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A B S T R A C T 

Molecular-genetic study of the Bcl-2 C938A gene polymorphism in patients with colorectal cancer in 

age and gender aspects. Blood samples of 48 patients were tested for the presence of the Bcl-2 C938A 

gene polymorphism using the AC-PCR method. The genotype and allele frequency of Bcl-2 SNP (-

938C>A) were statistically analyzed. The predominance of the heterozygous variant of the CA 

genotype was established in both men and women diagnosed with colon adenocarcinoma. The 

homozygous variant of the СС genotype did not have statistically significant difference in the 

comparison groups. In a group of practically healthy women, a homozygous variant of the AA 

genotype was detected with a frequency of 80.0%. The heterozygous variant of the CA genotype of 

the C938A polymorphic variant of the Bcl-2 gene is statistically significantly associated with colon 

cancer in both men and women. Determination of Bcl-2 gene polymorphism at position 938 can 

become a marker for early diagnosis of colorectal cancer and can also be a promising criterion for 

assessing the risk of neoplastic lesions of the colon. 

 

© EuroMediterranean Biomedical Journal  2022 

1. Introduction 

DNA repair processes are closely and inextricably linked to the cell cycle 

control system and apoptosis, since single- or double-strand breaks in 

DNA can prevent normal cell division or cause point mutations and 

chromosomal aberrations in the generation of the damaged cell.  

DNA repair systems, cell cycle control and apoptosis play a decisive role 

both in the formation of the body's response to the influence of adverse 

exogenous or endogenous factors, and in the development of distant 

consequences of these influences. 

 

 

Due to DNA repair and cell cycle delay the damage to the genetic material 

is eliminated because of a direct damaging effect on the target cell and 

induced by further instability of its genome in the offspring cells. The 

actual process of apoptosis allows eliminating cells with irreversible 

changes in the genome from the body. Together, the process of these 

systems allows preserving the genetic integrity of the body and preventing 

the appearance of cells with significant functional disorders and 

oncogenic potential [1]. 

Systems supporting the integrity of the genome are represented by various 

protein complexes that interact with each other and with other structures 

through branching cascades of reactions.  
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The genes that encode these proteins are significantly conserved and any 

major changes in their coding or regulatory loci are usually screened out 

of the gene pool. 

However, it should be noted that point mutations SNPs (single-nucleotide 

genetic polymorphisms), which under normal conditions of the organism's 

existence did not have a significant impact on the functioning of these 

systems, were fixed in the population during the evolution process. 

Nevertheless, in the presence of atypical damaging factors in amounts that 

significantly exceed the natural background, these polymorphic variants in 

the genes of the DNA repair, cell cycle control, and apoptosis systems can 

modify the body's normal response to endo- or exogenous traumatic 

factors and significantly influence the development of negative long-term 

consequences. 

The Bcl-2 gene is a negative regulator of apoptosis. The special interest in 

the C938A polymorphism of the Bcl-2 gene is determined by its 

proximity to the DNA region to which the p53 protein binds (p53-

response element), which plays a key role in maintaining genome stability 

and preventing the duplication of damaged DNA [2].  

Nowadays, the international scientific literature has accumulated 

significant data directly or indirectly confirming that there is a 

physiological connection between gene polymorphisms of DNA repair 

systems, cell cycle control, apoptosis with effects such as a high level of 

mutations in the TP53 gene and an increased level of spontaneous and 

induced chromosomal aberrations.  

There are also confirmed connections of these polymorphisms with 

increased risk of oncopathology of various types and locations, reduced 

life expectancy, low efficiency and/or poor tolerance to chemotherapy and 

radiation therapy [3].  

Bcl-2 was the first gene identified to prevent cell death, which has an 

important influence on tumor biology.  

Several members of the human Bcl-2 proteins family capable of 

regulating apoptosis have been identified, including three antiapoptotic, 

three structurally similar proapoptotic proteins, and several structurally 

diverse proapoptotic interacting proteins acting either as agonists or as 

antagonists.  

A large number of post-translational modifications and interactions with 

other proteins, in turn, regulate these proteins. 

There is significant evidence that the regulation of genes encoding either 

anti-apoptotic or pro-apoptotic proteins of the Bcl-2 family is altered in 

cancer diseases.  

In addition to changes in Bcl-2 gene structure or copy number, many 

additional mechanisms contribute to increased gene expression, which is 

estimated to occur in nearly half of all human cancers. 

The Bcl-2 (B-cell leukemia/lymphoma 2) gene has been shown to be 

associated with the development of breast cancer, and a single nucleotide 

polymorphism (SNP; -938C>A) has recently been identified [4, 5]. 

It was demonstrated that overexpression of Bcl-2 and related anti-

apoptotic proteins that inhibit cell death, is induced by a variety of 

biological stimuli, including growth factor deprivation, hypoxia, and 

oxidative stress [6, 7]. 

 

 

Moreover, it was established that SNPs of the gene belonging to the Bcl-2 

family play a significant role in chemotherapy resistance and evaluation of 

Bcl-2-938C>A and BAX-248G>A polymorphisms may be useful in 

predicting clinical outcomes in patients with advanced inoperable non-

small cell lung cancer to platinum-based chemotherapy [8]. 

Considering the above-mentioned information, as well as to confirm the 

hypothesis about the promising study of SNPs of Bcl-2-938C>A as a 

possible marker for assessing the risk of neoplastic lesions of the colon 

and/or detecting CRC in its early stages, we conducted a study of the 

distribution of Bcl-2 C938A polymorphic variants in patients with 

colorectal cancer (non-terminal stages) considering the age and gender 

characteristics. 

In this article, we show the results of studies of the Bсl-2 C938A gene 

polymorphism in a small cohort of patients. Unfortunately, the war 

dramatically changed not only our scientific plans, but also many other 

factors. We believe that we will be able to continue our research in the 

near future. 

2. Material and methods 

Study Patients and samples collection 

Blood samples of 48 patients were tested for the presence of the Bcl-2 

C938A gene polymorphism using the AC-PCR method. At the time of 

sample collection, all patients were receiving inpatient treatment at the 

Ternopil Regional Oncology Dispensary. There were 16 men and 12 

women among CRC patients. The average age of men was (63.0 ± 2.8) 

years. The average age of women was (64.0 ± 2.7) years. The control 

group included 20 patients (10 women and 10 men) in whom no 

neoplastic lesions were detected during the examination.  

The average age of men in the comparison group was (60.0 ± 3.4) years; 

women – (59.0 ± 3.6) years. The blood sample contained 2 ml, which was 

collected from patients’ v. cubitalis, using a special vacuum system – 

vacutainer with 3% EDTA (Vacusera, Turkey). Hereafter, samples were 

turned upside down several times to mix blood with anticoagulant. 

All patients gave written informed consent to participate in the study. 

 

Molecular genetic study of the frequency of polymorphic variants of the 

Bcl-2 gene C-938A (rs2279115)  

Genotyping of the SNP -938C>A polymorphism was determined using 

allele-specific polymerase chain reaction (AC-PCR). The principle of the 

method is based on an allele-specific reaction, which consists in matching 

the terminal nucleotide at the 3'-end of the primer with the sequence of the 

matrix of the identifying allele. If the 3'-end of the primer does not match 

with the matrix, the amplification reaction does not occur. As an 

amplification control, each tube was also given a pair of primers specific 

to the region of the albumin gene. 

The primers composition was developed jointly by specialists of the 

Institute of Food Biotechnology and Genomics of the National Academy 

of Sciences of Ukraine and PE "LPB "NEO-GEN". Primers were 

synthesized by Eurofins Genomics (Austria, ISO 13485 certified). 

The following primers (10 pmol) were used to generate specific 

fragments:  
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forward  GTCAATCCGCAGGAATCCCA 

reverse CCGGCTCCTTCATCGTCCСC 

reverse (replacing C with A) CCGGCTCCTTCATCGTCCСA 

reverse (replacing C with T) CCGGCTCCTTCATCGTCCСT 

DNA isolation and genotyping 

Genomic DNA was isolated from the whole blood using a set of reagents 

NeoPrep100 DNA Magnet Blood (NEO-GEN laboratory, Ukraine).  

 

The volume of the blood sample for selection was 50 μl.  

The amplification cycle was as follows: initial sample denaturation at 

95°C for 5 min; 4 cycles of sample amplification at 95°C for 15 sec, at 

63°C for 15 sec, at 72°C for 15 sec, and a final elongation of the sample at 

72oC for 2 minutes. 

DNA detection was carried out by electrophoresis using a set of reagents 

from LPB NEO-GEN, Ukraine. Electrophoresis was performed at a 

voltage of 8 Volts per centimeter of 3% ethidium bromide added to 

agarose gel within 60 min. After electrophoresis, photographs were taken 

under an ultraviolet light transilluminator. 

 

Statistical analysis 

The main part of the statistical analysis was carried out using the Statistica 

7.0 (SPSS) program. The genotype and allele frequency of Bcl-2 SNP              

(-938C>A) were tested using the public statistical web-tool 

http://www.oege.org/software/hwe-mr-calc.shtml for Hardy-Weinberg 

equilibrium (HWE). Reliability of differences in mean values for groups 

with different genotypes was determined using the one-factor method 

analysis of variance (one-way ANOVA). Statistical significance was set at 

p < 0.05. 

3. Results 

Treatment and prevention of cancer in Ukraine is extremely relevant. Due 

to the significant tendency in the incidence of cancer to increase, doctors 

need additional methods of controlling malignant tumors in the 

population. This is especially significant for colorectal cancer. In most 

cases, patients seek for specialized help in the late stages of the disease, 

which are incurable. One of the ways to solve this problem is the 

introduction of new methods for early detection of colorectal cancer into 

medical laboratory diagnostics. In our opinion, one of these methods can 

be the study of the Bсl-2 C938A gene polymorphism. 

 

Patient characteristics 

Patients’ characteristics and genotypic data are shown in Table 1. In brief, 

all patients were Ukrainians, 26 (54.2 %) males and 22 (45.8 %) females 

at a median age of 61 year (range between 55 and 67 years old). 

It was found that in male patients with adenocarcinoma of the large 

intestine, a statistically significant increase in the detection frequency of 

the CA genotype was established (68.75%) in comparison with a similar 

indicator in the control group patients (30.0%). 

СС and AA genotypes in men with neoplastic lesions of the colon 

occurred with a frequency of 12.5% and 18.75%, respectively.  

 

In men of the control group, the detection frequency of these genotypes 

was 50.0% and 20.0%, respectively (Figure 1). 

In female patients with neoplastic lesions of the large intestine, the 

detection frequency of the CA genotype was 58.3%; genotype СС–25.0%; 

genotype AA– 16.7%.  

In women of the control group (without signs of carcinogenesis), the CA 

genotype was not detected at all. 80.0% of women in this group had the 

homozygous AA genotype, 20.0% of practically healthy women had the 

homozygous СС genotype (Figure 2).  

The conducted molecular genetic study of polymorphism of the Bcl-2 

gene (C938A) made it possible to establish the predominance of the 

heterozygous variant of the CA genotype in both men and women 

diagnosed with colon adenocarcinoma. The homozygous variants of the 

CC and AA genotypes were not statistically different in the comparison 

groups. 

 

 

Table 1. Patients’ characteristics (n = 28) 

 

 

Figure 1. The frequency of CA, CC, and AA genotypes in male 

patients of the control and experimental groups (%). 
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Figure 2. The frequency of different genotypes detection in women of 

the experimental and control groups (%). 

 

4. Discussion 

Apoptosis is a process of programmed cell death which occurs under both 

physiological and pathological conditions. Apoptosis is a mechanism to 

regulate homeostasis in the human body. The balance of anti-apoptotic 

and pro-apoptotic proteins regulates cell fate and controls the response to 

apoptotic signals [10, 11, 12]. 

Apoptosis is carried out by intracellular cysteine proteases – caspases. 

Approximately 10 caspases in mammalian cells are synthesized as mostly 

inactive zymogens, and two major pathways activate those involved in 

apoptosis. An older, evolutionarily conserved "stress" pathway, which is 

triggered primarily by various intracellular stresses, activates caspase-9 in 

response to the release of cytochrome C from damaged mitochondria. In 

this pathway, also called the "mitochondrial" or "intrinsic" pathway, the 

Bcl-2 protein family representatives are the central gatekeepers. The 

“extrinsic” pathway, on the other hand, is induced when so-called “death 

receptors” on the surface of cells are recruited by related ligands of the 

tumor necrosis factor (TNF) family. Instead, this pathway activates 

caspase-8 (and caspase-10 in humans) via adapter proteins that include the 

Fas-associated death domain protein (FADD).  

Once activated, caspase-9 or -8 (-10) activates subsequent “effector 

caspases” (i.e., caspases-3, 6, and 7), which provoke cell destruction by 

cleaving several hundred cellular proteins. These two pathways are largely 

independent to prevent catastrophic unscheduled cell death, both tightly 

regulated in multiple steps [13]. 

 Shortage in apoptosis alters intracellular homeostasis and might lead to 

tumorigenesis and stimulate tumor progression [14, 15, 16].  

Anti-apoptotic Bcl-2 protein is a key regulator of the apoptotic process. 

Due to its widespread expression in various malignancies, it is considered 

as a predictive biomarker or therapeutic target in the diagnosis of cancer 

[17, 18, 19]. 

SNPs of Bcl-2 family genes are believed to play an important role in 

many aspects of carcinogenesis. It has been shown that the SNPs of the 

Bсl-2 gene affects the course of cancer, its consequences, and the result 

and effectiveness of the applied chemotherapy [8, 20].  

 

 

At the same time, the results of the analysis of C938А Bсl-2 gene 

polymorphic variants in carcinogenesis, obtained by various researchers, 

are quite contradictory. 

Nuckel H. et al. [21] has found that Bcl-2 protein expression in                        

B-lymphocytes of patients with chronic lymphocytic leukemia carrying 

the -938 AA genotype was significantly increased compared with CC 

genotype. It has also been confirmed by other studies in prostate cancer 

[22], renal cancer [23], and breast cancer [24]. 

Zhang et al. [4] had the opposite result, which shows that the -938A allele 

contributes to the reduction of Bcl-2 protein expression in breast cancer 

cell lines. In addition, previous studies have shown that the BCL2-938 A 

variant was associated with a reduced risk of squamous cell carcinoma of 

the head and neck [25] and prostate cancer [26], but an increased risk of 

glioma [27]. 

Further research is needed to clarify these contradictions. 

Colorectal cancer (CRC) is one of the most prevalent types of cancer, 

being the third most common type in the world [28]. Colorectal cancer is 

the result of many genetic occurrences.  

Several pathways initiate the pathogenesis of CRC, but there are only 3 

main ones: 1) the chromosomal instability pathway (CIN), the 

microsatellite instability pathway (MSI), and the serrated pathway. Of 

these, the CIN pathway is the main one. It is distinguished by a violation 

of chromosomal segregation, telomere stability and a response to DNA 

damage, which can cause inhibition of apoptosis of genetically altered 

cells [29]. 

Looking for ways to influence the apoptosis processes, researchers 

undoubtedly pay attention to the proteins of the Bcl-2 family, which are 

one of its main regulators.  

Khodapasand E. et al. [30] demonstrated the potential prognostic value of 

determining Bax and Bcl-2 gene expression and establishing their ratio 

(Bax/Bcl-2) in colorectal cancer. Interestingly, no significant correlation 

was found between the expression of Bax and Bcl-2 and 

clinicopathological parameters of colorectal cancer. However, the 

Bax/Bcl-2 ratio was significantly correlated with patient age and tumor 

location. A decrease in the Bax/Bcl-2 ratio was found in patients over 50 

years of age. Also, the Bax/Bcl-2 ratio was significantly lower in resected 

colon tumors compared with sigmoid, rectosigmoid, and rectal tumors. 

This suggests a correlation between age and tumor location and the ratio 

of Bax/Bcl-2 expression. This allows us to talk about the prognostic value 

of such an indicator as a potential molecular marker of colorectal cancer. 

The human genome contains a large number of genetic variations, such as 

insertions/deletions of one or more nucleotides, copy number variations 

(CNVs) and single nucleotide polymorphisms (SNPs), which are single 

nucleotide substitutions along the DNA.  

SNPs are the most common formula of genetic variation. It is estimated 

that the human genome contains more than 10 million SNPs [31]. Huang 

M.Y. et al. [32] revealed the presence of polymorphic changes in a 

number of genes regulating the activity of various enzymes in patients 

with colorectal cancer.  

They also found that genotype distributions have ethnic variations.  
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A number of studies have reported the cyclooxygenase 2 (COX-2) 

rs689466 polymorphism to be a susceptibility locus for colorectal cancer 

(CRC), but their findings have been inconsistent. Zhang Y.C. et al. [33] 

performed a meta-analysis to determine the effect of this polymorphism 

more precisely on the risk of CRC. The authors conducted a detailed 

analysis of more than 160 scientific articles and concluded that the COX-2 

rs689466 polymorphism is not correlated with colorectal cancer risk in all 

populations. To a greater extent, this applies to Caucasians. Nevertheless, 

according to the authors of this study, this conclusion needs to be 

confirmed by further studies in other ethnic groups. 

Several studies have demonstrated an association between DNA repair 

gene polymorphisms and increased risk of CRC in different populations, 

as well as treatment outcomes. Improving the current understanding of the 

impact of DNA repair gene polymorphisms on CRC risk and treatment 

may have a diagnostic and prognostic role in CRC patients [34]. 

Bcl-2 is critical for carcinogenesis. Despite this, the number of studies 

devoted to establishing the role of Bcl-2 SNPs is limited, and some studies 

on the association of Bcl-2 promoter polymorphisms with susceptibility to 

various types of cancer are somewhat contradictory. 

According to a meta-analysis on the relationship between Bcl-2 promoter 

SNPs and cancer susceptibility and subsequent prognosis [35], only 32 

original publications were identified up to August 2016 covering two Bcl-

2 promoter SNPs (rs2279115 and rs1801018).  

The results of this meta-analysis showed a statistically significant 

association between rs2279115 and cancer susceptibility and prognosis in 

all four genetic models, but not in rs1801018. Subgroup analysis showed 

that rs2279115 was associated with a significantly higher risk of cancer in 

Asians but not in Caucasians. It was concluded that rs2279115 may be a 

tumor marker for cancer treatment in Asia. 

It should be noted that to date, the number of studies on the role of SNPs 

in the Bсl-2 gene in tumorigenesis has increased very slightly. 

We were among the first to start these studies in Ukraine.  

5. Conclusions 

Does Bсl-2 gene polymorphism really influence the susceptibility of 

patients to colorectal cancer? Will determination of Bcl-2 gene 

polymorphism become a routine research method in our clinics? Will such 

a study help form risk groups for the development of colorectal cancer? 

Will the study of polymorphism variants of the  

Bсl-2 gene (C938A) be used for early diagnosis of colorectal cancer?  

Our study showed that the CA-heterozygous variant of the polymorphic 

variant C938A of the Bcl-2 gene is statistically significantly associated 

with colon cancer in both men and women. It can be assumed that the 

determination of the Bcl-2 C938A gene polymorphism can be used as a 

molecular genetic marker to assess the risk of developing a tumor process 

in the colon in patients with a complicated medical history (hemorrhoids, 

polyps, etc.), and may also be a promising criterion for early diagnosis of 

colorectal cancer.  

However, our current study is just the first of this kind and for proof-of-

hypothesis further research is needed to clarify these issues. 
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