ISSN: 2634-9221
European Journal of Applied Sciences; Vol. 14 No. 01 (2026) (158-175)
https://doi.org/10.14738/aivp.1401.19802

N

Association of Codon 72 Polymorphism in Exon 4 of the TP53
Gene in Benign and Malignant Breast Tumors in Senegal

Hijeux Minte Cheikh Mohamed Malainy Samb"2, Anna Ndong'2, Mbacké
Sembene’ 2

1. Department of Animal Biology, Faculty of Science and Technology (FST), Cheikh Anta Diop
University of Dakar (UCAD), Dakar, Senegal.
2. Laboratoire of Genomic, Cheikh Anta Diop University, Animal Biology, Dakar-Fann, Senegal.

Abstract: Background: The Arg72Pro (R72P) polymorphism of the TP53 tumor suppressor
gene has been controversially associated with breast cancer risk, with significant
variations depending on ethnic origin. Little data exists for West African populations. This
study seeks to evaluate the distribution and association of the R72P polymorphism of exon
4 of the TP53 gene with benign and malignant breast tumors in the Senegalese population.
Methodology: The study was conducted on 48 Senegalese women: 17 with breast cancer
(malignant), 12 with benign tumors, and 19 healthy controls. The polymorphism was
genotyped by PCR followed by restriction fragment analysis. Polymorphism and allelic
diversity, as well as genetic differentiation parameters and correspondence factor
analysis, were generated using Genetix software version 4.05.2 and Bayesian inference
with STRUCTURE. Hardy-Weinberg equilibrium was tested using GenePop software version
4.3. Results: The analysis revealed a distinct allele distribution, with a predominant
frequency of the C allele (Pro72) in controls (77.7%) and an increased frequency of the G
allele (Arg72) in patients with tumors (25% malignant, 12.5% benign). Statistically, no
significant association was found between genotypes and the risk of developing malignant
or benign breast tumors. Hardy-Weinberg equilibrium tests showed a significant imbalance
in the patient populations, unlike in the controls. Finally, population genetic analyses
(low Fst differentiation indices, negligible genetic distances, and genetic structure in two
clusters) indicated high genetic homogeneity between the three groups for this specific
locus. Conclusion: Although differences in allele frequency were observed, the R72P
polymorphism of TP53 is not an independent and significant risk factor for breast cancer
in this Senegalese cohort. The high genetic homogeneity observed suggests that this
variant alone is probably not a key determinant of breast pathology in this population.
These results highlight the importance of local studies and the need for broader research
incorporating other genetic and environmental factors.
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INTRODUCTION

Cancer, a disease characterized by uncontrolled and anarchic cell proliferation, is a major
public health issue worldwide. This deregulation, which is found in many cancers, occurs
when cells escape the strict mechanisms that control their growth and renewal [1]. Among
these diseases, breast cancer remains the most common invasive cancer in women,
representing a considerable health burden [2].

Malignant transformation is a complex process, often involving the alteration of
critical signaling pathways. Cancer cells thus acquire proliferative and invasive capabilities
through various mechanisms, such as overexpression of growth factor receptors (EGF
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receptor), loss of sensitivity to inhibitory signals (TGF-B8 receptor), or internal
reconfiguration of the signaling cascades downstream of these receptors [3]. These
dysfunctions are frequently induced by genomic instabilities, leading to mutations,
deletions, or rearrangements affecting key genes involved in cell cycle control, particularly
oncogenes and tumor suppressor genes [4].

Among these guardians of the genome, the TP53 gene, which codes for the p53
protein, plays a central role. Known as the “guardian of the genome,” p53 regulates cell
cycle arrest, DNA repair, and apoptosis in response to cellular stress [5]. Mutations or
polymorphisms (common genetic variations in the population) of TP53 can therefore
compromise these functions and promote the accumulation of alterations, accelerating
tumorigenesis. In particular, a non-synonymous polymorphism at codon 72 of exon 4
(Arg/Pro substitution) has been extensively studied. This exon codes for part of the protein's
transactivation domain, which is essential for its activity. The R72P polymorphism can thus
modify the structure, stability, or apoptotic function of p53, potentially influencing
individual susceptibility to cancer or tumor aggressiveness [6].

Therefore, understanding the variation in expression of this polymorphism allows us
to explore the molecular mechanisms underlying tumor progression, identify prognostic or
predictive biomarkers, and develop targeted therapeutic strategies for cancers associated
with p53 dysfunction.

It is in this context that the present study was conducted, with the aim of evaluating
the association between the R72P polymorphism of exon 4 of the TP53 gene and breast
tumors in Senegalese women, and more specifically:

e to determine the distribution of allele frequencies (Arg and Pro) and genotypes
(Arg/Arg, Arg/Pro, Pro/Pro) in patients with benign and malignant breast tumors.

e to analyze the association between different genotypes and the risk of developing
malignant breast tumors.

METHODOLOGY

Study Population

The study was conducted on 48 individuals, including 17 patients with breast cancer, 12
patients with benign breast tumors, and 19 control cases for comparison. These patients
were recruited at the Juliot Curie Institute at Aristide Le Dantec Hospital. For each patient
who underwent surgery, a sample was taken from the fresh surgical specimen in the middle
of the tumor, collected in a dry tube and stored at 20°C, along with their clinical information
sheet. The sheet was used to collect information on clinical, pathological, and demographic
characteristics, as well as medical and/or family history. Any patient diagnosed with cancer
or a benign tumor by the facility's pathologist was included in the study. This data was
collected after ethical approval and obtaining informed consent, which was completed and
signed by each patient.

After collection, the samples were sent directly to the Genomics Laboratory of the
Department of Animal Biology at the Faculty of Science and Technology of the University of
Dakar, where the biopsies were stored in 96% alcohol for various molecular analyses.
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DNA Extraction and PCR-RFLP of Exon 4 of the TP53 Gene

DNA extraction was performed using the standard protocol of the Zymo Research kit for
biopsies and the Qiagen kit (Qiagen Dneasy Blood kit) for control blood samples.
Amplification was performed in a 25 pl reaction volume containing 16.4 pl of MilliQ water,
2.5 pl of buffer (10X), 1 pl of MgCl2, 0.5 pl of dNTP, 1.25 pl of each primer, which are: F 5'-
TCCCCCTTGCCGTTCCAA-3" and R 5-CGTGCAAGTCACAGACTT-3', 0.1 pl of Taq polymerase,
and 2 pl of concentrated DNA extract. PCR is performed by repeating cycles, which ensures
that the target DNA is doubled in each cycle with initial denaturation conditions at 94°C (5
minutes) followed by 35 cycles starting with denaturation at 94°C (30 seconds), primer
hybridization at 58°C (45 seconds), and elongation of complementary DNA strands at 72°C
for 40 seconds, and is completed by a final elongation at 72°C for 10 minutes. The PCR
products obtained were subjected to migration on a 2% agarose gel to verify the presence
of amplicons, then digested with the BstUl restriction enzyme at 37°C for 2 hours in a
thermocycler. The BstUl enzyme will recognize the cleavage site only if the mutant allele
“G” is present. The digestion products are then analyzed by electrophoresis on a 3% gel,
allowing the "CC™ genotype (normal homozygote with 279 bp) to be distinguished from the
“GC"” genotype (heterozygote with fragments of 279 bp, 160 bp, and 119 bp) and the "GG~
genotype (mutant homozygote with fragments of 160 bp and 119 bp).

Genetic and Statistical Analyses

Statistical approaches in population genetics contribute to the description of data and the
possibility of inferring the evolutionary processes of allele frequency fluctuations. Each
species or organism reveals considerable genetic variation that is expressed within
individuals, within a population, or between populations. The level of genetic variability
within populations and genetic differentiation between populations can be quantified from
a set of allele frequencies, in the form of fixation and gene diversity indices, as well as
genetic distances. The latter allow us to infer the genetic structure of populations and the
evolution of pathology. In the analyses, only one level is considered: population.

Genetic Variability

Locus polymorphism is one of the quantitative descriptions of genetic variability. Some loci
have only one allele in the sample studied, while others have several, with varying
frequencies. The former are called monomorphic and the latter polymorphic. A population
is said to be polymorphic if a portion of its DNA has a sequence variation corresponding to
several allelic forms. In fact, it is the probability of observing at least two alleles at the
same locus, and this probability depends on the respective frequencies of the alleles and
also on the size of the sample [7]. Genetic variability was estimated based on a set of basic
genetic polymorphism parameters, including the following:

The polymorphism rate (P) or percentage of polymorphic loci in a sample is the
probability of observing at least two alleles at the same locus, and this probability depends
on the respective frequencies of the alleles and also on the sample size. In this study, a
locus is considered polymorphic when the most frequent allele has a frequency less than or
equal to 0.95. The simplest way to describe Mendelian variation is to give the distribution
of genotype frequencies in the population. Variation can exist both within a population and
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between populations. Generally, instead of genotype frequencies, the frequencies of
distinct alleles are used. Allele frequencies are calculated from the genotypes of individuals
studied in a population and represent the ratio of the number of copies of an allele in the
population to the total number of copies of all alleles. Analyses focus on codominant loci
(distinguishing between heterozygotes and homozygotes) with two alleles in a diploid
organism [8].

Genetic Diversity

Nei's heterozygosity or genetic diversity [9] characterizes the level of variability of genes
within a given population, i.e., it expresses the probability that two variants (alleles) at the
same locus randomly selected from a population will be different. On the one hand, there
is observed heterozygosity HO (observed frequency of heterozygous individuals), or
frequency of occurrence of heterozygotes per locus in the sample, which is the ratio of the
number of heterozygous individuals to the total number of individuals genotyped for a locus.
It is a measure of polymorphism.

On the other hand, expected or theoretical heterozygosity, or diversity index (HE),
corresponds to the heterozygosity expected under the assumptions of Hardy-Weinberg
equilibrium [10] and the unbiased expected heterozygosity Hnb proposed by Nei [11] when
the number of individuals tested is small. The latter is a good estimator of the genetic
variability of a population since it is less sensitive to sampling hazards such as the number
of alleles observed, for example [10].

Based on allele frequencies, unbiased expected heterozygosity (Hnb) and observed
heterozygosity (HO) were calculated for each population and for the total population in
order to test whether these populations were in Hardy-Weinberg equilibrium, i.e., HE = HO
or not, and HE< or >HO.

Equilibre d’Hardy-Weinberg

The Hardy-Weinberg equilibrium model is one of the fundamental principles of population
genetics. It models the behavior of allele and genotype frequencies for a polymorphism,
particularly SNPs, within a population over generations under different conditions. It states
that in a diploid population of infinite size where reproduction occurs randomly, without
selection, mutation, or migration, the allele and genotype frequencies of a polymorphism
are stable within the population over generations. Such a population is said to be in “Hardy-
Weinberg equilibrium” (HWE) [8]. However, these assumptions may not be met: in such
cases, deviations from the Hardy-Weinberg equilibrium model are observed.

Deviations from Hardy-Weinberg equilibrium are tested for each locus by considering
all populations and for each population, all loci combined. These exact tests were
performed using Genepop version 4.3 [12] using the Markov chain method with exact
estimation of Chi2 p-values using the Fisher method (the parameters set are:
dememorization = 10,000, batches = 20, 5,000 iterations per batch).

The null hypothesis is that the populations are in Hardy-Weinberg equilibrium.
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Genetic Differentiation

F-statistics parameters for Fis and Fsr indices. Fis measures the deficit or excess of
heterozygotes relative to Hardy-Weinberg equilibrium within each group formed on the basis
of phenotypic characteristics [13]. Also known as the coefficient of co-ancestry, Weir and
Cockerham’s 6 [14], or “fixation index,” Fst measures the reduction in heterozygosity in
subpopulations linked to differences in average allele frequencies. It is calculated using the
expected average heterozygosity of the subpopulations and the expected heterozygosity of
the total population. Fsr is always positive and ranges from 0 = panmixia (random mating,
no genetic divergence within populations, hence no differences between allele frequencies
in subpopulations) to 1 = complete isolation (all subpopulations concerned are panmictic
and completely isolated). Fsr values are thus measured per locus for all populations using
Genetix software version 4.05.2 [15]. The significance of the values was deduced based on
a 95% confidence interval. Nei's standard genetic distance (DS) estimate [16] is based on the
probability of gene identity and is therefore closely related to the definition of the
coefficient of relatedness.

DS is the most widely used distance measure according to the infinite alleles model
(IAM). It is intended to measure the average number of allele substitutions per locus that
have occurred since the divergence of two populations, and is expected to increase linearly
with time [17]. DS assumes that the rate of gene substitution per locus is uniform across loci
and lineages. The genetic distance between populations was calculated using Genetix
software version 4.05.2 [15].

Structuration Génétique

Correspondence factor analysis (CFA) is used to visualize relationships between individuals
from different populations based on allele frequencies and to test for possible genetic
admixture between populations. It is a multivariate analysis method that considers the
allele frequencies of all populations at different loci as variables [18]. According to Meels
[8], this technique is also used to detect hidden structures in a sample, such as those
resulting from the Wahlund effect (deficits in heterozygotes at all loci that cannot be
explained by the reproductive system). To this end, a graphical representation is produced
from the allele frequencies using the Genetix version 4.05.2 program [15] to estimate the
distribution of genetic diversity at all levels (individuals, subpopulations, and total
population).

To infer the genetic structure of populations from genomic data, the analysis used
the STRUCTURE v2.3.4 software [19]. This program implements a probabilistic mixture
model based on a Bayesian Markov chain Monte Carlo (MCMC) approach, allowing the
estimation of population structuring parameters while integrating the statistical uncertainty
associated with loci. Bayesian inference discriminates genetic clusters by maximizing
intragroup similarity of allele frequencies, while estimating individual ancestor coefficients
(Q) that reveal historical or recent genetic admixture. It optimizes subsequent analyses by
stratifying the sample into genetically homogeneous subgroups, thereby increasing
statistical power. These steps are based on the use of neutral unlinked markers and a
rigorous choice of the number of clusters (K), validated by Evanno's DeltaK (AK) [20] and
Puechmaille’s MedMeanK [21] methods.
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RESULTS

Genotypes of Individuals

The electrophoretic migration profiles of restriction fragments of the 215C>G polymorphism
in exon 4 of the TP53 gene show the presence of the "C™ allele in 10 healthy individuals (T3,
T4, Té6, T7, T8, T11, T14, T15, T16, and T17), seven individuals have the heterozygous
genotype (T1, T5, T9, T10, T12, T13, and T18), and the mutant genotype is found only in
one individual (T2) (Figure 1).

T1 T2 T3 T4 TS T6 T7 T8 T9 TI10 TI1 T12 T13 T14 T15 T16 T17 TI1SPM

Figure 1: Electrophoretic migration profiles of TP53 restriction fragments from
controls

CC:279bp;CG:279 bp- 160 bp - 119 bp ; GG : 160 bp - 119 bp

The electrophoretic migration profiles of restriction fragments of exon 4 of the TP53 gene
in benign breast tumors (Figure 2) show that seven individuals with benign breast tumors
(TB1, TB2, TB3, TB5, TB6, TB8, and TB12) have the CC genotype, as do seven other patients
with malignant tumors (TM2, TM3, TM6, TM10, TM11, TM12, and TM13). The mutant
genotype “GG” is found only in three individuals with benign tumors (TB7, TB9, and TB10)
and three other patients with malignant tumors (TM1, TM4, and TM9). Finally, the
heterozygous “CG” genotype is present in two individuals (TB 4 and TB11). The heterozygous
“CG” genotype is present in two individuals (TB4 and TB11) with benign tumors and three
individuals (TM1, TM4, and TM9) in the population with malignant tumors.
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TB1 TB2 TB3 TB4 TB5 TB6 TB7 TB8 TBS TB10 TBI1 TB12 PM

T™M2 TM3 TM4 TMS5TM6 TM7 TMS TM9 TMI10 TMI11 TMI12 TM13

Figure 2: Electrophoretic migration profiles of restriction fragments of the TP53 gene
from benign breast tumors

CC:279bp; CG:279bp- 160bp-119 bp; GG : 160 bp - 119 bp

The "CC™ genotype is predominantly found in the general population, with a high frequency
in controls (10/18) compared to the population with benign and malignant tumors (7/12 and
7/14, respectively). This is also observed for the heterozygous "CG™ genotype, which is
more common in controls (7/18) than in the population with benign and malignant tumors
(3/12 and 3/14, respectively). However, the mutant allele is more common in the affected
population and is found only in the control individual. The genotype of each individual is
shown in Table 1.

Table 1: Characterization of individuals based on the mutation profile of polymorphism
215C>G in exon 4 of the TP53 gene

Population Individuals Genotypes

T1 ARG - PRO CG Het

Controls T2 ARG - ARG GG G
T3 PRO - PRO cc
T4 PRO - PRO cc C
T5 ARG - PRO CG Het
T6 PRO - PRO cc C
T7 PRO - PRO cc C
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T8 PRO - PRO cc ¢
T9 ARG - PRO CG Het
T10 ARG - PRO CG Het
T11 PRO - PRO cc ¢
T12 ARG - PRO CG Het
T13 ARG - PRO CG Het
T14 PRO - PRO cc c
5 PRO - PRO cc ¢
6 PRO - PRO cc ¢
T17 PRO - PRO cc c
T18 ARG - PRO CG il
TB1 PRO - PRO cc c
TB2 PRO - PRO cc c
TB3 PRO - PRO cc c
TB4 ARG - PRO CG i

Benign tumors 85 PRO - PRO cC C
TB6 PRO - PRO cc c
TB7 ARG - ARG GG G
B8 PRO - PRO cc ¢
T89 ARG - ARG GG G
TB10 ARG - ARG GG &
TB11 ARG - PRO CG s
TB12 PRO - PRO cc ¢
TM1 ARG - ARG GG G
TM2 PRO - PRO cc ¢
™ PRO - PRO de c
TM4 ARG - ARG GG G
TM5 ARG - PRO CG HiEE

Malignant tumors
TM6 PRO - PRO cc ¢
T™7 ARG - PRO CG Het
™E ARG - PRO CG Het
™O ARG - ARG GG G
TM10 PRO - PRO cc c
TM11 PRO - PRO cc c
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TM12 PRO - PRO CcC C
TM13 PRO - PRO cc C
™14 ARG - PRO CG Het

T = controls; TB = Benign tumors; TM = Malignant tumors; PRO = proline ; ARG = arginine ; GG =
mutant genotype; CC = wild-type genotype; G = cytosine (mutant allele); C = guanine (wild-type
allele); het = heterozygous

Indices of Genetic Variability and Genetic Equilibrium

Codon 72 of exon 4 of the TP53 gene is highly variable in the Senegalese population. This
variability is marked by a higher frequency of the normal allele "C™ in controls and in
patients with benign tumors compared to the cancer population, which has a higher
frequency of the mutant allele "G™.

Analysis of allele frequencies shows that the prevalence of the "C™ allele is 64.2% in
cancer patients, 66.6% in the benign population, and 77.7% in controls.

The mutant allele “G” has a frequency of 25% in cancer patients, 22.2% in the control group,
and 12.5% in the benign tumor population.

The CC genotype is the most common in all three populations, with a prevalence of
50% (7/14) in cancer patients, 58.3% (7/12) in patients with benign tumors, and 55.5%
(10/18) in controls. The heterozygous “GC” genotype was observed in 28.57% (4/14) of
cancer patients, 16.6% (2/12) of patients with benign tumors, and 44.4% (8/18) of controls.
The GG genotype, meanwhile, was only detected in cancer patients, with a frequency of
21.4% (3/14), and in benign patients, with a frequency of 25% (3/12).

In the cancer population and in patients with benign tumors, the expected
heterozygosity rates are higher than the observed heterozygosity rates. For controls, the
observed heterozygosity is higher than the expected heterozygosity.

Statistical analyses show insignificant differences in allele and genotype frequencies
between populations with p-values above the 5% threshold, as well as odds ratios (OR) and
relative risks (RR) with very wide 95% confidence intervals (95% Cl) that include 1, indicating
a lack of statistical significance.

The genetic equilibrium test reveals that the cancerous and benign populations show
an extremely significant deviation from Hardy-Weinberg equilibrium with respective p-
values of (0.0285 and 0.016) below the 5% threshold (Table 2). The control population
appears more stable and follows Hardy-Weinberg equilibrium with a p-value of 0.5289.

Table 2: Genetic variability and genetic equilibrium (H-W) parameters

Malignant | Control
N=14 N=18 ;"’a'”e > | OR(IC 295 %) RR (IC & 95 %)
0.73 (0.00 - 0.85 (0.03 -
Aotes 0.642 0.777 |1 540.87) 21.83)
1.36 (0.00 - 1.17 (0.05 -
—— Gz 1004.71) 29.92)
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cc |05 0.555 |1 0.80 (0.20 - 3.25) ?-23“’-40 ]
Genotypes GG | 0.214 0 0.146 Na %'g;)“ 2
CG | 0.285 4.444 | 0.580 0.50 (0.11 - 2.21) ?'gg)(o'y )
1,32 (0.00 - 1.13 (0.09 -
Heterozygoties il i 387568(%) 00 - (1)4832()0 07 -
Obs | 0.500 0.444 |1 Y50 86) e
Malignant | Benign
N=14 N=12 ;"’a'“e > | OR(IC 495 %) RR (IC & 95 %)
0.87 (0.00 - 0.93 (0.04 -
_ C | o0.642 0.666 |1 ) e
1,34 (0.00 - 1.16 (0.05 -
G | 0.250 0.125 |1 A )
cc |05 0.583 | 0.975 0.71 (0.15 - 3.38) ?‘33)(0‘42 ]
Genotypes GG | 0.214 0.25 1 0.82 (0.13 - 5.08) 2-3;)‘0-37 '
CG | 0.285 0.166 | 0.801 2.00 (0.30 - 13.51) ;.;g)(o.es -
0.86 (0.00 - 0.93 (0.06 -
reteromymoties Exp | 0.512 0.49 |1 oA 137
0.81 (0.00 - 0.91 (0.07 -
Obs | 0.500 0.416 | 1 AP 7
Benign Control | P-value OR RR
N=12 N=18 ;'Va'”e > | OR (IC 3 95 %) RR (IC 2 95 %)
N=12 N-18 | 5% (IC2 95 %) (IC 2 95 %)
0.85 (0.00 - 0.92 (0.03 -
o C | o0.666 0.777 |1 P S a8)
1.18 (0.00 - 1.09 (0.04 -
G |0.125 0222 |1 574 50) 32 80)
CC | 0.583 0.555 |1 1.12 (0.26 - 4.91) ;'23)(0'44 '
Genotypes GG | 0.25 0 0.235 Na g'??)“'% :
cG | 0.166 4.444 | 0.106 0.25 (0.04 - 1.48) (1).:8)(0.11 -
1.53 (0.00 - 1,22 (0.07 -
reteromygoties Exp | 0.496 0.3457 | 1 §57.05) Yot
0.65 (0.00 - 0.82 (0.05 -
Obs | 0.416 0.444 |1 Y 19) T3.76)
Equilibre de H-W Control Benign Malignant
0.5289 0.0161* 0.0285*

N = number of individuals; Exp = expected heterozygosity; Obs = observed heterozygosity; OR =
odds ratio ; RR = relative risk; IC = confidence interval ; H-W = Hardy-Weinberg ; (*) = significant (p
< 0,05)

Genetic Differentiation Parameters

The values for individual heterozygosity or inbreeding coefficient (Fis) observed are less than
(-1) in the cancer population and in the population with benign breast tumors, showing a
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heterozygosity deficit within these two populations. This heterozygosity deficit is also
observed when taking into account the total population (Fir).

The index (Fst) or genetic differentiation measurement tool shows that the malignant
tumor population on the one hand and the benign tumor population on the other, as well as
the controls, have very few genetic differences, with respective Fsr values (0.000, 0.006,
and -0.042) below 0.05.

At the genotypic level, individual heterozygosity rates (Fis) and total population
heterozygosity rates (Fir) are very low, except for the CC genotype, which has a
heterozygote deficit with indices (Fis = 0.254 and Fir = 0.242) greater than zero and an Fst
index = 0.14845 less than 0.15, indicating moderate genetic differentiation (Table 3).

Very low genetic differentiation (Fsr) is observed with indices of (Fst) below 0.05 for
both homozygotes "CC™ and "GG™ and for heterozygote "CG™.

Table 3: Genetic differentiation parameters estimated per locus across all populations
and per population

FIS FIT FST

Population

Control 0.126 0.088 -0.042
Benign -0.087 -0.080 0.006
Malignant -0.032 -0.032 0.000
Average 0.0026 -0.007 -0.006
Genotype

cc 0.254 0.242 -0.016
CG -0.096 -0.045 0.046
GG -0.263 -0.293 -0.023
Average 0.002 -0.008 -0.010

The results of genetic differentiation are consistent with genetic distances, which
indicate very low genetic diversity between populations.

However, the controls differ more from the malignant population (-0.011) than from
the benign population (-0.013). The smallest genetic distance is found between the
malignant and benign populations, at (-0.039). These results are presented in Table 4.

Table 4: Estimated genetic distance between populations

Control | Benign

Benign -0.013

Malignant | -0.011 -0.039
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Genetic Structuring

Inferring the Genetic Structure of Populations Through Multivariate Analysis: Factorial
Correspondence Analysis (FCA)

The total inertia is expressed on axis 1 and axis 2. The first axis expresses 77.90% of the
total inertia and accounts for most of the data variability (Figure 3). This axis groups
together all the controls and the majority of the cancerous and benign population, where
individuals are grouped according to the similarity of their genotypes. The second axis of
the PCA of the populations accounts for 22.10% of the total genetic variability, grouping
together part of the cancerous and benign populations (Figure 3). Table 5 shows the
distribution of individuals on the two axes according to their scores.

,,,,,,,, 63,748
........... u :
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%0
)
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=
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s 24,898
< "1 49,15 5
©
«
0 Axe 3 (0,00 %)
15000 10000 S0t y
Axe 1 (77.90 %) sam
o T1163748 O 72163748 0O T31-24898 0O T41-24898 0O 75163748 0O T6 1-24,898
o T71-24898 0O T81-248% 0O 178163748 O T10163748 0O T111-2489%8 0O T12183,748
o 713163748 O T141-248%8 0O T151-24898 0O T161-248% 0O T171-2489% 0O T18 163,748
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] TB72-495151 = TB82-24898 = TB92-49151 = TB102-49151 m TB11263748 m TB122-24,898
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o TM7363748 O TM8363,748 O TM93-49,151 O TM103-24898 O TM113-24898 O TM123-24,898
o T™M133-24898 O TM14 363,748

Figure 3: Correspondence factor analysis of individuals in the overall population

Table 5: Distribution of individuals on the axes according to their scores.

Axe 1 Axe 2
Score -24.898 63.748 -49.151
Individus | T2 | TB1 | TM2 | T1 | TB4 TB7

T3 | TB2 | TM3 | T5 | TB11 TB9

T4 | TB3 |TM6 | T9 | TM5 TB10

T6 | TB5 | TM10 | T10 | TM7 ™1

T7 | TB6 | TM11 | T12 | TM8 ™4

T8 | TB8 | TM12 | T13 | TM14 T™M9

T11 | TB11 | TM13 | T19

T14
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T15
T16
T17
M"MT |7TB | 7TM | 7T | 2TB/4TM | 3TB/3TM

T = Control ; TB = Benign tumors; TM = Malignant tumors

Inférence de la Structure Génétique des Populations par Approche Bayesienne

Genetic structuring analysis conducted on a population of 44 individuals (14 cancer cases,
12 benign tumor cases, and 18 controls) identified K=2, which corresponds to the maximum
peak and the optimal number of genetic clusters using the Evanno method (AK) (Figure 4)
and the Puechmaille method (MedMean K) (Figure 5).

Delta K

Delta K
1.05 1.10 1.15

1.00

0.95

0.90

(3

K

Figure 4: Identification of the number of clusters K using Evanno’s method (AK)

MedMean K

Clusters

Figure 5: Identification of the number of clusters K using the Puechmaille method
(MedMean K)
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Inference of the genetic structure of populations revealed a distribution of Q
coefficients of cluster membership mainly at extreme values (1.00 and 0.00). Cancer
patients are mostly associated with coefficients close to 1.00, suggesting a strong affiliation
with a specific genetic cluster, potentially linked to mutations or markers associated with
cancer. In contrast, controls have coefficients close to 0.00, correlated with an absence of
this genetic signal, thus confirming their status as a control group.Les valeurs intermédiaires
(0,50) refletent un mélange génétique entre les clusters, suggérant une hétérogénéité
tumorale ou l’influence de facteurs environnementaux sur I’expression génétique. La figure
6 montre la structure génétique globale et la figure 7 met en exergue celles des individus

des deux populations.
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Figure 6: Genetic structure of the total population
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Figure 7: Genetic structuring of individuals by population

DISCUSSION

The polymorphism of codon 72 in exon 4 of the TP53 gene is a genetic variation where the
nucleotide in the second position of this codon can be either a C or a G. This variation results
in two versions of the p53 protein, one carrying a proline (P72) and the other an arginine
(R72). Genetic analyses of codon 72 polymorphism show that this locus is highly variable in
the Senegalese population. A very high frequency of C alleles was found in all three
populations, and this frequency was higher in the control group. The C allele is associated
with more effective triggering of cell cycle arrest in the G1 phase and activation of TP53-
dependent DNA repair genes [22]. Furthermore, cells carrying the P72 variant showed
reduced micronucleus formation, suggesting greater genomic stability [22], which could
explain the high frequency of the normal allele "C™ in the control population. The mutant
allele “G,” a precursor to the R72 variant, has an increased ability to induce apoptosis and
also acts dominantly in the transcriptional regulation of downstream TP53 targets that
induce apoptosis or repress the transformation of primary cells [23]. Therefore, the higher
frequency of the mutant G allele in the affected population could translate into a defense
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system against the process of healthy cells transforming into tumor cells. However, its low
frequency shows that arginine appears to be less effective at eliminating transformed cells
that are growing. This reduced effectiveness could allow damaged cells to survive more
easily, thereby increasing the risk of developing breast cancer in subjects with benign
tumors or metastatic cancer in affected subjects. On the other hand, reduced apoptosis
induction may indicate the persistence of cells with DNA damage in the face of apoptosis,
which can lead to the accumulation of mutations and tumor development [24]. Therefore,
the “G” allele confers a form of p53 protein with less protective activity or less effectiveness
in eliminating precancerous cells, thereby increasing susceptibility to the development of
the disease.

The lack of statistical significance for the odds ratio (OR) and relative risk (RR)
between controls and populations with benign and malignant tumors suggests that this
polymorphism is not a determining risk factor for these two types of pathologies within the
Senegalese population. Furthermore, the TP53 gene is primarily involved in the suppression
of malignant (cancerous) tumors by stopping cell growth and inducing apoptosis in damaged
cells. Therefore, the absence of a statistical link with benign tumors is not surprising,
especially since other biological mechanisms of cell control, unrelated to TP53, specifically
regulate benign processes. The low penetrance of this polymorphism in breast tumors was
demonstrated in studies by Ma et al. [25] in their meta-analysis of the association between
the codon 72 polymorphism of the TP53 gene and breast cancer risk in 24,063 subjects, as
well as in research by Goncalves et al. [26] on the association between TP53 codon 72
polymorphism and breast cancer risk: a meta-analysis. However, these results are often
controversial and depend on several factors. The results of the meta-analysis by Diakite et
al. [27] show that patients carrying at least one Pro allele had an increased risk of breast
cancer compared to those carrying the Arg allele. In a subpopulation analysis, this study
showed that the Pro allele was associated with an increased risk of breast cancer in
Caucasians and Africans, while the recessive (GG) and additive (CG) models were also
associated with an increased risk. These differences could be explained by sample size,
allele variant types, and the studies included. These differences could be explained by
sample size, types of allele variants, as the effect of polymorphism or population
heterogeneity also differs between ethnic groups, and risk may depend on exposure to other
factors such as gene-environment interactions that modulate the effect of polymorphism.

Hardy-Weinberg equilibrium describes a theoretical situation in which the
frequencies of alleles (versions of a gene) and genotypes (combinations of alleles) remain
constant from one generation to the next, indicating that no evolution is occurring in the
population. This stable equilibrium is maintained only if several ideal conditions are met,
such as a large population size, the absence of mutations, natural selection, migration, and
non-random mating. A non-significant p-value in controls shows that the distribution of
genotypes follows the proportions predicted by the model, as expected in a healthy
population representative of the general population. The significant p-value obtained within
the affected population indicates a Hardy-Weinberg imbalance. This indicates that the
observed distribution of genotypes (Arg/Arg, Pro/Pro, and Arg/Pro) in benign and malignant
populations differs significantly from the distribution expected based on allele frequencies.

This imbalance shows that the development of a tumor (benign or malignant) is not
a random event. Certain genetic variants confer an advantage or disadvantage in terms of
the risk of developing the disease. However, the Hardy-Weinberg model is based on the
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assumption of a theoretically infinite population. Thus, the small size of the population
studied may be a contributing factor to the observed deviations from Hardy-Weinberg
equilibrium.

Genetic distance measures the differences that remain between individuals or
populations and is based on allele or DNA sequence frequencies, providing information on
their degree of divergence and evolution. The analysis reveals a low genetic distance
between populations with benign tumors and malignant tumors, suggesting that these two
populations are genetically very similar for the c.215C/G locus of exon 4 of the TP53 gene.
This low genetic distance also shows that the two groups of patients (benign and malignant
tumors) may belong to the same source population, with no significant ethnic or geographic
differences. Furthermore, the polymorphism of codon 72 of exon 4 of TP53 may not be the
key factor that causes a tumor to change from benign to malignant. In fact, the
transformation of a normal cell into a tumor cell results from a paradigm involving four
mutations [28]. As a result, variations in codon 72 polymorphism would be harmless because
benign tumor cells are caused by two or three specific cancer mutations, while malignant
tumor cells contain four specific cancer mutations and one to three tumor progression
mutations [28].

Genetic differentiation represents variations in the genome between individuals or
populations and is important in case-control studies to measure the degree of differentiation
of specific alleles or genotypes within populations. As a result, differentiation indices can
be used to identify genetic markers linked to susceptibility or protection against a disease
[29]. The low genetic differentiation expressed by the index (Fsr < 0.05) found within the
three populations indicates a bottleneck or strong natural selection, reducing diversity and
promoting high genetic homogeneity, low diversity, and few different alleles. Within the
cancerous and benign population, cells evolve towards a more uniform state through cell
growth with identical mutations in several individuals (with the presence of the mutant
genotype “GG” and heterozygous “CG”). This low genetic differentiation (marked by
increased homozygosity or low diversity) at this locus could indicate selection or increased
susceptibility in diseased populations, but this requires large-scale, specific studies. A low
Fis and Fir value is generally associated with a lower risk of breast cancer and is above the
threshold in controls, as it may indicate a less aggressive genetic mutation, as in the case
of certain benign tumors, compared to more aggressive breast cancer tumors.

Correspondence factor analysis (CFA) is used to study the links between qualitative
variables in the patient population (breast cancer, benign tumor, controls) in order to
visualize and prioritize genetic information in a synthetic manner. This provides a better
understanding of the profiles of different populations by comparing allele frequencies and
identifying the salient features that differentiate or bring them together [30]. AFC and the
identification of admixture through genetic structuring analysis reveal a division of the study
population into two genetically distinct groups. However, no division was observed between
the controls and the affected population, which is consistent with the low genetic
differentiation of allele frequencies at the population level. This suggests that some patients
with breast cancer and benign tumors share similar genetic profiles with controls, and codon
72 of exon 4 of the TP53 gene may be due to less aggressive molecular subtypes or common
mutations that are very frequent in the Senegalese population.
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CONCLUSION

This study analyzed the R72P polymorphism of the TP53 gene in Senegalese women with
breast tumors. Our results reveal a specific allele distribution, characterized by a high
frequency of the C allele (Pro72) in the control population and an increased frequency of
the G allele (Arg72) in patients with both benign and malignant tumors. Functionally, this
observation is consistent with data in the literature, with the Pro72 variant being associated
with greater genomic stability, while the Arg72 variant appears to have an increased
propensity to induce apoptosis. However, no strong statistical link was found between a
specific genotype and an increased risk of breast cancer in our study. This confirms that this
polymorphism alone is not a determining risk factor. Genetic analyses indicate that the
distribution of genotypes among patients is not random, suggesting some selection pressure.
Furthermore, benign and malignant tumor populations are genetically very similar for this
gene, meaning that this polymorphism is probably not the key factor that causes a benign
tumor to become cancerous.
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