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Introduction
Globally, oral cavity cancers (OCC) constitute the most common 

malignant tumors in the subcategory of head and neck cancers, but 
especially in developing countries [1]. They represent the 6th most common 
cancer in the world, with a high prevalence particularly in South Asia [2,3].

Despite current advances in surgery and other treatment options, 
survival rates have not improved in recent decades due to heterogeneous 
etiology, genetic aberrations, and poor treatment outcomes [4]. Moreover, 
these cancers, which used to affect only elderly men, have now become 
more frequent among women, but especially among young people who 
have no history of tobacco or alcohol consumption, which are the major 
risk factors for these pathologies. Therefore, this has imposed the search 
for other factors such as the human papillomavirus (HPV) [5-6]. HPV 
contributes to oral carcinogenesis through the synthesis of two proteins: 
E7 and E6. The latter binds and promotes the degradation of the TP53 
tumor suppressor gene product [7]. This gene is widely used in the study 
of cancers as it is commonly mutated in human cancers and in about 50% 
of malignant tumors [1,8]. Several mechanisms lead to the alteration of the 
P53 protein response, but somatic mutations in the gene are one of the most 
universal mechanisms during oral carcinogenesis. Its prognostic value in 
OCC has long been debated. Conflicting results have been published on 
the presence or absence of mutations in this gene, with variations in their 
frequencies across OCCs [8].

In the majority of cases, oral cavity cancer is detected at an 
advanced stage. At this stage, they are disfiguring and painful, treatment 
options are reduced, and survival rates are low [9]. The key to reducing 
patient suffering and increasing their survival rate is early detection 
of pathology and, therefore, the search for alternative approaches to 
biopsy [10]. Molecular biology is very promising in this regard. This is a 
procedure that detects molecular changes well before histological ones 
[11]. It is in this context that this study was conducted, with the aim of 
determining the implication of mutations in exon 4 of the TP53 gene 
in OCC in Senegal.

Methodology
Population study

This study was approved by the Research Ethics Committee (CER) 
of the Cheikh Anta Diop University (Reference: Protocol 0272/2018/
CER/UCAD). The study involved 13 cancerous tissues and 11 healthy 
tissues collected from the Department of Stomatology and Maxillofacial 
Surgery of the Hospital Center University Aristide Le Dantec.

DNA extraction, polymerase chain reaction and sequencing

DNA from each tissue sample was extracted using the Zymo 
research kit, following the manufacturer's protocol. Exon 4 of the 
TP53 gene was amplified with a reaction volume of 25 μl containing: 
4 μl of DNA extract; 1 μl of MgCl2; 14.4 μl of ultrapure water; 2.5 μl 
of 10X buffer; 0.5 μl of dNTP; 0.1 μl of Taq polymerase and 1.25 μl 
of each primer, which are: F 5'-TCCCCCTTGCCGTTCCAA-3’ and 
R 5'-CGTGCAAGTCACAGACTT-3’. PCR was performed under the 
following conditions: initial denaturation at 94℃ (5 min); repeat of 35 
cycles of denaturation at 94℃ (30 s), hybridization at 58℃ (45 s) and 
elongation at 72℃ (40 s); final elongation at 72℃ (5 min). Sequencing 
reactions were performed with ABI 3730XL DNA Analyzer.

Molecular analyses

The sequences of exon 4 of the TP53 gene were thoroughly 
verified and corrected with BioEdit software version 7.0.5.3 using the 
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Clustal W multiple alignment algorithm [12,13]. Chromatograms 
were analyzed using Mutation Surveyor software (https://softgenetics.
com/mutationSurveyor.php) version 5.1.2 (SoftGenetics, 2020). The 
mutations found were then searched in the IARC TP53 database 
(https://p53.iarc.fr/TP53GeneVariations.aspx), in order to distinguish 
between those already described in the literature and those that are new.

Genetic diversity parameters were determined in order to evaluate 
the degree of gene variability in our populations. Indeed, two groups 
were formed and compared with each other: healthy tissues (TS) and 
cancerous tissues (TC). These parameters, including the number of 
polymorphic sites, the total number of mutations, the number of 
haplotypes, the average number of nucleotide differences, as well as 
the genetic diversity indices (haplotypic and nucleotide diversity) 
are evidenced by the DnaSP software version 5.10 [14]. On the other 
hand, the nature (transition or transversion) and rate of mutations 
were determined using MEGA software version 7.0.14 [15]. Amino 
acid changes were analyzed with MEGA software version 7.0.14 by 
transforming nucleotide sequences into amino acids with the choice of 
the best reading frame [15].

Prediction of mutational consequences was performed with the 
SIFT tool (https://sift.bii.a-star.edu.sg/) and the IARC TP53 database 
to see if an amino acid substitution would affect protein function. 
Similarly, the tools of MutationTaster2 (http://www.mutationtaster.
org/), PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/) and the 
ClinVar database (https: // www.ncbi.nlm.nih.gov/clinvar/) were used 
to assess the pathogenicity of mutations.

Statistical tests

The association between the mutational status of TP53 exon 4 and 
some clinico-pathological features was analyzed by logistic regression 
using R software version 4.0.0 (R Core Team, 2020). These parameters 
are: advanced age (greater than 50 years), male gender, maturity of 
tumor cells, presence of lymphadenopathy, advanced stage of the 
disease, and tobacco or alcohol consumption. The significance of 

the odds ratio (OR) was assessed by Pearson's chi-square test. For all 
statistical tests, a p value <0.05 is considered significant.

Results 
Mutations of interest

After correction and alignment, the sequences obtained lie 
between codon 46 and codon 125 of the TP53 gene. Comparison of the 
chromatograms with the reference indicates a total of 16 heterozygous 
mutations, grouped into 5 types, and presented in Table 1. There is a 
recurrent mutation (c.215 C ˃ G), where proline changes to arginine, 
present on both TS and TC with a frequency of 75% (12/16); whereas 
the other 4 mutations occur only once (only on TS). All 5 types of 
mutations were found in the IARC TP53 database, three (3) of them 
are non-synonymous (missense), and only the c.215 C> G mutation 
was recognized as a single nucleotide polymorphism (validated SNP). 
Chromatograms showing the nature of the mutations are shown in 
Figure 1.

Nucleotide diversity

The parameters indicate little variability and very few differences 
between healthy and cancerous tissues (Table 2). Indeed, for both TS 
and TC, only 4 sites show variability out of 238 in total, and each of 
these sites presents a single type of substitution with the number of 
Eta mutations, which is equal to the number of variable sites. Among 
the TCs, three sites are informative. The average number of nucleotide 
differences is slightly higher in TS (k = 1.7) than in TC (k = 1.3). The 
mutation rate is zero (R = 0). This reflects the fact that all substitutions 
are of the transversion type (v = 100%). Genetic diversity indices of 
cancerous tissues show high haplotypic diversity (hd = 0.821) and very 
low nucleotide diversity (Pi = 0.005).

Diversity of amino acids

Figure 2 shows the amino acid sequence of a reference sequence 
(NM_000546.6) and each tissue (TS and TC). The four variable sites at 
the nucleotide level show an amino acid change (highlighted in yellow), 

Figure 1. Nature of mutations in exon 4 of the TP53 gene. The position of the mutations is 
indicated by the blue arrows 

Pos. Genome
(GRCh38.p12)

Mutations
Pos. CDS Amino acids Nature Tissues Affected SNP ID

dbSNP
chr17: 7676154 c.215 C > G P72R False sense 5 TC / 7 TS Validated rs1042522
chr17: 7676166 c.203 A ˃ T E68V False sense 1 TS - -
chr17: 7676164 c.205 G ˃ T A69S False sense 1 TS - -
chr17: 7676162 c.207 T ˃ G A69A Silent 1 TS - -
chr17: 7676135 c.234 A ˃ G A78A Silent 1 TS - rs375099397

Table 1. Summary of the different mutations found with Mutation Surveyor

Pos.: Position; GRCh38.p12: latest version of the human reference genome; chr17: chromosome 17; CDS: Coding Sequence; ID: Identifier; dbSNP: database of single nucleotide 
polymorphism

Parameters TS TC
Population size (n) 11 13
Total number of sites (N) 238 238
Variable sites 4 4
Informative sites 4 3
Total number of mutations (Eta) 4 4
Average number of nucleotide differences (k) 1,709 1,333
Number of haplotypes (h) 7 6
% Transition (s)/% Transversion (v) 0%/100% 0%/100%
Mutation rate (R) 0 0
Haplotypic diversity (hd) 0.909 0.821
Nucleotide diversity (Pi) 0.007 0.005

Table 2. Genetic diversity parameters for each tissue population
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For the P72R and E68* variants, the impact of the mutation on 
protein function is not available in the IARC TP53 database. The SIFT 
and PolyPhen-2 tools do not predict a stop codon change, and variants 
without dbSNP identifiers (E68V, A69S, and D48V) are absent from the 
ClinVar database. All of these results are presented in Table 4.

Relationship between mutations and epidemiological characteristics

The analysis of the association between the presence of at least one 
mutation and the clinico-pathological parameters shows that there 
would be no significant association between them, with P values   greater 
than 0.05. The same is true for the potentially damaging mutations 
(P47R and E68*) and the P72R polymorphism, taken separately. These 
results are reported in Table 5.

Discussion
Gene variability was studied by comparing via parameters of 

genetic diversity the nucleotide sequences of cancerous tissues to 
adjacent tissues assumed to be healthy. The results revealed very few 
differences between the two tissue groups. The search for mutations 
by chromatogram analysis showed that 4/5 of the mutations are found 
only in the TS; similarly, the average number of nucleotide differences 
is slightly higher at the TS level (1.7 against 1.3 for the TC). All of these 
results could raise doubts about the implication of the gene in OCCs, 
or suggest that healthy tissue samples would not really be involved. 
However, Singh, et al. [4] also found a higher percentage (52.2%) of 
cases with mutations in adjacent normal tissues when working on 
the TP53 gene including exon 4. Mutations in histologically normal 
adjacent mucosa are believed to increase the risk of local recurrence 
[16]. Indeed, Braakhuis, et al. [17] demonstrated this by attempting to 
genetically explain the concept of the "carcinogenesis field", a process 
described in several organ systems including the head and neck (oral 

Figure 2. Substitutions on aligned amino acid sequences

with a total of 24 changes. These amino acid changes are: Proline to 
Arginine (P47R) at the beginning of the sequence, present in 4 TS and 3 
TC (29.16%); Aspartic Acid to Valine (D48V) in 2 TS and 1 TC (12.5%); 
Glutamic Acid to stop codon (E68*) in 2 TC and 2 TS (16.6%); and a 
Proline to Arginine at codon 72 already described with the analysis of 
chromatograms. Thus, a substitution of proline by arginine, in duplicate 
for 4 tissues, is mostly found with a frequency of 70.83%. All these 
variants are listed in the IARC TP53 database. Their characteristics are 
established in Table 3.

Predicting the impact of non-synonymous mutations

The transactivation function seems to be unaffected except for 
the P47R mutation, which could induce an increase in this function 
(a supertrans protein). Most of the mutations (P72R, E68V, A69S and 
D48V) appear to be harmless; on the contrary, the mutation inducing 
a stop codon (E68*) is damaging (induces the disease). The P47R 
mutation appears suspicious because it was predicted as possibly 
damaging with PolyPhen-2, but considered harmless by other software.

Pos. Genome
(GRCh38.p12)

Mutations
Pos. CDS Amino Acids Nature Tissues

Affected SNP ID
dbSNP

chr17: 7676167 c.202 G > T E68* Nonsense 2 TC / 2 TS - rs869312782
chr17: 7676226 c.143 A ˃ T D48V False sense 1 TC / 2 TS - -
chr17: 7676229 c.140 C ˃ G P47R False sense 3TC / 4 TS - rs1597375038

Table 3. Characteristics of substitutions on amino acid sequences

Effect on the protein Pathogenicity

Mutations CIRC/TP53 SIFT
(score)

MutationTaster 2
(probability)

PolyPhen-2
(score) ClinVar

P72R - Tolerated (0.5) Polymorphism (0.9) Benign (0.083) Benign
E68V Functional Tolerated (0.25) Polymorphism (0.9) Benign (0.004) -
A69S Functional Tolerated (0.73) Polymorphism (0.9) Benign (0.000) -
E68* - ~ Causative disease (1) - Pathogenic
D48V Functional Tolerated (0.24) Polymorphism (0.9) Benign (0.322) -

P47R Supertrans Tolerated (0.62) Polymorphism (0.9) Possibly damaging (0.921) Probably benign
(uncertain)

Table 4. Effect of non-synonymous mutations on protein function and their pathogenicity

Parameters Mutants
OR (P-value)

P72R
OR (P-value)

P47R
OR (P-value)

E68*
OR (P-value)

Gender (M) 3.93e+8 (0.99) 4.94e-9 (0.99) 6.60e+7 (0.99) 3.6 (0.32)
Age (˃ 50 years) 0.37 (0.43) 1.25 (0.83) 2.5 (0.48) 0.8 (0.83)
Maturity (mature) 4.70e-8 (0.99) 7.05e-8 (0.99) 7.83e-9 (0.99) 1.41e-8 (0.99)
ADP (presence) 0.61 (0.72) 0.86 (0.92) 1.94e-8 (0.99) 6.80e+7 (0.99)

Stage (advanced) 0.43 (0.53) 3.75e-1 (0.39) 6 (0.18) 0.37 (0.39)
Tobacco (positive) 3.85e+7 (0.99) 6 (0.29) 3.85e+7 (0.99) 6 (0.29)
Alcohol (positive) 1.42e+7 (0.99) 8.50e+7 (0.99) 1.16e+8 (0.99) 8.51e+7 (0.99)

Table 5. Association between mutation status and some clinico-pathological parameters

OR: Odds Ratio; ADP: Lymphadenopathy
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cavity, oropharynx and larynx). This is a histologically normal epithelial 
area around the tumor site, but with genetic alterations of which 
those of TP53 constitute an early marker in the process. Moreover, 
even after removal of the primary tumor, this area could evolve into 
a cancer later on. However, this step would require alteration of other 
additional genes such as CCND1, CDKN2A, and EGFR [17-18]. Thus, 
the development of a field of carcinogenesis is a possible cause of the 
presence of mutations in adjacent healthy tissue, which could therefore 
be considered pre-neoplastic. 

Genetic diversity indices, showing high haplotypic diversity and 
very low nucleotide diversity, indicate rapid evolution of neoplastic and 
pre-neoplastic cells from a small ancestral population. For a fairly high 
proportion of cases in the oral cavity and other cancers, it has been 
conclusively demonstrated that there is a common clonal origin of 
the cancer cells [17]. Evidence for this monoclonal origin is based on 
the similarity of genetic changes [18]. Indeed, the exact same types of 
mutations were found in both groups of tissues when looking at the 
amino acid changes. This further proves the possibility of adjacent 
healthy tissue evolving into cancer.

Exon 4 is the only one in TP53 that partially encodes 3 functionally 
important domains of the protein [19]. With a low total number of 
mutations (Eta = 4), this study reveals that exon 4 is very little variable. 
It has been shown that almost all TP53 mutations observed in head and 
neck cancers (HNCs) occur primarily at the DNA binding domain in 
exons 5 to 9 [20]. Based on these preliminary data, most researchers 
have limited their analyses to these exons. However, in the study by 
Singh, et al. [4] on oral cancer where exons 4 to 9 were analyzed, the 
detected mutations were predominantly grouped in exon 4 (39.1%). 
Possible explanations for the discrepancy in mutation rate between the 
Singh, et al. [4] study carried out in India and this one could be ethnic 
and geographic factors, etiological factors (more smokers), but also the 
difference in sample size.

All nucleotide substitutions found were of the transversion type. 
They cause greater changes in DNA structure, and are more likely to 
result in amino acid substitution [21]. This could explain the fact that 
almost all of these transversions lead to missense (non-synonymous) 
mutations, which is in line with previous studies, since it is well known 
that the majority of TP53 mutations in cancers are missense mutations 
[22-24]. The superiority of non-synonymous mutations demonstrates 
that exon 4 of the TP53 gene is under positive selection. Thus, a 
proliferative advantage is conferred on cancer cells with mutations in 
this gene, which further implicates it in the evolution of oral cancer.

The C > G transversion is mostly found among the substitutions 
(70.83%), and leads to the replacement of proline by arginine at 
codons 47 and 72. 9/24 tissues (37.5%) present this change only once 
and 4/24 (16.6%) present it twice. Thus, the increase of Arginine at 
the expense of Proline level could be significant regarding the early 
detection of the disease. The mutation at codon 72, which is located in 
the proline-rich region involved in apoptosis, was the most frequent of 
all mutations found in this study, as in that of Batta & Pandey for the 
TP53 gene [25,26]. This variant (P72R) had already been classified as a 
polymorphism of the gene, and the mutant R72 allele does not have a 
significant role in the susceptibility of several cancers, including those 
of the mouth as shown by mutation prediction results [27].

Regarding the other C > G transversion at codon 47 (P47R), based 
on functional assays performed by Kato, et al. [22], the IARC TP53 
database predicts that this mutation would have the ability to increase 
the transactivation activity of P53 (supertrans protein). Theoretically, 

this phenotype could be due to subtle variations in DNA binding 
affinity/specificity, higher tetramer stability, or weaker interactions 
with negative regulators [28]. Similarly, Shi, et al. [29] found at the 
same codon, the P47S mutation which also induces a supertrans 
protein. This codon is located at the second transactivation domain of 
the TP53 protein, but other supertrans mutants were found at the DNA 
binding domain, and were more efficient at inducing growth inhibition 
and apoptosis compared to the normal protein [25,30]. Thus, these 
supertrans alleles may prove useful in cancer gene therapy protocols 
aimed at restoring the function of TP53 to tumor cells.

Another transversion (G > T) present in 2 TCs and 2 TSs where 
a stop codon replaces the glutamic acid at position 68 (E68*), leading 
to a truncated protein, again underlines the essential role of TP53 in 
carcinogenesis. Mutations leading to a truncated protein have already 
been found on TP53 in several HNC studies, with either nonsense 
or reading frame shift mutations being the source [17,23,29]. Shi, et 
al. [29] found 5 mutations giving a stop codon and, in 3 cases, it was 
glutamic acid that was replaced as in the present study. The presence 
of a stop codon makes this mutation automatically detrimental to 
the functioning of the protein due to the truncation of the latter, and 
consequently would induce the pathology, as shown by the prediction 
results. Furthermore in HNCs, a TP53 truncating mutation is associated 
with a poor prognosis for patient survival [23].

In addition, for certain types of cancers, evidence has been obtained 
that TP53 mutations are associated with worse clinical outcomes. 
However, in this case, no significant association was found between 
the mutations and the clinico-pathological parameters. Likewise, in the 
study by Singh, et al. [4], no significant association was found between 
mutations and these parameters, except for small mutant tumors (less 
than 4 cm), where there was a significant risk of recurrence. However, 
the number of patients in the present study is small to draw conclusions 
about any association between these two parts. It should also be noted 
that there was generally low exposure to tobacco smoke or alcohol 
regarding etiology.

This study showed that mutations in exon 4 of the TP53 gene 
generally demonstrate incomplete penetrance. Indeed, of the 13 TCs, 
8 carry the mutation (61.54%), a frequency not far from what has been 
previously described: 75.6% [24]. Moreover, of the 6 non-synonymous 
mutations, the one giving a truncated protein is the only one that is sure 
to inactivate the protein and therefore to be pathogenic; and only 15.38% 
of CTs (2/13) present this mutation. However, it has been shown that 
multiple mutations are required to inactivate TP53 transactivity and 
that most are in the DNA binding domain [22]. Also, the implication 
of other genes seems obvious, since the alterations in TP53 concern 
a priori only in the early stages of the carcinogenesis process [17-18].

Conclusion
Genetic analyses revealed low variability in exon 4 of the TP53 gene, 

with the presence of similar mutations in healthy and cancerous tissues. 
Despite the recurrence of the replacement of proline by arginine, the 
penetrance of mutations in this gene is incomplete. The change of the 
glutamic acid in the stop codon, resulting in a truncated protein, is 
the only one that is pathogenic despite its low frequency. These two 
mutations could constitute molecular markers in OCCs, and possibly 
contribute to early diagnosis.
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