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The aetiology of head and neck cancer (HNC) has been 
shown to be associated with genetic and certain environ-
mental factors that produce DNA damage. Base excision 
repair (BER) genes are responsible for repair of DNA dam-
age caused by reactive oxygen species and other electro-
philes and therefore are good candidate susceptibility genes 
for HNC. Apurinic/apyrimidinic endonuclease-1 (APEX1) 
proteins have important functions in the BER pathway. In 
this case–control study, all exons of the APEX1 gene and its 
exon/intron boundaries were ampli�ed in 300 HNC cases 
and 300 matched healthy controls and then analysed by 
single-stranded conformational polymorphism. Ampli�ed 
products showing altered mobility patterns were sequenced 
and analysed. To con�rm our observations, we examined 
APEX1 expression at mRNA level on 50 head and neck 
squamous cell carcinoma (HNSCC) and 50 normal con-
trol samples by quantitative real-time polymerase chain 
reaction. At germ line level, three novel mutations (13T > 
G, Ser129Arg and Val131Gly) of APEX1 were observed. 
The homozygous and heterozygous genotypes of APEX1  
13T > G, Ser129Arg and Val131Gly appear to be signi�-
cantly involved in the development of HNC. In the case of 
expressional level, APEX1 mRNA expression was positively 
correlated with tumour size, clinical stage and positive 
lymph node metastasis. Statistical analysis showed a sig-
ni�cantly higher APEX1 mRNA level in HNC tumour tis-
sue than in control samples. Our study demonstrated that 
APEX1 mutations and deregulation of APEX1 are associ-
ated with increased risk of HNC in the Pakistani population.

Introduction

Head and neck cancer (HNC) is not a speci�c entity, but rather 
a broad category of diverse tumour types arising from various 
anatomical structures including the craniofacial bones, soft 
tissues, salivary glands, skin and mucosal membranes (1). 
HNC is the sixth most common cancer worldwide accounting 
for 4% of cancer in men and 2% of cancer in women (2). In 
some parts of the world including southern China, Pakistan, 
India, Thailand and Brazil, HNC is a major cancer problem (3).

 Head and neck carcinogenesis is associated with abnormalities 
in DNA repair, apoptosis, carcinogen metabolism and cell-cycle 
control (4). DNA repair systems play a critical role in protecting 
the human genome from damage caused by carcinogens present 
in the environment (5). Apurinic/apyrimidininc endonuclease 1  
(APEX1) protein has important functions in the base excision 

repair (BER) pathway (6). APEX1 resides on 14q11.2–14q12 and 
processes the AP sites or single-strand breaks (SSBs) remaining 
after the damaged base has been excised by DNA glycosylases, 
considered the rate-limiting step in BER (7). APEX1 has two 
domains, a DNA-repairing domain and a redox domain. The 
carboxy-terminus of APEX1 contains the endonuclease activ-
ity required for DNA repair and spans residues 61–318, whereas 
residues 1–127 comprise the redox domain (8).

APEX1 has been characterised in numerous functional stud-
ies. The Escherichia coli APEX1 homologue xthA demon-
strated hypersensitivity to hydrogen peroxide and ultra violet 
light when AP activity was eliminated (9,10) and yeast defect-
ive in AP site repair exhibited an elevated spontaneous mutator 
phenotype (11). Ramana et al. (12) demonstrated that human 
cells exposed to sublethal doses of oxidising agents showed 
an increase in both the amount of APEX1 and APEX1 activ-
ity. APEX1 has also been shown to interact with X-ray repair 
cross-complementing protein 1 (XRCC1) (13) and APEX1 
over-expression can compensate for XRCC1-de�cient cells in 
the repair of DNA SSBs induced by oxidative DNA damage, 
both in vivo and in whole-cell extracts (14).

The limited epidemiological data examining the relationship 
between APEX1 polymorphisms and cancers and related traits 
have suggested a weak to null effect, although multiple studies 
of the same outcome are few (15–17). Many investigators have 
focused on the Asp148Glu variant, as it resides in the carboxy-
terminus. However, variants outside the APEX1 DNA repair 
domain, such as residues 61–318 or promoter regions, could be 
markers for the disease-causing single nucleotide polymorphism 
(SNP) and may be informative (18).

 In this work, we have studied if the polymorphisms/muta-
tions in the APEX1 gene are able to modify the risk for HNC, 
and if the effects of these polymorphisms/mutations differ in 
never-smokers and smokers. In addition to this, we also meas-
ured mRNA levels of APEX1 in patients with HNC. The main 
focus was to investigate any mutation or expressional change in 
the APEX1 gene in HNC in a Pakistani population.

Materials and methods

The present population-based case–control study was conducted with a prior 
approval from ethical committees of both COMSATS Institute of Information 
Technology and collaborating hospitals. Two HNC patient groups were 
recruited in this study. Clinical characterisation of the patients is summarised 
in Table I. The cohort 1 was used for evaluating the APEX1 variants at germ 
line level. This group consists of blood of 300 HNC cases and 300 matching 
normal healthy individuals as controls. The selection procedure for patients 
included con�rmed histological diagnosis of HNC, no preoperative therapy and 
availability of complete follow-up data. The inclusion criterion for the controls 
was absence of prior history of cancer or precancerous lesions. Patients and 
controls suffering from any other familial disease (diabetes, blood pressure 
and cardiovascular impairment) were excluded from this study. After obtain-
ing informed consent, all individuals were personally interviewed using the 
speci�cally designed questionnaire. Information on age, gender, ethnic group 
and detailed exposure data on smoking was recorded. This study included three 
types of tobacco use, which are betel quid, moist sniff and cigarettes. As intake 
of these agents varies from individual to individual, a broad de�nition of smok-
ing was introduced here.
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Cohort 2 was used for evaluating APEX1 expression at mRNA level. This group 
included tumours of 50 HNC patients who underwent surgery at Military Hospital 
(Rawalpindi, Pakistan) between 2009 and 2012. Clinical, epidemiological and 
histopathological characteristics of these patients are shown in Table I. All tumours 
are histologically con�rmed to be squamous cell carcinoma of HNC and were 
graded as well differentiated, moderately differentiated and poorly differentiated. 
The tumour extent was classi�ed according to the tumour, lymph node, metastasis 
(TNM) staging system by International Union Against Cancer (UICC) (19). 
Among 50 cases, 34 (68%) had histologically con�rmed lymph node metastasis 
(N+), whereas remaining 16 (32%) had no lymph node metastasis (N0). Samples 
of tumour core, the invasive edge of tumour and microscopically healthy mucosa 
(control) were obtained from each surgical section. Presence of tumour cells in 
the collected tissues was recti�ed by examination of frozen sections following 
haematoxylin and eosin stain by a consultant pathologist. Whereas samples of 
control mucosa were obtained from macroscopically con�rmed uninvolved 
healthy area >2 cm away from the tumour.

DNA extraction and polymerase chain reaction

DNA was extracted from white blood cells of study group 1, using standard 
phenol–chloroform extraction method (20) and stored at −20°C for further pro-
cessing. Human APEX1 exon sequence was taken from Ensembl. Primers were 
designed by using primer 3 software, and checked for speci�c ampli�cation 
using BLAST. Whole coding region and its exon/intron boundaries of ~60 bp 
sequence of APEX1 were investigated to identify any splice site variation. Each 
polymerase chain reaction (PCR) was performed in a 20 µl reaction mixture 
containing ~20 ng of genomic DNA templates, 2 µl (10 mM) of each primer, 
0.24 µl (25 mM) of dNTP, 2 µl (10×) PCR buffer and 0.2 µl (5 u/µl) of Taq poly-
merase. PCR pro�le consisted of an initial melting step of 94°C for 5 min, 35 
cycles of 94°C for 45 s, annealing temperature for 1 min and 72°C for 1 min and 
a �nal extension step of 72°C for 10 min followed by hold at 4°C. PCR products 
were electrophoresed on a 2% agarose gel and stained with ethidium bromide.

Mutational screening and sequencing

Single-stranded conformational polymorphism (SSCP) was used for the muta-
tional analysis of the PCR products. Samples, displaying an altered electropho-
retic mobility, were reampli�ed in another reaction and were analysed by direct 
sequencing to con�rm and characterise the nature of mutations. Sequencing 
was carried out by MCLab (USA). Control (normal) samples were also 
sequenced along with cases to check the quality of sequencing.

RNA extraction and real-time PCR

RNA isolation was carried out from tumour samples of study group 2 by 
using the standard Trizol reagent method (21) and stored at −80°C. Reverse 

transcription PCR (RT–PCR) was carried out using SuperScript First-Strand 
Synthesis System (Invitrogen, USA). The SuperScript III First-Strand 
Synthesis System for RT–PCR was optimised to synthesise �rst-strand cDNA 
from puri�ed poly(A)+ or total RNA. It provides high cDNA yields, sensitivity 
and speci�city.

For quantitative PCR (qPCR), primers speci�c for gene APEX1 and β actin 
(internal control) were purchased from OriGene (USA). Each qPCR was per-
formed in a 20 µl reaction mixture containing ~1 µl of product from RT reac-
tion, 10 µl of 2× Sybr Green, 1 µl of each primer and 7 µl RNase free water. 
qPCR was performed using Real-Time PCR system (Applied Biosystems Step 
one plus) under standard conditions.

The relative mRNA levels of APEX1 and β actin were computed using the 
2−ΔΔCt analysis method (22).

Structure prediction

Wild-type protein model was obtained from protein data bank. Mutated struc-
ture of APEX1 was predicted using automated Swiss model. Two structures, 
wild and mutated, were aligned using UCSF chimera software.

Statistical analysis

For each mutation, deviation of the genotype frequencies in the control sub-
jects from those expected under Hardy–Weinberg equilibrium was calculated. 
We estimated the cancer risk associated with the alleles, genotypes as odds 
ratios (ORs) and 95% con�dence intervals (CIs) by using unconditional logis-
tic regression with adjustment for age, sex and smoking status in study group 
1. P-values for trend were calculated by chi-square test.

For study group 2, one-way analysis of variance was used to assess the asso-
ciation of APEX1 expression with clinical and histopathological parameters (e.g. 
TNM and grade). Spearman correlation coef�cient was used to assess correla-
tions among the gene expression and clinical and histopathological parameters.

Results

Mutation screening

Three APEX1 variants were identi�ed in patients and controls 
after SSCP followed by the sequencing in study group 1 
(Figure  1). One substitution (13T < G) mutation was found 
in the 3′UTR region and two non-synonymous mutations 
(Ser129Arg, Val131Gly) are found in the fourth exon of the 
gene APEX1. Frequency of all mutations showed signi�cant 
difference between HNC patients and control subjects. The 
genotype frequency of these APEX1 mutations in cases and 
controls is shown in Table II. In case of 13T < G mutation, 
~5-fold increase in HNC risk (OR  =  4.79, 95% CI  =  2.36–
10.44) was associated with GG genotype (major homozygote) 
and ~2.0-fold increase (OR = 1.83, 95% CI = 0.91–3.69) with 
GT genotype (heterozygote). For the Ser129Arg mutations, 
~12-fold increase in HNC risk (OR = 11.74, 95% CI = 4.98–
27.68) was associated with GG genotype (major homozygote) 
and ~6.0-fold increase (OR  =  6.31, 95% CI  =  2.40–16.54) 
with GT genotype (heterozygote). In case of Val131Gly, ~5.0-
fold increase in HNC risk (OR = 5.21, 95% CI = 2.61–10.07) 
was associated with GG (major homozygote) and ~3.0-fold 
increase (OR = 2.59, 95% CI = 1.38–4.84) with GT genotype 
(heterozygote). These risks persisted even when the data were 
adjusted for chi-square analysis and was statistically signi�cant.

The largest transcript of APEX1 consists of 318 amino acids 
making six identical chains as seen in its structure (Figure 2). 
Protein modeling of two mutations (Ser129Arg, Val131Gly) 
of APEX1 and comparison with wild-type APEX1 protein has 
concluded that no major change occurs with these mutations.

Analysis of gene–environment interaction

We observed a signi�cant interaction between smoking and 
mutations in the selected gene, APEX1. We noticed that the smokers 
with the 13T < G-GG genotype had higher risk of HNC than GT 
genotype and smokers with Ser129Arg-GG and GT genotypes 
had equal incidence of HNC. Smokers with the Val131Gly-GG 

Table I. Demographic and clinical characterisation of the cohorts

Variables Cases Controls

Cohort 1
 Age Median (range) 55 (25–80) 57 (25–80)
 Gender Male: n (%) 152 (51) 156 (52)

Female: n (%) 148 (49) 144 (48)
 Family history Yes: n (%) 25 (8) 4 (1)

No: n (%) 275 (92) 296 (99)
 Smoking Smokers: n (%) 129 (43) 140 (47)

Non-smokers: n (%) 171 (57) 160 (53)
Cohort 2a

 Age Median (range) 60 (20–80) 60 (20–80)
 Gender Male: n (%) 27 (54) 27 (54)

Female: n (%) 23 (46) 23 (46)
 Clinical stage Stage I: n (%) 05 (10) –

Stage II: n (%) 09 (18) –
Stage III: n (%) 26 (52) –
Stage IV: n (%) 10 (20) –

 T stage Stage I: n (%) 05 (10) –
Stage II: n (%) 11 (22) –
Stage III: n (%) 28 (56) –
Stage IV: n (%) 06 (12) –

 N stage Stage 0: n (%) 16 (32) –
Stage I: n (%) 28 (56) –
Stage II: n (%) 06 (12) –

 Grade Poor: n (%) 05 (10) –
Mod: n (%) 15 (20) –
Well: n (%) 30 (60) –

aM stage data for HNSCC patients are not available.
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genotypes had higher risk of HNC than GT genotype, similar trend 
was observed for these genotypes in non-smoker HNC cases when 
compared with control subjects (Table III).

The APEX1 mRNA level in HNSCC

APEX1 mRNA level was observed in 50 HNC tumour and 50 normal 
tissue samples in study group 2. APEX1 expression is signi�cantly 
higher in HNC tumour than in normal tissue samples. Statistical 

signi�cant increase in APEX1 mRNA level was observed in the 
tissues with positive lymph node metastasis (pN+) as compared 
with those with negative status. Increased APEX1 expression was 
also observed in larger (T3–T4) tumour tissues as compared with 
smaller (T1–T2) tumours. The expression level of APEX1 is higher 
in late stage (III–IV) than in early stage disease (I–II). In case of 
tumour grades, somewhat higher expression was observed in well-
differentiated tumour than in poor to moderately differentiated 
tumours, but this increase is not statistically signi�cant (Figure 3).

Fig. 1. Nucleotide sequence of fragments of APEX1. (A) Wild-type codon, (B) mutant heterozygous codon, (C) mutant homozygous codon of 3′UTR, 13T < 
G. (D) Wild-type codon, (E) mutant heterozygous codon, (F) mutant homozygous codon of missense mutation Ser129Arg, showing T to G substitution resulting 
in change of DNA sequence from AGT to AGG encoding the amino acid Arginine instead of Serine. (G) Wild-type codon, (H) mutant heterozygous codon, (I) 
mutant homozygous codon of missense mutation, Val131Gly showing T to G substitution resulting in change of DNA sequence from GTG to GGG encoding the 
amino acid glycine instead valine.

Table II. Allele and genotype frequencies of APEX1 gene and their associations with risks for HNC

Mutations/exons Series Minor allele frequency No. of major homozygote TT No. of heterozygote GT No. of minor homozygote GG *P-value

13T < G Case patients 0.17 237 23 40 0.0001

3′UTR Control subjects 0.05 278 13 09
aOR (95% CI) 1.00 (ref) 1.83 (0.91–3.69) 4.97 (2.36–10.44)

Ser129Arg Case patients 0.24 213 36 48 0.0001
Exon 4 Control subjects 0.02 289 15 06

aOR (95% CI) 1.00 (ref) 6.31 (2.40–16.54) 11.74 (4.98–27.68)
Val131Gly Case patients 0.22 215 36 49 0.0001
Exon 4 Control subjects 0.05 274 15 11

aOR (95%CI) 1.00 (ref) 2.59 (1.38–4.84) 5.12 (2.61–10.07)

aORs were adjusted by age, sex and smoking status.
*P > 0.05, by chi-square test for trend.
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Correlation between APEX1 expression and 
clinicopathological characteristics

Correlations were tested between APEX1 expression, clinical 
and pathological features of HNC patients group 1. The APEX1 
mRNA level was positively correlated with T stage, C stage 
and pN stage. pT stage was positively correlated with C stage, 
pN stage and grade of HNC tumours. A negative correlation 
was observed between the age of the HNC patients versus pT 
stage, C stage and pN of the HNC tumour samples (Table IV).

Discussion

In this study, we evaluated possible associations between 
variants of the DNA repair gene APEX1 and the risk of 
developing HNC. First, we identi�ed potentially functional 
polymorphisms and genetic markers in the candidate gene by 
SSCP and sequencing the gene from a subset of 300 HNC 
patients and 300 control subjects. We identi�ed three novel 
mutations: one in the 3′UTR region (13T < G) and two in 
the fourth exon (Ser129Arg, Val131Gly) of APEX1. Our 
study found that the homozygous and heterozygous variant 

genotypes of APEX1 mutations, 13T < G, Ser129Arg and 
Val131Gly, were associated with a signi�cantly increased 
risk of HNC among the smokers and non-smokers. Previous 
studies have identi�ed �ve non-synonymous APEX1 variants, 
which is rare for population-based studies (23,24). Many 
investigators have focused on the Asp148Glu variant, as 
it resides in the carboxy-terminus and no direct impact on 
endonuclease or DNA-binding activities was observed for 
Glu148Asp. However, variants outside the APEX1 DNA repair 
domain, such as residues 61–318 or promoter regions, could 
be markers for the pathogenic SNP and may be informative 
(18). In our study, we found one variation at 13 residues (redox 
domain) and another two at 129 and 131 residues (DNA-
repairing domain), which cover both the redox domain and 
DNA-repairing domain of APEX1. Structural prediction of 
two mutations (Ser129Arg, Val131Gly) in the coding region 
of APEX1 has shown no major change in protein structure 
compared with wild-type protein. It is possible that in the 
present study mutations in both domains may have a combined 
effect on the repair capacity of APEX1. These variants may 
be associated with a reduced ability to communicate with 

Fig. 2. Superimposed protein structure of mutated APEX1 with its wild type. Wild-type APEX1 protein (grey) and mutated APEX1 protein (blue). Superimposed 
protein structure of mutated APEX1 showing the location of two observed mutations, Ser129Arg (red) and Val131Gly (green). Wild-type protein model obtained 
from protein data bank. Structure was predicted using automated Swiss model. Two structures, wild and mutated, were aligned using UCSF chimera software.

Table III. Adjusted OR of HNC associated with the mutations in �nal model strati�ed by smoking status

Mutations/genotype Smokers Non-smokers

Cases Controls aOR (95% CI) *P-value Cases Controls aOR (95% CI) *P-value

13T < G
 TT 81 128 1.00 (ref) 0.0001 146 150 1.00 (ref) 0.007
 GT 13 07 1.89 (0.75–4.82) 10 06 1.69 (0.61–4.71)
 GG 25 05 5.36 (2.02–14.20) 15 04 3.89 (1.28–11.88)
Ser129Arg
 TT 67 133 1.00 (ref) 0.0001 146 156 1.00 (ref) 0.0001
 GT 22 03 7.83 (2.32–26.47) 07 02 3.56 (0.73–17.28)
 GG 30 04 8.22 (2.86–23.64) 48 02 28.38 (6.83–117.93)
Val131Gly
 TT 72 125 1.00 (ref) 0.0001 133 149 1.00 (ref) 0.07
 GT 18 10 1.85 (0.84–4.08) 05 18 0.27 (0.09–0.72)
 GG 29 05 6.31 (2.41–16.54) 20 06 3.5 (1.39–8.84)

aORs were adjusted by age, sex and smoking status.
*P > 0.05, by chi-square test for trend.
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other BER proteins, as even a slight change in DNA repair 
capacity may be detrimental and many functional studies are 
underpowered to detect subtle changes. Research has shown 
that APEX1 enhances the DNA-binding activity of NF-κB in 
vitro as well as NF-κB-dependent transcriptional activation in 
vivo (25,26). Deletion of the redox-sensitive domain of APEX1 
has been shown to inhibit TNF-induced NF-κB activation and 
increased susceptibility to TNF-induced apoptosis (27,28).

In order to con�rm our germ line results, that APEX1 
increases the risk of developing HNC in the Pakistani 
population, we planned another study to observe the 
expression level of this gene in the same population. As 
a result two important observations were made. First, 
deregulation of APEX1 gene expression is a progressive 
event in the tumorigenesis of HNC. Our study observed 
that the APEX1 level is increased in HNC when compared 
with normal tissue. Similar results have also been observed 
in osteosarcoma (29), pancreatic cancer (30), lung cancer 
(31), ovarian, gastro-oesophageal and pancreatico-biliary 
cancers (32). Second observation of our study is the 
positive correlation of APEX1 level with pT stage, pC stage 
and positive lymph node metastasis. Earlier studies have 
demonstrated that different oxidative agents promote an 
increase of APEX1 mRNA and protein expression (33,34). 
In case of lung cancer (35), ovarian (36), thyroid (37,38) 
and breast cancer (39), increased APEX1 expression has 
been associated with higher aggressiveness of tumour (40). 
Accumulating evidence indicates that depletion of APEX1 
by the over-expression of antisense mRNA results in 
hypersensitivity to DNA-damaging agent hydrogen peroxide 
and methyl methanesulfonate in human cell lines (41) and 

oxidative stress induced APEX1 over-expression in Chinese 
hamster cells (42). APEX1-compromised cells are more 
susceptible to oxidative stress mainly due to reduced redox 
and 3′phosphodiestrase activity impacting cell survival, 
pushing it towards apoptosis. This �nding has therapeutic 
importance as increased APEX1 levels in tumour cells have 
been shown to confer resistance to chemotherapeutic drugs 
perhaps via decrease in apoptosis (43).

Although this is not �rst report in relation to global con-
text but Pakistani populations have not been analysed for such 
genetic changes and their association with different types of 
cancers. Nevertheless, our sample size (300 blood samples and 
50 tumour samples) is relatively small. Further, validation stud-
ies with larger sample size and additional strati�cation to con-
trol potential confounding factors (ethnicity, smoking histories) 
are required to validate our �ndings.

In conclusion, our study demonstrates a signi�cant associ ation 
between APEX1 mutations and HNC in Pakistani population at 
germ line level. Our study also con�rms that the APEX1 level 
is increased in HNC when compared with normal tissue. The 
APEX1 level is further enhanced in more metastatic disease 
when compared with primary tumours. In line with previous 
�ndings, inhibition of DNA repair or redox or both activities 
of APEX1 due to mutations or any inhibitors could potentially 
sensitise the tumour cells to therapeutic agents, making APEX1 
an attractive molecular target in the treatment of cancer.
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Fig. 3. mRNA expression of APEX1 in HNSCC of study group 2. Columns plot comparing the APEX1 mRNA levels of HNC and normal control samples, HNC 
samples with (N1–N2) and without lymph node metastasis (N0), with different pT stages, with clinical stage I–II and clinical stage III–IV and HNC samples with 
different grades. The P-values were computed using one-way analysis of variance.

Table IV. Correlations among clinical features and APEX1 gene expression of primary HNCa

Gender Age pT stage C stage pN stage Grade APEX1

Gender (P-value) −0.194  0.017  0.124  0.038 −0.008  0.1
Age (P-value) – −0.366 (<0.01) −0.362 (<0.01) −0.366 (<0.01) −0.242 −0.204
pT stage (P-value) – –  0.942 (<0.01)  0.987 (<0.01)  0.291 (<0.05)  0.311 (<0.05)
C stage (P-value) – – –  0.929 (<0.01)  0.289 (<0.05)  0.287 (<0.05)
pN stage (P-value) – – – –  0.251  0.304 (<0.05)
Grade (P-value) – – – – –  0.142
APEX1 (P-value) – – – – – –

The expression levels of APEX1 for patient cohort 2 were based on the relative mRNA level. Bold values show statistically signi�cant results.
aSpearman correlation coef�cients.
P < 0.05. The P-values were computed using one-way analysis of variance.
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