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ABSTRACT

Introduction: Oral cancer, one of the most common cancers worldwide constitutes a major public health problem and is one of
the leading cancer sites among men and women in India. Increased uptake of glucose in cancer cells are mediated by glucose
transporters. Among 14 isoforms of glucose transporters, Glucose transporter 1 (GLUT-1) isoform expression predominate
Oral squamous cell carcinoma (OSCC).

Aim: To emphasize the expression of GLUT-1 in OSCC and to assess its role in tumor progression and prognosis.

Materials and Methods: Hand searching and electronic databases such as PubMed/Medline, Google scholar and Science-
Direct were done for mesh terms such as OSCC, GLUT-1, prognosis, tumor markers, prognostic marker and risk predictor.
Studies were pooled and relevant articles were evaluated.

Results: Final analysis identified thirteen articles after considering the inclusion and exclusion criteria. These studies evalu-
ated 926 OSCC cases and 70 healthy controls for GLUT-1 immunoexpression. The data was extracted and evaluated manu-
ally. GLUT-1 expression was found to be elevated in OPMDs and OSCC than in healthy controls. The pattern of expression
of GLUT-1, its correlation with clinico-pathological features, role in tumour progression and prognosis, expression in tumor

invasive front, correlation with other markers and role in therapeutics are also discussed in detail.

Key Words: GLUT-1; Oral Squamous cell carcinoma; Prognosis; Tumor markers; Prognostic marker; Risk predictors

Oral and Maxillofacial Pathology Journal (2023): https://www.ompj.org/archives

INTRODUCTION

Oral carcinogenesis is a multistep process that often arises
from a precancerous phenotype followed by uncontrolled cell
proliferation associated with multistep genetic alterations
and phenotypic progression to invasive malignancy.'
Proliferation in tumor population is characterized by
accelerated glucose metabolism that helps to maintain energy
in hypoxic condition. A malignant cell shows high rate of
anaerobic metabolism even in presence of oxygen (aerobic
glycolysis) and is known as Warburg effect.?

Increased uptake of glucose in cancer cells are mediated
by glucose transporters. They are the transmembrane proteins
that transport glucose across plasma membrane of a cell. They
include two families: Sodium glucose linked transporters
(SGLTs) and the facilitative glucose transporters (GLUTs).
Glucose transporter-1(GLUT-1), one of the 14 members of
the mammalian facilitative glucose transporter family is
detectable in normal tissues like erythrocytes, perineurium
of the peripheral nerves; endothelial cells in the blood — brain
barrier vessels etc.? GLUT-1 expression has been detected
in various malignant tumors like cervical, ovarian, thyroid,
esophageal, pancreatic, breast, gastrointestinal carcinoma
and OSCC. Among 14 isoforms of glucose transporters,
GLUT-1 isoform expression predominates in OSCC.*

The presence of hypoxia in tumors leads to resistance
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to radiotherapy & chemotherapy and is associated with an
increased potential for metastasis. Therefore, pretreatment
characterization of tumor hypoxia may be useful for
predicting the prognosis and facilitate in establishing a risk
adapted treatment strategy.® This systematic review is an
attempt to reflect the findings of various authors on the role of
GLUT-1 as a biomarker for tumor progression and prognosis
in OSCC.

MAaTERIAS AND METHODS

An initial search using Pub Med/Medline database,
Google scholar and Science direct was performed using the
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MESH terms contained in the research title. The keywords
included were oral squamous cell carcinoma, GLUT-1,
Prognosis and tumor markers. Only articles published from
2003-2017 written in English were included. Two investigators
independently extracted the information according to the
determined criteria from acceptable studies. Articles were
then selected for relevance upon reading titles and abstracts.
Additional search with mesh terms like prognostic marker &
risk predictors added 3 more articles. Removing duplication,
13 articles were selected finally for the systematic review. The
last search was updated on July 2018 (Figure 1).

Inclusion criteria

Articles in English language which assessed expression of
GLUT-1 to evaluate the prognosis of OSCC during 2003-2017
were included in the study.

Exclusion criteria

Animal studies and studies done in cancers other than oral
squamous cell carcinoma were excluded from the study. Articles
without full text available were also excluded. Applying this
inclusion and the exclusion criteria, 50 articles were excluded
as 32 of them were done on cancers other than oral squamous
cell carcinoma, 5 of them did not assess prognosis of OSCC
with GLUT-1 expression, 3 of them were animal studies, one of
them was in Chinese language, and full text was not available
for 9 articles.

REesuLts

Thirteen research studies were shortlisted for the systematic
review. These studies included 9260SCC cases and 70 healthy
controls evaluated for GLUT-1 immunoexpression.

Data pooled was categorized using a table having all
the characteristics of the included study [Table 1]. Studies
were analyzed and inference drawn based on pattern of
staining, correlation with clinico-pathological features, tumor
progression & prognosis, invasion in tumor front, comparison
with other immuno markers and as a marker of radio-resistance.

Only One study assessed GLUT-1 expression in tobacco
and non-tobacco users which identified significant correlation
between tobacco usage, alcohol consumption and GLUT-
1 immunoexpression. Eight studies proved GLUT-1 to be a
prognostic marker in OSCC significantly predicting the survival
rate of patients. GLUT-1 expression in tumor invasive front of
OSCC was assessed in two studies which concluded GLUT-1
along with depth of invasion could be used as risk predictors.
In yet another study, GLUT-1 proved to be a better indicator of
lymph node metastasis in comparison with markers like CA-9,
ki-67 and P53. Another study establishing GLUT-1 as a marker
of radio resistance in OSCC showed high expression associated
with poor radiation response and unfavorable clinical outcome.

Discussion

Oral squamous cell carcinoma is a locally aggressive
neoplasm with rapid progression & significantly reduced
oxygen concentration.® GLUT-1 also called as erythrocyte brain
or HepG 2- type glucose transporter is a Hypoxia induced
factor (HIF-1) regulated protein validated as an intrinsic
marker of tumor hypoxia” GLUT-1 can thus alter glucose
influx under certain conditions that have a higher metastatic
requirement, such as cell division(mitosis & meiosis), malignant

transformation and nutrient depletion.®’

Mechanism of GLUT-1 Overexpression

GLUT-1 induction following hypoxia involves a succession
of changes to its intrinsic activity, kinetics and expression.
Initially, there is “unmasking” of the protein that enhances its
affinity for glucose. Further stimulation results in translocation
of existing glucose transporters from cytoplasmic vesicles to
the plasma membrane and an eventual increase in the synthesis
of GLUT-1 m-RNA."

Pattern of staining

The pattern of GLUT-1 expression in OSCC ranges from
membranous to cytoplasmic and sometimes even combined.*?
Previous studies in the literature states that the presence of
GLUT-1 expression in the basal compartment of NOE suggests
proliferative activity associated with glucose transport from
the basement membrane. With increased maturation, GLUT-
1 expression decreases and total absence of GLUT-1 reflects
complete maturation and degradation.?? This implies that
membrane staining could be an indicator of low proliferative
potential, and thus favorable prognosis. Ariely et al. investigated
whether cytoplasmic and membranous expression of GLUT-1
in tumors was related to the duration and extent of hypoxia
present in different areas. They suggested that co-localization
of GLUT-1 with the Golgi leads to combined membrane and
cytoplasmic expression.! Angadi et al reported that location of
GLUT-1 showed a progressive switch from a membranous to
cytoplasmic location then to combination of both as the grade
of OSCC increase.”

In the study by Angadi et al GLUT-1 expression increased
with severity of dysplasia. In mild dysplasia, GLUT-1
expression was noted in the basal layer and demonstrated
predominantly mild staining, whereas in moderate dysplasia,
it was intense and extended to the spinous layer. In all cases
of severe dysplasia (100%), the entire epithelium including the
granular and corneal layers expressed GLUT-1 strongly.® This
association of GLUT-1 expression with the grade of dysplasia
has been previously documented by Ayala et al and has been
linked to the glycogen content of the cells, being high in non-
dysplastic areas of epithelium and decreased or absent in areas
of dysplasia."

In almost all studies analyzed GLUT-1 expression was

PUBMED/MEDLINE
11 ARTICLES IDENTIFIED

2 REMOVED BY
EXCLUSION CRITERIA
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1 NOT ENGLISH
IFULL
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Table 1
SI AU- PARAMETERS
THOUR | JOURNAL NAME | METHOD CONCLUSION
NO. MEASURED
& YEAR
1. Kunkel et | Cancer IHC & [ GLUT-1 Both glucose transport and glucose metabolism de-
al, 2003 FDG-PET termine the glycolytic tumor phenotype, which is a
significant negative biomarker of prognosis and over-
all survival in patients with OSCC.
2. Oliver et [ European journal | IHC GLUT-1 Glut-lexpession increased with disease progression
al,2004 of cancer
3. Kunkel et | Oral oncology IHC GLUT-1 GLUT-1 expression in the tumor is a marker of radiore-
al, 2007 sistance in OSCC, with high expression being associat-
ed with poor radiation response and shorter survival.
4. Li et al |British journal of | IHC & | GLUT-1 Glut-1 have a useful role as a predictor for poor prog-
2007 oral and maxillofa- | FDG-PET nosis in HNSCCAs. However, there was no significant
cial surgery correlation between FDG accumulation and Glut-1 ex-
pression.
5. Roh et al, [ Oral oncology IHC HIF-1a, HIF-2«, | GLUT-1 could be used as a marker of nodal metastasis.
2008 CA-9, GLUT-1, [ EPOR expression is independent predictor of disease
EPOR specific survival compared to GLUT-1.
6. Eckert et | Oncology reports IHC GLUT-1 Glut-1 expression is an independent prognostic mark-
al, 2008 er for routine assessment of OSCC
7. Ayala et | Molecules IHC GLUT-1 & [ GLUT-1 and GLUT3 protein expression are signifi-
al, 2010 GLUT-3 cantly indicators of poor prognosis outcome in OSCC,
probably due to the enhanced glycolytic metabolism of
more aggressive neoplastic cell.
8. Ohba et | Journal of Oral Pa- | IHC GLUT-1 GLUT-1 served as a marker indicating that tumors
al, 2010 thology & Medi- with deep invasion tended to result in a worse progno-
cine sis in patients due to either lymph node metastasis, a
recurrence of the primary lesion or distant metastasis.
9. Kondo et | Oncology Reports | IHC CA9, GLUT-1, | GLUT-1 expression was observed in 98% of subjects,
al, 2011 Ki-67, p53 similarly to CA9 expression, no significant correlation
between its expression and the survival rate was seen.
However, subjects with lymph node metastasis had
significantly higher GLUT-1 expression, demonstrat-
ing that GLUT-1 could be an indicator of lymph node
metastasis.
10. [Harshani | Journal of Oral & | IHC GLUT-1 Higher IHC staining scores were obtained with in-
etal, 2014 | maxillofacial ~ Pa- creased clinical staging and histopathological grades
thology of OSCC. High expression of Glut-1 may be related to
poor prognosis in OSCC
11 Grimm et [ Oral Surgery, Oral | IHC & | GLUT-1 & GLUT-1 expression alone cannot be an independent
al, 2014 Medicine, Oral Pa- | WESTERN | TKTL1 prognostic factor.
thology, Oral Radi- [B L O T - Combined GLUT-land TKTL1coexpression predicts
ology (OOOO0) TING shorter survival in OSCC.
12. [ Azad N, |Journal of Oral bi- | IHC GLUT-1 GLUT-1 expression correlates with the histological
2016 ology &Craniofa- grade and pTNMstaging of OSCC. Significant correla-
cial reasearch tion with tobacco addiction also observed. Glut-1 ex-
pression may serve as a biomarker for OSCC patients.
13 Ganver | Translational re-|IHC Depth of inva- [ The correlation of these two parameters, that is, DOI
SM, 2017 | search in oral on- sion and GLUT- | with GLUT-1 over expression at the invasion front,
cology 1 used simultaneously in progressive histological grades
of OSCC, might have a significant prognostic value
by highlighting those cases that should be subjected
to further lymph node assessment, thereby predicting
their risk of occult metastasis, assisting in the selection
of patients requiring more aggressive therapy.
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predominantly evident at the periphery of well differentiated
tumor islands and absent in the central keratin pearls, i.e. a
“prostromal” pattern was observed.'42021232 In keratin
pearls, increased accumulation of glycogen has been reported,
correlating inversely with GLUT-1 immunoexpression,
suggesting that differentiated and mature cells present in
keratinized regions lack GLUT-1 expression."! In most of the
PDSCC cases, GLUT-1 expression showed an “antistromal”
pattern with higher expression in central and perinecrotic
zones. This suggests hypoxia-driven GLUT-1 stimulation,
which creates an antistromal staining pattern in areas devoid
of squamous differentiation/keratinization. Thus authors
suggest that this protein might be able to predict the degree
of histologic differentiation.”® A few studies have suggested
that the varying patterns of GLUT-1 expression could have
prognostic value, such as the study of Smeland et al. on
sarcomas.”

2. GLUT-1 and correlation with clinico-pathological features
in OSCC

In a study by Ayala et al GLUT-1 expression with clinico-
pathological features like gender, primary site, staging,
vascular embolization, lymph node involvement and habits
like alcohol & tobacco were assessed. Univariate statistical
analysis showed a significant association of cases with a
reported history of alcohol consumption with GLUT-1 staining
nuclear pattern. In relation to the GLUT-1 frequency of cells
stained, statistically significant results were found with: gender,
alcohol consumption and clinic tumor stage and no significant
association was found with primary site and lymph node
involvement." The observations of Ayala et al were similar to
the clinical parameters observed in other malignancies such as
esophageal carcinomas.'*"

A recent study by Azad et al on expression of GLUT-1 in
oral squamous cell carcinoma in tobacco and non-tobacco users
revealed tobacco addiction group showed more percentage of
cells displaying GLUT-1 immunostaining in comparison to
non-tobacco group. In non-tobacco group, pattern of staining
was found to be membranous and combined (both nuclear &
membranous) while in tobacco group it was predominantly
combined pattern of staining. Contrary to the findings of Ayala
et al, this recent study found no significant association of
additional alcohol consumption and GLUT-1."

3. GLUT-1 and correlation between tumor progression and
prognosis

Kunkel et al performed a retrospective analysis of GLUT-
1 expression by immunohistology in 118 patients with OSCC.
In this study, the hypothesis was tested that Glut-1 expression
and FDG-PET scans used together have a significant prognostic
value in patients with OSCC and thus a GLUT-1 labeling index
(LI) was established for each. The patients who had OSCC with
a low LI for GLUT-1 survived significantly longer compared
with patients who have OSCC with a high LI. It was found that
GLUT-1 expression was an independent marker of prognosis
in patients with OSCC." The results agree with those described
by Baer et al who reported that glucose transporter expression
was associated with poor survival in 44 patients with laryngeal
carcinoma who were evaluated by immunohistochemistry of
tumor biopsies.”® However Oliver et al states that the study

did not state if this was disease related death or if there was
any correlation with locoregional disease control. Oliver et al.
investigated the relationship between GLUT-1 expression and
clinical outcome in a series of OSCCs. There was a significant
relationship between those tumors which demonstrated
intense staining and recurrence overall. This relationship
was strongest in relation to regional lymph node recurrence.
A significant relationship between disease related death and
intense GLUT-1 staining was also observed. The results of
this study indicate a relationship between GLUT-1 expression
and disease progression of oral cancer and could indicate a
need for neoadjuvant chemoradiotherapy for those tumors
demonstrating intense GLUT-1 expression.?

Eckert et al., studied on samples collected from 42 patients
with a primary OSCC. Immunohistochemical staining for
GLUT-1 was carried out and compared with clinicopathological
data. In multivariate Cox’s regression hazard analysis,
moderate to strong GLUT-1 expression possessed a 4.9-fold
increased risk of tumor related death compared to other
patients. Results suggested that GLUT-1 expression can be used
as an independent prognostic marker for routine assessment of
OSCC. Eckert et al suggest that a moderate expression should
be considered for prognostic statement additionally to the
strongly stained tumors.” Whereas Kunkel et al considered
strong expression vs. low expression of GLUT-1 and found
a 2.65-fold increased risk of tumor related death for the
patient group whose tumours showed a strong expression.”
Yet another study was conducted by Li S assessing Glut-1
expression in primary and recurrent HNSCCAs. The study also
documented that expression of Glut-1 in recurrent HNSCCAs
was higher than that in primary HNSCCAs, and in poorly-
differentiated HNSCCAs higher than in better-differentiated
HNSCCAs, which indicated that Glut-1 may have a useful role
as a predictor for poor prognosis in HNSCCAs.*!

In a study by Kondo et al GLUT-1 expression was observed
in 98% of subjects, similarly to CA9 expression but no
significant correlation between its expression and the survival
rate was seen. However, the study demonstrated that subjects
with lymph node metastasis had significantly higher GLUT-1
expression, demonstrating that GLUT-1 could be an indicator
of lymph node metastasis.®

Harshani et al conducted a study in thirty cases of OSCC
where THC was used to detect the expression of GLUT-1 in
OSCC and the same was compared with the normal subjects.
In this study, GLUT-1 expression was detected in all grades
of OSCC. Higher immunohistochemical staining scores were
obtained with increased clinical staging and histopathological
grades of OSCC. It was concluded from the study that higher
expression of GLUT-1 may be related to poor prognosis in
OSCC.” But the study does not mention the assessment of
survival rate of OSCC individuals nor stated any follow up
being carried out.

Contrary to the above findings data provided by Grimm et
al, indicate that GLUT-1 expression is associated with advanced
tumor stage in OSCC and reduced tumor-specific survival
among patients with positive GLUT-1 expression compared
with the negative GLUT-1 subgroup. However, GLUT-1
expression cannot be considered an independent prognostic
factor, as confirmed by multivariate analysis.*
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Angadi VC recently conducted a study to evaluate GLUT-
1 immunoexpression in OED, OSCC and verrucous carcinoma
(VQ). It is claimed to be the first study of GLUT-1 expression
in VC. The study observed GLUT-1 expression increased
with the degree of dysplasia and increasing grade of OSCC.
The expression in VC was predominantly membranous and
intense, resembling WDSCC. This study thus demonstrated
that GLUT-1 has a consistent role in oral premalignant and
malignant lesions and that its expression level and activity
appear to be associated with malignant transformation and
aggressiveness.””’ Study by Azad et al also goes consistent with
the findings of Angadi VC and GLUT-1 expression correlated
significantly with histological grade and PTNM staging of
OSCC. Thus, the authors state that GLUT-1 may serve as a
biomarker for patients of OSCC.™

4. Glut-1 and invasion:

Ohba et al studied GLUT-1 immuno staining invasion front
on 24 OSCC. The analysis showed that in all OSCC patients
GLUT-1 expression correlated the depth of the tumors. The
survival of patients who had over expression of invasion
front was significant shorter than that of patients with GLUT-
1 immunostaining. GLUT-1 expression indicated that tumors
with deep invasion result in a worse prognosis in patients
due to either lymph node metastasis, a recurrence of primary
lesion or distant metastasis.> A much more larger sample size
of 90 OSCC patients was included in the study of Sindhu et
al to evaluate the mechanisms linking GLUT-1 expression to
depth of invasion in progressive grades of OSCC. In order to
study the changes in GLUT-1 expression at tumor invasive
front in combination with depth of invasion in the progressive
histological grades of OSCC, mechanistic study, that is, receiver
operating characteristic (ROC) curve analysis was done by the
authors. It was observed that the staining index of GLUT-1 at
the deep invasive front became stronger with the progressive
histological grades of tumour, with corresponding increase
in the depth of invasion. In other words, the expression of
GLUT-1 became significantly stronger when the tumour
demonstrated deep invasion.” This is because invasive tumour
depth is associated with intense degree of hypoxia. GLUT-1,
being an endogenous marker of hypoxia, is over expressed
at the tumor invasive front, not only permit cancer cells to
survive under adverse conditions such as hypoxia but enable
their proliferation, progression, invasiveness, and subsequent
distant metastasis.”® According to the authors depth of invasion
and GLUT-1 would probably help in removing the hurdle in
the effective management of clinically negative neck in early
SCC (T1-T2/NO) of oral cavity and could be a deciding factor
for elective neck dissection which would further improve the
survival rates of OSCC.”

5. Glut-1 and other markers:

Ayala et al associated clinical-pathological features of 142
OSCC with the expression pattern of GLUT-1 and GLUT3 in
order to estimate their prognostic value by the IHC analysis
of GLUT-1 and GLUTS3. In contrast to GLUT-1 expression, the
GLUTS3 protein was positive in only 30/142 cases (21.1%). They
concluded GLUT-1 is more specific compared to GLUT3 as
significant indicators of poor prognosis outcome in OSCC."

Kondo et al immunohistochemically observed the
expression of antigens such as CA9, Ki-67, GLUT-1 and p53 in

107 subjects with OSCC, and examined their correlation with
clinicopathological parameters. Among the markers CA9 had
higher sensitivity compared to GLUT-1, Ki-67 and p53. Glut-
1 expression was about 98% of CA-9. But considering antigen
expression with lymph node metastasis GLUT-1 had a higher
specificity over other markers.!®

Roh et al evaluated whether hypoxia biomarkers like
hypoxia-inducible factor (HIF)-la, HIF-2a, CA-9, GLUT-1,
and erythropoietin receptor (EPOR) and clinicopathologic
variables were prognostic predictors in patients with T2-staged
SCC of the oral tongue as it has a high propensity for regional
metastasis and locoregional failure after radical surgery or
radiotherapy, affecting patient survival. Authors states that, of
these markers only EPOR expression may be an independent
predictor for disease specific survival in patients with T2-staged
SCC of the oral tongue. But however, GLUT-1 expression was
associated with nodal metastases compared to other markers,
suggesting that latter may be used as a potential predictor of
nodal metastases in patients with oral tongue cancer.*

6. GLUT-1 as marker of radio-resistance:

Studies have confirmed the prognostic value of the GLUT-1
levels for OSCC of head and neck.*'"'>'7 But yet another study
by Kunkel et al has also established GLUT-1 as a marker of
radio-resistance in OSCC, with the high GLUT-1 expression
being associated with poor radiation response as well as with
an unfavorable clinical outcome. The study also documents
two fundamental drawbacks, first the expression of GLUT-
1 in cancer cells reflect a hypoxia independent stimulation of
glycolysis. The second is that the “true” efficacy of radiation
therapy has not been verified in previous studies, because
no complete or even representative histological controls
were performed.” However, In vitro experiments and tumor
xenograft studies reported by Pederson and coworkers argue
that GLUT-1 expression plays a hypoxia independent role in
the modulation of radiation susceptibility. These investigators
demonstrated a linkage between GLUT-1 expression and
radiation resistance in two cell sublines (CPH-54A and CPH-
54B) derived from a single small cell carcinoma of the lung.®
Study by Janssen et al also proved that hypoxia markers
like GLUT-1 and EPOR can so be used to noninvasively
identify tumors showing poor response to radiotherapy and
chemotherapy.® This is further supported by a recent study
stating that OSCCs are associated with combined enhanced
glucose uptake (GLUT-1) and hypoxia-related glucose
metabolism (TKTL1lalpha). Therefore, targeting metabolism
in cancer cells have the possibility to enhance the effect of
adjuvant radiotherapy and chemotherapy.*

CoNcCLUSION

This systematic review is focused on the association of
OSCC and GLUT-1 expression with special emphasis on its
pattern of expression, correlation with clinico-pathological
features, tumor progression and prognosis, depth of invasion,
other markers and role of GLUT-1 in therapeutics. The
literature search suggested pattern of expression of GLUT-1
changes from membranous to cytoplasmic with increasing
grades of dysplasia and OSCC. GLUT-1 expression also showed
significant correlation with tobacco and alcohol habits. GLUT-1
expression significantly could predict the survival rate of patient
and could be used as a prognostic marker. Tumor invasive front
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of OSCC expressed high amount of GLUT-1 expression and
together could be used as risk predictors. GLUT-1 expression
is found to be highest in OSCC among all other GLUT markers
and also proved to be an indicator of lymph node metastasis as
it had higher expression over markers like CA-9, ki-67 and P53.
Its role in therapeutics has also been acknowledged by several
authors stating it could also be considered as a marker of radio-
resistance. This could indeed help in increasing the efficiency
of radiotherapy and chemotherapy. Since there is only one
study in the literature review for assessing GLUT-1 expression
in oral epithelial dysplasia we suggest more studies need to be
carried out in oral potentially malignant disorders to establish
GLUT-1 as an early diagnostic marker in OPMDs.
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