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Abstract

Objectives: To evaluate immunohistochemically the expression of GLUT-3 and GLUT-4 in oral epithelial dysplasia
(OED) and the oral squamous cell carcinoma (OSCC) and assess possible involvement in the malignant transformation of
oral lesions. Methods: Tissue samples of 15 cases of OSCC and 15 of OED were subjected to immunohistochemistry
with anti-GLUT-3 and anti-GLUT-4 antibodies. Five fields of each case were analyzed, to provide percentages of
positive cells at 400X magnification. Result: GLUT-3 and GLUT-4 were positive in 100% of the analyzed samples,
the percentage immunolabeling for GLUT-3 ranging from 19% to 73% in the OED group and 10% to 89% in the OSCC
group. Positive immunolabeling for GLUT-4 ranged from 15.2% to 79.9% in the OSCC group and 27.1% to 92.6% in
the OED group. Statistical analysis with the Mann-Whitney test revealed that there was a higher expression of GLUT-4 in
the OED group than in the OSCC group (p=0.04) without any significant difference in the GLUT-3 expression (p=0.852).
Conclusion: GLUT-4 expression may indicate some role in oncogenic mechanisms which can determine a malignant

phenotype. Thus, it is suggested that further studies on the role of GLUT-3 in oral carcinogenesis be conducted.
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Introduction

Oral cancer has the sixth highest mortality rate
among all other cancers (Liu et al., 2012) and the oral
squamous cell carcinoma (OSCC) is the most common
histological subtype (Liu et al., 2012; Dantas et
al., 2016). Potentially malignant lesions (PMLs) in
the oral cavity is a risk factor for the development of oral
squamous cell carcinoma. Histopathology test should be
administered to detect oral epitelial dysplasia (OED) as
an indicator for malignant transformation and progression
(Warnalulasuriya et al., 2008). However, the progression to
the malignant phenotype is not observed in most PMLs
(Angadi and Angadi, 2015).

The histopathological examination is still the gold
standard to evaluate dysplasia (Silveira et al., 2009;
Fonseca-Silva et al., 2016); however, the accuracy of
histopathological examination is insufficient in predicting
lessions with high probability of malignant transformation
(Chaves et al., 2017). In oral carcinogenesis, recent
studies have shown that proteins involved in the cellular
metabolism have received much attention (Demasi et al.,

2010; Pereira et al., 2013). Thus, the identification of
the molecular markers which may signalize the behavior
and the malignant transformation is very important.

Tumoral cells can replace the oxidative phosphorylation
with glycolysis as an energy source. The generated
adenosine triphosphate (ATP) is the driving force for
mitosis once it is the main source of energy for the nuclei
(Demasi et al., 2010). Glycolysis is not essential for
neoplasia to occur but it is a favorable and strategical
opportunity for survival and proliferation when oxygen
and nutrients are lacking as it occurs during oral
carcinogenesis (Pereira et al., 2013).

The transport of glucose into the cells is mediated by
active and passive means. Passive transport is performed by
a family of glucose transporters known as the GLUT
family. Many isoforms of GLUT have been described and
their expression are specific to cell types and controlled
by the extracellular environment. The GLUT family is
comprised of fourteen members: GLUT-1 to GLUT-14
(Macheda et al., 2005, Rao et al., 2012).

GLUT-3 is the main glucose transporter in
neuronal cells and its expression levels in brain
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regions are related to the use of glucose in this organ.
This protein can also be found in intracellular vesicles of
lymphocytes, monocytes/macrophages, and platelets being
translocated to the cell membrane when metabolic energy
demand is high (Simpsom et al., 2008). GLUT-3 was also
detected with high expression in mouse spermatozoa,
controlling the rate of glucose uptake and the metabolism
required for the motility and maturation of these cells
(Thorens and Mueckler, 2010).

Among the GLUT isoforms, GLUT-4 is one of
the most studied, because it plays an important role in
glucose homeostasis throughout the body. GLUT-4 is
primarily expressed in adipose tissue and skeletal muscle
(Thorens and Mueckler, 2010). In physiologic conditions
when glucose levels are high, as in the post prandial state
for exemple, the subsequent increase in circulating insulin
activates intracellular signaling cascades that translocate
GLUT-4 to the cell membrane (Assefa et al., 2017).
Several cells of oral tissues such as the periodontium, or
sensitive parts of the tongue are glucose dependent for
their metabolic activities (Toyono et al., 2011).

It is known that tumoral cells utilize this metabolic
pathway as the main source of energy, explaining why
tumoral cells have a high proliferation rate even in
the presence of low tension of oxygen (Voelxen et al.,
2017). Besides, the expression of such proteins has been
correlated with the prognosis of tumors (Kunkel et al.,
2003; Macheda et al., 2005; Moreno-Sanchez et al., 2007,
Ayala et al., 2010; Ohba et al., 2010; Azad et al., 2016).
The high rate of GLUT expression is considered as an
important early event in the development of head and
neck cancers (Reisser et al., 1999).

The main aim of this study was to verify whether
the changes in the glucose transport mechanism are
strongly associated with malign phenotypes and
whether these changes occur in early stages of the oral
carcinogenesis, still in the OED stage. Thus, this study
aimed to analyze the immunohistochemical expression of
GLUT-3 and GLUT-4 in OED and OSCC lesions to better
elucidate their biological behavior.

Materials and Methods

This study consisted of an observational, analytical
and cross-sectional study, through the diagnosis and
immunoexpression analysis of malignant and premalignant
lesions. The present study analysed 15 formalin-fixed
and paraffin-embedded cases (FFPE) of OEDs and 15
FFPE cases of OSCCs, obtained from incisional biopsies
in patients of the outpatient Stomatology Clinic of
the Federal University of Ceara - Sobral Campus between
2012 and 2013. The Research Ethics Committee of
the Ceara Dental Academy,Continual Education Center
(ACO/CEC), approved this clinical-laboratory study.

Histomorphometric analysis

The specimens were fixed in 10% formol with
reference to the selected cases. Afterwards, they were
embedded in paraffin, submitted to 5 um (micrometres)
thick cuts, stained with hematoxylin-eosin, and mounted on
glass slides for histopathological analysis. Samples were
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classified utility according to the WHO classification
(Barnes et al, 2005; Westra, Lewis, 2017). The obtained
data were reviewed and analysed.

Immunohistochemical Reaction

For immunohistochemistry, 3-mm-thick sections were
cut from paraffin-embedded material. The tissue samples
were treated with anti-GLUT-3 (GTX15311, GeneTex®,
San Antonio, TX, USA) and anti-GLUT-4 (GTX61787,
GeneTex®, San Antonio, TX, USA) antibodies by
performing the streptavidin-biotin immunohistochemical
technique (Labeled Streptavidin-Biotin — LSAB).

All tissue samples were processed using standard
methods, and serial sections were used for IHC. After
deparaffinization and rehydration, slides were subjected to
heat-induced epitope retrieval in 10 mmol/L citrate buffer
(pH=6.0, 30 min, 99 °C). Endogenous peroxidase activity
was blocked for 10 minutes in 0.3% hydrogen peroxide.
After blocking with 1% goat serum for 10 minutes at room
temperature, the sections were incubated with primary
antibodies for at least 60 minutes at 4°C overnight, being
the antibody dilutions 1:300 for GLUT-3 and 1:200 for
GLUT-4. The samples were incubated with the secondary
antibody LSAB Kit (DAKO®, Carpentaria, CA, USA)
for 10 minutes at room temperature. Next, incubation was
performed in a chromogen solution prepared with DAB
(3-3’-diaminobenzidine) for 10 minutes in a dark chamber
(DAKO®, Carpentaria, CA, USA) and Harris hematoxylin
was used for counterstaining.

Finally, the assembly was carried out on glass slides,
which were examined under an optical microscope
NIKON® Eclipse E200. The human placenta tissue was
used as positive control for GLUT-3 and the striated
cardiac muscle was used as positive control for GLUT-4.
Erythrocytes were used as internal positive control; and in
parallel with the incubated sections, the negative control
was performed, excluding the application of the primary
antibody.

Evaluation of IHC staining and statistical analysis
Fivefields were randomly selected (400x magnification),
visualized through the above-mentioned optical
microscope system Leica DM2000, and photographed by
digital cam Leica DFC290 HD using Las software at
maximum resolution. The quantitative analysis of GLUT-3
and GLUT-4 protein expression was performed by a single
examiner, which counted the absolute values of marked
cells in different intervals by using Image J software
(National Institutes of Health, Bethesda, Maryland, USA).
The raw data were transferred to SPSS (version 17.0) for
statistical analysis. Means and medians were obtained and
the Mann-Whitney test was used. The probability value of
p<0.05 indicated statistically significant difference.

Results

In the OSCC group, 10 patients were male and 5
were female; whereas, in the OED group, 6 patients were
male and 9 were female. The age of patients ranged from
17 to 84 years old, and the patients in the OED group
were younger than those in the other one. The mean
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Table 1. Number of Positive Cells for GIUT-3 in Oral Epithelial Dysplasia and Oral Squamous Cell Carcinoma

Analyzed Lesion Quantity of Immunolabeled Cells by the Antibody GLUT-3

N Median Q,-Q.; p*
OED 15 37.74 21.25-47.01 0.852
OScC 15 33.33 26.86 - 50.72

* Mann-Whitney Test; OED, oral epithelial dysplasia; OSCC, oral squamous cell carcinoma

Table 2. Number of Positive Cells for GLUT-4 in Oral Epithelial Dysplasia and Oral Squamous Cell Carcinoma

Analyzed Lesion

Quantity of Immunolabeled Cells by the Antibody GLUT-4

N
Oral epithelial dysplasia 15
Epidermoid Carcinoma 15

Median
58.62
42.84

st'Q75 p*
46.76 — 68.91 0.040
30.10 - 55.84

*, Mann-Whitney Test; OED, oral epithelial dysplasia; OSCC, oral squamous cell carcinoma

age of all patients was 61 years old. Most of elderly
male patients at the OSCC group were affected by OSCC
lesions. Regarding the OED group, a high percentage of
young women was affected.

The GLUT-3 immunoexpression was positive in all
cases of OED and OSCC (Figure 1A and Figure 1B).
However, different percentage values were obtained.
The GLUT-4 expression was also evidenced in all cases of
OED and OSCC (Figures 1C and 1D). The nuclear staining
was not observed for GLUT-4; however, an intense
immunostaining in the membrane of cells undergoing
dysplasia and neoplasia was found. The intense
immunostaining was seen in the positive controls
(Figure 1E and Figure IF).

The means of immune positive cells varied from
10% to 89% in the OSCC group, demonstrating a discreet
expression of GLUT-3. No significant association was
observed between the immunolabeling of this transporter
and age as well as gender. Regarding the GLUT-4
expression and OSCC lesions, the means of immune
positive cells ranged from 15.2% to 79.9%, being the last
sample the one with the highest number of marked cells.
There was no significant association between the GLUT-4

Pasitive contral OED 0sCC

GLUT-3

GLUT4

0

Evidencing  the
Immunoexpression of GLUT-3 and GLUT-4 in OED
(A) and OSCC (B), and Immunopositivity GLUT-4 in
OED (C) and OSCC (D). Positive control (E and F).
(LSAB, 400X) (OED:; oral epithelial dysplasia, OSCC;
oral squamous cell carcinoma).

Figure 1.  Photomicrographs

immunolabeling and age as well as gender. However,
80% of the samples with immunolabeling over 80%
were obtained from the base of the tongue and floor of
the mouth.

In the OED group, the means of immunolabeled
cells for GLUT-3 varied approximately from 19% to
73%. There was no significant association between the
GLUT-3 expression and age as well as gender. Regarding
the GLUT-4 expression, the means of immunolabeled
cells ranged from 27.1% to 92.6%. The immune marking
was discovered mainly on the epithelial basal layer and
on the initial part of the epithelial spinous layer. No
significant association was observed between GLUT-4
expression and age, gender, and the location of the
lesions. Data were analysed using SPSS (version 17.0)
and running Mann-Whitney test. The data are shown in
Table 1. No difference was found between the OED and
OSCC groups concerning GLUT-3 expression (p=0.852).
Considering the expression of GLUT-4 in two types of
pathologies, there were statistically significant differences
(p=0.04) between the immunolabeling of OED and OSCC
lesions, in a way that the expression of GLUT-4 was higher
in the OED group (Table 2).

Discussion

Malignant neoplastic cells exhibit an altered metabolism
which is characterized by the increased absorption and
utilization of glucose (Ortega et al., 2009; Perez-Sayans et
al., 2011). This phenomenon can be explained by several
mechanisms, including the adaptation of cells to the hypoxic
tumor microenvironment and the maintenance of tumor cell
viability, which depends in part on the ability of these cells
to perform anaerobic glycolysis (Perez-Sayans etal., 2011).
Hypoxia is an important characteristic of solid tumors and
advanced head and neck carcinomas and it is associated
with a poor prognosis (Eckert et al., 2012).

Few studies have investigated the expression of GLUT-3
and GLUT-4 in OSCC and, to the authors’ knowledge,
there is no investigation on the immunoexpression of
these glucose in OED. According to the high index of
immunolabelling in the OED group, it is believed that
the GLUT expression can be a factor that can determine
a tumor phenotype. Therefore, it can be a sign of malign
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phenotype (Reisser et al., 1999; Kunkel et al., 2003;
Demeda et al., 2014). In the present study, no difference
was discovered between OSCC and OED groups
concerning GLUT-3 expression. However, expression of
GLUT-4 was higher in the OED group.

GLUT-3 mediate glucose uptake by cancer cells,
regulating energy metabolism, and have been related to
the aggressive behavior of some tumors (Ogane et al.,
2010; Eckert et al., 2012). Szablewski (2013) analyzed
GLUT in melanocytic lesions and verified that GLUT-3
was expressed in all lesions under the investigation,
while GLUT-1 was expressed by 87.5% of all cases.
It is known that that GLUT-1 plays an important role
in glucose uptake in cancer cells (Tian et al., 2004; Roh
et al., 2009; Pereira et al., 2016). Ayala et al., (2010)
studied the GLUT-1 and GLUT-3 immunolabeling in
OSCC and detected high expression levels of GLUT-1
in nearly all of the cases under the investigation.
Although GLUT-3 appeared in only 21.1% of the studied
samples, it was not found in the normal oral epithelium.
Contrary to these findings, our study showed 100%
immunolabeling of the analyzed samples. Zhou et al.,
(2008) found no immunoexpression of this glucose
transporter in any of 38 head and neck carcinomas. On
the other hand, Tian et al., (2004) observed GLUT-3
immunostaining in 16 out of 19 OSCC cases (84.2%).
Demedaetal., (2014) studied metastatic and non-metastatic
lower lip squamous cell carcinoma and found that
immunostaining for GLUT-3 was much lower than that for
GLUT-1. In addition, they observed that GLUT-3 staining
prevailed in central areas of tumor nests, islands and
sheets. In the present study, GLUT-3 immunostaining was
discovered in the basal and suprabasal layer, suggesting
that the expression of GLUT-3 represents a secondary
glucose uptake mechanism in OED and OSCC lesions.

The discreet immunolabeling pattern presented in
the cell membrane was like the one found in other studies
(Moreno-Sanchez et al., 2009, Krzeslak et al., 2012,
and Szablewski et al., 2013), revealing that GLUT-3 is
present at a low frequency in oral spinous cell carcinomas.
GLUT-3 serves as a prognosis biomarker for many
types of malign lesions even though it is not directly
related to the oral carcinogenesis process; however, few
studies have reported this protein as marker in oral cancer
lesions (Azad et al., 2016).

Based on our results, there was higher expression of
GLUT-4 in dysplastic lesions than in carcinomatous ones,
which differs from Reisser’s et al., (1999) finding that
compared the immune expression of GLUT in carcinomas.
Higher expression of GLUT-4 in dysplastic lesions can
reflect its role in some oncogenic mechanisms, leading to
a tumoral phenotype in early stages of carcinogenesis.
Therefore, it is can be concluded that the overexpression of
this protein is an indicator of a malignancy. In other words,
the high levels of GLUT-4 expression are correlated with
malign transformation of cells and malign phenotype
mainly in colorectal and pancreatic cancers (Harada et
al., 2001; Kunkel et al., 2003; Ohba et al., 2010).

A pilot study identified the presence of GLUT-4 and
located it in healthy human gingival cells, observing
a peri-nuclear marking on connective tissue and
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gingival epithelium, more evident in the basal layer
than in the superficial layers. Based on our findings, it
seems that the greater marking found in the basal layer
was due to its higher metabolic activity, emphasizing
the importance of GLUT-4 in the energy metabolism of
oral tissues (Rao et al., 2012). In our study, we also
identified a more evident expression of GLUT-4 in
the basal layer; however, the nuclear staining was not
observed. It seems that higher expression found in
the membrane can be justified by the high methabolic
rates in OED and OSCC.

In human OSCC cell lines is evidenced atypical
mRNA expression of GLUT-4 using RT-PCR
(Fuzukumi et al., 2000; Chang et al., 2017), generating
differentiated immunohistochemical marking patterns.
Chang et al., (2017) revealed that GLUT-4 mediated
HNSCC metastasis was independent of glucose
concentration and the innate glucose transport
function of GLUT-4 and the immunohistochemical
staining results showed stronger staining of the GLUT-4
protein in tumor tissues than in the adjacent normal
tissues. It seems that the ectopic overexpression of
GLUT-4 can lead to a lower threshold for activating its
downstream molecules, rendering the ligand (glucose)
concentration nonconsequential. They showed that
GLUT-4 overexpression promotes tumor metastasis and
is significantly associated with poor prognosis in HNSCC
patients through a glucose indirect pathway in cancer
cells, leading to the activation of the TRIM24 pathway.

There are few studies representing
the immunohistochemical evaluation of the GLUT-3
and GLUT-4 expression in OED and OSCC. Thus,
there is no evidence that dysplastic lesions display
amore intense immunolabeling than carcinomatous ones
and no elucidation as to why such difference between
the lesions exist. Our study; however, demonstrated
a higher immune expression of GLUT-4 in dysplastic
than in carcinomatous lesions. In a nutshell, we indicated
the involvement of GLUT-4 in the early stages of the oral
carcinogenesis, including in OED cases.
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