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ABSTRACT 

Tumor suppressor gene (TP53 or P53) is considered as the most frequently mutated gene in almost all forms of human 

cancer. In addition to mutations that inactivate p53 functions, numerous single nucleotide polymorphisms (SNPs) have 

been identified in the p53 gene that also affect the molecular function of the p53 protein. The most frequently studied SNPs 

in the p53 pathway were identified in codon 72 (rs1042522). This variant leads to an arginine-to-proline amino acid 

substitution, altering the apoptotic function of p53. We investigated the occurrence of the Arg72Pro polymorphism 

(rs1042522) of the p53 gene in breast cancer patients in Kabardino-Balkaria (Russia). 
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1. INTRODUCTION 

During the course of evolution, multicellular organisms have developed the ability to eliminate defective and 

malfunctioning cells from their tissues. Almost all mammalian tissue cells contain the p53 protein, which serves as a local 

representative of the organism's interests. Upon receiving a signal about a metabolic disorder or genetic damage inside the 

cell, the p53 protein can stop the cell from progressing through the growth and division cycle and initiate repair processes. 

If the metabolic disorder or genomic damage is too severe, after the signal from the p53 protein, apoptosis mechanisms are 

activated. The consequence of this is rapid cell death. Elimination of defective cells is necessary, since otherwise there is 

a threat to the health and viability of the organism. The constant presence of a latent but intact apoptotic mechanism 

represents a constant threat to the nascent cancer cell. This explains the need for the normal functioning of p53 gene [1].  

 

Numerous studies have confirmed that the wild-type allele of p53 functions to suppress cell proliferation, and as a result, 

the p53 gene was eventually classified as a tumor suppressor gene. By 1987, it became apparent that point mutations in 

p53 alleles were common in the genomes of a wide variety of human tumor cells [2]. Data accumulated from various 

studies have shown that the p53 gene is mutated in 30–50% of common human malignancies. Indeed, of all the genes 

studied to date in the genomes of human cancer cells, p53 is the gene found to be most frequently mutated, present in a 

mutant form in the genomes of nearly one-third of all human tumors [3].  

 

In addition to mutations that inactivate p53 function, many single nucleotide polymorphisms (SNPs) have been identified 

in the p53 gene that also affect the molecular function of the p53 protein as a guardian of the genome [4,5]. As is known, 

genetic polymorphisms can lead to a deficiency in protein function and stability. The p53 mutation database of the 

International Agency for Research on Cancer (IARC) contains 29 common polymorphisms in the non-coding region of 

p53. Among these SNPs of the p53 gene, one known SNP that occurs in codon 72, the Arg72Pro polymorphism 

(rs1042522), is the most common. The p53 codon Arg72Pro is a C/G variation of the p53 gene on human chromosome 

17p13 [6]. 

 

The incidence of malignant neoplasms in the world is steadily increasing, and according to statistics, approximately 46 

thousand women are diagnosed with breast cancer each year. In Kabardino-Balkaria, breast cancer ranks first in the 

incidence of malignant neoplasms [7].  
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The aim of our research was to study the frequency of the single nucleotide polymorphism Arg72Pro (rs1042522) of the 

p53 gene in patients with breast cancer in Kabardino-Balkaria.  

 

2. MATERIAL AND METHODS 

 

For a comparative analysis of the frequency of occurrence of the single nucleotide polymorphism Arg72Pro (rs1042522) 

in patients with breast cancer in Kabardino-Balkaria, a collection of DNA samples of peripheral blood lymphocytes was 

used. The study included DNA samples of 128 patients with breast cancer (the diagnosis was verified morphologically) 

and 117 healthy volunteers women forming a control group. The analysis of the status of amplification products was carried 

out by the allele-specific PCR (AS-PCR) method and the electrophoretic detection method.  

 

DNA was isolated from whole blood using the QIAamp DNA Blood Mini Kit (Qiagen, Germany). The polymerase chain 

reaction (PCR) was performed using the allele-specific (AS) polymerase reaction kit from Litekh Research and Production 

Company. PCR fragments were separated in 2% agarose gel.  

 

The structure of the forward and reverse primers was as follows: (p53R72P-F) 5'-

GTCCTCTGACTGCTCTTTTCACCCATCTAC-3' and, respectively, (p53R72P-R) 5'-

GGGATACGGCCAGGCATTGAAGTCTC-3'.  

 

The association between the Arg72Pro polymorphism of p53 gene and breast cancer risk was determined as an odds ratio 

(OR) within a 95% confidence interval (CI) based on multivariate logistic regression analyses where the p value less than 

0.05 will be defined as statistically significant. 

 

Ethical approval.  This study was performed in line with the principles of the Declaration of Helsinki. Informed voluntary 

consent was obtained from each of the participants included in the study. 

 

3. RESULTS  
 

The frequencies of single nucleotide polymorphism of the p53 Arg72Pro gene in breast cancer patients and controls are 

presented in Table 1. 

 

Table 1.: Frequency of Arg72Pro polymorphism of the p53 gene 

 

Genotype 

Patients (n=128) Control (n=117) 
OR 95 % CI: p 

Cases No (%) Cases No (%) 

Pro/Arg 42 (32.8%) 47 (40.2%) 0.727 0.4315 to 1.2262 0.232 

Pro/Pro 31 (24.2%) 18 (15.4%) 1.758 0.9224 to 3.3495 0.086 

Arg/Arg 55 (42.9%) 52 (44.4%) 0.942 0.5681 to 1.5612 0.816 

 

Among women (n=128) with breast cancer, a high frequency of carriage of the Arg/Arg polymorphism was revealed - 

42.9%, heterozygous carriers of the polymorphism accounted for 32.8% and carriage of the Pro/Pro polymorphism was 

detected in 24.2% of cases. Among healthy women, the frequency of carriage of the Arg/Arg polymorphism was 44.4%, 

heterozygous carriers of the polymorphism accounted for 40.2% and carriage of the Pro/Pro polymorphism was detected 

in 15.4% of cases.  

 

We have found that carriage of the Pro/Pro as polymorphic marker Arg72Pro of the TP53 gene may be associated with the 

risk of developing breast cancer in women of Kabardino-Balkaria (p=0.086). However, it still did not cross the threshold 

of a statistically significant marker. 

 

Various studies have attempted to find an association between p53 variants in their ability to bind components of the 

transcriptional apparatus, activate transcription, induce apoptosis, and suppress transformation of primary cells [6]. These 

findings could be partially explained by the fact that p53 protein encoded by the Arg allele is more efficient for inducing 

apoptosis. Nevertheless, the p53 protein encoded by Pro allele has been mostly efficiently related to DNA repair. 

 

According to a meta-analysis conducted on 17 studies, including 12,226 cases and 10,782 controls, the associations of 

TP53 codon 72 polymorphisms with breast cancer were analyzed [8]. Overall, no associations of TP53 codon 72 

polymorphisms with breast carcinoma were observed (for Arg/Arg vs Pro/Pro: OR = 1.20; 95%CI = 0.96-1.50; for 

dominant model: OR = 1.12; 95%CI = 0.96-1.32; for recessive model: OR = 1.13; 95%CI = 0.98-1.31). In the subgroup 

analysis by ethnicity, statistically similar results were obtained when the data were stratified as Asians, Caucasians and 
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Africans. 

 

In the future, along with polymorphisms, it is proposed to study the carriage of mutations in the p53 gene in this sample, 

as well as their relationship with the nature and course of the disease. Integration of genetic profiling into personalized 

medicine approaches is necessary to improve the primary diagnosis and treatment of breast cancer. 
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