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Genetic Mutations in Senegalese Women with Breast Cancer
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Abstract

Objective: This study aimed to understand the effect of nucleotide mutations and microsatellite locus instability
on breast cancer in Senegalese women. Methods: A total of 120 healthy and cancerous tissue samples were analyzed.
After PCR/sequencing analysis, the nucleotide variability of two mitochondrial genes (MTCYB and D-loop) and
polymorphisms of two microsatellite loci (BAT-25 and BAT-26) were determined. Additionally, structural and correlation
analyses were performed between the clinicopathological features and polymorphisms of the genes studied. Result:
Multiple variations in MTCYB and the D-loop were identified with much higher frequencies in cancerous tissues.
However, MTCYB appeared more affected than the D-loop during carcinogenesis. Regarding the BAT-25 and BAT-26
loci, breast carcinogenesis was associated with instability of these microsatellite loci, with an MSI-H phenotype in
60.71% of tumors. Furthermore, the number of pears and the histological grade impacted patient survival. In addition,
mutations at D-loop sites 150 and 152 and BAT-25 stability negatively impacted patient survival. In contrast, BAT-26
instability conferred the advantage of longer post-operative survival. Molecular variance analysis revealed that the clinical
heterogeneity of the tumors was a function of the number of invading lymph nodes. Conclusion: This study highlights
the high penetrance of mitochondrial mutations in breast cancer in Senegalese women, as well as the predominant role

of BAT-25 marker stability and BAT-26 marker instability in breast carcinogenesis.
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Introduction

Breast cancer is a major global public health concern.
According to the World Health Organization, approximately
7.8 million women live with this disease [1]. It is the most
common cancer in women, with approximately 2.3 million
new cases diagnosed in 2020 [2]. Incidence rates remain
the highest in most developed regions, but mortality is
much higher in poorer countries due to a lack of early
detection and access to treatment [1]. In sub-Saharan
Africa, breast cancer is the second most common cancer
in women, after cervical cancer [3]. According to a study
conducted at the Institut Curie of the Cheikh Anta Diop
University in Dakar, breast cancer accounts for 42%
of gynecological and mammary cancers [4]. The main
characteristic of breast cancer in Africa, particularly
in Senegal, is that it increasingly occurs in very young
individuals in an aggressive form and is often diagnosed
late. Similar to most cancers and many other diseases,
breast cancer is a multifactorial disease with a clear genetic
component that is modulated by environmental factors.
Thus, the discovery of oncogenes and their counterparts,
tumor suppressor genes, has established a clear pattern of
cancer initiation and progression due to the spontaneous
occurrence of genetic mutations. Therefore, the acquisition

of the tumor phenotype is closely linked to an increase
in genetic instability, whether extrinsic or intrinsic in
origin. The most widespread and studied variations in
the human genome are single nucleotide polymorphisms
(SNPs), which are commonly used as molecular markers
of genotype/phenotype associations. These genetic
alterations include modifications to both the mitochondrial
and nuclear DNA.

Some studies have demonstrated that mitochondrial
dysfunction, such as mtDNA mutations, can cause tumor
initiation and progression [5, 6]. However, the discovery
of a link between the occurrence of certain cancers and
the presence of anomalies in the DNA mismatch repair
(MMR) system has opened new avenues for studying
human carcinogenesis [7, 8]. These anomalies lead
to nucleotide instability of the nuclear DNA, mainly
affecting the microsatellite sequences of the genome
without associated chromosomal abnormalities. Indeed,
many genomic alterations in breast cancer are correlated
with clinicopathological parameters and can serve as
prognostic markers. This information is invaluable, as it
can lead to a better understanding of many pathologies
and the development of treatments for them [9]. Therefore,
approaches using SNP data and/or microsatellite locus
polymorphisms to study the occurrence and progression
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of breast cancer may be useful. The present study
investigated two mitochondrial markers (MTCYB and
D-loop) and two microsatellite markers (BAT-25 and
BAT-26). This study aimed to determine the effects of
nucleotide mutations and microsatellite locus instability
on breast cancer carcinogenesis in Senegal.

Materials and Methods

Samples

The study involved 120 surgical samples of healthy
and cancerous tissue from patients with breast cancer
treated at the Aristide Le Dantec Hospital Cancer Institute.
Blood samples were also collected from control subjects.
Clinicopathological data, such as patient identification,
family history, clinical presentation, and histology, were
collected for correlation analysis. This study was approved
by the Ethics and Research Committee of the Cheikh
Anta Diop University, Dakar (protocol 0271/2018/CER/
UCAD).

DNA extraction, polymerase chain reaction (PCR), and
sequencing

Total DNA from tissue and blood was extracted using
the Qiagen Standard method (Qiagen DNeasy Tissue Kit,
Qiagen, Germany) and the Qiagen DNeasy Blood method,
respectively. PCR was performed in a reaction volume
of 50 pL. The compositions of the reaction mixtures for
each target gene are listed in Table 1. Amplification was
performed using an Eppendorf thermal cycler under the
conditions listed in Table 2. After UV visualization, the
PCR products in which the primers were hooked were
sequenced.

Genetic analysis
Mutation research

To test the association between breast cancer and
the studied mitochondrial markers, the MTCYB and
D-loop sequences of healthy and cancerous tissues were
compared with the revised Cambridge sequence [10]
(NC _012920) in the MITOMAP database. Differences
between the reference sequence and MTCYB and D-loop
sequences were recorded as variations. Thus, any variation
not previously described in the MITOMAP database
was considered novel. Odds ratios (ORs) were used to
characterize the associations.

Analysis of MTCYB encoded amino acid variability

The frequency distributions of the 20 amino acids
in healthy and cancerous tissues were also studied.
Chi-square test was used to identify amino acids with
significant differences between healthy and cancerous
tissues. A level of 5% was considered statistically
significant.

Analysis of genetic variability in MTCYB and D-loop
For each gene, the number of polymorphic sites,
parsimony-informative sites, number of synonymous and
nonsynonymous substitutions, and transition/transversion
rate (R) were calculated using MEGA 6 software [11]. The
average number of nucleotide differences (k), haplotypic
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diversity (Hd), and nucleotide diversity (m) indices were
estimated using DnaSP version 5.10.01 [12].

Analysis of genetic differentiation and evolution

Intra- and inter-tissue genetic distances were calculated
using the MEGA 6 [11]. Population-pair genetic
differentiation values between healthy and cancerous
tissues [13] (FST) and associated probabilities were
estimated using ARLEQUIN version 3.0 software [14].
The evolution of cancerous tissues was investigated
by extracting mismatch distribution curves generated
using the DnaSP software version 5.10.01 [12]. The
demographic indices SSD (sum of squared deviation)
and RI (Harpending’s raggedness index), which allowed
us to test the validity of the expansion model [15, 16],
were calculated using ARLEQUIN version 3.0 [14]. The
significance level was set at 5% for all tests.

Genetic analysis of BAT-25 and BAT-26 loci

The two microsatellite loci sequences were also
cleaned, corrected, and aligned using the BioEdit software
version 7.1.9 [17]. Differences in the size and pattern of the
loci between cancer and control tissues were considered
unstable. In addition, tumors with simultaneous BAT-25
and BAT-26 instability were defined as MSI-H (a high
level of microsatellite instability in tumors).

Statistical analyses
Association analyses and risk assessment

Classical multifactorial risks and prognostic factors
were assessed using the Cox model. The genetic
structuring of tumors according to clinicopathological
parameters, such as age, number of pairs, size, number
of invaded lymph nodes, and histological grade, was
investigated using analysis of molecular variance [18].
Survival tests were performed using the Kaplan- Meier
method to test whether mutations at certain sites are
naturally polymorphic [19] and whether BAT-25 and
BAT-26 instability could be risk factors [20]. Survival
times were compared using a log-rank test [21].

Survival and correlation analyses

We tested the association between breast cancer
in Senegalese women and the mitochondrial markers
studied. The association study is based on the principle
of linkage disequilibrium (LD). An association between
a marker and a disease suggests the presence of an LD
between the two. The existence of an association with a
particular allele is then verified. MTCYB and D-Loop are
markers with k alleles, denoted al,...., ak. To test allelic
association, the distribution of alleles in cancerous and
healthy tissues for each marker studied is compared.
To test the null hypothesis HO: P (ai / TC) = P (ai / TS)
with i= 1,......, k, we use the chi2 test. The chi2 test was
analyzed using Statview (Version 5, 1992-1998, SAS). If
the distribution between healthy and cancerous tissue is
significantly different, the allele is said to be associated
with disease. Odds ratios are then used to characterize
the association. The odds’ ratio (probability ratio between
the probability of occurrence of the ai allele in CT and
the probability of occurrence of the ai allele in SC) is



calculated from the following equations (P=probability):
P (ai/TC)/1-P (ai/TC) and P (ai/TS)/1-P (ai/TS). The odds’
ratio is interpreted similarly to the relative risk. An odds’
ratio of 1 mean no association. In the case of a positive
association, the odds’ ratio is > 1, and the association is
inverse when the odds’ ratio is < 1. The further the odds’
ratio is from 1, the stronger the association.

The study of classic risk and prognostic factors in
mono and multifactorial analysis was carried out using
the Cox model, which is useful for determining the
impact of explanatory variables on a patient’s survival
time. It expresses the instantaneous risk (hazard rate) of
experiencing the event studied after a given exposure
time as a function of a linear combination of explanatory
factors. It can also be used to quantify and test the effects
of individual characteristics. The Cox model includes
age (<50y and >50y), date of first menstrual period (<12
and >12), and number of parity (nulliparous women
and those who are multiparous) as risk factors. Stage
including tumor size, number of invaded lymph nodes
and presence of metastasis, histological grade (SBRI,
SBRII, and SBRIII), and phenotype (HER2, TN, LA,
and LB) were considered prognostic factors. Multivariate
analysis should be emphasized for its greater accuracy; in
fact, it considers the interaction of criteria on each other.
The statistical significance threshold is set at 5%, with a
confidence interval of 95%.

Survival tests were carried out using the Kaplan-
Meir method to ascertain whether the mutations could
affect patient survival and constitute a risk factor [20].
This calculation method enables survival curves to be
established. Survival times were compared using the
log-rank test [21].

The genetic structuring of tumors according to clinico-
pathological parameters such as age, number of parities,
tumor location, quadrant, size, number of invaded lymph
nodes and histological grade has been investigated by
an Analysis of Molecular Variance (AMOVA) [18].
AMOVA is a variance/covariance of haplotype (or
allele) frequencies, which, in addition to frequency
information, uses molecular data, considering the number
of substitutions between haplotypes (or alleles).

We analyzed the impact of BAT-25 and BAT-26
instability to see which of the two markers could
serve as prognostic markers. Correlation analysis of
BAT-25 and BAT-26 instability according to clinico-
pathological parameters [Age, stage, grade and response
to chemotherapy [<25%; 25-75% and >75%] was
performed with Fisher’s exact test. The significance level
was 5% with a 95% confidence interval. According to the
two markers studied, survival analyses were performed
using the Kaplan Meir test [20]. Survival times were
compared using the log-rank test [21].

Results

MTCYB and D-loop mutations

Compared to the Cambridge Reference Sequence
(rCRS), 237 variations were observed in MTCYB, 67
of which have already been reported in the MITOMAP
database. In 58.28% of the cases, these substitutions
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resulted in a change in amino acids. A total of 40 samples
showed significant differences (P<0.05) between healthy
and cancerous tissues. Variants T15530d, C15556G,
C15604T, T15622G, A15628C, C15637G, C15637T,
C15643T, A15653G, T15654C, A15655C, C15667T,
and C15754A were more frequent in cancerous tissues.
In contrast, variants C15664A, C15664CA, A15689T,
C15700T, C15704A, C15704T, C15732T, C15749T,
CI15767A,T15787G, and T15792C were absent in healthy
tissues. Of the 230 variations detected in the D-loop,
38.69% were reported in the MITOMAP database, and
61.30% were novel. The distributions of T146C, T152TC,
and T152d showed significant differences (P<0.05)
between healthy and cancerous tissues.

Mutation frequencies for both mitochondrial markers
were higher in cancerous tissues than in healthy tissues
(MTCYB: TC=90.29% and TS=41.77%; D-loop:
TC=75.21% and TS=48.69%).

Genetic variability of MTCYB and D-loop in cancer
tissues

For both MTCYB and the D-loop, the nucleotide
compositions of Aand T (56.9% and 52.5%, respectively)
were predominated over those of C and G (43.1% and
47.5%, respectively). The percentages of transitions
(57.12% and 79.77%) were higher than those of
transversions (42.88% and 20.23%). Diversity analysis
revealed high values for haplotypic diversity (Hd =
0.998+/-0.004 and Hd = 1+/-0.009) and low values for
nucleotide diversity (m = 0.164+/-0.018 and 0.039+/-
0.015). The average number of nucleotide differences
(k) was 53.543 and 22.867 for MTCYB and D-loop,
respectively. The results are summarized in Table 3.

Variability of MTCYB encoded amino acids

Amino acids, such as Glu, Gly, Arg, Gln, Ile, Leu, Met,
Trp, and Val, showed marked differences between healthy
and cancerous tissues. However, the frequencies of Glu,
Gly, Arg, Met, and Trp were lower in cancer tissues than
those of Gln, Ile, and Val, which were considerably higher
in cancer tissues (Table 4).

Genetic differentiation between cancerous and healthy
tissue

Genetic dissimilarity was higher in cancerous tissues
than in healthy tissues for both mitochondrial markers
(Table 5). Genetic differentiation (Fst) between healthy
and cancerous tissues was not significant [MTCYB:
Fst=0.001 (P=0.51); D-loop: Fst=0.003 (P=0.56)].

Demo-genetic evolution

Analysis of MTCYB and D-loop mismatch distribution
curves revealed a multimodal appearance (Figure 1).
However, the demographic indices SSD and RI were not
significant.

BAT-25 and BAT-26 microsatellites loci polymorphism
Differences in size and pattern were observed between
the two markers studied in patients with cancer. Of the 38
tumors analyzed, 34 (89.47%) were unstable for BAT-25
and 24 (70.58%) for BAT-26 (Table 6). Control samples
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Figure 1. Mismatch Distribution Curves for MTCYB (a) and D-loop (b).

consisted of 25T and 25A for BAT-25 and BAT-26,
respectively.

MSI status

Of the patients for whom both markers could be
sequenced, one (1) was stable for both markers, 8
(28.57%) were unstable for the BAT-25 marker, 2 (7.14%)
were unstable for BAT-26, and 17 (60.71%) were MSI-H
(unstable for both markers). The results are summarized
in Table 7.

Multivariate analysis of clinicopathological factors

The number of pairs (HR=1.369; CI=0-0.602; P=0.019)
and histological grade (HR=4.357; CI=0.002-0.727,
P=0.017) significantly affected patient prognosis (Table 8).
3.9 Genetic structuring according to clinicopathological
parameters

For the mitochondrial matrix, moderate genetic

structuring was noted only between NO-N1 tumors
(Fst=0.119; P=0.035) and between NO-N2 tumors
(Fst=0.148; P=0.002). In other words, as the number
of lymph nodes increased, genetic differentiation was
observed in node-less tumors.

Correlation between survival time and genetic markers

Polymorphisms in D-loop sites 150 and 152 and
BAT-26 instability were considerably associated with
longer post-operative survival. Furthermore, the survival
of patients with stable BAT-25 decreased drastically, but
the difference was not statistically significant (P=0.473).
The results are shown in Figure 2.

Discussion

This study aimed to elucidate the role of genetic
mutations in breast cancer in Senegalese women.

Table 1. Sequences of Primers Used and Conditions for PCR Reactions

Regions Sequences Programs

MTCYB H15915 TCTCCATTTCTGGTTTACAAGAC 94 °c 3 min; 40 cycles (92 °c 45 s, 50 °c 1 min, 72 °c 1
L14723 ACCAATGACATGAAAAATCATGGTT Mmin30s) 72 °c 10 min

D-loop H408 TGTTAAAAGTGCATACCGCCA 95 °C 15 mins; 35 cycles (95 °c 30's, 62 °c 30's, 72 °c
L16340 AGCCATTTACCGTACATAGCACA 2 min) 72 °c 10 min

BAT-25 BAT 25 (F) TACCAGGTGGCAAAGGGCA 95 °C 10 min; 30 cycles (94 °C 45 s; 57 °C 45 s; 74 °C
BAT 25 (R) TCTGCATTTTAACTATGGCTC 45's); 74 °C 7 min

BAT-26 BAT 26 (F) CTGCGGTAATCAAGTTTT 95 °C 5 min; 35 cycles (95 °C 30's; 47 °C 1 min; 70 °C
BAT 26 (R) AACCATTCAACATTTTTAACCC 1'min); 70 °C 10 min

Table 2. PCR Reaction Mixture Compositions

Components Volume: concentration or quantity
Amplified genes

MTCYB D-loop BAT-25 BAT-26
Water MilliQ 23.8 uL 329 uL 349 uL 349 uL
Tampon 10X SuL SuL SuL SuL
dNTP 2 uL 2 uL 2 uL 2 uL
MgCl, 1 ul 3ulL 1 uL 1 uL
Primers (forward and reverse) SuL SuL S5uL SuL
Taq polymerase 0.2 uL 0.1puL 0.1 pL 0.1 uL
DNA extract 8 uL diluted 1/10 2 uL 2uL 2uL
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Figure 2. Survival Curves as a Function of Nucleotide Mutations in D-loop and Instability and Stability of BAT-25

and BAT-26.

Two mitochondrial (MTCYB and D-loop) and two
microsatellite markers (BAT-25 and BAT-26) were
analyzed. The results revealed that most of the analyzed
cancerous tissues had variations in MTCYB. Overall, of
the variations detected in MTCYB, 40 showed marked

differences between healthy and cancerous tissues, some
of which were much more frequent in cancerous tissues
with deleterious effects. Overall, 58.28% of substitutions
resulted in amino acid changes. The values found in this
study generally appear to be higher than those described

Table 3. MTCYB and D-loop Genetic Variability Parameters

Parameters MTCYB D-loop
Number of polymorphic sites 306 (94.15%) 194 (33.85%)
Number of informative sites 230 (70.76%) 44 (20.68%)
Transitions (%) 57.12 79.77
Transversions (%) 42.88 20.23
Transitions/Transversion rate=R 1.278 4.205
T C A G T C A G
Nucleotide frequency 30.5 12.4 264  30.7 26.8 18.1 257 294
Haplotypic diversity (Hd+SD) 0.998+0.004 1+0009
Nucleotide diversity (x = SD) 0.164+0.018 0.039+0.015
k 53.543 22.867
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Table 4. Amino Acid Frequencies Encoded by MTCYB
between Healthy and Cancerous Tissues

Table 6. Instability of BAT-25 and BAT-26 markers in
cancerous tissue

Non-essential Healthy Cancerous P-value
amino acids tissue tissue

Ala 0.694 0.922 0.089
Cys 2.894 1.978 0.118
Asp 0 0.301 0.5
Glu 3.646 3.47 0.015
Gly 18.697 16.549 0.038
His 0.347 0.804 0.24
Asn 1.678 1.408 0.055
Pro 1.041 1.877 0.177
Gln 2.112 2.364 0.035
Arg 6.396 5.499 0.047
Ser 3.039 4.04 0.089
Tyr 1.302 1.643 0.073
Essential Healthy Cancerous P-value
amino acids tissue tissue

Ile 3.299 3.336 0.003
Leu 21.389 20.808 0.008
Lys 2.518 3.185 0.074
Met 6.454 6.254 0.01
Phe 2.431 3.018 0.068
Thr 0.984 1.877 0.192
Trp 8.162 7.662 0.02
Val 12.908 12.994 0.002

Ala, alanine; Cys, cysteine; Asp, aspartic acid; Glu, glutamic acid; Gly,
glycine; His, histidine; Asn, asparagine; Pro, proline; Gln, glutamine;
Arg, arginine; Ser, serine; Tyr, tyrosine; Essential amino acids, amino
acids that cannot be synthesized by the body and must be obtained from
the diet; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine;
Phe, phenylalanine; Thr, threonine; Trp, tryptophan; Val, valine

in the literature. Parella et al. found that 61% of primary
breast tumors had mtDNA mutations, with 25% of the
mutations inducing an amino acid change in the protein
sequence [22]. This is supported by the fact that all the
analyzed cancer tissues contained variations at the D-loop
level. The number of tissues with variations was higher
than that reported by Tseng et al. [23], who found that
30% of breast tumors had D-loop mutations in Caucasian
populations. A mutation rate of 75.21% in the D-loop was
found in cancerous tissues. This result is consistent with
previous reports indicating that D-loop mutations are in
the range of 20-78% in human cancers [24, 25]. In the
present study, variations were found in healthy tissues;

Table 5. Intra- and Inter-Tissue Genetic Distance (d) and
Degree of Differentiation (Fst)

Amplified Genetic distance Fst

genes Intra Inter (P-value)

MTCYB TS 0.185 0.196 0.001 (0.51)
TC 0.208

D-loop TS 0.033 0.038 0.003 (0.56)
TC 0.044

BAT-25 BAT-26
Motifs Number of Motifs Number of
Cancerous Cancerous
tissues (%) tissues (%)
Stable 4 (10.53%) Stable 10 (29.42%)
Unstable 34 (89.47%) Unstable 24 (70.58%)
Table 7. MSI Status of Breast Tumors
Number of patients Loci Status MSI
BAT-25  BAT-26
1 - - ?
+ - ?
2 - + ?
17 + + MSIH

Note: (+), unstable for marker; (-), stable for marker; (?): Status
undetermined

however, their frequency was lower than that observed
in cancerous tissues, demonstrating the involvement of
MTCYB and D-loop variations in breast carcinogenesis
in Senegalese women.

The 146C and 152d variations in the D-loop were
found at a higher frequency in cancerous tissues, with
an OR greater than 1. Therefore, these variations could
be associated with breast cancer in Senegalese women,
causing the disease or increasing the risk of developing
breast cancer. In contrast, individuals with a C insertion at
position 152appeared to have a lower risk. The insertion
was more frequently observed in healthy tissues, whereas
the deletion was predominantly found in cancerous tissues.
These data support the idea that these haplotypes represent
consensus sequences in Homo sapiens. This study showed
a marked decrease in amino acids, such as Glu, Gly,
Arg, Leu, Met, and Trp, in cancer tissues. However, this
decrease was associated with a considerable increase in
Gln, Ile, and Val levels. Notably, Glu and Gly, markedly
decreased in cancer tissues, are non-essential amino
acids. Indeed, it has been reported that the expression of
mitochondrial proteins in the Glu biosynthesis pathway
and the consumption of Gly are strongly correlated with
rapid cell proliferation in cancer [26]. Additionally, Trp,
which plays an important role in T cell proliferation,
decreased considerably in cancer tissues. Furthermore, T
lymphocytes are key players in immune rejection reactions
that can lead to the elimination of cancer cells and are the
basis of various immunotherapeutic approaches currently

Table 8. Multivariate Analysis with Cox Model

Factors HR 95% CI P-value
Age 1.081  0.985-1.185 0.097
DFP 1.546 0-m 0.999
Number of pares 1.369 0-0.602 0.019
Stade 4.12 0-o0 0.999
histological grade 4357  0.002-0.727  0.017

TS, healthy tissue; TC, cancer tissue
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being tested. These methods stimulate the immune system
to recognize and destroy tumor cells. Additionally,
evidence suggests that amino acids are continuously used
for cell proliferation, resulting in a higher concentration
at the time of supply and a lower concentration after
their consumption in the production of new tumor cells
[27]. Therefore, quantifying the levels of 20 amino acids
in the serum or plasma of patients with breast cancer is
necessary.

Analysis of genetic variability showed that most
transformations could be attributed to nucleotide
substitutions. Notably, this variability between healthy
and cancerous tissues differed from patient to patient,
reflecting the heterogeneity between tumors, which is
common in oncological pathology. The higher absolute
values of genetic distance in cancerous tissues confirmed
this heterogeneity between tumors. Both mitochondrial
markers exhibited high haplotypes and low nucleotide
diversity. This suggests that cells in breast cancer tissues
undergo rapid growth from an initially low clone. These
findings are consistent with those of the Darwinian
model, in which neoplasia arises from a single cell that
is the target of mutations that overcome the physiological
mechanisms that limit its proliferation. Therefore, the
succession of mutations conferring a selective advantage,
followed by periods of clonal expansion, leads to the
formation of malignant tumors. This was consistent
with the mismatch distribution curves, suggesting a
sudden expansion of mutations. This shows that the
variation observed at polymorphic sites and singletons
was not neutral and was fixed under the influence of the
environmental effects of random genetic drift. Indeed,
Chinnery et al. [28] showed that random genetic drift is
powerful enough to explain the fixation of rare mtDNA
mutations in tumor tissues.

This study investigated the two loci most predictive
of MSI (BAT-25 and BAT-26), included in the National
Cancer Institute group of markers [29, 30]. These two
microsatellite loci were monomorphic with 25T and
25A, respectively, in control subjects. Contrary to what
has been described in the literature, the BAT-26 locus
consists of a 25A repeat in control subjects instead of a
26A repeat. According to Samb et al. [31], the Senegalese
population has a 25A repeat. Indeed, according to Buhard
et al. [32], both markers have natural polymorphisms,
particularly among Africans. Therefore, their use should
be cautious, depending on the ethnic group to which the
patient belongs. Furthermore, in Senegalese women with
breast cancer, BAT-25 is much less stable than BAT-26.
However, 60.71% of the analyzed cancerous tissues were
unstable for both markers, confirming their MSI-H status.
According to Siah et al. [33], this variability suggests that
mismatch repair defects that lead to increased MSI may
play a role in the specific pathogenesis of breast cancer.
Multivariate analysis using the Cox method showed that
both the number of pairs and histological grade influenced
patient survival. In other words, nulliparous women had
a 1.369-fold increased risk of developing breast cancer.
The interaction between pregnancy and breast cancer is
complex and paradoxical. Epidemiological data on the
effects of pregnancy on breast cancer risk are numerous
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and sometimes contradictory [34-36]. However, most
studies indicate that the risk of breast cancer increases
with nulliparity and late age at first pregnancy. In our
series, grade, which reflects tumor differentiation and
aggressiveness, influenced prognosis, with a consequent
effect on patient survival. Thus, grade I tumors have a
4.357 times better prognosis than grade II and I1I tumors.

This study revealed that polymorphisms at sites 150
and 152 were strongly associated with patient survival.
Indeed, it has been shown in the literature that replication
of the mtDNA heavy strand starts at position T149 instead
of position C151 if the C150T transition is present. The
authors speculated that the C150T polymorphism might
confer replicative and survival advantages to mtDNA.
In contrast, BAT-26 instability was strongly associated
with longer post-operative survival. Carvalho et al. [37]
found that in colorectal cancers, the 5-year survival rate
was 85% in patients with BAT-26 instability compared to
that in patients with BAT-26 stability. Another crucial and
classic element is the number of lymph nodes involved.
In addition to tumor grade, lymph node involvement is
the most important prognostic factor. For all parameters
tested, genetic structuring was observed only between
tumors without (N0) and those with one (N1) or two (N2)
nodes involved. In other words, the genetic differentiation
increased as the number of involved nodes increased.
According to these results, the clinical heterogeneity of
tumors was verified only at the molecular level based on
lymph node invasion.

In conclusion, our study revealed a high rate of
variation in cancerous tissues compared to healthy tissues,
reflecting the impact of mtDNA mutations on breast
carcinogenesis in Senegalese women. Consequently, any
dysfunction of the mitochondria following mutations in
the mitochondrial genome that affect its function could
be a causal factor in carcinogenesis. Additionally, the
MSI-H phenotype found in Senegalese women opens
the prospect of screening for MSH2, MSH3, and MSH6
to determine the genes involved in the genetic instability
of MSI-H tumors found in these patients. From a clinical
standpoint, two risk factors, the number of pairs and
histopathological grade, can be considered to have a
significant impact on the incidence and progression of
breast cancer in Senegalese women. Although the sample
size was insufficient, all the results obtained from the
Senegalese population are of essential interest, not only
from a fundamental point of view but also from a medical
perspective. This should encourage further research in
this field to understand the precise role of mitochondrial
genome mutations and the mismatch repair system in
breast cancer.
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