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Summary

Aims: To study if co-expression of the two hypoxia-related proteins HIFla and GLUT-1 has
prognostic relevance in oral squamous cell carcinomas [OSCC].

Methods and results: Eighty-two OSCC tumor samples were analyzed for expression levels of
HIFla and GLUT-1 by immunohistochemistry. Protein expression was assessed using an
immunoreactive score system and the correlation between gene expression and both clinical and
pathohistological parameters were examined. Overexpression of either GLUT-1 or HIFla was

associated with poor disease specific survival in OSCC patients. Multivariate Cox’s proportional-
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levels of expression of both HIF1a and GLUT-1 were found to have a 5.13-fold increased risk of
tumor-related death (p=0.017).

Conclusions: Co-expression of high levels of HIFla and GLUT-1 is significantly correlated with
prognosis in OSCC patients, suggesting that the co-expression of these proteins can be used as both

an early diagnostic and independent prognostic marker.
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Introduction

Despite possessing some advantages over other tumors in terms of diagnosis and therapeutic
strategies, oral squamous cell carcinoma (OSCC) is one of the ten most common malignant human
tumors, with a 5-year overall survival rate of approximately 50%."' The Tumor-Nodes-Metastases
system (TNM) and the extent of histopathological differentiation that the tumor exhibits alone are
not sufficient to allow prediction of prognosis in OSCC. There is a need for the identification of
further independent prognostic markers to improve diagnosis and therapeutic regimens. The impacts
that various molecular markers have had on the calculation of individuals’ prognosis has been
described by Lothaire.” Hypoxia is one of the most important features of locally advanced tumors
that have hypoxic areas with pO, values <2.5 mm Hg.® A rapidly growing tumor quickly outstrips
its vasculature and thus lacks nutrients and oxygen.4 Under these conditions, a hypoxia signaling
pathway is turned on. This pathway is largely based on the transcriptional activation of more than
70 genes by the hypoxia-inducible factor 1 (HIF1).° Since its discovery in 1995, the HIF1
transcriptional complex has emerged as a key regulator of the adaptive response to reductions in
intratumoral oxygen tension.”'® The heterodimeric hypoxia-inducible transcription factor HIF1
consists of two subunits. The first is the oxygen sensitive subunit alpha [HIF1a], what dimerizes
with the constitutive -subunit [HIFlB].8 Previous studies have shown that the expression of HIF1la
is associated with poor prognosis in head and neck squamous cell carcinoma both on univariate' '
and multivariate analysis.'" '* However, Kyzas and coworkers (2005) found no correlation between
HIFla expression and prognosis, and two other groups found that elevated expression of HIFla
was associated with improved prognosis.'” "

In general, malignant tumor cells have an increased rate of glucose consumption and the glucose is

generally metabolized through glycolysis.*

As a consequence, several glucose transporters
(GLUTs) can be upregulated in malignant tumors. The GLUT-superfamily consists of 13
members.”"** The erythrocyte-type (or HepG2/brain-type) glucose transporter (GLUT 1) was the

first of the family of facilitative glucose transporter proteins to be cloned.” GLUT-1 expression is
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found in very low levels in most tissues, but it is expressed at higher levels in erythrocytes, brain,
cartilage, retina, and placenta and it is overexpressed in many tumors and tumor-derived cell lines.?*
It is thought to be responsible for "housekeeping" levels of glucose transport, i.e., the uptake of
glucose required for oxidative phosphorylation. The rate of glucose transport via GLUT-1 can be
altered under conditions in which the metabolic rate must be adjusted, such as during cell division
(mitosis and meiosis), differentiation, transformation, and nutrient starvation.” Increased GLUT-1
expression was found to be correlated with poor survival and therapeutic outcome in oral squamous
cell carcinomas on univariate analysis in two previous studies, ***’ but this correlation was not
observed in a third study.”® Two studies showed a correlation between elevated GLUT-1 expression
and overall survival on multivariate analysis.m’29

However, the co-expression of HIF1a and GLUT-1 and its association with a prognosis has yet to
be investigated in OSCC patients. Therefore, we analyzed the expression of both proteins by

immunohistochemistry and examined the correlation between HIF1a and GLUT-1 co-expression

and survival using a multivariate Cox’s proportional-hazards regression analysis.

Published on behalf of the British Division of the International Academy of Pathology
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Materials and Methods

Patients and tumor tissues

Tissue specimens of 82 patients with OSCC who underwent surgery in the Department of Oral and
Maxillofacial Plastic Surgery of Martin Luther University were included in this analysis. Clinical
data (gender, age, location of the primary tumor, type of tumor resection, multimorbidity, tumor
reccurrence, alcohol consumption, and tobacco smoking history, therapy) and pathohistological data
(TNM stage and grade of histopathological differentiation) were collected in a data bank using
PASW 18 (SPSS Inc. Chicago, IL). The 82 patients were treated as follows: 45 patients only by
surgery, 25 patients by surgery and radiotherapy, seven by surgery and radio and chemotherapy,
four only by radiation and one patient by radio and chemotherapy. The resection margins were in 65

cases R0, in 12 cases R1 or R2 and in five cases only a sample excision was performed.

Immunohistochemistry

All paraffin-embedded specimens were cut into 4 um sections, deparaffinized and dehydrated.
Afterwards, slides were warmed to 60°C for 30 min for dewaxing, then boiled in 10 mM citrate
buffer (pH=6.0) in a microwave oven by microwave treatment for 20 min to demask the antigens.
To block endogenous peroxidase activity, 0.3% hydrogen superoxide was applied.
Immunohistochemical staining for HIFla was carried out using a standard immunoperoxidase
technique (the ABC-method) according to the manufacturer’s protocol as previously described.”
Briefly, the specimens were incubated with the primary antibody (NB-100-131 Novus, Germany) at
a dilution of 1: 500 for 24 h at 5°C. The slides were then washed three times with PBS and were
incubated with the secondary antibody for 12 min at room temperature. A peroxidase/DAB,
rabbit/mouse detection kit (Dako, Germany) was then applied. HIFla staining was then visualized
using chromogen diabenzidine. Cells incubated without the primary antibody was used as the

negative control. As a positive control, gliobastoma cells were stained as described by Dellas et al.

30
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Immunohistochemical detection of GLUT-1 was performed as described previously.*’ Briefly, the
primary antibody (dilution 1:200, Acris antibodies, Germany) was incubated at room temperature
for 30 min. After washing with PBS, the secondary antibody was applied and incubated at room
temperature for 12 min. Staining for GLUT-1 expression was then performed using the chromogen
kit (Zymed) and counterstaining was carried out with hemalum (Midas E).

The expression of both HIF1a and GLUT-1 was determined by semi-quantitatively assessing the
percentage of positively marked tumor cells and the staining intensity in an immunoreactive score.”!
The percentage of positive cells was rated as follows: 1 — 10% cells positive (1); 11 — 50% cells
positive (2); 51 — 80% cells positive (3); and, > 80% cells positive (4). Staining intensity was scored
as negative (1), moderate (2), and intense (3). Scores for the percentage of positive cells and cellular
expression intensity were multiplied to calculate an immunoreactive score (IRS) using the method
previously described by Remmele: 0 — 2 = no staining, 3 — 4 = weak staining, 6 — 8 = moderate
staining, 9 — 12 = strong staining .>' The stained tumor specimens were viewed at magnifications of

100 x and 200 x by three independent investigators (U.B., A.S. and A.W.E.) and the average of

their evaluations was calculated for statistical analyses.

Statistical analysis

Statistical analyses were performed with the PASW 18 software (SPSS Inc. Chicago, IL). The
correlation between immunohistochemical staining results and clinical data was examined using the
y?-test, Kaplan-Meier-analysis, the log-rank-test, and multivariate Cox’s proportional-hazards
regression analysis. The multivariate Cox’s regression hazard analysis was performed backward
stepwise to exclude non significant factors. P-values of less than 0.05 were considered statistically

significant.

Published on behalf of the British Division of the International Academy of Pathology
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Results
Patients
The study group consisted of 82 OSCC-patients. There were 60 men and 22 women included in the
study and the average age at tumor diagnosis was 59 years (range: 23 to 83 years). The 5-year-
disease specific survival rate of included patients was 62.4%. Clinical, histopathological and

immunohistochemical data are summarized in Tab.1.

Clinical/pathohistological factors and prognosis

We analyzed several clinical and pathohistological factors for their association with disease specific
survival as location of primary tumor, tumor size, lymph node stage, tumor stage, histological
grade, type of tumor resection, multimorbidity, tumor recurrence and therapy. In a backward
stepwise multivariate Cox’s regression analysis only lymph node stage, multimorbidity, tumor

recurrence and therapy remained significantly correlated with disease specific survival (Tab. 2)

HIFlo expression and its correlation with clinical factors and prognosis

We have considered only cytoplasmic HIF1a staining since nuclear staining was only in a few cases
detected and could not be used for statistical analysis. This finding was in accordance with results
of Koukourakis et al.. They suggest that analysis based on pure nuclear expression provides
marginal statistical association with other molecular factors or prognosis, and that strong
cytoplasmic HIF expression, which is a tumor-specific finding, better reflects the HIF-upregulated
pathway in paraffin-embedded material. '**

Of the 82 included specimens, 11 (13.4%) had negative staining for HIF1a, 24 tumors (29.3%) had
weak staining, 40 tumors (48.8%) had moderate staining, and 7 (8.5%) had strong levels of staining
for HIF1a. We summarized negative and weak staining tumors to the group of low staining tumors

and the moderate and strong staining tumors to the group of increased staining tumors (Tab. 1 and

2). Typical immunohistochemical staining results are shown in Fig. 1. There were no significant

Published on behalf of the British Division of the International Academy of Pathology
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correlations observed between HIF1a expression and clinical or pathohistological parameters. There
was a trend towards an association between HIF1o expression and tumor size (p=0.08; y2-test), but
HIF1a expression was not correlated with clinical factors as location of primary tumor, lymph node
stage, tumor stage, tumor grade, tumor recurrence, type of tumor resection, multimorbidity or
therapy (data not shown). However, HIFla expression was significantly correlated with disease
specific survival. Patients whose tumors expressed HIF1a low had a median survival time of 53.6
months, whereas patients whose tumors expressed HIF1a increased only had a 36.6-month median
survival time. The average 5-year survival time of OSCC patients decreased from > 80% in patients
with low HIFla expression in their tumors to 42% in patients with increased HIF1a expression in
their tumors. (data not shown).. The multivariate Cox’s proportional-hazards regression analysis
(adjusted for lymph node stage, multimorbidity, recurrence and therapy) revealed a 3.24-fold
increase in the risk of tumor-related death in OSCC patients whose tumors overexpressed HIF1a

(p=0.024).

GLUT-1 expression and its correlation with clinical factors and prognosis

Tumors from 79 out of 82 patients were stained for GLUT-1. There were 47 tumors (59%) that
stained positive for GLUT-1. Out of these 47, GLUT-1 was expressed weakly in 13 tumors, it was
moderately expressed in 22 cases and it was strongly expressed in 12 cases. The remaining 32
tumors (41%) did not express GLUT-1. We summarized negative and weak staining tumors to the
group of low staining tumors and the moderate and strong staining tumors to the group of increased
staining tumors (Tab. 1 and 2). There was a correlation between expression of GLUT-1 and
recurrence, but GLUT-1 expression was not associated with other clinical factors such as location
of primary tumor, lymph node stage, tumor size, tumor stage, tumor grade, type of tumor resection,
multimorbidity or therapy (data not shown). Patients whose tumors had a low expression of GLUT-
1 had a 13.3% risk of recurrence, whereas patients whose tumors increased expressed GLUT-1 had

a recurrence rate of 68.4% (p = 0.010; y?-test). The expression of GLUT-1 was significantly

Published on behalf of the British Division of the International Academy of Pathology
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correlated with disease specific survival. Patients whose tumors showed a low expression of GLUT-
1 had a median survival time of 51.0 months, whereas patients whose tumors increased expressed
GLUT-1 had a median survival of 34.3 months (p=0.004; Kaplan-Meier analysis, log-rank test).
The multivariate Cox’s proportional-hazards regression analysis (adjusted for lymph node stage,
multimorbidity, recurrence and therapy) revealed that patients whose tumors showed an increased
expression GLUT-1 had an 1.76-fold increased risk of tumor-related death but this was not

significant (Tab. 2).

Co-expression of HIF1 a/GLUT-1 and its correlation with clinical factors and prognosis

There were 32 patients whose tumors expressed both genes at low levels and 21 patients whose
tumors expressed increased levels of both HIF1a and GLUT-1. In addition, 13 patients’ tumors
expressed low levels of HIFla but increased levels of GLUT-1 and 21 patients’ tumors expressed
increased levels of HIF1a but low levels of GLUT-1. The co-expression of HIF1a and GLUT-1 was
significantly correlated with the tumor size (p=0.025; y2-test) and recurrence (p=0.045; y>-test).
There was no correlation observed between HIFla and GLUT-1 co-expression and other clinical
factors, such as location of primary tumor, lymph node stage, tumor stage, tumor grade, type of
tumor resection, multimorbidity or therapy (data not shown). The co-expression of both factors was
also significantly associated with survival time: patients in the group with low HIF1a and GLUT-1
expression in their tumors had a median survival time of 53.6 months as compared to patients in the
group with increased levels of expression of both HIFla and GLUT-1, who had a 24.3 months
median survival time (p=0.00002; log-rank test). Multivariate Cox’s proportional-hazards
regression analysis (adjusted for tumor size and tumor grade) revealed a significant 5.13-fold
increased risk of tumor-related death for patients whose tumors had increased levels of expression
of both HIFla and GLUT-1 (p=0.017; Fig. 2). The co-expression of HIFla and GLUT-1 can

therefore be considered an independent prognostic factor for patients with OSCC.

Published on behalf of the British Division of the International Academy of Pathology
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Discussion

Hypoxia is a characteristic feature of locally advanced solid tumors, and it can promote tumor
progression and resistance to therapy. It has been suggested that hypoxia should be considered an
independent adverse prognostic factor in patients with head and neck cancers.>* The main
transcription factor activated by hypoxia is HIFla, which regulates cellular metabolism as part of
the cell’s response to hypoxia. The largest functional group of genes that is consistently regulated
by HIF1a is the group of genes associated with glucose metabolism.* This is likely because there is
a major cellular shift from mitochondrial respiration to glycolysis in hypoxic cancer cells and
therefore an increase in glucose uptake is essential. HIFla can increase a cell’s rate of glucose
uptake through the transcriptional activation of the facultative glucose transporters GLUT-1 and
GLUT-3 (reviewed in 34). Elevated expression of either HIFlo or GLUT-1, but not the co-
expression of HIFla and GLUT-1, has been previously detected in many different cancers,
including head and neck cancer.” Several studies have found a significant correlation between the
increased expression of HIF1la or GLUT-1 in head and neck cancers and overall prognosis has on
multivariate analysis.'"'**" However, to the best of our knowledge, there has been no study
investigating the correlation between co-expression of high levels of HIFlo and GLUT-1 and
clinical factors or prognosis in other studies. We were able to show that increased expression of
HIF1a and GLUT-1 was correlated with a 5.13-fold increased risk of tumor-related death in OSCC
patients (P=0.017; multivariate Cox’s proportional-hazards regression analysis, adjusted for lymph
node stage, multimorbidity, recurrence and therapy). On Kaplan-Meier analysis, the elevated
expression of both HIFlo and GLUT-1 was associated with a mean average disease specific
survival of 24 months. In comparison, patients (reference group) whose tumors did not co-express
these genes or weakly expressed HIF1a and GLUT-1 survived, on average, 54 months (P=0.00002).
Although GLUT-1 is transcriptionally regulated by HIF1a, we see an additive 5.13-fold increased
risk of mortality in patients whose tumors express increased levels of both factors, whereas there is

only an 1.76-fold or a 3.24-fold increased risk of tumor-related death in patients whose tumors

10
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overexpress GLUT-1 or HIFla alone, respectively. This finding suggests that GLUT-1 may affect

prognosis in both a HIF1a—dependent and HIF1o—~independent manner. Furthermore, the finding of

HIF1a and GLUT-1 coexpression as independent prognostic marker may support their application

as biomarker for treatment escalation, e.g. for the use of postoperative radiotherapy or

chemoradiotherapy.

Why does overexpression of both HIF1o and GLUT-1 have such a strong effect on prognosis and
how prognostically reliable is the detection of elevated levels of protein expression of HIF1a and

GLUT-1? The major metabolic changes that occur within tumors as compared to normal tissues

B { Deleted: s

glycolysis, whereas a normal cell obtains only about 10% of its energy from glycolysis, with the
rest derived from the respiratory activity of mitochondria. Because glycolysis delivers only 2 ATP
molecules as compared to the 38 ATP molecules delivered by respiration, an increased glucose
supply is essential for the cancer cell to obtain sufficient energy. In order to obtain more glucose,
the GLUT-1 protein, one of the major cellular glucose transporters, is ubiquitously expressed on
tumor cells. In addition to their increased need for glucose, tumor cells suffer from cellular stress
induced by acidosis, increased interstitial fluid pressure, and hypoxia. The major mechanism by
which tumor cells respond to the stress of acidosis and hypoxia is through the activation of HIF1a.
In addition, HIFla can be activated by the loss of tumor suppressor gene activity (p53, PTEN,
VHL) and/or gain of oncogene activity (Ras, SRC, PI3K) in tumor cells (reviewed in 3 4). Therefore,
both HIFla and GLUT-1 play a major role in tumor metabolism, especially under conditions of

hypoxia. More than half of patients in this study were treated only by surgery but showed a

comparable expression of HIF1a and GLUT-1 as the patients treated alone or in addition by radio

or chemotherapy suggesting that hypoxia is not just an issue of radio responsiveness but a general

biomarker of disease aggressiveness.

Furthermore, several reports have shown that hypoxia can result in the dedifferentiation of tumor

cells. For example, hypoxic neuroblastoma and breast cancer cells lose the gene expression pattern

11
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that is characteristic of differentiated cells of their cell type and develop a stem cell-like phenotype
(reviewed in *). Normal stem cells have higher rates of survival, proliferation, and expression of
stem cell-associated genes under hypoxic conditions than differentiated cells.”**® Furthermore,
under conditions of hypoxia, HIFla or GLUT-1 expression can be elevated in different stem

39,40
cells. >

Further studies are needed to investigate whether or not stem cells in tumors, which can
carry tumorigenic potential and affect cancer patients’ prognosis, have increased HIF1a and GLUT-
1 expression too.

In summary, the co-expression of increased levels of HIFla and GLUT-1 protein is significantly

correlated with the prognosis of OSCC patients. We therefore suggest that co-expression of these

proteins can be used as biomarker for treatment escalation and as an independent prognostic marker

for OSCC patients.
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Table 1. Clinical and immunohistochemical data

Histopathology

HIF1a expression

GLUT-1 expression

HIF10/GLUT-1 co-expression

IRS 0-4 6-12 0-4 6-12 HIFla HIFla HIFla HIFla
low low increased increased
Patient Cases low increased Cases low increased Cases GLUT-1 GLUT-1 GLUT-1 GLUT-1
characteristics low increased low increased
No. 82 35 47 79 45 33 79 22 23 11 23
Age (in yrs)
Mean 60.1 61.1 59.2 594 625 56.4 593 634 59.9 58.4 55.6
Gender
Male 60 24 36 57 36 21 57 17 19 5 16
Female 22 11 11 22 9 13 22 5 4 6 7
Location of
primary tumor
tongue 31 18 13 29 20 9 29 10 10 6 3
hard and/or soft 17 8 9 17 8 9 17 6 2 2 7
palate
floor of the mouth/ 30 8 22 30 15 15 30 5 10 3 12
lower
alveolar ridge
buccal mucosa 4 1 3 3 2 1 3 1 1 0 1
Tumor size
Tl 22 12 10 22 15 7 22 9 6 3 4
T2 31 16 15 30 19 11 30 9 10 6 5
T3 10 4 6 9 5 4 9 2 3 2 2
T4 19 3 16 18 6 12 18 2 4 0 12
Lymph node stage
NO 43 21 22 40 27 13 40 12 15 7 6
N1 11 4 7 11 5 6 11 3 2 1 5
N2 15 4 11 15 7 8 15 3 4 1 7
N3 1 0 1 1 0 1 1 0 0 0 1
NX (no lymph 12 6 6 12 6 6 12 4 2 2 4
node classification)
Tumor stage
I 19 9 10 19 13 6 19 6 7 3 3
I 20 10 10 20 13 7 20 5 8 5 2
11 11 5 6 9 4 5 9 3 1 1 4
v 32 11 21 31 15 16 31 8 7 2 14
Histological grade
Gl 26 12 14 24 13 11 24 7 7 4 6
G2 39 18 21 38 17 21 38 12 11 5 10
G3 17 5 12 17 5 12 17 3 5 2 7
Resection type
RO 65 30 35 62 38 24 62 18 20 10 14
R1 and R2 12 4 8 12 6 6 12 3 3 1 5
Sample excision 5 1 4 5 1 4 5 1 0 0 4
Multimorbidity’
yes 31 14 17 31 16 15 31 7 9 7 8
no 51 21 30 48 29 19 48 15 14 4 15
18
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yes 19 5 14 19 6 13 19 2 4 3 10
no 62 30 32 59 39 20 59 20 19 8 12
unknown 1 0 1 1 0 1 1 0 0 0 1
Therapy

surg 45 22 23 43 28 15 43 13 15 8 7
surg+radio, 32 12 20 31 16 15 31 8 8 3 12
surg+chemo,

surg+radio+chemo

radio, chemo 5 1 4 5 1 4 5 1 0 0 4
Patient follow-up

Alive 53 30 23 50 34 16 50 19 15 9 7
Dead 27 5 22 27 11 16 27 3 8 2 14
Unknown 2 0 2 2 0 2 2 0 0 0 2

"Multimorbidity was classified with yes, when at least five secondary diagnoses additionally to the OSCC
occurred in a patient (e.g. diabetes, high blood pressure, rheumatism, cardiac infarction, cardiac arrhythmia,
abnormal blood lipometabolism).

Abbreviations: surg: surgical treatment; surg+radio: surgical and radiotherapy, surg+chemo: surgical and
chemotherapy; surg+radio+chemo: surgical and radio and chemotherapy; radio, chemo: only radio or
chemotherapy
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Table 2. Multivariate Cox’s-regression analysis: Correlation of disease specific survival
with clinical factors and immunohistochemical results

Cox’s proportional-hazards regression

Kaplan-Meier Analysis (log-rank test) analysis
univariate multivariate*

Protein expression levels n months P RR P RR P
GLUT-1
negative (IRS 0-2) 32 524 * *
weak (IRS 3-4) 13 46,9 1.41 0.61 1.15 0.85
moderate (IRS 6-8) 21 322 0.048 342 0.007 5.07 0.002
strong (IRS 9-12) 11 41.0 2.02 0.25 2.59 0.16
HIFla
negative (IRS 0-2) 11 53.8 1.36 0.73 1.69 0.573
weak (IRS 3-4) 24 543 * *
moderate (IRS 6-8) 38 385 4.73 0.013 4.53 0.017
strong (IRS 9-12) 7 34.1 0.013 5.72 0.023 3.86 0.088

HIF1o /GLUT-1 expression

both HIF1o and GLUT-1 low 22 53.6 * *

HIFla low & GLUT-1 increased 23 48.8 1.13 0.89 1.13 0.33
HIFla increased & GLUT-11low 11 53.6 2.21 0.25 1.67 0.58
both HIF1a and GLUT-1

increased 21 243 0.00002 8.64 0.001 10.2 0.001

Clinical factors and

immunohistochemical results RR (95% CI) P
Lymph node stage
pNO * %
pN1 0.87 (0.20-3.84) 0,86
pN2+pN3 5.52 ( 1.36-22.38) 0.017
pNX 0.51 (0.057-4.47) 0,549
Multimorbidity
yes 3.53 (1.38-9.05) 0.009
no * *
Recurrence
yes 2.46 (1.03-5.89) 0.043
no £ &
Therapy
surg * *
surg+radio, surg+chemo, surg+radio+chemo 1.16 (0.32-4.25) 0.825
radio, chemo 20.57 (1.47-287.50) 0.025

GLUT-1-expression
low * *
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increased 1.76 (0.78-3.93) 0.171

HIF1a-expression

low * *
increased 3.24 (1.16-9.01) 0.024
HIF1le/ GLUT-1-expression

both HIF1a and GLUT-1 low * *
HIF1la low & GLUT-1 increased 0.85(0.13-5.41) 0.87
HIF1a increased & GLUT-1 low 2.15 (0.56-8.25) 0.265
both HIF1a and GLUT-1 increased 5.13 (1.33-19.79) 0.017

A backward stepwise Cox’s regression model was applied. It eliminated stepwise the non
significant factors.

Significant values are in bold face.

Abbreviations: “*”: reference group(s); 95%CI: 95% Confidence interval; surg: surgical
treatment; surg+radio: surgical and radiotherapy, surg+chemo: surgical and chemotherapys;
surg+radio+chemo: surgical and radio and chemotherapy; radio, chemo: only radio or
chemotherapy
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Figure 1. Detection of expression of HIF1a and GLUT-1 proteins in OSCC specimens

Figure 2. Association between HIF10 /GLUT-1 expression and prognosis in OSCC
patients*

*On multivariate Cox’s proportional-hazards regression analysis
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