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Abstract 

Prostate tumors are more common worldwide, with 60% of men over the age of 50 affected by benign prostatic hyperplasia 

(BPH) and 1.5 million new cases and 397,000 deaths from prostate cancer (PCa), which ranks as the second most common cancer 

globally. Although age is the most significant factor, other factors are associated with their development, and genetic factors 

appear to play a major role. This study aimed to evaluate the involvement of TP53 gene mutations in cases of prostate tumors 

among Senegalese men while contributing to the understanding of the mutational link between the two tumors. sixteen BPH 

tissue samples and seventeen PCa tissue samples were collected via biopsy from Senegalese patients following informed consent. 

DNA extraction followed by PCR amplification and sequencing were performed. Mutation Surveyor was used to identify 

mutations. Mutation Taster, Polyphen-2, SIFT, and SNP & GO were used to assess pathogenicity predictions. I-Mutant2, MuPro, 

and Dynamut2 were used to predict the stability, flexibility, and dynamics of the mutated p53 protein. MutPred2 and Mutation3D 

were used to predict physicochemical properties and map risk mutations. Variability, diversity, and genetic structure were 

determined using MEGA, BioEdit, DnaSP, and Arlequin. A total of 32 TP53 mutations were identified in the two tumors. These 

mutations were predominant in prostate cancer. No mutations shared between the two tumor types were found; however, shared 

mutations within each tumor type were observed, particularly one mutation (c.652G>A p.218Val>Met) present in all prostate 

cancer patients. Most non-synonymous mutations are predicted to be pathogenic and destabilizing for the mutated p53 protein 

in both tumors. Low polymorphism and a short genetic distance were observed between the two prostate tumors. This study 

provided insight into the potential impact of TP53 gene mutations on prostate tumors. Despite their low frequency in the 

Senegalese population, which may be explained by the small sample size, they play a role in the development and aggressiveness 

of prostate tumors. Therefore, special attention is required in patients carrying these mutations, particularly for the c.652G>A 

p.218Val>Met mutation, as the latter could influence management. 
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1. Introduction 

The prostate, as a male reproductive gland, is highly sus-

ceptible to malignant transformation and therefore has a 

higher incidence of malignancy than other structures of the 

urogenital system. In fact, two types of tumors can affect the 

prostate: benign prostatic hyperplasia (BPH) and prostate can-

cer (PCa). BPH is defined as a non-malignant enlargement of 

the prostate characterized by rapid proliferation of stromal and 

epithelial cells, and its incidence increases with age and life 

expectancy [1, 2]. It manifests as lower urinary tract symptoms 

(LUTS). It affects more than 60% of men over the age of 50, and 

its prevalence continues to rise due to the aging of the global pop-

ulation resulting from medical advances. According to estimates, 

the incidence of this condition in Senegal will increase in the 

coming years, as demographic data indicate a rise in life expec-

tancy to between 74 and 76 years by 2035 [3]. 

As for prostate cancer, there are an estimated 1.5 million 

new cases and 397,000 deaths, making it the second most 

common cancer worldwide [4]. In Senegal, in 2022, 913 cases 

were recorded, accounting for 24.1% of all cases, and it is the 

most common cancer among men [4]. Due to this high prevalence 

for both types of tumors, they are more than just a public health 

problem. A detailed understanding of the pathological process of 

these tumors remains incomplete. Although age is the most im-

portant factor, particularly for BPH, their development is associ-

ated with genetic, environmental, and hormonal factors [5]. 

One of the key characteristics of tumor development is the 

acquisition by cancer cells of somatic mutations in their ge-

nome, mutations absent in healthy tissues. Certain DNA repair 

genes are frequently mutated in cancer. However, data on their 

overall genomic landscape and the functional implications of 

these alterations remain limited. TP53, a gene located on chro-

mosome 17p13, encodes a protein with domains associated 

with transcriptional activation, DNA binding, and oligomeri-

zation [6]. Mutations in this gene, present in more than 50% 

of cancer cases, have the ability to transform TP53 from a tu-

mor suppressor gene into an oncogene [7]. Although muta-

tions in this gene are present in cancers, the effects of these 

mutations and their functional implications are not well under-

stood in the case of prostate tumors, particularly BPH. Simi-

larly, the mutational relationships that may be one of the fac-

tors driving progression from a benign tumor (BT) to a malig-

nant tumor (MT) or an aggressive course of these conditions 

remain controversial. This study aimed to evaluate the role of 

TP53 gene mutations in cases of prostate tumors among Sen-

egalese men while contributing to the understanding of the 

mutational link between the two tumors. 

2. Materials and Methods 

2.1. Study Population and Data Collection 

Sixteen patients with benign prostatic hyperplasia and sev-

enteen men with prostate cancer were selected for the study. 

Participants were recruited after obtaining informed consent 

at the urology department of the El Hadji Ahmadou Sakhir 

NDIEGUENE Regional Hospital in Thiès, Senegal. Prostate 

tissue was obtained via biopsy from patients diagnosed with a 

benign or malignant tumor following histological confirma-

tion (examinations: digital rectal exam combined with a PSA 

level > 4 ng/ml). A total of thirty-three (33) samples were col-

lected. Inclusion criteria included any patient with either be-

nign prostatic hyperplasia or prostate cancer, following histo-

pathological confirmation. 

2.2. DNA Extraction, Polymerase Chain 

Reaction, and Sequencing 

For each prostate tissue sample, DNA was extracted using 

the Zymo Research kit according to the manufacturer’s in-

structions. The TP53 gene region was amplified using the fol-

lowing primers: sense primer: (F) 5'-GTTTCTTT-

GCTGCCGTCTTC-3' and reverse primer: (R) 5'-

CTTAACCCCTCCTCCCAGAG-3'. The reaction volume 

used was 25 µl containing 16.4 µl of PCR water (Nuclease-

Free Water), 2.5 µl of 10X buffer, 0.5 µl of dNTPs, 1.25 µl of 

forward primer (F), 1.25 µl of reverse primer (R), 1 µl of 

MgCl2, 0.1 µl of Taq, and 2 µl of DNA. The PCR was per-

formed on a thermal cycler under the following conditions: an 

initial denaturation at 94°C for 7 min, 35 cycles of denatura-

tion at 94°C for 1 min, annealing at 64°C for 1 min, extension 

at 72°C for 1 min, and a final extension at 72°C for 10 min. 

The PCR products from each sample were subjected to elec-

trophoresis on a 2% agarose gel using 5 μl of amplicons and 

the addition of a 100-dalton molecular weight marker (Pur-

pleLadder). After visualization, they were purified and se-

quenced using an ABIPRISM BigDye TM Terminator se-

quencing reaction kit in an MJ Research PTC-225 Peltier-type 

thermal cycler. 

2.3. Genetic Analyses 

2.3.1. Comparison of Detected Mutations Between 

Prostate Tumors 

The frequency of mutations between benign and malignant 

tumors was assessed to compare the mutation rate of the TP53 

gene in prostate tumors. Thus, the percentages of mutations 

found in each tumor type are highlighted to illustrate the dif-

ference in TP53 gene mutation rates in these tumors. 

2.3.2. Mutation Analysis 

To identify TP53 gene mutations, the obtained sequences 

were analyzed using Mutation Surveyor version 5.0.1 (Soft-

genetics, State College, Pennsylvania, United States) 

(www.softgenetics.com) and compared to the reference se-

quence with accession number NG_017013.2 available on 
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GenBank (https://www.ncbi.nlm.nih.gov/genbank/). The 

identified variants were submitted to a set of databases to ver-

ify whether they had already been recorded. These databases 

include dbSNP (Single Nucleotide Polymorphism), COSMIC 

(Catalog of Somatic Mutations in Cancer), and ClinVar, man-

aged by the NCBI (National Center for Biotechnology Infor-

mation). A mutation is considered novel if it has never been 

reported in any of these three databases. 

2.3.3. Predicting the Potential Impact of Mutations 

on the Structure and Function of Mutated 

Proteins 

To investigate the effects of detected non-synonymous mu-

tations on the pathogenicity of prostate tumors, computational 

prediction bioinformatics tools were used. These include Mu-

tation Taster, Polyphen-2, SIFT, and SNP & GO. The Mutation 

Taster tool predicts the functional effects of point mutations. 

It generates a score using a Grantham matrix that takes into 

account the physicochemical properties of amino acids (0 ≤ 

scores ≤ 215). The Polyphen-2 server was used to predict the 

potential impact of an amino acid substitution on the function 

and structure of the protein under study. Based on sequence, 

structure, and phylogenetic relationships, it uses a prediction 

approach based on a calculation of the PSIC (position-specific 

independent counts) score difference between the wild-type 

and mutant amino acids. Mutations with a score ≥ 0.95 are 

considered likely to be deleterious, those with a score between 

0.5 and 0.95 are considered potentially deleterious, and those 

with a score ≤ 0.5 are considered benign. As for SIFT (Sorting 

Intolerant From Tolerant), it has made it possible to distin-

guish deleterious missense mutations from tolerated ones. The 

analysis is based on homology, calculating normalized proba-

bilities based on the alignment for all possible substitutions. SNPs 

(Single Nucleotide Polymorphisms) with a score > 0.05 are con-

sidered tolerated, and those with a score ≤ 0.05 are considered 

deleterious. As for SNP & GO, it is used to accurately predict 

variants associated with the disease. It calculates a score while 

evaluating the association of each mutation with the disease. If 

the non-synonymous mutation has a score ≥ 0.5, it is considered 

to be implicated in the disease; however, if it has a score ≤ 0.5, it 

is considered to have a neutral effect. 

2.3.4. Frequencies of Non-synonymous Mutations 

Shared by Both Prostate Tumors 

To assess the possibility of any association between the oc-

currence and development of benign and malignant prostate 

tumors, the frequency of particularly pathogenic mutations 

was determined and presented according to tumor type. 

2.3.5. Prediction of the Stability, Flexibility, and 

Dynamics of Mutated Proteins 

Several bioinformatics tests were performed to evaluate the 

stability, flexibility, and dynamics of the mutated proteins. I-

Mutant (https://folding.biofold.org/cgi-bin/i-mutant2.0.cgi): 

was useful for estimating the potential effects of non-synony-

mous mutations on the structural stability of the protein and 

the change in free energy (ΔΔG). When ΔΔG is > 0 kcal/mol, 

stability increases, and when ΔΔG is < 0 kcal/mol, stability 

decreases. Mupro (http://mupro.proteomics.ics.uci.edu/) is 

used to predict energy changes and how variants affect protein 

stability. Protein stability is predicted based on a confidence 

score (score < 0: decreased stability; score > 0: increased sta-

bility). Dynamut2 (https://biosig.lab.uq.edu.au/dynamut2/) is 

a bioinformatics server that was used to evaluate the effects of 

mutations on protein stability and dynamics. It is based on the 

normal mode analysis (NMA) method, and mutations are pre-

dicted as follows: Gibbs free energy (ΔΔG) values < 0 pre-

dicted for mutations are classified as destabilizing, and those > 

0 are classified as stabilizing. 

2.3.6. Prediction of the Effects of Non-synonymous 

Mutations on Physicochemical Properties and 

3D Visualization of Selected Mutations 

Two servers were used (MutPred2: (http://mut-

pred2.mutdb.org/) and Mutation3D: http://mutation3d.org/). 

MutPred2 enabled the prediction of the molecular causes of 

the pathology by evaluating the impact of amino acid substi-

tutions. It uses a probability score based on the gain or loss of 

14 different structural and functional properties. The five most 

affected properties are listed along with their p-value, thereby 

measuring the significance of their disruption. As for the Mu-

tation3D tool, it was used to identify groups of amino acid 

substitutions via the 3D clustering method. It is a tool that en-

ables prediction and functional visualization to study the spa-

tial configuration of amino acid substitutions in protein mod-

els and structures in order to map high-risk mutations. 

2.3.7. Phylogenetic Analyses 

Following alignment of the sequences obtained using Bi-

oEdit software version 7.0.5.3, genetic variability and diver-

sity were analyzed. Specifically, the total number of sequences 

(N), the sample size (n), polymorphic (parsimony and non-in-

formative) and monomorphic sites, the total number of muta-

tions (Eta), the average number of nucleotide differences (k), 

the percentage of transitions and transversions, the mutation 

rate (R), the number of haplotypes, and the genetic diversity 

indices (Hd and Pi) were evaluated. These parameters were 

calculated using DnaSP version 5.10.01 and MEGA version 

11 [8, 9]. Amino acid frequency distributions were also calcu-

lated using MEGA version 11 to convert nucleotide sequences 

into amino acid sequences [9]. Genetic structure was also as-

sessed by evaluating genetic differentiation (Fst) and genetic 

distances within and between populations. Similarly, the dis-

tribution of genetic variability at the intra- and inter-popula-

tion levels was estimated using the AMOVA test. Genetic dis-

tances were estimated using the MEGA 11 software by apply-

ing the Kimura two-parameter (K2P) model [9]. The Fst and 

AMOVA tests, meanwhile, were performed using the Arlequin 
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software, version 3.1.0.2 [10]. 

3. Results 

3.1. Comparison of TP53 Gene Mutations Between Prostate Tumors 

Table 1. Comparison of TP53 gene mutation frequencies between HBP and PCa. 

Tumour type 

TP53 gene mutations 
Number of patients with 

mutations 
Total number (n) 

Frequency of 

mutations (%) 
Exon 5_Intron5 Exon 6_Intron6 

Benign tumours 1 10 4 16 25 

Malignant tumours 11 10 14 17 82.35 

 

TP53 gene mutations were detected in both benign (BPH) 

and malignant (PCa) tissues. However, the prevalence of mu-

tations is higher in PCa than in BPH, with respective percent-

ages of 82.35% (14/17) and 25% (4/16). Similarly, within in-

dividual patients, the trend is the same: patients with more mu-

tations are found in PCa. In fact, of the 4 HBP patients with 

mutations, only one had 5 mutations, and the others each had 

2 mutations. In contrast, among PCa patients, some had more 

than 5 mutations (Table 1). Table 1 also summarizes the mu-

tational distribution of exon-intron regions 5 and 6 across 33 

tissues (11 in the Exon 5_Intron 5 region = 33.33% and 20 in 

the Exon 6_Intron 6 region = 60.60%). 

3.2. Nature and Location of Mutations 

Table 2. Nature and location of TP53 gene mutations in prostate tumors. 

Mutations Position dbSNP COSMIC ClinVar Effects of coding 
Amino acid  

affected 
Histology 

c.408A>G Exon 5 rs758781593 COSM44154 185409 Synonym p.136Gln>Gln Benign tumour 

c.424C>G Exon 5 New COSM44969 3809688 Non-synonymous p.142Pro>Ala Malignant tumour 

c.426T>A Exon 5 New COSM44919 New Non-Synonym p.142Pro>Ala Malignant tumour 

c.431A>G Exon 5 New COSM44028 2080519 Non-synonymous p.144Gln>Arg Malignant tumour 

c.438G>A Exon 5 rs1131691026 COSM10727 428890 Nonsense p.146Trp>* Benign tumour 

c.469G>A Exon 5  rs121912654 COSM43625 185404 Non-synonymous p.157Val>Ile Malignant tumour 

c.506T>C Exon 5 New COSM43851 New Non-synonymous p.169Met>Thr Malignant tumour 

c.559+13G>C Intron 5 New New New No  Malignant tumour 

c.559+27C>G Intron 5 rs778145407 New New No  Malignant tumour 

c.559+30G>A Intron 5 New New New No  Malignant tumour 

c.559+31G>C Intron 5 New New New No  Malignant tumour 

c.560-3T>G Intron 5 rs763746485 COSM46059 634683 No  Malignant tumour 

c.626G>A Exon 6 New COSM45995 962629 Non-synonymous p.209Arg>Lys Benign tumour 

c.629A>G Exon 6 New  COSM45441 3232058 Non-synonymous p.210Asn>Ser Benign tumour 

c.631A>G Exon 6 rs1060501198 COSM44238 406581 Non-synonymous p.211Thr>Ala Malignant tumour 
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Mutations Position dbSNP COSMIC ClinVar Effects of coding 
Amino acid  

affected 
Histology 

c.652G>A Exon 6 rs878854072 COSM44683 237952 Non-synonymous p.218Val>Met Malignant tumour 

c.654G>T Exon 6 New New 1754155 Synonym p.218Val>Val Malignant tumour 

c.657C>G Exon 6 New COSM44799 New Synonym p.219Pro>Pro Benign tumour 

c.659A>G Exon 6 rs121912666 COSM10758 127819 Non-synonymous p.220Tyr>Cys Benign tumour 

c.660T>G Exon 6 New COSM44505 New Nonsense p.220Y>* Malignant tumour 

c.661G>T Exon 6 rs786201592 COSM44817 634754 Nonsense p.221Glu>* Malignant tumour 

c.663G>T Exon 6 New COSM46369 New Non-synonymous p.221Glu>Asp Benign tumour 

c.665C>G Exon 6 New New New Non-synonymous p.222Pro>Arg Malignant tumour 

c.666G>C Exon 6 New COSM43924 New Synonym p.222Pro>Pro Benign tumour 

c.672+3C>A Intron 6 New COSM6474332 New No  Malignant tumour 

c.672+5G>C Intron 6 New New 2102775 No  Malignant tumour 

c.672+8T>A Intron 6 New New New No  Malignant tumour 

c.672+13A>G Intron 6 New New 1354615 No  Malignant tumour 

c.672+29G>A Intron 6 New New New No  Benign tumour 

c.672+30G>A Intron 6 rs200372146 New New No  Benign tumour 

c.672+31A>G Intron 6 rs34949160 COSM45453 133420 No  Benign tumour 

c.672+32G>A Intron 6 New New New No  Benign tumour 

 

A total of 32 mutations were identified in the two tumors. 

11 of these mutations had already been recorded in the dbSNP 

database, and 21 (65.63%) were found to be novel. In the Clin-

Var database, 16 (50%) of these mutations had already been 

identified, and 16 (50%) were new. In the COSMIC database, 

19 (59.38%) of these mutations had been listed, and 40.63% 

were new. Based on the distribution by exonic and intronic 

region, we found 7 (21.88%) mutations in exon 5, 5 (15.63%) 

in intron 5, 12 (37.5%) in exon 6, and 8 (25%) in intron 6. 

Among these, there are non-synonymous mutations (12, or 

37.5%), synonymous mutations (3, or 9.38%), and nonsense 

mutations (3, or 9.38%). By tissue type, 12 (37.5%) were from 

benign tumors and 20 were from malignant tumors (62.5%). 

Most of these mutations were in exon 6 (12, or 37.5%), of 

which 7 (58.33%) were non-synonymous (Table 2). 

3.3. Prediction of the Impact of  

Non-synonymous Mutations 

Of the 32 mutations detected, 11 are non-synonymous, and 

the pathogenicity of these mutations is summarized in Table 3. 

Four mutations are pathogenic, six are likely pathogenic, and 

one mutation is non-pathogenic. The pathogenic mutations are 

as follows: c.424C>G p.142Pro>Ala, c.631A>G 

p.211Thr>Ala, c.652G>A p.218Val>Met, and c.659A>G 

p.220Tyr>Cys. Of the 4 pathogenic mutations, 3 are from ma-

lignant tumors and one from a benign tumor. 

Table 3. Pathogenicity of non-synonymous mutations in prostate tumors. 

Amino acids affected 
Mutation Taster 

(score) 
Polyphen-2 (score) SIFT (score) SNPs & GO Histology 

c.424C>G p.142Pro>Ala Deleterious (27) Probably damaging (1) 
Deleterious 

(0.02) 

Diseased 

(0.820) 

Malignant 

tumour 

c.431A>G p.144Gln>Arg Deleterious (43) 
Probably damaging 

(0.996) 
Tolerated (0.08) 

Neutral 

(0.307) 

Malignant 

tumour 

c.469G>A p.157Val>Ile Deleterious (29) Potentially damaging Tolerated (0.54) Neutral Malignant 
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Amino acids affected 
Mutation Taster 

(score) 
Polyphen-2 (score) SIFT (score) SNPs & GO Histology 

(0.690) (0.043) tumour 

c.506T>C p.169Met>Thr Deleterious (81) Benign (0.029) 
Deleterious 

(0.02) 

Diseased 

(0.623) 

Malignant 

tumour 

c.626G>A p.209Arg>Lys Deleterious (26) Benign (0.00) Tolerated (0.94) 
Neutral 

(0.377) 

Benign tu-

mour 

c.629A>G p.210Asn>Ser Benign (46) Benign (0.276) Tolerated (0.41) 
Neutral 

(0.427) 

Benign tu-

mour 

c.631A>G p.211Thr>Ala Deleterious (58) 
Probably damaging 

(0.979) 

Deleterious 

(0.01) 

Diseased 

(0.782) 

Malignant 

tumour 

c.652G>A p.218Val>Met Deleterious (21) 
Probably damaging 

(0.999) 

Deleterious 

(0.00) 

Diseased 

(0.822) 

Malignant 

tumour 

c.659A>G p.220Tyr>Cys Deleterious (194) 
Potentially damaging 

(0.701) 

Deleterious 

(0.00) 

Diseased 

(0.886) 

Benign tu-

mour 

c.663G>T p.221Glu>Asp Deleterious (45) Benign (0.138) 
Deleterious 

(0.00) 

Diseased 

(0.833) 

Benign tu-

mour 

c.665C>G p.222Pro>Arg Deleterious (103) 
Potentially damaging 

(0.701) 
Tolerated (0.09) 

Neutral 

(0.489) 

Malignant 

tumour 

 

3.4. Frequency of Non-synonymous Mutations 

Shared Between Prostate Tumors 

The frequency of non-synonymous mutations was determined 

and showed that there are no common deleterious mutations be-

tween the two prostate tumors. However, frequencies are slightly 

higher in malignant tumors than in benign tumors, and one of 

the malignant mutations was present in 100% of all patients 

(c.652G>A p.218Val>Met) (Table 4). 

Table 4. Frequency of deleterious mutations detected across prostate tumors. 

Mutations % BT % MT 

c.424C>G p.142Pro>Ala 0 9 

c.431A>G p.144Gln>Arg 0 9 

c.469G>A p.157Val>Ile 0 9 

c.506T>C p.169Met>Thr 0 45.45 

c.626G>A p.209Arg>Lys 9.09 0 

c.629A>G p.210Asn>Ser 9.09 0 

c.631A>G p.211Thr>Ala 0 27.27 

c.652G>A p.218Val>Met 0 100 

c.659A>G p.220Tyr>Cys 9.09 0 

c.663G>T p.221Glu>Asp 9.09 0 

c.665C>G p.222Pro>Arg 0 63.63 

BT = benign tumor; MT = malignant tumor 
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3.5. Prediction of the Effect of Non-synonymous Substitutions on the Stability, Flexibility, and 

Dynamics of Mutated Proteins 

Table 5. Characterization of the effect of non-synonymous mutations on the stability. 

Variants 

I-Mutant2.0 (PDB, 1TUP, Chain A) MUpro 

Stability ΔΔG (kcal/mol) Stability ΔΔG (kcal/mol) Stability Confidence score 

P142A Decreased -1.94 Decreased -0.371 Decreased -1 

Q144R Decreased -1.22 Decreased -0.813 Decreased -0.199 

V157I Decreased -1.50 Decreased -0.377 Decreased -0.283 

M169T Decreased -0.72 Decreased -1.215 Increased 0.282 

R209K Decreased -0.73 Decreased -1.524 Decreased -1 

N210S Decreased -1.37 Decreased -1.243 Decreased -0.696 

T211A Decreased -0.71 Decreased -1.299 Decreased -1 

V218M Decreased -2.78 Decreased -0.707 Decreased -0.397 

Y220C Decreased -1.60 Decreased -0.244 Decreased -0.771 

E221N Decreased -0.15 Decreased -0.823 Decreased -1 

P222R Decreased -1.19 Decreased -0.878 Decreased -0.427 

Table 6. Prediction of mutant protein stability using DynaMut2. 

Variants ΔΔG (kcal/mol) Protein stability Wild Type Mutant 

P142A -2,06 Destabilising 

  

Q144R -0,32 Destabilising 

  

V157I -0,95 Destabilising 

  

M169T -0,43 Destabilising 
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Variants ΔΔG (kcal/mol) Protein stability Wild Type Mutant 

R209K -0,08 Destabilising 

 
 

N210S 0,14 Stabilising 

  

T211A -1,08 Destabilising 

  

V218M -0,92 Destabilising 

  

Y220C -2,37 Destabilising 

 
 

E221N -0,65 Destabilising 

  

P222R -0,04 Destabilising 

 

 

Note: ΔΔG = change in Gibbs free energy; PDB = Protein Data Bank; 1TUP = PDB structure ID; the residue highlighted in green is the wild-

type, and the one highlighted in orange is the mutant. 

The predictive analysis of the stability of the mutated pro-

teins is presented in Table 5. All mutations are predicted to be 

destabilizing, with high ΔΔG values indicating a decrease in 

stability and confidence scores. Only one mutation (c.506T>C 

p.169Met>Thr) showed a slightly stabilizing effect on the pro-

tein with a score of 0.282 on the MUpro tool. Similarly, Table 
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6 reports the prediction of stability, dynamics, and conforma-

tional disruption induced by non-synonymous mutations on 

the protein. All are predicted to be unstable with the exception 

of one mutation (N210S with a Gibbs free energy of 0.14 

kcal/mol). 

3.6. Prediction of Physicochemical Effects and 

3D Visualization of Non-synonymous 

Mutations 

Not all mutations resulted in significant changes in the 

structural and functional properties of the mutated p53 protein, 

with the exception of two variants (P142A and Y220C). These 

variants, which are potential SNPs, significantly (p-value < 

0.05) contributed to the pathogenesis of prostate tumors by al-

tering various aspects of the protein (altered transmembrane 

proteins (P142A and Y220C)), the gain of a disulfide bond at 

C141 specifically for the P142A mutation, and the loss of a 

strand and sulfation at Y220 specifically for variant C (Table 

7). Visualization of non-synonymous mutations was also eval-

uated using Mutation3D, revealing the presence of deleterious 

substitutions in the p53 protein. Of the 11 detected mutations, 

seven (P142A; Q144R; V157I; V218M; Y220C; E221N; and 

P222R) were considered high-risk mutations for the p53 pro-

tein. All of these mutations are located in malignant prostate 

tumors, with the exception of two (Y220C and E221N) (Fig-

ure 1). 

 
Figure 1. 3D structure of the p53 protein, generated by the mutation 3D server, and representation of the selected mutations on the protein 

domains (http://mutation3d.org/). 

Table 7. Prediction of the pathogenicity of non-synonymous mutations in the p53 protein as predicted by MutPred2. 

Variants MutPre2 score Molecular mechanisms P-value 

P142A 0.607 
Altered transmembrane protein 0.03 

Gain of disulphide bond at C141 0.05 

Q144R 0.413 - - 

V157I 0.162 - - 

M169T 0.288 - - 

R209K 0.067 - - 

N210S 0.065 - - 

T211A 0.446 - - 

http://www.sciencepg.com/journal/ijgg


International Journal of Genetics and Genomics http://www.sciencepg.com/journal/ijgg 

 

69 

Variants MutPre2 score Molecular mechanisms P-value 

V218M 0.462 - - 

Y220C 0.638 

Strand loss 0.01 

Altered transmembrane protein 0.02 

Loss of sulphation at Y220 0.05 

E221N 0.353 - - 

P222R 0.207 - - 

 

3.7. Evolutionary Molecular Analyses 

3.7.1. Genetic Diversity 

The sequences obtained from the two prostate tumors have 

the same number of sites (350 bp). Among these sequences, 5 

polymorphic sites (1.42%) 4 of which are non-informative and 

1 is a parsimony polymorphism and 345 monomorphic sites 

were found in the HBP, with a mutation rate (R) of 0.519. As 

for PCa, 12 sites are polymorphic, representing 3.43% (8 non-

informative polymorphisms and 4 parsimony polymorphisms), 

and 338 monomorphic sites (96.57%) with a mutation rate (R) 

of 1.29. The total number of mutations (Eta) and the average 

number of nucleotide differences (k) in TBs are lower (Eta = 

5 and k = 0.733) than those found in TMs (Eta = 12 and k = 

2.382). Similarly, the transition rate is lower, whereas the 

transversion rate is higher in TBs than in MTs. The same trend 

is observed regarding the low number of haplotypes in TBs (4 

haplotypes) compared to MTs (11 haplotypes). Genetic diver-

sity is also assessed by examining genetic diversity indices. 

High haplotype diversity and low nucleotide diversity were 

observed in malignant tumors (Hd = 0.882 and Pi = 0.00681) 

compared to benign tumors, which had low values for both ge-

netic diversity indices (Hd = 0.350 and Pi = 0.00210) (Table 8). 

Table 8. Genetic variability of the TP53 gene between prostate tumors. 

 Benign prostate tumours Malignant prostate tumours 

 
Genetic variability parameters 

Variables Number Percentage Number Percentage 

Number of individuals 17 51.51% 16 48.48% 

Number of sites 350  350  

Monomorphic sites 345 98.57 338 96.57 

Polymorphic sites 5 1.42% 12 3.43 

Non-informative variable sites 4 1.14% 8 2.29 

Variable sites in parsimony 1 0.29 4 1.14 

Total number of mutations (Eta) 5  12  

Average number of nucleotide differences (k) 0.733  2.382  

Percentage of transition 35.7   58.14 

Percentage of Transversion 64.32   41.86 

Mutation rate (R)  0.519 1.298  

Number of haplotypes 4  11  

 Genetic diversity indices 

Hd (Variance) 0.350 ± 0.2183 0.882 ± 0.00516 

Pi (variance) 0.00210 ± 0.0000011 0.00681 ± 0.0000012 
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3.7.2. Frequency Distribution of Amino Acids in 

Prostate Tumors 

Converting nucleotide sequences into amino acid sequences 

using the second reading frame revealed a difference in amino 

acid frequencies between the two tumors. Certain amino acids, 

such as proline, threonine, methionine, asparagine, and lysine, 

decreased, whereas the levels of other amino acids increased 

in the cancerous tissues. A comparison of the means between 

the two tumors showed statistical significance for all amino 

acids except asparagine (Table 9). 

Table 9. Amino acid levels in benign and malignant tumors. 

Amino acids BT MT P-Value 

Ala 11.494 11.596 8.092e-05*** 

Cys 4.454 4.570 6.284e-05*** 

Asp 1.149 1.160 1.066e-05*** 

Glu 3.448 3.479 1.066e-05*** 

Phe 1.149 1.228 3.452e-06*** 

Gly 2.443 2.456 0.001813 

His 2.299 2.387 1.278e-05*** 

Ile 6.897 7.026 1.278e-05*** 

Lys 1.221 1.160 1.278e-05*** 

Leu 9.195 9.277 1.066e-05*** 

Met 4.598 4.570 0.000225*** 

Asn 1.078 0.477 0.09862 

Pro 12.716 12.688 0.0009343*** 

Gln 1.1494 1.160 1.066e-05*** 

Arg 5.603 5.798 1.119e-05*** 

Ser 12.643 13.302 0.0003191*** 

Thr 5.819 5.799 0.0002292*** 

Val 3.448 3.479 1.066e-05*** 

Trp 9.195 8.390 1.066e-05*** 

Tyr 0 0 - 

Significance codes: p<0.001 ‘***’ p≈0.001 ‘**’ p≈0.01 ‘*’, BT = benign tumor; MT = malignant tumor 

3.7.3. Genetic Structure Among Prostate Tumors 

The estimated genetic distance among prostate tumors is 

low, with a small standard deviation (D = 0.00391 ± 0.00265). 

This trend is observed in malignant tumors, where a low ge-

netic distance was also noted (D = 0.01 ± 0.000). However, 

within benign tumors, there is no genetic distance (D = 0.00 ± 

0.000). The genetic differentiation coefficient (Fst) was also 

estimated and was statistically significant. The AMOVA test 

showed high genetic differentiation within each tumor type 

compared to between tumor types (Table 10). 
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Table 10. Intra- and inter-population genetic structure. 

Type of tissue 
Intra-population distance 

± standard deviation 

Inter-population distance 

± standard deviation 
Fst (P-Value) AMOVA test 

TB TM TB TM intra-population inter-population 

TB 0.00 ± 0.00 
0.00391 ± 0.00265 

0.37792 

(0.00±0.000) 
62.21 37.79 

TM 0.01 ± 0.00 

BT = benign tumor; MT = malignant tumor 

4. Discussion 

The objective of this study was to evaluate the impact of 

genetic polymorphism in the TP53 gene in prostate tumors in 

Senegal by providing insights into the mutational link between 

the two tumor types. Thus, out of 33 prostate tissue samples 

16 from BPH and 17 from PCa no mutations were detected in 

12 of the 16 BPH samples. Only 4 samples had mutations, 

representing 25%. These findings do not align with those of 

Zole et al. (2024), who reported no mutations in exons 5 and 

6 of the TP53 gene in their study on TP53 alterations in BPH 

patients [11]. In fact, they emphasized that there are no muta-

tions in this gene likely to be associated with this tumor. In 

contrast, regarding PCa, 14 patients had mutations, represent-

ing 82.35%. These data corroborate those of Schlechte et al. 

(1998), who demonstrated that there are more mutations in 

PCa than in BPH [12]. These results indicate that TP53 muta-

tions are more common in malignant tumors, but certain alter-

ations could also be detected in advanced cases of BPH, sug-

gesting a possible role in the progression of the disease from 

an early stage to more severe forms. 

The distribution of mutations in this region of TP53 was 

also assessed by histological type, with a frequency of 6.25% 

in benign tumors and 64.70% in malignant tumors for exon 

5_intron 5. For exon 6_intron 6, the rate is 62.5% in benign 

tumors and 58.82% in malignant tumors. This indicates that 

mutations in the exon 5_intron 5 region are more frequent in 

malignant tumors than in benign tumors, whereas mutations 

in the exon 6_intron 6 region are more common in benign tu-

mors than in malignant tumors. This trend has also been re-

ported in German studies, which found a mutation distribution 

rate of 16.1% in exon 5 and 35.5% in exon 6 of the HBP, and 

a mutation distribution of 46.4% in exon 5 and 32.1% in exon 

6 in PCa [12]. In addition, Zhou’s findings corroborate those 

of Schlechte and colleagues regarding mutation distribution 

rates; however, Zhou and his team limited their study to exon 

6 in localized PCa [13]. It can therefore be assumed that in 

benign tumors, mutations in exon 6 are predominant, whereas 

those in exon 5 are predominant in malignant tumors. 

The nature of the mutations in this region of TP53 was also 

evaluated. A total of 32 mutations were detected, of which 7 

(21.88%) and 25 (84.38%) were listed in one of the three da-

tabases: dbSNP, COSMIC, and ClinVar. These results are 

lower than those reported by Aboulalaa et al. (2024) in a study 

of 48 Moroccan patients with prostate cancer who had a mu-

tation in exon 5 [14]. They reported a total of 137 mutations, 

115 of which were novel, although the study was limited to 

malignant tumors [14]. Among the mutations identified in this 

study, the majority are non-synonymous, representing the pre-

dominant type of p53 mutation. Indeed, 37.5% of the detected 

mutations are non-synonymous, with 15.63% located in exon 

5 and 21.88% in exon 6 in prostate tumors. These results sup-

port the findings of Wang et al. (2024), who reported that the 

most frequent mutations in the TP53 gene are missense muta-

tions (62%) [15]. The same trend was noted in the study by 

Petitjean and colleagues, which showed that the majority 

(75%) of TP53 mutations are non-synonymous substitutions 

exhibiting great variability in their type and position [16]. 

Next are nonsense mutations, which account for 12.5% of 

the total, with 25% occurring in exon 5 and 75% in exon 6; 

non-stop mutations account for 9.38%, with 33.33% occurring 

in exon 5 and 66.67% in exon 6. According to recent studies, 

these mutations produce non-functional proteins and are asso-

ciated with less favorable clinical outcomes. Indeed, one study 

showed that these types of mutations lead to the loss of C-

terminal regulation and metamerization domains in patients 

with squamous cell carcinoma of the tongue [17]. 

In prostate tumors, overall, studies have reported that TP53 

nonsense mutations are independent negative prognostic 

markers in metastatic cancer and are associated with a poorer 

prognosis than other TP53 mutations [13]. Similarly, these 

mutations are associated with higher rates of AR (androgen 

receptor) amplification than other TP53 gene mutations [13]. 

The actual effects of predicting these non-synonymous var-

iants on the pathogenicity of prostate tumors have yet to be 

explored. Studies have shown that these mutations are, in most 

cases, highly deleterious, unlike silent mutations, which are 

generally less deleterious. This is the same observation noted 

in our results: most of them are pathogenic and give rise to 

malignant tumors. These mutations originating in the DNA-

binding domain of TP53 which enables contact with target 
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DNA sequences to transactivate downstream genes could af-

fect the protein’s conformational changes, subsequently alter-

ing TP53’s contact with its target sequences and thereby im-

pairing transcriptional function [18]. This is consistent with 

studies demonstrating that most non-synonymous mutations 

in the central DNA-binding domain of this gene lead to a loss 

of protein transactivation activity [19]. Some of the patho-

genic variants identified in this study, such as T211A, could 

impact the post-translational role of TP53, potentially affect-

ing the stability and function of p53, which in turn influences 

its tumor-suppressor role [20]. Others, such as V218M, which 

is present in all non-synonymous mutations in prostate cancer, 

have been reported as amino acid residues harboring hotspot 

mutations in studies highlighting the relative mutational com-

plexity involved in understanding cancer development [21]. 

To better understand the mutational link between these two 

prostate conditions, an assessment of shared mutations was 

also conducted. No mutations were found to be shared be-

tween the two tumors. The absence of shared mutations could 

be explained by several factors, including the fact that the two 

conditions do not originate in the same areas of the prostate 

(Prostate Cancer primarily in the peripheral zone and BPH in 

the transition zone) [22]. Our results are consistent with the 

generally accepted view that, unlike prostate cancer which is 

characterized by somatic mutations and genomic instability 

BPH rarely exhibits these abnormalities. Despite the absence 

of these shared mutations between the two tumor types, shared 

mutations within each tumor type were identified. Indeed, in 

37% of the detected benign tumors, a single synonymous mu-

tation (c.408A>G p.136 Q>Q) is shared by two patients. As 

for malignant tumors, which account for 62.5% of the detected 

mutations, 55% are shared among patients. This demonstrates 

a difference in mutational linkage within tumors, where there 

are more shared mutations among patients with prostate can-

cer than among patients with benign prostatic hyperplasia. 

These findings may support the notion that TP53 mutations 

contribute to disease progression and aggressiveness, and may 

even be associated with a poor prognosis in patients with these 

mutations [13, 23]. 

Protein stability is a key determinant of biological functions 

and activities. In this study, we found that all non-synonymous 

mutations resulted in reduced stability of the p53 protein, 

though to varying degrees. The lowest energy was observed 

for the valine-to-methionine mutation at codon 218, indicating 

a greater impact on protein structure compared to other muta-

tions. Interestingly, this variant was present in all non-synon-

ymous mutations detected in PCa; this could suggest its in-

volvement in the aggressiveness of prostate carcinogenesis. 

Furthermore, the P142A and Y220C variants proved to be 

highly destabilizing and were associated with alterations in the 

molecular mechanisms of p53. This destabilization predicted 

structural and functional effects of the mutated p53 protein 

based on its physicochemical properties. These mutations are 

thought to have significantly promoted prostate pathogenesis 

by altering various aspects of the p53 protein. The P142A var-

iant is thought to have altered the transmembrane protein and 

to have resulted in the formation of a disulfide bond at the 

cysteine amino acid at codon 141. As for the Y220C variant, 

the molecular changes involved include a loss of a strand, an 

alteration of the transmembrane protein, and a loss of sulfation 

at the tyrosine amino acid at codon 220. The functional impact 

is significant, as it has been reported that these gain-of-func-

tion (GOF) and loss-of-function (LOF) mutations are critical 

for the survival and growth of cancer cells [15]. 

To further investigate this mutation prediction, the impact 

of these mutations on molecular interactions and on the struc-

tural and conformational disruption of the protein was visual-

ized and analyzed. Seven of the 11 mutations are considered 

high-risk mutations for the p53 protein (P142A, Q144R, 

V157I, V218M, Y220C, and P222R). The DNA-binding do-

main is a functionally active site within the p53 protein struc-

ture. Mutations at this site can therefore have an incalculable 

impact on its activity [24]. Consequently, the proteins result-

ing from these 7 mutations could be harmful at a supra-opti-

mal level in the human genome. 

Genetic variability was also assessed and revealed a very 

high proportion of conserved sites, indicating low polymor-

phism characterized by a low rate of polymorphic sites in both 

benign tumors (1.42%) and malignant tumors (3.43%). Alt-

hough there is no high level of polymorphism, we found that, 

in malignant tumors, polymorphism is slightly higher than in 

benign tumors. These results indicate a process of genetic mu-

tation accumulation occurring from tumorigenesis to carcino-

genesis. During this process, further genetic diversification 

and evolution occur, caused in part by rates of incorrect DNA 

replication [25]. A high rate of transversions is observed in be-

nign tumors. It is nearly twice as frequent as transitions in Sen-

egalese patients with BPH. Conversely, in PCa, the percentage 

of transitions is higher, with a rate of 58.14% compared to 

41.86% for transversions. These results confirm the findings 

of Alexandrov et al. (2020), demonstrating that each tumor 

type exhibits a unique combination of these mutational signa-

tures, hence the polymorphism observed in this gene in both 

tumor types [26]. 

Genetic diversity is assessed by evaluating the Hd and Pi 

indices. These indices were found to be low in benign tumors. 

They are characterized by a low mutation rate accompanied 

by a similarly low number of haplotypes. This may be due to 

the fact that the tumor cells were in a permissive environment 

where natural selection was weak. In contrast, in malignant 

tumors, high haplotype diversity and high nucleotide diversity 

were found. These results indicate that there has been a rapid 

accumulation of TP53 mutations, suggesting rapid cell prolif-

eration in Senegalese patients with prostate cancer. This rep-

resents an expanding population, resulting in prostate adeno-

carcinomas that can progress to an advanced stage if not 

treated in a timely manner. These alterations act as a catalyst 

for neoplastic progression, which subsequently leads to the 

development of metastases [27-29]. 
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Amino acid distribution was also evaluated to determine 

whether it was associated with this detected low-frequency 

polymorphism. The results showed a significant difference in 

distribution for all amino acids except asparagine. Certain 

amino acids, such as proline (Pro), threonine (Thr), methio-

nine (Met), tryptophan (Trp), and lysine (Lys), were signifi-

cantly elevated in benign tumors, whereas in PCa, they were 

significantly reduced. Conversely, the remaining amino acids 

were significantly elevated in cancerous tissues and signifi-

cantly reduced in PCa. Interestingly, among the amino acids 

that decreased in PCa, all are essential amino acids with the 

exception of proline. This supports the idea that malignant tu-

mors appear to be metabolic consumers that absorb the body’s 

essential resources and strain its internal production capabili-

ties to such an extent that there is a drop in the levels of certain 

non-essential amino acids, as is the case with proline. Indeed, 

Hussain et al. (2023) have, for example, shown that the most 

significant enrichment pathways in the analysis of metabolic 

pathways were the metabolism of tryptophan, arginine, and 

proline [30]. According to them, the study demonstrates that 

frequent changes in the metabolites mentioned above suggest 

their role in the pathogenesis of cancer patients. Other authors 

have reported that levels of certain amino acids, such as tryp-

tophan, increased during treatment, indicating that the amino 

acid profile could serve as a prognostic biomarker [31]. 

The genetic structure has also been identified, and a low ge-

netic distance has been observed within malignant tumors. 

However, there is no genetic distance within benign tumors, 

indicating a similar population. This appears to be consistent 

with the fact that benign tumors are more stable than malig-

nant tumors, characterized by less frequent mutations. These 

tumors are more homogeneous at the cellular level, with low 

or even zero genetic distance within tumor cells [32]. At the 

population level, a low genetic distance was noted between 

the two tumors. This low distance could be due to other factors, 

such as epigenetic mechanisms (DNA methylation), among 

others. The high Fst value (Fst = 0.37792) further supports the 

distinction between these two tumors. Although these tumors 

share the same organ (the prostate) and androgen depend-

ence, the absence of common mutations observed between 

them also confirms this distinction. These observations are 

supported by a high AMOVA test (37.79), which is con-

sistent with findings in the literature that have thus far 

sought to distinguish these two diseases at different levels 

(tissue, molecular, and epigenetic) despite their anatomical 

coexistence [33, 34]. 

5. Conclusion 

Overall, the study allowed us to understand the mutational 

profile and genetic characterization of the TP53 gene in pros-

tate tumors among Senegalese men with prostate cancer. In 

fact, no mutational link was found between these two prostate 

tumors. TP53 mutations represent a key biomarker for the pro-

gression of prostate tumors. Despite their low mutational ex-

pression which may be due to the sample size mutations in this 

gene may be a risk factor for prostate tumor progression. PCa 

mutations were found to be more involved in the pathology 

than those of BPH. Furthermore, the fact that a specific muta-

tion (c.506T>C p.169Met>Thr) is present in 100% of patients 

with PCa corroborates this involvement in the aggressiveness 

of malignant prostate tumors. Therefore, further monitoring 

and large-scale studies should be conducted to assess the po-

tential role of these TP53 genetic alterations, specifically in 

the progression to prostate cancer. Since this topic has rarely been 

explored in Africa particularly in Senegal at the molecular level, 

even as prostate disease affects Senegalese men, expanding this 

study would be an asset for future research, particularly regarding 

the fundamental activities of the p53 mutant as therapeutic targets 

tailored to the Senegalese population. 
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