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ABSTRACT 
 

Gastric cancer is one of the most prevalent malignancies in the world. Various factors play a 

role in the development of this disease as risk factors. One of these genes is the FOXP3, which 

is located on the short arm of the X chromosome (Xp11.23). The rs3761548 polymorphism in 

the promoter region of this gene increases cell proliferation. In the current study, the association 

between this genetic polymorphism and the risk of gastric cancer was investigated. This study 

included 147 patients (55 women, 92 men) with gastric cancer and 147 healthy individuals (53 

women, 94 men). The PCR-RFLP method is used for genotyping. Statistical analysis showed 

that there was no significant association between this polymorphism and the risk of gastric 

cancer. However, the analysis of genotype, family history and smoking risk factors simultane-

oussly revealed a significant relationship between simultaneous occurrence of two (OR=3.79, 

95% CI=1.77-8.09, p=0.001) and three risk factors (OR=6.44, 95% CI=1.76-23.5, p=0.017) and 

the risk of gastric cancer.  
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INTRODUCTION 
 

Gastric cancer is the fourth most common malignancy worldwide and the second leading 

cause of death among all malignancies in the world, ranking fourth among men and fifth among 

women [1]. The development of gastric cancer is a multifactorial process and many conditions 

increase its risk. Family history of gastric cancer, Helicobacter pylori infection (a common 

bacterium that can cause gastric ulcers), a history of gastric adenomatosis more than 2 cm, a 

history of chronic gastric atrophy, a history of severe anemia, obesity, alcoholism, excessive 

consumption of red meat and low economic status can be important in inducing this cancer [2]. 

Recent research suggests that mononucleotide polymorphisms may shed light on tumorigenesis 

in gastric cancer. Polymorphisms in various genes such as MMP-9, E-cadherin, EGF, HER-2, 

and MMP-1 can increase the risk of gastric cancer [3, 4].  

Regulatory T (Treg) cells play an important role in the immune suppressive system and are 

subgroups of CD4. FOXP3 (MIM: 300292) as a transcription factor is a marker molecule 

required for Treg cells [5], specifically through IL2R, TGFβ, STAT, SMAD, PI3K signaling 

pathways, can express the transcription factor FOXP3, which is a subset of the forkhead family 

[6, 7]. This transcription factor can play an important role in the differentiation and proliferation 

of regulatory T cells [8, 9].  
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The FOXP3 gene has 14392 nucleotides with 11 exons located on the short arm of the X 

chromosome (Xp11.23). The total length of the human FOXP3 protein is 431 amino acids with 

a molecular weight of 47.24 kDa [10]. Significantly, a large number of Treg cells have been 

found in the blood of cancer patients, and as a result of the activity of these cells, the antitumor 

response has also decreased [11]. Due to this, the percentage of  Treg cells at the systematic 

level shows a close relationship with the prognosis and survival of gastric cancer [12]. 

Therefore, it can be said that increasing the expression of the FOXP3 can increase the number 

of Treg cells, which in turn suppresses the immune response against the tumor, which results in 

the progression of cancer [13].  

Several single nucleotide polymorphisms were found in the intron, exon, and promoter 

regions of the FOXP3 [14]. It was thought that polymorphism, which is present in the promoter 

region of the FOXP3, may affect the function or quantity of Treg, which in turn leads to an 

immune diversion against the tumor [15, 16]. Single nucleotide polymorphism rs3761548 is one 

of the polymorphisms in the promoter region and serves as a binding site for Sp1 (Specificity 

protein 1) transcription factor. Hence, this polymorphism can affect the interaction between the 

FOXP3 promoter and Sp1 [17].  

An association between the rs3761548 and gastric cancer has been shown in a recent study 

from the population of Tabriz (Northwest Iran) [18]. Iranian population is one of the most 

heterogeneous populations [19], so we collected samples from people who live in Fars province 

(Southwest Iran). Identifying different genetic variants is very useful for the prediction, 

prevention and early treatment of many diseases, so in the present study we examined the 

association between rs3761548 and the risk of gastric cancer.  

 

 

MATERIALS AND METHODS 
 

Study Subjects: A total of 147 gastric cancer pateints (selecting from the chemotherapy 

department of Namazi Hospital) and 147 healthy individuals (selecting from the healthy blood 

donor), who matched for age and gender, participated in our case-control study. The mean age 

in healthy controls and pateints was 54.7 ± 8.3 and 57.2 ± 13.3 years, respectively. There was 

no significant difference in age between the two groups (p=0.59). The two groups were also 

sex-matched with each other (p=0.809). We chose our case and control group from Iranian 

Muslims living in Fars province. Prior to the study, consent was obtained from the participants. 

Each individual was asked to complete a self-test questionnaire by providing demographic 

information, smoking status, and family history of first-degree relatives with cancer. Anyone 

with at least one first-degree relative with cancer considered a case with a positive family 

history.  

 

Genotyping analysis: The required genomic DNA was extracted from whole blood 

samples according to standard protocole and stored at -20°C in frezzer until use [20]. 

Genotyping of FOXP3 polymorphism was performed by PCR-RFLP method. In order to 

amplify the polymorphic site, primers 5′-TAACCAGACAGCGTAGAAGG-3′ (forward) and 5′-

CAATACAGAGCCCATCATCA-3′ (reverse) were used [18]. 

The PCR conditions consisted of an initial denaturation step of 94°C for 5 min, followed by 

32 cycles of 94°C for 30 s, 60°C for 30 s and 72°C for 30 s, a final extension of 72°C for 5 min. 

The amplified PCR product includes the rs3761548 with the length of 503 bp. For enzymatic 

digestion of the desired polymorphism, Pst I enzyme was used. The fragment length of allele A 

is 503 bp, and for allele C is 319 and 184 bp (Fig. 1). 

 

Statistical analysis: Hardy-Weinberg equilibrium (HWE) was assessed using the chi-

squared test, as recommended elsewhere [21, 22]. In order to evaluate the association between 

genotype and the risk of gastric cancer, we used odds ratio (OR) and 95% confidence interval 

(CI). Statistical analyses for the polymorphic X-linked loci were performed as recommended 
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elsewhere [23]. All data were analyzed with SPSS software version 24. A probability of p<0.05 

was considered to be statistically significant. 

 

 
Figure 1: Genotyping of FOXP3 polymorphism (rs3761548) by PCR-RFLP technique.  Lane 1, 100 bp 

ladder. 

 

 

RESULTS 
 

General characteristics of information based on gastric cancer and control groups were 

shown in Table 1. The difference between control and patient in terms of smoking was 

statistically significant (OR=2.25, 95% CI=1.34-3.77, p=0.002). Family history, which indicates 

the genetic background of the individual, also with OR=2.61, 95% CI=1.42-4.78, p=0.002, 

showed that it is a risk factor for gastric cancer (Table 1).  

 

 
Table 1: Selected characteristics of participants of gastric cancer study 

Characteristics Controls (n=147) Cases (n=147) OR 95% CI p-value 

Gender      

Female, N (%) 53 55 - - 0.809 

Male, N (%) 94 92    

Tobacco smoking       

Non-smokers 112 85 1.0 - - 

Smoking  34 56 2.25 1.349-3.772 0.002 

Missing 1 6 - - - 

Family history      

Negative 128 40 1.0 - - 

Positive 19 103 2.61 1.429-4.789 0.002 

Missing - 4 - - - 

CI = confidence interval, OR = odds ratio, P<0.05 

 

The Comparison of genotypic and allelic frequencies of FOXP3 polymorphism in control 

and patient groups was shown in Table 2. The frequency of C and A alleles in the control group 

was 0.590 and 0.410, respectively. There was no significant deviation between observed and 

expected values based on HWE for the genotypes (2=3.34, df=1, p>0.05). 

In this analysis we chose the C allele in men as a reference and measured the A allele 

frequency relative to it. According to the results, there was no significant relationship between 

the indication of A allele and the risk of gastric cancer (OR=0.69, CI=0.61-1.97, p=0.65). In 

females, we also chose the CC genotype as a reference and examined AC and AA genotypes 

based on it. The results showed that there was no significant relationship between AA and AC 

genotypes with gastric cancer (AA vs CC: OR=0.70, 95% CI=0.30-1.63, p=0.411) (AC vs CC: 

OR= 0.405, 95% CI=0.13-1.25, p=0.117). 
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In next step, we also evaluated the additive effect of three risk factors (genotype, smoking, 

family history) on gastric cancer. Table 3 shows the number of participants who have zero to 

three risk factors.  

 
Table 2: Distributions of polymorphisms FOXP3 rs3761548 in gastric cancer cases and controls  

CI=confidence interval, OR=odds ratio, P<0.05 
 

Table 3: The number of people who have zero to three risk factors 

Genotype History Cigarettes Control Case Risk Factor 

AA - - 7 2 0 

AA - + 2 1 1 

AA + - 2 2 1 

AA + + - - 2 

AC/CC - - 24 26 1 

AC/CC - + 8 4 2 

AC/CC + - 6 14 2 

AC/CC + + 3 4 3 

A - - 30 14 0 

A - + 8 17 1 

A + - 2 3 1 

A + + 1 3 2 

C - - 38 15 1 

C - + 10 19 2 

C + - 4 7 2 

C + + 1 7 3 

 

 

Table 4 shows the additive effect of three risk factors for gastric cancer development. Risk 

factor 0 means (there is no risk factor), 1 means (existence of one risk factor), 2 means 

(existence of two risk factors) and 3 means (existence of three risk factors). For multivariable 

analysis, variables with p<0.20 in univariable analysis were used. In our study, the OR of 

AC/CC genotype compared with AA genotype is greater than 1 with P value of 0.10. Therefore, 

we included the genotypes as well as smoking habit and family history in the multivariable 

analysis.  Our results showed that there is a strong correlation between the number of risk 

factors and the incidence of gastric cancer in individuals. Individuals with a single risk factor, 

the risk of cancer increases by about 1.9 times (OR=1.96, 95% CI= 0.99-3.90, p=0.053); 

individuals with two risk factors, the risk increases by about 3.8 times (OR=3.79, 95% CI=1.77-

8.09, p=0.001), and in people with three risk factors, the risk increases by about 6.4 times 

(OR=6.44, 95% CI=1.76-23.5, p=0.017). 

 
Table 4:  Additive effect of genotype, smoking, and family history on the risk of gastric cancer 

Number of risk factors OR %95 CI p-value 

0 1 - - 
1 1.969 0.993-3.906 0.053 

2 3.792 1.777-8.095 0.001 

3 6.449 1.766-23.547 0.017 

 CI = confidence interval, OR = odds ratio, P<0.05 

Sex Genotypes Cases  Controls  OR 95% CI P-value 

Females CC 31 23 1.00 - - 

 AC 18 19 0.405 0.13-1.25 0.117 

 AA 6 11 0.703 0.30-1.63 0.411 

Males C 54 53 1.00 - - 

 A 38 41 0.964 0.61-1.97 0.651 
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DISCUSSION 
 

Several factors play a role in the development of gastric cancer and several genes play a role 

in this disease. One of these genes is the FOXP3 which has been defined as a transcription 

factor essential for the induction of immunosuppressive functions in regulatory T cells. An in-

depth study of the role and underlying mechanism of FOXP3 in gastric cancer cells is of great 

importance. This gene usually inhibits the growth of cancer cells by suppressing oncogenes 

(HER2, c-Myc, Skp2) and increasing the P21 tumor suppressor gene [24].  

To date, the association of rs3761548 polymorphism with gastric cancer risk has been 

reported in only one study [18]. To draw accurate conclusions about genetic polymorphisms and 

the risk of multifactorial diseases such as cancer, a large number of independent studies should 

be conducted in different populations. In the present study, after examining the relationship 

between FOXP3 genotypes and the risk of gastric cancer, no significant relationship was 

observed between any of the rs3761548 and the risk of gastric cancer despite previous report 

[18]. Family history and smoking are important risk factors for gastric cancer. The present study 

indicated that family history and smoking are associated with the risk of gastric cancer. The 

simultaneous effect of three risk factors of genotype, smoking and family history as risk factors 

showed that the simultaneous presence of two and three risk factors significantly increases the 

risk of gastric cancer (Table 4). If two risk factors are involved, the risk increases by about 3.8 

times and if three risk factors are involved, the risk increases by nearly 6.5 times. Previous 

studies related to stomach cancer show that the number of risk factors associated with increased 

cancer risk [25]. Based on these findings, it can be concluded that the more these risk factors for 

gastric cancer increase, the more the occurrence of this cancer increases.  

There are two studies investigating the association between the FOXP3 (rs3761548) genetic 

polymorphism and the risk of gastric cancer [present study, 18], with inconsistent results. 

Therefore, further studies with larger numbers of samples in other populations are suggested to 

draw general conclusions. 

 

Acknowledgments: The authors are indebted to the participants for their close cooperation. 

This study was supported by Shiraz University. 

 

Institutional review board statement: This study was approved by the ethics committee of 

Shiraz University, Iran (IR.US.PSYEDU.REC.1403.038). 

 

Conflict of interest: The authors declare that they have no conflicts of interest. 

 

 

REFERENCES 
 

1. Lu B, Li M. Helicobacter pylori eradication for preventing gastric cancer. World J 

Gastroenterol 2014;20:5660-5665.  

2. Eusebi LH, Telese A, Marasco G, Bazzoli F, Zagari RM. Gastric cancer prevention strategies: 

A global perspective. J Gastroenterol Hepatol 2020;35:1495-1502.  

3. González CA, Sala N, Capellá G. Genetic susceptibility and gastric cancer risk. Int J Cancer 

2002;100:249-260.  

4. Yasui W, Oue N, Phyu PA, Matsumura S, Shutoh M, Nakayama H. Molecular-pathological 

prognostic factors of gastric cancer: A review. Gastric Cancer 2005;8:86-94.  

5. De Reuver PR, Mehta S, Gill P, Andrici J, D’Urso L, Clarkson A, Mittal A, Hugh TJ, Samra 

JS, Gill AJ. Immunoregulatory forkhead box protein p3-positive lymphocytes are associated 

with overall survival in patients with pancreatic neuroendocrine tumors. J Am Coll Surg 

2016;222:281-287.  

6. Zorn E, Nelson EA, Mohseni M, Porcheray F, Kim H, Litsa D, Bellucci R, Raderschall E, 

http://mbrc.shirazu.ac.ir/


 

 

 

 

Validi and Saadat / Mol Biol Res Commun 2024;13(4):247-252 DOI:10.22099/mbrc.2024.49125.1989 MBRC 

http://mbrc.shirazu.ac.ir                                                                252                                                               

  

Canning C, Soiffer RJ, Frank DA, Ritz J. IL-2 regulates FOXP3 expression in human 

CD4+CD25+ regulatory T cells through a STAT-dependent mechanism and induces the 

expansion of these cells in vivo. Blood 2006;108:1571-1579.  

7. Merkenschlager M, Von Boehmer H. PI3 kinase signalling blocks Foxp3 expression by 

sequestering Foxo factors. J ExpMed 2010 207;1347-1350.  

8. Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the development and function of 

CD4+CD25+ regulatory T cells. J Immunol 2017:198:986-992.  

9. Ohkura N, Hamaguchi M, Sakaguchi S. FOXP3 + regulatory T cells: control of FOXP3 

expression by pharmacological agents. Trends Pharmacol Sci 2011;32:158-166.  

10. Oda JM, Hirata BK, Guembarovski RL, Watanabe MA. Genetic polymorphism in FOXP3 

gene: imbalance in regulatory T-cell role and development of human diseases. J Genet 

2013;92:163-171.  

11. Nishikawa H, Koyama S. Mechanisms of regulatory T cell infiltration in tumors: 

implications for innovative immune precision therapies. J Immunother Cancer 2021; 

9:e002591. 

12. Hou J, Yu Z, Xiang R, Li C, Wang L, Chen S, Li Q, Chen M, Wang L. Correlation between 

infiltration of FOXP3+ regulatory T cells and expression of B7-H1 in the tumor tissues of 

gastric cancer. Exp Mol Pathol 2014;96:284-291.  

13. Hossain DMS, Panda AK, Manna A, Mohanty S, Bhattacharjee P, Bhattacharyya S, Saha T, 

Chakraborty S, Kar RK, Das T, Chatterjee S, Sa G. FoxP3 acts as a cotranscription factor 

with STAT3 in tumor-induced regulatory T cells. Immunity 2013;39:1057-1069.  

14. Kwon TK, Chung EJ, Lee N, Roh EY, Song EY. Associations of FoxP3 gene 

polymorphisms with severe recurrent respiratory papillomatosis in Korean patients. J 

Otolaryngol Head Neck Surg 2017;46:21.  

15. Banin Hirata BK, Losi Guembarovski R, Vitiello GAF, Guembarovski AL, Brajaõ De 

Oliveira K, Watanabe MAE. FOXP3 allelic variants and haplotype structures are associated 

with aggressive breast cancer subtypes. Dis Markers 2017;2017:6359603. 

16. Jafarzadeh A, Jamali M, Mahdavi R, Ebrahimi HA, Hajghani H, Khosravimashizi A, 

Nemati M, Najafipour H, Sheikhi A, Mohammadi MM, Daneshvar H. Circulating levels of 

interleukin-35 in patients with multiple sclerosis: Evaluation of the influences of FOXP3 

gene polymorphism and treatment program. J Mol Neurosci 2015;55:891-897.  

17. Song P, Wang XW, Li HX, Li K, Liu L, Wei C, Jian Z, Yi XL, Li Q, Wang G, Li CY, Gao 

TW. Association between FOXP3 polymorphisms and vitiligo in a Han Chinese population. 

Br J Dermatol 2013;169:571-578. 

18. Ezzeddini R, Somi MH, Taghikhani M, Moaddab SY, Masnadi Shirazi K, Shirmohammadi         

M, Eftekharsadat AT, Sadighi Moghaddam B, Salek Farrokhi A. Association of FOXP3 

rs3761548 polymorphism with cytokines concentration in gastric adenocarcinoma patients. 

Cytokine 2021;138:155351.  

19. Rafiee L, Saadat I, Saadat M. Glutathione S-transferase genetic polymorphisms (GSTM1, 

GSTT1 and GSTO2) in three Iranian populations. Mol Biol Rep 2010;37:155-158.  

20. Newton CR. Mutational analysis: Known mutations: McPherson MJ, Hames D,Taylor GR 

(Eds). PCR2. A Practical Approach. IRL Press Oxford 1995;219-222. 

21. Saadat M. The importance of examining the Hardy-Weinberg Equilibrium in genetic 

association studies. Mol Biol Res Commun 2024;13:1-2.  

22. Saadat M. Evaluation of Hardy-Weinberg equilibrium in genetic association studies. Int J 

Immunogenet 2024;51:183-186.  

23. Saadat M. How to estimate allele frequencies and make statistical comparisons in case-

control studies of polymorphic X-linked loci. Turk J Ophthalmol 2024;54:246-247 

24. Ma GF, Chen SY, Sun ZR, Miao Q, Liu YM, Zeng XQ, Luo TC, Ma LL, Lian JJ, Song DL. 

FoxP3 inhibits proliferation and induces apoptosis of gastric cancer cells by activating the 

apoptotic signaling pathway. Biochem Biophys Res Commun 2013;430:804-809.  

25. Ebrahimpour S, Saadat I. Association of CAT C-262T and SOD1 A251G single nucleotide 

polymorphisms susceptible to gastric cancer. Mol Biol Res Commun 2014;3:223-229.  

http://mbrc.shirazu.ac.ir/

