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Abstract
Background: We investigated the possibility of an association between the C-2383T

polymorphism (rs3761549) in the promoter region of the FOXP3 gene with breast cancer. 
Methods: The study groups consisted of 250 women diagnosed with breast cancer

(case group) and 250 healthy women (control group). Polymerase chain reaction-
restriction fragment length polymorphism was performed for genotyping. 

Results: Breast cancer cases had a C allele frequency of 455 (91%) and T allele
frequency of 45 (9%). The control group had a C allele frequency of 468 (93.6%) and
32 (6.4%) for the T allele. The CC genotype was present in 206 (82.4%) patients, 43
(17.2%) patients had the CT genotype, and the TT genotype was observed in 1 (0.4%)
patient. In the control group, 219 (87.6%) had the CC genotype, whereas 30 (12%) had
the CT genotype, and 1 (0.4%) had the TT genotype. Statistical analysis revealed no
significant differences in the distribution of alleles and genotypes between patients and
controls (P>0.05). There was no significant association between genotype distribution
and patients' clinicopathological factors. 

Conclusion: Our results do not support an association between the FOXP3 -2383
C/T polymorphism and breast cancer in a population from southern Iran. 
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Introduction
Breast cancer is one of the most common

malignancies in women that originates from
epithelial cells of breast ducts and lobules.1 This
disease is the second leading cause of cancer
deaths among women in the United States.2 In
2012, nearly 1.7 million women were diagnosed
with breast cancer among which 522,000 died
from this disease.3 In Iran, 22 out of 100,000
women are affected with breast cancer.4 Many
proposed breast cancer risk factors include gender,
age, race and ethnicity, habits and lifestyle, weight,
early menstruation, age at first pregnancy,
environmental factors, family background, and
hormonal factors (endogenous and exogenous), as
well as estrogen and progesterone receptors.5-8

Studies on twins have shown that around 27% of
breast cancer cases are caused by hereditary
factors.9

Regulatory T cells are a subset of lymphocytes
with the CD25+and CD4+phenotypes, and high
abundant expression of FOXP3 transcription
factor.10 FOXP3 is a tumor suppressor gene located
on the short arm of the X chromosome. It is a
member of the Forkhead transcription factor
family and possesses a DNA binding domain.11

Unlike other members of this group, FOXP3 is
mainly expressed in regulatory T cells that
suppress the immune system. In regulatory T
cells, FOXP3 plays a role as a dominant regulator
of cell function, growth, and development. This
protein is essential for regulatory T cell precursor
survival.12,13 FOXP3 is also expressed by prostate,
breast, lung and ovarian epithelial cells. In normal
mammary epithelial cells, FOXP3 binds
oncogenes and inhibits their expression.14

Although regulatory T cells suppress immune
responses, a tumor escape mechanism is activated.
Increased TCD4+ CD25+ cells that express FOXP3

are frequently reported in cancer patients.15

Increased FOXP3 expression is reported in many
tumors.16

There are various polymorphisms of the
FOXP3 gene.17,18 Polymorphisms in this gene
may alter protein function and, consequently, the

function of regulatory T cells. Several studies
have shown a relationship between single
nucleotide polymorphisms (SNP) in the FOXP3

gene and autoimmune diseases.19,20 In the present
study, we examined the -2383 C/T gene
polymorphism (rs3761549) in the promoter region
of FOXP3 in women with breast cancer compared
to a control group of healthy women.

Subjects and Methods
Subjects

In this case-control study, we recruited 250
patients with breast cancer (cases) and 250 healthy
women (controls). Histopathological examination
of the excised sample during surgery confirmed
that individuals in the case group had breast
cancer. This study was approved by the ethics
committee of Shiraz University of Medical
Sciences and informed consents were obtained
from all participants before sample collection.
Data on clinicopathological characteristics of the
patients were obtained from their medical files
(Table 1).

DNA analysis
Genomic DNA was extracted from peripheral

whole blood by the proteinase K method.
Genotyping of rs3761549 SNPs in the FOXP3
gene was carried out by the polymerase chain
reaction-restriction fragment length polymorphism
(PCR-RFLP) method. The sequence of the primers
used for amplification of the target sequence was
as the ׳CTGAGACTTTGGGACCGTAG-3-׳5
forward primer and 5׳-TGCGCCGGGCTTCATC-
GACA-3׳ as the reverse primer.21 The PCR
thermal program was as follows: first denaturation
at 94ºC for 5 min, followed by 30 cycles at 94ºC
for 30 sec, 60.5ºC for 30 sec, and 72ºC for 30 sec,
with a final extension at 72ºC for 10 min. The PCR
products were run on 2% agarose gel to visualize
the initial bands. Then, 5 μL of PCR products were
added to 5 μL of the restriction enzymatic reaction
mixture that contained 0.5 μL-10 U/μL of BseNI
(BsrI; Fermentas, Lithuania), 1 μL of 10X PCR
buffer , and 3.5 μL of dH2O. The mixture was
incubated at 65ºC for 16 h. Finally, the enzyme-
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digested products were separated on 2.7% agarose
gel by electrophoresis and migrating DNA bands
were visualized under a UV transilluminator (Gel
Doc, Bio-Rad Laboratories Ltd., Hercules, CA,
USA). The resultant bands consisted of 2
fragments of 261 bp and 127 bp for the TT
genotype; 3 fragments of 184, 127, and 77 bp
for the CC genotype; and 4 fragments of 261,184,
127, and 77 bp for the CT genotype (Figure 1). 

Statistical analysis 
Deviation from Hardy-Weinberg equilibrium

was assessed by the χ2 test. This test was also used
to investigate the differences in genotype and
allele distribution between cases and controls.
P˂0.05 was considered significant. All statistical
analysis were performed using SPSS 16 for
Windows (SPSS GmbH Software, Germany). 

Results
Characteristics of the study participants

In this study, we assessed the genotypes of
250 women with breast cancer and 250 healthy
women from southern Iran for the FOXP3 gene
polymorphism at position C-2383T. Patients and
controls were matched in terms of age and sex.
Patients had an average age of 50.05±11.81 years
and the average age for the control group was
51.50±12.98 years. Distribution of genotypes and
controls did not deviate from the Hardy-Weinberg
equilibrium. 

As illustrated in table 2, the results showed that
in the case group the frequency of the C allele was
455 (91%) and for the T allele, it was 45 (9%). In
the control group, 468 (93.6%) had the C allele and
32 (6.4%) had the T allele. In the case group, the
number of individuals with the CC genotype was
206 (82.4%), whereas there were 43 (17.2%) with
the CT genotype, and one (0.4%) had the TT
genotype. There were 219 (87.6%) in the control
group who had the CC genotype, 30 (12%) had the
CT genotype, and one (0.4%) person had the TT
genotype. Statistical analysis revealed no
significant differences in the distribution of alleles
and genotypes between patients and controls
(P>0.05). 

There was no significant association between
genotype distribution and patients' clinicopatho-
logical factors of tumor type, tumor size, tumor
stage, lymph node involvement, calcification,
peritumoral vessel invasion, distant metastasis,
histological grade, nuclear grade, and tumor
necrosis (data not shown, P>0.05)

Discussion
Breast cancer is the most common cancer

among women. Investigations have suggested a
role for genetic factors in predisposing individuals
to breast cancer. Genetic factors related to
antitumor immunity have been among the top
candidates for genetic-disease association studies
in recent decades. In the present study, we
investigated a single nucleotide genetic variation
in the FOXP3 gene at position -2383 C/T
(rs3761549) in a population of women from
southern Iran diagnosed with breast cancer
compared to age-sex matched healthy controls.
Statistical analysis revealed no significant
associations between the inherited genotypes or
alleles and the risk of breast cancer. No significant
association was also found between genotype

Figure 1. Genotyping of the C-2383T polymorphism in the
promoter region of the FOXP3 gene in breast cancer patients by
using polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP). Left to right: PUC19 marker, CT
(261, 184, 127, and 77 bp), CC (184, 127, and 77 bp), and TT (261
and 127 bp).



Zahra Shiri et al.

Middle East J Cancer 2019; 10(4): 229-304302

distribution and patients’ clinicopathological
factors. 

Located in the promoter region of the FOXP3

gene, the C to T exchange at the -2383 position
is a potential candidate for the modification of
promoter activity, and has been reported to be
associated with different immune-related diseases.
Despite the potential of this SNP in the FOXP3

gene promoter region, and consistent with our

study, Jahan et al. did not find an association
between the rs3761549 polymorphism (-2383
C/T) and breast cancer in an Indian population.22

In the same study, no association was found
between another FOXP3 polymorphism,
rs3761548, and breast cancer.22 Jiang and Ruan
investigated both rs3761549 and rs3761548 SNPs
and did not find any association between the
investigated SNPs and the risk of breast cancer in

Table 1. Breast cancer patients’ characteristics
Clinicopathological features Total Statistics N (%)
Gender Female:  250 250 (100)
Tumor type IDC: 231 212 (84.8)

Other: 12 (4.8)  
No tumor: 7 (2.8)          
Unknown*: 19 (7.6)                    

Tumor size <2 cm: 195 80 (32)
≥2 to 5 cm: 98 (39.2)  
>5 cm: 17 (6.8)    
Unknown: 55 (22)

Stage I: 181 42 (16.8)
IIa: 53 (21.2)    
IIb: 28 (11.2)         
IIIa: 30 (12) 
IIIc: 27 (10.8)     
IV: 1 (0.4)            
Unknown: 69 (27.6)

Histological grade Well-differentiated: 163 45 (18)             
Moderately differentiated: 71 (28.4)                          
Poorly differentiated: 47 (18.8)            
Unknown: 87 (34.8)

Nuclear grade ell-differentiated: 61 W 19 (7.6)             
Moderately differentiated: 18 (7.2)                         
Poorly differentiated: 24 (9.6)          
Unknown: 189 (75.6)

Tumor necrosis Positive: 175 102 (40.8)      
Negative: 73 (29.2)       
Unknown: 75 (30)

Calcification Present: 188 71 (28.4)        
Absent: 117 (46.8)        
Unknown: 62 (24.8)

Peritumoral Positive: 152 100 (40)      
vessel invasion Negative: 52 (20.8)       

Unknown: 98 (39.2)
Axillary lymph Positive: 176 95 (38)      
node involvement Negative: 81 (32.4)       

Unknown: 74 (29.6)
Distant metastasis Negative: 181 180 (72)       
at the time of diagnosis Positive: 1 (0.4)       

Unknown: 69 (27.6)
*Known cases with breast cancer whose tumor type was not found in the medical records. IDC: Invasive ductal carcinoma
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a Chinese population.23 In the same study,
however, they showed a positive relation between
the 3761549 SNP and 3761548 SNP with two
other malignancies, hepatocellular carcinoma and
lung cancer.23 These findings, in concordance
with our study, collectively suggested that
3761549 SNP could not be considered a risk locus
for breast cancer. 

In another study, Raskin et al. did not show an
association between breast cancer in Jewish
women with the rs3761548, rs2294020, and
rs5906761 polymorphisms, the other SNPs of
FOXP3 gene.24 Although the findings of our study
did not verify an association between 3761549
SNP with breast cancer, later studies collectively
suggested that other SNPs in the FOXP3 gene
might be considered as breast cancer risk factors. 

The discrepancies in findings that pertained to
the rs3761549 SNP might also arise from the
differences in molecular pathology of the diseases.
Mojtahedi et al. reported an association between
rs3761549 SNP with colorectal cancer in a
population from southern Iran.21 Despite no
association between rs3761549 SNP with breast
cancer in a study by Jiang and Ruan, this group
reported an association between the rs3761549
SNP and increased risk of hepatocellular
carcinoma and lung cancer.23 Associations of
3761549 SNP with other non-malignant disorders
have been reported and include chronic hepatitis
B in a Chinese population,25 autoimmune thyroid
diseases (Graves and Hashimoto’s thyroiditis) in
a Japanese population,26 and endometriosis in a
population from Brazil.27

Breast cancer is a multifactorial disease and a
variety of genetic and environmental factors may
participate in its molecular pathology. Different

immune-related genes may have a role in the
incidence of this disease. Not all risk factors and
interactions between genes or between the
environment and genes involved in breast cancer
have been identified. Our data collectively
suggested a lack of any association between the
3761549 SNP in the FOXP3 gene with breast
cancer in a population from southern Iran. Other
SNPs in the FOXP3 gene might be considered as
breast cancer risk factors. This research area
would merit additional investigations. 
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