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s u m m a r y

Oral squamous cell carcinoma (OSCC) is a common malignancy. The incidence of OSCC is particularly high
in some Asian countries because of the popularity of the habit of chewing areca. Hypoxia-inducible fac-
tor-1a (HIF-1a) is up-regulated in the hypoxic microenvironment to enhance tumor survival. Five poly-
morphisms have been identified in exon 12 of HIF-1a including the C1772T polymorphism causing
P582S, and the G1790A polymorphism causing A588T of the HIF-1a protein. This study investigated
the relationship between these functional polymorphisms and the risk of progression of OSCC. PCR
and direct sequencing were utilized to compare the genotypic polymorphism and allelic frequency of
HIF-1a in 96 normal controls and 305 OSCC patients. No statistically significant difference in C1772T
and G1790A genotypes and allelic frequency between control and OSCC patients was found. However,
multivariate analysis indicated that the A carrier of HIF-1a G1790A in OSCC patients was significantly
higher in larger tumors than in the contrasting group with an adjusted odds ratio of 2.92. The T carrier
of HIF-1a C1772T in buccal cancer patients was significantly higher in the non-areca-chewing group with
an adjusted odds ratio of 0.111. The buccal cancer patients with C1772T or G1790A had lower recurrence
frequency with an odds ratio of 0.266. These findings may suggest a correlation between the HIF-1a
C1772T and G1790A polymorphisms and the growth of OSCC, and the decrease of OSCC recurrence
frequency.

� 2010 Elsevier Ltd. All rights reserved.
Introduction

Oral squamous cell carcinoma (OSCC) is a worldwide disease,
especially in southern Asian countries. Its high incidence is closely
linked to the popularity of the habit of areca (betel) nut chewing.1

Areca nut chewing, alcohol drinking, and cigarette smoking are the
greatest risk factors for OSCC in Taiwan.2 OSCC is the fourth most
frequent and has the fifth highest mortality of the male cancers
in Taiwan. Recently, it has been shown that the age of OSCC pa-
tients is younger than before.3 Carcinogenesis of OSCC involves
ll rights reserved.
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alterations in cellular proliferation, anti-apoptosis, angiogenesis,
migration, and invasion. These tumor progression phenotypes are
intimately linked to the abnormalities in molecular regulation
machinery.

Hypoxia triggers a cascade of molecular events including angi-
ogenesis and cell-cycle control proteins during the development
of human tumors. When tumors’ diameters are longer than 2–
3 mm, the centre of the tumor’s microenvironment will become
hypoxic.4 Hypoxia-inducible factor-1 (HIF-1) is a key regulator of
a broad range of cellular responses to hypoxia and acts in all mam-
malian cells. HIF-1 is associated with many physiological responses
of cells, including proliferation, differentiation, and viability, and
with the genesis and dynamic regulation of blood vessels, glucose,
and energy metabolism.5 HIF-1a is a member of the HIF family and
its expression is regulated by the oxygen level.6 HIF-1a is inhibited
by Von-Hippel–Lindau (VHL) protein, which acts as an E3 ubiquitin
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ligase. VHL can target the N-terminal transactivation domain
(N-TAD) within the oxygen-dependent degradation domain
(ODDD) of HIF-1a. VHL and HIF-1a binding are dependent on
hydroxylation of two conserved proline residues (Pro-402 and
Pro-564), which are oxygen-sensitive.7–10 Up-regulation of HIF-
1a has been found in head and neck carcinoma (HNSCC) and carci-
nomas of the esophagus, lung, breast, stomach, pancreas, prostate,
and kidney.11–13 Immunohistochemistry studies demonstrated an
association between HIF-1a expression and OSCC prognosis.14 In
addition, nuclear HIF-1a predicts the progression and survival of
OSCC.15

Several single nucleotide polymorphism (SNP) sites have been
found in HIF-1a. However, the density of SNP appears particularly
high in exon 12, which includes three synonymous SNP (C1720T,
G1768A, and A1828T) and two non-synonymous SNP (C1772T
and G1790A). These non-synonymous SNP result, respectively, in
amino acid changes from proline 582 to serine (P582S) and those
from alanine 588 to threonine (A588T). Exon 12 translates a por-
tion of HIF-1a encompassing the N-TAD domain and the partial
ODDD region, and has been reported to increase HIF-1a expres-
sion, even under normoxia.16,17 The association between HIF-1a
C1772T or G1790A and the risk or progression of carcinoma of
the cervix, endometrium, and the colorectum, and of the esopha-
gus, bladder, and kidney has been reported.18–20 Both HIF-1a
C1772T or G1790A have been demonstrated to increase HIF tran-
scription activator function and the numbers of microvascular in
HNSCC.16,21 The frequency of HIF-1a C1772T or G1790A has been
found to be higher in OSCC relative to controls.22 However, only
G1790A has been found to be associated with the risk and progno-
sis in a cohort of early-stage OSCC.23 The present study further
stratified that HIF-1a C1772T was associated with the size of the
OSCC.

Materials and methods

Subjects

Nine OSCC cell lines were used in the study. SAS, OECM-1, OC3,
and SCC25 were kind gifts from Dr. K.-W. Chang (National Yang-
Ming University), and HSC3, TW206, SCC4, Cal27, and Ca922 were
Figure 1 Protein domains and five SNP in exon 12 of HIF-1a. The domains of the HIF-1a p
SIM (PAS) domains, which are involved in HRE binding and dimerization with ARNT (aryl
(ODDD) contains two proline residues (P402 and P564), two transacting domains (TAD), a
G1768A, C1772T (P582S), G1790A (A588T), and A1828T and each variation ID, amino aci
et al.16 and Park (2004).
kindly gifted by Dr. M.-C. Kao (China Medical University). These
OSCC cell lines were cultured using previously used proto-
cols.24–26 Three hundred and five OSCC cases without previous
treatment and 96 healthy controls were randomly selected from
patients who presented for physical examination in the Depart-
ment of Oral and Maxillofacial Surgery at Mackay Memorial Hos-
pital without prior neoplastic operation, immune disorder or oral
lesion. The tumors were staged according to the TNM classifica-
tion of malignant tumors defined by the AJCC (2002). People with
or without oral cancer risk factors including areca chewing, ciga-
rette smoking, and alcohol consumption were defined according
Ko et al.2 The study was approved by an institutional review
board.

Genotyping

Peripheral blood cells or cell lines underwent DNA isolation
using the Blood Mini Kit (Qiagen, Valencia, CA, USA). The ampli-
cons containing both HIF-1a C1772T and G1790A were obtained
by PCR reaction with the following primers: Forward: 50-GAC-
ACAGATTTAGACTTGGAG-30, Reverse: 50-TGGGTAGGAGATGGA-
GATGC-30. The PCR reaction condition was 95 �C for 5 min
followed by 35 cycles of 95 �C for 1 min, 59 �C for 1 min, and
72 �C for 1 min, with a final step at 72 �C for 10 min to allow com-
plete extension of the PCR fragments. After confirming the integ-
rity of the amplicons, genotyping was performed using direct
sequencing. After purification of amplicons using a gel extraction
kit (Qiaex II Gel Extraction Kit; Qiagen), sequencing was per-
formed using a 377 DNA sequencer (Applied Biosystems, Foster
City, CA, USA) as instructed by the manufacturer.27 The sequenc-
ing primer is the same as the reverse primer used for the PCR
reaction. ChromasPro software (Technelysium Pty Ltd, Tewantin,
QLD, Australia) was used for the reading of sequences on
chromatograms.

Statistical analysis

The Hardy–Weinberg equilibrium was assessed with a v2 test
module. Unpaired t-test, Fisher’s exact test, v2 analysis, binary lo-
gistic regression analysis, odds ratio and 95% confidence intervals
olypeptide from the N to the C terminal: basic helix–loop–helix (bHLH), PER-ARNT-
hydrocarbon nuclear receptor translocator); oxygen-dependent degradation domain
nd a nuclear localization signal (NLS). Five SNP in the 12th exon of HIF-1a: C1720T,

d sequences, and translation codes. This figure was modified according to Tanimoto



Figure 2 Amplification and genotyping of HIF-1a in OSCC cells. (A) PCR reaction. The HIF-1a amplicons were from five OSCC cell lines underwent electrophoresis on 2%
agarose gel to evaluate the specificity and integrity. It showed a clear band with motility of �278-bp. (B) Direct sequencing of amplicons. The letters marked with gray boxes
were SNP sites. Upper panels, three homozygous wild-type synonymous SNP: C1720T (C/C), G1768A (G/G), and A1828T (A/A). Lower panels, non-synonymous homozygous
wild-type SNP C1772T (C/C) and G1790A (G/G) as well as heterozygous SNP C1772T (C/T) and G1790A (G/A).
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were performed using SPSS 12.0 statistical software (SPSS Inc., Chi-
cago, IL, USA) or Prism 5.0 (GraphPad software, San Diego, CA,
USA). Differences between the variants were considered significant
when p < 0.05.



Table 1
Subjects and clinical characteristics.

Number of subjects OSCC (n = 305) Normal (n = 96)

Age (years)
Mean ± SD 52.8 ± 11.1 47.2 ± 9.4 p < 0.0001

Sex
Male 287 81 p = 0.003
Female 18 15

Areca chewing
No 23 7 p = 0.936
Yes 282 89

Cigarette smoking
No 19 7 p = 0.712
Yes 286 89

Alcohol consumption
No 28 9 p = 0.954
Yes 277 87

Site
Buccal cancer 117
Tongue 62
Gingiva cancer 57
Others 51

Tumor size
Small (T1, T2) 126
Large (T3, T4) 179

N stage
N = 0 199
N = 1 106

Stage
Early (Stages I and II) 92
Late (Stages III and IV) 213

Differentiation
Poor and moderate 161
Well 144

Perineural invasion
No 273
Yes 32

Perivascular invasion
No 274
Yes 31

Survival
Live 227
Dead 78

Recurrence
No 227
Yes 78

Unpaired t-test or Fisher’s exact test.

Table 2
HIF-1a polymorphism in OSCC patients and controls.

Nucleotide Amino acid Genotype or allelotype

C1772T P582S C/C
C/T
T/T

Genotype (C/C): (C/T+T/T)
P = 1 OR = 0.9643 95% CI = 0.4003–2.323

C
T

Allelotype C:T
P = 1 OR = 0.9657 95% CI = 0.4077–2.287

G1790A A588T G/G
G/A
A/A

Genotype (G/G): (G/A+A/A)
P = 1 OR = 0.9209 95% CI = 0.3838–2.210

G
A

Allelotype G: A
P = 1 OR = 0.9239 95% CI = 0.3916–2.179

Fisher’s exact test.
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Results

The HIF-1a amplicons were designed containing these five SNP
sites in the study. The variation of each HIF-1a SNP is shown in
Fig. 1. C1720T, G1768A, and C1772T were in N-TAD, while only
C1772T and G1790A made translation codes change from CCA to
TCA, and from GCA to ACA respectively. These two codes caused
the amino acid number 582th proline (P) and 588th alanine (A)
to change to serine (S) and threonine (T) respectively. The ampli-
cons were first found by gel electrophoresis to be 278-bp in size
(Fig. 2A), and were subjected to direct sequencing to reveal the sta-
tus of all five SNP sites at the same time (Fig. 2B). Although the
sequencing revealed clear distinctions among various genotypic
patterns in screened OSCC cell lines, only HSC3 and TW206 cells
were found to have heterozygous G/A genotype in nucleotide
1790. The other SNP alleles were all of homozygous wild-type.
The genotypic analysis was limited to C1772T and G1790A in
subjects.

Four hundred and one subjects were included in the study for
HIF-1a genotyping. The demographic data of 305 OSCC patients
and 96 controls are shown in Table 1. The ages (mean ± SD) of pa-
tients and controls were 52.8 ± 11.1 and 47.2 ± 9.4 years, respec-
tively. There was a statistically significant difference between
patients and controls. Nearly all patients were male (94.09%),
which was significantly different from the control group
(84.38%). No difference in oral habits including areca chewing,
alcohol consumption and tobacco smoking was found between pa-
tients and controls. The most common site of OSCC was on the buc-
cal mucosa, followed by the tongue and the gingiva. The
clinicopathological parameters were carefully recorded and are
shown in Table 1.

Analysis of the C1772T polymorphism indicated that in the pa-
tients 282 cases were type C/C (92.46%), and 23 cases were type C/
T (7.54%); in the controls 89 cases were type C/C (92.71%), and 7
cases were type C/T (7.29%). No significant differences in genotypic
and allelotypic frequencies for the C1772T polymorphism were ob-
served between patients and controls. As for the G1790A polymor-
phism, in the patients 281 cases were type C/C (92.13%), and 24
cases were type C/T (7.87%); in the controls 7 cases were type G/
G (92.71%) and 89 cases were type G/A (7.29%). No significant dif-
ferences in genotypic and allelotypic frequencies for the G1790A
polymorphism were observed between patients and controls.
Compared with individuals with at least one of the two polymor-
OSCC cell lines Patients (%) Controls (%)

100.00% (9/9) 92.46% (282/305) 92.71% (89/96)
0.00% (0/9) 7.54% (23/305) 7.29% (7/96)
0.00% (0/9) 0.00% (0/305) 0.00% (0/96)

100.00% (18/18) 96.23% (587/610) 96.35% (185/192)
0.00% (0/18) 3.77% (23/610) 3.65% (7/192)

77.78% (7/9) 92.13% (281/305) 92.71% (89/96)
22.22% (2/9) 7.87% (24/305) 7.29% (7/96)
0.00% (0/9) 0.00% (0/305) 0.00% (0/96)

88.89% (16/18) 96.07% (586/610) 96.35% (185/192)
11.11% (2/18) 3.93% (24/610) 3.65% (7/192)
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phisms, C1772T or G1790A, of the HIF-1a gene, there were no sig-
nificant differences between patients and controls (data not
shown). The genotypic distribution of C1772T and G1790A in both
patients and controls exhibited no deviations from the Hardy–
Weinberg equilibrium (Table 2).

The association between HIF-1a polymorphisms and the clini-
copathological features was analyzed using binary logistic regres-
sion analysis adjusting for age. Genotypic distribution of C1772T
was not associated with any clinicopathological parameters
(Table 3). The frequency of the heterozygous G1790A (G/A) geno-
type was significantly higher in larger tumors (T3 and T4 tumors;
adjusted OR = 2.920, 95% CI = 1.044–8.173; Table 3). The cross
analysis of C1772T and G1790A polymorphisms showed a signifi-
cant increase in double heterozygous genotypes (C/T or G/A) in lar-
ger tumors (adjusted OR = 2.161, 95% CI = 1.071–4.361). The late-
stage tumors had a greater increase in heterozygous G/A genotypes
than early-stage tumors. However, the difference was not statisti-
cally significant (Table 3).
Table 3
HIF-1a genotype compared with clinical parameters.

C1772T G17
Genotype Gen

C/C C/T G/G

Site
Buccal cancer 107 9 105
Non-buccal cancer 175 14 176
P 0.943 0.4
OR (95% CI) 0.969 0.403–2.330 1.4

Tumor size
Small (T1, T2) 116 8 121
Large (T3, T4) 164 15 160
P 0.838 0.0
OR (95% CI) 1.1 0.433–2.806 2.9

N stage
N = 0 183 16 184
N = 1 99 7 97
P 0.660 0.7
OR (95% CI) 0.812 0.322–2.050 1.1

Stage
Early (Stages I and II) 85 7 89
Late (Stages III and IV) 197 16 192
P 0.838 0.0
OR (95% CI) 1.1 0.433–2.807 3.2

Differentiation
Poor and moderate 150 11 147
Well 132 12 134
P 0.569 0.5
OR (95% CI) 1.283 0.545–3.018 0.7

Perineural invasion
No 252 21 253
Yes 30 2 28
P 0.715 0.3
OR (95% CI) 0.755 0.168–3.403 1.8

Perivascular invasion
No 255 19 252
Yes 27 4 29
P 0.214 0.7
OR (95% CI) 2.087 0.654–6.658 0.7

Survival
Alive 208 19 210
Dead 74 4 71
P 0.388 0.6
OR (95% CI) 0.612 0.201–1.867 1.2

Recurrence
No 209 18 209
Yes 73 5 72
P 0.558 0.9
OR (95% CI) 0.734 0.261–2.063 0.9

Binary logistic regression analysis (adjusted for age).
Areca chewing is a major risk factor for OSCC and is the most
frequent cause of buccal cancer in Taiwan. We identified 117 buc-
cal cancer patients in this study and analyzed using binary logistic
regression analysis by adjusting age and sex. No significant differ-
ences in genotypic and allelotypic frequency for the G1790A poly-
morphism were observed between patients and controls (data not
shown). However, OSCC patients carrying C1772T polymorphisms
showed a significant increase in heterozygous genotypes (C/T) in
non-areca-chewing patients (adjusted OR = 0.111, 95% CI = 0.016–
0.789). The frequency of double heterozygous genotypes (C/T or
G/A) in buccal cancer is lower recurrence (adjusted OR = 0.266,
95% CI = 0.071–1.002; Table 4).

Discussion

The stability of HIF-1a is dependent on proline residues in
ODDD. The hydroxylation of HIF-1a on proline residues in nor-
moxia are liable to be recognized by VHL for degradation.7–10 Five
90A C1772T and G1790A
otype Genotype

G/A C/C or G/G C/T or G/A

11 97 19
13 162 27

1 0.73
2 0.612–3.310 1.12 0.589–2.129

5 113 13
19 146 33

4 0.031
2 1.044–8.173 2.161 1.071–4.361

15 168 30
9 91 15

7 0.989
4 0.480–2.692 1.005 0.519–1.943

3 82 10
21 177 63

62 0.129
83 0.994–11.415 1.8 0.843–3.845

14 136 25
10 123 21

6 0.791
8 0.333–1.811 0.903 0.426–1.918

20 233 40
4 26 6

0.581
3 0.581–5.743 1.308 0.504–3.391

22 234 40
2 25 6

5 0.463
8 0.174–3.497 1.43 0.551–3.716

17 192 35
7 67 11

9 0.815
1 0.479–3.033 0.916 0.440–1.910

18 192 35
6 67 11

7 0.695
8 0.372–2.579 0.863 0.413–1.805



Table 4
HIF-1a genotype compared with risk factors and recurrence in buccal cancer.

C1772T G1790A C1772T and G1790A
Genotype Genotype Genotype

C/C C/T G/G G/A C/C or G/G C/T or G/A

Areca chewing
No 7 2 18 0 24 2
Yes 110 7 99 11 93 17
P 0.028 0.999 0.234
OR (95% CI) 0.111 0.016–0.789 94,321,330 0–0 0.318 0.048–2.099

Cigarette smoking
No 11 1 14 0 21 1
Yes 106 8 103 11 96 18
P 0.996 0.999 0.996
OR (95% CI) 0.000 0–0 18,559,156 0–0 0.000 0–0

Alcohol consumption
No 16 1 8 0 26 1
Yes 101 8 109 11 91 18
P 0.566 0.999 0.786
OR (95% CI) 0.519 0.055–4.892 128,982,514 0–0 1.357 0.151–12.196

Recurrence
No 79 9 82 8 82 16
Yes 38 0 35 3 35 3
P 0.999 0.544 0.050
OR (95% CI) 0.000 0–0 0.647 0.159–2.639 0.266 0.071–1.002

Binary logistic regression analysis (adjusted for age and sex).
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SNP sites have been found in exon 12 within ODDD of the HIF-1a
protein. We found that two out of nine OSCC had the G1790A G/A
genotype of HIF-1a. Since no polymorphism was found in the syn-
onymous SNP in OSCC cells, the importance of these synonymous
SNP was excluded from the risk assessment of OSCC. Further dis-
section in OSCC patients and controls also excluded the association
between G1790A and the risk of OSCC. One study reported a signif-
icant association between G1790A and OSCC susceptibility.22 Mu-
noz-Guerra et al.23 found an association between G1790A and the
risk of T1/T2 OSCC. Although the discrepancy between our studies
and previous studies may represent a difference in race or study
cohort, it is also likely that our control cohort is too small to signify
a statistical difference for risk assessment.22,23 The lack of correla-
tion identified between the HIF-1a polymorphism and OSCC risk
could be supported by the fact that HIF-1a expressed in the upper
layers of normal squamous epithelium could be associated with
squamous differentiation rather than oncogenesis.28

Studies have demonstrated that C1772T or G1790A can affect
the normal physiological function of HIF-1a. Both C1772T or
G1790A increase HIF-1a stability and HIF transcription activi-
ties16,17,21 and this might underlie the increased microvascularity
in HNSCC and OSCC.16,21 Our results implicated G1790A polymor-
phism in the growth of OSCC as reflected by the presence of a
higher frequency of the G/A genotype and the A allelotype in T3/
T4 tumors in relation to contrasting groups. There was also a bor-
derline increase in the A allelotype in T4 tumors relative to the
remaining tumors (p = 0.0551; OR = 2.407, 95% CI = 0.9962–
5.813; detailed analysis not shown). Munoz-Guerra et al.23 ad-
dressed a correlation between the A allelotype and relapse or the
short survival of T1/T2 patients. This study further specified the
marked association between the G/A genotype and the A allelotype
and the tumor size. Since HIF-1a is up-regulated during hypoxia,
which benefits tumor progression in at the late stage, it is postu-
lated that tumors carrying the G1790A polymorphism might exhi-
bit HIF-1a activity for growth even when the oxygen level is
sufficient when the tumor size is small.10 This postulation needs
to be clarified by a study of expression. Our analysis indicated
no increase in the G/A genotype and the A allelotype in N+ subjects
relative to N0 subjects; therefore, the increase in the G/A genotype
in late-stage subjects could be due mainly to the impact of tumor
size.

The higher nuclear HIF-1a labeling indices in tissues signifi-
cantly correlate with OSCCs of larger size, lymph node metastasis,
and more advanced clinical stage15; and C1772T could provide HIF-
1a with higher stability.17 Our findings were in agreement with
previous studies in OSCC denoting no association between
C1772T and the risk or progression of such tumors.22,23 However,
these findings conflict with those in HNSCC and carcinomas in
the endometrium, esophagus, colorectum, and prostate.16–20

Although HIF-1a expression modulates tumor progression and sur-
vival in hypoxic microenvironments, there are additional crucial
factors, whose regulation is independent from hypoxia, being in-
volved in the OSCC progression.24,29 The interaction between these
factors and HIF-1a for OSCC progression requires clarification.

Most of the OSCC patients have buccal cancer, which is caused
by betel nut chewing in Taiwan. The recurrence rate of buccal can-
cer patients with C/T or G/A heterozygous HIF-1a genotypes is low.
The result was different to HIF-1a expression in breast cancer,
which was significantly predictive of metastasis risk and of re-
lapse.30 Both C1772T and G1790A HIF-1a make HIF-1a protein
more stable to wild-type (C/C and G/G) to increase the HIF tran-
scription activator function.16,17,21 Factors inhibiting the HIF-1
(FIH-1) protein that interact with amino acid 531–826 of HIF-1a
include the C1772T and G1790A polymorphism sites.31 Both poly-
morphism sites might decrease the binding affinity between FIH-1
and HIF-1a and increase the transcription activator function of
HIF-1 protein. The expression of HIF-1a affects many physiological
functions that have complicated regulation mechanisms.32 The
mechanism of endometrial carcinoma recurrence with higher
HIF-1a expression but lower microvessel density is still un-
clear.32,33 The induction of HIF-1 will increase mRNA expression
of the N-Myc downstream regulated gene-1 (NDRG1, tumor sup-
pressor gene).34 Whether NDRG1 was specifically induced by
HIF-1 in buccal cancer is still unknown .These suppositions need
more evidence and information before they are proven.

In conclusion, C1772T and G1790A of the HIF-1a gene were
important factors for enhancing the betel nut effect of the buccal
site and increasing the tumor size in oral cancer respectively. Carry
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anyone of these polymorphism sites of buccal cancer patients were
low recurrence.

Conflicts of interest statement

None declared.

Acknowledgments

This study was supported by a Research Grant (CMU97-205)
from China Medical University, and NSC97-2314-B-039-041 from
the National Science Council, Taiwan.

References

1. Lu SY, Chang KW, Liu CJ, Tseng YH, Lu HH, Lee SY, et al. Ripe areca nut extract
induces G1 phase arrests and senescence-associated phenotypes in normal
human oral keratinocyte. Carcinogenesis 2006;27(6):1273–84.

2. Ko YC, Huang YL, Lee CH, Chen MJ, Lin LM, Tsai CC. Betel quid chewing, cigarette
smoking and alcohol consumption related to oral cancer in Taiwan. J Oral Pathol
Med 1995;24(10):450–3.

3. Chen YJ, Chang JT, Liao CT, Wang HM, Yen TC, Chiu CC, et al. Head and neck
cancer in the betel quid chewing area: recent advances in molecular
carcinogenesis. Cancer Sci 2008;99(8):1507–14.

4. Folkman J, Merler E, Abernathy C, Williams G. Isolation of a tumor factor
responsible for angiogenesis. J Exp Med 1971;133(2):275–88.

5. Maxwell PH, Pugh CW, Ratcliffe PJ. Activation of the HIF pathway in cancer. Curr
Opin Genet Dev 2001;11(3):293–9.

6. Wang GL, Jiang BH, Rue EA, Semenza GL. Hypoxia-inducible factor 1 is a basic-
helix–loop–helix-PAS heterodimer regulated by cellular O2 tension. Proc Natl
Acad Sci USA 1995;92(12):5510–4.

7. Jiang BH, Zheng JZ, Leung SW, Roe R, Semenza GL. Transactivation and
inhibitory domains of hypoxia-inducible factor 1alpha. Modulation of
transcriptional activity by oxygen tension. J Biol Chem 1997;272(31):19253–60.

8. Maxwell PH, Wiesener MS, Chang GW, Clifford SC, Vaux EC, Cockman ME, et al.
The tumour suppressor protein VHL targets hypoxia-inducible factors for
oxygen-dependent proteolysis. Nature 1999;399(6733):271–5.

9. Ohh M, Park CW, Ivan M, Hoffman MA, Kim TY, Huang LE, et al. Ubiquitination
of hypoxia-inducible factor requires direct binding to the beta-domain of the
von Hippel–Lindau protein. Nat Cell Biol 2000;2(7):423–7.

10. Tanimoto K, Makino Y, Pereira T, Poellinger L. Mechanism of regulation of the
hypoxia-inducible factor-1 alpha by the von Hippel–Lindau tumor suppressor
protein. EMBO J 2000;19(16):4298–309.

11. Bos R, Zhong H, Hanrahan CF, Mommers EC, Semenza GL, Pinedo HM, et al.
Levels of hypoxia-inducible factor-1 alpha during breast carcinogenesis. J Natl
Cancer Inst 2001;93(4):309–14.

12. Zhong H, De Marzo AM, Laughner E, Lim M, Hilton DA, Zagzag D, et al.
Overexpression of hypoxia-inducible factor 1alpha in common human cancers
and their metastases. Cancer Res 1999;59(22):5830–5.

13. Koukourakis MI, Giatromanolaki A, Skarlatos J, Corti L, Blandamura S, Piazza M,
et al. Hypoxia inducible factor (HIF-1a and HIF-2a) expression in early
esophageal cancer and response to photodynamic therapy and radiotherapy.
Cancer Res 2001;61(5):1830–2.

14. Uehara M, Sano K, Ikeda H, Nonaka M, Asahina I. Hypoxia-inducible factor 1
alpha in oral squamous cell carcinoma and its relation to prognosis. Oral Oncol
2009;45(3):241–6.

15. Lin PY, Yu CH, Wang JT, Chen HH, Cheng SJ, Kuo MY, et al. Expression of
hypoxia-inducible factor-1 alpha is significantly associated with the
progression and prognosis of oral squamous cell carcinomas in Taiwan. J Oral
Pathol Med 2008;37(1):18–25.
16. Tanimoto K, Yoshiga K, Eguchi H, Kaneyasu M, Ukon K, Kumazaki T, et al.
Hypoxia-inducible factor-1alpha polymorphisms associated with enhanced
transactivation capacity, implying clinical significance. Carcinogenesis
2003;24(11):1779–83.

17. Fu XS, Choi E, Bubley GJ, Balk SP. Identification of hypoxia-inducible factor-
1alpha (HIF-1alpha) polymorphism as a mutation in prostate cancer that
prevents normoxia-induced degradation. Prostate 2005;63(3):215–21.

18. Konac E, Onen HI, Metindir J, Alp E, Biri AA, Ekmekci A. An investigation of
relationships between hypoxia-inducible factor-1 alpha gene polymorphisms
and ovarian, cervical and endometrial cancers. Cancer Detect Prev
2007;31(2):102–9.

19. Ling TS, Shi RH, Zhang GX, Zhu H, Yu LZ, Ding XF. Common single nucleotide
polymorphism of hypoxia-inducible factor-1alpha and its impact on the
clinicopathological features of esophageal squamous cell carcinoma. Chin J
Dig Dis 2005;6(4):155–8.

20. Fransen K, Fenech M, Fredrikson M, Dabrosin C, Soderkvist P. Association
between ulcerative growth and hypoxia inducible factor-1alpha
polymorphisms in colorectal cancer patients. Mol Carcinog
2006;45(11):833–40.

21. Hebert C, Norris K, Parashar P, Ord RA, Nikitakis NG, Sauk JJ. Hypoxia-inducible
factor-1alpha polymorphisms and TSC1/2 mutations are complementary in
head and neck cancers. Mol Cancer 2006;5:3.

22. Chen MK, Chiou HL, Su SC, Chung TT, Tseng HC, Tsai HT, et al. The association
between hypoxia inducible factor-1alpha gene polymorphisms and increased
susceptibility to oral cancer. Oral Oncol 2009;45:e222–6.

23. Munoz-Guerra MF, Fernandez-Contreras ME, Moreno AL, Martin ID, Herraez B,
Gamallo C. Polymorphisms in the hypoxia inducible factor 1-alpha and the
impact on the prognosis of early stages of oral cancer. Ann Surg Oncol
2009;16(8):2351–8.

24. Shieh TM, Lin SC, Liu CJ, Chang SS, Ku TH, Chang KW. Association of expression
aberrances and genetic polymorphisms of lysyl oxidase with areca-associated
oral tumorigenesis. Clin Cancer Res 2007;13(15 Pt 1):4378–85.

25. Chen JC, Lu KW, Tsai ML, Hsu SC, Kuo CL, Yang JS, et al. Gypenosides induced
G0/G1 arrest via CHk2 and apoptosis through endoplasmic reticulum stress and
mitochondria-dependent pathways in human tongue cancer SCC-4 cells. Oral
Oncol 2009;45(3):273–83.

26. Lin CC, Yang JS, Chen JT, Fan S, Yu FS, Yang JL, et al. Berberine induces apoptosis
in human HSC-3 oral cancer cells via simultaneous activation of the death
receptor-mediated and mitochondrial pathway. Anticancer Res
2007;27(5A):3371–8.

27. Shieh TM, Tu HF, Ku TH, Chang SS, Chang KW, Liu CJ. Association between lysyl
oxidase polymorphisms and oral submucous fibrosis in older male areca
chewers. J Oral Pathol Med 2009;38(1):109–13.

28. Fillies T, Werkmeister R, van Diest PJ, Brandt B, Joos U, Buerger H. HIF1-alpha
overexpression indicates a good prognosis in early stage squamous cell
carcinomas of the oral floor. BMC Cancer 2005;5:84.

29. Yang MH, Wu MZ, Chiou SH, Chen PM, Chang SY, Liu CJ, et al. Direct regulation
of TWIST by HIF-1alpha promotes metastasis. Nat Cell Biol
2008;10(3):295–305.

30. Dales JP, Garcia S, Meunier-Carpentier S, Andrac-Meyer L, Haddad O, Lavaut
MN, et al. Overexpression of hypoxia-inducible factor HIF-1alpha predicts early
relapse in breast cancer: retrospective study in a series of 745 patients. Int J
Cancer 2005;116(5):734–9.

31. Mahon PC, Hirota K, Semenza GL. FIH-1: a novel protein that interacts with HIF-
1alpha and VHL to mediate repression of HIF-1 transcriptional activity. Genes
Dev 2001;15(20):2675–86.

32. Weidemann A, Johnson RS. Biology of HIF-1alpha. Cell Death Differ
2008;15(4):621–7.

33. Pijnenborg JM, Wijnakker M, Hagelstein J, Delvoux B, Groothuis PG. Hypoxia
contributes to development of recurrent endometrial carcinoma. Int J Gynecol
Cancer 2007;17(4):897–904.

34. Scortegagna M, Martin RJ, Kladney RD, Neumann RG, Arbeit JM. Hypoxia-
inducible factor-1alpha suppresses squamous carcinogenic progression and
epithelial–mesenchymal transition. Cancer Res 2009;69(6):2638–46.


	Association between the polymorphisms in exon 12
	Introduction
	Materials and methods
	Subjects
	Genotyping
	Statistical analysis

	Results
	Discussion
	Conflicts of interest statement
	Acknowledgments
	References


