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Abstract

FOXP3, an X-linked tumor suppressor gene is down
regulated in many diseases including breast cancer.
The present case-control study was aimed to screen
five variants of the FOXP3 gene, rs3761548 C>A,
rs3761549 C>T, rs2232365 A>G, rs2232368 G>A,
and rs2294021 C>T in 281 breast cancer and 280
healthy women of Asian Indians. Genomic DNA was
isolated, genotyping was performed using PCR-
RFLP method and the data were subjected to suitable
statistics. Women with TT genotype of rs2294021
exhibited twofold increased risk towards breast
cancer (OR=2.36, 95% CIl 1.20-4.65, p=0.015)
whereas CT genotype associated with disease
progression (p=0.005) and CC with restricting tumor
growth (p=0.01). Furthermore, women with GA
genotype of rs2232368 (OR: 4.13; 95% CI: 2.56-
6.66; p<0.0001) and AG genotype of rs2232365 (OR:
1.56; 95% CI: 1.0-2.42; p=0.047) were predominant
in patients compared to controls. Strong linkage
disequilibrium was detected in few combinations of
SNPs involving rs3761548, rs2232365, rs2232368
and rs2294021 in healthy women. Haplotype blocks
harboring three or more wild type alleles (ACAGC
and CCGAC) had increased depiction in controls

(p<0.001). We conclude that, rs2294021, rs2232365
and rs2232368 of FOXP3 are allied with augmented
risk for breast cancer. In addition CT genotype of
rs2294021 implicated in the progression of disease,
signifying the role of skewed X inactivation in BC
pathogenesis. Investigations involving populations
from different geographical regions, X inactivation
and tissue expression studies are necessary to realize
the role of FOXP3 markers in disease development
and promotion which in turn would help in
impending therapeutic methods for cancers with
FOXP3 flaws.
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1. Introduction

Breast cancer (BC) is one of the world’s most
frequently diagnosed cancers, the second leading
cause of mortality in women and known to affect 1 in
26 in developing countries like India [1]. Genetic
mutations have been identified as one of the most
important factor contributing to BC, with BRCAL,
BRCA2, PTEN, CDH1 and TP53 high-penetrance
genes involved in DNA repair and response,
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contribute to 16-25% of genetic threat [2]. Further,
several other low-penetrant genetic variants in
combination with environmental factors were known
to contribute to increase in individual’s risk towards
BC [3]. Genes with the functions of immunological
surveillance play an important role in immune
responses that act by blocking or activating different
pathogenic pathways leading to cell proliferation and
malignancy. Lack of effective antitumor response has
been attributed to numerous escape mechanisms,
among which down regulation of immune responses
by regulatory T cells (Tregs) has attracted substantial
attention in the recent past [4].

FOXP3 (Forkhead Box Protein3), a transcription
factor is widely known for its role in the development
and function of CD4" CD25" Treg cells. Scurfy
mutation in the murine FOXP3 was shown to be
coupled with cellular infiltration of multiple organs,
elevated proinflammatory cytokine levels, and over
proliferative CD4'T cells [5]. A similar immune
disregulatory condition IPEX (Immunodysregulation,
polyendocrinopathy, enteropathy, X-linked
syndrome) was seen in humans carrying mutations in
the FOXP3 gene [6, 7]. This X-linked gene located
on Xpl1.23, exhibits duel role of being an immune
regulator and a tumor suppressor [8]. The onco-
suppressive  function of FOXP3 gene was
comprehended from the fact that female
heterozygous scurfy mice developed spontaneous
mammary carcinoma at a high rate [9].
Immunohistochemistry and microarray studies of Liu
et al (2009a) showed down regulation of FOXP3 in
cancer cells compared to normal breast epithelium
[10]. FOXP3 is directly presented to control
expression of oncogenes (ERBB2, SKP2) and tumor
suppressor genes (p21) by influencing their promoter
activity [9, 11].

Genetic variants of the FOXP3 gene are known to
alter FOXP3 function besides quantitative and
qualitative variation in CD4" CD25" Treg cells [12]
and have been demonstrated to be associated with
numerous diseases [13]. Our previous studies on
FOXP3 genetic variant rs3761548 have exposed an
association with immunological disorders such as
Pre-eclampsia and Vitiligo [14, 15] and BC
progression [16]. In the present study, for the first
time we aimed to screen a total of five selected
polymorphisms of the FOXP3 gene, present in the
promoter (rs3761548 C>A, rs3761549 C>T,
rs2232365 A>G) and the intronic region (rs2232368
G>A, rs2294021 C>T) for their association with BC
risk in Asian Indian women.
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2. Materials and Methodology

2.1 Sampling

Blood samples were collected from 281 BC patients
and 280 healthy women from the same ethnic group.
Patients were recruited from the oncology department
of the South Central Railway Hospital, and Soumya
Multi Specialty Hospital, Hyderabad, India. Approval
for the study was obtained from the Institutional
Ethics Committee for Biomedical Research, Osmania
University, Hyderabad, India in accordance with the
1964 Helsinki Declaration and its later amendments
or comparable ethical standards. Demographic and
clinical information such as age, age at onset (AAO),
tumor stage (T14), lymph node involvement (LNo:
absence of lymph node; LN;: presence of lymph
node), metastasis (My: non-metastatic; M;:
metastatic) and duration of disease (DOD) i.e time
gap between initial clinical symptoms to the time of
sample collection were elicited from a patient’s
medical record and through personal interview.
Blood samples and written consent were obtained
from all the subjects after making them understand
the reasons for the sampling.

2.2 Inclusion and Exclusion criteria

Patients with histologically confirmed breast cancer
were enrolled in the study. Women with other breast
diseases like abscess and fibroids were excluded from
the study. Age-matched healthy subjects with no
family history of cancers were selected as controls.

2.3 Genotyping

Two milliliters of peripheral blood were collected in
EDTA vacutainer and genomic DNA was isolated by
standard protocol [17]. Primers were designed (Table
1) and genotyping was carried out using PCR-RFLP
method in a total volume of the 20pl reaction mixture
including 2.5ul of 50-100ng DNA, 2.5ul Mgcl2,
1.25ul of Tag DNA polymerase and 1ul of each
primer, 2.5 pl dNTPs and 1ul PCR buffer. The PCR
conditions were, initial denaturation at 95°C for 5
min, followed by 30 cycles of final denaturation at
94°C for 30 s, annealing temperature ranging from
50.5°C - 61°C; initial extension at 72°C for 45s and
final extension at 72°C for 5 min. The PCR product
was digested with specific restriction endonucleases
(Table 1) and the banding pattern was visualized
upon 2% Agarose gel electrophoresis (Figure 1).
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Table 1: Primers, annealing temperature and a restriction enzyme used in the present study

SNP Region Primers Anneali | Type | Restricti | Band size (base | Reference
ng on pairs)
tempera Enzyme
ture
rs3761548 | Promoter | FP: 5> GACTTAACCAGACAGCGTAG 3’ 50.5°C | PCR- | Pstl CC: 373,190 Jahan et
C>A -3279 RP: 5’CTGGTGTGCCTTTGGTCT 3’ RFLP CA:563,373,190 | al., 2013
AA:563 [15]
rs3761549 | Promoter | FP: 5° - CTGAGACTTTGGGACCGTAG-3’ 56.5°C | PCR- | Bsrl CC:308, 80 Owen et
C>T -2383 RP: 5>-TGCGCCGGGCTTCATCGACA-3’ RFLP CT: 388, 308, 80 | al., 2006
TT: 388 [18]
rs2232365 | Promoter | FP:5’TTGGACAGGGAAAGAGGAGA3Z’ 53.5°C | PCR- | Pf1FI AA: 454 Mahabadi
A>G -924 RP:5’GAAGCTGGATCAGGAGCAGT3’ RFLP AG: 454, 316, et al. 2015
138 [19]
GG: 316, 138
rs2232368 | Intron1 | FP5-AGGGGTGTGAGAGGGAGACT-3’ 55°C PCR- | Hinill GG:210 Mahabadi
G>A -20 RP5-TACCTGCTGCTCCAGAGACT-3’ RFLP GA:210,143,67 | etal. 2015
AA:143,67 [19]
rs2294021 | Intron 13 | FP: 5>-CACACACAATCCATCCCAGTCACCC-3* | 61°C PCR- | Haelll CC: 216,106,87 | Han et al.,
C>T RP: 5’-ATCTCCATGCCCTAAGAAGGCCACC-3’ RFLP CT: (2010)
322,216,106,87 | [20]
TT: 322,87

rs3761548 rs3761549

rs2232368

rs2232365

rs2294021

Figure 1 Gel picture representing genotypes of FOX3 polymorphisms rs3761548, rs3761549,
rs2232365, rs2232368 and rs2294021in 2% agarose gel electrophoresis
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2.4 Statistical analysis

Data analysis was carried out by SPSS version 21
wherever required. A two-sided p-value of <0.05 was
considered statistically significant.  Descriptive
statistics was done to compute percentages. Graphpad
online software was used to calculate the mean and
standard deviation. Two-sided chi-squared test was
performed using quantpsy.org between BC patients
and control groups. The Hardy-Weinberg equilibrium
(HWE) was tested for SNPs using Court lab-HW
calculator. Odds ratio estimates for determining the
risk associated with the genotypes and haplotype
analysis were carried out by means of SNPStats
online software tool. Pairwise linkage disequilibrium
(LD) analysis was calculated using Haploview
software (version 4.2).
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3. Results

3.1 Clinical and demographic characteristics

A case control study in Asian Indian women,
including 280 controls and 281 BC patients was
carried out to evaluate the association between five
SNPs of FOXP3 gene and BC. Demographic and
clinical characteristics of BC patients and healthy
women are shown in Table 2. The age range at onset
of BC was 24-85 years with the majority of the
patients in >48 years (55.5%).

Table 2: Demographic and Clinical characteristics of breast cancer patients and healthy

Volunteers
Category Controls (280) Patients (281) p value
N (%), MeantSD | N (%), Mean+SD
1. Age at sample collection (years) 48+13.8 51+10.6 0.003*
a. <48 years 151 (54); 386 117 (42); 41+5.6 0.001*
b. >48 years 129 (46); 60.5+9 164 (58); 58+7 0.03*
2. Age at onset of BC (years) 50+10.6
a. <48 years -- 125 (44.5);4145.6 --
b. >48 years -- 156 (55.5);57.6+7.23
3. BC Stage
a. T -- 158(56) -
b. Taq4 -- 123(44)
4. Lymph node involvement
a. No -- 43(15) --
b. Yes -- 238(85)
5. Metastasis
a. MO -- 243(86) -
b. M1 -- 38(14)
6. Duration of Disease (DOD)
a. <6 months -- 151(54) --
b. >6 months -- 130(46)

3.2 Allele and Genotype distribution for all the SNPs studied. The distributions of the

genotypes in both patients and controls were not in
accordance with Hardy Weinberg equilibrium
(p<0.05) this could be owing to excess of
heterozygotes that are observed the present study,
which may indicate the presence of over-dominant

selection.

The genotype and allele frequencies of rs3761548
C>A, rs3761549 C>T, rs2232365 A>G, rs2232368
G>A, and rs2294021 C>T in BC patients and healthy
controls are summarized in Table 3. The estimates of
relative risk of disease were adjusted for age
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Table 3: Genotype and allelic distribution for five polymorphisms of FOXP3 gene in the study group

SNP Genotype and allele Yates’ Group comparison OR (95% CI) p value
Distribution % value (p
Controls Patients (281); | value)
(280); N (%) | N (%)
rs3761548
Genotype
CC 39 (14) 26 (9) 2.54 (0.28) | CCvs. CA+AA 0.63(0.37-1.06) | 0.08
CA 210 (75) 220 (78) CA vs. CC+AA 1.20(0.81-1.78) | 0.37
AA 31(11) 35 (13) AA vs. CC+CA 1.14 (0.68-1.91) | 0.69
Allele
C 288 (51) 272 (48) Cvs. A 0.88 (0.70-1.12) | 0.31
A 272 (49) 290 (52) Avs. C 1.13(0.89-1.43) | 0.31
rs3761549
Genotype
CcC 4(1) 2(1) 0.17 (0.68) | CCvs. CT 0.49 (0.09-2.72) | 0.45
CT 276 (99) 279 (99) CTvs.CC 2.02(0.37-11.1) | 0.45
Allele
C 284 (51) 283 (50) Cvs. T 0.98 (0.78-1.24) | 0.9
T 276 (49) 279 (50) Tvs. C 1.01 (0.80-1.28) | 0.9
rs2232365
Genotype
AA 57 (20) 39 (14) 3.96 (0.14) | AAvs. AG+GG 0.63(0.40-0.98) | 0.04*
AG 221(79) 240 (85) AG vs. AA+GG 1.56 (1.0-2.42) 0.047*
GG 2(1) 2(1) GG vs. AA+AG 0.99(0.14-7.12) |1
Allele
A 335 (60) 318 (57) Avs. G 0.87 (0.69-1.11) | 0.27
G 225 (40) 244 (43) Gvs. A 1.14 (0.90-1.45) | 0.27
rs2232368
Genotype
GG 63 (23) 21 (7) 35.03 (2e- | GG vs. GA+AA 0.28 (0.16-0.47) | 4.76e"
GA 197 (70) 255 (91) 8) GA vs. GG+AA 4.13 (2.56-6.66) | 6.62e™""
AA 20 (7) 5(2) AA vs. GA+GG 0.23(0.09-0.64) | 0.002*
Allele
G 323 (58) 297 (53) Gvs. A 0.82 (0.65-1.04) | 0.1
A 237 (42) 265 (47) Avs. G 1.22 (0.96-1.54) | 0.1
rs2294021
Genotype
CC 59 (21) 48 (17) 6.31 CCvs. CT+TT 0.77 (0.50-1.18) | 0.24
CT 208 (74) 204 (73) (0.04) CTvs.CC+TT 0.91(0.63-1.33) | 0.70
TT 13 (5) 29 (10) TT vs. CC+CT 2.36 (1.20-4.65) | 0.015*
Allele
C 326 (58) 300 (53) Cvs. T 0.82 (0.65-1.04) | 0.1
T 234 (42) 262 (47) Tvs. C 1.22 (0.96-1.54) | 0.1

Adjusted (for age) OR and 95% ClI
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3.3 rs3761548 C>A polymorphism

The genotype frequencies of CC, CA, AA was found
to be 14%, 75%, 11% and 9%, 78%, 13%
respectively in controls and patients (Table 3). The
genotype and allele frequencies did not differ
significantly between the two groups (p>0.05).

Further analysis was executed to determine the
relationship between rs3761548 C>A polymorphism
with demographic and clinical variables such as, age,
age at onset (AAO), tumor stage, lymph node
involvement, metastasis and duration of disease with
tumor stage. Analysis revealed a lack of association
with any of the studied variables (p>0.05). (Data not
shown)

3.4 rs3761549 C>T polymorphism

The frequencies of CC, CT, TT genotypes were
similar both in BC cases and controls (1%, 99%, and
0%) and there was a complete absence of mutant
homozygous genotype (TT) in our study (Table 3).
None of the demographic and clinical variables were
shown to be influenced by this polymorphism. (Data
not shown)

3.5 rs2232365 A>G polymorphism

The distributions of AA, AG, GG genotypes were
20%, 79%, 1% in controls and 14%, 85%, 1% in
cases which did not vary significantly between
patients and controls (p>0.05). However, AG
genotype was considerably elevated in patients
compared to controls (OR: 1.56; 95% CI: 1.0-2.42;
p=0.047) and wild type AA was more in controls
(OR: 0.63; 95% CI: 0.40-0.98; p=0.04). Further, no
effect of this polymorphism was observed with
demographic and clinical variables. (Data not
shown)

3.6 rs2232368 G>A polymorphism

The percentage genotype distribution in healthy
women and BC patients were 23, 70, 7 and 7, 91, 2
for GG, GA, AA genotypes correspondingly
(x*=37.4, p=1e®). Women with GA genotype were
predominant in patients (OR: 4.13; 95% CI: 2.56-
6.66; p=6.62¢™°) and GG (OR: 0.28; 95% CI: 0.16-
0.47; p=4.76e”") and AA (OR: 0.23; 95% CI: 0.09-
0.64; p=0.002) in controls. A similar trend was seen
with respect to the genotypes between the patients
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and controls of >48 years of age. Additionally,
patients with GA genotype (OR: 3.53; 95% ClI: 1.84-
6.79; p=0.00007) were more in <48 years of age
group than in controls (Table 4). No association was
observed between AAO and clinical parameters with
this polymorphism. (Data not shown)

3.7 152294021 C>T polymorphism

The genotype distribution of CC, CT, TT in healthy
controls and BC patients were 21%, 74%, 5% and
17%, 73%, 10% respectively (x?=9.42, p<0.05).
Individuals with TT genotype were significantly
more in patients compared to controls (OR=2.36,
95% CI 1.20-4.65, p=0.015) (Table 3).

Further analysis on demographic data has shown that
TT genotype was considerably more in >48 years
patients compared to controls of the same age group
(OR: 3.05, 95% CI 1.10-8.47, p=0.03) (Table 4). A
significant difference was observed between early
(T1») and advanced tumor stage (Ts.4) with respect to
the genotypes. The frequency of CC genotype was
higher in early tumor stage (OR: 0.3; 95% CI: 0.14-
0.61; p=0.0007) whereas, CT genotype in advanced
tumor stage (OR: 5.3; 95% CI. 0.2.61-10.62;
p=4.57e¢”). Metastatic cases presented augmented
frequency of the CT genotype in relation to non-
metastatic cases (OR: 3.4; 95% CI. 1.16-9.94;
p=0.026) and CC genotype was significantly elevated
in lymph node negative cases compared to lymph
node positive cases (OR: 0.46; 95% CI: 0.22-0.97;
p=0.04) (Table 5). In addition to the above analysis,
the tumor stage was scrutinized with duration of
disease (DOD) to understand the genotype dependent
progression of the disease. The range of the DOD
was 1 month to 10 years, with the comparatively
more number of patients under less than 6 months of
DOD, therefore, we categorized them into DOD
<6months and DOD >6months. The results showed
that CT individuals progressed to an advanced stage,
irrespective of the DOD [<6 months: T, VS. Tay,
OR: 3.30; 95% CI: 1.40-7.78; p=0.005 and >6
months, OR: 2.5; 95% CI: 1.07-5.83; p=0.036)]
whereas CC genotype appears to delay the spread of
the disease in <6 months of disease duration [DOD
<6 (OR: 0.29; 95% CI: 0.10-0.79; p=0.01)] (Table
5).
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3.8 Linkage Disequilibrium (LD) Analysis
using Haploview

LD is the non-random association of alleles at two or
more loci and the measure of LD is D’ (LD
coefficient). =~ The D’ is 1 in the absence of
recombination, which determines the strength of LD.
Table 6 shows the D’ values between 10 SNP
combinations obtained from five polymorphisms
studied in normal healthy controls and BC cases.
Based on the D' values obtained in the present study,
it may be specified that, rs2294021 and rs2232365
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(0.72 vs. 0.54), rs376158 and rs2232365 (0.76 vs.
0.62), rs2232368 and rs2232365 (0.92 vs. 0.67)
combinations showed the higher D’ value in controls
in relation to patients.

3.9 Haplotype analysis

Haplotype analysis (Table 7) revealed that frequency
of ACAGC and CCGAC haplotypes were
significantly lower in patients than in controls
(OR=0.46, 95% CI 0.27-0.80, p<0.001 and OR=0.12,

95% Cl 0.03-0.55, p<0.001).

Table 4: Genotype and allelic distribution of age group <48 years and >48 years in rs2232368 G>A and rs2294021 C>T

polymorphisms

SNP Genotype and allele Y ates’ Group OR (95% CI) p value
Distribution ¥’ value (p comparison
Controls Patients value)
rs2232368 Genotype Genotype
<48 years | GG: 36 (24) GG: 10 (9) 13.51 GG vs. GA+AA 0.37 (0.12-1.18) | 0.13
GA: 102 (67) | GA: 103 (88) (0.0012) GA vs. GG+AA 3.53(1.84-6.79) | 0.00007*
AA: 13 (9) AA: 4 (3) AA vs. GA+GG 0.37 (0.12-1.18) | 0.12
Allele Allele
G: 174 (58) G: 123 (53) Gvs. A 0.81 (0.58-1.15) | 0.24
A: 128 (42) A: 111 (47) Avs. G 1.22 (0.87-1.73) | 0.24
rs2232368 Genotype Genotype
>48 years | GG: 27 (21) GG:11 (7) 17.57 GG vs. GA+AA 0.27 (0.13-0.57) | 0.0003*
GA: 95 (74) GA:152 (91) (0.0001) GA vs. GG+AA 4.53 (2.24-9.18) | 0.00000*
AA: 7 (5) AA:1 (2) AA vs. GA+GG 0.11 (0.01-0.88) | 0.02*
Allele Allele
G:149 (58) G: 174 (53) Gvs. A 0.83 (0.59-1.15) | 0.27
A: 109 (42) A: 154 (47) Avs. G 1.21(0.87-1.68) | 0.27
rs2294021 Genotype Genotype
>48 years | CC:30(23) CC:31(19) 4.28 (0.12) CCvs. CT+TT 0.77 (0.43-1.35) | 0.38
CT: 94 (73) CT: 115 (70) CT vs. CC+TT 0.87 (0.52-1.45) | 0.69
TT:5(4) TT: 18 (11) TT vs. CC+CT 3.05(1.10-8.47) | 0.028*
Allele Allele
C: 154 (60) C: 177 (54) Cvs. T 0.79 (0.57-1.10) | 0.18
T: 104 (40) T: 151 (46) Tvs.C 1.26 (0.90-1.76) | 0.18
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Table 5: Genotype and allelic distribution of rs2294021 C>T polymorphism of Foxp3 gene with respect to clinical parameters

Genotype Distribution Yzates Group OR (95% CI) p value
val mparison
A; N (%) B: N (%) ﬁalui)“e (P | compariso
T, (160) Genotype Genotype
BT4,4 (121) CC: 38 (24) CC:10 (8.3 13.77 (0.001) | CCvs. CT+TT 0.3(0.14-0.61) | 0.0007*
CT: 102 (64) CT: 102 (84.3) CT vs. CC+TT 3.05 (1.69-5.48) | 0.0001*
TT: 20 (12) TT:9(7.4) TT vs. CC+CT 0.56 (0.25-1.28 | 0.23
Allele Allele
C: 178 (56) C: 122 (50) Cvs. T 0.81 (8-1.13) 0.23
T: 142 (44) T: 120 (50) Tvs. C 1.23(0.88-1.72) | 0.23
ALN, (43) Genotype Genotype
BLN; (238) CC: 12 (28) CC: 36 (15) 3.61(0.16) CCvs. CT+TT 0.46 (0.22-0.97) | 0.04*
CT: 26 (60) CT: 178 (75) CT vs. CC+TT 1.94 (0.98-3.82) | 0.06
TT:5(12) TT: 24 (10) TT vs. CC+CT 0.85 (0.31-2.37) | 0.78
Allele Allele
C: 50 (58) C: 250 (53) Cvs. T 0.79 (0.50-1.27) | 0.35
T: 36 (42) T: 226 (47) Tvs. C 1.25(0.78-1.99) | 0.35
"M, (245) Genotype Genotype
BM; (36) CC: 45 (19) CC:3(8) 4.08 (0.13) CCvs. CT+TT 0.40 (0.12-1.37) | 0.16
CT: 172 (70) CT: 32(89) CT vs. CC+TT 3.4 (1.16-9.94) | 0.026*
TT: 28 (11) TT:1(3) TT vs. CC+CT 0.22 (0.03-1.68) | 0.14
Allele Allele
C: 262 (53) C: 38 (53) Cvs. T 0.85(0.52-1.40) | 0.61
T: 200 (47) T: 34 (47) Tvs. C 1.17 (0.71-1.93) | 0.61
DOD <6M Genotype Genotype
AT, (102) CC: 29 (28) CC: 5 (10) 6.68 (0.03) CCvs. CT+TT 0.29 (0.10-0.79) | 0.01*
T34 (49) CT: 62 (61) CT: 41 (84) CT vs. CC+TT 3.30(1.40-7.78) | 0.005*
TT: 11 (11) TT: 3(6) TT vs. CC+CT 0.54 (0.14-2.03) | 0.39
Allele Allele
C: 120 (59) C: 51 (52) Cvs. T 0.76 (0.47-1.23) | 0.32
T: 84 (41) T: 47 (48) Tvs. C 1.31(0.81-2.13) | 0.32
DOD >6M Genotype Genotype
AT12 (58) CC:9(15.5) CC: 6 (8) 3.18 CCvs. CT+TT 0.49 (0.16-1.48) | 0.27
B34 (72) CT: 40 (69) CT: 61 (85) 0.2) CT vs. CC+TT 2.5(1.07-5.83) | 0.036*
TT: 9 (15.5) TT:5(7) TT vs. CC+CT 0.15(0.13-1.29) | 0.15
Allele Allele
C: 58 (50) C: 73 (51) Cvs. T 1.03 (0.63-1.68) | 1
T: 58 (50) T: 71 (49) Tvs. C 0.97 (0.59-1.58) | 1
Adjusted (for age) OR and 95% ClI
A: Non-risk group, B: Risk group

4. Discussion

FOXP3 is an X-linked tumor suppressor gene in BC
that plays a dual role in both tumor initiation and
progression [9]. In tumor tissues, FOXP3 functions as
a tumor suppressor and in the immune system, aids
tumor evasion. This suggests that a functional
balance for the FOXP3 gene exists between different
tissues and immune system, and when this balance is
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disturbed, it is likely to contribute to tumorigenesis
and metastasis. As FOXP3 is located on the X
chromosome (Xpll) a genetic/epigenetic single-hit
results in inactivation of this gene and a complete
loss of activity in males [21]. Fundamentally, almost
all tumor suppressor genes are autosomal, however,
evidence concerning abnormalities in the X
chromosome, including LOH, skewed inactivation,
and selective loss, have been reported in BC [21-25].
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Genome-wide analysis of FOXP3" Treg cells
indicated that FOXP3 can bind to about 700 genes
and several miRNAs [26]. Studies have demonstrated
that, as a transcriptional factor, FOXP3 inhibits tumor
cell growth by both repressing the oncogenes Erbb2,
Skp2, cMyc [9, 11, 27] and inducing the tumor
suppressor gene p21 [10]. Based on the above facts,
we have investigated the potential influence of five
genetic polymorphisms  (rs3761548, rs3761549,
rs2232365, rs2232368 and rs2294021) of the FOXP3
gene in BC susceptibility and progression in an Asian
Indian population.

Of the five SNPs investigated three SNPs rs2294021,
rs2232365 andrs2232368 showed an association with
the BC risk.

rs2294021 has been explored by many researchers in
diverse autoimmune disorders and cancers with
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mixed results [18, 28, 29]. We observed that the TT
genotype of this polymorphism imparted a twofold
increased risk towards BC compared to other
genotypes. Our result is supported by Zhang et al.,
(2013) who reported that the FOXP3 rs2294021 C
allele enhanced FOXP3 promoter transcription
activity, resulting in elevation of its expression level,
which in turn increased the number of Tregs and
inhibited T-cell proliferation. Conversely, in breast
tissue, C allele enhanced FOXP3 expression could
suppress the BC oncogenes such as HER2 and SKP2
[30]. Further, CT genotype was shown to be
associated with BC risk in Han Chinese population
and suggested the probable role of skewed X-
chromosome inactivation [20, 30].

Table 6: Linkage disequilibrium and D'values in controls and patients

Sl. No SNP combination D’ values in controls D’ values in Patients
1 rs2294021 and rs3761549 0.72* 0.85*
2 rs2294021 and rs3761548 0.47 0.47
3 rs2294021 and rs2232368 0.65 0.75*
4 rs2294021 and rs2232365 0.72* 0.54
5 rs3761549 and rs3761548 0.77* 0.70*
6 rs3761549 and rs2232368 0.96* 0.97*
7 rs3761549 and rs2232365 0.98* 0.78*
8 rs3761548 and rs2232368 0.69 0.71*
9 rs3761548 and rs2232365 0.76* 0.62
10 rs2232368 and rs2232365 0.92* 0.67
*=strong LD

rs2232368 is another intronic SNP, where the GA
genotype has shown a fourfold elevated risk toward
BC, while the GG and AA genotypes conferred
protection against BC. Insilico analysis of rs2232368
revealed that it harbors a cryptic splice site. Further
characterization of this SNP will help in
understanding its role in BC as there are no
functional studies carried out so far for this
polymorphism. Though there are reports available on
the association of this SNP with other disorders [19,
31] ours is the first study to explore the association of
this SNP in BC.

The promoter SNP rs2232365 (AG genotype)
showed a 1.56 fold increased risk towards BC
susceptibility whereas the AA genotype had a sway
in protecting the women from developing the disease.
A putative DNA binding site for transcription factor
GATA-3 (GATA binding protein-3) exists for
rs2232365, would help in the maintenance of
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Th1/Th2 cytokine profile depending on the mRNA
expression of GATA-3 [32]. The polymorphism in
this marker may perhaps alter gene expression by
shifting the binding of the transcription factor and
eventually leading to FOXP3 mRNA instability [13].
Diverse studies dealing with this SNP had given
varied results [18, 19, 28, 29, 33-38]. Nonetheless,
the current study is the first one to report the link
between rs2232365 and BC predisposition in Asian
Indians.

rs3761548 and rs3761549 are the most extensively
studied SNPs of FOXP3 in various human diseases
[14, 15, 19, 28, 29, 31, 33, 34, 36-43]. In the present
study rs3761548 and rs3761549 polymorphisms
showed lack of association individually with BC.
These two SNPs was dealt with us previously as a
preliminary study with small sample size that showed
no association [16] and the results remained the same
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even after the extended sample size as shown in the
table 4. On the contrary, AA genotype of rs3761548
has been shown to be positively associated with the
risk of BC in Brazilian and Iragi population [44, 45].
The meta-analysis by Jiang et al (2014) reported a
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lack of association of FOXP3 rs3761548 (C>A) and
rs3761549 (C>T) polymorphisms with the breast
cancer risk in Asian population [46]. The discrepancy
and similarity in the results could be due to sample
size and ethnicity variation among the studies.

Table 7: Haplotype analysis of five polymorphisms of FOXP3 gene in the present study

S.No rs3761 | rs3761 | rs22323 | rs2232 | rs2294 | Freque | Contr | Patien | OR (95% CI) p
548 549 65 368 021 ncy ols ts value
1 A C G G C 0.33 0.0014 | 0.35 1.00
2 C T A A T 0.27 0.0024 | 0.31 1.38 (0.43-4.41) 0.59
3 C T A A C 0.08 0.06 0.09 1.14 (0.33-3.96) 0.84
4 A C A G C 0.07 0.086 | 0.046 | 0.46(0.27-0.80) | 0.006*
5 C T A G T 0.06 NA 0.031 | 0.34(0.09-1.23) | 0.1
6 A T A A T 0.05 NA 0.053 | 1.06(0.29-3.88) | 0.92
7 A C G G T 0.03 NA 0.038 | 1.59(0.65-3.87) | 0.31
8 C C G G C 0.026 NA 0.038 | 0.74(0.30-1.85) | 0.53
9 C C G A C 0.02 NA 0.0046 | 0.12 (0.03 - 0.55) | 0.007*
10 C T A G C 0.01 0.02 NA 0.00 (-Inf - Inf) 1
Rare * * * * * 0.0538 1.08 (0.49 - 2.37) | 0.86
Adjusted (for age) OR and 95% ClI
Global haplotype association p-value: <0.0001
In the context of progression of the disease, of the inducing antiapoptotic factors like BCL2 and

five SNPs studied, rs2294021 not only showed an
association with the susceptibility towards BC, but
also in the progression of the disease. A fivefold
increased risk of progression was shown by the CT
genotype, whereas the CC genotype was found to
restrict tumor growth. Somatic inactivation of the
normal allele in the tumor tissue due to X-
chromosomal inactivation could be one of the
explanations for our observation as suggested by Liu
et al (2015) [47]. Medema et al (2007) reported that
in female carriers of a mutant FOXP3 allele, skewing
(skewed X chromosome inactivation) selects for
expression of the mutant allele during tumorigenesis
in breast epithelial cells to promote BC [48]. Though,
the biological function and significance of FOXP3 in
BC progression remains unclear, clinically nuclear
FOXP3 expression is inversely correlated with BC
progression. FOXP3 significantly inhibits adhesion,
invasion and metastatic process of BC cells by
suppressing CD44, activation of which persuades cell
motility, stimulation of cell survival responses, and
promotion of cell adhesion [49-50]. In addition, Liu
et al (2015) through chromatin immunoprecipitation
(CHIP) sequencing identified that FOXP3 induced
miR146 a/b prevent tumor cell proliferation and
enhance apoptosis by inhibiting NFxB activation,
which can inhibit apoptosis in cancer cells by
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BCL2L1, leading to tumor suppression in breast
cancer cells. Thus the tumor suppressor function of
FOXP3 is linked with NFkB inactivation through
miR-146a/b [51]. The association of high producing
CC genotype of rs2294021 FOXP3 polymorphism in
our present study with restricted progression of tumor
compared to CT and TT genotypes could be
elucidated based on the above explanation.

Estrogens influence the expression of FOXP3 gene
[52], a known risk factor for BC [53]. In our study,
we detected that women in >48 years of age group
with variant TT genotype (rs2294021) showed an
increased risk of BC when compared to their normal
counterparts. The plausible explanation for this could
be the interaction between the polymorphism (T
allele of rs2294021 is associated with loss of tumor
repressor activity) and the estrogen levels (the
postmenopausal condition is known to have lower
estrogen levels). Tai et al (2008) experimental results
of enhanced expression of FOXP3 in mouse model
that was injected with E2 indirectly supports the
present observation [54].

Furthermore, a strong LD existed among most of the
SNP combinations in the studied population.
However, the combination of rs2294021 and
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rs2232365 (D' value: 0.72 vs. 0.54), rs3761548 and
rs2232365 (D' value: 0.76 vs. 0.62), rs2232368 and
rs2232365 (D’ value: 0.92 vs. 0.67) appear to have a
greater protective role against BC in Asian Indians.
In addition, we noted a significant association of two
haplotypes (ACAGC and CCGAC) that harbored at
least three or more wildtype alleles of the five SNPs
with healthy controls, indicating their role in
conferring protection against BC. Similar studies
considering diverse geographical areas need to be
carried out to understand the protective and
predisposing role of these SNPs in BC.

5. Conclusion

Foxp3 rs2294021, rs2232365 and rs2232368 SNPs
appear to be meaningfully associated with increased
risk for BC. The TT genotype of rs2294021 was
inclined towards the genetic predisposition to BC,
whereas the CT genotype was shown to be involved
in the progression, and CC in restricting the tumor
growth. The involvement of two different genotypes
in the susceptibility (TT) and progression (CT) may
propose that, the T allele of rs2294021 which is
associated with down regulation of FOXP3 in
homozygous condition, might be involved in the
initial stages of BC, whereas inactivation of the C
allele in tumors with heterozygous genotype, may
help in the spread, through up regulation of
oncogenes and adhesion molecules at the time of the
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