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Abstract

Background

Oral squamous cell carcinoma (OSCC) is the sixth and fourth most common cause of can-
cer death in men worldwide and in Taiwan, respectively. AURKA, which encodes a cen-
trosome-related serine/threonine kinase, is frequently amplified and overexpressed in
many human cancers, particularly advanced OSCC. We conducted a hospital-based
case-control study to estimate AURKA single-nucleotide polymorphisms (SNPs) and
environmental risk factors to determine OSCC susceptibility and clinicopathological
characteristics.

Methodology/Principal findings

We enrolled a total of 876 OSCC patients and 1200 controls. Four SNPs of AURKA,
namely rs1047972, rs2273535, rs2064863, and rs6024836, were analyzed using real-
time polymerase chain reaction (PCR). Among the 1420 smokers, the AURKA polymor-
phism carriers with the betel nut chewing habit had a higher risk of oral cancer than
AURKA wild-type (WT) carriers without the betel nut chewing habit. Patients with the
AURKA rs2064863 gene had a 1.365-fold higher risk of stage Il or IV OSCC (95% confi-
dence interval [Cl] 1.029-1.811) than those with the rs2064863 WT gene. Furthermore,
carriers of the AURKA rs1047972/rs2273535/rs2064863 C-A-T haplotype had a 1.736-
fold (95% CI 1.110-2.715) higher risk of OSCC than controls (C-T-T, the most common
haplotype). Among patients with the betel quid chewing habit, carriers of other haplotypes
(C-T-T, C-A-G, T-A-T, T-A-G, T-T-T, and C-T-G) had a 12.857-fold (95% CI 10.731—
15.404) increased risk, and carriers of the C-A-T haplotype had the highest risk (AOR:
31.120; 95% CI 13.864—-69.850) of OSCC, compared with those without the betel quid
chewing who harbored other haplotypes.
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Conclusions

In conclusion, betel nut chewing combined with the AURKA C-A-T haplotypes lead to a high
risk of OSCC. These findings reveal a novel genetic-environmental predisposition for oral
tumorigenesis.

Introduction

More than 90% of all head and neck malignant tumors occur in oral squamous cell carcinoma
(OSCC) patients [1]. OSCC is the sixth and fourth most common cause of cancer death in
men worldwide and in Taiwan, respectively [2]. Patients usually seek treatment only at the
advanced stage of OSCC, resulting in a relatively low 5-year survival rate [3]. Both genetic fac-
tors and carcinogen-exposure behaviors (for example: betel nut chewing, alcohol consump-
tion, and tobacco) regulate OSCC development [4, 5]. Moreover, our previous studies have
demonstrated that genetic polymorphism combined with betel nut carcinogens may increase
susceptibility to OSCC [6-12]. The results illustrate the importance of single-nucleotide poly-
morphisms (SNPs) for predicting risk or prognosis of OSCC.

AURKA, also known as Aurora Kinase A, encodes a centrosome-related serine/threonine
kinase and is frequently amplified and overexpressed in many human cancers [13-15], partic-
ularly advanced OSCC [16]. Moreover, this gene has been identified as a definite low-pene-
trance tumor susceptibility gene [17]. The high expression of AURKA might be induced by
centrosome amplification, aberrant chromosome segregation, aneuploidy, and malignant
transformation [18-20], thus mediating the molecular mechanisms underlying carcinogenesis.
The genetic associations of AURKA with several conditions have been documented. Lee et al
demonstrated that the AA genotype of AURKA rs2273535 T> A was associated with an
increased risk of oral cancer [21]. Dai et al reported that Caucasians harboring AURKA
rs1047972 T>C had a reduced breast cancer risk [22]. However, few genetic variants of
AURKA have been associated with OSCC.

In this case-control study, we investigated the relationship of four AURKA polymorphisms
—namely rs1047972, rs2273535, rs2064863, and rs6024836—with OSCC susceptibility in Tai-
wanese male patients with OSCC.

Results
Patient characteristics and distribution of oral cancer

The distributions of the demographic characteristics of the study subjects are summarized in
Table 1. A total of 876 male patients with oral cancer and 1200 male controls were included in
this study. The mean age + SD in the controls and patients was 53.90 + 10.02 and 54.80 + 11.03
years, respectively. A significant difference was observed in the prevalence of betel nut chew-
ing, cigarette smoking, and alcohol drinking between oral cancer patients and controls.

Associations between AURKA SNP and oral cancer

In the control group, the genotypic frequencies of AURKA SNP rs1047972 C/T, rs2273535 A/
T, 1s2064863, and rs6024836 A/G were in Hardy-Weinberg equilibrium (p > 0.05). The geno-
typic and allelic frequencies of AURKA SNPs in oral cancer patients and controls are shown in
Table 2. After adjustment for age, betel quid chewing, cigarette smoking, and alcohol drinking,
no significant difference was observed between oral cancer patients and controls.
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Table 1. The distributions of demographical characteristics in 1200 controls and 876 male patients with oral cancer.

Variable Controls (N = 1200) Patients (N = 876) p value
Age (yrs)
53.90 + 10.02 54.80+11.03 p=0.06
Betel quid chewing
No 1001 (83.4%) 175 (20.0%)
Yes 199 (16.6%) 701 (80.0%) p <0.01*
Cigarette smoking
No 564 (47.0%) 92 (10.5%)
Yes 636 (53.0%) 784 (89.5%) p <0.01*
Alcohol drinking
No 963 (80.3%) 388 (44.3%)
Yes 237 (19.8%) 488 (55.7%) p <0.01*
Stage
I+I1 435 (49.7%)
H+IV 441 (50.3%)
Tumor T status
T1+T2 512 (58.4%)
T3+T4 364 (41.6%)
Lymph node status
NO 597 (68.2%)
N1+N2+N3 279 (31.8%)
Metastasis
MO 868 (99.1%)
M1 8 (0.9%)

Cell differentiation

Well differentiated

141 (16.1%)

Moderately or poorly differentiated

735 (83.9%)

Mann-Whitney U test or Fisher’s exact test was used between healthy controls and patients with oral cancer.

* p value < 0.05 as statistically significant.

doi:10.1371/journal.pone.0171583.t001

In Table 3, among the 1420 smokers, the subjects with AURKA rs1047972, rs2273535,
rs2064863, and rs6024836 polymorphisms who exhibited the betel nut chewing habit respec-
tively had 10.589-fold (95% confidence interval [CI] 6.994-16.032), 12.663-fold (95% CI
8.633-18.575), 17.912-fold (95% CI 6.596-48.643), and 13.912-fold (95% CI 9.392-20.607) sig-
nificantly higher risks of OSCC than did smokers with wild-type genes without the betel nut

chewing habit.

Associations between AURKA SNPs and the clinicopathologic status of

0OSCC

We further clarified the role of AURKA polymorphisms in the clinicopathologic status of

OSCC, such as the tumor clinical stage, tumor size, lymph node metastasis, and cell differentia-
tion. Among the 876 oral cancer patients, only patients with the AURKA rs2064863 gene had a
1.365-fold higher risk of stage IIT or IV OSCC (95% CI 1.029-1.811) than did patients with the
rs2064863 wild-type gene (p = 0.031). However, no significant difference was observed in the
tumor size, lymph node metastasis clinical stage, lymph node metastasis, or cell differentiation
(Table 4).
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Table 2. Genotyping and allele frequency of AURKA single nucleotide polymorphism in oral cancer and normal controls.

Variable Controls N = 1200(%) Patients N = 876 (%) AOR (95% CI) p value
rs1047972

cc 925 (77.1%) 668 (76.3%) 1.00

TC 261 (21.8%) 190 (21.7%) 0.93 (0.70-1.23) p=0.60
TT 14 (1.1%) 18 (2.0%) 1.95 (0.74-5.13) p=0.18
TC+TT 275 (22.9%) 208 (23.7%) 0.97 (0.74-1.27) p=0.84
C allele 2111 (88.0%) 1526 (87.1%) 1.00

T allele 289 (12.0%) 226 (12.9%) 1.02 (0.80-1.31) p=0.87
rs2273535

TT 583 (48.6%) 404 (46.1%) 1.00

AT 490 (40.8%) 368 (42.0%) 1.16 (0.91-1.48) p=0.25
AA 127 (10.6%) 104 (11.9%) 1.03 (0.70-1.51) p=0.88
AT+AA 617 (51.4%) 472 (53.9%) 1.13(0.90-1.42) p=0.31
T allele 1656 (69.0%) 1176 (67.1%) 1.00

Aallele 774 (31.0%) 576 (32.9%) 1.06 (0.89-1.26) p=0.50
rs2064863

TT 827 (68.9%) 590 (67.4%) 1.00

GT 338 (28.2%) 252 (28.8%) 1.01 (0.79-1.31) p=0.92
GG 35 (2.9%) 34 (3.8%) 1.21 (0.64-2.30) p=0.55
GT+GG 373 (31.1%) 286 (32.6%) 1.03(0.81-1.32) p=0.80
T allele 1992 (83.0%) 1432 (81.7%) 1.00

G allele 408 (17.0%) 320 (18.3%) 1.05(0.85-1.29) p=0.67
rs6024836

AA 525 (43.8%) 352 (40.2%) 1.00

AG 530 (44.2%) 397 (45.3%) 1.15 (0.90-1.47) p=0.26
GG 145 (12.0%) 127 (14.5%) 1.19(0.83-1.70) p=0.36
AG+GG 675 (56.2%) 524 (59.8%) 0.86 (0.68—1.09) p=0.22
Aallele 1580 (65.8%) 1101 (62.8%) 1.00

Gallele 820 (34.2%) 651 (37.2%) 1.11 (0.94-1.31) p=0.24

doi:10.1371/journal.pone.0171583.t002

Haplotype analysis of the AURKA gene

We used Haploview software and the PHASE program to calculate pairwise linkage disequilib-
rium (LD) and analyzed the common haplotypes. As shown in Table 5, the p value for the
global test of five haplotypes was 0.002 for OSCC development. The most common haplotype
was C-T-T (68.4%) in the control group; thus, this haplotype was used as the haplotype refer-
ence. Compared with the reference group, carriers with C-A-T or other haplotypes had
1.736-fold (95% CI 1.110-2.715) and 2.788-fold (95% CI 1.387-5.605) significantly increased
risks of OSCC (Table 5). Furthermore, we estimated the combined effect of betel quid chewing
and AURKA haplotypes on OSCC development (Table 6). Patients with other haplotypes
(C-T-T, C-A-G, T-A-T, T-A-G, T-T-T, and C-T-G) without the betel quid chewing habit were
selected as a reference group. After adjustment for the effects of age, cigarette smoking, and
alcohol drinking, patients with the betel quid chewing habit and other haplotypes had a
12.857-fold (95% CI 10.731-15.404) (p<0.001) increased risk. Moreover, those with the betel
quid chewing habit and the C-A-T haplotype had the highest risk of OSCC (AOR 31.120; 95%
CI 13.864-69.850; p<0.001).
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Table 3. Associations of the combined effect of AURKA gene polymorphisms and betel nut chewing with the susceptibility to oral cancer among

1420 smokers.

Variable
rs1047972

CC genotype & non-betel nut chewing
TC or TT genotype or betel nut chewing
TC or TT genotype with betel nut chewing

rs2273535

TT genotype & non-betel nut chewing
AT or AA genotype or betel nut chewing
AT or AA genotype with betel nut chewing

rs2064863

TT genotype & non-betel nut chewing
GT or GG genotype or betel nut chewing
GT or GG genotype with betel nut chewing

rs6024836

AA genotype & non-betel nut chewing
AG or GG genotype or betel nut chewing
AG or GG genotype with betel nut chewing

Controls (n = 636) (%)

348 (54.7%)
244 (38.4%)
44 (6.9%)

226 (35.5%)
313 (49.2%)
97 (15.3%)

318 (50.0%)
313 (49.2%)
5 (0.8%)

213 (33.5%)
314 (49.4%)
109 (17.1%)

93 (11.9%)
535 (68.2%)
156 (19.9%)

53 (6.8%)
376 (48.0%)
355 (45.2%)

80 (10.2%)
676 (86.2%)
28 (3.6%)

46 (5.9%)
342 (43.6%)
396 (50.5%)

Patients (n = 784) (%)

OR (95% Cl)

1.00
8.21 (5.87-11.47)
13.27 (8.09-21.77)

1.00
5.12 (3.40-7.71)
15.61 (9.88-24.64)

1.00
8.59 (6.10-12.08)
22.25 (6.70-73.89)

1.00
5.04 (3.27-7.77)
16.82 (10.54—26.85)

AOR (95% Cl)

1.00
6.80 (4.82-9.59)
10.59 (6.38-17.57)

1.00
4.28 (2.81-6.51)
12.66 (7.93-20.22)

1.00
7.25(5.11-10.29)
17.91 (5.29-60.69)

1.00
4.21 (2.70-6.58)
13.91 (8.61-22.48)

The adjusted odds ratios (AORs) with their 95% confidence intervals (Cls) were estimated by multiple logistic regression models after controlling for age

and alcohol drinking.

doi:10.1371/journal.pone.0171583.t003

Discussion

In this study, we observed that the combination of the AURKA gene polymorphisms with betel
nut chewing increased OSCC susceptibility. Furthermore, we observed an interaction between
the clinicopathological statuses and AURKA rs2064863 polymorphism. The results of pairwise
allele analysis for rs1047972/rs2273535/rs2064863 revealed that the C-A-T haplotype is associ-
ated with the risk of OSCC.

Table 4. Effect of AURKA rs2064863 polymorphism on clinical statuses in 786 male oral cancer.

Variable

Clinical Stage
Stage I/l

Stage lIl/IV

Tumor size

<T2

>T2

Lymph node metastasis
No

Yes

Cell differentiation
well

Moderate/poor

AURKA rs2064863
TT (n = 590) n (%)

278 (47.1%)
312 (52.9%)

333 (56.4%)
257 (43.6%)

392 (66.4%)
198 (33.6%)

97 (16.4%)
493 (83.6%)

GT+GG (n = 286) n (%)

157 (54.9%)
129 (45.1%)

179 (62.6%)
107 (37.4%)

205 (71.7%)
81 (28.3%)

44 (15.4%)
242 (84.6%)

& Adjusting for the effects of age, betel quid chewing, cigarette smoking and alcohol drinking

®p=0.03
°p=0.03

doi:10.1371/journal.pone.0171583.t004

OR (95% Cl)

1.00
1.37 (1.04-1.82)°

1.00
0.78 (0.58-1.04)

1.00
0.77 (0.57—1.05)

1.00
2.70 (0.709-10.30)

AOR (95% CI)®

1.00
1.37 (1.03-1.81)°

1.00
0.78 (0.58-1.04)

1.00
0.78 (0.57-1.06)

1.00
2.68 (0.70-10.24)
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Table 5. Frequencies of AURKA haplotypes in OSCC patients and control subjects.

Haplotype block Controls Patients OR (95% Cl) AOR (95% CI)?
rs1047972 T/C rs2273535 AIT rs2064863 T/G n =2400 n=1752

Global haplotype test (p = 0.0018)

C T T 1641 (68.4%) 1170 (66.8%) 1.00 1.00

C A G 399 (16.6%) 282 (16.1%) 0.99 (0.84-1.18) 0.95 (0.76-1.18)
T A T 269 (11.2%) 190 (10.8%) 0.99 (0.81-1.21) 0.92 (0.71-1.20)
C A T 69 (2.9%) 70 (4.0%) 1.42 (1.01-2.00)° 1.74 (1.11-2.72)°
Others® 22 (0.9%) 40 (2.2%) 2.55 (1.51-4.31)¢ 2.79 (1.39-5.61)f

& Adjusting for the effects of age, betel quid chewing, cigarette smoking and alcohol drinking
P Others: TAG (41), TTT (15), and CTG (6)

°p=0.04

9p<0.01

°p=0.02

fp<0.01

doi:10.1371/journal.pone.0171583.t005

AURKA overexpression has been demonstrated in various human cancers, including breast
cancer, head and neck squamous cell carcinoma, colorectal cancer, ovarian cancer, and
advanced OSCC [13-16, 23]. The abnormal expression of AURKA might lead to high chromo-
some instability in tumors and further increase susceptibility to malignant transformation
[24]. These processes may result from the gaining of the chromosome 20q amplicon, which
promotes the progression of adenoma to carcinoma [25]. Activation of the Wnt/B-catenin and
PI3K/Akt signaling pathways plays a crucial role in cancer development [26]. Moreover,
AURKA overexpression promotes cell proliferation and tumor progression and metastasis
[27-29]. Furthermore, the blocking of AURKA induces autophagy and apoptosis in mice and
significantly increases sensitivity to chemical treatment in OSCC [16, 30]. Taken together,
these findings indicate that AURKA knockdown might be a valuable therapeutic strategy for
OSsCC.

A previous study demonstrated that the AURKA 91A (rs2273535) allele polymorphism is
associated with a high risk of oral cancer [21]. Previous studies have also suggested that the
AURKA rs2273535 polymorphism is associated with a high risk of breast cancer, particularly
in Asians [31]. However, the AURKA rs1047972 polymorphism has been shown to reduce the
incidence of breast cancer in Caucasians [22]. In this study, our data showed that AURKA
polymorphisms were not associated with the risk of OSCC (Table 2). However, the significant
interaction between the investigated AURKA polymorphisms and betel nut chewing was

Table 6. Combined effect of betel quid chewing and AURKA haplotypes on OSCC development.

Betel quid chewing AURKA haplotype Controls Patients AOR (95% CI)°

n = 2400 n=1752
Yes C-A-T 7 (0.3%) 55 (3.1%) 31.09 (13.86-69.79)°
Yes Others? 391 (16.3%) 1347 (76.9%) 12.81 (10.70-15.35)°
No C-A-T 62 (2.6%) 15 (0.9%) 1.44 (0.82-2.67)
No Others? 1940 (80.8%) 335 (19.1%) 1.00

@ Other haplotypes included C-T-T, C-A-G, T-A-T, T-A-G, T-T-T, and C-T-G
® Adjusting for the effects of age, cigarette smoking and alcohol drinking
c

p<0.01

doi:10.1371/journal.pone.0171583.t006
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associated with a high incidence of OSCC in smokers. These results suggest that environmen-
tal risk factors such as betel nut chewing and tobacco smoking influence AURKA gene expres-
sion, subsequently leading to a high incidence of OSCC.

The present study demonstrated that the AURKA rs2064863 polymorphism was associated
with a high risk of stage III/TV OSCC but not with tumor size, metastasis to the lymph node
and distant organs, or cell differentiation (Table 4). Chuang et al reported that AURKA gene
overexpression was strongly associated with the progression of colorectal adenoma to colorec-
tal cancer. AURKA overexpression may cause high chromosome instability in tumors and
further increase susceptibility to malignant transformation [24]. Sillard-Hardebol et al also
observed the same results [25]. However, the possibility of an association among the advanced
stage, AURKA expression level, and AURKA genotype, as well as the effects of the AURKA
genotype on oral cancer risk, require further investigation.

A study found that the AURKA rs2273535 polymorphism increases the risk of breast can-
cer, and that the rs1047972 polymorphism is a protective factor for breast cancer [22]. A study
conducted in Korea revealed that the AURKA rs2273535 polymorphism was in strong LD with
the rs1047972 genotype, and that patients with the AURKA haplotype variants had high kinase
activity and a high risk of progression to advanced stage gastric cancer [32]. In the present
study, we observed that subjects with the rs1047972/rs2273535/rs2064863 C-A-T haplotype
had a higher risk of OSCC than those with the common C-T-T haplotype. These results indi-
cate that the AURKA gene variants might have different functional roles in different cancers.

The incidence of OSCC is particularly high in Taiwan because of the popularity of betel nut
chewing. Approximately 2.5 million people in Taiwan have the betel nut chewing habit [33].
Several studies have indicated that betel quid may damage the oral mucosa, inducing genotoxic
or nongenotoxic effects, which are associated with the initiation, promotion, and progression
of OSCC [34-39]. In our study, betel nut chewing was related to OSCC development. There-
fore, we estimated the combined effect of betel nut chewing and AURKA haplotypes on OSCC
development. Among patients without the betel nut chewing habit, those with the AURKA
rs1047972/rs2273535/rs2064863 C-A-T haplotype had a 1.443-fold (95% CI 0.801-2.601)
higher risk of OSCC than those with other haplotypes, but the risk was nonsignificant. More-
over, we observed that betel nut users with other AURKA haplotypes had an increased risk of
OSCC. Thus, the increased risk might result from betel nut chewing. Betel nut users with
the AURKA rs1047972/rs2273535/rs2064863 C-A-T haplotype had a higher risk of OSCC. Pre-
vious studies have demonstrated that AURKA 91A (Ile31) is a low-penetrance tumor suscepti-
bility allele, and individuals homozygous or heterozygous for this allele tend to exhibit an
increased risk of several human cancers [40-45]. Matarasso et al confirmed that the expression
level of AURKA mRNA was higher in Ile31/Ile31-homozygous (2.07-fold) and Phe31/Ile31-he-
terozygous (1.93-fold) samples from normal prostate tissues than in Phe31/Phe31-homozy-
gous samples [46]. In addition, the AURKA rs1047972 polymorphism, which results in a
valine-to-isoleucine substitution, has been investigated for its association with breast cancer,
and this polymorphism has been found to be a protective factor for breast cancer in Caucasians
but not in Asians [22, 47]. The effect of this SNP on OSCC has not been clarified. Betel nut
chewing may induce OSCC, and betel quid components can stimulate the activation of Src
and ERK for promoting the migration and motility of cancer cells [48]. Thus, betel nut chew-
ing might alter AURKA expression, thereby impairing cell growth, differentiation, and
inflammation.

Our study has some limitations. First, our data were collected from two medical centers
and may have referral bias; future studies can therefore collect data from different regions in
Taiwan to verify our present data. Second, the questionnaire on betel nut, tobacco, and alco-
hol use described users as “ever users” and “never users.” Data on the amount, length, and
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history of betel nut, tobacco, and alcohol use could not be collected to conduct a comprehen-
sive analysis.

In conclusion, betel nut users with the AURKA C-A-T haplotypes have a high risk of
OSCC. In addition, the SNP rs2064863 is associated with a high risk of developing advanced-
stage tumors. These findings reveal a novel genetic-environmental predisposition for oral
tumorigenesis.

Materials and methods
Study subjects and specimen collection

In this study, we enrolled 876 male patients with OSCC from Chung Shan Medical University
Hospital in Taichung, Taiwan from 2007 to 2015. In the 876 patients, the tumors were located
in the buccal mucosa, tongue, gingiva, palate, floor of the mouth, and other sites. For the con-
trol group, we selected 1200 healthy male individuals with no self-reported history of cancer at
any site from the Taiwan Biobank. Each subject completed a questionnaire on their demo-
graphic characteristics, betel nut chewing, tobacco use, and alcohol consumption, and medical
history. Whole blood specimens collected from OSCC patients and controls were placed in
tubes containing ethylenediamine tetra-acetic acid (EDTA), immediately centrifuged, and
stored at —80°C. All participants were provided with a written description of the study. The
Institutional Review Board of Chung Shan Medical University Hospital approved this study
(CSMUH No: CS13214-1), and informed written consent was obtained from each participant.

Determination of genotypes

Genomic DNA was isolated from peripheral blood using QIAamp DNA blood mini kits (Qia-
gen, Valencia, CA, USA) following manufacturer instructions. DNA was dissolved in TE
buffer (10 mM Tris and 1 mM EDTA acid; pH 7.8) and quantified by measuring the optical
density at 260 nm. The final preparation was stored at —20°C and used as templates for poly-
merase chain reaction (PCR). Allelic discrimination of the rs1047972, rs2273535, rs2064836,
and rs6024836 AURKA polymorphisms was performed using TagMan SNP genotyping assays
with the ABI StepOne™ Real-Time PCR System (Applied Biosystems, Foster City, CA, USA),
and these polymorphisms were further analyzed using SDS version 3.0 (Applied Biosystems).

Statistical analysis

Hardy-Weinberg equilibrium was assessed using a chi-square goodness-of-fit test for bi-allelic
markers. The Mann-Whitney U test and Fisher’s exact test were used to compare differences
in the distribution of age and demographic characteristics between the controls and OSCC
patients. ORs with 95% CIs were estimated using logistic regression models. AORs with 95%
CIs were used to assess association between genotype frequencies with OSCC risk and clinical
factors. Moreover, Bonferroni correction is used to adjust for multiple comparisons. p values
less than 0.05 were considered significant. The data were analysed with SPSS 12.0 statistical
software (SPSS Inc., Chicago, IL, USA).

Acknowledgments

This study was supported by CSH-2016-E-002-Y2 from Chung Shan Medical University Hos-
pital Taiwan, respectively. The funders had no role in study design, data collection and analy-
sis, decision to publish, or preparation of the manuscript.

PLOS ONE | DOI:10.1371/journal.pone.0171583 February 2, 2017 8/11



@° PLOS | ONE

Genetic variants of AURKA in oral cancer

Author contributions

Conceptualization: CWL.

Data curation: CHC.

Formal analysis: YEC.

Funding acquisition: SFY.

Investigation: CWL.

Methodology: CYC.

Resources: CYC.

Validation: CWL.

Writing - original draft: CHC CWL.

Writing - review & editing: CHC CWL.

References

1.

10.

11.

12

Liao KA, Tsay YG, Huang LC, Huang HY, Li CF, Wu TF. Search for the tumor-associated proteins of
oral squamous cell carcinoma collected in Taiwan using proteomics strategy. Journal of proteome
research. 2011; 10(5):2347-58. doi: 10.1021/pr101146w PMID: 21322651

Chien MH, Liu YF, Hsin CH, Lin CH, Shih CH, Yang SF, et al. Impact of VEGF-C gene polymorphisms
and environmental factors on oral cancer susceptibility in Taiwan. PloS one. 2013; 8(4):e60283. doi: 10.
1371/journal.pone.0060283 PMID: 23593187

Hamad HM. Cancer initiatives in Sudan. Annals of oncology: official journal of the European Society for
Medical Oncology / ESMO. 2006; 17 Suppl 8:viii32—viii6.

Shastry BS. SNP alleles in human disease and evolution. Journal of human genetics. 2002; 47
(11):561-6. doi: 10.1007/s100380200086 PMID: 12436191

Zheng SL, Sun J, Wiklund F, Smith S, Stattin P, Li G, et al. Cumulative association of five genetic vari-
ants with prostate cancer. The New England journal of medicine. 2008; 358(9):910-9. doi: 10.1056/
NEJMoa075819 PMID: 18199855

Cheng HL, Liu YF, Su CW, Su SC, Chen MK, Yang SF, et al. Functional genetic variant in the Kozak
sequence of WW domain-containing oxidoreductase (WWOX) gene is associated with oral cancer risk.
Oncotarget. 2016; 7(43):69384—96. Epub 2016/09/23. doi: 10.18632/oncotarget. 12082 PMID:
27655721

Chou YE, Hsieh MJ, Hsin CH, Chiang WL, Lai YC, Lee YH, et al. CD44 gene polymorphisms and envi-
ronmental factors on oral cancer susceptibility in Taiwan. PloS one. 2014; 9(4):€93692. Epub 2014/04/
05. doi: 10.1371/journal.pone.0093692 PMID: 24699672

Chu YH, Tzeng SL, Lin CW, Chien MH, Chen MK, Yang SF. Impacts of microRNA gene polymorphisms
on the susceptibility of environmental factors leading to carcinogenesis in oral cancer. PloS one. 2012;
7(6):€39777. Epub 2012/07/05. doi: 10.1371/journal.pone.0039777 PMID: 22761899

Chung TT, Pan MS, Kuo CL, Wong RH, Lin CW, Chen MK, et al. Impact of RECK gene polymorphisms
and environmental factors on oral cancer susceptibility and clinicopathologic characteristics in Taiwan.
Carcinogenesis. 2011; 32(7):1063-8. Epub 2011/05/14. doi: 10.1093/carcin/bgr083 PMID: 21565829

Lin CW, Yang SF, Chuang CY, Lin HP, Hsin CH. Association of matrix metalloproteinase-11 polymor-
phisms with susceptibility and clinicopathologic characteristics for oral squamous cell carcinoma. Head
& neck. 2015; 37(10):1425-31. Epub 2014/05/20.

Su CW, Huang YW, Chen MK, Su SC, Yang SF, Lin CW. Polymorphisms and Plasma Levels of Tissue
Inhibitor of Metalloproteinase-3: Impact on Genetic Susceptibility and Clinical Outcome of Oral Cancer.
Medicine. 2015; 94(46):€2092. Epub 2015/11/19. doi: 10.1097/MD.0000000000002092 PMID:
26579821

Su SC, Hsieh MJ, Liu YF, Chou YE, Lin CW, Yang SF. ADAMTS14 Gene Polymorphism and Environ-
mental Risk in the Development of Oral Cancer. PloS one. 2016; 11(7):e0159585. Epub 2016/07/28.
doi: 10.1371/journal.pone.0159585 PMID: 27463966

PLOS ONE | DOI:10.1371/journal.pone.0171583 February 2, 2017 9/11


http://dx.doi.org/10.1021/pr101146w
http://www.ncbi.nlm.nih.gov/pubmed/21322651
http://dx.doi.org/10.1371/journal.pone.0060283
http://dx.doi.org/10.1371/journal.pone.0060283
http://www.ncbi.nlm.nih.gov/pubmed/23593187
http://dx.doi.org/10.1007/s100380200086
http://www.ncbi.nlm.nih.gov/pubmed/12436191
http://dx.doi.org/10.1056/NEJMoa075819
http://dx.doi.org/10.1056/NEJMoa075819
http://www.ncbi.nlm.nih.gov/pubmed/18199855
http://dx.doi.org/10.18632/oncotarget.12082
http://www.ncbi.nlm.nih.gov/pubmed/27655721
http://dx.doi.org/10.1371/journal.pone.0093692
http://www.ncbi.nlm.nih.gov/pubmed/24699672
http://dx.doi.org/10.1371/journal.pone.0039777
http://www.ncbi.nlm.nih.gov/pubmed/22761899
http://dx.doi.org/10.1093/carcin/bgr083
http://www.ncbi.nlm.nih.gov/pubmed/21565829
http://dx.doi.org/10.1097/MD.0000000000002092
http://www.ncbi.nlm.nih.gov/pubmed/26579821
http://dx.doi.org/10.1371/journal.pone.0159585
http://www.ncbi.nlm.nih.gov/pubmed/27463966

@° PLOS | ONE

Genetic variants of AURKA in oral cancer

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Goos JA, Coupe VM, Diosdado B, Delis-Van Diemen PM, Karga C, Belien JA, et al. Aurora kinase A
(AURKA) expression in colorectal cancer liver metastasis is associated with poor prognosis. British jour-
nal of cancer. 2013; 109(9):2445-52. doi: 10.1038/bjc.2013.608 PMID: 24104968

Wang C, Yan Q, Hu M, Qin D, Feng Z. Effect of AURKA Gene Expression Knockdown on Angiogenesis
and Tumorigenesis of Human Ovarian Cancer Cell Lines. Targeted oncology. 2016.

Treekitkarnmongkol W, Katayama H, Kai K, Sasai K, Jones JC, Wang J, et al. Aurora kinase-A overex-
pression in mouse mammary epithelium induces mammary adenocarcinomas harboring genetic alter-
ations shared with human breast cancer. Carcinogenesis. 2016.

LiY, Zhang J. AURKA is a predictor of chemotherapy response and prognosis for patients with
advanced oral squamous cell carcinoma. Tumour biology: the journal of the International Society for
Oncodevelopmental Biology and Medicine. 2015; 36(5):3557—64.

Ewart-Toland A, Briassouli P, de Koning JP, Mao JH, Yuan J, Chan F, et al. Identification of Stké/
STK15 as a candidate low-penetrance tumor-susceptibility gene in mouse and human. Nature genetics.
2003; 34(4):403-12. doi: 10.1038/ng1220 PMID: 12881723

Sen S, Zhou H, White RA. A putative serine/threonine kinase encoding gene BTAK on chromosome
20qg13 is amplified and overexpressed in human breast cancer cell lines. Oncogene. 1997; 14
(18):2195-200. doi: 10.1038/sj.onc.1201065 PMID: 9174055

Bischoff JR, Anderson L, Zhu Y, Mossie K, Ng L, Souza B, et al. A homologue of Drosophila aurora
kinase is oncogenic and amplified in human colorectal cancers. The EMBO journal. 1998; 17(11):3052—
65. doi: 10.1093/emboj/17.11.3052 PMID: 9606188

Zhou H, Kuang J, Zhong L, Kuo WL, Gray JW, Sahin A, et al. Tumour amplified kinase STK15/BTAK
induces centrosome amplification, aneuploidy and transformation. Nature genetics. 1998; 20(2):189—
93. doi: 10.1038/2496 PMID: 9771714

Lee CP, Chiang SL, Lee CH, Tsai YS, Wang ZH, Hua CH, et al. AURKA Phe31lle polymorphism inter-
acted with use of alcohol, betel quid, and cigarettes at multiplicative risk of oral cancer occurrence. Clini-
cal oral investigations. 2015; 19(8):1825-32. doi: 10.1007/s00784-015-1432-5 PMID: 25697104

Dai ZJ, Kang HF, Wang XJ, Shao YP, Lin S, Zhao Y, et al. Association between genetic polymorphisms
in AURKA (rs2273535 and rs1047972) and breast cancer risk: a meta-analysis involving 37,221 sub-
jects. Cancer cell international. 2014; 14(1):91. doi: 10.1186/s12935-014-0091-y PMID: 25253995

Pickhard A, Siegl M, Baumann A, Huhn M, Wirth M, Reiter R, et al. The response of head and neck
squamous cell carcinoma to cetuximab treatment depends on Aurora kinase A polymorphism. Oncotar-
get. 2014; 5(14):5428-38. doi: 10.18632/oncotarget.2117 PMID: 24980817

Chuang TP, Wang JY, Jao SW, Wu CC, Chen JH, Hsiao KH, et al. Over-expression of AURKA, SKA3
and DSN1 contributes to colorectal adenoma to carcinoma progression. Oncotarget. 2016.

Sillars-Hardebol AH, Carvalho B, Tijssen M, Belien JA, de Wit M, Delis-van Diemen PM, et al. TPX2
and AURKA promote 20g amplicon-driven colorectal adenoma to carcinoma progression. Gut. 2012;
61(11):1568-75. doi: 10.1136/gutjnl-2011-301153 PMID: 22207630

Davidson KC, Adams AM, Goodson JM, McDonald CE, Potter JC, Berndt JD, et al. Wnt/beta-catenin
signaling promotes differentiation, not self-renewal, of human embryonic stem cells and is repressed by
Oct4. Proceedings of the National Academy of Sciences of the United States of America. 2012; 109
(12):4485-90. doi: 10.1073/pnas.1118777109 PMID: 22392999

Dar AA, Belkhiri A, EI-Rifai W. The aurora kinase A regulates GSK-3beta in gastric cancer cells. Onco-
gene. 2009; 28(6):866—75. doi: 10.1038/0nc.2008.434 PMID: 19060929

XulLZ, LongZJ, PengF, LiuY, Xu J, Wang C, et al. Aurora kinase a suppresses metabolic stress-
induced autophagic cell death by activating mTOR signaling in breast cancer cells. Oncotarget. 2014; 5
(17):7498-511. doi: 10.18632/oncotarget.2241 PMID: 25115395

JiaL, Lee HS, Wu CF, Kundu J, Park SG, Kim RN, et al. SMAD4 suppresses AURKA-induced meta-
static phenotypes via degradation of AURKA in a TGFbeta-independent manner. Molecular cancer
research: MCR. 2014; 12(12):1779-95. doi: 10.1158/1541-7786.MCR-14-0191 PMID: 25061104
Kao SY, Chen YP, Tu HF, Liu CJ, Yu AH, Wu CH, et al. Nuclear STK15 expression is associated with
aggressive behaviour of oral carcinoma cells in vivo and in vitro. The Journal of pathology. 2010; 222
(1):99-109. doi: 10.1002/path.2737 PMID: 20597069

Guo XG, Zheng L, Feng WB, Xia Y. The AURKA gene rs2273535 polymorphism contributes to breast
carcinoma risk—meta-analysis of eleven studies. Asian Pacific journal of cancer prevention: APJCP.
2014; 15(16):6709—14. Epub 2014/08/30. PMID: 25169513

JuH, ChoH, KimYS, Kim WH, Ihm C, Noh SM, et al. Functional polymorphism 57Val>lle of aurora
kinase A associated with increased risk of gastric cancer progression. Cancer letters. 2006; 242
(2):273-9. doi: 10.1016/j.canlet.2005.11.015 PMID: 16412566

PLOS ONE | DOI:10.1371/journal.pone.0171583 February 2, 2017 10/11


http://dx.doi.org/10.1038/bjc.2013.608
http://www.ncbi.nlm.nih.gov/pubmed/24104968
http://dx.doi.org/10.1038/ng1220
http://www.ncbi.nlm.nih.gov/pubmed/12881723
http://dx.doi.org/10.1038/sj.onc.1201065
http://www.ncbi.nlm.nih.gov/pubmed/9174055
http://dx.doi.org/10.1093/emboj/17.11.3052
http://www.ncbi.nlm.nih.gov/pubmed/9606188
http://dx.doi.org/10.1038/2496
http://www.ncbi.nlm.nih.gov/pubmed/9771714
http://dx.doi.org/10.1007/s00784-015-1432-5
http://www.ncbi.nlm.nih.gov/pubmed/25697104
http://dx.doi.org/10.1186/s12935-014-0091-y
http://www.ncbi.nlm.nih.gov/pubmed/25253995
http://dx.doi.org/10.18632/oncotarget.2117
http://www.ncbi.nlm.nih.gov/pubmed/24980817
http://dx.doi.org/10.1136/gutjnl-2011-301153
http://www.ncbi.nlm.nih.gov/pubmed/22207630
http://dx.doi.org/10.1073/pnas.1118777109
http://www.ncbi.nlm.nih.gov/pubmed/22392999
http://dx.doi.org/10.1038/onc.2008.434
http://www.ncbi.nlm.nih.gov/pubmed/19060929
http://dx.doi.org/10.18632/oncotarget.2241
http://www.ncbi.nlm.nih.gov/pubmed/25115395
http://dx.doi.org/10.1158/1541-7786.MCR-14-0191
http://www.ncbi.nlm.nih.gov/pubmed/25061104
http://dx.doi.org/10.1002/path.2737
http://www.ncbi.nlm.nih.gov/pubmed/20597069
http://www.ncbi.nlm.nih.gov/pubmed/25169513
http://dx.doi.org/10.1016/j.canlet.2005.11.015
http://www.ncbi.nlm.nih.gov/pubmed/16412566

@° PLOS | ONE

Genetic variants of AURKA in oral cancer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

Kao SY, Lim E. An overview of detection and screening of oral cancer in Taiwan. The Chinese journal of
dental research: the official journal of the Scientific Section of the Chinese Stomatological Association
(CSA). 2015; 18(1):7—12. Epub 2015/03/31.

Ko YC, Huang YL, Lee CH, Chen MJ, Lin LM, Tsai CC. Betel quid chewing, cigarette smoking and alco-
hol consumption related to oral cancer in Taiwan. Journal of oral pathology & medicine: official publica-

tion of the International Association of Oral Pathologists and the American Academy of Oral Pathology.

1995; 24(10):450-3.

Liu TY, Chen CL, Chi CW. Oxidative damage to DNA induced by areca nut extract. Mutation research.
1996; 367(1):25-31. PMID: 8596543

Kuo MY, Jeng JH, Chiang CP, Hahn LJ. Mutations of Ki-ras oncogene codon 12 in betel quid chewing-
related human oral squamous cell carcinoma in Taiwan. Journal of oral pathology & medicine: official
publication of the International Association of Oral Pathologists and the American Academy of Oral
Pathology. 1994; 23(2):70-4.

Jin YT, Tsai ST, Wong TY, Chen FF, Chen RM. Studies on promoting activity of Taiwan betel quid ingre-
dients in hamster buccal pouch carcinogenesis. European journal of cancer Part B, Oral oncology.
1996; 32B(5):343—-6. PMID: 8944839

Wang CK, Peng CH. The mutagenicities of alkaloids and N-nitrosoguvacoline from betel quid. Mutation
research. 1996; 360(3):165—71. PMID: 8692215

Lee-Chen SF, Chen CL, Ho LY, Hsu PC, Chang JT, Sun CM, et al. Role of oxidative DNA damage in
hydroxychavicol-induced genotoxicity. Mutagenesis. 1996; 11(5):519-23. PMID: 8921515

Miao X, Sun T, Wang Y, Zhang X, Tan W, Lin D. Functional STK15 Phe31lle polymorphism is associ-
ated with the occurrence and advanced disease status of esophageal squamous cell carcinoma. Can-
cer research. 2004; 64(8):2680-3. PMID: 15087379

Sun T, Miao X, Wang J, Tan W, Zhou Y, Yu C, et al. Functional Phe31lle polymorphism in Aurora A and
risk of breast carcinoma. Carcinogenesis. 2004; 25(11):2225-30. doi: 10.1093/carcin/bgh244 PMID:
15271856

Dicioccio RA, Song H, Waterfall C, Kimura MT, Nagase H, McGuire V, et al. STK15 polymorphisms and
association with risk of invasive ovarian cancer. Cancer epidemiology, biomarkers & prevention: a publi-
cation of the American Association for Cancer Research, cosponsored by the American Society of Pre-

ventive Oncology. 2004; 13(10):1589-94.

Cox DG, Hankinson SE, Hunter DJ. Polymorphisms of the AURKA (STK15/Aurora Kinase) Gene and
Breast Cancer Risk (United States). Cancer causes & control: CCC. 2006; 17(1):81-3.

Ewart-Toland A, Dai Q, Gao YT, Nagase H, Dunlop MG, Farrington SM, et al. Aurora-A/STK15 T+91A
is a general low penetrance cancer susceptibility gene: a meta-analysis of multiple cancer types. Carci-
nogenesis. 2005; 26(8):1368—73. doi: 10.1093/carcin/bgi085 PMID: 15802297

Hienonen T, Salovaara R, Mecklin JP, Jarvinen H, Karhu A, Aaltonen LA. Preferential amplification of
AURKA 91A (lle31) in familial colorectal cancers. International journal of cancer. 2006; 118(2):505-8.
doi: 10.1002/ijc.21344 PMID: 16049965

Matarasso N, Bar-Shira A, Rozovski U, Rosner S, Orr-Urtreger A. Functional analysis of the Aurora
Kinase A lle31 allelic variant in human prostate. Neoplasia. 2007; 9(9):707—-15. PMID: 17898866

Taylor NJ, Bensen JT, Poole C, Troester MA, Gammon MD, Luo J, et al. Genetic variation in cell cycle
regulatory gene AURKA and association with intrinsic breast cancer subtype. Molecular carcinogene-
sis. 2015; 54(12):1668-77. doi: 10.1002/mc.22238 PMID: 25328151

Chiu CC, Chen BH, Hour TC, Chiang WF, Wu YJ, Chen CY, et al. Betel quid extract promotes oral can-
cer cell migration by activating a muscarinic M4 receptor-mediated signaling cascade involving SFKs
and ERK1/2. Biochemical and biophysical research communications. 2010; 399(1):60-5. doi: 10.1016/
j.bbrc.2010.07.042 PMID: 20638369

PLOS ONE | DOI:10.1371/journal.pone.0171583 February 2, 2017 11/11


http://www.ncbi.nlm.nih.gov/pubmed/8596543
http://www.ncbi.nlm.nih.gov/pubmed/8944839
http://www.ncbi.nlm.nih.gov/pubmed/8692215
http://www.ncbi.nlm.nih.gov/pubmed/8921515
http://www.ncbi.nlm.nih.gov/pubmed/15087379
http://dx.doi.org/10.1093/carcin/bgh244
http://www.ncbi.nlm.nih.gov/pubmed/15271856
http://dx.doi.org/10.1093/carcin/bgi085
http://www.ncbi.nlm.nih.gov/pubmed/15802297
http://dx.doi.org/10.1002/ijc.21344
http://www.ncbi.nlm.nih.gov/pubmed/16049965
http://www.ncbi.nlm.nih.gov/pubmed/17898866
http://dx.doi.org/10.1002/mc.22238
http://www.ncbi.nlm.nih.gov/pubmed/25328151
http://dx.doi.org/10.1016/j.bbrc.2010.07.042
http://dx.doi.org/10.1016/j.bbrc.2010.07.042
http://www.ncbi.nlm.nih.gov/pubmed/20638369

