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Background: GLUTs are a family of proteins that mediate glucose transport through the

membrane, expressed in head and neck squamous cell carcinoma. GLUT-1 positivity in

malignant cells indicates increased proliferative activity, energy requirements, aggressive

behaviour and poor radiation response.

Aim: To observe the expression of GLUT-1 protein in oral squamous cell carcinoma in

tobacco and non-tobacco users and to correlate the expression with histopathological

grading and pathological staging.

Methods: 50 cases (25 tobacco and 25 non-tobacco) of oral squamous cell carcinoma, selected

during period of August 2014 to July 2015. Histopathological grading, TNM and staging were

done. Immunohistochemical staining was performed using standard protocol for paraffin

embedded sections. Analysis was performed on SPSS software (Windows version 17.0).

Results: Significant association of GLUT-1 expression was found with history of tobacco

( p < 0.001), Bryne's grade ( p < 0.001), tumour size ( p = 0.001), nodal metastasis ( p = 0.022)

and stage ( p < 0.001). Higher GLUT-1 expression in stage II, stage III and stage IV was found

as compared to stage I. GLUT-1 immunoexpression also shows progressive switch from

membranous to cytoplasmic to combined location correlating with histopathologic grade

and pTNM stage.

Conclusion: GLUT-1 expression correlates significantly with histological grade and pTNM

staging of oral squamous cell carcinoma. It also significantly correlates with tobacco

addiction. Thus, GLUT-1 expression may serve as a biomarker for patients of oral squamous

cell carcinoma.
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1. Introduction

Oral cancer ranks the eighth position in the cancer incidence
ranking worldwide, with epidemiologic variations between
different geographic regions. In India, it ranks third most
common malignancy, which accounts for more than 30% of all
cancers reported in the country.1,2 Squamous cell carcinoma
(SCC) is the most common clinical entity accounting for more
than 90% of all oral malignancies.3 In Indian subcontinent,
main cause of oral cancer is chewing tobacco and tobacco
related products, which is the most common exogenous cause
of human cancer. Nicotine, which is a major component of
tobacco, is not a carcinogen by itself but has been implicated in
progression of cancer and metastasis.4–6 The pathophysiologi-
cal effects of nicotine and its derivatives are believed to be
mediated by nicotine acetylcholine receptors, which increase
oxidative stress and activate NF-Kb and multiple signalling
pathways that regulate the progression, growth and metasta-
sis of tumours.7,8
Fig. 1 – Bryne's grade I tumour (A) H&E 400T, (B) mild (prostromal
H&E 200T, (D) Moderate GLUT-1 immunoexpression 200T. Bryn
immunoexpression 200T.
Oral squamous cell carcinoma (OSCC) is a locally aggressive
neoplasm with rapid progression and significantly reduced
oxygen concentration.9 Under sustained hypoxic conditions,
some tumour cells can survive, and they adapt themselves, via
hypoxia induced cellular changes, which can lead to more
aggressive phenotype, which results in invasion and metasta-
sis.10

GLUTs are a family of proteins that mediate glucose
transport through the membrane without depending on
energy.11 GLUT-1 is the most widely expressed and dominant
member of the family expressed in SCC head and neck.12

GLUT-1 positivity in malignant cells indicates increased
proliferative activity, energy requirements and aggressive
behaviour.13 The ability of nicotine to drive acquisition of
malignant phenotype characterized by increased risk of
metastasis is mostly similar for hypoxia.14 Pre-treatment
GLUT-1 expression in the tumour is a marker of radio-
resistance in OSCC, with high expression being associated
with poor radiation response and shorter survival.15 The
presence of hypoxia in tumours is leading to resistance to
) GLUT-1 immunoexpression 200T. Bryne grade II tumour (C)
e's grade III tumour (E) H&E 400T, (F) high GLUT-1
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radiotherapy and chemotherapy and is associated with an
increased potential for metastasis. Therefore, pre-treatment
characterization of tumour hypoxia may be useful for
predicting the prognosis, and this approach may help in
establishing a risk adapted treatment strategy.16 This study
was conducted to observe the expression of GLUT-1 protein in
OSCC in tobacco and non-tobacco users using immunohis-
tochemistry and to find the correlation of the expression of
this protein with clinico-pathological factors, histopatholog-
ical grading and staging.

2. Materials and methods

This prospective study was conducted in the Post Graduate
Department of Pathology, King George Medical University;
Lucknow; during period of August 2014–July 2015. Sample for
this study was comprised of 50 cases of oral squamous cell
carcinoma patients with age range of 28–78 years (mean age of
47.74 � 11.55 yrs). Out of these 50 samples, 30 were taken by
wide local excision with radical neck dissection, and 20 were
tissue biopsies taken from lip, buccal mucosa, anterior part of
tongue, hard palate, floor of mouth and gingiva. The sample was
further categorized into two groups each having 25 patients
with tobacco addiction and non-tobacco addiction respectively.
Out of these 25 patients with tobacco addiction, 13 patients had
additional alcohol consumption also. The relevant clinical and
demographic details were obtained. pTNM staging according to
AJCC (American Joint Committee on Cancer) and histopatho-
logical grading by Bryne's Invasive Tumor Front Grading system
(1989 and 1992) was done on H & E stained sections (Fig. 1). 3–4
micron thin sections were obtained from formalin fixed
Fig. 2 – GLUT-1 immunoexpression (A) basal layer of normal epit
pattern 200T, (D) combined membranous and cytoplasmic patte
embedded tissue blocks. All the study sections were stained
by standard immunohistochemistry methods using primary
anti-glucose transporter GLUT-1 antibody rabbit polyclonal
antibody; Clone ab128033; supplied by abcam England with
dilution factor 1:100. GLUT-1 immuno-staining was graded as
membranous, cytoplasmic and combination of both on the
basis of intra cellular localization in >50% of positive tumour
cells (Fig. 2). The quantitative scoring was calculated as
percentage of cells showing GLUT-1 positivity in 10 HPF in well
stained area of tumour. We regarded GLUT-1 expression in
endothelial cells as positive internal control.

2.1. Statistical analysis

Data analysis was performed using SPSS software (window
version 17.0). Data were summarized as mean � SD (standard
deviation) for each group. Groups were compared by student's
t-test, one way analysis of variance (ANOVA), Tukey post hoc
test and Chi-square test.

3. Results

The basic characteristics of OSCC patients are summarized in
Table 1. Most patients were above 40 years and predominantly
males (74.0%). In tobacco group 48.0% patients had habit of
tobacco and 52.0% had habit of tobacco with alcohol. Tongue
(42.0%) was the most common and lip and floor of the mouth
was least (2%) common site. Most patients were in stage II
(53%) and most common tumour sizes were T2 (76.7%). Nodal
metastasis was present in 33.0% of cases and distant
metastasis was absent.
helium 200T, (B) membranous pattern 200T, (C) cytoplasmic
rn 200T.



Table 2 – A % positivity (mean W SD) of GLUT-1 immu-
noexpression in oral squamous cell carcinoma.

Variables Number of
patients (n)

% positivity
(mean � SD)

t/F
value

p value

History of tobacco
Absent 25 52.00 � 24.96 4.39 <0.001
Present 25 79.20 � 18.35

History of alcohol consumption with tobacco
Absent 12 80.42 � 15.59 0.31 0.758
Present 13 78.08 � 21.17

Bryne's grade
I 20 49.00 � 29.29 4.37 <0.001
II/III 30 76.67 � 15.33

Tumour size
T1 5 47.00 � 29.07 3.65 0.001
T2/T3 25 80.20 � 16.17

Nodal metastasis
No 20 68.25 � 24.08 2.42 0.022
N1/N2 10 87.50 � 9.20

Stage
I 3 26.67 � 11.55 11.84 <0.001
II 16 76.56 � 17.10***

III 5 82.00 � 14.40***

IV 6 87.50 � 10.37***

p < 0.05, statistically significant, t = Student's t test, F = ANOVA.

Table 1 – Oral squamous cell carcinoma- age, sex and
distribution of patients with various variables.

Variables Number of
patients

(n) and (%)

Age (years)
<40 12 (24.0%)
>40 38 (76.0%)

Sex
Male 37 (74.0%)
Female 13 (26.0%)

History of tobacco
Absent 25 (50.0%)
Present 25 (50.0%)

History of alcohol consumption with tobacco
Absent 12 (48.0%)
Present 13 (52.0%)

Tumour site
Lip 1 (2.0%)
Buccal mucosa 18 (36.0%)
Alveolus & gingiva 6 (12.0%)
Hard palate 3 (6.0%)
Floor of mouth 1 (2.0%)
Tongue 21 (42.0%)

Bryne's histopathologic grade
Grade I 20 (40.0%)
Grade II 28 (56.0%)
Grade III 2 (4.0%)

Specimen type
Biopsy 20 (40.0%)
Wide local excision with lymph node dissection 30 (60.0%)

Tumour size
T1 5 (16.7%)
T2 23 (76.7%)
T3 2 (6.7%)

Nodal metastasis
N0 20 (66.7%)
N1 4 (13.3%)
N2 6 (20.0%)

Distant metastasis
Absent 50 (100%)

TNM stage
I 3 (10.0%)
II 16 (53.3%)
III 5 (16.7%)
IV 6 (20.0%)
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Imunnohistochemistry findings of OSCC patients are
summarized in Tables 2, 3 and Bar diagrams 1, 2. All cases
showed positive staining with GLUT-1 antibody. The GLUT-1
positivity ranged from 15% to 95% (mean 65.60 � 25.67%). The
intracellular location of GLUT-1 expression was 22.0% mem-
branous, 20.0% cytoplasmic and 58.0% combined membranous
and cytoplasmic (Fig. 2).

On comparing, t/F test showed significant association of
GLUT-1 expression with history of tobacco ( p < 0.001), Bryne's
grade ( p < 0.001), tumour size ( p = 0.001), nodal metastasis
( p = 0.022) and stage ( p < 0.001). Further, Tukey revealed
significantly ( p < 0.001) higher GLUT-1 expression in stage II,
stage III and stage IV as compared to stage I (Fig. 1). On
correlating, x2 test revealed significant association of location
with Bryne's grade ( p < 0.001), tumour size ( p = 0.003), nodal
metastasis ( p = 0.024) and tumour stage ( p < 0.001) of the
patients.

4. Discussion

Immunohistochemical expression of GLUT-1 was reported to
be associated with a poor prognosis for patients with OSCC.
GLUT-1 is the crucial target gene for hypoxia inducible factor
(HIF) that mediates glucose influx into cells under certain
conditions that have higher metabolic requirements such as
cell division, malignant transformation and nutrient deple-
tion. Thus, deregulated expression of GLUT-1 has been well
documented in association with malignancy.12,17–19 Angadi
et al.20 and Rudlowski et al.21 found that GLUT-1 immuno-
expression in normal oral mucosa is membranous in basal
layer which progressively reduced in suprabasal layers. This
suggests that proliferative activity is associated with glucose
transport from the basement membrane. GLUT-1 expression
increases with the severity of oral epithelial dysplasia.20,21 It
was intense and extended in entire epithelium including
granular and corneal layers in severe dysplasia. This associa-
tion with grade of dysplasia has been linked to the low or
absent glycogen content of the cells in dysplastic areas of
epithelium.21,22

In our study 76% cases were above the age of 40 years and
males were predominant (74%). Similar findings were ob-
served by Malhotra et al.,23 Shyam Sunder et al.24 and Doshi
Neena et al.25 Tobacco addiction group consisted 92.30% males
and only 7.70% females. High proportion of cases among males
may be due to tobacco consumption in them. Most common



Table 3 – Intracellular location of GLUT-1 immunoexpresssion in Oral squamous cell carcinoma.

Variables Number of patients GLUT-1 expression in intracellular location x2 value p value

Membranous
n (%)

Cytoplasmic
n (%)

Membranous and cytoplasmic
n (%)

History of tobacco
Absent 25 9 (36.0) 5 (20.0) 11 (44.0) 6.142 0.046
Present 25 2 (8.0) 5 (20) 18 (72.0)

Bryne's grade
I 20 11 (55.0) 6 (30.0) 3 (15.0) 28.79 <0.001
II/III 30 0 (0.0) 4 (13.3) 26 (86.7)

Stage
I 3 3 (100.0) 0 (0.0) 0 (0.0) 28.31 <0.001
II 16 1 (6.3) 6 (37.5) 9 (56.3)
III 5 0 (0.0) 0 (0.0) 5 (100.0)
IV 6 0 (0.0) 0 (0.0) 6 (100.0)
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tumour site in our study was tongue (42%), followed by buccal
mucosa (36%), whereas least common site was lip (2%) and
floor of mouth (2%). In meta analysis, Bhawna and Newell
found that buccal mucosa is the most common site followed
Bar diagram 1 – Oral squamous cell carcinoma % of GLUT-1
immunoexpresssion.

Bar diagram 2 – Oral squamous cell carcinoma intracellular
location of GLUT-1 immunoexpresssion.
by tongue, and least common site was lip.26 In our study, out of
50 cases, 56% cases were in Bryne's grade II and in 30 cases
(WLE with lymph node dissection) 53.3% were in pTNM stage II.
76.7% tumour cases were in T2 stage, 33.3% were in nodal
metastasis, and distant metastasis was not evident.

Statistically significant correlation ( p < 0.001) between
Bryne's histopathological grading of tumours and percentage
of cells showing GLUT-1 immunoexpression was found in this
study, which was consistent with the findings of Angadi et al.20

We also observed that Bryne's Grade I tumours show 55%
membranous, 30% cytoplasmic and 15% combined membra-
nous and cytoplasmic positivity. In contrast Bryne's Grade II
and III tumours showed 13.3% cytoplasmic and 86.7%
combined cytoplasmic and membranous positivity. This
showed that as the Bryne's grade increases, the location of
the intracellular GLUT-1 expression changes significantly
( p < 0.001) from membranous to combined cytoplasmic and
membranous positivity. Similar findings were also observed by
Vasconcelos et al. in their study.27 Angadi et al.20 reported that
location of GLUT-1 showed a progressive switch from a
membranous to cytoplasmic location then to a combination
of both as the grade of OSCC increase. Whereas Jyotsna et al.28

observed GLUT-1 expression predominantly membranous in
all grades of OSCC. Chul-Hwan Km et al.22, Yoon Seok Choi
et al.16 and Mei Tian et al.29 found no correlation between
GLUT-1 expression and histological differentiation.

Anti-GLUT-1 antibody usually recognizes membrane
bound proteins on epithelial cells. GLUT-1 induction following
hypoxia involves a succession of changes to its intrinsic
activity, kinetics and expression. There is unmasking of
glucose transporter protein in the cell membrane to facilitate
more glucose to cell. Further stimulation results in transloca-
tion of existing glucose transporter from cytoplasmic vesicle to
plasma membrane and eventual increase in synthesis of
GLUT-1mRNA. Airley et al.30 suggested that these changes lead
to combined membranous and cytoplasmic expression be-
cause of co-localization of GLUT-1 with golgi bodies.

The presence of glycogen is related to cellular maturation of
squamous epithelium and disappears with loss of differentia-
tion during neoplastic transformation. In well differentiated
tumours, increased accumulation of glycogen in keratin pearls
has inversely correlated with GLUT-1 immunoexpression,
suggesting that differentiation and mature cells present in
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keratinized regions lack GLUT-1 expression. In poorly differ-
entiated tumours, it has been suggested that hypoxia driven
GLUT-1 stimulation creates an antistromal staining pattern in
area devoid of squamous differentiation/keratinization.20,21,31

Reisser et al. have demonstrated GLUT-1 staining in outer
layers of tumour nests, attributed to the role of this protein in
cellular differentiation suggesting that it might be able to
predict to the degree of histologic differentiation.32

In this study, tobacco addiction group showed more
percentages of cells displaying GLUT-1 immunostaining
(79.2%) in comparison to non-tobacco group (52%) which
was statistically significant ( p < 0.001). In non-tobacco group
membranous and combined immunoexpression was in 36%
and 44% cases respectively. While in tobacco group predomi-
nant pattern of GLUT-1 expression was combined (72%).
However, these findings were not statistically significant. No
significant association of additional alcohol consumption and
GLUT-1 expression was observed in our study. Ayala et al.31

found significant association with alcohol consumption
( p = 0.004).

In our follow-up of 6 months to 1 year, 4 patients died due to
disease, 12 were not in follow-up, while 34 were alive.

5. Conclusion

GLUT-1 expression correlates significantly with histological
(Bryne's) grade and pTNM staging of oral squamous cell
carcinoma. With advancing stage and grade of tumour,
intracellular location of GLUT-1 expression shift from membra-
nous to combined. It also significantly correlates with tobacco
addiction; however addition of alcohol over tobacco showed no
statistical correlation. Thus, GLUT-1 expression may serve as a
biomarker for patients of oral squamous cell carcinoma.

To validate the findings of this study, further study is
needed in future comprising of large sample size.
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