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Abstract

Hypoxia in tumours of the oral cavity has not been extensively investigated with regard to clinical outcome and prognosis. The

expression of the facilitative glucose transporter, Glut-1, has been shown to be related to hypoxia in tumours at other sites. The aim
of the present study was to investigate the relationship between Glut-1 expression and clinical outcome in a series of oral squamous
cell carcinomas. A retrospective series of 54 cases of oral squamous cell carcinomas with known clinical outcome and treated by one
surgeon over a period of 6 years was used in the study. A representative section from each case was stained immunohistochemically

with an antibody against Glut-1. The stained sections were then assessed independently by two observers using a semi-quantitative
method. The relationship between these results and the clinical outcomes of local recurrence, regional lymph-node metastasis and
disease-free survival were examined. Glut-1 staining was observed in most of the tissue specimens and all of the few sections with

demonstrably necrotic areas histologically. Some showed more prominent staining in the epithelial islands of the tumour than
others. However, the intensity of staining was variable. There was a significant relationship between those tumours which demon-
strated intense staining and recurrence overall (w2=6.18, P=0.032). This relationship was strongest in relation to regional lymph-

node recurrence (w2=10.19, P=0.005). A significant relationship between disease-related death and intense Glut-1 staining was also
observed (w2=11.67, P=0.002). In conclusion, the results of this study indicate a relationship between Glut-1 expression and dis-
ease progression of oral cancer and could indicate a need for neoadjuvant chemoradiotherapy for those tumours demonstrating
intense Glut-1 expression.
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1. Introduction

Oral squamous cell carcinoma is estimated to be the
12th commonest cancer worldwide [1], with significant
regional variation in incidence and evidence, In some
countries, such as the United Kingdom (UK) for exam-
ple, the incidence is once again increasing [2,3]. The pri-
mary treatment for this disease in most cases is surgery
with radiotherapy being used as an adjunct to surgery
or when the tumours are inoperable. Despite advances
in surgical techniques over the past 20 years, the overall
5-year survival remains poor, in the region of 50%,
although smaller tumours have a better prognosis [4].
Local or regional lymph node recurrence accounts for
most treatment failures [4].
Malignant cells operate at an increased rate of

respiration, glucose uptake and glycolysis [5]. This
upregulation of glycolytic metabolism helps maintain
the increased energy requirements of rapidly proliferat-
ing cells, and represents an important adaptive change
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believed to be necessary to overcome the adverse
microenvironmental conditions existing in tumours. For
this reason, these metabolic changes have traditionally
been used to provide diagnostic and prognostic infor-
mation, for example in the use of fluorodeoxyglucose-
positron emission tomography (FDG-PET), where
increased FDG uptake can be used to detect malig-
nancies and as an indicator of poor prognosis [5–7]. In
tumours, increased glucose uptake is chiefly achieved
through the upregulation of several of a large family of
facilitative glucose transporters (gluts). In particular,
the facilitative glucose transporter, Glut-1, is over-
expressed in a wide variety of tumours, and analogous
to FDG uptake, predicts poor a prognosis [8,9]. An
important environmental factor in the control of glu-
cose transporter expression is tumour hypoxia.
It is well established that tumour hypoxia leads to

radioresistance [10], increased malignancy and an
increased likelihood of metastasis [11]. In addition, it is
also thought that hypoxia is a determining factor in the
response to most conventional chemotherapies. This is
due, in part, to their oxygen dependent cytotoxicity, but
also to the inherent chemoresistance occurring as a
consequence of the cell-cycle changes and poor vascu-
larisation observed in hypoxic tumours [12]. A sig-
nificant number of studies have investigated the
presence of hypoxia in head and neck cancer, where
hypoxia has been shown to be an indicator of poor
prognosis in tumours of the head and neck treated with
radiotherapy [13–15]. Finally, the more aggressive
‘hypoxic phenotype’ arises due to the stimulation of a
variety of hypoxia-regulated genes, which act as puta-
tive survival signals and allow the tumour to adapt and
flourish in this adverse environment [11].
These hypoxia-regulated genes, of which Glut-1 is an

example, are expressed via the HIF-1 transcription fac-
tor. There is significant clinical evidence that tumour
hypoxia may lead to poor outcomes by mediating such
immunohistochemically-detectable genetic changes.
Recently, the expression of hypoxia-regulated genes,
such as Glut-1 [16] and carbonic anhydrase-9 (CaIX)
[17], as intrinsic markers of tumour hypoxia were
investigated in advanced carcinoma of the cervix and
compared with direct oxygen measurements and with
the binding of the bioreductive drug marker of hypoxia,
pimonidazole [16]. The correlation between Glut-1 and
CaIX expression and pimonidazole binding was parti-
cularly strong. However, in contrast to measurements of
overall tumour pO2 which correlated with outcome of
treatment as assessed by local tumour control, mea-
surements of both Glut-1 and CaIX predicted for
metastasis-free survival, but not local control. This sug-
gests that the expression of the proteins encoded by
these hypoxic-regulated genes may well be strong indi-
cators of recurrence and distant spread of disease. To
test the generality of this hypothesis, we have taken a
series of squamous cell carcinomas of the oral cavity
treated with surgery as the primary modality, to exam-
ine the clinical significance of the expression of Glut-1
as a potential prognostic indicator.
2. Patients and methods

2.1. Patients

A retrospective series of 54 cases of primary oral
squamous cell carcinomas with a known clinical out-
come and treated curatively by one surgeon at the
North Manchester General Hospital over a period of 6
years was used in this study. The cases were from the
following sites: tongue (21/54, 39%), floor of mouth
(16/54, 30%), retromolar trigone (8/54, 15%), gingiva/
alveolus (3/54, 6%), maxilla (3/54, 6%), buccal (3/54,
6%). Clinical data regarding recurrence locally, region-
ally and overall survival were available for a minimum
of 5 years for all of the patients. Local research ethics
committee approval was sought and obtained (North
Manchester LREC study number 02/104). A repre-
sentative radial tissue block was selected for each
case based upon viewing of the haematoxylin and
eosin stained sections histologically. Four micron
sections were cut and mounted on silane-coated
microscope slides for the immunohistochemical staining
below.

2.2. Immunohistochemical staining for Glut-1

Immunohistochemical staining for Glut-1 expression
was carried out using a standard immunoperoxidase
technique which is described briefly as follows. Sections
were dewaxed in xylene and rehydrated through
decreasing concentrations of ethanol to water. Staining
was performed using an Envision kit containing an anti-
rabbit labelled polymer conjugate (DAKO, UK). The
primary antibody used was an affinity purified anti-rab-
bit Glut-1 (dilution: 1/100) (Alpha Diagnostic Interna-
tional, TX, USA). A rabbit IgG (10 mg/ml, DAKO,
UK) served as a negative control. Glut-1 expression is
prolific in erythrocytes, therefore, the presence of these
cells within tumour capillaries in the section provided an
internal positive control. Two batch controls were
included in each run.

2.3. Semi-quantitative analysis

A scoring system previously described in Ref. [16] was
used. Briefly, stained sections were viewed at an objec-
tive magnification of �10 and a score given according to
the intensity of Glut-1 staining within the tumour. The
following scores were 0, no staining; 1, light staining;
2, moderate staining; 3 heavy/intense staining. The
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sections were viewed independently by two observers
and consensus scores reached in cases of discrepant
scores. Additionally, the staining pattern within the
epithelium of the tumour was noted as predominantly
basal, suprabasal or both. The adjacent epithelium
which also represented the surgical margin was scored
according the semi-quantitative system outlined above.
The results of the above were compared with the

clinical data using the w2 test and Kaplan–Meier survi-
val statistics and curves. The following clinical out-
comes were examined, recurrence at the primary site
(local), recurrence in the regional lymph nodes and
overall disease-free survival.
3. Results

Of the 54 cases, 36 were male (mean age 65 years) and
18 were female patients (mean age 67 years), with an
overall mean age of 65 years (standard deviation (S.D.)
13.1, range 35–89 years). There were eight cases with
local recurrence and 11 cases with regional recurrence.
22 of the 54 cases died, but only 10 died of their disease.
Some degree of Glut-1 staining was observed in all,

but one, of the sections. Where histologically-evident
areas of necrosis were present, intense Glut-1 staining
was evident, as would be expected (Fig. 1). A range of
staining patterns were observed within the epithelia;
some showed a predominantly basal staining pattern
with the superficial layers showing little or no Glut-1
staining (Fig. 2). Other sections showed staining pre-
dominantly in the superficial layers of the epithelia
(Fig. 1). These staining patterns did not relate to clinical
outcome in any way.
Of the staining intensities in the tumours, 13 cases

were graded as staining intensely, 16 cases as moderate,
20 as light and 5 as negative. Initially, two intensity
groups were examined comprising no staining and light
staining as group one and moderate and intense staining
as group 2. Using the w2 test, these two groups were
compared with the outcomes of local and regional
recurrence, recurrence overall and death due to disease.
None of these reached significance. However, when the
groups were stratified so that one group comprised only
intense Glut-1 staining and the other group comprised
all of the other cases, some significant relationships were
observed. There was a significant relationship between
intense Glut-1 staining and recurrence overall (w2=6.18,
P=0.032, Fig. 3) which was accounted for by the strong
association between intense Glut-1 staining and regional
recurrence (w2=10.19, P=0.005), as there was no sig-
nificant relationship with local recurrence (w2=1.88,
P=0.355). There was also a significant association
between death due to disease and intense Glut-1 stain-
ing (w2=11.67, P=0.002), but there was no association
between Glut-1 staining and overall survival. The
results are summarised in Table 1. 13 cases received
post-operative radiotherapy, this did not affect the
overall survival or the relationship of Glut-1 staining
intensity with outcome. A strong correlation between
observers was noted with a kappa value of 0.767 and
Spearman rank coefficient of 0.935 (P<0.001).
Fig. 1. Island of squamous cell carcinoma with central necrosis

demonstrating intense Glut-1 staining and lack of basal epithelial

staining.

Fig. 2. Demonstrating predominantly basal Glut-1 staining within the

epithelium.
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4. Discussion

In the present study, we have demonstrated a rela-
tionship between intense Glut-1 staining and both
regional metastasis and disease-related death in a series
of oral cancers treated with surgery as their primary
treatment.
In cancers of the head and neck treated with chemor-

adiotherapy, previous investigations have shown that
the overexpression of HIF-1-regulated genes [18] are
indicators of poor prognosis. However, the role of Glut-
1 is not known. Glut-1 is invariably overexpressed in
head and neck tumours, but a recent study in a series of
patients with laryngeal carcinoma found that although
the HIF-1-regulated Glut-3 predicted a poor outcome,
the consistent overexpression of Glut-1 in associated
squamous epithelial layers meant that Glut-1 was inef-
fective as a prognostic indicator [19]. However, the
work reported here shows that, in tumours of the oral
cavity, Glut-1 immunostaining has two distinct pat-
terns. Where Glut-1 staining occurs in outer epithelial
layers, this may be a function of differentiation and
invasion processes [20], whereas Glut-1 staining existing
in central tumour nests, distal to blood vessels, may
signify the existence of hypoxia-induced Glut-1.
Although similar patterns of expression of Glut-1 to
those observed in the present study were reported by
Reissner and colleagues [20] in head and neck cancer,
these authors did not correlate this with prognosis.
Recently, Kunkel and colleagues [21] reported that oral
tumours with a high Glut-1 labelling index had a poorer
overall survival, but did not state if this was disease-
related death or if there was any correlation with loco-
regional disease control.
A previous similar study in the uterine cervix also

demonstrated a relationship between Glut-1 expression
and metastasis-free survival [16]. In addition, in surgi-
cally-treated oesophageal cancers, Glut-1-positive
tumours were shown to have a poorer survival [22].
Brizel and colleagues [23] recently reported elevated
tumour lactate concentrations in head and neck cancers
(mostly of the larynx) that were associated with meta-
stasis and disease-free survival with most of the patients
being treated primarily with radiotherapy. These
authors suggest this may be due to a predominantly
glycolytic metabolism in these tumours due to hypoxia.
CaIX, one of a group of proteins involved in the
hydration of carbon dioxide to carbonic acid, has been
used as another surrogate marker for hypoxia since it is
upregulated by hypoxia. Strong CaIX expression has
been demonstrated in head and neck tumours in areas
of poor vascularisation and significantly reduced the
response to chemoradiotherapy [18]. Using a polaro-
graphic electrode to assess tumour oxygenation, Brizel
and colleagues [14] reported that hypoxia affected the
three year regional control, disease-free survival in a
series of head and neck cancers (mostly of the orophar-
ynx) treated primarily with radiotherapy. Additionally,
they demonstrated that poorly oxygenated lymph nodes
were more likely to contain residual tumour in the post-
irradiation neck dissection.
The results of our study and other similar studies

using surrogate markers for tumour hypoxia have
implications for the management of the tumours. Phase
three trials are currently underway of a novel radio-
therapy approach known as accelerated radiotherapy
with carbogen and nicotinamide (ARCON) [24,25].
This method uses hyperoxic gas (carbogen) in combi-
nation with a vasoactive agent (nicotinamide) in an
attempt to decrease tumour hypoxia and increase the
response to radiotherapy; studies so far have demon-
Table 1

Summary of the results
Glut-1 Intensity
 n
 Local

recurrence
Regional

recurrence
Recurrence

(local or regional)
Disease-related

death
0 (no staining)
 5
 1
 0
 1
 0
1 (light staining)
 20
 2
 1
 3
 0
2 (moderate staining)
 16
 2
 2
 4
 2
3 (intense staining)
 13
 3
 6*
 9**
 8***
*w2=10.19, P=0.005; **w2=6.18, P=0.032; ***w2=11.67, P=0.002.
Fig. 3. Kaplan–Meier curve of Glut-1 staining and recurrence overall

(weak Glut-1 staining in green, strong Glut-1-positive in pink).
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strated a better disease-free control in the larynx and
oropharynx, but disappointing results in the oral cavity
[25]. This is probably because hypoxia is not important
for local control of the disease, but our results show that
expression of Glut-1 (as a potential marker of hypoxia)
is an indicator of progression. Similarly, hypoxia has
been demonstrated to be related to progression of
disease in carcinoma of the cervix, irrespective of the
primary treatment modality [26].
In conclusion, the results of the present study suggest

that Glut-1 expression in oral cancers could indicate the
need for neoadjuvant chemoradiotherapy. In the future
gene therapy targeted at Glut-1 [27] following surgical
resection could be used regardless of completeness of
resection and extracapsular lymph-node metastases.
This could be used as is presently the case in the UK.
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