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Abstract: This case–control study investigates the possible relationships between the 

single-nucleotide polymorphisms rs1052133 in the human 8-oxoguanine DNA glycosylase 1 

(hOGG1) gene and rs3219472 in the human MutY glycosylase homologue (hMUTYH) gene and 

the risk of nasopharyngeal carcinoma (NPC). The two polymorphisms were genotyped in 488 

unrelated NPC patients and 573 cancer-free controls. Genotype GG at rs1052133 was associ-

ated with significantly lower NPC risk than genotypes GC + CC (odds ratio [OR] 0.770, 95% 

confidence interval [CI] 0.595–0.996, P=0.012). In subgroup analyses, subjects with genotype 

GG at rs1052133 were at lower risk of NPC than those with GC or CC among individuals older 

than 40 years (OR 0.706, 95% CI 0.524–0.950), women (OR 0.571, 95% CI 0.337–0.968), and 

those with no smoking history (OR 0.634, 95% CI 0.463–0.868). No significant association was 

seen between polymorphisms at hMUTYH rs3219472 and the risk of NPC. However, gene–gene 

interaction analysis showed that subjects with genotype CC at rs1052133 and genotype AA 

at rs3219472 (CC/AA) were at 2.887-fold higher risk of NPC than those with GG/GG, 3.183-

fold higher risk than those with GG/GA, and 3.392-fold higher risk than those with GG/AA. 

Our results suggest that hOGG1 rs1052133 polymorphism may play an important role in NPC 

pathogenesis, especially among women, 40 years old, and those with no smoking history. 

The hMUTYH rs3219472 polymorphism may interact with hOGG1 rs1052133 polymorphism 

to influence susceptibility to NPC.

Keywords: nasopharyngeal carcinoma, base excision repair pathway, human 8-oxoguanine 

DNA glycosylase 1, human MutY glycosylase homologue, single-nucleotide polymorphism

Introduction
Nasopharyngeal carcinoma (NPC) is a common malignant tumor in the southern part 

of People’s Republic of China, including the provinces of Guangdong and Guangxi. 

In these areas, its incidence is up to 20–30/100,000 per year.1 Mechanisms of NPC onset 

and progression remain unknown, though they are thought to be related to genomic 

DNA damage, as in many other malignant tumors.2,3 Oxidative DNA damage is one of 

the most frequent causes of malignant tumors, and 7,8-dihydro-8-oxoguanine is one of 

the best characterized oxidative DNA lesions. This lesion causes mutagenic transver-

sion of G:C to T:A in several tumor suppressor genes and oncogenes, which can lead 

to carcinogenesis.4,5 7,8-Dihydro-8-oxoguanine lesions are recognized and repaired 

effectively by the base excision repair (BER) pathway, in which 8-oxoguanine DNA 

glycosylase 1 and MutY glycosylase homologue (MUTYH) are the main enzymes.6

Single-nucleotide polymorphisms (SNPs) in key genes in the BER pathway, includ-

ing the gene encoding human 8-oxoguanine DNA glycosylase 1 (hOGG1), have been 
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associated with higher risk of many malignant tumors.7–9 

Whether the same holds for NPC remains unclear, since stud-

ies looking for associations between hOGG1 SNPs and risk 

of NPC have given conflicting results. One study in Taiwan 

suggested that genotypes GG and GC at hOGG1 rs1052133 

significantly increase the risk of NPC.10 However, studies 

of cohorts in Morocco, Algeria, Tunisia, and Chongqing in 

southwestern part of People’s Republic of China suggested 

that hOGG1 rs1052133 polymorphism may not affect sus-

ceptibility to NPC.11,12

Similar to hOGG1, human MUTYH (hMUTYH) has been 

linked to cancer. Malfunction of hMUTYH has been associ-

ated with somatic transversion from G:C to T:A, potentially 

contributing to carcinogenesis.6 SNPs of MUTYH have been 

associated with susceptibility to malignant tumors.13 The hMU-

TYH rs3219472 SNP may influence the risk of several types 

of malignant tumor, such as esophageal adenocarcinoma and 

cholangiocarcinoma.14,15 We are unaware of studies evaluating 

whether hMUTYH SNPs are associated with the risk of NPC.

To address these gaps in the literature, we conducted a 

case–control study involving 488 unrelated NPC cases and 

573 cancer-free subjects. We examined possible relationships 

of hMUTYH rs3219472 and hOGG1 rs1052133 SNPs with 

the risk of NPC.

Methods
Patients
The present study included 488 unrelated NPC patients and 

573 age- and sex-matched cancer-free subjects. Patients 

were diagnosed with NPC and treated at the Affiliated 

Tumor Hospital of Guangxi Medical University in Guangxi, 

People’s Republic of China, between July 2012 and July 

2014. This study was approved by the Ethics Committee of 

Guangxi Medical University, and informed written consent 

was obtained from all patients and healthy control subjects 

prior to sample collection.

Blood sample collection
Venous blood (3 mL) was collected from patients or healthy 

subjects in ethylenediaminetetraacetic acid-containing tubes 

for DNA extraction. Genomic DNA was extracted from 

blood using the TGuide Blood Genomic DNA Kit (Tiangen, 

Beijing, People’s Republic of China), and DNA quality was 

assessed using agarose gel electrophoresis.

Genotyping
SNPs in genes encoding hOGG1 and hMUTYH were 

genotyped using the TaqMan real-time polymerase chain 

reaction (PCR) in a StepOnePlus™ System (Thermo 

Fisher Scientific, Waltham, MA, USA) according to the 

manufacturer’s instructions. Primers amplifying rs1052133 

SNP (C_3095552_1, Thermo Fisher Scientific) and rs3219472 

(C_29736116_20, Thermo Fisher Scientific) were used in the 

PCRs. Each PCR (10 µL) contained 5 µL 2× TaqMan Master 

Mix, 0.5 µL primers and probes, and 0.5 µL DNA (15–25 ng/

µL). Reactions were run on 96-well Fast Plates (Thermo 

Fisher Scientific). Amplification was performed under the 

following cycling conditions: 95°C for 10 minutes, followed 

by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. 

Then the alleles in each reaction were determined using the 

TaqMan® Genotyper™ software (Thermo Fisher Scientific). 

For quality control, 15% samples were randomly selected and 

reanalyzed by a technician blinded to the sample identity. The 

results were identical to the original analysis.

Statistical analysis
Data were analyzed using Statistical Package for the Social 

Sciences 15 (IBM Corporation, Armonk, NY, USA). Geno-

type distribution among cancer-free subjects was assessed 

for Hardy–Weinberg equilibrium using Pearson’s two-sided 

chi-squared test. Differences in genotype and allele frequen-

cies between patients and healthy controls were assessed for 

significance using the chi-squared test. Correlation between 

NPC risk and particular genotypes was assessed using logistic 

regression to calculate crude odds ratios (ORs) with 95% con-

fidence intervals (CIs). Adjusted ORs were calculated using 

multivariate logistic regression while controlling for various 

combinations of age, sex, and smoking history. A two-sided 

P,0.05 was defined as the threshold of significance.

Results
Characteristics of patients and controls
The genes hOGG1 rs1052133 and MUTYH rs3219472 SNPs 

were genotyped in all 488 patients with NPC and all 573 

cancer-free controls (Table 1). The two groups showed no 

Table 1 Clinical characteristics of Chinese patients with nasopha
ryngeal carcinoma and cancer-free controls

Characteristic NPC Control P-value

Sex, M/F 374/114 417/156 0.150
Age (years) 47.0±11.4 47.9±12.5 0.196
EBV-VCA-IgA

Positive 304 8
Negative 184 565 ,0.001

Smoking history
Yes 167 183
No 321 390 0.433

Note: Values shown are n or mean ± SD.
Abbreviations: NPC, nasopharyngeal carcinoma; M, male; F, female; EBV-VCA-
IgA, IgA against the capsid antigen of Epstein–Barr virus; SD, standard deviation.
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significant differences in age (P=0.446), sex (P=0.183), or 

smoking history (P=0.433). In contrast, patients showed a 

significantly higher incidence of positive Epstein–Barr virus 

(EBV)-related antibody than the cancer-free group (P,0.001). 

Genotype frequencies in the control group were consistent 

with Hardy–Weinberg equilibrium at both hOGG1 rs1052133 

(P=0.930) and hMUTYH rs3219472 (P=0.896; Table 2).

Association of hOGG1 rs1052133 
polymorphism with risk of NPC
As shown in Table 2, the frequency of genotype GG at 

hOGG1 rs1052133 was significantly lower among patients 

than among controls (30.9% vs 36.8%), and the OR for NPC 

associated with genotype GG relative to NPC associated with 

genotypes CC or CG was 0.769 (95% CI 0.595–0.993). After 

adjusting for age, sex, and smoking history, the OR was 0.770 

(95% CI 0.595–0.996).

Subgroup analysis of the association 
between hOGG1 rs1052133 
polymorphism and risk of NPC
Among patients older than 40  years, individuals with 

genotype GG at rs1052133 had 0.706-fold risk of NPC 

(95% CI 0.524–0.950) compared to individuals with GC 

or CC (Table 3). After adjusting for sex and smoking his-

tory, the OR increased to 0.707 (95% CI 0.524–0.953). 

Among women, those with GG had 0.571-fold risk of NPC 

(95% CI 0.337–0.968) compared to those with GC or CC. 

After adjusting for age and smoking history, the OR was 

0.574 (95% CI 0.338–0.975). Among individuals with no 

smoking history, those with GG had 0.635-fold risk of NPC 

(95% CI 0.464–0.866) compared to those with GC or CC. 

After adjusting for sex and age, the OR was 0.634 (95% 

CI 0.463–0.868).

Association of hMUTYH rs3219472 
polymorphism with risk of NPC
No significant association was observed between hMUTYH 

rs3219472 genotype and risk of NPC (Table 2).

Interactions between hOGG1 rs1052133 
and hMUTYH rs3219472 SNPs in 
influencing risk of NPC
We examined all combinations of genotypes at both the 

hOGG1 rs1052133 and hMUTYH rs3219472 SNPs for pos-

sible joint effects on risk of NPC (Table 4). For this analysis, 

Table 2 Genotype frequencies at hOGG1 rs1052133 and hMUTYH rs3219472 in Chinese patients with nasopharyngeal carcinoma 
and cancer-free controls

Polymorphism Genotype N (%) OR (95% CI) Adjusted ORa (95% CI) PHWE

NPC Control

rs1052133 CC + CG 337 (69.1) 362 (63.2) 0.769 (0.595–0.993) 0.770 (0.595–0.996) 0.930
GG 151 (30.9) 211 (36.8)

rs3219472 GG + GA 425 (87.1) 501 (87.4) 0.969 (0.675–1.392) 0.971 (0.676–1.395) 0.896
AA 63 (12.9) 72 (12.6)

Note: aCalculated by multiple logistic regression after controlling for age, sex, and smoking history.
Abbreviations: hOGG1, human 8-oxoguanine DNA glycosylase 1; hMUTYH, human MutY glycosylase homologue; NPC, nasopharyngeal carcinoma; OR, odds 
ratio; CI, confidence interval; HWE, Hardy–Weinberg equilibrium.

Table 3 Distribution of hOGG1 rs1052133 genotypes in Chinese patients with nasopharyngeal carcinoma after stratification by age, 
sex, or smoking history

Subgroup N (case/control) Number of patients or controls 
with genotype (case/control)

OR (95% CI) Adjusted ORa  
(95% CI)

GG GC + CC

Age (years)
#40 136/151 39/43 97/108 1.010 (0.605–1.686) 0.996 (0.595–1.666)

.40 352/422 112/168 240/254 0.706 (0.524–0.950) 0.707 (0.524–0.953)
Sex

Male 374/417 121/151 253/266 0.842 (0.627–1.131) 0.845 (0.628–1.137)
Female 114/156 30/60 84/96 0.571 (0.337–0.968) 0.574 (0.338–0.975)

Smoking history
Yes 166/186 53/53 113/133 0.850 (0.539–1.340) 0.857 (0.543–1.354)
No 322/387 98/158 224/229 0.635 (0.464–0.866) 0.634 (0.463–0.868)

Notes: aCalculated by multiple logistic regression after controlling for the other two stratifying factors. For example, the adjusted OR for different age subgroups was 
adjusted for sex and smoking history.
Abbreviations: hOGG1, human 8-oxoguanine DNA glycosylase 1; OR, odds ratio; CI, confidence interval.
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the combination of genotype CC at hOGG1 rs1052133 and 

genotype AA at hMYH rs3219472 (CC/AA) served as the 

reference. Individuals with genotype CC/AA were at sig-

nificantly higher risk of NPC than those with other genotype 

combinations: the risk with CC/AA was 2.887-fold higher 

than with GG/GG, 3.183-fold higher than with GG/GA, 

and 3.392-fold higher than with GG/AA. In contrast, geno-

type CC/AA was associated with similar risk as genotypes 

CC/GG, CC/GA, CG/GG, CG/GA, and CG/AA.

Discussion
Our study of Chinese NPC patients from Guangxi Province 

and healthy controls indicates a significantly lower frequency 

of genotype GG at hOGG1 rs1052133 among patients, sug-

gesting that this SNP is associated with susceptibility to NPC. 

Subgroup analyses further revealed a significantly lower 

frequency of GG in patients than controls among individu-

als older than 40 years, women, and those with no smoking 

history. These results provide the first evidence that genotype 

GG may help protect against NPC in certain populations.

Our observation of an association between hOGG1 

rs1052133 and the risk of NPC is consistent with a previous 

report in Taiwan, suggesting that individuals with genotype 

GG or GC at this SNP are at 1.6-fold higher risk of NPC than 

those with genotype CC.10 On the other hand, these findings 

contrast with studies in patients from North African countries11 

and Chinese patients from Chongqing,12 which failed to find a 

significant association between hOGG1 rs1052133 polymor-

phism and the risk of NPC. Ethnic and geographic differences 

may help explain these discrepancies, as well as the small size 

of the Chongqing study,12 which increases the risk of selective 

bias. Our findings should be confirmed in even larger studies 

looking at various ethnic groups in different locations, espe-

cially since our study was purely based on important clinical 

associations and did not take into account several possible 

novel confounders, such as body mass index.16

To our knowledge, this is the first study to evaluate the 

effect of hMUTYH rs3219472 SNP on the risk of NPC. 

Our results suggest no significant association between the two, 

contrasting with studies in Chinese patients reporting an asso-

ciation between genotype AA at this locus and elevated risk of 

cholangiocarcinoma,14 as well as an association between gen-

otype GA and decreased risk of esophageal adenocarcinoma.15  

When we examined possible joint effects of both SNPs 

hOGG1 rs1052133 and hMUTYH rs3219472 on the risk of 

NPC in our population, we found that subjects with genotype 

CC at hOGG1 rs1052133 and genotype AA at hMUTYH 

rs3219472 (CC/AA) were at significantly higher risk of 

NPC than those with other genotype combinations (GG/AA, 

GG/GG, and GG/GA). These results suggest that, at least 

in Asian populations, hMUTYH rs3219472 polymorphism 

may play a role in NPC susceptibility, just as it does in other 

malignancies. The fact that we observed this association only 

in combination with hOGG1 rs1052133 polymorphism high-

lights the multigenic nature of carcinogenesis and supports 

previous proposals that gene variants sometimes interact to 

affect cancer risk more than each gene on its own.12 It makes 

sense that perturbations in multiple steps of the BER path-

way would affect the risk of NPC more than perturbations 

in a single step. At the same time, the fact that we observed 

the CC/AA genotype in such a low proportion of patients 

(13/488) and controls (6/573) means that our results must 

be verified in larger, well-designed studies.

The molecular mechanism(s) by which hOGG1 

rs1052133 polymorphism affects susceptibility to NPC 

are unknown. We found a significantly lower frequency of 

GG among NPC patients than controls, suggesting that this 

genotype protects against the disease. This is in contrast with 

the conclusion from several studies suggesting that genotype 

GG compromises the ability of hOGG1 to repair 8-oxoGs. 

Genotyping studies in patients from India, People’s Republic 

of China, Japan, and other Asian countries have reported 

higher frequencies of genotypes GG or GC among patients 

with malignant tumors than among healthy controls,17,18 and 

laboratory studies have shown that the Ser326Cys hOGG1 

variant encoded by genotype GG is more sensitive to inac-

tivation by oxidative agents5,19 and shows nearly sevenfold 

Table 4 Analysis of joint influence of genotypes at hOGG1 
rs1052133 and hMUTYH rs3219472 on risk of nasopharyngeal 
carcinoma

Genotype NPC Control P* Adjusted ORa  

(95% CI)rs1052133 rs3219472

CC AA 13 6 1.00 1.00
GG GG 62 83 0.043 2.887 (1.033–8.072)
GG GA 70 101 0.026 3.183 (1.147–8.835)
GG AA 19 27 0.040 3.392 (1.059–10.870)
CC GG 34 37 0.111 NS
CC GA 34 42 0.065 NS
CG GG 119 126 0.096 NS
CG AA 31 39 0.062 NS
CG GA 106 112 0.098 NS
Total 488 573

Notes: aCalculated by multiple logistic regression after controlling for age, sex, 
and smoking history. *Calculated using the chi-squared test with respect to the 
P-value associated with the combination of genotype CC at hOGG1 rs1052133 and 
genotype AA at hMUTYH rs3219472. NS means not shown due to P.0.05.
Abbreviations: hOGG1, human 8-oxoguanine DNA glycosylase 1; hMUTYH, 
human MutY glycosylase homologue; NPC, nasopharyngeal carcinoma; OR, odds 
ratio; CI, confidence interval.
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lower repair activity20,21 than the Ser326 enzyme encoded by 

genotype CC. There are at least three possible explanations 

for the observed protective effect of genotype GG and previ-

ous studies reporting a deleterious effect.

First, the accumulation of DNA damage due to impaired 

hOGG1 activity may increase apoptotic cell death during 

cell division, which may protect against cancer in carriers 

of the mutant hOGG1 allele.22 This may explain why some 

studies have associated the G allele at hOGG1 rs1052133 

with lower risk of breast and lung cancer.5,23 Recently, we 

have completed studies detecting the rs1052133 SNP in some 

cell lines of NPC and normal immortalized nasopharyngeal 

epithelium. Interestingly, the results showed that genotypes 

of NPC cell lines, including CNE1, CNE2, 5-8F/6-10B, 

HK-1, HONE1, TWO3, and HNE1, were CC, and the nor-

mal epithelial cell lines NP69 and NP460 were GG (data not 

shown). These results may provide some clues discovering 

in vitro effect of rs1052133 SNP on the NPC tumorigenesis. 

The following functional investigation using these cell lines 

would reveal a more precise mechanism by which this SNP 

may affect NPC carcinogenesis.

Second, the GG genotype at hOGG1 rs1052133 may 

reduce the repair of oxidative DNA damage only in the 

presence of excessive cellular oxidative stress.24 Indeed, our 

subgroup analyses revealed a protective effect of genotype 

GG specifically among those with no smoking history and 

among women, only 2.6% (3/114) of whom had a smoking 

history. No such protective effect was observed among indi-

viduals with a smoking history, and smoking is known to gen-

erate free radicals that induce oxidative and nitrative stress.17 

These considerations lead us to propose that, in the presence of 

reasonable levels of oxidative stress, such as in nonsmokers, 

hOGG1 repair activity may not differ significantly between 

individuals with genotype GG or CC, such that genotype GG 

does not measurably affect the risk of NPC.

Third, the GG variant of rs1052133 may affect NPC risk 

through other mechanisms. Other authors have suggested 

that this variant is linked to other functional polymorphisms 

in hOGG1 and/or other genes involved in repairing oxida-

tive DNA damage.5 Future studies should aim to examine 

whether one or more of these three mechanisms operate in 

patients with NPC.

Besides a significant relation between SNP rs1052133 

and NPC risk, our study also indicates that the frequency 

of NPC patients with positive immunoglobulin A against 

the capsid antigen of EBV (EBV-VCA-IgA) is significantly 

higher than controls. This leads us to speculate that rs1052133 

SNP might affect the susceptibility to EBV infection in the 

cases in our cohort, and these two factors may have a joint 

effect on NPC risk. However, our stratified analyses showed 

no significant difference of GG or CC genotype frequencies 

between NPC and normal controls among those with positive 

EBV-VCA-IgA (data not shown), suggesting that rs1052133 

SNP may not affect the susceptibility to EBV infection. Our 

analyses also showed that GG or CC genotype frequencies 

were not significantly different between those with positive 

and negative EBV-VCA-IgA among the NPC cases (data not 

shown), indicating that the interaction between this SNPs 

and EBV infection may not significantly influence the NPC 

risk. However, considering the relatively low proportion of 

controls with positive EBV-related antibody (8/573) and 

the limited number of NPC cases (184/488) with negative 

EBV-related antibody, further investigations involving more 

such cases are necessary to obtain real information about 

the combined effect of EBV infection and SNPs in BER 

pathway on NPC risk.

Our conclusions should be treated with caution because of 

some important limitations of the present study. Its relatively 

small sample may lead to selective bias, affecting our results. 

Its cross-sectional design means that we cannot exclude that 

some controls will go on to develop NPC or other types of 

cancer, which would affect our findings.

Conclusion
Despite the limitations above, our study provides the first 

evidence that genotype GG at the hOGG1 rs1052133 SNP 

may be associated with decreased risk of NPC, especially in 

women, nonsmokers, and those older than 40 years. In addi-

tion, our data suggest that this hOGG1 SNP interacts with the 

hMUTYH rs3219472 SNP to influence the risk of NPC.
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