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1 | INTRODUCTION

| Ying Xie®

Background: Apurinic/apyrimidinic endonuclease 1 (APEX1) plays a central role in the
repair of oxidative DNA lesions via base excision repair, and polymorphism in the
APEX1 gene may affect susceptibility to carcinogenesis.

Methods: Here, we assessed possible relationships between single-nucleotide poly-
morphism at APEX1 rs1760944 and risk of nasopharyngeal carcinoma (NPC) in 477
NPC patients and 558 healthy controls from Guangxi province, which is the second
largest NPC endemic area in South China.

Results: Genotype frequencies in controls were in Hardy-Weinberg equilibrium.
Logistic regression analysis identified the genotypes GT or GG as associated with sig-
nificantly lower risk than the genotype TT (adjusted odds ratio [OR] 0.745, 95% confi-
dence interval [CI] 0.573-0.970). This apparent protective effect of GT/GG was even
greater among those with no smoking history (adjusted OR 0.679, 95%CI
0.494-0.934).

Conclusion: Our results suggest that APEX1 rs1760944 polymorphism may correlate

with NPC susceptibility in a population from an endemic area in South China.

KEYWORDS
base excision repair, human apurinic/apyrimidinic endonuclease 1, nasopharyngeal carcinoma,
single-nucleotide polymorphism

improve the outcome of NPC patients. Searching risk factors may help
to identify the susceptible populations and increase the early diag-

Nasopharyngeal carcinoma (NPC) is a malignant tumor with high inci-
dence and recurrence in southern China, especially in the provinces of
Guangdong and Guangxi.! In these regions, its annual incidence is as
high as 50 per 100 000,? and about 50% of patients, especially those
t, 134 sug-

gesting that early diagnosis may decrease the recurrence risk and thus

with late stage experience recurrence after radical treatmen

Zhifang Lu and Sisi Li are contributed equally to this article.

nosis rate for NPC. In recent years, more and more studies reported
that genomic DNA damage may be associated with NPC onset and
progression,5'6 implying that malfunction of DNA repair pathways may
be a risk factor and affect the susceptibility to this cancer. Indeed,
several single-nucleotide polymorphisms (SNPs), such as 1349 T>G
in the fifth exon (rs1130409) and -656 T>G in the promoter region
(rs1760944) in the gene encoding apurinic/apyrimidinic endonuclease

1 (APEX1),”71° which is a key player in the DNA base excision repair
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pathway,'*?

reduce the expression or activity of APEX1, and this re-
duction increases risk of malignant tumors.*>* APEX1 acts as an en-
donuclease and phosphodiesterase to incise at apurinic/apyrimidinic

sites of oxidative base damage in DNA,>16

so reducing its activity
should allow accumulation of DNA damage that can lead to cancer.
One of the best studied SNPs in the APEX1 gene is rs1760944,
which is associated with risk of several cancers.”*” Some previous
studies indicated that G allele at rs1760944 may contribute to a lower
risk of malignant tumors. Lo et al.** revealed that individuals with GT
or GG genotypes would have a decreased risk of lung cancer compared
with those with TT. Kang et al’s!® study showed that GT or GG gen-
otypes may have a protective effect on breast cancer susceptibility.
Regarding NPC, only one study was published in the literature about
relation of its susceptibility to rs1760944 SNP. Working with a Chinese
population from the south-central city of Chongging (a non-endemic
area of China), Li etal.” found that the genotype GG at rs1760944
tended to be associated with lower risk of NPC than other genotypes,
suggesting that it could protect against NPC, although the data did not
reach statistical significance. To our best knowledge, no related study
from endemic areas has been published, and little is known about the
associations of rs1760944 SNP with NPC risk in these regions.
Therefore, we examined these possible associations with a popula-
tion from Guangxi province, which is the second largest endemic area
of NPC in South China. We controlled sex, age, and smoking history in

order to analyze associations in detail.

2 | METHODS

2.1 | Study population

This study involved patients diagnosed with NPC and treated at the
Affiliated Tumor Hospital of Guangxi Medical University (Nanning,
China) from July 2012 to June 2015. Over the same period, healthy
controls were recruited from individuals undergoing routine physical
examination at the Affiliated Tumor Hospital and the first Affiliated
Hospital of Guangxi Medical University. The Ethics Committee of
Guangxi Medical University approved the study, and each participant

provided written informed consent at enrollment.

2.2 | Blood collection

Venous blood (3 mL) was collected from all participants into ethyl-
enediaminetetraacetic acid-containing tubes. Genomic DNA was ex-
tracted using the TGuide Blood Genomic DNA Kit (Tiangen, Beijing,
China) according to the manufacturer’s instructions. Purity and quality
of DNA samples were assessed using the ratio of absorbance at 260
and 280 nm as well as agarose gel electrophoresis.

2.3 | Genotyping

Target fragments were amplified using the polymerase chain reaction
(PCR) and primers designed with MassARRAY Assay Design Version
3.1 software (Sequenom, San Diego, CA, USA). Amplifications were

carried out in the 384-well ABI veriti PCR System (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s instructions.
PCR reactions (5 pL) consisted of 4 pL Master Mix and 1 uL DNA
(20 ng/pL). Samples were heated at 94°C for 5 min, then subjected to
45 cycles of 94°C for 20's, 56°C for 30 s, and 72°C for 1 m. Finally,
reactions were incubated at 72°C for 3 min and held at 4°C.

Amplified fragments were genotyped using allele-specific
mass spectrometry on a MassARRAY iPLEX MALDI-TOF plat-
form (Sequenom) equipped with MassARRAY TYPER4.0 software.
Procedures were supplied by BGI (Beijing, China).

2.4 | Statistical analysis

Statistical analysis was performed using SPSS 17.0 (IBM, Chicago, IL,
USA). The distribution of SNP genotypes in controls was compared
against the predictions of Hardy-Weinberg equilibrium (HWE) using
the goodness-of-fit chi-squared test. Characteristics of NPC patients
and controls were compared using the unpaired t test or chi-squared
test, depending on the type of variable and normality of the data.
Binary logistic regression was performed to estimate the association
between SNP genotypes and NPC risk; odds ratios (ORs) and cor-
responding 95% confidence intervals (Cls) were calculated with and
without adjustment for age, sex, and smoking history. All P values
refer to two-sided tests, with P<.05 considered significant.

3 | RESULTS

3.1 | Characteristics of patients and controls

Genotype at the APEX1 SNP rs1760944 was successfully determined
in all 477 NPC patients and 558 cancer-free controls in our study.
While the two groups did not differ significantly in age (P=.076), they
did differ significantly in gender composition and smoking status
(P<.001, Table 1). In addition, a significantly larger proportion of pa-
tients than controls was positive for Epstein-Barr virus (EBV)-related

TABLE 1 Clinical characteristics of nasopharyngeal carcinoma
patients and cancer-free controls

Characteristics NPC Control P
Age,y 46.68+11.60 48.06+13.48 .076
Sex

Male 365 320

Female 112 238 <.001
Smoking history

Yes 163 118

No 314 440 <.001
EBV-VCA-IgA

Positive 314 14

Negative 163 544 <.001

EBV-VCA-IgA, IgA against Epstein-Barr viral capsid antigen; NPC, naso-
pharyngeal carcinoma; y, year.
Values shown are n or mean+SD.



LU ET AL

WILEY--2

antibody (P<.001). Genotype frequencies at rs1760944 in the control
group were consistent with HWE (P=.851; Table 2).

3.2 | Association of rs1760944 polymorphism with
risk of NPC: all participants

The genotypes GT or GG at rs1760944 were significantly less frequent
among patients than controls (60.38% vs 67.92%), and unconditional
logistic regression indicated lower NPC risk in individuals with either of
these genotypes than in individuals with the genotype TT (OR 0.720,
95%Cl 0.557-0.929, P=.012). Controlling for age, sex, and smoking his-
tory caused OR to increase to 0.745 (95%Cl 0.573-0.970, P=.029).

3.3 | Association of rs1760944 polymorphism with
risk of NPC: subgroup analysis

Among patients older than 40 years, genotypes GT or GG were as-
sociated with significantly lower NPC risk than TT (OR 0.711, 95%Cl
0.523-0.966, P=.029; Table 3). Adjusting for sex and smoking history
led to an OR of 0.756 (95%Cl 0.551-1.038, P=.084).

Among women, genotypes GT or GG were associated with sig-
nificantly lower NPC risk than TT (OR 0.586, 95%Cl 0.366-0.936,
P=.025). Controlling for age and smoking history led to an OR of 0.634
(95%Cl 0.373-1.078, P=.092).

Among individuals with no smoking history, genotypes GT or GG
were associated with significantly lower NPC risk than TT (OR 0.653,
95%Cl 0.482-0.885, P=.006). Adjusting for sex and age led to an OR
of 0.679 (95%Cl 0.494-0.934, P=.017).

4 | DISCUSSION

In this study involving subjects from an endemic region, we found that
the genotypes GT or GG at APEX1 rs1760944 were significantly less
frequent in NPC patients than in controls, even after adjusting for sex,
age and smoking history. This result suggests that this SNP may be
associated with susceptibility to NPC, and specifically that genotypes
GT or GG may confer reduced risk for disease in the populations from
endemic areas. This is consistent with another study in a Chinese pop-
ulation from a different part of the country, which found a tendency
for genotype GG to be associated with lower NPC risk.”

How this SNP may affect APEX1 expression or activity is un-
clear. Since rs1760944 lies in the APEX1 promoter region, genotype

GG may influence promoter activity and increase the level of APEX1
protein expression.'” We suggest that the genotypes GG and GT in
rs1760944 may lead to higher expression of APEX1 than genotype TT,
and therefore, greater capacity to repair oxidative damage. This would
explain why GG and GT appeared to protect against NPC in our study.

This protective effect may be age-dependent: genotypes GT or GG
conferred a protective effect that was marginally significant (P=.084)
among individuals older than 40 years. Oxidative damage is usually
much greater in older individuals,?® and this may be one of the main
drivers of NPC onset in those above 40. APEX1 upregulation in the
presence of genotypes GT or GG may increase repair capacity, helping
to decrease this oxidative damage and reduce NPC risk.

Similar reasoning may explain why we observed a marginally sig-
nificant protective effect of genotypes GT or GG among women in our
study (P=.092). Women aged 40-60 years accounted for over half of
NPC female patients (64/112) and female controls (141/238). In addi-
tion to greater oxidative damage due simply to age, women in this age
group are at higher risk of mood disorders, such as emotional depres-
sion due to menopausal symptoms and fluctuation of postmenopausal
estradiol and follicle-stimulating hormone.?! It is possible that these
mood disorders are associated with higher levels of reactive oxidant
species and oxidative stress, leading in turn to greater risk of many
diseases, including cancer. APEX1 upregulation in the presence of
genotypes GT or GG may increase repair capacity and thereby reduce
NPC risk.

Our results suggest that the protective effect conferred by gen-
otypes GT or GG depends on smoking status: the reduced risk was
observed among never-smokers, but not among ever-smokers. The
converse was observed in a previous study of a Chinese population
from a different part of the country.” This discrepancy may reflect our
small sample of ever-smokers, highlighting the need for larger stud-
ies in the future. The discrepancy may also reflect differences be-
tween the two study populations: ours was from the NPC endemic
Guangxi region, while those in the previous study came from the non-
endemic Chongging region. Previous work has already shown that
APEX1 SNPs may be associated with different effects depending on

tlé

the environment*® and cell type.l“'22 Whatever be the cause(s) of the

discrepancy between our two studies, the larger question of whether
and how smoking contributes to NPC risk is unclear. While cigarette

smoking can generate free radicals that increase oxidative and nitra-

C,23’24

tive stress and thereby increase risk of NP some studies have

found levels of the oxidative stress marker, 8-hydroxydeoxyguanosine

2526

(8-OHdG) in smokers were not significantly higher or were lower

TABLE 2 Genotype frequencies at APEX1 rs1760944 in nasopharyngeal carcinoma patients and cancer-free controls

N (%)
Genotype NPC Control OR (95%Cl) P Adjusted OR? (95%Cl) Padiust Puwe
GT+GG 288 (60.38) 379 (67.92) 0.720 (0.557-0.929) .012 0.745 (0.573-0.970) .029 .851
TT 189 (39.62) 179 (32.08)

APEX1, apurinic/apyrimidinic endodeoxyribonuclease 1; Cl, confidence interval; HWE, Hardy-Weinberg equilibrium; NPC, nasopharyngeal carcinoma; OR,

odds ratio.

dCalculated by multiple logistic regression after adjusting for age, sex, and smoking history.
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TABLE 3 Distribution of APEX1 rs1760944 genotypes in nasopharyngeal carcinoma patients after stratification by age, sex, or smoking

history
No. of patients/controls
with genotype
Subgroup n (case/control) GT+GG TT
Age,y
<40 139/154 76/95 63/59
>40 338/404 212/284 126/120
Sex
Male 365/320 222/210 143/110
Female 112/238 66/169 46/69
Smoking history
Yes 163/118 100/73 63/45
No 314/440 188/306 126/134

Adjusted OR?

OR (95%Cl) P (95%Cl) Pdjust
0.724 (0.453-1.156) NS 0.719 (0.447-1.158) NS
0.711 (0.523-0.966) 029 0.756 (0.551-1.038)  .084
0.813 (0.595-1.111) NS 0.807 (0.589-1.105) NS
0.586 (0.366-0.936) 025 0.634 (0.373-1.078)  .092
0.978 (0.601-1.593) NS 1.014 (0.608-1.689) NS
0.653 (0.482-0.885) 006 0.679 (0.494-0.934)  .017

APEX1, apurinic/apyrimidinic endodeoxyribonuclease 1; Cl, confidence interval; NS, not significant; OR, odds ratio; y, year.
aCalculated by multiple logistic regression after controlling for the other two stratifying factors. For instance, the adjusted OR for different gender sub-

groups was adjusted for age and smoking history.

than the levels in non-smokers.?” Our own preliminary studies have
also found a tendency toward higher serum levels of 8-OHdG among
never-smokers with NPC than among ever-smokers with NPC (data
not shown). We interpret these findings to indicate that cigarette
smoking is likely to be only one of several factors that induce oxidative
stress. Other factors include, for example, age and gender.?%?®

Whether the association between SNP rs1760944 and NPC risk
depends on EBV infection cannot be addressed from our data. On one
hand, the proportion of individuals positive for EBV-related antibody
was significantly higher among NPC patients than among controls,
suggesting that EBV-VCA-IgA status could be contributing to our re-
sults. On the other hand, frequencies of the genotypes GT or GG did
not significantly differ between patients and controls for the subgroup
of individuals positive for EBV-VCA-IgA or for the subgroup negative
for EBV-VCA-IgA (data not shown). Larger studies are needed to ad-
dress whether EBV infection affects the relationships between these
SNPs and NPC risk, especially given the high proportion of controls
(544/558) and low proportion of patients (163/477) who were nega-
tive for EBV-related antibody.

Although gender composition and smoking history differed
significantly between patients and controls in our study (Table 1),
we found no significant differences in genotype frequencies at
rs1760944 between men and women or between never-smokers
and ever-smokers (data not shown). Thus, it seems unlikely that
this SNP varies with gender or smoking habit. In any event, we con-
trolled for age, sex, and smoking status before performing stratifi-
cation and adjustment analyses using logistic regression,29 thereby
minimizing any possible confounding of our results by these three
factors.

Our results should be interpreted with caution because of several
limitations. First, our relatively small sample may mean higher risk of
selection bias. Second, because of our cross-sectional design, we can-

not exclude that some controls will go on to have malignant tumors

including NPC. Third, we examined only one SNP in the APEX1 gene,
leaving open the possibility that other polymorphisms influence risk of
NPC. Similarly, we cannot exclude that other genes in the base exci-
sion repair pathway, such as hOGG1 and XRCC1, also influence NPC

risk.303L

5 | CONCLUSION

Our study suggests that the APEX1 SNP rs1760944 may be associ-
ated with NPC risk in a population from an endemic area in South
China, especially among those with no smoking history. Larger co-
hort studies are needed to clarify this association, especially among

women and older individuals.
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