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Role of NAT-1 gene polymorphism in the etiology and progression of cervical cancer
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ABSTRACT
Cervical cancer (or carcinoma of cervix) incidences show higher occurrence rate in women population residing in poor

socio-economic and unhygienic conditions especially in rural areas. However implication of various effective screening and
health programmes in western countries, the incidence of invasive cervical cancer has declined greatly. In spite of that, still today
cervical cancer remains the most common cancer in women, next to breast and lung cancer, therefore a leading cause of death
in India. Gene polymorphisms modify risk of developing cancer like urinary bladder, colorectal, breast cancer etc. The effect of
NAT-1gene polymorphism on cancer risk varies with organ involved, reflecting tissue specific expression of these genes. Strong
associations exist with cause and increased risk for development of cervical cancer in individuals carrying specific alleles among
the population.
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Introduction
Cervix cancer is the most prevalent in women

which affect’s over 25,00000 lives and annually 5,00000
newly cases are diagnosed in the world. It is nearly about
80% of cases occurred in low-developing countries. In
99 % of diagnosed cases Human papilloma virus (HPV)
is the most prevalent viral infection of the reproductive
system, which has been related to nearly all cases of
cervical cancer. Cervical cancer is associated with nearly
5% of the death among women suffering from cervical
cancer5.  Cervical cancer is the most prevalent cancer
among Indian women with the age group of 15 to 44
years. In recent past year approximately 132,000 women
in India are diagnosed with cervical cancer each year,
and out of them nearly 74,000 die. However,
implementation of recently diagnostic techniques in
histological examination of biopsy and Pap
(papanicolaou) smear screening programmes

conducted at larger scale, have greatly decreased the
mortality of cervical cancer patients.

Although Pap smear test is not highly sensitive
due to its certain limitation. This restricts the present
screening attempts that require further diagnostic
confirmation using biomarkers. Cervical cancer and
invasive cervical neoplasia are known to be largely
induced by simultaneous infection of HPV1. Based on
their correlation with invasive cervical cancer, about two
third of HPV strains are associated with cervical
neoplasia, which have been categorized into high- and
low-risk groups13. Symptoms of cervical cancer have
been reported as blood stained discharge per vaginum,
post-coital bleeding and low backache11. The associated
risk factors are like women having multiple sexual
partners, high-risk male partner who previously had a
spouse who had cervical cancer and persistent HPV
infection4, lower socio-economic status, multiple
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pregnancies, promiscuity, exposure to carcinogens,
smoking, OCP usage and immuno deficiency make
lesions more likely to progress. While a negligible rate
among nuns and virgins are reported4.

In humans, NAT-1 gene is responsible for N-
acetyltransferase activity. Several allelic variants of
NAT-1 gene which cause variations in acetylation
capacity, have been detected10. O-acetylation of the N-
hydroxyarylamine yields an acetoxy arylamine derivative
which breaks down spontaneously to a highly reactive
arylnitrenium ion, the ultimate metabolite is responsible
for mutagenic and carcinogenic lesions8. Variations in
the N-acetyltransferase (NAT-1) gene among different
populations could affect the metabolism and disposition
of drugs9.  Therefore, it is required to investigate the
role of NAT-1 genotypes and/or phenotypes together with
other genetic susceptibility factors, biomarkers and
carcinogen exposure to understand the role of NAT-1
acetylation polymorphisms in cancer risk7. Such analysis
of the allelic profile of populations in different geographic
locations may help to understand the incidence
of cervical cancer in India. Hence, present study was
conducted for the analysis of allelic profile of populations
that will help to understand the incidence
of cervical cancer much better.

Materials and Methods
In present study, a total of 75 cases of cervical

cancer were included, those satisfied the selection
criteria and a total 75 non-malignant lesions cases of
cervix tissue were taken as control after obtaining the
ethical clearance from Institutional Ethical Committee
(wide letter no. 116 / Ethical Committee/ S.C.-1/2018
Dated 10/01/2018 issued from Principal office, Maharani
Laxmi Bai Medical College, Jhansi). Inclusion criteria
was that those cases which were diagnosed as
Squamous cell carcinoma, their blood samples were
taken. Exclusion criteria were those patients with the
history of prior radiation exposure to the site (prior
radiotherapy) and history of chemotherapy. The written
informed consent was collected from all participating
subjects/ Patients. The relevant clinical history of all
cases was collected and clinical history was used for
the selection of appropriate cases as per exclusion/
inclusion criteria of the study.

DNA Isolation and the Genotyping
The genomic DNA was isolated from blood

sample of cervical cancer cases and normal control
person by phenol-chloroform method. Genotyping of the
SNPs in NAT-1 was performed by using the polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) assay. PCR reactions were performed in
a 25 µl reaction mixture containing 1 µl genomic DNA,

10X PCR buffer 2.5 µl, 2.5 µl dNTP, 0.5 µl of each primer,
and 1 µl Taq DNA polymerase. For the detection of NAT
- 1 polymorphism ( C559T, C>T), the primers (forward
5’- TCAGGTGCCTTGTGTCTTCCGT-3’ reverse 5’-
TAGTAAATCATTTTGTTCCT-3’) were used to amplify
a 330 bp DNA fragment. Then PCR product was digested
with 5 units of  TaqI (NEB) overnight at 37ºC. The wild-
type allele (CC) produced one band (330 bp); wild-type/
variant allele (CT) produced 182 bp, 148 bp and 330 bp
and the variant allele (TT) produced two bands 182 bp
and 148 bp bands. For NAT-1, PCR conditions include
initial denaturation at 96°C for 5 min followed by 35 cycles
at 96°C–for 45 seconds, at 56°C for 45 seconds, and at
72° C for 30s and a final extension step at 72°C for 10
minutes. After PCR reaction, 10 µl of each PCR product
was digested with restriction enzymes at 37ºC for
overnight. The digested PCR products were visualized
on a 2% agarose gel electrophoresis using ethidium
bromide.

Statistical Analysis
Chi-square test was applied for comparing

genotype and allele frequencies for statistical
significance between cervical cancer patients and
controls. Observed and expected genotype frequencies
of NAT-1 gene polymorphism in controls showed no
deviation from Hardy-Weinberg equilibrium. Chi-square
test showed that there was significant deviation from
Hardy-Weinberg equilibrium for NAT-1 SNP genotypes
(p =0.027). Odds ratios (ORs) with corresponding 95%
confidence intervals (CIs) were determined to assess
the strength of association of NAT-1 polymorphism with
cervical cancer risk. Statistical significance was set at
p < 0.05.

Result
In present study a total number of 75 cases of

cervical carcinoma were examined. All the cases fell in
the age range between 18 to 70 years. The maximum
number of cervical cancer cases i.e. 49.33% (37/75)
were in the age group of 45-60 years whereas 20% (15/
75) of cases were < 45 years of age and 30.67% (23/
75) cases were > 60 years of age. The median age of
cases in the study group was 48 years, while the mean
age was 48.69 years (Figs. 1 & 2).

(I) Association of NAT-1 gene polymorphism with
cervical cancer cases:

Since in homozygous wild type CC and alleles
frequencies of NAT-1 gene show mutation (SNP) as
allele frequencies of CC,CT and TT genotype were
resulting in higher occurrence in cervical cancer cases
from 33.33% , 41.33% and 25.33% respectively in cases
and 16%, 50.66% and 33.33% in control group
respectively. The statistical analysis of observed
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genotypic frequencies show significant association (p-
0.027). Likewise there was significant difference in allele
frequencies between cases and control (OR= 0.6; 95%
CI: 0.38-0.94; p-0.028). We observed significant
association between allele C polymorphism and cervical
cancer risk under the dominant (OR =0.381; 95% CI:
0.174-0.832; p-0.015). No significant relationship was
found as under tabulated recessive model (OR=0.678;
95% CI: 0.334–1.37; p-0.283) and co-dominant model
(OR=0.686; 95% CI: 0.359- 1.30; p-0.252).

Discussion
In present scenario cervical cancer is known as

one of the most preventable and treatable forms of
cancer in vide arena at global level. The present studies
have to meet the following criteria including NAT-1
polymorphisms and cancer risk case-control studies

available genotype frequency for computing odds ratios
(ORs) with 95% confidence intervals (CIs), case
population, outcome comparison and other important
parameters. Abnormal and redundant cells are
eliminated by process of apoptosis3. This process of
apoptosis includes mitochondrial and death-receptor
pathway. These both are propagated via a cas-pase
cascade which leads to activation of apoptosis
process12,14. During carcinogenesis, apoptosis is evaded
by different mechanisms: caspase activity failure,
improper death receptors signaling, disbalance between
anti apoptotic and proapoptotic proteins present5,17.

The result shows that there is correlation between
higher incidence of mutation and cervical cancer
patients. In respect to p values mentioned in Table-1
show the recessive model 0.283, Dominant model 0.015
while Co- dominant model show 0.252 with Odd Ratio

TABLE-1: Genotype distribution, allelic frequency, and association analysis of NAT-1 gene polymorphism
                  with risk of cervical cancer

Genotype/Allele Cases Control Odd Ratio p value
(n=75) (n=75) (95% CI)

CC 25(33.33%) 12 (16%) Ref Ref

CT 31 (41.33%) 38(50.66%) 0.391 (0.169- 0.903) 0.027*

TT 19 (25.33%) 25 (33.33%) 0.364 (0.146- 0.907) 0.03*

Recessive model TT 19 25 0.678 (0.334 - 1.37)  0.283

CT+CC 56 50

Dominant model CT+TT 50 63 0.381 (0.174-0.832) 0.015*

CC 25 12

Co-Dominant model CT 31 38 0.686 (0.359- 1.30) 0.252

CC+TT 44 37

               Allele

C 81 (54%) 62 (41%) 0.6 (0.38- 0.94) 0.028*

T 69 (46%) 88 (59%)

OR: odds ratio, CI: confidence interval, n: number in sample.
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of 95% CI.  While allele frequency with C and T
separately show comparatively case 54% and 46 %;
control 41%, 59% and p value 0.028. Finally it was found
that cases, control and final p value at confidence interval
CI with sample number (n=75) showed the different odd
ratio revealing that the correlation exist between mutation
(SNP) and the number of cervical cancer incidence. The
comparative studies coping with different factors have
shown satisfactory upto the threshhold limit in
accordance to the p value. In cancer, expression of
protein and functions are found to be influenced by
different mutations. Genotypic alterations in NAT-1 gene
may play important role in cervical cancer initiation and
progression as this contains series of target genes
involving various cancer suppressor genes and onco-
genes. Further advance study, along with findings of
present study, might be useful in development of better
technique for prevention, screening, diagnosis of cancer

of cervix.

Conclusion
 Finally, the present study concludes that NAT-1

gene polymorphism were significantly associated with
cervical cancer risk. It has been revealing significant
association of NAT-1 gene polymorphism with high risk
of cervical cancer in Indian population. The genetic risk
factors identification can be useful in predicting the
occurrence of cervical cancer and defining high risk
persons. Therefore we have proposed that each
particular population is required to evaluate its own
genetic profile for cervical cancer risk that may be helpful
for better understanding of racial and geographic
differences reported for cervical cancer prevalence and
death. The findings will be useful for future prospects in
health improvement at each level by prevention and final
mitigation in short time.

Fig. 1 : Depicting different age of patients under study.

Fig. 2: Distribution of cases (%) in different age group (n=75)
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