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ABSTRACT 
 

Bladder cancer (BC) is a multifactorial disease with a poorly understood main cause. In this 

study, we aimed to evaluate the effect of the polymorphisms rs2228611 of the DNMT1 gene 

and rs1569686 of the DNMT3B gene on the susceptibility to develop Bladder Cancer in the 

Algerian population. A case-control study design was adopted, with DNA samples of 114 BC 

patients and 123 healthy controls. We found that the rs2228611 of the DNMT1 gene was 

strongly associated with an increased risk of BC development under genetic models: 

Codominant AG vs. GG (OR=2.54, 95% CI=1.21-5.51, adj p=0.015) and dominant AA+AG vs. 

GG (OR=2.24, 95% CI=1.12-4.60, adj p=0.023). However, no statistically significant 

association was observed between the rs1569686 of the DNMT3B gene and the predisposition 

to BC. To the best of our knowledge, this is the first peer-reviewed study to evaluate the effect 

of the rs2228611 polymorphism on bladder cancer occurrence. Our results suggest that the 

rs2228611 might be a potential biomarker for BC development risk. Additional studies are 

needed to validate our findings. 
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INTRODUCTION 
 

According to International Agency for Research on Cancer, a total of 57,3278 new cases of 

bladder cancer (BC) were diagnosed worldwide, with 21,2536 deaths in 2020. These diagnostic 

numbers may increase  to 991,000 cases by the year 2040 http://gco.iarc.fr/today/home  

https://tinyurl.com/mpnu4zyp. Over three-quarters of new cases of bladder cancer are observed 

in men. Indeed, bladder cancer is the sixth most common cancer in men and 17th in women 
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worldwide [1]. In Algeria, bladder cancer is the fifth most common cancer, with 3,201 new 

cases and 1,861 deaths https://gco.iarc.fr/today/fact-sheets-populations . 

Smoking is one of the main risk factors for BC, contributing to 30-40% of all cases of 

urothelial carcinoma. The second major risk factor for BC is exposure to carcinogenic 

substances such as aromatic amines, which have been linked to 5-10% of all cases of BC. Other 

factors include gender, with a higher incidence rate of BC in men than in women, and advanced 

age, with a median diagnosis of 73 years [2]. In addition to environmental factors, genetic 

predisposition to BC was also importat. In a family in which a man and his three sons developed 

carcinoma of the bladder. The family environment contained no chemical elements suspected of 

causing bladder carcinogenesis, leading to the possibility that the disease was due to a genetic 

mechanism [3]. 

Several genes have  been reported to be involved in the development of bladder cancer, 

including FGFR3, RB1, HRAS, TP53 and TSC1.These genes play an important role in cell 

division regulation, through their ability to control the rate of this division [4]. Besides classical 

genetic abnormalities, an epigenetic component in bladder cancer pathology has been 

demonstrated. Indeed, epigenetics is generally considered to be "the study of changes in gene 

function that are inherited mitotically and/or meiotically and that do not involve changes in 

DNA sequence" [5]. 

Many studies have reported the potential role of DNA methylation markers as urinary 

biomarkers for the diagnosis of bladder cancer.  DNA hypermethylation is considered to be one 

of the earliest events in urothelial carcinogenesis. Indeed, hypermethylation of the promoter 

regions of tumor suppressor genes can lead to inactivation of their function, thus contributing to 

the development of cancer. DNA methylation analysis is therefore a promising tool for the early 

detection of bladder tumors [6]. 

A family of DNA methyltransferase enzymes (DNMT1, DNMT3a, DNMT3b and 

DNMT3L) are responsible for the establishment and faithful maintenance of DNA methylation 

profiles in mammalian cells. The DNMT3a and DNMT3b are so-called de novo DNMT 

enzymes, which establish the methylation patterns during embryonic development, genomic 

imprinting and X chromosome inactivation [7]. Whereas the DNMT1 gene codes for an enzyme 

responsible for maintaining methylation patterns after DNA replication, and shows a 

preferential response to hemi-methylated DNA https://www.ncbi.nlm.nih.gov/gene/1786. In the 

present study, we aim to evaluate possible implication of SNPs of the DNA methylation genes 

DNMT1 and DNMT3B in the occurrence of bladder cancer in the Algerian population. For this 

purpose, 2 polymorphisms were chosen: rs2228611 of the DNMT1 gene, and rs1569686 of the 

DNMT3B gene. 

 

 

MATERIAL AND METHODS 
 

Study population: A total of 114 patients were recruited at Etablissement Hospitalo-

Universitaire d'Oran (EHU-Oran), Service Urologie. A total of 123 cancer-free normal control 

subjects were recruited from various departments including: department d’Orthopédie et de 

Traumatologie, le Centre de Transfusion Sanguine EHU d’Oran and Oran home for the elderly. 

All the subjects were of Algerian origin. Overall, the study was carried out in accordance with 

Declaration of Helsinki. Participants gave their informed consent to the researcher and agreed to 

participate in the study.  

 

DNA extraction: A peripheral blood sample was taken from participants and stored at -

20°C until DNA extraction. The samples were extracted for genomic DNA using the Blood 

DNA Extraction Kit (WiraGen) according to the manufacturer's instructions, and the NaCl 

"Salting out" technique adapted to the protocol of Miller et al. [8]. 
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Genotyping of rs2228611/1569686: The rs2228611 of the DNMT1 gene, located on exon 

17, and the rs1569686 of the DNMT3B gene, located at the promoter, were amplified by 

Polymerase Chain Reaction (PCR). We used the following primers: F:5’- 

TATGTTGTCCAGGCTCGTCTC 3’//R: 5’-GTACTGTAAGCACGGTCACCTG3’/ and F:5’-

GAGGTCTCATTATGCCTAGG3’//R:5’-GGGAGCTCACCTTCTAGAAA-3’ for rs2228611 

and rs1569686 respectively. Overall, PCR was carried out in a final volume of 20 µl according 

to the manufacturer's recommendation (FIREPOL Master Mix Ready to load 5X PCR reaction 

mix du fabricant SOLIS BIODYNE). The expected amplimer size of the SNP rs2228611 of the 

DNMT1 gene is 260bp. 

The PCR program used included an initial denaturation step at 95°C for 5 minutes, followed 

by 35 cycles of denaturation at 95°C for 30 seconds, hybridization at 63°C (depending on loci) 

for 30 seconds, elongation at 72°C for 40 seconds, and a final elongation step at 72°C for 10 

minutes [9]. In order to have a 225 bp amplimer, the PCR of the rs1569686 of the DNMT3B 

gene was carried out over 35 cycles of 30 seconds at 95°C, 45 seconds at 56°C and 45 seconds 

at 72°C, with an initial denaturation step of 5 min at 95°C and a final elongation step of 10 min 

at 72°C [10]. RFLP (Restriction Fragment Length Polymorphism) was used to detect 

polymorphisms in the DNMT1 and DNMT3B genes, using the enzymes BsmAI and PvuII 

respectively.Digestion was carried out according to the manufacturer's instructions (NEBcloner, 

BioLAbs). To make a final volume of 25µl, we took 2.5ul of Buffer 10x, 0.5 µl of BsmAI 

enzyme, 10µl of PCR product, and 12µl of water. The mixture was incubated at 55°C for 15 

minutes. Similar volumes were taken for PvuII, except that the incubation temperature was 

37°C for 15 minutes. The expected digestion product sizes for the DNMT1 gene SNP are: 

232pb- 28pb for the wild homozygote and 108pb-124pb-28 for the mutated homozygote. 

Whereas the expected digest product sizes of the SNP of the DNMT3B gene are: 225bp for the 

wild-type allele, and 132bp- 93bp for the mutated allele. Both amplification and digestion 

products were visualized by 1% agarose gel electrophoresis. 

 

Statistical analysis: Hardy-Weinberg Equilibrium (HWE) estimation was determined in 

controls by the Exact Test for HWE. The OR and 95% CI were calculated in order to assess the 

association between the SNPs rs2228611, rs1569686 of the DNMT1 and DNMT3B genes 

respectively with bladder cancer occurrence. 

Given the fact that the Bonferroni correction is used to control false positives (Type I error), 

it can become very conservative as the number of tests increases. This, in turn, increases the risk 

of generating false negatives (type II error). We therefore chose to set the statistical significance 

level of the association at<0.05. Statistical tests were performed using R software (Windows) 

4.2.3/ RStudio: 2023.03.0+386. Packages («genetics" for HWE test, "glm2" for univariate and 

multivariate binary logistic regression, “dplyr” to obtain the proportions). The "epiR" and 

"epitools" packages were used to confirm the results of univariate binary logistic regression. We 

used the "mean" and "SD" functions respectively to calculate the mean and standard deviation. 

The association was tested using multivariate binary logistic regression, taking into account 

the following confounding factors: sex, age and smoking. The association was tested according 

to genetic models: codominant, dominant, recessive and overdominant. A p<0.05 was 

considered significant. 

 

 

RESULTS  
 

In this study, the distribution of age, sex and tobacco consumption was compared between 

the case group and the control group as shown in Table 1. The majority of cases and controls 

were men, with an average age of 62 for cases and 60 for controls. In the present study, most 

participants answered "no" to the smoking question, representing a percentage of 72% in cases 

and 64% in controls.  

http://mbrc.shirazu.ac.ir/
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There was no deviation from Hardy Weinberg equilibrium for the two polymorphisms 

(exact test p>0.05) (Table 2). As shown in Table 2, the A and T alleles of rs2228611 and 

rs1569686 respectively are considered minor alleles due to their frequency in controls.  

 
Table 1: Description of study participants (cases/controls) 

Variables  Cases=114 n (%) Control=123 n (%) 

Sex Men 108 (95%) 97 (79%) 

 Women 6 (5%) 26 (21%) 

Tabac 

 

Yes 31 (27.1%) 41 (33.3%) 

 No 82 (72%) 79 (64.2%) 

 NAa 1 (0.9%) 3 (2.4%) 

Age (years) Mean (SD)b 62.48  (14.31) 60.21  (11.95) 

a: Not Available;  b: Standard Deviation 

 
Table 2: Genotype distributions of the rs2228611 and rs1569686 in cases and controls 

SNPs  Allele 

Frequency 

Genotype 

 

Exact Test for Hardy-

Weinberg Equilibrium 

DNMT1 

rs2228611 

Case=101/114 A G AA AG GG -- 

0.55 0.44 28 56 17 

Control=106/123 0.47 0.56 26 48 32 p = 0.3364 

DNMT3B 

rs1569686 

Case=99/114 T G TT TG GG -- 

0.48 0.51 24 49 26 

Control=110/123 0.44 0.55 22 54 34 p = 1 

*: p-value (HWE)>0.05  population in equilibrium. 

 

 

A statistically significant association was found between the rs2228611 of the DNMT1 gene 

and the occurrence of bladder cancer (Table 3) under the genetic models: codominant AG vs. 

GG (OR=2.54; 95% CI= 1.21-5.51, adj p=0.015,) and dominant AA+AG vs. GG (OR=2.24; 

95% CI=1.12-4.60, adj p=0.023). However, we found no statistically significant association 

between the SNP rs1569686 of the DNMT3B gene and bladder cancer development in our 

population (Table 3). 

 

 

DISCUSSION 
 

Studies investigating the association between polymorphism rs2228611 of the DNMT1 gene 

and rs1569686 of the DNMT3B gene and bladder cancer are rare almost none. In the present 

study, the polymorphism rs1569686 have no statistically significant association with the 

development of BC. These results are in concordance with the only reviewed study carried out 

in the Taiwanese population [11]. and confirm our earlier findings from a meta-analysis [12]. 

However, the frequency of the T allele found in controls is 0.4, compared with 0.9 in the study 

of Chung et al. This results can be explained by the ethnical differences between the two 

populations, or by the limited number of participants. For this reason, additional studies with 

larger sample sizes are needed to confirm or refute the results of the present study in both the 

Algerian and North African populations.  

In another Taiwanese study on nasopharyngeal carcinoma, no association was found 

between rs1569686 and the occurrence of the disease, suggesting that DNMT3B may not play a 

role in the hypermethylation of many tumor suppressor genes during carcinogenesis in 

Taiwanese [13]. Furthermore, the results of various meta-analyses have demonstrated that the 

polymorphism rs1569686 of the DNMT3B gene could play a protective role against lung cancer 

and colorectal cancer in Asians and in the Azerbaijani population [14, 15] and against gastric 

carcinogenesis [16].  

http://mbrc.shirazu.ac.ir/
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Table 3 : Statistical analysis of the association between polymorphisms rs2228611 of the DNMT1 gene 

and rs1569686 of the DNMT3B gene with bladder cancer susceptibility 

Gene SNP 

 

Genetic model Results 

Univariate binary 

logistic regression 

(crude OR) 

Crude     

p-value 

Multivariate binary 

logistic regression 

(Adjusted OR for age, 

sex, smoking) 

Adjusted 

p-value 

DNMT1 

rs2228611 

codominant 

model  

AA vs.GG 

OR=2.02  

95% CI (0.92-4.54) 

0.081 OR=1.79,  

95% CI (0.75-4.32) 

0.188 

codominant 

model  

AG vs.GG 

OR=2.19      

95% CI (1.09-4.50) 

0.028 OR=2.54 

95% CI (1.21-5.51) 

0.015 

dominant 

model AA+AG 

vs. GG 

OR=2.13 

95% CI (1.11-4.23) 

0.025 

 
OR=2.24 

95% CI (1.12-4.60) 

0.023 

DNMT3B 

rs1569686 

codominant 

model  

TT vs.GG 

OR=1.42 

95% CI (0.66-3.10) 

0.367 

 

OR=1.59 

95% CI (0.66-3.89) 

0.301 

codominant 

model  

TG vs.GG 

OR=1.18  

95% CI (0.62-2.26) 

0.601 OR=1.14 

95% CI (0.58-2.22) 

0.698 

 

According to our research, the present study is the first reviewed study to assess the 

association between the rs2228611 polymorphism of the DNMT1 gene and bladder cancer risk 

in the Algerian population and worldwide. Chi-Jung Chung et al., worked on the same SNP in a 

poster presentation [17]. Our study results showed a significant association between the 

rs2228611 of the DNMT1 gene and the occurrence of bladder cancer in the study population 

under the genetic models: Codominant model AG vs. GG and Dominant model AA+AG vs. GG.  

These findings are in agreement with the results of the Hao Li et al. meta-analysis, which 

demonstrated that the rs2228611 (G/A) is a risk factor and is significantly associated with breast 

cancer risk [18]. In addition, it has been shown that rs2228611 is associated with an increased 

risk of developing ovarian cancer in the Polish population [19]. However, our results are 

discordant with the meta-analysis of Honggjia et al. where there was no statistically significant 

association between this SNP and the occurrence of gastric cancer [16].  

The process of DNA methylation is essential for gene expression. The writing and 

patterning of DNA methylation in mammals is carried out by DNA methyltransferases 

(DNMTs), in particular DNMT1, DNMT3A and DNMT3B. Recent data show that DNMTs 

abnormalities are involved in tumor transformation and progression, indicating that epigenetic 

perturbations caused by DNMTs abnormalities are associated with tumorigenesis [20]. 

When DNA methylation patterns are established early in embryogenesis, they are 

maintained in somatic cells in a cell-type-specific manner. During each cycle of DNA 

replication, DNA becomes hemimethylated, as only the CpGs of the parental strand remain 

methylated, while the CpGs of the newly replicated daughter strand are not methylated. To 

restore CpG methylation symmetry and retain specificity, the activity of the maintenance DNA 

methyltransferase recognizes hemimethylated CpGs and methylates the corresponding CpGs on 

the daughter strand. Biochemical, cellular and genetic evidence suggests that DNMT1 is the 

principal maintenance methyltransferase [21]. The rs2228611 of DNMT1 is a G-A transition, 

translating into a synonymous variation (CCG→CCA, Proline→Proline).  

 The SNPinfo bioinformatics tool predicts that rs2228611 is located in the exonic splicing 

enhancer (ESE) region [22], which was confirmed by Saradalekshmi et al. Indeed, this SNP 

could have a splicing regulatory function, since G/A results in the loss of three exonic splicing 

enhancer-binding motifs [23]. Meanwhile, Cheng et al. used ESEfinder analysis to determine 

the effect of rs2228611 on altered spermatogenesis, and found that the rs2228611 is located in 

http://mbrc.shirazu.ac.ir/
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the binding motifs of splicing factors SRSF1, SRSF2, SRSF5 and SRSF6. If the A allele is 

present, the binding motifs of SRSF1 and SRSF6 disappear, which may reduce the hnRNA (pre-

mRNA) splicing activity. Consequently, they believe that the AA genotype (homozygosity of 

the A allele) may lead to reduced DNMT1 expression, which may lead to altered 

spermatogenesis [24]. Based on the bioinformatics studies cited above, we suggest that the 

rs2228611 may lead to dysfunction of the DNMT1 enzyme, which can lead to hypomethylation 

of bladder cancer cell DNA because of its deficient activity. 

Furthermore, there are several elements indicating that the codon optimality is a major 

determinant of mRNA stability in yeast. Bioinformatics analysis shows a strong correlation 

between the percentage of optimal codons and mRNA half-life.  For instance, mRNAs with less 

than 40% optimal codons have a median half-life of 5.3 minutes, while mRNAs with more than 

70% optimal codons have a median half-life of 20.1 minutes. For example, the Alanine codon 

GCU was highly enriched in stable transcripts while its synonymous codons, GCG and GCA 

were preferentially present in unstable transcripts. They observed remarkable differences in 

ribosome clearance when mRNAs encoding the same polypeptide were composed of optimal or 

non-optimal codons.  These differences may reflect the additive effects of many small ribosomal 

hesitations at non-optimal codons [25].  

In the present study, we may assume that the substitution of G to A generates the CCA 

codon, seen as a non-optimal codon, which gives rise to a less stable mRNA with a shorter 

lifespan than the optimal CCG codon. On the other hand, tumor cells are characterized by rapid, 

anarchic proliferation, which greatly increases the need for dNTPs. These latter are generated by 

the One-Carbon Metabolism pathway [26]. Indeed, Cao et al. observed that there is a kinetic 

regulatory mechanism controlling the reaction rates of one-carbon metabolism processes, which 

become competitive when their shared resources are limited, particularly when nucleotide 

synthesis rates are raised.The combination of this regulatory mechanism with rapid nucleotide 

synthesis (folate cycle) and reduced synthesis of CH3 methyl groups (methionine cycle) 

explains why there is almost universal evidence of overall reduced DNA methylation in cancer 

[27]. Based on these data, we suggest the following hypothesis to explain the global hypo 

methylation of the genome during the bladder tumorigenesis process induced by rs2228611. 

Cell cycle homeostasis disruption by oncogene and tumor suppressor gene bias will cause 

uncontrollable replication of cell division. The latter is characterized by DNA replication that 

requires unstoppable synthesis of dNTPs through the One carbone metabolism pathway (folate 

cycle), to the detriment of the methionine cycle responsible for generating the CH3 methyl 

group. DNA methylation is also influenced by the low activity of the DNMT1 enzyme in the 

presence of the rs2228611 polymorphism, which acts on DNMT1 mRNA alternative splicing 

factor binding motifs. Finally, mRNA lifespan has been shown to be strongly correlated with 

optimal codon levels. In the case of rs2228611, mRNA lifespan is relatively short due to the 

presence of the non-optimal codon caused by the G<A substitution, resulting in a decrease in 

DNMT1 expression responsible for the maintenance of DNA methylation. 

This study must be considered in the context of certain limitations: The sample size needs to 

be increased to ensure representativeness and statistical power. Due to the lack of detailed data 

on tobacco consumption in the control group, we had to accept a yes/no response from the case 

group, which made it difficult to carry out a detailed analysis on the frequency of tobacco 

consumption, which is an important factor in the onset of the disease. 
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