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TP53 gene encoding polymorphisms is a risk allele in terms of carcinogenesis. Here, we studied the risk assessment and
association of 7P53 to understand the cancer biology and behaviour in cervical cancer patients and possible anticancer drug
development interfering with p53 protein production. 7P53 gene encodes a central protein of apoptosis pathway p53 and its
allelic variant has been postulated to play a vital role in carcinogenesis in addition to a variety of neurodegenerative
disorders. We undertook a case control study, to examine the possible association of 7P53 gene codon 72 polymorphism in
leukocyte DNA from a total of 200 subjects (100 controls and 100 cases). TP53 codon Arg72Pro (rs1042522) genotype was
identified using allele specific PCR and RFLP with statistical analysis using Vassar Stats (online). In Chhattisgarh
population, individuals with GC and GG genotypes of 7P53 gene codon 72 polymorphism has a significantly higher risk of
cervical cancer (OR=6.36, 95%CI=2.8-14.03 and OR=7.42, 95%CI=3.5-15.9) as compared to CC genotype (OR=1) which
was taken as reference. The 'G' allele was found to confer a significant risk of cervical cancer (OR= 3.69, 95%CI= 2.40-5.5)
compared to 'C' allele. The present case control study demonstrated the prevalence of the 4rg/4Arg (GG) genotype in women

with cervical cancer among Chhattisgarh population.
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Cervical carcinoma is the second most commonly
diagnosed and the fourth leading cause of cancer
death in women worldwide. Average life years lost
due to cervical cancer is estimated at 25.3 years'. In
developing countries, about 88% deaths occur due to
cancer, exclusively from  cervical  cancer’.
Approximately 365.71 million women in Indian
population are above 15 years of age and are at risk of
developing cervical cancer. According to the World
Health Organiztion (WHO), approximately 570,000
new cases were diagnosed in 2018°. In India, 132,000
new cases of cervical cancer with 74,000 deaths were
recorded in 2017, which is nearly 1/3 of the global
cervical cancer deaths®. By 2020, this number is likely
to increase to 149,000 new cases due to the
demographic effect of population growth and
increased life expectancy’. Persistent infection by
high-risk human papillomavirus (HPV), sexual
behaviour, unbalanced diet, and genetic factors
considered as risk factors for developing cervical
cancer™. About 50,000 new cases and 250,000
cervical cancer deaths worldwide each year showed
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association with HPV®. Cervical cancer patients have
revealed prominent deviation of 2-fold higher risk
during 2012-2016°. Common monogenic types of
molecularly diagnosed invasive cancer were reported
HPV-16 and 18 meanwhile HPV-16 have been found
more commonly'™'". Sexual behaviour behaviour is
the major risk factor for HPV infection, along with
the early age of onset of sexual activity, multiple
sexual partners, and co-infection with HIV'%,

The human tumor suppressor gene 7P53 encodes a
phosphoprotein p53, plays important role in cell-cycle
regulation, DNA repair, apoptosis pathways and in the
maintenance of genome stability by preventing
mutations'””. Abrogation of p53 function by viral
oncoprotein E6 of HPV is the major event in cervical
carcinogenesis'*. E6 inhibits p53 activity followed
by proteolytic degradation through the ubiquitin
pathway'>'®. P53-Arg72 protein influencs more than
the p53-Pro72 protein in protecting cells from
tumorigenesis''*. The Arg/Arg genotype vs. Arg/Pro
or Pro/Pro genotypes at codon 72 of the TP53 gene is
used as a risk marker in cervical neoplasia'®. Codon72
polymorphism (Arg72Pro, 1rs1042522 G>C) in exon
4, the most common candidate for single nucleotide
polymorphisms (SNPs) in 7P53 gene, is the result of
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substitution of arginine (CGC) to proline (CCC) at
residue 72%°. In this study, we have made an attempt
to determine the allelic and genotype frequencies of
TP53 codon 72 polymorphisms in the Chhattisgarh
population and assessed its association with cervical
carcinoma.

Materials and Methods

Sample collection

The study subjects comprised of 100 histopatho-
logically proven cervical carcinoma patients and 100
healthy controls between 30 and 70 years of age with
the identical ethnic population. Five mL blood
samples in EDTA vials from all subjects were
collected by venipuncture. Written informed consent
was obtained from all subjects with the approval
of the relevant institutional ethical committee
(No/MCR/Biochem/2014/1203) for study benefits of
humans in general. Cervical cancer patients and age-
matched controls were registered under the
Department of Oncology and Radiotherapy, Dr. Bhim
Rao Ambedkar Memorial Hospital, Raipur,
Chbhattisgarh, India as per inclusion - exclusion criteria.
Cases and controls were interviewed regarding age,
parity and menstrual history. Clinical laboratory tests
including total bilirubin, direct bilirubin, serum
creatinine, serum urea, serum sodium, serum
potassium, ALT, AST, hemoglobin, platelets and
WBC count were also performed for comparative
analysis of cases versus control (Table 1).

Inclusion and exclusion criteria

All cervical cancer cases meeting the following
criteria were eligible for this study: 30 to 70 years age
of women residents of Chhattisgarh with no
previous history of any cancer. Cytological and
histopathologically proven cases of carcinoma cervix
with FIGO classified staged were only included
(Table 2). The studied cases had not been exposed to
chemo and/ or radiotherapy before. Healthy age-
matched subjects with similar ethnicity and free from
any type of cancer were selected as controls.

DNA isolation and genotyping of 7P53 codon Arg72Pro
(rs1042522)

Genomic DNA was extracted from peripheral blood
leukocytes by modifying standard salting-out method.
The DNA quality and quantity was measured using
agarose gel electrophoresis and spectrophotometer at
260 nm. TP53 gene codon Arg72Pro (rs1042522)
genotype was determined using the PCR-RFLP methods
of Bailey”' and Tanimoto™. The PCR primer TP53:

Table 1 — General characteristics of study subjects

Characteristics Group 1  Group 2 Control p
Cervical cancer group (N=100) Value
(N=100) (Mean (Mean+SD)
+ SD)/n (%) /n (%)
Age (Years) 50.98+8.23 44.58+10.91 0.06
Marital status (married) 91(91) 96(96) 0.1
Unmarried 9(9) 4(4)
Occupa- Housewife 74(74) 72 (72) 0.99
tion Labor 11(11) 10 (10)
Farmer 11(11) 10 (10)
Service 4(4) 8(8)
Hypertension 26(26) 20(20) 0.3
Diabetes 45(45) 28(28) 0.01%*
Tuberculosis 5(5) 1(1) 0.1
Menopause (yes) 81(81) 61(61) 0.001*
Age at menopause (years) 45.244.33 45.847.15 0.09
Parity 3.5+1.5 3.4+1.4 0.1
Pallor 38(38) 31(31) 0.18
Icterus 3(3) 0 0.12
Cyanosis 2(2) 0 0.24
WBC count (cells/mm®)  6570+2353 8830+1603 0.002*
Hb (g/dL) 10.8+1.72 12.20+10.33 0.09
Platelets (lac cells/mm®)  2.2440.59 3.05£0.59  <0.0001*
Total bilirubin (mg%) 0.38+0.18 0.48+0.29 0.005*
Direct bilirubin (mg%)  0.15+0.12 0.15£0.12 0.8
ALT (IU/L) 22.73+12.53 26.4+10.5 0.2
AST (IU/L) 23.61£16.07 21.03+9.54 0.1
Na (mMol/L) 139+4.4 138.3+2.32 0.5
K (mMol/L) 3.924+0.54 3.8+0.4 0.31
Serum urea (mg/dL) 19.65+11.45 21.76+9.78 0.2
Serum creatinine (mg/dL)  3.16+6.89 0.91+0.27 0.15

[P <0.05 showed significant results]

Table 2 — FIGO staging of cervical cancer in study subjects (N=100)

Stages Subtypes Occurrence frequency
1 A 4
B 3
11 A 16
B 27
111 A 5
B 40
1v A 2
B 3

5'-CCTGAAAACAACGTTCTGGTAA-3" and 5-GCA
TTGAAGTCTCATGGAAG-3' (Sigma-Aldrich, India)
used for the analysis was flanking exon 4, BstUI

polymorphic site™**,

Briefly, PCR was carried out in a 10.0 pL reaction
mixture containing 4.0 pL genomic DNA, 5.0 pL
master mix (Thermo Fisher Scientific, India) and 0.5 pL
each reverse and forward primers using a thermal
cycler (Applied Biosystems). Amplification was
performed with denaturation at 95°C for 5.0 min
followed by 35 cycles of 30 s denaturation at 95°C, 30 s
annealing at 56.8°C, 30 s extension at 72°C, and
finally 7.0 min incubation at 72°C. Resulting PCR
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products were 432 bp depending on the absence of the
intron3 16 bp duplication in the template. Length
polymorphism was directly evident by running 2%
agarose gel electrophoresis, which was stained with
ethidium bromide and bands were visualized by gel
documentation system (Omega, India) (Fig. 1).

Five pL PCR products were subjected to restriction
digestion with BsfUI (Thermo Fisher Scientific, India)
in a 10.0 pL digestion mixture at 37°C for 16 h. BsfUI
digestion may produce polymorphic DNA fragments
of 2 different sizes: 432 bp, BstUI digestion resistant
(Pro at codon 72) and 230 bp BstUl digested
(Arg at codon72) without intron3 insertion. Digested
products were separated in 2% agarose gel, stained
with ethidium bromide and visualized by gel
documentation system (Omega, India) (Fig. 2).

Statistical analysis

The sample size of each SNP was calculated by
Vassar Stats (online). The continuous variable of
each parameter studied was summarized as mean +
SD and Student’s t-test. The association between
TP53 gene codon 72 polymorphism and cervical
cancer risk was analyzed by calculating the crude
odds ratios (OR) at 95 per cent confidence intervals
(95%CI) using the chi-square (x°) test. The p-values
reported in the study were calculated with a
significance level of P <0.05. Hardy—Weinberg
analysis was evaluated for each group by using 2x3
and 2x2 contingency table analysis of genotype and
allele frequency.

Results

The assessment of general characteristics of study
subjects was carried out by applying suitable
statistical methods. The subjects were matched for
demographic  profiling including age, marital
status and occupation, past and personal history of
hypertension, tuberculosis, menstrual history (age at
menopause) and parity. The general examination was
also performed to know pallor, icterus, cyanosis and
level of Hb, direct bilirubin, ALT, AST, serum
sodium, serum potassium, serum creatinine and serum
urea showed non-significant results. The frequency of
diabetes and menopause was found significantly
higher in cervical cancer subjects and the WBC count,
platelets and total bilirubin were noted significantly
lower in the cervical cancer group over the controls
(Table 1).

The assessment of genotype distribution of TP53
codon 72 polymorphism at exon 4 (4rg72Pro) proved

«100

Fig. 1 — Standardized PCR product. Lane 1, 2, 3 and 4 showing
band at 432 bp indicating standardization of primer, Lane M
showing ladder (100 bp).

M 1 2 3 4 5

bp

+<—500
+—432

+«—230

Fig. 2 — Representative gel showed the 7TP53 codon 72
polymorphisms. Lane M has the DNA marker Lanel and Lane 3
showed CC homozygous genotype (432 bp); Lane 4 shows the
GG homozygous genotype (230 bp); Lane 5 has showed no
amplification.

the linkage between GC genotype frequency and risk
of developing cervical cancer (OR=6.36, 95%CI=2.8-
14.03), as compared to the frequency of CC genotype.
A similar pattern was followed in case of GG
genotype frequency (OR=7. 42, 95%CI=3.5-15.9).
Allele distribution of TP53 codon 72 polymorphism at
exond (Arg72Pro) demonstrated the significantly
higher frequency of 'G' allele (67.5%) in cervical
cancer subjects compared to ‘C’ allele (32.5%).
Further ‘G’ allele was found to confer a significant
risk of cervical cancer with Odds ratio of 3.69
(95%CI= 2.40-5.5) (Table 3).

Discussion
The genotype frequency of TP53 gene codon 72
polymorphism varied according to different ethnic
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Table 3 — Genotypic and allele distribution of TP53 codon 72
polymorphism at exon 4 (4rg72Pro) in study subjects

Character- Group 1 Group 2 p OR  95%
istics  Cervical cancer Control group value CI
(N=100) (N=100)
Genotypic distribution
CcC 14 53 1 (reference)
GC 37 22 <0.0001 6.36 (2.8-14.0)
GG 49 25 742 (3.5-15.9)
Allele distribution
C 65(32.5%) 128(64%) 1 (reference)
G 135(67.5%) 72(36%)  <0.001 3.69 2.40-5.5

[In table values were shown in percentage (%); Cl=confidence
interval; OR= odds ratio]

groups>*. Mutations in TP53 codon 72 were showed
association with a variety of human cancers, including
cervical cancer encodes a tumor suppressor protein,
which plays multiple roles in apoptosis, cell-cycle
control, and DNA repair’’. In the original study, an
association between the majority allele ‘G’ of Arg
form in codon 72 of the TP53 gene and cervical

cancer development was manifested. The frequency
of SNPs of the TP53 gene codon 72 (G/C) in patients
with histologically confirmed cervical cancer patients
established the association between 7P53 codon 72
polymorphism and risk of developing cervical cancer.
There was a significant difference in frequencies
between the Arg/Arg (GG) genotype (49%) among
the cervical cancer cases compared to 25 per cent in
the control group (P =>0.0001). The association
between the p53 Arg/Arg genotype (GG) and the
development of cervical cancer was statistically
significant (OR=7.42; 95%CI=3.5-15.9) (Table 3).
These results demonstrated that women with GG
genotype have an increased risk for developing
cervical cancer in Chhattisgarh population. Our
finding favored the initial result of Storey®, as well as
the data of those that detected a higher prevalence of
homozygosity for GG genotype in patients with
cervical cancer. Storey and coworkers showed that the
codon 72 Arg variant of TP53 gene codes for a
protein that is more sensitive to HPV16 and HPV18
degradation than the Pro variant. These observations
were further supported by genotype analysis in a
group of cervical cancer patients who showed a 7-fold
enrichment of the ‘G’ allele over the ‘C’ allele as
compared to healthy controls®*°. Some reports from
other Indian population found a positive association
between the p53 Arg/Arg (GG) genotype at codon 72
and HPV associated cervical cancer’™. Our findings
were showing the correlations with what has been
found in other studies. In addition, Bhattacharya®

provided evidence that the CC genotype was a risk
factor in cervical cancer among Indian women and
Zhou’, demonstrated that the Pro/Pro (CC) genotype
and ‘C’ allele carrier showed significant associations
with increased risk of cervical cancer among the
Indian population, but not among Chinese, Japanese,
Moroccan and Korean populations by current meta-
analysis®®*’. Some studies also conclude over
transmission of TP53 72C polymorphic variant lowers
cervical cancer incidence®®**.

Conclusion

The findings observed in this study must be
interpreted in the light of the fact that, we have
included already diagnosed cases only from single
tertiary care center. The statistical significance in
the study proves the association between p53
prevelance and cervical cancer. Furthermore,
expansion of this study is needed to evaluate the
HPV status of the subjects for early diagnosis of
cervical cancer.
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