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Abstract: As oxidative stress is implicated in the pathogenesis of head and neck squamous cell cancer (HNSCC), the func-
tions of antioxidant enzyme systems and DNA repair proteins are critical in the development of cancer. To investigate 
the role of genetic polymorphisms of the antioxidant superoxide dismutase 2 (SOD2) Val16Ala, glutathione peroxidase 1 
(GPX1) Pro198Leu, and the DNA repair Xeroderma Pigmentosum Group D (XPD) Lys751Gln genes under exogenous risk 
factors, including smoking and alcohol consumption, in HNSCC carcinogenesis, we conducted a case-control study on 139 
unrelated cases and 265 non-cancer controls. Polymorphisms were analyzed in additive, dominant and recessive genetic 
models, individually and in an interaction model. Carriers of the T allele of SOD2 were associated with an increased risk for 
HNSCC in males and smokers; similarly, the T allele of GPX1 was associated with elevated risk in the overall and smoker 
subgroup. A 12.47-fold increased risk was observed for the carriers of GPX1 TT, SOD2 CT and XPD CC genotypes for 
HNSCC. This is the first study presenting the potential roles of SOD2, GPX1 and XPD polymorphisms in interaction and 
under three genetic models in the development of HNSCC. The results suggest that these polymorphisms slightly modify 
the risk in HNSCC development individually but are significantly higher when they functioned and were evaluated together.
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INTRODUCTION

Head and neck squamous cell cancer (HNSCC) is an 
aggressive, life-threatening disease with high mortal-
ity, which develops from the mucosal epithelium in 
the oral cavity, pharynx and larynx[1]. The develop-
ment of HNSCC is related to both lifestyles such as 
tobacco smoking and alcohol consumption, as well as 
genetic factors [2, 3]. 

Tobacco smoke contains high concentrations of 
free radicals, reactive oxygen species (ROS), such as 
superoxide anion, hydroxyl radical, and hydrogen 
peroxide (H2O2), together with other carcinogenic 
compounds, and it can induce DNA damage and 
consequently plays an important role in the occur-
rence of HNSCC [4]. ROS and oxidative stress are 
implicated in the pathogenesis of HNSCC. The role 

of the antioxidant enzyme system in the process of 
detoxification has gained much attention as it is criti-
cal in limiting the oxidative burden [5]. The biologi-
cal effects of ROS are mainly controlled by enzymatic 
antioxidant defense mechanisms through the activi-
ties of superoxide dismutase (SOD) and glutathione 
peroxidases [6]. Manganese superoxide dismutase 
(MnSOD2) catalyzes the conversion of superoxide 
radicals into oxygen and H2O2. Glutathione peroxi-
dase 1 (GPX1) protects cells against oxidative damage 
by reducing a wide range of organic peroxides [7]. 
Besides antioxidant enzyme systems, DNA repair pro-
teins are crucial in the recovery from ROS-mediated 
DNA damage. The xeroderma pigmentosum group D 
(XPD) of proteins is one of the main components of 
the nucleotide excision repair (NER) pathway, a major 
repair mechanism, and is responsible for removing 
bulky DNA adducts [8].
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Since there is large individual variability in ROS 
detoxification and DNA repair ability, polymor-
phisms in SOD2, GPX1 and XPD are important for 
understanding the role of genetic susceptibility in the 
development of HNSCC. Several functional single 
nucleotide polymorphisms (SNPs) have been iden-
tified in these genes, among them SOD2 Val16Ala 
(C>T, rs4880), GPX1 Pro198Leu (C>T, rs1050450) 
and XPD Lys751Gln (A>C, rs13181) polymorphisms, 
which could come to the forefront as their functional 
effects are essential for cellular detoxification and the 
protection of macromolecules from attack by reactive 
species. Based on their critical role, the present study 
aimed to evaluate the association between the GPX1, 
SOD2 and XPD gene polymorphisms and the risk of 
HNSCC, and the potential modifying influences of 
tobacco smoking, alcohol consumption and gender.

MATERIALS AND METHODS

Study subjects and inclusion-exclusion criteria

The study included 139 unrelated patients with 
HNSCC and 265 healthy individuals. All subjects were 
Caucasian. The diagnosis of HNSCC was confirmed by 
qualified pathological reviews of all histological slides. 
Blood samples used in this study were obtained from 
the Department of Otolaryngology, Head and Neck 
Surgery, Ankara Oncology Education and Research 
Hospital, Ankara, Turkey. The controls were healthy 
individuals without any known history of cancer. All 
participants provided informed consent. Peripheral 
blood samples were collected from all study subjects. 
Cases and controls were personally interviewed 
with detailed questionnaires and data on de-
mographic features, and smoking and alcohol 
histories were also collected. The information 
required in the questionnaire included demo-
graphic factors: age, gender, ethnicity, smok-
ing status and alcohol use of the participants, 
which were classified as ever and never (ever 
groups include current and previous smokers). 
Detailed characteristics of the study populations 
are presented in Table 1. Medical records were 
reviewed to obtain clinical information about 
the final histopathologic diagnosis, the date 
of diagnosis and the primary tumor site for 

the cases. Patients with primaries outside the upper 
aerodigestive tract, metastases of unknown primary 
origin and a histopathological diagnosis other than 
squamous cell carcinoma were excluded. The study 
protocol was accepted by Dr. Abdurrahman Yurtaslan 
Ankara Oncology Education and Research Hospital 
Ethics Committee and conducted in accordance with 
Good Clinical Practice and the Helsinki declaration.

Genomic DNA isolation and genotyping

Genomic DNA was extracted from peripheral blood 
samples with the use of the Wizard Genomic DNA 
Purification kit (Promega, Madison, WI, USA). All 
samples were stored at -80°C until analysis. The XPD 
Lys751Gln, SOD2 Ala16Val and GPX1 Pro198Leu 
genotypes were determined using polymerase chain 
reaction and restriction fragment length polymorphism 
(PCR-RFLP). Details of the primers, cycling conditions 
and restriction fragment analysis for XPD (Lys751Gln, 
rs13181), GPX1 (Pro198Leu, rs1050450) and SOD2 
(Val16Ala, rs4880) were described previously [9-11]. 
RFLP products were visualized on ethidium bromide-
stained 2% agarose gels or silver-stained 6% polyacryl-
amide gels. For quality control, a random 10% of the 
samples were repeated to evaluate the reproducibility 
of the results. All results were identical to the first test.

Statistical analysis

All statistical analyses were performed using SPSS (ver-
sion 26 for Microsoft Windows, Armonk, NY: IBM 
Corp.). The normality of the continuous variables 
was tested with the Shapiro-Wilk test. Parametric and 

Table 1. Demographic characteristics of HNSCC and control individuals.
Variables Controls 

(N=265)
Cases 

(N=139)
OR (95% Cl) P value

Age (years) 47.092 ± 13.39 59.5 ± 20.15 <0.001a

Gender
Male 179 (67.54) 121 (87.05) 3.23(1.85-5.64)
Female 86 (32.45) 18 (12.94) <0.001b

Smoking status
Ever 173 (65.28) 117 (84.17) 2.82(1.68-4.76)
Never 92 (34.71) 22 (15.82) <0.001b

Alcohol use
Never 212 (80.00) 107 (76.97)
Ever 53 (20.00) 32 (23.02) 1.19(0.73-1.96) 0.479

N: number of samples, level of significance P≤0.05 calculated by one-sample 
t-testa and χ²-testb.
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nonparametric tests were applied when appropriate. 
Concordance of genotype distribution with the Hardy-
Weinberg equilibrium was assessed with the use of the 
χ2 test. The categorical variables were summarized as 
counts and percentages, and continuous variables were 
summarized as medians with means±standard devia-
tion where appropriate. The differences in demograph-
ic characteristics were compared between the HNSCC 
cases and controls using the Student’s t-test and the 
χ2 test. The Student’s t-test was used to compare the 
difference in age, and the χ2 test was used to compare 
the differences in gender, smoking habit and alcohol 
consumption. The statistical difference in genotype 
distributions of GPX1 Pro198Leu, SOD2 Val16Ala and 
XPD Gln751Lys polymorphisms was calculated by χ2; 
the odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated using an unconditional logistic 
regression model. Three different genetic models were 
run under the assumption of additive (AA vs. 
Aa vs. aa), dominant (AA vs. Aa/aa), or reces-
sive (AA/Aa vs. aa) inheritance. For SNP-SNP 
interactions, an adjusted logistic regression 
model was used to estimate the multiplicative 
interaction effect of the three SNPs by two-way 
and three-way ANOVA. P<0.05 was consid-
ered statistically significant.

RESULTS

Demographic characteristics of the cases and 
controls are summarized in Table 1 as counts 
and percentages for categorical variables, and 
continuous variables as means±standard de-
viation. The potentially confounding effects of 
age, gender, alcohol use and tobacco smoking 
were considered for adjustment in the logis-
tic regression analysis. Although there was 
no significant difference between the cases 
and controls in terms of alcohol use, smok-
ing, gender, and age were associated with an 
elevated risk of HNSCC (P<0.001 for each). A 
history of smoking was associated with a 2.82-
fold increased risk in HNSCC (95%CI=1.68-
4.76). Males had an increased risk of HNSCC 
with OR 3.23 (95%CI=1.82-5.64). Genotype 
distributions among controls and cases were 
consistent with the Hardy-Weinberg equilib-
rium in the study (P>0.05).

Table 2 presents the comparison of the genotype 
frequencies and the analysis of the GPX1, SOD2 and 
XPD polymorphisms among cases and controls based 
on three genetic models along with ORs. There was 
an increased risk for HNSCC for the CT genotype 
of SOD2 (OR=1.902, 95%CI=1.10-3.28, P=0.021). In 
addition to correlation analysis of the general popu-
lation, genotype frequencies were further analyzed 
among subgroups of smokers, males and females by 
three genetic models.

The results showed that the incidence of the TT 
genotype of GPX1 was higher in the patients than in 
the control subjects in the additive model (OR=2.549 
95%Cl=1.14-5.71, P=0.023), and in a recessive model 
(OR=2.54, 95%Cl=1.18-5.46, P=0.017) among smok-
ers. In addition, for SOD2 rs4880 an increased HNSCC 
risk was found in the additive model (CT genotype 

Table 2. Comparison of genotype frequencies and the analysis of the GPX1, 
SOD2 and XPD polymorphisms between patients and controls based on 
three genetic models.
Gene
Model 

Genotype
/Allele

Control
N=265

Cancer
N=139 OR (95%Cl) p-value

GPX1
Additive CC (Pro) 129 65 1

CT 104 50 1.095 (0.64-1.81) 0.722
TT (Leu) 32 24 1.854 (0.94-3.67) 0.076

Dominant CC (Pro) 129 65 
CT+TT 136 74 1.214 (0.77-1.91) 0.405

Recessive CC+CT 233 115
TT (Leu) 32 24 1.776 (0.94-3.34) 0.080

SOD2
Additive CC (Ala) 83 34 1

CT 123 79 1.902 (1.10-3.28) 0.021
TT (Val) 59 26 1.045 (0.53-2.05) 0.899

Dominant CC (Ala) 83 34
CT+TT 182 105 1.590 (0.96-2.63) 0.070

Recessive CC+CT 206 113
TT (Val) 59 26 1.482 (0.85-2.59) 0.168

XPD
Additive AA 88 58 1

AC 133 56 0.688 (0.42-1.14) 0.146
CC 44 25 0.784 (0.40-1.51) 0.468

Dominant AA (Lys) 88 58
AC+CC 177 81 1.503 (0.95-2.39) 0.09

Recessive AA+AC 221 114
CC (Gln) 44 25 1.056 (0.59-1.90) 0.857

N: number of samples, OR: odds ratio, CI: confidence interval; P≤ 0.05 considered 
as statistically significant. ORs were adjusted for age, sex and smoking status of the 
study cohort in a logistic regression model.
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OR=2.15, 95%Cl=1.16-3.99, P=0.016) and in the domi-
nant model (CT+TT genotype OR=1.78, 95%Cl=0.99-
3.17, P=0.052) among smokers (Table 3)).

Positive correlations between SOD2 rs4880 and 
HNSCC risk were also identified in additive (CT 
genotype OR=2.049, 95%Cl=1.13-3.71, P=0.018) 
and dominant (OR=1.754, 95%Cl=1.01-3.05, 
P=0.047) models among males as shown in Table 
4. The risk of HNSCC and GPX1 gene additive and 
recessive models tend towards significance for TT 
carriers (OR=2.016, 95%Cl=0.95-4.26, P=0.067 and 
OR=1.876, 95%Cl=0.93-3.78, P=0.079).

Table 5 summarizes the interaction analysis of 
the three SNPs and overall risk for HNSCC using a 
conditional logistic regression model. The analysis 
revealed that individuals with GPX1 TT and SOD2 CT 

genotypes had a 3.84-fold increased risk of HNSCC 
(OR=3.839, 95%Cl=1.585-9.296, P=0.003). In terms of 
the subgroup analyses, similar results were observed 
among smokers and males since GPX1 TT and SOD2 
CT allele carriers had 5.75- and 4.72-fold increased 
risk for HNSCC, respectively. The overall combined 
genotype analysis of the three SNPs showed that 
individuals with GPX1 TT, SOD2 CT and XPD CC 
alleles had a 12.471-fold increased risk for HNSCC 
(OR=12.471, 95%Cl=1.342-115.873, P=0.027).

DISCUSSION

Accumulating evidence suggests that oxidative stress 
and ROS play an important role in cancer develop-
ment [12]. It is widely accepted that HNSCC is gen-
erally associated with tobacco consumption, alcohol 

Table 3. Comparison of genotype frequencies and analysis of the GPX1, 
SOD2 and XPD polymorphisms between patients and controls based on 
three genetic models among smokers.
Gene
Model 

Genotype
/Allele

Control
N=173

Cancer
N=117 OR (95%Cl) p-value

GPX1
Additive CC (Pro) 88 57 1

CT 68 38 1.010 (0.57-1.79) 0.972
TT (Leu) 17 22 2.549 (1.14-5.71) 0.023

Dominant CC (Pro) 88 57
CT+TT 85 60 1.308 (0.76-2.24) 0.328

Recessive CC+CT 156 95
TT (Leu) 17 22 2.540 (1.18-5.46) 0.017

SOD2
Additive CC (Ala) 58 29 1

CT 76 65 2.148 (1.16-3.99) 0.016
TT (Val) 39 23 1.178 (0.56-2.48) 0.666

Dominant CC (Ala) 58 29
CT+TT 115 88 1.78 (0.99-3.17) 0.052

Recessive CC+CT 134 94
TT (Val) 39 23 1.36 (0.72-2.56) 0.341

XPD
Additive AA 58 50 1

AC 79 45 1.454 (0.70-3.04) 0.321
CC 36 22 0.831 (0.40-1.73) 0.620

Dominant AA (Lys) 58 60
AC+CC 115 67 1.648 (0.95-2.86) 0.075

Recessive AA+AC 137 95
CC (Gln) 36 22 1.0.87 (0.56-2.12) 0.807

N: number of samples, OR: odds ratio, CI: confidence interval; P≤ 0.05 considered 
as statistically significant. ORs were adjusted for the age and sex status of the study 
cohort in a logistic regression model.

Table 4. Comparison of genotype frequencies and analysis of the GPX1, 
SOD2 and XPD polymorphisms between patients and controls based on 
three genetic models among males.
Gene
Model 

Genotype
/Allele

Control
N=179

Cancer
N=121

OR (95%Cl) p-value

GPX1
Additive CC (Pro) 89 55 1

CT 69 44 1.209 (0.69-2.09) 0.500
TT (Leu) 21 22 2.016 (0.95-4.26) 0.067

Dominant CC (Pro) 89 55
CT+TT 90 66 1.396 (0.84-2.31) 0.196

Recessive CC+CT 158 99
TT (Leu) 21 22 1.876 (0.93-3.78) 0.079

SOD2
Additive CC (Ala) 64 30 1

CT 77 66 2.049 (1.13-3.71) 0.018
TT (Val) 38 25 1.253 (0.61-2.56) 0.539

Dominant CC (Ala) 64 30
CT+TT 115 91 1.754 (1.01-3.05) 0.047

Recessive CC+CT 141 96
TT (Val) 38 25 1.231 (0.67-2.28) 0.508

XPD
Additive AA 57 50 1

AC 91 48 1.275 (0.63-2.60) 0.504
CC 31 23 0.746 (0.37-1.49) 0.409

Dominant AA (Lys) 57 50
AC+CC 122 71 1.624 (0.97-2.73) 0.067

Recessive AA+AC 148 98
CC (Gln) 31 23 1.074 (0.56-2.05) 0.829

N: number of samples, OR: odds ratio, CI: confidence interval; P≤ 0.05 considered 
as statistically significant. ORs were adjusted for the age and sex status of the study 
cohort in a logistic regression model.
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Table 5. Interaction analysis of GPX1, SOD2 and XPD polymorphisms.
SNP-SNP interactions B SE Wald 

statistics
OR 95%Cl p-value

Overall
GPX1 – SOD2 0.283 0.128 4.889 1.327 1.033-1.705 0.027
GPX1 TT and SOD2 CT carriers 1.345 0.451 8.887 3.839 1.585-9.296 0.003
GPX1 – XPD -0.016 0.136 0.014 0.984 0.753-1.285 0.906
SOD2 – XPD 0.067 0.115 0.343 1.070 0.854-1.341 0.558
In smokers
GPX1 – SOD2 0.441 0.162 7.392 1.554 1.131-2.135 0.007
GPX1 TT and SOD2 CT carriers 1.749 0.581 9.055 5.748 1.840-17.956 0.003
GPX1 – XPD -0.006 0.157 0.002 0.968 0.730-1.352 0.968
SOD2 – XPD 0.062 0.127 0.237 1.064 0.829-1.366 0.626
In males
GPX1 – SOD2 0.494 0.158 9.723 1.638 1.201-2.235 0.002
GPX1 TT and SOD2 CT carriers 1.551 0.539 8.293 4.716 1.641-13.551 0.004
GPX1 – XPD -0.007 0.150 0.002 0.993 0.741-1.332 0.965
SOD2 – XPD 0.085 0.126 0.449 1.088 0.850-1.393 0.503
Overall
GPX1-XPD-SOD 0.128 0.117 1.203 1.137 0.904-1.429 0.273
GPX1 TT, SOD2 CT and XPD CC carriers 2.523 1.137 4.923 12.471 1.342-115.873 0.027

B: partial logistic regression coefficient, SE: standard error of partial slope coefficient, OR: odds ratio, CI: confidence interval; P≤ 0.05 considered as 
statistically significant.

Table 6. Summary of selected relevant case-control studies focused on SOD2, GPX1 and XPD polymorphisms associated with HNSCC

Gene Country Ethnicity Cancer type
Sample size

Results Reference
Case Control

SOD2
rs4880 USA Caucasian Esophageal 

adenocarcinoma 144 94 Not associated [31]

Ireland Caucasian Esophageal 
adenocarcinoma 207 223 Not associated [32]

China Han Chinese Oral squamous cell 
carcinoma (OSCC) 362 358 CT genotype associated with higher 

risk for OSCC [23]

GPX1
rs1050450 USA Caucasian and 

African American
Head and neck cancer 
(HNC) 133 517 TT genotype associated with higher 

risk for HNC [27]

Taiwan Taiwanese Oral cavity cancer 122 122 Not associated [28]
XPD
rs13181 Malaysia Malaysian Nasopharyngeal 

carcinoma 157 136 Not associated [33]

India Caucasian HNSCC 278 278 CC genotype associated with 2-fold 
increased risk for the HNC [17]

Korea Asian HNSCC 290 358 Not associated [34]

Poland Caucasian HNC 105 110 CC genotype was associated with a 
higher risk of HNC [35]

North 
India Caucasian HNSCC 275 385

CC, AC and dominant model 
AC+CC genotypes associated with 
increased risk

[10]

USA Caucasian HNSCC 829 854 Not associated [36]
Poland Caucasian HNC 172 143 Not associated [37]
USA Caucasian HNC 425 683 Not associated [38]
USA Caucasian HNC 189 496 Not associated [39]
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abuse, or both. However, even though they are high-
risk factors for HNSCC, not every individual who 
smokes and consumes alcohol gets cancer since ge-
netic differences and exposure to the human papil-
loma virus (HPV), Epstein-Barr virus (EBV) infection, 
radiation exposure and epigenetic hypermethylation 
might also contribute to development of HNSCC 
[1, 13]. Based on this information, the antioxidant 
defense system and DNA repair ability against ROS-
induced lesions could be potential indicators for sus-
ceptibility to HNSCC. Identification of appropriate 
molecular biomarkers contributes to early-stage detec-
tion of HNSCC; PET imaging, HPV16 DNA for the 
determination of HPV status and programmed cell 
death protein 1 (PD-1)/programmed death-ligand 1 
(PD-L1) are validated diagnostic and predictive bio-
markers currently used in clinical practice. In the 
future, other molecular markers such as genetic and 
epigenetic markers alone or in combination with im-
aging markers, could be used for early-stage detection 
of HNSCC.

To the best of our knowledge, we present the first 
study that demonstrates the role of SOD2 Val16Ala, 
GPX1 Pro198Leu and XPD Lys751Gln gene polymor-
phisms, together and in combination in three different 
genetic models in the development of HNSCC. The 
head and neck area is readily exposed to potential 
carcinogens that can influence carcinogenesis by the 
formation of bulky DNA adducts. XPD protein is a 
member of the NER pathway, a major repair mecha-
nism, and is responsible for removing bulky DNA 
adducts [8]. Since there is a link between an individ-
ual’s ability to repair DNA damage, it is reasonable 
to expect that variations in the DNA repair gene can 
play a vital role in the development and progression 
of HNSCC [14]. It was previously reported that XPD 
Lys751Gln polymorphism results in a lower DNA re-
pair capacity or higher risk for carcinogenesis [15], 
and that the relationship between cancers of the upper 
respiratory tract and XPD Lys751Gln polymorphism 
indicates that the CC genotype of XPD causes a 2-fold 
increased risk in upper aerodigestive tract cancer [16]. 
Similarly, it was found that XPD Lys751Gln variants 
enhanced the risk of HNSCC 2-fold in the north India 
population [17]; however, studies carried out on sev-
eral populations revealed no correlation between XPD 
Lys751Gln polymorphism and HNSCC [18, 19].

In our study, there was no significant difference 
in Lys751Gln polymorphism between HNSCC cases 
and controls and in subgroups of smokers or males. 
However, although below statistical significance, un-
der dominant model analysis there was a slightly in-
creased risk for individuals who were carriers of the T 
allele. The apparent discrepancy of results concerning 
XPD Lys751Gln polymorphism and cancer could be 
attributed to many factors, including ethnic differ-
ences, organ region, control groups comprised of pa-
tients’ relatives, and other DNA repair genes involved 
in the repair mechanism.

Among antioxidant SOD enzymes, SOD2 is lo-
cated in the mitochondria, which is a major site for 
ROS production [20]. The rs4880 polymorphism 
of the SOD2 gene results in an amino acid change 
of Ala to Val, and this substitution decreases SOD2 
antioxidant activity by 30-40% [21]. Moreover, the 
Val variant has been known to impair cotranslational 
import, which leads to slower mitochondrial import 
and lowers SOD2 activity, consequently leading to dif-
ferent pathologies including cancer [22]. There are a 
few studies on head and neck area cancers and the 
SOD2 Val16Ala relationship. In the current study, it 
was established that the CT genotype of the SOD2 
gene was associated with a higher risk of HNSCC in 
smoker and male subgroups, and further analysis of 
genotype dominance indicated a significant associa-
tion between the dominant genotype (CT+TT) and 
HNSCC in smokers and males, which is in accor-
dance with a previously published study conducted 
on oral squamous cell carcinoma patients [23]. Since 
we found an association between SOD2 CT genotype 
and HNSCC in males but not females, we suggest that 
reproductive hormones might have a protective role 
against oxidative stress, which is supported by previ-
ous studies [24, 25].

GPX1 is the main glutathione peroxidase in the 
mammalian liver, therefore genetic variations in GPX1 
have been a focus for susceptibility to cancer. The 
transition of C to T in exon 2 of the GPX1 gene cor-
responds to an amino acid change from proline (Pro) 
to leucine (Leu) that leads to a lower GPX1 activity, 
which might be associated with cancer [26]. The as-
sociation between head and neck cancer and GPX1 
Pro198Leu polymorphism was investigated, with the 
authors showing that individuals who carried the TT 
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allele had a 1.8-fold increased risk of cancer compared 
with controls [27]. On the other hand, a relationship 
between oral cavity cancer and GPX1 polymorphism 
was not found in a smoker-male population [28]. In 
our study, we did not find any association between 
GPX1 gene Pro198Leu polymorphism and HNSCC. 
However, in smokers, we observed that individuals 
with the TT genotype had 2.55- and 2.54-fold in-
creased risks for HNSCC in the additive and reces-
sive models, respectively. From this aspect, this is 
the first study to examine the potential role of GPX1 
Pro198Leu polymorphism in the association of smok-
ing status and male gender between HNSCC cases 
and controls.

The efficiency of the GPX1 enzyme decreases in 
T allele carriers and it has been previously report-
ed that smoking results in lower GPX activity, and 
that T allele carriers who are also smokers have de-
creased GPX1 enzyme activity [29]. Because H2O2 is 
inefficiently expelled from the medium, ROS that are 
caused by the surplus production of hydroxyl radicals 
interact with DNA and other molecules. The resulting 
mutations might lead to the initiation of cancer de-
velopment, and a higher risk for cancer can be found 
in individuals who smoke and have a mutant GPX1 
genotype.

Recent studies demonstrated that reduced expres-
sion of SOD2 increased the incidence of cancer, and 
it has been known that reduced expression levels of 
SOD2 might also result in increased DNA damage due 
to lower protection against ROS, and that the XPD 
mutant genotype had a lower capacity for repair than 
the wild type [23, 30]. Consequently, these genotypes 
together can lead to an increase in cancer risk.

A summary of selected relevant case-control stud-
ies focusing on SOD2, GPX1 and XPD polymorphisms 
in association with HNSCC is presented in Table 6, 
which confirms the inconclusive results in the field, 
and provides support that this is the first study evalu-
ating these three polymorphisms together. Our results 
indicate that homozygosity for GPX1 (TT), hetero-
zygosity for SOD2 and homozygosity for the XPD 
(CC) are associated with a 12.47-fold increased risk 
of HNSCC, which supports the hypothesis that oxi-
dative stress and DNA damage together contribute to 
the development of HNSCC. In addition, in smokers 

and males, individuals carrying GPX1 TT and SOD 
CT belong to a higher risk group for the development 
of HNSCC. Antioxidant supplementation might be 
helpful for these groups since they are prone to the de-
velopment of HNSCC. Moreover, regarding genotype-
based personalized antioxidant supplementation, ROS 
elimination should also be considered to overcome 
the therapeutic challenges of chemo-/radiotherapy. As 
previously shown and revealed in our study, exposure 
to tobacco smoke is a risk factor for HNSCC, as well 
as the genetic background.

CONCLUSION

Several studies have assessed the independent rela-
tionship between SOD2, XPD and GPX1 genetic varia-
tions and cancer susceptibility; however, their conclu-
sions remain inconsistent since a single genetic variant 
is insufficient to predict the risk of such a complex 
disease. To draw a more comprehensive estimation of 
this possible association, we conducted an analysis un-
der three different genetic models and the SNP-SNP 
interaction model for SOD2 rs4880, GPX1 rs1050450 
and XPD rs13181 genes. For the first time, we show 
that in the overall genotype analysis of the SOD2, XPD 
and GPX1 genes, individuals with GPX1 TT, SOD2 CT 
and XPD CC alleles had 12.471-fold increased risk for 
HNSCC. As this is the first report regarding the cor-
relation between these polymorphisms and HNSCC, 
further studies with larger sample sizes and different 
ethnic groups should be performed to confirm this 
correlation.

Funding: This study was supported by a Grant from the Ankara 
University Scientific Projects Coordination Unit (08B3336002).

Acknowledgments: The authors thank Dr. Mehmet Turanlı for 
his contributions and remember him respectfully.

Author contributions: All authors made substantial contribu-
tions to the conception and design of the data or the analysis and 
interpretation of the results. Gülçin Köse and Merve Demirbugen 
Oz are the co-first authors they contributed equally to this work. 
Gulcin Kose: methodology, investigation, writing original draft; 
Merve Demirbugen Oz: investigation, formal analysis, writing 
original draft; Ela Comert: patient diagnosis, providing clincal 
data; H. Sinan Suzen: writing, reviewing and editing, supervision, 
conceptualization.

Conflict of interest disclosure: The authors declare that they 
have no competing interests.



188 Arch Biol Sci. 2022;74(2):181-189

Data availability: Data underlying the reported findings have 
been provided as part of the submitted article and are available 
at: https://www.serbiosoc.org.rs/NewUploads/Uploads/Kose%20
et%20al_7770_Data%20Report.pdf

REFERENCES

1.	 Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman 
JE, Grandis JR. Head and neck squamous cell carcinoma. 
Nat Rev Dis Primers. 2020;6(1):92. 
https://doi.org/10.1038/s41572-020-00224-3.

2.	 Lacko M, Oude Ophuis MB, Peters WH, Manni JJ. Genetic 
polymorphisms of smoking-related carcinogen detoxifying 
enzymes and head and neck cancer susceptibility. Anticancer 
Res. 2009;29(2):753-61.

3.	 Suzen HS, Guvenc G, Turanli M, Comert E, Duydu Y, Elhan 
A. The role of GSTM1 and GSTT1 polymorphisms in head 
and neck cancer risk. Oncol Res. 2007;16(9):423-9. 
https://doi.org/10.3727/000000007783980828.

4.	 Okezie IA, Kyung-Sun K, Theeshan B, Mi-Kyung S, Irfan R. 
Oxidative Damage and Chronic Inflammation Induced by 
Smoking: Potential Antioxidant and Peripheral Biomarker 
Considerations. J Cancer Prev. 2005;10(3):149-58.

5.	 Dequanter D, Dok R, Nuyts S. Basal oxidative stress ratio 
of head and neck squamous cell carcinomas correlates with 
nodal metastatic spread in patients under therapy. Onco 
Targets Ther. 2017;10:259-63. 
https://doi.org/10.2147/OTT.S118980.

6.	 Milonski J, Zielinska-Blizniewska H, Olszewski J, Majsterek 
I, Mrowicka M. DNA damage and oxidant-antioxidant status 
in blood of patients with head and neck cancer. DNA Cell 
Biol. 2015;34(3):213-9. 
https://doi.org/10.1089/dna.2014.2706.

7.	 Teimoori B, Moradi-Shahrebabak M, Razavi M, Rezaei M, 
Harati-Sadegh M, Salimi S. The effect of GPx-1 rs1050450 
and MnSOD rs4880 polymorphisms on PE susceptibility: 
a case- control study. Mol Biol Rep. 2019;46(6):6099-104.  
https://doi.org/10.1007/s11033-019-05045-6.

8.	 Zhang T, Zhang DM, Zhao D, Hou XM, Ma SC, Liu XJ. Lack 
of association between the XPD Lys751Gln polymorphism 
and colorectal cancer risk: a meta-analysis. Onco Targets 
Ther. 2014;7:1255-60. https://doi.org/10.2147/OTT.S66291.

9.	 Grasbon-Frodl EM, Kosel S, Riess O, Muller U, Mehraein P, 
Graeber MB. Analysis of mitochondrial targeting sequence 
and coding region polymorphisms of the manganese super-
oxide dismutase gene in German Parkinson disease patients. 
Biochem Biophys Res Commun. 1999;255(3):749-52. 
https://doi.org/10.1006/bbrc.1998.9998.

10.	 Mitra AK, Singh N, Garg VK, Chaturvedi R, Sharma M, 
Rath SK. Statistically significant association of the single 
nucleotide polymorphism (SNP) rs13181 (ERCC2) with 
predisposition to Squamous Cell Carcinomas of the Head 
and Neck (SCCHN) and Breast cancer in the north Indian 
population. J Exp Clin Cancer Res. 2009;28:104. 
https://doi.org/10.1186/1756-9966-28-104.

11.	 Suzen HS, Gucyener E, Sakalli O, Uckun Z, Kose G, 
Ustel D, Duydu Y. CAT C-262T and GPX1 Pro198Leu 

polymorphisms in a Turkish population. Mol Biol Rep. 
2010;37(1):87-92. 
https://doi.org/10.1007/s11033-009-9540-4.

12.	 Valavanidis A, Vlachogianni T, Fiotakis K. Tobacco smoke: 
involvement of reactive oxygen species and stable free radi-
cals in mechanisms of oxidative damage, carcinogenesis and 
synergistic effects with other respirable particles. Int J Envi-
ron Res Public Health. 2009;6(2):445-62. 
https://doi.org/10.3390/ijerph6020445.

13.	 Jethwa AR, Khariwala SS. Tobacco-related carcinogen-
esis in head and neck cancer. Cancer Metastasis Rev. 
2017;36(3):411-23. 
https://doi.org/10.1007/s10555-017-9689-6.

14.	 Jalal S, Earley JN, Turchi JJ. DNA repair: from genome main-
tenance to biomarker and therapeutic target. Clin Cancer 
Res. 2011;17(22):6973-84. 
https://doi.org/10.1158/1078-0432.CCR-11-0761.

15.	 Wen M, Zhou B, Lin X, Chen Y, Song J, Li Y, Zacksenhaus 
E, Ben-David Y, Hao X. Associations Between XPD Lys-
751Gln Polymorphism and Leukemia: A Meta-Analysis. 
Front Genet. 2018;9:218. 
https://doi.org/10.3389/fgene.2018.00218.

16.	 Buch S, Zhu B, Davis AG, Odom D, Siegfried JM, Grandis 
JR, Romkes M. Association of polymorphisms in the cyclin 
D1 and XPD genes and susceptibility to cancers of the upper 
aero-digestive tract. Mol Carcinog. 2005;42(4):222-8. 
https://doi.org/10.1002/mc.20086.

17.	 Kumar A, Pant MC, Singh HS, Khandelwal S. Associated 
risk of XRCC1 and XPD cross talk and life style factors in 
progression of head and neck cancer in north Indian popula-
tion. Mutat Res. 2012;729(1-2):24-34. 
https://doi.org/10.1016/j.mrfmmm.2011.09.001.

18.	 Lin H, Lin D, Zheng C. Association of XPD Lys751Gln 
polymorphism with head and neck cancer susceptibility: 
evidence from 11,443 subjects. Diagn Pathol. 2014;9:15. 
https://doi.org/10.1186/1746-1596-9-15.

19.	 Ji YB, Tae K, Lee YS, Lee SH, Kim KR, Park CW, Park BL, 
Shin HD. XPD Polymorphisms and Risk of Squamous Cell 
Carcinoma of the Head and Neck in a Korean Sample. Clin 
Exp Otorhinolaryngol. 2010;3(1):42-7. 
https://doi.org/10.3342/ceo.2010.3.1.42.

20.	 20.	 Crawford A, Fassett RG, Geraghty DP, Kunde DA, Ball 
MJ, Robertson IK, Coombes JS. Relationships between single 
nucleotide polymorphisms of antioxidant enzymes and dis-
ease. Gene. 2012;501(2):89-103. 
https://doi.org/10.1016/j.gene.2012.04.011.

21.	 Yahya MJ, Ismail PB, Nordin NB, Akim ABM, Yusuf WSBM, 
Adam NLB, Zulkifli NF. CNDP1, NOS3, and MnSOD 
Polymorphisms as Risk Factors for Diabetic Nephropathy 
among Type 2 Diabetic Patients in Malaysia. J Nutr Metab. 
2019:8736215. https://doi.org/10.1155/2019/8736215.

22.	 Sutton A, Imbert A, Igoudjil A, Descatoire V, Cazanave 
S, Pessayre D, Degoul F. The manganese superoxide dis-
mutase Ala16Val dimorphism modulates both mitochon-
drial import and mRNA stability. Pharmacogenet Genomics. 
2005;15(5):311-9. 
https://doi.org/10.1097/01213011-200505000-00006.

23.	 Liu Y, Zha L, Li B, Zhang L, Yu T, Li L. Correlation between 
superoxide dismutase 1 and 2 polymorphisms and suscep-

https://www.serbiosoc.org.rs/NewUploads/Uploads/Kose%20et%20al_7770_Data%20Report.pdf


189Arch Biol Sci. 2022;74(2):181-189�

tibility to oral squamous cell carcinoma. Exp Ther Med. 
2014;7(1):171-8. https://doi.org/10.3892/etm.2013.1375.

24.	 Ogunro PS, Bolarinde AA, Owa OO, Salawu AA, Oshodi 
AA. Antioxidant status and reproductive hormones in 
women during reproductive, perimenopausal and post-
menopausal phase of life. Afr J Med Med Sci. 2014;43(1):49-
57.

25.	 Vina J, Gambini J, Lopez-Grueso R, Abdelaziz KM, Jove M, 
Borras C. Females live longer than males: role of oxidative 
stress. Curr Pharm Des. 2011;17(36):3959-65. 
https://doi.org/10.2174/138161211798764942.

26.	 Arsova-Sarafinovska Z, Matevska N, Eken A, Petrovski D, 
Banev S, Dzikova S, Georgiev V, Sikole A, Erdem O, Sayal 
A, Aydın A, Dimovski A. Glutathione peroxidase 1 (GPX1) 
genetic polymorphism, erythrocyte GPX activity, and pros-
tate cancer risk. Int Urol Nephrol. 2009;41(1):63-70. 
https://doi.org/10.1007/s11255-008-9407-y.

27.	 Hu YJ, Dolan ME, Bae R, Yee H, Roy M, Glickman R, 
Kiremidjian-Schumacher L, Diamon AM. Allelic loss at the 
GPx-1 locus in cancer of the head and neck. Biol Trace Elem 
Res. 2004;101(2):97-106. 
https://doi.org/10.1385/BTER:101:2:097.

28.	 Wu SH, Lee KW, Chen CH, Lin CC, Tseng YM, Ma H, Tsai 
SM, Tsai LY. Epistasis of oxidative stress-related enzyme 
genes on modulating the risks in oral cavity cancer. Clin 
Chim Acta. 2010;411(21-22):1705-10. 
https://doi.org/10.1016/j.cca.2010.07.007.

29.	 Ravn-Haren G, Olsen A, Tjonneland A, Dragsted LO, Nexo 
BA, Wallin H, Overvad K, Raaschou-Nielsen O, Vogel U. 
Associations between GPX1 Pro198Leu polymorphism, 
erythrocyte GPX activity, alcohol consumption and breast 
cancer risk in a prospective cohort study. Carcinogenesis. 
2006;27(4):820-5. https://doi.org/10.1093/carcin/bgi267.

30.	 Salimi S, Harati-Sadegh M, Eskandari M, Heidari Z. The 
effects of the genetic polymorphisms of antioxidant enzymes 
on susceptibility to papillary thyroid carcinoma. IUBMB 
Life. 2020;72(5):1045-53. https://doi.org/10.1002/iub.2246.

31.	 di Martino E, Hardie LJ, Wild CP, Gong YY, Olliver JR, 
Gough MD, Bird NC. The NAD(P)H:quinone oxidoreduc-
tase I C609T polymorphism modifies the risk of Barrett 
esophagus and esophageal adenocarcinoma. Genet Med. 
2007;9(6):341-7. 
https://doi.org/10.1097/gim.0b013e3180654ccd.

32.	 Murphy SJ, Hughes AE, Patterson CC, Anderson LA, Wat-
son RG, Johnston BT, Comber H, McGuigan J, Reynolds JV, 

Murray LJ. A population-based association study of SNPs of 
GSTP1, MnSOD, GPX2 and Barrett’s esophagus and esopha-
geal adenocarcinoma. Carcinogenesis. 2007;28(6):1323-8.  
https://doi.org/10.1093/carcin/bgm007.

33.	 Visuvanathan S, Chong PP, Yap YY, Lim CC, Tan MK, Lye 
MS. Distribution and haplotype associations of XPD Lys-
751Gln, XRCC1 Arg280His and XRCC1 Arg399Gln poly-
morphisms with nasopharyngeal carcinoma in the Malaysian 
population. Asian Pac J Cancer Prev. 2014;15(6):2747-51.  
https://doi.org/10.7314/apjcp.2014.15.6.2747.

34.	 Yuan H, Li H, Ma H, Niu Y, Wu Y, Zhang S, Hu Z, Shen H, 
Chen N. Genetic polymorphisms in key DNA repair genes 
and risk of head and neck cancer in a Chinese population. 
Exp Ther Med. 2012;3(4):719-24. 
https://doi.org/10.3892/etm.2012.476.

35.	 Jelonek K, Gdowicz-Klosok A, Pietrowska M, Borkowska 
M, Korfanty J, Rzeszowska-Wolny J, Widlak P. Association 
between single-nucleotide polymorphisms of selected genes 
involved in the response to DNA damage and risk of colon, 
head and neck, and breast cancers in a Polish population. J 
Appl Genet. 2010;51(3):343-52. 
https://doi.org/10.1007/BF03208865.

36.	 An J, Liu Z, Hu Z, Li G, Wang LE, Sturgis EM, El-Naggar 
AK, Spitz MR, Wei Q. Potentially functional single nucleo-
tide polymorphisms in the core nucleotide excision repair 
genes and risk of squamous cell carcinoma of the head and 
neck. Cancer Epidemiol Biomarkers Prev. 2007;16(8):1633-8.  
https://doi.org/10.1158/1055-9965.EPI-07-0252.

37.	 Rydzanicz M, Wierzbicka M, Gajecka M, Szyfter W, Szyfter 
K. The impact of genetic factors on the incidence of multiple 
primary tumors (MPT) of the head and neck. Cancer Lett. 
2005;224(2):263-78. 
https://doi.org/10.1016/j.canlet.2005.01.015.

38.	 Huang WY, Olshan AF, Schwartz SM, Berndt SI, Chen C, 
Llaca V, Chanock SJ, Fraumeni Jr JF, Hayes RB. Selected 
genetic polymorphisms in MGMT, XRCC1, XPD, and 
XRCC3 and risk of head and neck cancer: a pooled analy-
sis. Cancer Epidemiol Biomarkers Prev. 2005;14(7):1747-53. 
https://doi.org/10.1158/1055-9965.EPI-05-0162.

39.	 Sturgis EM, Zheng R, Li L, Castillo EJ, Eicher SA, Chen M, 
Strom SS, Spitz MR, Wei Q. XPD/ERCC2 polymorphisms 
and risk of head and neck cancer: a case-control analysis. 
Carcinogenesis. 2000;21(12):2219-23. 
https://doi.org/10.1093/carcin/21.12.2219.




