distilled water for 10 min, protected from light. The

note the absence of labeling in the serous acini. HHIP immunolabeling:
d cytoplasmic labeling of gland ductal cells; note the absence of labeling
in the serous acini. STAT3 immunolabeling: e discrete cytoplasmic
labeling of gland ductal cells; note the absence of labeling in the serous
acini. MCM3 immunolabeling: f absence of labeling

antibodies were diluted with background-reducing solution
(Dako Corporation, Carpinteria, USA) and applied on the
sections, and the sections were incubated for 18 h
(overnight) at 4 °C.

Two previously calibrated observers performed the analy-
sis of the positively labeled cells using high-definition light
microscopy (AXIOSTARPLUS, ZEISS, Germany 2008). For
immunohistochemical evaluation of SHH, HHIP, GLI1,
and SUFU and STAT3 antibodies, the cases were scored
according to labeling intensity and proportion. Intensity
was scored as follows: score 0=no staining, score 1=dis-
crete staining, score 2 =moderate staining, and score 3 =in-
tense staining. Labeling proportion was defined as the per-
centage of labeled cells (0=0-10 %, 1=11-25 %, 2=26—
50 %, 3=51-75 %, 4=76-100 %). The labeling index (LI)
was calculated by multiplying the intensity (0-3) by the
proportion (from 0 to 4) as follows: LI=1abeling
intensity x labeled cells ratio. Next, we scored protein ex-
pression according to the LI: negative (—) for LI=0, low
expression (1+) for LI between 1 and 4, high expression
(2+) for LI>5 [52-55].

For MCM3, positively labeled and unlabeled cells were
counted manually, with x400 magnification, in 10 fields,
and the images were transferred to a video monitor using a
computerized system. Upon capture with a digital camera
(AXIOCAM ICc3, ZEISS, Germany, 2008), the cases were
analyzed using IMAGEJ 1.48v software (NIH Image, USA,
2014). Next, the percentage of labeled cells relative to the total
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Fig. 2 Pleomorphic adenoma:
SHH immunolabeling: a strong
labeling in myoepithelial cells and
b in lumen cells of ductal
structures. GLII immunolabeling:
¢ layer of myoepithelial cells
showing predominantly
cytoplasmic labeling and d ductal
cells with predominantly nuclear
labeling. SUFU immunolabeling:
e cytoplasmic labeling in lumen
cells of ductal structures and f in
myoepithelial cells. HHIP
immunolabeling: g cytoplasmic
labeling of lumen cells in a
tubular-trabecular pattern; note
the myxoid matrix with
immunopositive cells and h
cytoplasmic labeling of
myoepithelial cells. STAT3
immunolabeling: i cytoplasmic
labeling in lumen cells of ductal
structures and myoepithelial cells.
MCM3 immunolabeling: j focal
accumulation of nuclear labeling
in myoepithelial cells

number of cells per field was calculated. To allow comparison 75 %, 4=76-100 %), and was multiplied by the labeling
with the remaining antibodies, the percentage obtained by  intensity.

MCM3 counts was classified according to scores, as previous- Stromal labeling analysis was performed for all proteins
ly described (0=0-10 %, 1=11-25 %, 2=26-50 %, 3=51—  using the LI, as previously described.
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Fig. 3 Adenoid cystic
carcinoma: SHH
immunolabeling: a cytoplasmic
labeling in a tubular pattern and b
in lumen cells of tubular
structures. GLII immunolabeling:
¢ nuclear labeling in cribriform
region of ACC and d in a more
solid region. SUFU
immunolabeling: e cribriform
pattern with small
immunopositive lumens and f
cytoplasmic labeling in lumen
cells of ductal structures. HHIP
immunolabeling: g cytoplasmic
labeling of cribriform regions and
h tubular patterns with
immunolabeled cells. STAT3
immunolabeling: i nuclear
labeling in a cribriform pattern.
MCM3 immunolabeling: j nuclear
labeling in a solid region

Moreover, labeling was scored according to its location: A chi-square test was applied for the statistical analysis
membrane and/or cytoplasm for SHH, HHIP, and SUFU; nu- of antibody immunolabeling (SHH, HHIP, SUFU, GLII,
cleus and/or cytoplasm for STAT3 and GLII; and nucleus for =~ STAT3, and MCM3) for the different tumor types (PA,
MCM3. Positively labeled cellular types were also described. ~ ACC, and MEC). Then, to compare immunolabeling
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Fig. 4 Mucoepidermoid
carcinoma: SHH
immunolabeling: a cytoplasmic
labeling of squamous cells in the
cystic space. b Strong
cytoplasmic labeling of
intermediate cells. GLII
immunolabeling: ¢ nuclear
labeling in squamous cells in the
cystic space and d nuclear
labeling in a solid region of MEC.
SUFU immunolabeling: e
cytoplasmic labeling of squamous
cells in the cystic space and f
epidermoid cells. HHIP
immunolabeling: g discrete
cytoplasmic labeling of clear cells
and h epidermoid cells. Note
fibrous matrix with
immunolabeled cells in (g) and
(h). STAT3 immunolabeling: i
solid region with predominance
of immunolabeled epidermoid
cells. MCM3 immunolabeling: j
nuclear labeling in a solid region

between two tumor groups, the LIs were categorized into  determined for the correlations between the components
two groups, high immunoexpression (2+ and 3+) and low  of the Hh pathway, STAT3, and MCM3. All of the statis-
immunoexpression (—1 and 1+), and an exact Fisher test  tical calculations were performed using GraphPad Prism
was applied. Spearman correlation coefficients were  6.03 software (GraphPad Software, San Diego, CA,
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Table 3 Comparisons between the expression of Hh pathway
components, STAT3, and MCM3 among salivary gland tumors
PA ACC MEC p value
SHH
Low expression 1 9 2 0.0064*
High expression 8 8 18
GLI
Low expression 5 3 5 0.0525%*
High expression 4 14 15
SUFU
Low expression 1 7 1 0.1106
High expression 8 7 10
HHIP
Low expression 5 5 6 0.1218
High expression 4 12 14
STAT3
Low expression 9 8 18 0.0003*
High expression 0 9 2
MCM3
Low expression 9 9 18 0.0257*
High expression 0 8 2

*Statistically significant (p <0.05); **Trend

USA). The results were considered statistically significant
when p<0.05.

Results

Table 2 and Figs. 1, 2, 3, and 4 show the immunolabeling of
components of the Hh pathway, STAT3, and MCM3 relative
to the morphological aspects of the different tumors studied
and in the normal salivary gland.

Table 3 shows the comparison of expression of compo-
nents of the Hh pathway, STAT3, and MCM3 between sali-
vary gland tumors. There was significantly high SHH expres-
sion when PA (p<0.05, chi-square test) and MEC (p<0.05,
chi-square test) were compared, whereas STAT3 showed a
significantly low expression when PA and MEC were com-
pared (p <0.05, chi-square test). However, when we compared
the expressions of all of these components and the cribriform
and solid ACC, we did not observe significant differences
relative to high and low expression (p>0.05, exact Fisher
test, Table 4) nor when the different MEC malignancy grades
were compared (p>0.05, exact Fisher test, Table 5). Table 6
shows a summary of Hh pathway results and clinical param-
eters of PA.

Table 7 shows the relationships between the components of
the Hh pathway, STAT3, and MCM3 in PA, ACC, and MEC,
but we did not observe significant correlations (p>0.05,
Spearman correlation coefficients).

Table 8§ and Fig. 5 show the results of the expression of the
components of the Hh pathway, STAT3, and MCM3 in the
parenchyma and stroma of the different salivary gland tumors
(exact Fisher test).

When we compared the relationships between
immunoexpression of the components of the Hh pathway,
STAT3, and MCM3 and clinical parameters such as gender,
age (<40 and >40), localization, size (<3 cm, >3 cm) and
perineural invasion in ACC and MEC, we did not observe
significant relationships (p>0.05, exact Fisher test)
(Tables 4 and 5).

Discussion

Our results showed high expression of Hh signaling pathway
components for the majority of salivary gland tumors studied,
suggesting that the Hh signaling pathway participates in the
development of these tumors. In contrast, low expression was
observed for MCM3 for the majority of cases under study,
whereas STAT3 seemed to be active only in ACC cases, es-
pecially due to its nuclear expression. However, to our knowl-
edge, this study is the first to highlight the role of the Hh
pathway in salivary gland tumors.

PA tumors showed A significantly high expression of SHH
ligand compared to ACC. These results were similar to those
obtained by Xu et al. [56], who also observed high expression
of Hh signaling components in benign thyroid tumors. Other
studies also observed high expression of Hh pathway compo-
nents in benign tumors, such as gastric adenomas [57], intes-
tinal adenomas [58], and ameloblastomas [59]. These findings
suggest that the Hh pathway may be active in the early stages
of tumor development, thus participating in the development
of benign neoplasms of the salivary gland, such as PA.

Likewise, in the present study, the majority of MEC cases
presented a significantly high expression of SHH ligand, es-
pecially in relation to ACC. GLI1 showed a predominance of
nuclear expression. Some authors claim that GLI1 is the main
indicator of Hh pathway activation [16, 53, 60]. Studies have
reported the high expression of nuclear GLII in malignant
thyroid neoplasms [56] and in oral squamous cell carcinoma
[26]. Therefore, it is possible to suggest that the Hh pathway is
active in MEC and that it also participates in the development
of this tumor.

Although a little more than 50 % of the ACC cases present
low SHH expression, the majority presented high nuclear
GLI1 expression, which suggests that the Hh pathway is ac-
tive in ACC, but possibly in a manner independent of SHH
ligand. However, the Hh pathway may become active regard-
less of the ligand, which occurs through activation mecha-
nisms downstream of SMO and is known as either the alter-
native pathway or the SMO-independent pathway [61]. Some
potential causes for this ligand-independent activation are
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Table 6  Scores of Hh pathway components, STAT3, and MCM3 in relation to the clinical parameters in PA cases®
Marker SHH GLII SUFU HHIP STAT3 MCM3
Expression High Low High Low High Low High Low High Low High Low
Gender

M 4 1 3 2 4 0 0 5

F 3 0 1 2 3 0 2 1 0 0 3
Age

<40 years 6 0 4 2 6 0 2 4 0 6 0 6

>40 years 1 1 1 1 1 0 2 0
Localization

Major gland 3 0 1 2 3 0 2 0 3 0 3

Minor gland 5 4 2 5 1 2 4 0 0 6
Size

<3 cm 3 1 3 1 3 1 3 1 0 4 0

>3 cm 2 0 0 2 1 1 1 1 0 2 0 2

$1t was not possible to perform statistical tests because of the sample size

genetic mutations, ciliary protein expression, and interactions
with other independent signaling pathways [61].

A study conducted by Olsen et al. [62] detected a decrease
in HHIP expression in liver, stomach, colon, rectal, and lung
cancer specimens when compared to normal counterparts,
suggesting a tumor suppressor role for HHIP. In contrast, the
HHIP protein is positively regulated in response to Hh path-
way activation, as HHIP is a target gene of the pathway [17,

Table 7  Correlations between Hh pathway components, STAT3, and
MCM3

Spearman r p value
SHH/STAT3
PA —0.5443 0.4167
ACC —0.5000 0.4167
MEC —0.3333 0.7500
GLI1/STAT3
PA 0.9428 0.0833
ACC —0.3162 0.7500
MEC —0.3134 0.7500
SHH/GLII
PA —0.05556 0.9167
ACC 0.2128 0.9167
MEC 0.9487 0.0833
MCM3/GLI1
PA 0.5000 0.4167
ACC —0.4000 0.7500
MEC —0.9487 0.0833

*Statistically significant (p <0.05)

@ Springer

18]. In the present study, the majority of the ACC and MEC
cases showed high HHIP expression, whereas the PA cases
showed low expression. Although this difference was not sig-
nificant, the data suggest that the high nuclear expression of
GLI1, present in ACC and MEC, triggered HHIP overexpres-
sion in the ACC and MEC cases.

Some studies have demonstrated the role of SUFU in tumor
suppression [53, 63]; however, one study detected overexpres-
sion of the tumor suppressor protein SUFU in prostate cancer
[28]. In the present study, high SUFU expression was also
observed in most MEC and PA cases and in half of the ACC
cases. This finding may be due to the positive role of SUFU on
the Hh pathway [64]. Liu et al. [64] believe that in the pres-
ence of SUFU, inactive GLI is protected from degradation, as
it is associated with SUFU and can be subsequently activated.
In this way, SUFU enables maximal and continual activation
of the Hh pathway. In contrast, GLI proteins are degraded
rapidly in the absence of SUFU, which could prevent maximal
activation of the pathway.

We observed significant high parenchymal labeling of
components of the Hh pathway in ACC and MEC cases com-
pared to stromal labeling. Moreover, fibroblast and blood ves-
sel labeling was observed in some PA and MEC cases. A
study conducted by Leovic et al. [65] in oral and oropharyn-
geal squamous cell carcinoma showed parenchymal labeling
for SHH, PTCH1, and GLI1 and also detected stromal label-
ing for these proteins. Some reports claim that the SHH ligand
produced by tumor epithelial cells may activate the Hh path-
way in mesenchymal cells, rendering the stroma favorable for
tumor development [66, 67]. In this respect, it is possible that
Hh components play a role in the epithelial mesenchymal
transition in salivary gland tumors.
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Table 8 Comparison of expression levels of Hh pathway components in the parenchyma and stroma of different salivary gland tumors

Marker  Immunoexpression ~ PA ACC MEC

Parenchyma  Stroma  p value Parenchyma  Stroma p value Parenchyma  Stroma  p value

SHH High 8 5 02941 8 1 0.0167 18 5 <0.0001*
Low 1 4 9 16 2 15

GLI1 High 4 1 02941 14 1 <0.0001* 15 7 0.0002*
Low 5 8 3 16 5 13

SUFU  High 8 4 01312 7 0 0.0058* 10 4 0.0237*
Low 1 5 7 14 1 7

HHIP High 4 2 0.6199 12 3 0.0049* 14 5 0.0104*
Low 5 7 5 14 6 15

*Statistically significant (p <0.05)

Some studies have demonstrated the role of the Hh path-
way in the morphogenesis of the salivary glands [42—44] and,
as shown here, the Hh pathway components also seem to exert
important actions in PA, ACC, and MEC morphogenesis, con-
sidering their presence in the different morphological patterns
of these neoplasms. In this regard, through in vivo studies
using salivary gland cell culture, Jaskoll et al. [42] concluded
that the Hh pathway participates in epithelial proliferation and
submandibular gland morphogenesis. Another study demon-
strated that this pathway promotes lumen formation and epi-
thelial polarization during salivary gland development in mice
[43], whereas another study reported hyperplasic and meta-
plastic alterations and acinar differentiation blockade [44]. In
the present study, SHH, HHIP, SUFU, and GLI1 labeling was
observed in regions of morphologically normal salivary gland
tissue, adjacent to the ACC and MEC cases, mainly in the
ductal cells. Considering that ACC and MEC originate from
intercalary and secretory ductal cells, respectively [6], and that
ductal cells present the capacity for proliferation, although low
[68], we suggest that the components of the Hh pathway may
participate in the tumorigenesis of neoplasms of the salivary
gland.

In the PA and ACC cases studied, labeling of Hh pathway
components was mainly observed in lumen cells, whereas the
more external ductal cells were not labeled. These findings are
similar to what was observed for the components of the Hh
pathway in the normal salivary gland, allowing us to suggest a
state of preservation of lumen cell differentiation.

Previous studies have demonstrated the oncogenic po-
tential of STAT3, as this protein is constitutively in sali-
vary gland cancer [45—47]. In the present study, cytoplas-
mic STAT3 labeling was observed in the duct cells of
morphologically normal salivary glands and exhibited high
nuclear expression in ACC, whereas PA and MEC pre-
sented cytoplasmic labeling; the differences were statisti-
cally significant. These results were similar to those ob-
tained by Arafjo et al. [45]. Therefore, it is possible that
STAT3 plays an important role in the regulation of

processes associated with cell proliferation and survival
in ACC, but not in PA and MEC.

We observed high GLI1 and STAT3 expression in
ACC; however, there was no significant correlation be-
tween the two proteins, which suggests that they have
an important function in ACC development, but in an
independent manner. In contrast, some studies have shown
correlations between STAT3 and Hh pathway components
[22, 38, 54, 69]. Sengupta et al. [22] observed that the
HH signaling pathway induces STAT3 phosphorylation
and activation in chronic myeloid leukemia. Recently, a
study conducted in papilliferous carcinoma of the thyroid
showed positive and significant associations between
pSTAT and Hh pathway components; however, the mech-
anism through which the Hh pathway induces STAT3
phosphorylation is still unclear [54].

MCM3 is a DNA-binding protein that plays an impor-
tant role in cell cycle initiation and progression in eukary-
otic cells [48, 50, 70]. In the present study, PA and MEC
presented low MCM3 expression, while ACC showed
high expression in only half of the cases; this difference
was statistically significant. According to our results,
MCM3 does not seem to be a good proliferation marker
for salivary gland tumors, although there was a tendency
for a correlation with MEC cases, taking this protein and
GLI1 into account. Therefore, new studies must be per-
formed to evaluate the effectiveness of MCM3 as a pro-
liferation marker in salivary gland tumors.

Expression analysis of the proteins studied in the different
ACC histological types (cribriform and solid) was performed;
however, no statistically significant differences were ob-
served. In the MEC histological grades, although not statisti-
cally significant, low-grade tumors showed lower LIs for
SHH, GLI1, and MCM3 and higher indices for SUFU and
HHIP. In high-grade tumors, higher LIs were observed for
SHH, GLI1, HHIP, and MCM3. We suggest that the Hh path-
way seems to have a greater participation in high-grade MEC
development when compared to the remaining grades, as this
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Fig. 5 Stroma immunolabeling. SHH: a Pleomorphic adenoma:
condroid matrix showing discrete cell labeling. b Adenoid cystic
carcinoma: matrix with few cells, negative for SHH. ¢ Mucoepidermoid
carcinoma: fibrous matrix with immunolabeled cells. GL/I: d
Pleomorphic adenoma: condroid matrix with immunolabeled cells. e
Adenoid cystic carcinoma: fibrous matrix negative for GLI1. f
Mucoepidermoid carcinoma: fibrous matrix with immunolabeled cells.
SUFU: g Pleomorphic adenoma: myxoid matrix with disperse

histological type presents a worse prognosis. Our findings
corroborate the study by Li et al. [71], in which higher SHH,
PTCH, and GLI1 expression levels were detected in high ma-
lignancy grade gliomas than in low malignancy grade
gliomas.

@ Springer

immunolabeled cells. h Adenoid cystic carcinoma: matrix with few
cells, with discrete SUFU labeling. i Mucoepidermoid carcinoma:
fibrous matrix with discrete SUFU labeling. HHIP: j Pleomorphic
adenoma: condroid and myxoid matrix with immunolabeled cells. k
Adenoid cystic carcinoma: fibrous matrix with immunolabeled cells. 1
Mucoepidermoid carcinoma: fibrous matrix with discrete
immunolabeling

When comparing clinical data such as gender, age, locali-
zation, size, and perineural invasion with the Hh pathway
components, STAT3, and MCM3, no significant differences
were observed. Studies conducted in oral squamous cell car-
cinoma showed that activation of the Hh pathway is
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associated with recurrence and lymph node metastases [26,
72]. For STAT?3, a study conducted in squamous cell carcino-
ma of the esophagus showed that high STAT3 expression is
associated with tumors at advanced stages; however, no asso-
ciations were observed with age, gender, invasion, and histo-
logical grade [73]. Thus, we suggest that new studies should
be conducted in salivary gland tumors to establish a relation-
ship between Hh, STAT3, and MCM3 and other clinical char-
acteristics associated with patient survival.

Finally, the results of our study suggest a potential partici-
pation of the Hh in the development and maintenance of the
cytoarchitectural pattern of PA, ACC, and MEC, along with
the participation of STAT3 in ACC development, irrespective
of perineural infiltration. In addition, MCM3 does not seem to
be a good proliferation marker for salivary gland tumors. We
suggest that new studies be conducted and aimed at under-
standing the mechanism by which the Hh pathway and STAT3
promote the growth and progression of these tumors and iden-
tifying inhibitors of these pathways so that it will become
possible to apply new therapies in the treatment of salivary
gland tumors.
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