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ABSTRACT 
 

Introduction: Single nucleotide polymorphisms result in dysregulation of the proto-oncogene TCF3 gene, which is 
associated with the development, metastasis, and chemoresistance of different malignancies. Methods: 
GSE10810 microarray dataset and GEPIA2 online software were used to find differentially expressed genes and 
the TCF3 status in BC and GC, respectively. Plots and figures of microarray analysis were prepared by ggplot2 and 
pheatmap packages. Differentially expressed genes were obtained by the Bioconductor limma package. In silico 
analysis was used to predict the functions of rs72618599. BC (n = 123), GC (n = 132) and healthy age and gender 
matched controls (n = 184) were genotyped, using the high-resolution melting technique. Results: Based on the 
allelic comparison study, C allele of rs72618599 was associated with the BC tumor stage IV (66.1%, 78/120, p < 
0.0001) and grade III (52.4%, 55/72, p < 0.0001), while the T allele was associated with metastasis (84.2%, 10/162, 
p < 0.0001). However, in GC patients, the C allele was significantly correlated with H. pylori infection (51.7%, 
30/58, p = 0.008), stage III of primary tumors (47.7%, 62/88, p=0.017), stage II of lymph node status (35.5%, 
44/74, p = 0.017), and metastasis (52.9%, 90/132, p = 0.044). In silico analysis predicted that rs72618599 leads to 
the creation of a binding site for hsa-miR526b-5p in the 3′-UTR of TCF3 transcript. Conclusion: Regarding the 
rs72618599 SNP, the C allele, is associated with poor prognosis of BC and GC. Furthermore, rs72618599 may be 
associated with cancer progression by altering the regulatory affinity of hsa-miR526b-5p to 3′-UTR of TCF3.  
DOI: 10.52547/ibj.26.1.53 
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INTRODUCTION 

 
reast cancer is the most prevalent cancer and 

the second leading cause of cancer-associated 

death in women worldwide
[1]

. In recent years, 

BC has been the most commonly diagnosed cancer 

among Iranian females with an increased incidence of 

16.0-28.3 per 100,000 women
[2,3]

.  

GC remains the fourth most frequent malignant 

neoplasm and the second main reason for cancer 

mortality with about 800 deaths per 100,000 patients 

globally
[1]

. In Iran, GC is a major healthcare problem 

with approximately 10,000 new cases and 8,000 

mortalities per year
[4]

. This cancer is a multifactorial 

malignancy affected by the interaction of genetic and 

environmental factors
[5]

. It has been reported that the 

interaction of gastric cells with H. pylori and its CagA 

oncoprotein plays an important role in GC 
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development
[6]

. However, other environmental factors, 

including dietary, smoking, gastrointestinal microbiota 

etc. could be also associated with GC development
[6]

.  

Due to the increasing mortality and morbidity of BC 

and GC in the Iranian population, characterization of 

the prognostic factors such as genetic determinants 

would be helpful for the disease screening and early 

treatment approaches. Many researchers have 

identified that SNPs in some loci can affect tumor 

susceptibility
[7,8]

, progression
[8,9]

, and metastasis of BC 

and GC
[10,11]

. Polymorphisms are located in different 

regions of genes, comprising promoters, coding 

sequence (introns and exons), and UTR (5′- and 3′)
[12]

. 

TCF3, also called E2A, is a member of the TCF 

family, which is involved in the regulation of the Wnt 

signaling pathway and E-cadherin expression
[13,14]

. 

Overexpression of the TCF3 has been reported in 

various cancers, including BC and GC
[15,16]

. Although 

numerous SNPs are correlated with the increased risk 

of BC and GC, no SNP in the TCF3 has been 

identified to be associated with GC
[7-11]

. 

miRNAs are small and regulatory RNAs that bind to 

the 3′-UTR region of different target mRNAs and 

contribute to various human malignancies such as 

GC
[17]

. MiRNA-526b is located in 19q13.42, and its 

dysregulation has an important role in the progression 

of various cancers
[18]

. This miRNA has been reported 

to be abnormally expressed in different cancers such as 

BC and GC
[18-20]

. Some SNPs, known as miR-SNPs, 

affect miRNA binding sites in the 3′-UTRs of target 

genes and assist in the susceptibility of various types of 

cancers
[8]

. MiR-SNPs are functional SNPs that may 

have an effect on miRNA function
[21]

. For instance, 

miR-SNPs in the 5′-UTR regulate the translation 

initiation of target mRNAs, whereas mRNA stability is 

determined by SNPs in the 3′-UTR
[21]

. 

As described above, the binding affinity of miRNAs 

could be affected by SNPs at 3′ UTR of the TCF3 
gene, which could be associated with the increased risk 

of different cancers, including BC and GC. Therefore, 

in the present study, we aimed to elucidate the role of 

rs72618599 SNP in the susceptibility and development 

of BC and GC. To our knowledge, the possible 

association between this SNP and the risk of BC and 

GC has not yet been studied. Thus, the present study is 

the first report for the association between rs72618599 

with the risk of BC and GC among an Iranian 

population. 

 

 

MATERIAL AND METHODS 

 

Bioinformatics approaches 

With focusing on high-throughput tests, we 

conducted a microarray analysis by R studio (4.0.2) 

software to find the differentially expressed genes in 

BC and GC. For BC diagnosis, 31 tumor and 

27 control tissue samples in GSE10810 dataset were 

analyzed. The microarray raw data were obtained by 

GEOquery package (https://bioconductor.org/packages 

/release/bioc/html/GEOquery.html). Also, differential 

expression gene analysis was performed by Limma 

package (https://www.bioconductor.org/packages/ 

release/bioc/html/limma.html). Normalization of raw 

data was performed by quantile normalized method. 

These two packages were obtained from Bioconductor. 

Based on the distribution of the expression data of the 

genes studied in this experiment, the genes with logFC 

greater than the third quartile and logFC smaller than 

the first quarter were selected as up-regulated and low 

expressed genes, respectively. Plots and figures of 

microarray analysis were prepared by ggplot2 and 

heatmap packages. GEPIA2 online software 

(http://gepia2.cancer-pku.cn/) was used to find the 

differentially expressed gene in GC. The GEPIA2 

analysis was based on TCGA RNA-seq data.  

 

GSEA analysis 

For pathway enrichment analysis, GSEA software 

(https://www.gsea-msigdb.org) was used to compute 

the high and low expressed genes in the expression 

data of microarray analysis and present the relevant 

signaling pathways to these up-regulated and down-

regulated genes. 

 

Study population 

A total number of 255 patients (123 BC and 132 GC 

cases) and 184 controls (132 and 52 for BC and GC, 

respectively) participated in this study. The healthy 

controls were selected randomly and were age-matched 

with the cases. The participants were selected from the 

individuals referring to the Sayed Al Shohada Hospital, 

Isfahan, Iran. Demographic and clinical characteristics 

of the subjects, including their blood group, ER, PR, H. 

pylori infection, history of cancer among their relatives 

etc. were determined by laboratory tests and consent 

forms. Pathophysiological features of the patients were 

presented in Table S1.  

 

Genotyping by real-time RT-PCR HRM analysis 

Peripheral blood samples (3 mL) were collected from 

the subjects, and genomic DNA was extracted using 

PrimePrep genomic DNA isolation kit (GeNet Bio, 

Korea), according to the manufacturer’s protocol. The 

quality and quantity of the extracted DNA were 

determined using the NanoDrop™ spectrophotometry 

and 1% agarose gel electrophoresis. Amplification of 

target region for the rs72618599 was performed using 

the PCR and HRM methods as described previously, 

with minor modifications
[22]

. The reaction mixture 
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contained 2 µL of template DNA, 1 µL of each 

forward and reverse primer (10 Pico mole), 171.5 µL 

of PCR master mix, and 5 µL of deionized distilled 

water. Also, 2 µL of EvaGreen (Solis Biodyne, 

Estonia) was used as an intercalating dye. The primers 

used in this study were presented in Table S1. The 

cycling condition was as follows: pre-incubation for 15 

min at 95 °C and then 45 cycles of denaturation for 15 

s at 95 °C, annealing for 20 s at 60 °C, and extension 

for 20 s at 72°C (Table S1). Finally, the amplified 

fragments were sequenced to determine the genotypes 

(Pishgam company, Iran; Fig. 1).  

 

In silico studies 

The sequence and other information of SNP 

rs72618599 in the 3′-UTR of TCF3 on chromosome 

19p13.3 at position 1609761 were determined using 

NCBI and GenBank databases. Online prediction 

software mrSNP (http://mrsnp.osu.edu/), PolymiRTS v 

3.0 (http://compbio.uthsc.edu/miRSNP/), and miRSNP 

(http://cmbi.bjmu.edu.cn/mirsnp) were exploited to 

predict the miRNA with binding ability to the TCF3 

gene 3′-UTR region containing rs72618599
[23]

. The 

interaction of miR with the 3′-UTR after allele 

alteration was identified using miRNASNPV2.0 

software (http://www.bioguo.org/miRNASNP2/ 

geneTargets.php). 

 

Statistical analysis  

The SPSS version 21.0 and SNP analyzer software 

were used for statistical analysis of the data. The 

Shapiro-Wilk and Kolmogorov Smirnov normality 

tests were exploited to analyze the normality of data 

distribution. Chi-square test was used to assess the 

Hardy-Weinberg equilibrium in patient samples, and 

the correlation between rs72618599 and clinical 

characteristics were determined using Pearson’s Chi-

square test. Furthermore, the p value ˂0.05 

was considered statistically significant. 

 

Ethical statement 
The above-mentioned sampling was approved by the 

Ethical Committee of Islamic Azad University of 

Rasht, Iran (ethical code: IR.IAU.RASHT.REC. 

1398.056). Also, the informed consents were obtained 

from the subjects before participation in this study.  

 

 

RESULTS 

 

Bioinformatics analyses 
Microarray analysis on GSE10810 dataset revealed 

that this dataset had 4596 up-regulated and 4596 down-

regulated genes in tumor samples as compared to the 

normal tissue (Figs. 2-4). Based on adj p, the TCF3 

was significantly up-regulated in this dataset (adj p  

= 1.762595e-05; logFC = 0.56). According to GEPIA2 

online software result, TCF3 had a significantly 

increased expression in GC samples, as compared to 

the normals (adj p = 9.72e-63; logFC = 1.508). GSEA 

pathway enrichment analysis revealed that the up-

regulated genes of GSE10810 microarray expression 

data are involved in the pyruvate metabolism and 

adipocytokine signaling pathways (Fig. 5).  

 

Frequency and association of rs72618599 in human 

BC 
A total number of 255 participates, including 123 BC 

patients (mean age of 52.88 ± 11.98 years) and 132 

controls (mean age of 17 to 73 years) were studied  

to determine the association between rs72618599 and 

the BC risk. Table S2 summarizes the clinical 

characteristics of the BC cohort. Results showed  

that the  rs72618599  was  not  in the  Hardy-Weinberg  

 
 

 

Fig. 1. Sequencing chromatogram of rs72618599 heterozygous genotype for TCF3 gene. 
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Fig. 2. Heatmap of correlation among the samples of GSE10810 dataset. The Figure shows the high quality of the samples because 

both the control samples and tumor samples are correlated. 
 

 
equilibrium (p = 0.000). Also, there was no significant 

difference  for genotype and allele frequencies between 

controls and BC cases (p > 0.05). As shown in Table 1, 

the frequency of CC genotype was lower in BC 

patients than the controls (48 [39%] vs. 63 [47.7%]), 

and the frequency of TT and CT genotype was higher 

in BC patients relative to controls. The association of 

the genotype and allelic frequency with the clinical 

characteristics of the disease was evaluated. The results 

indicated that the fourth stage and third-grade tumors 

were significantly associated with CC genotype with 

the frequency of 66.7 (p = 0.007) and 61.5% (p = 

0.001), respectively (Table 2). Besides, this genotype 

was less frequent among patients with positive 

metastasis (18 out of 81 cases). No significant 

relationship was observed between the hormonal 

receptor expression, including HER2, ER, and PR, and 

rs72618599 genotypes (p > 0.05, Tables 1 and 2). 

Based on the allelic comparison study, the allelic 

frequency was significantly associated with the stage, 

grade, and metastasis of BC tumors. The C allele  

of rs72618599 was associated with the increased  

risk  of  the fourth  stage  of  tumor and tumor grade III 

(frequency of 66.1% and 52.4%, respectively), while 

the T allele was associated with positive metastasis 

(84.2%), as shown in Table 2. Also, there was no direct 

relationship between the allele frequency and the 

above-mentioned hormonal receptor expression 

(Tables 1 and 2). 

 

Frequency and association of rs72618599 in  

human GC 

 Clinical characteristics of the GC cohort (130 

patients and 54 controls) are listed in Table S3. The 

controls were age-matched  with the cases and selected 

from people without  any  history  of  cancer.  The SNP

 
 

 

Fig. 3. Principal component analysis plot of GSE10810 dataset, indicating a remarkable difference between the normal and tumor 

samples in expression pattern of genes. 
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Fig. 4. Volcano plot showing the differentially expressed 

genes in the GSE10810 dataset. This plot was drawn by the 

logFC and -log10 (adj p) of genes. Up-regulation of TCF3 is 

demonstrated by the black point. 

 
 

analyzer software (SNPanalyzer v2.0) revealed that 

rs72618599 was not in the Hardy-Weinberg 

equilibrium (p = 0.000). The association of different 

rs72618599 genotypes with GC risk was studied (Table 

1). The statistical analysis showed that the CC and CT 

genotypes were more common among GC patients 

(54.5% and 30.3%, respectively) than controls (53.9% 

and 19.2%, respectively). However, no significant 

relationship was found between rs72618599 genotypes 

and GC patients (p ˃ 0.05). Based on the results (Table 

3), the majority of GC patients were A+ blood type 

(39.66%), and the CC genotype was the most prevalent 

genotype in 24 out of 46 patients. Also, the lymph 

node status of the patients was significantly associated 

with the rs72618599 genotypes. We found that the CC 

and CT genotypes were associated with lymph node 

status III among GC patients. In addition, no 

significant relationship with smoking, H. pylori 

infection, primary tumor status, cancer stage, and 

metastasis was found for rs72618599 genotypes (Table 

3). Evaluating the allele frequency revealed that  

the  C allele was significantly associated with H. pylori 

infection (51.7%, p = 0.008), primary tumor status 

(47.7% for the third stage, p = 0.017), lymph node 

status (35.5%; for the second stage; p = 0.017), and 

positive metastasis (52.9%; p = 0.044). There was no 

direct correlation between the allele frequency and 

blood group, smoking, and cancer stage (Table 3). 

 

In silico analysis 

As rs72618599 is located in the 3′-UTR of the TCF3 

gene, we postulated that this variant may impose its 

effect  on  altering the interaction of TCF3 mRNA  

with  miRNAs.  Using  online  bioinformatics  software  

 

 

 

Fig. 5. GSEA analysis, suggesting the involvement of differentially expressed genes in pyruvate metabolism and adipocytokine 

signaling pathways. 
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     Table 1. Genotype and allele frequency of rs72618599 polymorphism among the patients (BC and GC) and healthy controls 

Cancer type Groups 
Genotype frequency n (%)  Allele frequency n (%) 

CC CT TT  C T 

BC  
Cases 48 (39.0) 30 (24.4) 45 (36.6)  126 (51.2) 120 (48.8) 

Controls 63 (47.7) 27 (20.5) 42 (31.8)  153 (58.0) 111 (42.0) 

 χ2 = 1.97,  p = 0.373  χ2 = 2.33,  p = 0.126 

        

GC  
Cases 72 (54.5) 40 (30.3) 20 (15.2)  184 (69.7) 80 (30.3) 

Controls  28 (53.9) 10 (19.2) 14 (26.9)  66 (63.5) 38 (36.5) 

 χ2 = 4.48,  p = 0.106  χ2 = 2.33,  p = 0.126 

 
 

miRBase (http://www.mirbase.org) and miRNASNP 

V2.0, it was identified that T allele can alter the 

binding potential of hsa-miR526b-5p. The substitution 

of the C allele at rs72618599 for the T allele can 

produce an illegitimate canonical hsa-miR526b-5p 

recognition site in the TCF3 gene (Fig. 6).  

 

 

DISCUSSION 

 
TCF3 is a transcriptional repressor associated with 

the initiation and growth development of tumors
[24]

. 

Previous researches have indicated an association 

between the overexpression of TCF3 and different 

cancers, including breast, colorectal, cervical, prostate 

cancers, and GC
[15,25]

. MiRNAs have been introduced 

as TCF3 regulatory molecules because of their binding 

to the 3′-UTR region of the gene transcript, thus 

regulating the expression of the target gene
[15,25]

. SNPs 

in the binding site of miRNAs could affect binding 

affinity to the target transcripts and, thus, interrupts the 

regulatory functions of miRNAs which in turn may 

translate to cancer initiation
[15,24,25]

.  

The association of the SNPs at 3′-UTR region of 

TCF3 gene with BC and GC risk has been  

rarely investigated.  For the first  time in this work,  we 

 

 
   Table 2. Genotype and allele frequency of rs72618599 SNP in relation to clinical features of BC patients 

Variable 
No. of genotype n (%)  No. of allele (%) 

Total (%) CC CT TT p value  Total (%) C T p value 

HER2 receptor     

0.745 

    

0.364 
     HER2(+) 22 (27.16) 6 (23.1) 5 (25.0) 11 (31.4)  44 (27.16) 17 (23.6) 27 (30.0) 

     HER2(+) 59 (72.84) 20 (76.9) 15 (75.0) 24 (68.6)  118 (72.84) 55 (76.4) 63 (70.0) 

           

Estrogen receptor      

0.208 

    

0.112      ER(+) 66 (81.48) 21 (77.8) 16 (72.7) 29 (90.6)  132 (81.48) 58 (76.3) 74 (86.0) 

     ER(-) 15 (18.52) 6 (22.2) 6 (27.3) 3 (9.4)  30 (18.52) 18 (23.7) 12 (14.0) 

           

Progesterone 

receptor  
    

0.438 

 
   

0.123      PR(+) 60 (74.07) 18 (66.7) 16 (72.7) 26 (81.2)  120 (74.07) 52 (68.4) 68 (79.1) 

     PR(-) 21 (25.93) 9 (33.3) 6 (27.3) 6 (18.8)  42 (25.93) 24 (31.6) 18 (20.9) 

           

Tumor stage     

0.007a 

    

0.000a 

     I 21 (18.42) 3 (6.7) 6 (21.4) 12 (29.3)  42 (18.42) 12 (10.2) 30 (27.3) 

     II 18 (15.79) 6 (13.3) 3 (10.7) 9 (22.0)  36 (15.79) 15 (12.7) 21 (19.1) 

     III 15 (13.16) 6 (13.3) 1 (3.6) 8 (19.4)  30 (13.16) 13 (11.0) 17 (15.4) 

     IV 60 (52.63) 30 (66.7) 18 (64.3) 12 (29.3)  120 (52.63) 78 (66.1) 42 (38.2) 

           

Tumor grade     

0.001a 

    

0.000a 

     I 18 (18.18) 3 (7.7) 5 (18.5) 10 (30.3)  36 (18.18) 11 (10.5) 25 (26.9) 

     II 45 (45.45) 12 (30.8) 15 (55.6) 18 (54.5)  90 (45.46) 39 (37.1) 51 (54.8) 

     III 36 (36.37) 24 (61.5) 7 (25.9) 5 (15.2)  72 (36.36) 55 (52.4) 17 (18.3) 

           

Metastasis     

0.000a 

    

0.000a 
     Positive 81 (65.85) 18 (37.5) 25 (83.3) 38 (84.4)  162 (65.85) 61 (48.4) 101 (84.2) 

     Negative 42 (34.15) 30 (62.5) 5 (16.7) 7 (15.6)  84 (34.15) 65 (51.6) 19 (15.8) 
ap < 0.05 
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   Table 3. Genotype and allele frequency of rs72618599 SNP in relation to clinical features of GC patients 

Variable 
 No. of genotype (%)  No. of allele (%) 

Total (%) CC CT TT p value  Total (%) C T p value 

Blood group     

0.026a 

    

0.554 

     A+ 46 (39.66) 24 (40.0) 20 (50.0) 2 (12.5)  92 (39.66) 68 (42.5) 24 (33.3) 

     B+ 20 (17.24) 12 (20.0) 4 (10.0) 4 (25.0)  40 (17.24) 28(17.5) 12 (16.7) 

     B- 2 (1.73) 0 (0) 2 (5.0) 0 (0)  4 (1.72) 2 (1.2) 2 (2.8) 

     O+ 30 (25.86) 14 (23.3) 12 (30.0) 4 (25.0)  60 (25.86) 40 (25.0) 20 (27.8) 

     O- 6 (5.17) 2 (3.3) 2 (5.0) 2 (12.5)  12 (5.18) 6 (3.8) 6 (8.3) 

     AB 12 (10.34) 8 (13.4) 0 (0) 4 (25.0)  24 (10.34) 16 (10.0) 8 (11.1) 

           

Smoking     

0.364 

    

0.314 
     Positive 40 (60.6) 22 (68.8) 12 (50.0) 6 (60.0)  80 (60.6) 56 (63.6) 24 (54.5) 

     Negative 26 (39.4) 10 (31.2) 12 (50.0) 4 (40.0)  52 (39.4) 32 (36.4) 20 (45.5) 

           

H.pylori     

0.382 

    

0.008a      Positive 29 (53.7) 11 (37.9) 8 (27.6) 10 (34.5)  58 (59.79) 30 (51.7) 28 (48.3) 

     Negative 25 (46.3) 11 (44.0) 12 (48.0) 2 (8.0)  39 (40.21) 23 (59.0) 16 (41.0) 

           

Primary tumor status     

0.113 

    

0.017a 

     I 2 (2.17) 0 (0) 0 (0) 2 (12.5)  4 (2.17) 0 (0) 4 (7.4) 

     II 32 (34.78) 20 (37.0) 8 (36.3) 4 (25.0)  64 (34.78) 48 (36.9) 16 (29.6) 

     III 44 (47.83) 26 (48.2) 10(45.5) 8 (50.0)  88 (47.83) 62 (47.7) 26 (48.2) 

     IV 14 (15.22) 8 (14.8) 4 (18.2) 2 (12.5)  28 (15.22) 20 (15.4) 8 (14.8) 

           

Lymph node status     

0.023a 

    

0.017a 

    0 16 (17.77) 12 (24.0) 0 (0) 4 (25.0)  32 (16.84) 24 (19.4) 8 (12.1) 

     I 32 (35.56) 18 (36.0) 8 (33.3) 6 (37.5)  74 (38.95) 44 (35.5) 30 (45.5) 

     II 24 (26.67) 8 (16.0) 10 (41.7) 6 (37.5)  48 (25.26) 26 (21.0) 22 (33.3) 

     III 18 (20) 12 (24.0) 6 (25.0) 0 (0)  36 (18.95) 30 (24.1) 6 (9.1) 

           

Tumor stage     

0.150 

    

0.105 

     I 14 (11.86) 8 (11.8) 2 (6.2) 4 (22.2)  28 (11.67) 18 (10.7) 10 (13.9) 

     II 24 (20.34) 14 (20.6) 6 (18.8) 4 (22.2)  48 (20) 34 (20.2) 14 (19.4) 

     III 36 (30.51) 16 (23.5) 12 (37.5) 8 (44.4)  72 (30) 44 (26.2) 28 (38.9) 

     IV 44 (37.29) 30 (44.1) 12 (37.5) 2 (11.2)  92 (38.33) 72 (42.9) 20 (27.8) 

           

Metastasis     

0.067 

    

0.044a 
     Positive 66 (57) 36 (52.9) 18 (52.9) 12 (85.7)  132 (56.9) 90 (52.9) 42 (67.7) 

     Negative 50 (43) 32 (47.1) 16 (47.1) 2 (14.3)  100 (43.1) 80 (47.1) 20 (32.3) 
ap < 0.05 
 

 

evaluated  the correlation of  3′-UTR  rs72618599 SNP 

of   TCF3  gene  with  BC  and  GC  among  an  Iranian 

population and predicted its outcomes by 

bioinformatics and in silico analyses. Evaluating the 

association of the 3′-UTR rs72618599 SNP with BC 

risk showed that this SNP was not significantly 

associated with the increased cancer risk. However, a 

significant association was observed between the CC 

genotype and tumor grading. Also, the tumor 

metastasis was mainly associated with the CT and TT 

genotypes. These findings disclose that several genetic 

factors could be associated with tumor initiation, 

development, and metastasis in BC. In fact, the miR-

SNPs in the 3′UTRs of a gene not only can affect 

miRNAs binding efficiency but also can alter the 

polyadenylation of the transcript and their interactions 

with proteins, which significantly affects mRNA 

stability and their translation regulation
[26]

. Moreover, 

we found that the 3′-UTR was not associated with the 

hormonal receptor status of breast tumors. Thus,  

the rs72618599 SNP was not a major determinant in 

the development of breast tumors through regulating 

the expression of hormonal receptors on BC cells.  

We  also explored that  the C allele of  rs72618599 was 

significantly associated with the increased risk of stage 

IV of tumor and tumor grade III, indicating its role in 

the severity of breast tumors, while the presence of the 

T allele was mainly contributed to the increased risk of 

cancer metastasis. Similarly, we observed no 

association between rs72618599 genotypes and GC 

risk. Many studies have reported the effect of SNPs at 

3′-UTR of a variety of genes on the binding efficacy of 

miRNAs and their association with different 

cancers
[24,27,28]

. Unlike the majority of reports, the 

present study found no association of the rs72618599 

SNP with BC and GC. 
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Fig. 6. The proposed functional effect of rs72618599 on hsa-miR526b-5p binding to TCF3 3′-UTR. 

 

 

 

TCF3  plays  a fundamental role in tumor initiation and 

growth. This protein works as a transcriptional 

regulator with the Wnt signaling pathway
[24]

. In fact, 

Wnt/β-catenin signaling is related to the activation of 

many genes via the interaction of TCF3 with the β-

catenin
[24]

. Thus, the efficient silencing of the TCF3 by 

RNAi could inhibit the activation of the genes involved 

in cell proliferation. Previous works have suggested 

that silencing of TCF3 by RNAi causes cell cycle 

arrest at the G2 phase and represses the proliferation of 

cancer cells
[24,29]

.  In a previous study, Kumar et al.
[30]

 

reported that the reduction of TCF3 level decreased 

tumor formation and reduced tumor growth rate. 

Similarly, it was reported that the silencing of TCF3 

gene can led to the growth, proliferation, and colony 

formation of GC cells
[31]

. Furthermore, downregulation 

of TCF3 was associated with the reduction of Bcl2 and 

increased expression of the Bax gene, which results in 

apoptosis induction
[24]

. Thus, the reduction of TCF3 

expression by miRNAs has a critical role in the 

inhibition of tumor initiation and development. In this 

work, we observed no association of the rs72618599 

SNP at 3′-UTR of the TCF3 gene with BC and GC. 

Hence, it seems that the binding efficacy of miRNAs to 

the 3′-UTR of the TCF3 gene is not the only 

determinant in breast and gastric tumor development. 

Also, some alleles were associated with tumor grade 

and their pathological characteristics. Further 

experiments are required to elucidate the effect of this 

polymorphism on the pathological features of breast 

and gastric tumors. 

Microarray analysis showed that TCF3 had a slight 

and insignificant up-regulation (LogFC = 0.26, adj p = 

0.33) in GC. It was also significantly up-regulated in 

BC (LogFC = 0.4, adj p = 0.000). The has-miR-526-5p 

was down-regulated slightly (LogFC = -0.29, adj p = 

0.35) in tumor samples compared with normal samples. 

GSEA analysis exhibited that the genes involved in 

pyruvate metabolism and adipocytokine signaling 

pathways significantly reduced. Our work revealed that 

the rs72618599 T allele might alter the binding 

potential of hsa-miR526b-5p to the 3′-UTR of the 

TCF3 gene. The stability of the interaction between 

hsa-miR526b-5p and TCF3 mRNA declined for the C 

allele. Therefore, the TCF3 gene is probably 

overexpressed in these patients and leads to the 

development of BC and GC. 

In this case-control study, the contribution of 

rs72618599 SNP in TCF3 with the risk of BC and GC 

among the Iranian population was investigated for the 

first time. Our results revealed no significant 

association of the SNP with BC and GC risk. However, 

the C allele could be involved in tumor development 

and severity and the T allele could be contributed to 

tumor metastasis. Our findings also demonstrated that 

the T allele may alter the binding affinity of hsa-

miR526b-5p to the 3′-UTR region of the TCF3 gene, 

which may result in a higher expression of this 

transcription factor. 

 

CONFLICT OF INTEREST. None declared. 

 

 [
 D

O
I:

 1
0.

52
54

7/
ib

j.2
6.

1.
53

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
2.

26
.1

.4
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
16

 ]
 

                             8 / 11

http://dx.doi.org/10.52547/ibj.26.1.53
https://dor.isc.ac/dor/20.1001.1.1028852.2022.26.1.4.5
https://ibj.pasteur.ac.ir/article-1-3379-en.html


Mohammadi et al. Association of miR526b-5p with Risk of  Cancers 

 

 
Iran. Biomed. J. 26 (1): 53-63 61 

 

REFERENCES 

 
1. Ferlay J, Colombet M, Soerjomataram I, Mathers C, 

Parkin DM, Piñeros M, Znaor A, Bray F. Estimating the 

global cancer incidence and mortality in 2018: 

GLOBOCAN sources and methods. International 

journal of cancer 2019; 144(8): 1941-53. 

2. Mirzaeyan P, Shokrzadeh M, Salehzadeh A, Ajamian F. 

Association of estrogen receptor 1 (ESR1) gene 

(rs2234693) polymorphism, ESR1 promoter 

methylation status, and serum heavy metals 

concentration, with breast cancer: A study on Iranian 

women population. Meta gene 2020; 26: 100802. 

3. Salehiniya H, Haghighat S, Parsaeian M, Majdzadeh R, 

Mansournia M, Nedjat S. Iranian breast cancer risk 

assessment study (IRBCRAS): a case control study 

protocol. World cancer research journal 2018; 5: 1-5. 

4. Sadjadi A, Nouraie M, Mohagheghi MA, Mousavi-

Jarrahi A, Malekezadeh R, Parkin DM. Cancer 

occurrence in Iran in 2002, an international perspective. 

Asian pacific journalof cancer prevention 2005; 6(3): 

359-63. 

5. Ghaffari HR, Yunesian M, Nabizadeh N, Nasseri S, 

Sadjadi A, Pourfarzi F, Poustchi H, Eshraghian A. 

Environmental etiology of gastric cancer in Iran: a 

systematic review focusing on drinking water, soil, 

food, radiation, and geographical conditions. 

Environmental science and pollution research 2019; 

26(11): 10487-10495. 

6. Amieva M, Peek RMJr. Pathobiology of Helicobacter 

pylori-induced gastric cancer. Gastroenterology 2016; 

150(1): 64-78. 

7. Fan, Y, Gu X, Pan H, Dai Z, Zou C, Gao Z, Zhang H. 

Association of genetic polymorphisms in TNFRSF11 

with the progression of genetic susceptibility to gastric 

cancer. Journal of oncology 2020; 2020: 4103264. 

8. Fesharaki SN, Naghiyan  Fesharaki S, Esmaeili A, 

Azadeh M, Ghaedi M. SNP rs1803622 in hsa-miR-548g 

binding site at GAPDH alters susceptibility to breast 

cancer. Gene Reports 2020; 21: 100845. 

9. Ding Gw, Gu X, Dai Z, Pan HW, Wang XY, Zhang H, 

Fan Y. Association of genetic polymorphisms in 

FOXA1 with the progression of genetic susceptibility to 

gastric cancer. Gastroenterology research and practice 

2020; 2020: 3075837. 

10. Suhaimi SA, Chan SC, Rosli R. Matrix metallopeptidase 

3 polymorphisms: Emerging genetic markers in human 

breast cancer metastasis. Journal of breast cancer 2020; 

23(1): 1-9. 

11. Gharazi H, Tabatabaeian H, Ghaedi K, Houshmand M, 

Azadeh M. Positive association of rs1049694 allele G 

located in NDRG1 with the incidence of gastric cancer 

and metastasis. Gene reports 2020; 19: 100646. 

12. Neininger K, T Marschall, V Helms. SNP and indel 

frequencies at transcription start sites and at canonical 

and alternative translation initiation sites in the human 

genome. PloS one 2019; 14(4): e02148. 

13. Li, C., et al., Hypomethylation-associated up-regulation 

of TCF3 expression and recurrence in stage II and III 

colorectal cancer. PLoS one 2014. 9(11): e112005. 

14. Yamazaki T, Liu L, Lazarev D, Al-Zain A, Fomin V, 

Luk Yeung P, Chambers SM, Lu C-W, Studer L, 

Manley JL. TCF3 alternative splicing controlled by 

hnRNP H/F regulates E-cadherin expression and hESC 

pluripotency. Genes and development 2018; 32(17-18): 

1161-1174. 

15. Slyper M, Shahar A, Bar-Ziv A, Granit PZ, Hamburger 

T, Maly B, Peretz T, Ben-Porath I. Control of breast 

cancer growth and initiation by the Stem cell–associated 

transcription factor TCF3. Cancer research 2012; 

72(21): 5613-5624. 

16. Sagara N, Katoh M. Mitomycin C resistance induced by 

TCF-3 overexpression in gastric cancer cell line 

MKN28 is associated with DT-diaphorase down-

regulation. Cancer research 2000; 60(21): 5959-5962. 

17. Ding HX, Lv
 
Z, Yuan Y, Xu Q. MiRNA polymorphisms 

and cancer prognosis: A systematic review and meta-

analysis. Frontiers in oncology 2018; 8: 596. 

18. Wu M, Li X, Liu Q, Xie Y, Yuan J, Wanggou S. miR-

526b-3p serves as a prognostic factor and regulates the 

proliferation, invasion, and migration of glioma through 

targeting WEE1. Cancer management and research 

2019; 11: 3099. 

19. Han L, Liu  S, Liang  J, Guo  Y, Shen  S, Guo  X, Dong  

Z, Guo  W. A genetic polymorphism at miR‐526b 

binding‐site in the lincRNA‐NR_024015 exon confers 

risk of esophageal squamous cell carcinoma in a 

population of North China. Molecular carcinogenesis 

2017; 56(3): 960-971. 

20. Zhang ZY, Fu  SL, Xu  SQ, Zhou X, Liu XS, Xu  SJ, 

Zhao  IP, Wei  SH. By downregulating Ku80, hsa-miR-

526b suppresses non-small cell lung cancer. Oncotarget 

2015; 6(3): 1462. 

21. Deng, N, Zhou H, Fan H, Yuan Y. Single nucleotide 

polymorphisms and cancer susceptibility. Oncotarget 

2017; 8(66): 110635. 

22. Kristensen LS, Dobrovic A. Direct genotyping of single 

nucleotide polymorphisms in methyl metabolism genes 

using probe-free high-resolution melting analysis. 

Cancer epidemiology and prevention biomarkers 2008; 

17(5): 1240-1247. 

23. Huynh LH, Bui PTK, Nguyen TT, Nguyen HT. 

Developing a high resolution melting method for 

genotyping and predicting association of SNP rs353291 

with breast cancer in the Vietnamese population. 

Biomedical research and therapy 2017; 4(12): 1812-

1831. 

24. Ma J, Wang XB, Li R, Xuan SH, Wang F, Li XH, 

Zhang ZP, Tan L, Li L. RNAi-mediated TCF-3 gene 

silencing inhibits proliferation of Eca-109 esophageal 

cancer cells by inducing apoptosis. Bioscience reports 

2017;37(6). 

25. Patel D, Chinaranagari S, Chaudhary J. Basic helix loop 

helix (bHLH) transcription factor 3 (TCF3, E2A) is 

regulated by androgens in prostate cancer cells. 

American journal of cancer research 2015; 5(11): 3407. 

26. Malhotra P, Read GH, Weidhaas JB. Breast cancer and 

miR-SNPs: The importance of miR germ-line genetics. 

Non-coding RNA 2019; 5(1): 27. 

27. Wang C, Zhao Y, Ming Y, Zhao S, Guo Z. A 

 [
 D

O
I:

 1
0.

52
54

7/
ib

j.2
6.

1.
53

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
2.

26
.1

.4
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
16

 ]
 

                             9 / 11

https://pubmed.ncbi.nlm.nih.gov/?term=Lv+Z&cauthor_id=30619739
https://pubmed.ncbi.nlm.nih.gov/?term=Yuan+Y&cauthor_id=30619739
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+Q&cauthor_id=30619739
http://dx.doi.org/10.52547/ibj.26.1.53
https://dor.isc.ac/dor/20.1001.1.1028852.2022.26.1.4.5
https://ibj.pasteur.ac.ir/article-1-3379-en.html


Association of miR526b-5p with Risk of  Cancers Mohammadi et al. 

 

 
62 Iran. Biomed. J. 26 (1): 53-63 

 

polymorphism at the microRNA binding site in the 3'-

untranslated region of C14orf101 is associated with the 

risk of gastric cancer development. Experimental and 

therapeutic medicine 2016; 12(3): 1867-72. 

28. Sha Z, Lai R, Zhang X, Zhao Y, Wu J, Geng C, Guo Z. 

A Polymorphism at the microRNA binding Site in the 3′ 

Untranslated Region of KRT81 Is Associated with 

Breast Cancer. DNA and cell biology 2020; 39(10): 

1886-94. 

29. Brooks AC, DeMartino AM, Brainard RE, Brittian KR, 

Bhatnagar A, Jones SP. Induction of activating 

transcription factor 3 limits survival following infarct-

induced heart failure in mice. American journal of 

physiology, heart and circulatory physiology 2015; 

309(8): 1326-35. 

30. Kumar S, Sharma R, Garcia M, Kamel J, McCarthy C, 

Muth A, Phanstiel IVO. Chemoselective amide 

formation using O-(4-nitrophenyl) hydroxylamines and 

pyruvic acid derivatives. The journal of organic 

chemistry 2012; 77(23): 10835-10845. 

31. Liu Q, Zhou JP, Li B, Huang ZC, Dong HY, Li GY, 

Zhou K, Nie SL. Basic transcription factor 3 is involved 

in gastric cancer development and progression. World 

journal of gastroenterology 2013; 19(28): 4495. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 
 

 

 

 
 

 

 

 

 
. 

 

 

 

 
 

 

 

 
 

 

 
                     

 

 

 

 

 

 [
 D

O
I:

 1
0.

52
54

7/
ib

j.2
6.

1.
53

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

02
2.

26
.1

.4
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
16

 ]
 

                            10 / 11

http://dx.doi.org/10.52547/ibj.26.1.53
https://dor.isc.ac/dor/20.1001.1.1028852.2022.26.1.4.5
https://ibj.pasteur.ac.ir/article-1-3379-en.html


Mohammadi et al. Association of miR526b-5p with Risk of  Cancers 

 

 
Iran. Biomed. J. 26 (1): 53-63 63 

 

 
                    Table S1. SNP rs72618599 specific oligonucleotide primer sequences for HRM real time PCR 

SNP rs72618599 Primer sequence (5′ to 3′) Tm BC (%) 
Product length 

(bp) 

F primer GGBCCCCATGGTAGATBCAA 62.30 60.00 
141 

R primer TCAAACTCCCAGGBCGTAGG 61.55 60.00 
 

                      F, forward; R, reverse; Tm, (melting temperature) 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 Table S3. Clinical characteristic of GC patients 
 

Characteristics N = 132 

Blood group  

     A+ 46 

     B+ 20 

     B- 2 

     O+ 30 

     O- 6 

     AB 12 

     NA 16 

  

Smoking  

     Positive 40 

     Negative 26 

     NA 66 

  

H. pylori  

     Positive 52 

     Negative 25 

     NA 55 

  

Lymph nodes status  

     0 16 

     I 32 

     II 24 

     III 18 

     NA 42 

  

Primary tumor status  

     I 2 

     II 32 

     III 44 

     IV 14 

     NA 40 

  

Tumor stage  

     I 14 

     II 24 

     III 36 

     IV 44 

     NA 14 

  

Metastasis  

     Positive 50 

     Negative 66 

     NA 16 

NA, not applicable 

 

 

Table S2. Clinical characteristic of BC patients 

Characteristics N = 123 

Age (y)  

Mean ± SD 52.88 ± 11.98 

  

HER2 Positive  

     HER2(+) 22 

     HER2(-) 59 

     NA 42 

  

Estrogen receptor  

     ER(+) 66 

     ER(-) 15 

     NA 42 

  

Progesterone receptor   

     PR(+) 60 

     PR(-) 21 

     NA 42 

  

Tumor stage  

     I 21 

     II 18 

     III 15 

     IV 60 

     NA 9 

  

Tumor grade  

     I 18 

     II 45 

     III 36 

     NA 24 

  

Metastasis  

     Positive 42 

     Negative 81 

NA, not applicable 
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