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Abstract: In oral squamous cell carcinoma (OSCC), involvement
and activation of the Hedgehog pathway (HH) may be related to
epithelial-mesenchymal transition and cell proliferation. The pres-
ent study aimed to evaluate epithelial-mesenchymal transition and
proliferative potential in OSCC cases demonstrating activation of
the HH pathway. Twenty-three GLi-1-positive OSCC cases were
submitted to immunohistochemical detection of Snail, Slug,
N-cadherin, E-cadherin, β-catenin, and MCM3 proteins. Clinical-
pathologic immunoexpression data were obtained from the in-
vasion front and tumor islets, and then compared. At the invasion
front, OSCC cases presented positive Snail, Slug, and MCM3 ex-
pression in the nuclei of tumor cells. Loss of membrane and cyto-
plasmic expression of E-cadherin and β-catenin was also observed.
Positive N-cadherin expression was observed in 31.78% of the cases.
GLi-1 immunoexpression was associated with loss of membrane
E-cadherin (P<0.001), membrane β-catenin (P< 0.001), and cyto-
plasmic β-catenin (P=0.02) expression. In the tumor islets,
we observed nuclear expression of GLi-1, Snail, Slug, and
MCM3. E-cadherin and β-catenin showed positivity in tumor cell
membranes. Statistically significant positive correlations between
GLi-1 and Snail (P=0.05), E-cadherin (P= 0.01), and cytoplasmic
β-catenin (P=0.04) were found. GLi-1 was associated with clinical
staging, while membrane β-catenin expression was related to
the presence of metastasis in lymph nodes and to clinical staging.
The HH pathway may be involved in regulating the expression of
the mesenchymal phenotype. The loss of membrane E-cadherin and
β-catenin expression was observed at the tumor front region,
whereas cell adhesion protein expression was detected in tumor
islets regardless of MCM3.
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Oral cancer is the sixth most common tumor type in
the world,1 and oral squamous cell carcinoma

(OSCC) is the most frequent histologic subtype (about
90%). The morbidity and mortality of this disease is high,
and the 5-year survival rate of patients is ∼50%.2

The pathogenesis of malignant tumors is heterogenous,
and embryonic signaling pathways, such as the Hedgehog
(HH) pathway, have demonstrated importance in the con-
text of tumorigenesis.3 In normal adult cells, this pathway is
generally inactive, and its reactivation can play a significant
role in the development of several human tumors.4 Activa-
tion of the HH pathway occurs when one of the SHH,
DHH, or IHH ligands binds to its Patched (PTCH) receptor,
leading to nuclear translocation of glioma-associated onco-
gene homolog transcription factors (GLi-1, GLi-2, and/or
GLi-3). This consequently activates different groups of genes
involved in cell proliferation and differentiation,4,5 contrib-
uting to important events in tumor progression, such as the
epithelial-mesenchymal transition (EMT).6

EMT is an important event in tumor progression, as
it increases the ability of malignant cells to invade the
extracellular matrix and to achieve metastatic niches.6–8

This process leads to changes in expression, distribution,
and/or function of adhesion proteins, such as E-cadherin,
N-cadherin, and β-catenin.8 These alterations are mediated
by the activation of transcription factors (Snail, Slug, and
Twist) whose expression is regulated by several signaling
pathways, and, among them, is the HH pathway,9 as has
already been demonstrated in pancreatic carcinoma,5 hep-
atocellular carcinoma,10 and tumors of the gastrointestinal
tract.11

Aberrant cell proliferation is also a preponderant
event in malignant tumors and has been studied as a prog-
nostic indicator.12 Despite evidence of HH pathway activation
in OSCC,13 relationships between the HH pathway molecules
(such as GLi-1) and others involved in EMT (Snail, Slug,
N-cadherin, E-cadherin, and β-catenin) have not been studied.
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Accordingly, the present work aims to evaluate associations
between GLi-1, the main transcription factor activator in the
HH pathway, and other tissue markers of EMT and pro-
liferation in OSCC.

MATERIALS AND METHODS
The present study received approval from the Institu-

tional Review Board for Ethical Human Research of the
GonçaloMoniz Research Institute (IGM-FIOCRUZ) located
in Salvador, Bahia, Brazil (protocol no. 2,295,634).

OSCC samples (n= 37) from patients admitted for
surgical tumor excision were obtained from a reference
hospital for cancer treatment. Of these initial cases, 23 OSCC

samples presented immunopositivity for nuclear GLi-1 protein,
which is consistent with HH pathway activation.4,6,14 Next,
immunostaining for Snail, Slug, N-cadherin, E-cadherin,
β-catenin, and MCM3 was performed. Tumors were
classified using the TNM Classification of Malignant Tumors
criteria15 and the histologic parameters established by the
World Health Organization (WHO) (2017).16 The clinical
and histologic features of the included OSCC cases are
described in Table 1.

Immunohistochemical Studies
After performing morphologic analysis (hematox-

ylin and eosin) of all surgical specimens, the most repre-
sentative slides were selected from each case. Sections that
were 4-μm-thick were obtained, followed by deparaffini-
zation using xylol, alcohol rehydration, and heat-induced
epitope retrieval for 45 minutes. Data on antibody man-
ufacturer, clone, dilution, retrieval, and positive controls
are described in Table 2.

After endogenous peroxidase blockage (Peroxidase
Blocking Solution; Dako, Santa Clara, CA) for 10 mi-
nutes in dark conditions, and the blockage of nonspecific
proteins (Protein Blocking Solution; Dako) for 20 mi-
nutes, the primary antibodies were incubated overnight at
4°C in a humid chamber. Horseradish peroxidase Link
and horseradish peroxidase Enzyme reagents (Advance;
Dako Corporation, Carpinteria, CA) were then applied to
the histologic sections for 20 minutes each. Reactions were
developed with 3,3-diaminobenzidine (Dako Corporation)
and counterstained with Harris hematoxylin. For negative
controls, each primary antibody was replaced with normal
serum of the same isotype.

All histologic sections were scanned using a VS110-AS
scanner (Olympus Corporation, Hamburg, Germany) cou-
pled to an Olympus BX61VSF microscope under ×200
magnification, followed by visualization using Olyvia 2.4
software (Olympus Corporation). All proteins were analyzed
in 2 specific areas of the histologic sections, the invasive tumor
front and the tumor islets. In 4 cases, the invasive tumor front
analysis was compromised, and therefore only the tumor islets
were considered. Semiquantification was performed by 2 ex-
aminers, one of whom analyzed only GLi-1, while the other
analyzed the other evaluated proteins in the absence of any
knowledge as regards the results obtained for GLi-1. Tumor
areas proximate to muscle and adipose tissue were not con-
sidered for analysis.

Initially, a descriptive analysis of the immunomarkers
was performed, considering the localization of immunostain-
ing (membrane, cytoplasm, and/or nucleus) and cell type

TABLE 1. Clinical and Histologic Characteristics of Oral
Squamous Cell Carcinoma Cases
Clinical Parameters Total [n (%)]

Sex
Male 15 (65.22)
Female 8 (34.78)

Tumor size
T1-T2 14 (60.87)
T3-T4 9 (39.13)

Metastasis—lymph nodes
N0 6 (26.09)
N1-N3 17 (73.91)

Metastasis—distant
M0 17 (78.26)
Mx 6 (26.08)

Clinical stage
I-II 4 (17.39)
III-IV 19 (82.61)

Muscle invasion
Yes 10 (43.48)
No 13 (56.52)

Bone invasion
Yes 4 (17.39)
No 19 (82.60)

Vascular invasion
Yes 2 (8.70)
No 21 (91.30)

Perineural invasion
Yes 1 (6.67)
No 22 (95.65)

Histologic grade
Well-differentiated 13 (56.52)
Moderately differentiated 9 (39.13)
Poorly differentiated 1 (4.35)

Anatomic site
Tongue 12 (52.17)
Floor of mouth 8 (34.78)
Retromolar region 2 (8.70)
Gingiva 1 (4.35)

TABLE 2. Description of Antibody Clone Manufacturer, Antigen Retrieval, and Dilution
Antibody Brand Clone Control Retrieval Dilution

GLi-1 Novus Biologicals Polyclonal Placenta Citrate pH 6.0 1:600
E-cadherin Dako NHC38 Oral mucosa Citrate pH 6.0 1:50
β-catenin BD 14/β-catenin Oral mucosa Citrate pH 6.0 1:100
N-cadherin Novus Biologicals EPR1792Y Prostate cancer Citrate pH 6.0 1:500
Snail Abcam ab53519 Breast cancer Citrate pH 6.0 1:25
Slug Novus Biologicals 1A6 Ameloblastoma EDTA pH 9.0 1:150
MCM3 Dako 101 Breast cancer EDTA pH 9.0 1:50
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(tumor and/or stromal cells). For membrane markers with
positivity (E-cadherin, β-catenin, N-cadherin), the continuity/
discontinuity of immunostaining was also evaluated. Positivity
for Snail and Slug transcription factors was considered only
when localized within the nucleus. Marker positivity was
classified in each case of OSCC according to the following
semiquantitative criteria: score 0, when 0% to 5% im-
munostained epithelial cells were present; score 1+ for 6% to
25%; score 2+ for 26% to 50%; and score 3+ for >50% of
immunostained epithelial cells.

Statistical Analysis
Data were organized in contingency tables (r×c) and

submitted to statistical analysis using the Statistical Package
for the Social Science (SPSS), version 17.0 for Windows
(SPSS Inc., Chicago, IL). Monte Carlo analysis was used to
evaluate Fisher exact test results. To assess correlations be-
tween markers, φ coefficients were calculated. A significance
level of 5% (P<0.05) was adopted for all tests.

RESULTS

Immunoexpression of GLi-1, SNAIL, SLUG,
N-cadherin, E-cadherin, β-catenin, and MCM3
Proteins
GLi-1

The immunoexpression of this protein was observed
mainly in the nucleus and cytoplasm of tumor paren-
chyma cells (Fig. 1). At the invasion front, a 3+ score was
mostly prevalent (n= 10; 52.63%), which was also the case
in tumor islets (n= 16; 69.56%) (Fig. 2, Table 3).

Snail
Snail was positive in all OSCC cases, both at the front

(n=19) and in tumor islets (n=23). Immunoexpression of this
protein was observed in the nucleus and cytoplasm (Fig. 1).
For semiquantification purposes, only nuclear staining was
considered, resulting in a predominant score of 3+ at the
invasion front (n=12, 63.16%) and tumor islets (n=22,
95.66%) (Fig. 2, Table 3).

Slug
At the invasion front, positivity for Slug was seen in

11 cases (57.89%) and in 22 cases (95.65%) within the tumor
islets, both with localization in the nucleus and cytoplasm
(Fig. 1). At the invasion front, a score of 0 (n=8; 42.11%)
predominated. In tumor islets, a score of 3+ (n=12; 52.17%)
was the most prevalent (Fig. 2, Table 3).

N-cadherin
At the invasion front, N-cadherin positivity was found

in 6 cases (31.58%) and in 12 cases (52.17%) in the tumor
islets. Immunoexpression was observed in the membrane and
cytoplasm of tumor cells. Discontinuity in immunostaining
in the membrane was observed in neoplastic cells at the in-
vasion front, whereas continuous immunostaining was seen
in tumor islets (Fig. 3). Among positive samples, a score of

1+ (n=4; 21.05%) was the most prevalent at the invasion
front and in the tumor islets (n=6; 26.09%) (Fig. 2, Table 3).

E-cadherin
E-cadherin expression was observed in 5 OSCC

cases (26.32%) at the invasion front, and in 20 cases
(89.96%) in tumor islets. Immunoexpression was mostly
observed in the membrane, and also present in the cyto-
plasm. Of note, immunostaining was discontinuous in cells
at the invasion front, whereas continuous membrane im-
munostaining was observed in tumor islets (Fig. 3). At the
front, a score of 0 (n= 14; 73.68%) predominated, while in
tumor islets a 1+ score (n= 9; 39.13%) was more frequent
(Fig. 2, Table 3).

β-catenin
In cases positive for β-catenin, localization was observed

in the membrane and cytoplasm of tumor cells. At the in-
vasion front, membrane expression was found in 12 OSCC
cases (63.16%) and cytoplasmic expression in 11 (57.89%),
whereas in tumor islets membrane expression was present in
all cases (n=23) versus 18 cases in the cytoplasm (78.26%).
Discontinuous immunostaining was observed in cell mem-
branes at the invasion front, while continuity was seen in the
plasma membrane in tumor islets. Nuclear labeling was scarce
(<5% of positive cells) in tumor cells, regardless of localization
(front or islets) (Fig. 3). At the front, a score of 1+ was more
frequent in cellular membranes (n=10; 52.63%), while a 3+
membrane score was found in tumor islets, (n=13; 56.52%)
and in the cytoplasm (n=10; 43.48%) (Fig. 2, Table 3).

MCM3
All cases of OSCC presented positive nuclear im-

munostaining for MCM3 exclusively in tumor cells, both
at the invasion front and in the tumor islets (Fig. 3). At the
front, a score of 3+ (n= 8, 42.11%) was the most frequent,
followed by 1+ (n= 7; 36.84%) and 2+ (n= 4; 21.05%).
In the tumor islets, the following scores were observed: 3+
in 17 cases (73.91%), 2+ in 3 cases (13.04%), and 1+ in
3 cases (13.04%) (Fig. 2, Table 3). Figure 4 illustrates
immunostaining scores for all investigated proteins, both
at the tumor front and in the islets, in accordance with the
histologic degree of OSCC differentiation.

Correlations Between GLi-1, EMT, and MCM3
Marker Expression

At the invasion front, significant negative correlations
were found between GLi-1 and N-cadherin (φ=−0.68;
P<0.001), E-cadherin (φ=−0.72; P<0.001), membrane
β-catenin (φ=−0.39; P<0.001), and cytoplasmic β-catenin
(φ=−0.51; P=0.02). Snail was highly positively associated
with GLi-1 (φ=0.90, P=0.43), and a correlation between
GLi-1 and Slug immunoexpression (φ=0.10, P=0.06) was
found, yet without statistical significance (Table 4).

In the tumor islets, positive statistically significant
correlations were observed between GLi-1 and Snail
(φ= 0.97, P= 0.05), cytoplasmic β-catenin (φ= 0.83,
P= 0.04), and E-cadherin (φ= 0.42, P= 0.01). GLi-1
and N-cadherin (φ=−0.90, P< 0.01) were negatively
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FIGURE 1. Immunoexpression of GLi-1, Snail, and Slug in oral squamous cell carcinomas. A and B, Nuclear GLi-1 expression in the
invasion front region at an increase of ×20 and ×40, respectively. C and D, Nuclear GLi-1 expression in the tumor islets region at an
increase of ×20 and ×40, respectively. E and F, Nuclear Snail expression in the invasion front region at an increase of ×20 and ×40,
respectively. G and H, Nuclear Snail expression in the tumor islets region at ×20 and ×40 magnification, respectively. I and J, Slug
nuclear expression in the invasion front region at ×20 and ×40 magnification. K and L, Slug nuclear expression on tumor islets at
×20 and ×40 magnification, respectively.
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correlated. A very strong association was observed between
GLi-1 and Slug (φ=0.92, P=0.33), as well as with membrane
β-catenin (φ=0.96; P=0.57), but without statistical sig-
nificance (Table 4).

At the invasion front, associations between MCM3/
GLi-1 (φ=0.88; P=0.75) and MCM3/Snail (φ=0.70;
P=0.26) were very strong, but not statistically significant.
MCM3 and Slug (φ=−0.35; P=0.006) presented a negative
statistically significant correlation. N-cadherin (φ=−0.82,
P <0.001) and E-cadherin (φ=−0.84; P<0.001) were sig-
nificantly negatively correlated with MCM3, and also very
strongly associated. Correlations were also observed between
MCM3 and membrane β-catenin (φ=−0.17; P<0.001) and
cytoplasmic β-catenin (φ=−0.55; P=0.007) (Table 4).

In the tumor islets, correlations between MCM3 and
GLi-1 (φ= 0.98, P= 0.80), Snail (φ= 0.99, P= 0.16), Slug
(φ= 0.96, P= 0.39), β-catenin (φ= 0.96, P= 0.51), and
cytoplasmic β-catenin (φ= 0.90, P= 0.06) were observed,
yet without statistical significance. Strong, statistically
significant correlations were found between MCM3 and
E-cadherin (φ= 0.54, P= 0.02), and between MCM3 and
N-cadherin (φ=−0.87; P< 0.001) (Table 4) as well.

The following correlations were observed between
the EMT markers at the invasion front: E-cadherin/Snail
(φ=−0.77, P<0.001), E-cadherin/Slug (φ=0.52, P=0.01),
N-cadherin/E-cadherin (φ=0.56, P=0.06), and cytoplasmic
β-catenin/E-cadherin (φ=0.90, P=0.15). In tumor islets,

E-cadherin/Snail (φ=0.45; P<0.001), E-cadherin/Slug (φ=
0.73, P=0.48), N-cadherin/E-cadherin (φ=−0.56, P=0.01),
membrane β-catenin/E-cadherin (φ=0.62; P=0.14), and cy-
toplasmic β-catenin/E-cadherin (φ=0.58; P=0.61) were also
correlated (Table 4).

No statistical differences were found between the de-
grees of tumor differentiation and expression levels of the
evaluated markers. At the invasion front, clinical staging (III-
IV) was found to be positively correlated with the expression
of GLi-1 (P=0.01) and membrane β-catenin (P=0.02). The
presence of lymph node metastasis (P=0.04) and clinical
staging (P=0.05) was observed to be inversely correlated with
membrane β-catenin in the tumor islets. In addition, statistical
significance was detected in relation to tumor size and
N-cadherin immunoexpression, both at the invasion front
(P=0.03) and in the tumor islets (P=0.04).

DISCUSSION
This study evaluated EMT (Snail, Slug, N-cadherin,

E-cadherin, and β-catenin) and tumor proliferation (MCM3)
markers in 23 cases of OSCC positive for nuclear GLi-1, an
indicator of HH pathway activity,17 in 2 histologically distinct
tumor areas: the front of invasion and tumor islets. Distinct
expression patterns between these 2 tumor microenvironments
is important due to heterogeneity—that is, malignant cells
exhibit different markers in different tumor areas.

FIGURE 2. Distribution of immunoexpression scores for GLi-1, MCM3, and epithelial-mesenchymal transition markers at the tumor
front region and in tumor islets.

TABLE 3. Immunostaining Score for Front of Invasion and Tumoral Islets
Immunohistochemical Expression of Proteins [n (%)]

Front of Invasion Tumoral Islets

0 1+ 2+ 3+ 0 1+ 2+ 3+

GLi-1 1 (5.26) 5 (26.32) 3 (15.78) 10 (52.63) 0 (0) 2 (8.69) 5 (21.73) 16 (69.56)
Snail 0 (0) 2 (10.52) 5 (26.32) 12 (63.16) 0 (0) 0 (0) 1 (4.34) 22 (95.66)
Slug 8 (42.11) 2 (10.52) 2 (10.52) 7 (36.84) 1 (4.34) 6 (26.08) 4 (17.39) 12 (52.17)
N-cadherin 13 (68.42) 4 (21.05) 1 (5.26) 1 (5.26) 11 (47.82) 6 (26.09) 5 (21.73) 1 (4.34)
E-cadherin 14 (73.68) 4 (21.05) 1 (5.26) 0 (0) 3 (13.04) 9 (39.13) 3 (13.04) 8 (34.78)
Membrane β-catenin 7 (36.84) 10 (52.63) 1 (5.26) 1 (5.26) 0 (0) 5 (21.73) 5 (21.73) 13 (56.52)
Cytoplasmic β-catenin 8 (42.11) 6 (31.58) 2 (10.52) 3 (15.78) 5 (21.73) 5 (21.73) 3 (13.04) 10 (43.48)
MCM3 0 (0) 7 (36.84) 4 (21.05) 8 (42.11) 0 (0) 3 (13.04) 3 (13.04) 17 (73.91)
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FIGURE 3. Immunoexpression of N-cadherin, E-cadherin, β-catenin, and MCM3 in oral squamous cell carcinomas. A and B, Sparce
N-cadherin expression in the invasion front region at the ×20 and ×40 increase, respectively, and the tumor islets (C, D) at the ×20
and ×40 increase, respectively. E and F, Loss of E-cadherin expression in the front region of invasion at an increase of ×20 and ×40,
respectively, and membrane and cytoplasmic marking on a tumor islets (G, H), respectively (increase of ×20 and ×40). I and J, Loss
of β-catenin expression in the invasion front region and membrane and cytoplasmic expression on tumor islets (K, L), respectively
(increase of ×20 and ×40). Nuclear expression of MCM3 in the invasion front region (M, N) and tumor islets (O, P) at ×20 and ×40
magnification.
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Studies of the HH pathway in OSCC available in the
literature have demonstrated the participation of this
pathway in protumorigenic mechanisms, such as

invasion18 and proliferation.13 Although studies involving
other types of cancer have linked the GLi-1 protein with
tumor aggressiveness,19 this aspect has remained largely

FIGURE 4. Immunoexpression scores for GLi-1, epithelial-mesenchymal transition, and MCM3 markers at the tumor front region
and in tumor islets according to the histologic degree of OSCC differentiation. GLi-1 (A), Snail (B), Slug (C), N-cadherin (D),
E-cadherin (E), MCM3 (F), and β-catenin, membrane, and cytoplasm (G). MD indicates moderately differentiated; OSCC, oral
squamous cell carcinoma; WD, well-differentiated.
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unexplored in OSCC.20 Meanwhile, membranous
β-catenin has been associated with clinical staging and the
presence of lymph node metastasis in the context of oral
cancer, consistently with the present results.21

Reduced membrane E-cadherin expression at the
invasion front was a frequent finding; notably, the loss of
immunoexpression of this protein was linked to percep-
tible discontinuity in membrane immunopositivity. De-
spite the lower degree of immunostaining observed in
tumor islets, the positive expression of this protein was
maintained, even when discontinuous. Similar results were
reported by Costa et al22 and Wang et al,23 who demon-
strated that reduced E-cadherin expression at the invasion
front may be related to the increased invasion and mi-
gration capability of tumor cells.

A strong positive correlation between the im-
munodetection of GLi-1 and Snail was detected at the in-
vasion front and in tumor islets. This corroborates other
studies by Wang et al23 in gastric cancer and by Min et al24

in esophageal squamous cell carcinoma, who observed that
GLi-1 overexpression positively regulated Snail expression.
The expression of Slug, another transcription factor of the
SNAIL family, has been related to invasion, resistance to
apoptosis, and to the acquisition of typical stem cell char-
acteristics by tumor cells.25 Our study found a positive as-
sociation between Slug and E-cadherin at the invasion
front, corroborating a study by Joseph et al26 showing the
preservation of E-cadherin levels in Slug-positive oral car-
cinoma cells. Here, GLi-1 and Slug were found to be
weakly positively correlated, regardless of the region eval-
uated, which consequently necessitates the enhanced un-
derstanding surrounding the possible regulation of Slug
levels by GLi-1, in addition to the evaluation of this protein
in OSCC case series with different histologic gradations.

Cadherin switching is a peculiar event in EMT
proteins, and the switch from E-cadherin to N-cadherin
refers to a decrease in E-cadherin expression with a re-
sulting increase in N-cadherin expression.7,27,28 Despite
the present observation of an inversely proportional and
statistically significant correlation between the expression
of N-cadherin and E-cadherin in tumor islets, this aspect
was not evidenced at the invasive front. In addition, the
literature contains discrepancies in N-cadherin expression

in different tumor types, as most studies consider that any
level of detection of this protein is important in EMT22;
this stands in contrast to our study, which focused on
grouping cases according to quantitative expression scor-
ing and degree of immunostaining continuity.

Herein, β-catenin expression was evaluated in the
membrane, cytoplasm, and nucleus, with positivity rarely
observed in the latter cell compartment. Distinct functions
are exerted by this protein depending on the compart-
ment in which it is located.29 For example, cytoplasmic
β-catenin expression has been related to lower tumor
aggressiveness.29,30 In murine osteosarcoma cells, im-
munopositivity in this cell compartment was also related
to a loss of metastatic potential.30 In our study, cyto-
plasmic β-catenin was more common in the tumor islets
and was identified together with more pronounced mem-
brane immunostaining. In addition, none of the included
cases exhibited distant metastasis, and the vast majority
were classified as well-differentiated. In the OSCCs eval-
uated, the loss of β-catenin membrane immunostaining at
the invasion front was evidenced, while pronounced and
continuous expression was seen in the tumor islets, cor-
roborating results reported by other studies involving
OSCC.31 Although nuclear β-catenin is considered sig-
nificant with regard to EMT,32 the data deposited in the
interactome biorepository with respect to head and neck
tumors indicate that nuclear β-catenin is not a frequent
finding in OSCC,33 despite the presence of some results to
the contrary.34

The correlation between higher levels of GLi-1 and
decreased β-catenin and E-cadherin expression at the tumor
front, in addition to elevated Snail expression, serve to
corroborate the participation of the HH pathway in EMT.
Yue et al35 observed a similar relationship in lung carci-
noma. In addition, we observed a high correlation between
the cytoplasmic levels of β-catenin and GLi-1. Considering
that both molecules are immobilized in the same cytoplas-
mic protein complex,36 this further strengthens our hy-
pothesis that nuclear expression of GLi-1 is related to EMT
mediated by the HH and WNT pathways in OSCCs.

In the same way that EMT is a peculiar biological
event in tumors, cell proliferation represents one of the
most important characteristics related to the progression

TABLE 4. Correlations Between GLi-1 Expression and Epithelial-Mesenchymal Transition and MCM3 Markers in Patients With Oral
Squamous Cell Carcinoma; Association Strength Measured by the φ Coefficient

Front of Invasion Tumoral Islets

GLi-1 MCM3 E-cadherin GLi-1 MCM3 E-cadherin

φ P φ P φ P φ P φ P φ P

GLi-1 — — 0.88 0.75 — — — — 0.98 0.80 — —
Snail 0.90 0.43 0.70 0.26 −0.77 < 0.001 0.97 0.05 0.99 0.16 0.45 < 0.001
Slug 0.10 0.06 −0.35 0.006 0.52 0.01 0.92 0.33 0.96 0.39 0.73 0.48
N-cadherin −0.67 < 0.001 −0.82 < 0.001 0.99 1.00 −0.90 < 0.001 −0.87 < 0.001 −0.56 0.01
E-cadherin −0.72 < 0.001 −0.84 < 0.001 — — 0.42 0.01 0.54 0.02 — —
Membrane β-catenin −0.39 < 0.001 −0.17 < 0.001 0.56 0.06 0.96 0.57 0.96 0.51 0.62 0.14
Cytoplasmic β-catenin −0.51 0.02 −0.55 0.007 0.90 0.15 0.83 0.04 0.90 0.06 0.58 0.61

Bold values indicate statistical significance (P< 0.05).
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of malignant neoplasia.12 In this respect, MCM3 has been
one of the markers highlighted in studies on tumor cell
growth and proliferation. A study by Valverde et al12 in-
dicated that MCM3 expression is not influenced by ex-
ternal factors such as inflammation, and it can therefore
be considered a reliable marker of cellular proliferation in
OSCC. Moreover, this protein is only expressed during
cell division.37 Herein, elevated MCM3 expression was
observed in the cell nucleus, specifically in tumor islets,
which indicates that this compartment may play a relevant
role in tumor growth.

Although MCM3 is considered relevant in tumor
growth proliferations, no relationship with GLi-1 was
observed in our study. However, other studies have dem-
onstrated that GLi-1 was correlated with immunolabeling
for cyclin D138 and MYC,17 the main cell-cycle target
genes in the HH pathway. Thus, it has been suggested
that, in OSCC, subsequent to the G1 phase in which
MCM3 is expressed, GLi-1 can participate in cell-cycle
regulation. Notably, this correlation was also not found in
studies focused on tumors in salivary glands.39

In conclusion, the correlation between GLi-1 and
EMT markers (Snail, E-cadherin, and β-catenin) suggests
that, in OSCC, the HH pathway may act to regulate
mesenchymal phenotype expression, which seems to be
more relevant at the tumor front. No associations between
GLi-1 and MCM3 were observed. Loss of adhesion pro-
tein expression (E-cadherin and β-catenin) predominantly
occurred at the front region, whereas adhesion protein
expression was detected in tumor islets independent of
MCM3 expression. The patterns of expression and local-
ization (front and tumor islets) of N-cadherin and Slug in
this tumor type suggest that these markers do not sig-
nificantly reflect the EMT process in OSCC.
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