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ARTICLE INFO ABSTRACT
Ar.tic.'le ype: Objective(s): FOXP3 gene is an X-linked gene that encodes FOXP3 protein, an essential
Original article transcription factor in CD4+CD25+FOXP3+ regulatory T (Treg) cells. We aimed, in the present

study, to investigate the association of two FOXP3 polymorphisms, -2383 C/T (rs3761549) and
IVS9+459 T/C (rs2280883), with lung cancer.

Materials and Methods: In a case-control study we analyzed genotypes and alleles frequencies at
-2383 C/T and 1VS9+459 T/C positions in 156 patients with lung cancer and 156 age and sex
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matched healthy controls in Southern Iranian population, using polymerase chain reaction-

Keywords: restriction fragment length polymorphism (PCR-RFLP) methods. The data were verified by direct
FOXP3 gene automated DNA sequencing.

Gene polymorphism Results: The frequency of -2383 T allele was significantly higher in the patients than in the control
Lung cancer group (11.8% versus 5.9%, P-value=0.04, OR=2.13, 95%CI=1.04-4.54). T allele frequency at
PCR-RFLP IVS9+459 T/C position was higher, compared to the controls, in the patients who presented the

disease over 55 years old (69.9% versus 59.1%, P-value=0.04, OR=1.61, 95%CI=1.01-2.55) and
also in SCLC patients (77.8% versus 59.1%, P-value=0.03, OR=2.42, 95%CI=1.05-5.59). No
significant differences were found in the genotypes and haplotypes distributions between the
cases and controls. A high degree of linkage disequilibrium was observed between two
polymorphisms.

Conclusion: As the first study dealing with -2383 C/T and IVS9+459 T/C in lung cancer, our data
conclusively suggest the association of -2383 T allele with susceptibility to lung cancer in Iranian
population. The association of IVS9+459 T allele with susceptibility to lung cancer in old patients
suggests the age-dependent effects of FOXP3 gene on cancer occurrence.

W Please cite this paper as:
Fazelzadeh Haghighi M, Ghayumi MA, Behzadnia F, Erfani N. Investigation of FOXP3 genetic variations at positions -2383 C/T and 1VS9+459
T/C in Southern Iranian patients with lung carcinoma. Iran ] Basic Med Sci 2015; 18:465-471.

Introduction Moreover, the role of FOXP3 as a tumor
Lung cancer is one of the most fatal malignant suppressor gene has been documented (10, 11) and
disorders all over the world and most patients are the mutations of this gene has already been reported
diagnosed at late clinical stages (1). Forkhead box P3 in cancer patients (12-14).
(FOXP3) gene (Gene ID: 50943, Xp11.23) is an X- Regarding the above mentioned dual role of
linked gene that encodes FOXP3 protein, an essential ~ FOXP3, investigation of probable association of
transcription factor in CD4+CD25+FOXP3 regulatory FOXP3 gene polymorphisms in cancers may shed
T (Treg) cells (2, 3). Treg cells play an important role light on the molecular pathogenesis of cancer and
in the down-regulation of chronic inflammation, open new windows to screening of susceptible
hindering of autoimmune reactions, and main- individuals. To date, few studies, have investigated
tenance of peripheral immunological tolerance (4,5). ~ FOXP3 gene polymorphisms in cancer patients

Suppressing immune responses by FOXP3+Treg cells (15-19). In the present study we have investigated
may contribute to tumorigenesis. Upregulation of  the association between two single nucleotide
CD4+CD25+Treg cells expressing FOXP3 in tumor  Polymorphisms (SNPs) of FOXP3 gene, a promoter
tissues has been reported repeatedly (6-9). SNP; -2383 C/T (rs3761549) and an intronic SNP;
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IVS9+459 T/C (rs2280883) with susceptibility to
lung cancer in a population from the South of Iran.

Material and Methods

In a case-control study, 156 patients with lung
cancer and 156 age and sex matched healthy controls
without any history of cancer and autoimmune diseases
in their first-degree relatives were enrolled. The study
was approved by the Ethic Committee of Shiraz
University of Medical Sciences. Informed consent was
obtained from all participants before sample collection.
126 male and 30 female individuals were included in
both groups. The mean age of male patients, male

controls, female patients, and female controls
were respectively 63.70+11.250, 62.75+10.246,
63.77+11.796, and 64.10£11.681. After taking

informed consent from the participants, venous blood
sample was collected and genomic DNA was extracted
from peripheral blood leukocytes using salting out
method (20). Afterwards, the individuals’ genotypes at
both positions were determined using PCR-RFLP
methods, followed by the band detection on GelRed
stained (Biotium, USA) 3% agarose gel (Invitrogen, UK)
after electrophoresis.

The specific primer sequences used for the
amplification of a 388 bp fragment of FOXP3 gene
including promoter SNP -2383 C/T is followed (21):
Forward Primer: 5'-CTG AGA CTT TGG GAC CGT AG-3',
Reverse Primer: 5'-TGC GCC GGG CTT CAT CGA CA-3'
(Takapouzist, Iran). Annealing temperature of PCR
thermal program was 60 °C and the PCR thermal
program was repeated for 30 cycles. The products
underwent digestion, for 16 hr at 65 °C, with Bsrl
(BseNI) restriction enzyme (NEB, England). This
enzyme, independent of -2383 C/T polymorphism, had
a cutting site on 388 bp PCR product and cut it into two
127 and 261 bp fragments. In the condition that C
nucleotide was present at -2383 position, another
cutting site would be generated and 261 bp fragment
would be further fragmented into two 184 and 77 bp
fragments. Figure 1 illustrates the PCR-RFLP results for
-2383 C/T (rs3761549) polymorphism.

Following primers were designed and used to
amplify a 373 bp fragment around intronic IVS9+459
T/C SNP in FOXP3 gene: forward primer: 5'-ACC ACC
ATC CAG GCCAGA GCA-3', reverse primer: 5-GTT AGG
TGT GGC GCT AGG ATG AAG G-3' (Takapouzist, Iran).
PCR thermal program was repeated 30 cycles with the
annealing temperature of 71 °C. The products were
then incubated with the restriction enzyme Taal
(HPYCHA4III) (Fermentas, Lithuania) for 16 hr at 65 °C.
In the condition that C nucleotide was present at the
polymorphic site this enzyme would cut 373 bp PCR
product into two 120 and 253 fragments. If T
nucleotide was present, PCR product would remain
intact. Figure 2 illustrates PCR-RFLP results for
IVS9+459 T/C (rs2280883) polymorphism. RFLP

results were confirmed by direct automated
sequencing of PCR products using BigDye terminator
chemistry kit (ABI, USA) and 310 genetic analyzer (AB],
USA). Figures 3 and 4 illustrate the electropherograms
of two heterozygous individuals for both positions.

Before statistical analysis, the genotype frequencies
were tested for the Hardy-Weinberg equilibrium. SPSS
software package (version 18; SPSS Inc, Chicago, IL,
USA) was used for analyzing the collected data. Chi-
square (X2) statistical test was applied to compare the
genotype, allele, and haplotype frequencies between
the patients and controls. P-values less than 0.05 were
considered statistically significant. All analyses were
performed separately for males and females as FOXP3
is an X-linked gene.

The haplotypes was deducted and analyzed using
Haploview  software  package (available at:
http://www.broad.mit.edu/mpg/haploview/).
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Figure 1. Genotyping of -2383 C/T in FOXP3 gene using
polymerase chain  reaction-restriction fragment length
polymorphism technique with Bsrl (BseNI) enzyme, followed by
the band detection on gel red-stained 3% agarose gel after
electrophoresis. 1: pUC19 marker, 2: CC in females and C in males
(184, 127, and77 bp), 3: CT (just in females) (261, 184, 127, and
77 bp), 4: TT in females and T in males (261 and 127 bp)
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Figure 2. Genotyping of 1VS9+459 T/C in FOXP3 gene using
polymerase  chain  reaction-restriction  fragment length
polymorphism technique with Taal (HPYCH4III) enzyme, followed
by the band detection on gel red-stained 3% agarose gel after
electrophoresis. 1: pUC19 marker, 2: TT in females and T in males
(373 bp), 3: CT (just in females) (373,253, and 120 bp), 4: CC in
females and C in males (253 and 120 bp)
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Figure 3. Verifying the heterozygote genotype at position -2383
C/T in FOXP3 gene (rs3761549) by direct automated DNA
sequencing using BigDye terminator chemistry kit and 310 genetic
analyzer; the heterozygote peak is pointed by arrow
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Figure 4. Verifying the heterozygote genotype at position
IVS9+459 T/C in FOXP3 gene (rs2280883) by direct automated
DNA sequencing using BigDye terminator chemistry kit and 310
genetic analyzer; the heterozygote peak is pointed by arrow

Results

One hundred fifty six patients with lung cancer and
156 age and sex matched controls comprises our study
populations. The tumor type in 80.9% of the patients
with known tumor type was non-small cell lung cancer
(NSCLC) and in 19.1% was small cell lung cancer
(SCLC). The tumor type in 4 individuals was not
mentioned in their records although they were known
cases of lung cancer. Analysis indicated the frequencies
of investigated genotypes to be in the Hardy-Weinberg
equilibrium. The frequencies of genotypes and alleles
corresponding to two FOXP3 SNPs for male and female

Iran J Basic Med Sci, Vol. 18, No. 5, May 2015

lung cancer patients and the control groups are
illustrated in Table 1. Having two types of lung cancer
in our study population (SCLC and NSCLC) and
considering the likely age-dependent effect of FOXP3
gene, we also looked at the differences in genotypes and
alleles frequencies separately in different tumor types
and age groups. Table 1 presents the corresponding
data for NSCLC/SCLC patients and for the patients over
and under the age of 55 (=55 y/o and <55 y/o0).

As illustrated in the Table 1, -2383 C/T (rs3761549)
genotype frequencies in male patients were (110 C and
16 T) and in male controls were (118 C and 8 T). The
figures for female patients and female controls were
(25 CC, 4 CT, and 1 TT) and (27 CC and 3 CT),
respectively. Statistical analysis indicated that the
frequencies of the genotypes and alleles at this position
were not significantly different between the patients
and controls neither in the male (P-value=0.09,
identical for genotypes and alleles) nor in the female
groups (P-value=0.54 for genotypes and 0.30 for
alleles), although a trend toward higher frequency of T
allele was observed in both male and female patients in
comparison to their cognate controls (Table 1). After
adding the allele frequencies together in order to do
allele analysis in the whole population (both genders);
however, T allele frequency observed to be significantly
higher in the patients comparing to the control group
(11.8% and 5.9% respectively, P-value=0.04, odds ratio
(OR)=2.13, 95% CI for OR=1.04-4.54, Table 1). No
differences were found between the patients and
controls neither in age-related subgroups nor in tumor
type-related subgroups.

Regarding the SNP at the locus 1VS9+459 T/C
(rs2280883), genotype frequencies in male patients
and male controls were respectively (83 T and 43 C)
versus (71 T and 55 C). These Figures for female
patients and female controls were (15TT, 14 TC, and 1
CC) and (13 TT, 13 TC, and 4 CC) respectively.
Frequencies of the genotypes and alleles at this position
were not significantly different between the patients
and the controls neither in the male (P-value=0.12,
identical for genotypes and alleles) nor in the female
groups (P-value=0.37 for genotypes and 0.32 for
alleles). Considering the alleles frequencies altogether
(both genders), again no difference was found between
the patients and controls (P-value=0.07). Despite of
this, the analysis indicated a higher frequency of T allele
at position IVS9+459 T/C (rs2280883) in patients who
were 55 years old or more (=55 y/o0), but not in those
under 55, in comparison to the controls. (69.9% in
patients who were 55 years old or more versus 59.1%
in control group, P-value=0.04, OR=1.61, 95% CI for
OR=1.01-2.55). The T allele at this position was also
observed with a higher frequency in SCLC patients, but
not in NSCLC, comparing to the control group (77.8% in
SCLC patients versus 59.1% in control group, SCLC
patients N=29, P-value=0.03, OR=2.42, 95% CI for
OR=1.05-5.59).
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Table 1. The frequencies of genotypes and alleles of FOXP3 polymorphisms in healthy control group and lung cancer patients; the
frequencies of genotypes and alleles are also illustrated in patients subdivided by age of cancer onset (<55 y/o and 255 y/o0) and type of
lung cancer (non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC)); description of the data is presented in result section

Lung cancer <55y/o 255y/o patients  NSCLC patients ~ SCLC patients
FOXP3 Gender Genotype and allele  Control group  patients(Total) patients n=120(%) n=123(%) n=29(%)
locus n=156 (%) n=156 (%) n= 36 (%)

CC 27 (90.0) 25 (83.4) 5(71.4) 20 (87.0) 19 (82.6) 6 (85.7)
= Genotype CT 3(10.0) 4(13.3) 2 (28.6) 2(8.7) 3(13.0) 1(14.3)
> Fe[ngaée TT 0.0 1(3.3) 0.0 1(4.3) 1(4.4) 0.0
2 (n=30) Allele C 57 (95.0) 54 (90.0) 12 (85.7) 42 (91.3) 41 (89.1) 13 (92.9)
5 T 3(5.0) 6(10.0) 2(14.3) 4(8.7) 5(10.9) 1(7.1)
£ Genotype C 118 (93.7) 110 (87.3) 26 (89.7) 84 (86.6) 88 (88.0) 18 (81.8)
= Male T 8(6.3) 16 (12.7) 3(10.3) 13 (13.4) 12 (12.0) 4(18.2)
S (n=126) Allele C 118 (93.7) 110 (87.3) 26 (89.7) 84 (86.6) 88 (88.0) 18 (81.8)
% T 8(6.3) 16 (12.7) 3(10.3) 13 (13.4) 12 (12.0) 4(18.2)
2. Both C 175 (94.1) 164 (88.2) 38 (88.4) 126 (88.1) 129 (88.4) 31 (86.1)

genders(total) Allele

T 11 (5.9) 22 (11.8) 5(11.6) 17 (11.9) 17 (11.6) 5(13.9)

TT 13 (43.3) 15 (50.0) 2 (28.6) 13 (56.5) 9(39.1) 6(85.7)
2 Genotype  TC 13 (43.3) 14 (46.7) 5(71.4) 9(39.1) 13 (56.5) 1(14.3)
@ Egﬁg‘; cC 4(13.4) 1(3.3) 0.0 1(4.4) 1 (4.4) 0.0
@ Allele T 39 (65.0) 44 (73.3) 9 (64.3) 35 (76.1) 31 (67.4) 13 (92.9)
DY C 21 (35.0) 16 (26.7) 5(35.7) 11 (23.9) 15 (32.6) 1(7.1)
8 Genotype T 71 (56.3) 83 (65.9) 18 (62.1) 65 (67.0) 65 (65.0) 15 (68.2)
= Male C 55 (43.7) 43 (34.1) 11 (37.9) 32 (33.0) 35 (35.0) 7 (31.8)
o (n=126) Allele T 71 (56.3) 83 (65.9) 18 (62.1) 65 (67.0) 65 (65.0) 15 (68.2)
b C 55 (43.7) 43 (34.1) 11 (37.9) 32 (33.0) 35 (35.0) 7 (31.8)
N Both T 110 (59.1) 127 (68.3) 27 (62.8) 100 (69.9) 96 (65.8) 28 (77.8)
= genders(total) Allele

C 76 (40.9) 59 (31.7) 16 (37.2) 43 (30.1) 50 (34.2) 8(22.2)
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The comparison of the haplotype frequencies
emerging from two FOXP3 SNPs between lung cancer
patients and healthy control group is shown in Table 2.
Statistical analysis indicated no significant difference
between the patients and controls. However,
Haploview analysis revealed a high degree of linkage
disequilibrium between these two FOXP3 gene
positions (D'=90).

Discussion

As one of the main transcription factor for
regulatory T cells, FOXP3 has attracted attention in
recent decade. Imbalance of FOXP3 positive regulatory
T cells has been widely reported in autoimmune
diseases (4). The association of FOXP3 polymorphisms
with immune related diseases has already been well
documented (22-28). Although there are no functional
studies indicating the effects of intronic (IVS9+459 T/C)
and promoter (-2383 C/T) polymorphisms in FOXP3 on

the gene expression, [VS9+459 T/C has been suggested
to affect the splicing of hnRNA and consequently, the
FOXP3 gene expression (18). Furthermore, presence of
-2383 C/T in the promoter region suggests the likely
effect of this SNP on the gene expression. Observing the
association between these SNPs with a variety of the
diseases (22-28) may verify the functionality associated
with these two SNPs. In the present study the
genotypes and alleles of -2383 C/T polymorphism
observed not to be significantly different between the
patients and controls in both male and female groups.
The frequency of T allele was, however, observed to be
significantly higher in the patients after adding the male
and female data together. The OR was 2.13 suggesting
the effect of T allele in susceptibility to lung cancer.
After dividing the patients based on the age-group and
the type of cancer, no significant difference in the
genotype/alleles frequencies was found between
patients in the subgroups and the controls.

Table 2. Frequency of haplotypes emerging from two FOXP3 polymorphisms in patients with lung cancer in comparison to healthy control

group
FOXP3 haplotype Lung cancer patients Control group P-value
Gender (-2383 C/T, 1VS9+459 T/C) n (%) n (%)
CT 68 (54.0) 63 (50.0)
Male (n=126) TT 15 (11.9) 8(6.3) 0.17
(o 42 (33.3) 55 (43.7)
TC 1(0.8) 0.0
CT 38 (63.3) 36 (60.0)
Female (2n=60) TT 6(10.0) 3(5.0) 0.42
(o 16 (26.7) 21(35.0)
TC 0.0 0.0
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The statistical analysis on [VS9+459 T/C showed no
significant difference in the allele and genotype
frequencies between the patients and controls in the
female group, male group, and the whole people
studied (both genders).

After dividing the patients based on their ages (=55
y/o and <55 y/0) and the type of their cancers (NSCLC,
SCLC), a significant difference in allele frequencies was
found between the control group and the patients who
were 255 y/o, as well as patients with SCLC tumor type.
The mentioned age group included 120 out of 156
individuals (76.9%) of the whole patients’ population.

There is ample evidence for the difference in the
cancer etiopathology between the young and old
patients (29, 30). Furthermore the age-dependent
changes in immunity have already been well
documented (31-33). Overexpression of FOXP3 and the
increase in the population of Treg cells in elderly has
also been reported in several studies (34-36). Our
finding, concordant with these observations, suggests
the age-dependent effect of FOXP3 gene in lung cancer,
although the underlying reasons need to be clarified.
Observing the association of the T allele with SCLC, but
not NSCLC might imply the fact that the involved genes
and the etiopathology in SCLC and NSCLC might be
different (37), although the small number of our
patients with SCLC should not be ignored.

The association between -2383 C/T (rs3761549)
polymorphism and immune related diseases was
already reported in psoriasis in a Chinese population (C
allele) (26), hashimoto disease in a Japanese population
(C allele) (38), lupus in a Guangxi Zhuang population (T
allele) (24), and endometriosis related infertility in a
Brazilian population (T allele) (39). Regarding
IVS9+459 T/C (rs2280883), there are also reports
indicating the associations between this SNP and
immune related diseases, including psoriasis in a
Chinese population (C allele) (23), idiopathic infertility
in a Brazilian population (C allele) (39), primary biliary
cirrhosis (PBC) in an American population (T allele)
(40), and myasthenia gravis in a Han Chinese
population (T allele) (27). In spite of such studies,
others could not find significant association between
none of these polymorphisms with systemic lupus
erythematosus in a Taiwanese population (25) and
Graves’ disease and autoimmune Addison’s disease in a
British population (21). Furthermore, no relationship
was found between [VS9+459 T/C and Crohn'’s Disease
(CD) in a study on an American population (40).

Although excessive data are available dealing with
FOXP3 gene in autoimmune diseases, only several
studies (15-19) deal with the role of FOXP3
polymorphisms in cancer. Chen et al reported a
significant higher TT genotype at the 1VS9+459 T/C
locus in patients with hepatocellular carcinoma
comparing to the healthy donors in China (18). This
finding is in consistent with our observation of higher
significant occurrence of IVS9+459T allele in old lung

Iran J Basic Med Sci, Vol. 18, No. 5, May 2015

cancer patients, as well as SCLC patients. In another
study by our group(16), no association between -2383
C/T and colorectal cancer was observed, although a
trend toward the association of T allele with cancer
metastasis was suggested. Chen et al on the other hand
reported the association of C allele at -2383 C/T
position with hepatocellular carcinoma (18). In the
study carried out by Zheng et al another polymorphism
in FOXP3 gene, rs2294021, was investigated in Chinese
patients with breast cancer (17). The results indicated
the association between this SNP and susceptibility to
breast cancer. He et al investigated another
polymorphism in FOXP3 gene, rs3761548, in NSCLC
patients from China, and indicated the relationship
between this SNP and the risk of developing NSCLC in
the Chinese Han population (19). The discrepancies
between the results of different studies may come from
the differences in the ethnic origins of the sample
populations, differences in disease pathogenesis, and
most likely the sample size. Moreover, the dual role of
FOXP3 (participating in the development and function
of Treg cells from one side (2, 3) and acting as a tumor
suppressor gene from other side (10, 11)) should not
be ignored.

Statistical analysis of the haplotype frequencies, in
the present study, indicated no significant difference
between the patients and controls. The wild type CT
haplotype (-2383 C, IVS9+459 T) was the most frequent
haplotype in both male and female patients. Haploview
analysis indicated a high degree of linkage
disequilibrium between these two polymorphisms of
FOXP3 gene (D'=90). In fact, among 312 subjects, only
one mutant TC haplotype (minor allele of both
positions) was observed. This finding suggested the
existence of an evolutionary pressure which prevented
the co-occurrence of minor alleles in an individual,
although more investigation is required to verify the
functional effect of the observed haplotypes.

Conclusion

In conclusion, the present study revealed the
probable role of T allele at -2383 C/T position of FOXP3
gene (rs3761549) in susceptibility to lung cancer. It
also indicated the possible involvement of T allele at
IVS9+459 T/C locus (rs2280883) in susceptibility
to lung cancer in those affected over 55 y/o and who
have SCLC tumor type. The limitation of the present
study should not, however, be ignored. Increasing the
sample size, simultaneous investigation of FOXP3 gene
expression, or doing a functional study on the
mentioned polymorphisms are required to clearly
clarify the role of FOXP3 gene variations in lung cancer.
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