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A b s t r ac t
Aim and objectives: The clinicopathologic parameters alone are not sufficient to precisely predict if oral potentially malignant disorders (OPMDs)
remain unchanged, i.e., without any malignant changes, regress, or advance to oral squamous cell carcinomas (OSCC). Few of the OPMDs, with
or without epithelial dysplasia, may transform to frank OSCC. Discovering various molecular markers that can predict OSCC transformation is
essential to develop effective therapeutic strategies. GLUT-1 is one of the hypoxia as well as metabolic indicator markers that have been used
to study the metabolic activity of the cells. Hence, given by the World Health Organization (WHO), GLUT-1 expression was studied in various
grades of dysplasia to see whether it complements the WHO grading system (mild, moderate, and severe).
Materials and methods: The study was carried out on paraffin-embedded tissues of 10 normal oral mucosa and 30 OPMD cases. OPMD cases
were classified into hyperkeratosis, mild dysplasia, moderate dysplasia, and severe dysplasia groups. Immunohistochemistry was carried out
to evaluate the expression of GLUT-1 antigen.
Results: According to the WHO grading system of dysplasia, 11 (36.66%) cases were classified as hyperkeratosis, 9 (30%) cases were classified
as mild dysplasia, 6 (20%) cases as moderate dysplasia, and 4 (13.33%) cases as severe dysplasia. There was a significant increase in GLUT-1
expression from normal to mild, moderate, and severe dysplasia (p value = 0.00).
Conclusion: The expression of GLUT-1 marker complements the WHO grading system of oral epithelial dysplasia.
Clinical significance: GLUT-1 expression can be used to complement the WHO grading system to grade epithelial dysplasia.
Keywords: Epithelial dysplasia, GLUT-1, Predictive marker.
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I n t r o d u c t i o n
Oral squamous cell carcinoma (OSCC) is commonly preceded by
array of cellular variations limited to the surface epithelium and
is called oral epithelial dysplasia (OED). These deviations from
the normal are often manifested as oral potentially malignant
disorders (OPMDs) such as oral leukoplakia, oral erythroplakia,
oral submucous fibrosis (OSF), and oral lichen planus (OLP). Several
efforts have been made to consistently diagnose and classify
the incessant scale of tissue alterations in OED.1 The most recent
classification by the World Health Organization (WHO) grades OED
into mild, moderate, and severe dysplasia and carcinoma in situ.2 The
clinicopathologic features alone cannot precisely predict whether
OPMDs stay unchanged and regress or advance to OSCC. Few of
the OPMDs, with or without OED, may progress to invasive OSCC.
Application of specific molecular markers that can predict
progression of the disease is required to develop better treatment
strategies. Various genes and different signaling pathways are
involved in OSCC development. The markers that are notably
correlated with progression of OPMDs to OSCC comprise changes
in genes or pathways controlling cellular signaling, cell cycle,
apoptosis, angiogenesis, and so on. 3
The progression of an OPMD is unpredictable. So, there is
a dire need of a molecular marker that can aid in prediction of
its malignant transformation to OSCC. There are many signaling
pathways and variety of genes involved, which contribute to the
malignant transformation of an OPMD. Epithelial dysplasia is one of
the commonly observed features of OPMDs, which can help predict
the malignant transformation. There have been many studies
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reported in the literature to improve the histologic evaluation, but
still the research is going on.3
Amplified aerobic glycolysis is a distinctive feature in cancers
and involves hypoxia-related proteins.4 Metabolic reprogramming
is also one of the important events in carcinogenesis which affects
the metabolic capability of tumor cells in developing glycolytic
phenotype in hypoxic environment. GLUT-1 is one such important
glucose transporter that aids cellular glucose transport, helping
tissue energy metabolism regulation with inadequate energy
supply. Tumor cells meet the high-energy requirements through
glycolytic ATP generation helping to amplify their proliferative
and survival capacity. GLUT-1 helps in proliferation of the tumor
cells at the cost of host tissue. 5 Therefore, the aim of the present
study was to probe whether a hypoxia-related protein, GLUT-1,
can be a predictive marker for malignant conversion of OPMDs
with OED.

M at e r ia l s

and

M e t h o d s

The study was carried out in the department of oral pathology
and microbiology, Institute of Dental College and Hospital, BBSR,
Odisha, after clearance from the institutional ethics committee
(Institute of medical science and SUM hospital, BBSR, Odisha).
Paraffin-embedded tissues of 10 normal oral mucosa and 30
OPMDs were retrieved from the archival tissues (2008–2018). In
cases with an OPMD, all the demographic data, clinical features,
and detailed history of the deteriorating habits along with the
histopathological diagnoses were noted. Oral epithelial dysplasia
was classified as no dysplasia (hyperkeratosis), mild, moderate,
and severe dysplasia. Serial sections (3 μm) from the paraffinembedded tissues were obtained for immunohistochemistry to
study GLUT-1 expression.

Study Design
Ten normal oral mucosa tissue samples were taken that served
as controls. The normal mucosa samples were collected from the
regular impaction cases and gingivectomy cases. Oral potentially
malignant disorders (30 cases) were divided into clinical groups
consisting of leukoplakia, erythroplakia, OSF, and OLP (Table 1).
They were again divided histopathologically into hyperkeratosis
(without dysplasia), mild dysplasia, moderate dysplasia, and severe
dysplasia (Table 2). Inclusion criteria consisted of OPMD cases
such as leukoplakia, erythroplakia, OSF, and OLP. Exclusion criteria
included OPMDs with OSCC.
All the histopathology and immunohistochemically stained
slides were blinded for analysis. Two independent experienced oral
pathologists performed the grading of OED. Two oral pathologists
who were not aware of the OED grading status of the selected cases
made immunohistochemical (IHC) scoring for GLUT-1. The IHC
scores obtained were then computed with normal, mild, moderate,
and severe dysplasia groups. The antibodies and reagents used for
the immunohistochemical technique were acquired from ready to
use kits of Path In Situ Biotechnologies Pvt. Ltd, which contained:
•
•

Primary antibody - Rabbit monoclonal antibody
Secondary antibody – Poly-Excel HRP/DAB detection system
Kit contents: Poly-Excel H2O2
Poly-Excel Target Binder
Poly-Excel Poly HRP
Poly-Excel Stunn DAB Substrate Buffer
Poly-Excel Stunn DAB Substrate Chromogen
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Table 1: Comparison of GLUT-1 expression in normal mucosa and
various OPMDs
Groups
NOM
OSF

Leukoplakia

Erythroplakia

OLP

Dysplasia grades
No dysplasia
No dysplasia
Mild dysplasia
Moderate dysplasia
Severe dysplasia
No dysplasia
Mild dysplasia
Moderate dysplasia
Severe dysplasia
No dysplasia
Mild dysplasia
Moderate dysplasia
Severe dysplasia
No dysplasia
Mild dysplasia
Moderate dysplasia
Severe dysplasia

n
10
3
2
2
0
4
5
2
0
0
0
1
4
4
2
1
0

Mean ± SD
1.6 ± 0.5
2±0
3±0
4±0
0
2.8 ± 0.5
3.2 ± 1.3
5.5 ± 0.7
0
0
0
5±0
7.8 ± 0.5
2.75 ± 0.5
3±0
4±0
0

p value
p = 0.00

Table 2: GLUT-1 expression in various grades of oral epithelial dysplasia
Group
Normal
Hyperkeratosis
Mild dysplasia
Moderate dysplasia
Severe dysplasia

n
10
11
9
6
4

Mean ± SD
1.6 ± 0.5
2.54 ± 0.5
3.1 ± 0.9
4.6 ± 0.8
7.7 ± 0.5

p value
0.00

Immunohistochemistry
The antigen retrieval of GLUT-1 was carried out by treating slides
with boiling EDTA-buffered saline (pH 9.0–9.2). The slides were
then repeatedly heated at 600 W for 10 minutes, for two times and
then allowed to cool to room temperature. The slides were washed
gently with Tris-buffered saline (TBS) three times for 3 minutes each.
Peroxide block was applied after tapping off the excess buffer from
the slide; the sections were then covered with Poly Excel H2O2 for
10 minutes. The slides were then washed gently with TBS three
times for 2 minutes each. After the slides were tapped off; only the
test sections were covered completely with prediluted monoclonal
rabbit antibody GLUT-1. The slides were incubated for 1 hour at
21°C in a humidifying chamber. The slides were then washed gently
with TBS three times for 2 minutes each. The tissue sections were
covered with One-Step Polymer-HRP reagent, Poly-Excel Target
Binder, and incubated at room temperature for 10 minutes. The
slides were washed gently with TBS three times for 2 minutes each.
After tapping off the excess buffer, the sections were then incubated
with Poly Excel Poly HRP at room temperature for 10 minutes. The
slides were then washed gently with TBS three times for 2 minutes
each. Substrate chromogen application was done. Excess buffer
was tapped off, and tissue sections were completely covered with
freshly prepared substrate chromogen solution (Poly-Excel DAB)
using Pasteur pipette at room temperature for 5 minutes. The
sections were then counterstained by immersing in hematoxylin
for 4 minutes and then washed gently under running tap water for
bluing. The tissue sections were then dehydrated through three
changes in alcohol, 70% alcohol, 95% alcohol, and absolute alcohol,
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respectively. The sections were kept immersed in xylene bath and
later were mounted using DPX (distyrene plasticizer xylene).
Positive control was obtained from the normal oral mucosal
tissue during impaction of third molars from the department of
oral and maxillofacial surgery with respective consent and negative
control was obtained by excluding the primary antibody.
Internal positive controls included erythrocytes. Ten random
fields were chosen at high-power view of binocular light
microscope, and GLUT-1 positively stained cells, intensity of
staining, and location of staining were evaluated and graded.

Immunohistochemistry Scoring
The analysis of stained sections was done by light microscopy
according to immunoreactive score, which evaluated percentage of
positive cells, staining intensity, and location of staining of GLUT-1.
The percentage of cells was scored and graded as follows:6
0 = <10% positively stained cells
1 = 10 to 25% positively stained cells
2 = 25 to 50% positively stained cells
3 = 50 to 75% positively stained cells
4 = >75% positively stained cells
The staining intensity was graded as follows:
0 = Mild expression
1 = Moderate expression
2 = Intense expression
The location scoring was as follows:
1 = Membranous
2 = Membranous + cytoplasmic
3 = Membrane + cytoplasmic + nuclear
The total score was obtained by taking a sum total of the above
three.

Statistical Analysis
Immunohistochemical stained slides were evaluated by two
independent observers for the abovementioned three criteria, and
their results were subjected to statistical analysis. All calculations
were executed using statistical software package (SPSS 20.0 for
Windows). The obtained data were analyzed by analysis of variance
with Turkey’s HSD test. The correlation of GLUT-1 expression
was seen with the various clinical groups—normal mucosa,
leukoplakia, erythroplakia, OLP, OSF, and also histopathologically
with mild, moderate and severe dysplasia. The difference was highly
statistically significant (p value = 0.00).

There was no intra-observer and interobserver variations
in the immunohistochemical scoring. Thus, GLUT 1 expression
aids in confirmation to routine hematoxylin and eosin staining,
as sometimes there are borderline cases in which it is difficult to
categorize between the moderate and severe cases of dysplasia
with just H&E stain.

D i s c u s s i o n
Recently, WHO suggested to impede the division between oral
potentially malignant lesions and conditions and encouraged the
usage of the term “OPMDs” instead. The WHO 2005 classification
identifies five histopathological stages in epithelial precursor
lesions.7
Most of the OPMDs are histologically diagnosed as OED. The rate
of malignant conversion of these OPMDs ranges from 6 to 36%.8–10
Although oral epithelial dysplasia is diagnosed by morphological
analysis, nevertheless it is essential to note that not all the cases of
severe dysplasia lead to OSCC. On the contrary, even mild dysplasia
can lead to malignant conversion. Various parameters age of the
patient or duration of the lesion, site, clinical type appearance, and
size are responsible. The most important factor(s) is/are not evident,
but they appear to be interreliant, at least to certain extent. The
duration of the lesion may be a significant but an immeasurable
parameter. Despite exhaustive studies on OPMDs, precisely
predicting the risk of developing OSCC remains impossible thus
far.10 The process of malignant conversion of normal oral mucosa
via oral epithelial dysplasia is a complex one involving several
pathogenetic factors. Thus, it is important to emphasize the need
of understanding the molecular pathophysiology of this lesions.10
This has led many authors to discover different markers that
could better assess and complement the WHO grading system for
dysplasia, some of which happen to be GLUT-1, HSP70, BCl2, Ki67,
p53, PCNA, P16, p63, podoplanin, etc.3,5,11–18
An evolving hallmark of cancer, reprogramming of energy
metabolism, says that the neoplastic diseases not only have
dysregulated cellular proliferation control but also carry out energy
metabolism tunings to stimulate cell growth and proliferation. Such
reprogramming results in upregulation of glucose transporters,
particularly GLUT-1, increasing glucose import into the cytoplasm
considerably.19 Cases with OSCC are preceded by OPMDs. In absence

R e s u lts
Demographic Data
Eleven (36%) OPMDs were clinically diagnosed as leukoplakia, five
(16.7%) as erythroplakia, seven (23.3%) as OLP, and seven (23.3%)
as OSF. Histopathologically, 11 (36.66%) cases were classified as
hyperkeratosis, 9 (30%) cases were classified as mild dysplasia, 6
(20%) cases as moderate dysplasia, and 4 (13.33%) cases as severe
dysplasia. There was significant increase in GLUT-1 expression
form normal to mild, moderate, and severe dysplasia (p value =
0.00) (Table 1).

Immunohistochemistry
A significant increase in GLUT-1 expression from normal mucosa to
hyperkeratosis, mild, moderate, and to severe dysplasia (Figs 1 to 4)
was observed. The difference was found to be highly statistically
significant (Table 2).

Fig. 1: Photomicrograph of GLUT-1 expression in no dysplasia
(hyperkeratosis) of OPMDs
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Fig. 2: Photomicrograph of GLUT-1 expression in mild epithelial dysplasia
of OPMDs

Fig. 4: Photomicrograph of GLUT-1 expression in severe epithelial
dysplasia of OPMDs

of effective proved molecular markers, the histological grading
of OED remains the only basis to assess potential for malignant
transformation.20
Hence, it has become imperative to search for markers that
better complement the WHO epithelial dysplasia grading system.
Not many studies have been carried before to see GLUT-1 expression
in oral epithelial dysplasia except for few studies, namely, Reisser
et al.,21 Burstein at al.,22 Zhang et al.,4 Angadi et al.,6 Pereira et al.,23
and Ganvir et al.24 Hence, our study was aimed at evaluating the
GLUT-1 expression and study its correlation with the increasing
grades of OED. The above mentioned studies have found positive
correlation of GLUT-1 expression with the increasing grades of
OED. Therefore, in the present study, we had aimed to see whether
GLUT-1 expression is significantly related to the various WHO grades
of OED. The OPMDs included in the study were oral leukoplakia,
oral erythroplakia, LP, and OSF, which were histopathologically
categorized as hyperkeratosis (without dysplasia), mild, moderate,
and severe OED. Ten normal oral mucosal tissues were taken as
control group which was obtained from impacted third molars and
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Fig. 3: Photomicrograph of GLUT-1 expression in moderate epithelial
dysplasia in OPMDs

gingivectomy cases of crown lengthening procedures with prior
consent from the patients. Our study results showed significant
correlation of GLUT-1 expression with increasing grades of OED
(p value = 0.00).
Pereira et al. 23 observed a high expression of GLUT-1 in the
OPMDs. This is because overexpression of GLUT-1 is seen in
ischemic and hypoxic states of a cell, where it requires glucose
as a source of energy since there is prevalence of insufficient
oxygen through inefficient blood transfusion. Zhang et al.4 also
suggested that GLUT-1 can be used as one of the predictive
markers for malignant conversion. Reisser et al. 21 found out a
different expression of GLUT-1 in OED. The staining pattern of
GLUT-1 in the dysplastic epithelia was much stronger than that
in normal and sometimes reaches up to the suprabasal layers
depending on the dysplastic grade. Angadi et al.6 also observed
in their study that expression of GLUT-1 had increased as the
degree of OED increased. Mild expression of GLUT-1 was notable
in the basal layer in mild grade of OED, whereas it was intense in
moderate grade, involving the spinous layer and in all cases of
severe dysplasia (100%). Entire epithelium including the keratin
layer was showing positive GLUT-1 expression.6 These findings
are in concordance with our study.
Some authors have carried out studies with the binary grading
system of dysplasia given by Warnakulasuriya et al.25 with different
markers such as Ki67, CD105, and α-SMA and have found that its
expression increased from the low-risk to the high-risk OED group
and that it was statistically significant.26

C o n c lu s i o n
Thus, the result of our study implies that GLUT-1 can be effectively
used as an adjunct with conventional histopathological diagnosis
of OED in OPMDs. This can improve and complement the diagnostic
modalities and help in knowing which OPMDs have increased
probabilities of converting to OSCC. In conclusion, GLUT-1 can be
used as a predictive marker in OPMDs. Also, we would also like
to suggest studies on large sample size with more such effective
markers, which can predict malignant transformation of OPMDs
more precisely.
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E t h i c a l A p p r o va l
This article does not contain any studies with human participants
or animals performed by any of the authors.

14.

Consent
Although a formal consent is not required for this study, patients
were informed that their archival samples might be used for future
research through their histopathological reports.
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