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Abstract. The risk of breast cancer (BC) in women is high and many factors including genetic factors increase the risk for the disease. It
is revealed that the variations of low-penetrance susceptibility genes are important for carcinogenesis as they interact with the environ-
mental and hereditary factors. Recently, the list of BC-associated common single nucleotide polymorphisms (SNPs) and chromosomal loci
in low-penetrance susceptibility genes have been expanded in genomewide association studies. FGFR2, LSP1, MAP3K1, TGFB1, TOX3,
2q35 and 8q loci variations are some examples for these common SNPs. These SNPs and their association with BC risk was investigated in
many different populations. Therefore in this study, we aimed to evaluate low-penetrance susceptibility SNPs; namely FGFR2 rs1219648,
rs2981579, rs2981582; MAP3K1 rs889312; TOX3 rs3803662; LSP1 rs909116, rs3817198 and SLC4A7 rs4973768 together, for the first
time in Turkish postmenopausal oestrogen receptor positive BC cases. Following the DNA isolation, multiplex PCR and matrix-assisted
laser desorption/ionization mass spectrometry with time of flight measurement (MALDI-TOF) based SNP analysis were performed.
MAP3K1 rs889312 SNP demonstrated the strongest association with BC risk among the other low penetrant SNPs, it was also associated
with BC risk in a dominant model. Only in a ressesive model, TOX3 rs3803662 was associated with BC risk. In addition, rs4973768 CC
and rs909116 CC genotypes are correlated with higher tumour size which is not reported in the literature as yet; on the other hand there are
no associations between any of the other SNP genotypes and clinopathological parameters. In our opinion, MAP3K1 rs889312 may be a
good BC susceptibility biomarker candidate for Turkish population.
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Single-nucleotide polymorphisms (SNPs) in FGFR2, LSPI,
MAP3K1, TOX3, MRPS30, COX 11, SLC4A7, and in
regions at chromosomes 8p24 and 2q35 have been reported
(Easton et al. 2007; Hunter et al. 2007; Stacey et al.

Introduction

According to the 2018 Global Cancer Statistics, female breast
cancer (BC) is the second most common cancer with an esti-

mated frequency of 11.6% and also a leading cause of death
due to cancer (Khazaei et al. 2019). BC aetiology is known to
be rather complicated, so the factors underlying the disease
could not be totally clarified. It comprises many genetic,
endocrinal and environmental factors (Shan ez al. 2012).
Many BC susceptibility variants have been identified by
the genomewide association studies (GWASs), so far.
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2007, 2008; Ahmed et al. 2009).

Some risk factors including age at menarche, parity, age at
the first delivery and body mass index (BMI) reported to be
associated with these SNPs in BC (Milne et al. 2010). It is
sugggested that detection of SNPs may help to understand
the biological mechanisms underlying BC aectiology. Thus,
SNPs in low-penetrance genes detected by GWAS, together
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with the risk factors, demonstrated altered association with
oestrogen receptor (ER) (4) and ER (—) BC (Althuis ef al.
2004; Stacey et al. 2007, 2008; Garcia-Closas et al. 2008;
Dunning et al. 2009; Ahmed et al. 2009).

FGFR2 gene polymorphisms were determined to be
associated with BC in many GWASs and thus have attracted
interest (Easton et al. 2007; Hunter et al. 2007; Stacey
et al. 2008). FGFR2 is encoded as a receptor tyrosine
kinase that has duties in growing and invasion of cells,
forming of new blood vessels (Turner and Grose 2010).
One of the pioneers GWAS in this area by Easton et al.
(2007) demonstrated that some FGFR2 polymorphisms
have association with BC risk, where the rs2981582,
rs78g5676 and rs15100g7 are the most frequent. Hunter
et al. (2007) demonstrated that some FGFR2 polymor-
phisms such as rs1219648, rs2420946, rs2981579 and
rs11200014 have association with postmenapausal BC risk;
Stacey et al. (2007) demonstrated that FGFR2 rs1219648
has association with ER (4+) BC risk. Besides GWASs,
association of these FGFR2 polymorphisms were verified
in meta-analyses in different populations (Zhou et al. 2012;
Cui et al. 2016).

FGFR2 152981582 AA genotype was reported to be
associated with a higher risk of nonfunctioning pituitary
adenoma (Zhu et al. 2018); whereas an inverse association
was detected between rs1219648, rs2981582 SNPs and
endometrial cancer risk (McGrath et al. 2008). rs2981582
TT genotype was reported to be significantly associated with
shorter progression-free survival (PFS) of renal cancer
patients (Beuselinck et al. 2013); rs1219648 and rs2981582
were reported to be associated with better overall survival
(OS) of primary prostate cancer patients (Miles et al. 2015)
and rs2981582 was reported to be significantly associated
with PFS, OS and response to the treatment in nonsmall cell
lung carcinoma (NSCLC) patients (Camidge et al. 2014).
FGFR2 rs1219648, rs2981582 was not verified to be asso-
ciated with ovarian cancer (Gates et al. 2009) and
rs11200014, rs2981579, rs1219648, 1s2420946 polymor-
phisms were not reported to be associated with skin cancer
(Nan et al. 2009).

MAPK pathways have a pivotal duty during cell growth,
differentiation, metastasis and apoptosis (Slattery et al.
2012). One of the MAPK pathway component MAP3K1
was proposed to be a potential BC susceptibility gene in a
GWAS by Easton et al. (2007). Hormone dependent asso-
ciation of MAP3KI1 rs8893120 and rs889312 genotypes
were investigated by Rebbeck et al. (2009) and these SNPs
were demonstrated to be associated with ER (+), PR (4) or
HER2 (-) tumours. In another study, BC cells were
demonstrated to express MAP3K1, 1.8 times more than
breast cells without cancer, suggesting a probable relation of
MAP3KI1 and BC (Hu et al. 2014).

MAP3KI1 rs889312 was suggested to be an independent
predictor candidate of diffuse-type gastric cancer in Chinese
population (Wei et al. 2014); whereas it was not verified to
be associated with ovarian cancer (Gates et al. 2009).
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Besides, the two most associated BC susceptibility genes,
FGFR2 and MAP3K1; TOX3, LSP1, SLC4A7 gene poly-
morphisms were also reported to be BC risk variants in
GWAS:Ss and in individual studies from different populations
(Easton et al. 2007, Ahmed et al. 2009; Antoniou et al.
2010; Milne ef al. 2010; Chen ef al. 2011; Zhang and Long
2015). There were some studies with controversy, reporting
no association between some polymorphisms of these genes
and BC risk (Zhang and Long 2015; Huijts et al. 2007; Chen
et al. 2016).

TOX3 rs3803662 was reported not to be associated with
ovarian cancer in two different studies (Song et al. 2009; Gates
et al. 2009). LSP1 rs3817198 was reported to be associated
with invasive epithelial ovarian cancer (Quaye et al. 2009);
increased risk of lung cancer (Park et al. 2014) and non-
Hodgkin lymphoma (Lim et al. 2014). SLC4A7 rs4973768
SNP was investigated only in breast cancer and in the litera-
ture, it was not found to be studied in other types of cancers.

There is no study evaluating low-penetrance susceptibility
variants of FGFR2, MAP3K1, TOX3, LSP1 and SLC4A7
determined in GWASs that were verified to be associated
with BC in Turkish population. Therefore, our study is the
first one to evaluate low-penetrance BC risk variants
(FGFR2 1s1219648, rs2981579, 1s2981582; MAP3K1
rs889312; TOX3 rs3803662; LSP1 rs909116, rs3817198
and SLC4A7 rs4973768) together in a Turkish population.

Materials and methods
Study population

This study was approved by the Acibadem Mehmet Ali
Aydinlar University, Committee of Medical Research
Assessment. The research consisted 101 postmenopausal ER
(+) BC patients applied to Acibadem Bursa Hospital,
Department of Medical Oncology (mean age: 62 + 7.8
years) and 100 postmenopausal non-BC healthy control
individuals (mean age: 52.6 + 3.7 years).

An informed consent form was signed by the patients and
control individuals. Medical history, demographic proper-
ties, age of menarche, age at the first delivery, number of
children, age of menopause, receiving hormone replacement
therapy, smoking and alcohol consumption history, family
history details were filled in the information forms for all
cases. In addition, age of diagnosis, tumour grade, tumour
histology, tumour metastasis, tumour size, lymph node
metastasis status, oestrogen receptor status, progesterone
receptor status, and Her2/neu status informations were
obtained from medical records of the patient group.

Genotyping

After isolating DNA samples by a High Pure PCR Template
Preparation kit (Roche, Diagnostics GmbH, Mannheim,
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Germany) following the manufacturer’s instructions; multi-
plex PCR and matrix-assisted laser desorption/ionization
mass spectrometry with time of flight measurement
(MALDI-TOF) was performed for genotyping. A plate
containing 384 wells was used for multiplex PCR and two
wells were needed for each of the cases. PCR reaction
mixture, 4 L and DNA (10 ng) sample were added in each
well. PCR conditions were 15 min at 95°C; 44 repeats of
94°C for 20 s, 56°C for 30 s, and 72°C for 60 s; 3 min at
72°C; 5 min at 4°C and infinite at 15°C. After PCR, SAP
and iIPLEX reactions were performed, spectro chip sample
transferring and sample ionization were carried out on
Sequenom MassARRAY 4 analyser and MassARRAY
TYPER 4.0 software (Agena Bioscience, San Diego, USA)
was used for mass spectra analysing.

Statistical analysis

All statistical analyses were evaluated using SPSS 18.0
software (SPSS 2009, PASW Statistics for Windows, v18.0.
Chicago) Hardy—Weinberg equilibrium (HWE) was evalu-
ated by chi-square test. Pearson’s chi-square and Fisher exact
tests were performed to compare genotype and allele fre-
quencies of BC patients and the controls. To estimate the BC
risk, odds ratio (OR) was calculated with 95% confidence
intervals (Cls) from logistic regression analyses. Student #-
test and Mann—Whitney U tests were performed to compare
the demographic and clinical data; the level of significance
was defined as P < 0.05.

Results
Clinical characteristics of the study subjects

The factors that are known to be related to the progression of
BC are age, BMI, smoking, alcohol consumption, menarche
age, age at the first delivery and receiving hormone
replacement therapy (HRT) are demonstrated in the demo-
graphic profile table (table 1). There was only statistically
significant difference in terms of age, age at the first delivery,
family history between the BC case and control groups
(respectively, P = 0.000, P = 0.000 and P = 0.006).

Genotype and allele distribution of SNPs

Distributions of the genotypes and allele frequencies of
FGFR2, MAP3K1, TOX3, LSP1, SLC4A7 SNPs between
the groups were demonstrated in table 2. MAP3KI1
rs889312 C allele was higher in the BC case group than the
control group (P = 0.016), the rest of the allele frequency
differences were not statistically significant.

In terms of genotype frequencies, among all polymor-
phisms, the only statistically significant difference was
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Table 1. Demographic and clinical characteristics of the BC
patient and control group individuals.

Controls Cases
n (%) n (%)
Characteristics N =100 N =101 P value
Age, years (mean £ SD) 52.6 £3.7 62+ 7.8  0.000*
BMI (mean + SD) 288 £54 292+ 58 0.206
Age of first birth, years 243 £ 49 21.6 £4.2 0.000*
(mean £ SD)
Smoking 0.067
No 91 91) 83 (82.2)
Yes 909 18 (17.8)
Alcohol consumption 0.621
No 99 (99) 99 (97.1)
Yes 1(1) 329
Age at menarche 0.856
<13 18 (18) 19 (19)
> 13 82 (82) 81 (81)
Number of childbirth, 1.000
n (%)
0 303 44
> 1 97 (97) 97 (96)
Family history of breast 0.006*
cancer in first-degree
relatives
No 92 (92) 78 (78)
Yes 8 (8) 22 (22)
HRT 0.539
No 89 (89) 87 (86.1)
Yes 11 (11) 14 (13.9)
ER status
No 0 (0)
Yes 100 (100)
PR status
No 19 (18.8)
Yes 82 (81.2)
Her2/neu status
No 76 (75.2)
Yes 25 (24.8)
Tumour grade
I, I 62 (61.4)
I 28 (27.7)
Tumour size
<5cm 88 (87.1)
>5cm 9 (8.9)
Node involvement
No 45 (44.6)
Yes 54 (53.5)
Metastasis
No 88 (87.1)
Yes 12 (11.9)

*P < 0.05. BMI, body mass index; HRT, hormone replacement
therapy; ER, oestrogen receptor; PR, progesterone receptor; HER2/
neu human epidermal growth factor receptor.

observed in MAP3K1 rs889312 polymorphism (P = 0.042).
The genotype frequencies of CA (CA vs AA: OR 1.87, 95%
CI 1.02-3.43, P = 0.041), CC (CC vs AA: OR 2.73, 95% CI
1.07-6.96, P = 0.039) and CA+CC (CA+CC vs AA: OR
2.02, 95% CI 1.13-3.60, P = 0.017) were higher in the BC
group than the controls.
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Table 2. Genotype and allele distribution of SNPs in BC patients and control group individuals.

Genotypes Controls n (%) N = 100 Cases n (%) N =101 x> P-value OR (%95 CI) P value
rs1219648 (FGFR2) 0.326
AA 32 (32) 24 (23.8) 1“
GA 41 (41) 51 (50.5) 1.7 (0.85-3.24) 0.138
GG 27 (27) 26 (25.7) 1.28 (0.60-2.73) 0.567
AA/GA+GG 68 (68) 77 (76.2) 1.51 (0.81-2.81) 0.193
GG/GA+AA 75 (74.3) 0.840
73 (73) 75 (74.3) 0.94 (0.50-1.76)
Alleles 0.484
A 105 (52.5) 99 (49) 1
G 95 (47.5) 103 (51) 1.15 (0.78-1.70) 0.484
HWE: 0.075 HWE: 0.918
rs2981579 (FGFR2) 0.529
ccC 27 (27) 21 (20.8) 14
TC 43 (43) 50 (49.5) 1.50 (0.74-3.01) 0.290
TT 30 (30) 30 (29.7) 1.29 (0.60-2.76) 0.564
CC/TC4+TT 73 (73) 80 (79.2) 1.41 (0.73-2.71) 0.325
TT/TC+CC 70 (70) 71 (70.3) 0.99 (0.54-1.80) 0.963
Alleles 0.553
C 97 (48.5) 92 (45.5) 1
T 103 (51.5) 110 (54.5) 1.13 (0.76-1.67) 0.553
HWE: 0.164 HWE: 0.984
rs2981582 (FGFR2) 0.387
CccC 35 (35) 27 (26.7) 1“
CT 42 (42) 51 (50.5) 1.57 (0.82-3.00) 0.168
TT 23 (23) 23 (22.8) 1.30 (0.60-2.79) 0.561
CC/CT4+TT 65 (65) 74 (73.3) 1.48 (0.81-2.70) 0.204
TT/CT+CC 77 (77) 78 (77.2) 0.99 (0.51-1.91) 1.000
Alleles 0.419
C 112 (56) 105 (52) 14
T 88 (44) 97 (48) 1.18 (0.79-1.74) 0.419
HWE: 0.140 HWE: 0.908
rs3803662 (TOX3) 0.099
CcC 48 (48) 44 (43.6) 14
CT 45 (45) 40 (39.6) 0.97 (0.54-1.75) 0919
TT 7(7) 17 (16.8) 2.65 (1.00-6.99) 0.065
CC/CT+TT 52 (52) 57 (56.4) 1.20 (0.69-2.08) 0.528
TT/CT+CC 93 (93) 84 (83.2) 2.69 (1.06-6.80) 0.049*
Alleles 0.129
C 141 (70.5) 128 (63.4) 14
T 59 (29.5) 74 (36.6) 1.38 (0.91-2.10) 0.129
HWE: 0.413 HWE: 0.140
rs3817198 (LSP1) 0.201
TT 45 (45) 35 (34.7) 1
TC 40 (40) 53 (52.5) 1.70 (0.93-3.11) 0.082
CC 15 (15) 13 (12.9) 1.11 (0.47-2.64) 0.828
TT/TC+CC 55 (5%) 66 (65.4) 1.54 (0.87-2.72) 0.134
CC/TC4+TT 85 (85) 88 (87.2) 0.84 (0.38-1.86) 0.689
Alleles 0.394
T 130 (65) 123 (60.9) 14
C 70 (35) 79 (39.1) 1.19 (0.80-1.79) 0.394
HWE: 0.227 HWE: 0.306
rs4973768 (SLCAT) 0.725
CcC 18 (18) 14 (13.9) 1“
TC 48 (48) 51 (50.5) 1.37 (0.61-3.05) 0.543
TT 34 (34) 36 (35.6) 1.36 (0.59-3.16) 0.526
CC/TC+TT 82 (82) 87 (86.1) 1.36 (0.64-2.92) 0.447
TT/TC+CC 66 (66) 65 (64.4) 1.08 (0.60-1.92) 0.807
Alleles 0.555
C 84 (42) 79 (39.1) 14
T 116 (58) 123 (60.9) 1.13 (0.76-1.68) 0.555
HWE: 0.883 HWE: 0.545
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Genotypes Controls n (%) N = 100 Cases n (%) N =101 x* P-value OR (%95 CI) P value
rs889312 (MAP3K1) 0.042%*
AA 46 (46) 30 (29.7) 1
CA 45 (45) 55 (54.5) 1.87 (1.02-3.43) 0.041*
cc 909 16 (15.8) 2.73 (1.07-6.96) 0.039*
AA/CA+CC 54 (54) 71 (70.3) 2.02 (1.13-3.60) 0.017*
CC/CA+AA 91 91) 85 (84.2) 1.90 (0.80-4.54) 0.199
Alleles
A 137 (68.5) 115 (56.9) 1“
C 63 (31.5) 87 (43.1) 1.65 (1.09-2.47) 0.016*
HWE: 0.669 HWE: 0.267
rs909116 (LSP1) 0.138
TT 39 (39) 29 (28.7) 1“
TC 49 (49) 51 (50.5) 1.4 (0.75-2.60) 0.287
ccC 12 (12) 21 (20.8) 2.35 (1.00-5.54) 0.058
TT/TC+CC 61 (61) 72 (71.3) 1.59 (0.88-2.86) 0.123
CC/TC+TT 88 (88) 80 (79.2) 1.93 (0.89-4.16) 0.127
Alleles 0.052
T 127 (63.5) 109 (54) 14
C 73 (36.5) 93 (46) 1.48 (1.00-2.21) 0.052
HWE: 0.568 HWE: 0.870

*P < 0.05. OR, odds ratio; CI, confidence interval; 1 reference genotype/allele.

TOX3 153803662 polymorphism was associated with BC
risk only in a ressesive model as the frequency of TT
genotype was higher in the cases than the controls (TT vs
CT+CC: OR 2.69, 95% CI 1.06-6.80, P = 0.049). All of the
studied SNPs were in HWE for both of the groups.

SNPs and histopathological characteristics of breast tumours

There was no relation between BMI, PR status, Her2/neu
status, tumour grade, metastasis status, lymph node status,
family history and the studied SNPs. SLCA7 rs4973768 CC
genotype and LSP1 rs909116 CC genotype frequencies were
found to be significantly increased in tumours greater than 5
cm (P = 0.027 and P = 0.028, respectively) (table 3).

Discussion

According to the cancer data of Turkey which was released
in 2018, BC is the most frequent cancer among women
(43.8/100,000 people in 2015) (Tiirkyilmaz et al. 2018), it is
also the leading cause of cancer deaths, as in other popula-
tions. The frequency of BC in Turkey was rather accelerated
in the last two decades as its incidense in 1993 was reported
to be 24.1/100,000 (Ozmen 2014).

In our study, MAP3K1, and TOX3 gene SNPs were found to
be associated with BC risk in a Turkish population; as low-
penetrance susceptibility variant association may vary accord-
ing to ethnicity differences, it is very important to reveal their
association in different populations. Clinically, SNPs are sug-
gested to be potential markers in cancers that may help in
diagnosis and developing therapeutic approaches. Localization

of SNPs differs, they take place in promoter, exon, intron, 5'-
UTR and 3/-UTR regions. Due to this, according to the local-
ization place, SNPs affect expression of genes and susceptibility
of cancer. For example, intronic SNPs create transcript splice
variants; affect binding regions of long-noncoding RNAs and
their functions (Deng et al. 2017). Sequences belonging to
intronic regions may consist cis-acting gene expression regu-
lators such as, insulter, silencer, enhancer and DNA recognition
motif for transcription factor that are common important risk
variant regions (Zhang et al. 2014).

MAP3KI1 rs889312 polymorphism was suggested to reg-
ulate expression of MAP3K1, without altering its structure or
the biochemical function. It is suggested that, this SNP might
affect MAPK signal transduction. MAP3K1 rs889312 asso-
ciation is seen in both ER (4), ER (-) BC cases (Zheng et al.
2014). MAP3K1 SNPs were considered as BC susceptibility
polymorphisms in an important GWAS conducted in a three
stage population group including European and Asian origi-
nated populations (Easton et al. 2007). Rs889312 polymor-
phism is associated with ER (+), PR (4) or HER2 (-) BC risk
in African Americans (Rebbeck et al 2009). MAP3K1
rs889312 is significantly associated with BC risk in Indian
(also associated with ER (4), PR (4+) BC cancer), Korean
populations (Han et al. 2011) but is not associated with Pol-
ish, African, Vietnamese populations (Ledwon et al. 2013;
Zheng et al. 2014; Thanh et al. 2018). In this study, MAP3K1
rs889312 SNP demonstrated the strongest association with
BC risk, among the other low-penetrant SNPs, it was asso-
ciated with BC risk in both additive and dominant models.
There was no association between rs889312 SNP genotypes
and clinopathological parameters in the current study.

FGFR2 and TOX3 gene polymorphisms which were
reported to be associated with BC risk are important
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examples for the intronic region SNPs. It was hypothesized
that FGFR2 intron two polymorphisms cause alterations in
binding of cis-regulatory elements like transcription factors
(Robbez-Masson et al. 2013). It is suggested that 16q12.1
rs4784227 SNP T allele that is localized on a regulator
enhancer affects TOX3 rs2193094 intronic SNP causes an
allele specific expression and consequently decreased 7OX3
gene expression (Cowper-Sal lari et al. 2012). FGFR2 gene
rs2981578, 1s35054928 and rs45631563 polymorphisms
were mapped to the transcription silencer regions and caused
reduced expression of the gene, which led to an increase in
oestrogen response and risk of BC (Campbell et al. 2016).
FGFR2 152981582, 151219648 polymorphisms were sug-
gested to interact with some transcription factors. Oct-1/
Runx2 complex is an example for such transcription factors
which increase FGFR2 expression. rs2981582 was reported
to be associated with all kinds of BC except the one with ER
(-)/PR (=) tumours (Lei and Deng 2017). An increased
association of FGFR2 polymorphisms and BC risk was
reported by GWASs (Easton et al. 2007; Hunter et al. 2007,
Stacey et al. 2008), but also this association was suggested
to differ according to the studied polulations (Lei and Deng
2017). In a comprehensive meta-analysis performed recently
including 121,740 BC cases and 198,549 control individuals
from 53 different studies, 10 mostly studied intron 2 poly-
morphisms of FGFR2 (rs1078806, rs11200014, rs1219648,
1s2420946, 1s2981578, 12981579, rs2981582, rs3135718,
rs10736303 and rs3750817) were recruited. This meta-
analysis comprised many ethnically diverse populations
including a previous study of ours in a Turkish population
(Ozgoz et al. 2013; Cui et al. 2016). In this meta-analysis,
asociation of the FGFR2 SNPs with BC risk was determined
to be higher in some ethnically different populations such as
Caucasian, Asian but not in Africans (Cui et al. 2016). As
being a member of Caucasian origin, in our previous study,
despite FGFR2 rs2981582 CT genotype and T allele; rs
1219648 AG genotype and G allele frequencies were higher
in BC group, the results were not statistically significant
(P < 0.05). We have suggested that, this statistically
insignificance may be due to the low case number. In the
current study, we increased the number of participants and
included one more polymorphism (rs2981579), but still we
did not find a statistically significant association between
FGFR2 polymorphisms and BC risk in Turkish ER (+)
postmenapausal BC cases. There was also no association
with FGFR2 SNPs and clinopathological parameters (all
P < 0.05) (table 2).

In TOX3 rs3803662 polymorphism, the T allele was
reported to be associated with increased TOX3 expression. It
was also found to be related with poor survival of BC
patients, besides being associated with increased BC risk
(Barrdahl et al. 2015; Han et al. 2016). 1rs3803662 poly-
morphism was also reported to be associated with node
positive BC (Kuchenbaecker et al. 2014).

TOX3 gene 1s3803662 was reported to be associated with
BC risk in GWASs (Easton et al. 2007; Stacey et al. 2007,
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Turnbull et al. 2010) performed in European populations.
Whereas some studies further performed in different popu-
lations, such as Chinese, Tunisian and Vietnamese,
rs3803662 demonstrated association with BC risk (Zheng
et al. 2010; Shan et al. 2012; Thanh et al. 2018); it failed to
associate with BC risk in African American, Hispanic,
Indian populations (Zheng et al. 2009; Barnholtz-Sloan et al.
2010; Udler ef al. 2010; Ruiz-Narvéaez et al. 2010; Nagrani
et al. 2017). In our study, rs3803662 was associated with BC
risk only in a ressesive model (TT vs CT+CC: OR 2.69,
95% CI 1.06-6.80, P = 0.049). Being not in line with our
study; in a meta-analysis by Deng et al. (2016) consisting 13
different case—control studies from different populations
belonging to Caucasian and Asian origin, rs3803662 was
reported to be significantly associated with BC risk in
Caucasians in allele, dominant and additive models but not
in a ressesive model (P = 0.003, P=0.011, P=0.018,
P =0.103, respectively) (Deng et al. 2016). In our study,
there was no association between rs3803662 SNP genotypes
and clinopathological parameters (all P < 0.05), as well.
Although LSP1 rs3817198 polymorphism C allele was
estimated to increase CDKNIC tumour supressor gene
expression (Barrdahl er al. 2015), no study could be found
about the putative functional effects of SLC447 gene SNPs
in the literature. LSP1 rs3817198 and SLC4A7 rs4973768
SNPs were reported to be associated with an increased BC
risk in GWAS by Easton et al. (2007), association was
verified in many of the further studied populations, but not in
some. SLC4A7 rs4973768 was reported to be associated
with BC risk in a comprehensive meta-analysis consisting
108,632 cases and 135,818 control individiuals of which 15
study from European population; seven from Asian popu-
lation; two from African-American population (Chen et al.
2012); but was not associated in a study from Indian pop-
ulation (Nagrani ef al. 2017). In our study, rs4973768 was
not associated with postmenopausal ER (4) BC risk
(P =0.725), in line with a study conducted in a Japanese
population (Guo et al. 2017). Interestingly, in our study,
rs4973768 CC genotype was correlated with higher tumour
size (P = 0.027) which is not reported in the literature so far.
There was no association between rs4973768 SNP geno-
types and other clinopathological parameters (all P < 0.05).
In a study by Barrdahl et al. (2015) performed in a large
number of study group, namely BPC3; LSPI/ gene
rs3817198 C allele was associated with improved survival in
10,255 mostly postmenapausal and all Caucasian women
with BC of Europen, Australian and American origin (Bar-
rdahl et al. 2015). 12,760 control individuals from the same
study group (BPC3) was also studied by Joshi ef al. (2014)
together with 10,146 non-Hispanic White, new BC cases.
Joshi et al. (2014) found no association between LSP/ gene
rs909116 and BC risk (P = 0.133) among the 23 BC sus-
ceptibility SNPs determined by GWASes; LSP rs3817198
polymorphism was not investigated in their study. In a meta-
analysis, including 30,204 cases and 35,282 control indi-
vidiauls from 14 different studies, LSPI/ gene rs3817198
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polymorphism was significantly associated with BC risk in
European, American and African populations, but not in
Asian populations (Moghaddam ef al. 2017). Also in a study
from Indian population, rs3817198 failed to demonstrate
association with postmenopausal BC risk (Nagrani et al.
2017). In our study, LSP1 rs909116 and rs3817198 poly-
morphisms were not associated with BC risk (P = 0.138,
P =0.201, respectively). In our study, rs909116 CC geno-
type was also correlated with higher tumor size (P = 0.028)
likewise 154973768 CC genotype, which is again not
reported in the literature so far. In addition, no association
was observed between 1s909116 and rs3817198 SNP
genotypes and other clinopathological parameters (all
P < 0.05).

Genetic reasons are known to have important roles in BC.
As being one of the most common genetic variations, SNPs
contributing to the BC susceptibility attracted attention and
therefore many GWASs, which mostly focussed on people
from European ancestry detected many susceptibility SNPs
associated with BC risk. SNP minor allele frequencies and
patterns of linkage disequilibrium are affected through eth-
nicities of populations. Therefore SNPs detected in GWASs
are needed to be studied and verified in different populations
(Han et al. 2011). To our knowledge, there is no study in
Turkish population evaluating low-penetrance BC suscepti-
bility SNPs together (FGFR2 rs1219648, 152981579,
rs2981582; MAP3K1 rs889312; TOX3 rs3803662; LSP1
rs909116, rs3817198 and SLC4A7 rs4973768), which were
detected in GWASSs. Our study is the first one conducted in a
Turkish polulation, evaluating low-penetrance BC suscepti-
bility SNPs.

In conclusion, this study conducted in a total of 201
Turkish postmenopausal ER (4+) BC cases and control
group individuals, MAP3K1 rs889312; one of the most
frequent BC associated low-penetrance susceptibility SNP
demonstrated significant association with BC risk
(P =0.042). As our study is the first one revealing this,
further studies should be performed in Turkish population
to evaluate this potantial BC susceptibility biomarker.
Another finding of our comprehensive but relatively size
limited study was association of TOX3 rs3803662 poly-
morphism with BC risk, only in a ressesive model (OR
(%95 CI, P = 0.049), again for the first time in a Turkish
population. SLC4A7 rs4973768 CC and LSP1 rs909116
CC genotypes were correlated with higher tumour size
(P=0.027 and P = 0.028, respectively), which were not
reported in the literature so far. As polymorphisms may
have functional effects on BC risk and may have ethnically
diverse effects; SNP panels exclusively constructed for
different populations may be useful for evaluating BC risk.
In BC, 15889312 CC genotype might affect MAPK signal
transduction, as mentioned in the literature. We suggest
that, together with evaluating new BC risk SNPs detected
in GWASes, MAP3K1 rs889312 SNP should take place in
a BC risk panel constructed for Turkish population.

Asuman Ozgoz et al.

Acknowledgments

This study was supported by the Kastamonu University Scientific
Research Projects Management Co-ordination Office with code
Number KUBAP-01/2013-02.

References

Ahmed S., Thomas G., Ghoussaini M., Healey C. S., Humphreys
M. K., Platte R. et al. 2009 Newly discovered breast cancer
susceptibility loci on 3p24 and 17q23.2. Nat. Genet. 41,
585-590.

Althuis M. D., Fergenbaum J. H., Garcia-Closas M., Brinton L. A.,
Madigan M. P. and Sherman M. E. 2004 Etiology of hormone
receptor-defined breast cancer: a systematic review of the
literature. Cancer Epidemiol. Biomarkers Prev. 13, 1558—1568.

Antoniou A. C., Beesley J., McGuffog L., Sinilnikova O. M.,
Healey S., Neuhausen S. L. ef al. 2010 Common breast cancer
susceptibility alleles and the risk of breast cancer for BRCA1 and
BRCA2 mutation carriers: implications for risk prediction.
Cancer Res. 70, 9742-9754.

Barnholtz-Sloan J. S., Shetty P. B., Guan X., Nyante S. J., Luo J.,
Brennan D. J. ef al. 2010 FGFR2 and other loci identified in
genome-wide association studies are associated with breast
cancer in African-American and younger women. Carcinogen-
esis 31, 1417-1423.

Barrdahl M., Canzian F., Lindstrém S., Shui I., Black A., Hoover
R. N. et al. 2015 Association of breast cancer risk loci with
breast cancer survival. Int. J. Cancer 137, 2837-2845.

Beuselinck B., Karadimou A., Lambrechts D., Claes B., Wolter P.,
Couchy G. et al. 2013 Single-nucleotide polymorphisms asso-
ciated with outcome in metastatic renal cell carcinoma treated
with sunitinib. Br. J. Cancer 108, 887-900.

Camidge D. R., Berge E. M., Doebele R. C., Ballas M. S., Jahan T.,
Haigentz M. Jr et al. 2014 A phase II, open-label study of
ramucirumab in combination with paclitaxel and carboplatin as
first-line therapy in patients with stage IIIB/IV non-small-cell
lung cancer. J. Thorac. Oncol. 9, 1532—1539.

Campbell T. M., Castro M. A. A., de Santiago I., Fletcher M. N. C.,
Halim S., Prathalingam R. et al. 2016 FGFR2 risk SNPs confer
breast cancer risk by augmenting oestrogen responsiveness.
Carcinogenesis 37, 741-750.

Chen M. B., Wu X. Y., Shen W., Wei M. X,, Li C., Cai B. et al.
2011 Association between polymorphisms of trinucleotide repeat
containing 9 gene and breast cancer risk: evidence from 62,005
subjects. Breast Cancer Res. Treat. 126, 177-183.

Chen W., Zhong R., Ming J., Zou L., Zhu B., Lu X. et al. 2012 The
SLC4A7 variant 154973768 is associated with breast cancer risk:
evidence from a case-control study and a meta-analysis. Breast
Cancer Res. Treat. 136, 847-857.

Chen Y., Shi C. and Guo Q. 2016 TNRC9 rs12443621 and FGFR2
rs2981582 polymorphisms and breast cancer risk. World J. Surg.
Oncol. 14, 50.

Cowper-Sal lari R., Zhang X., Wright J. B., Bailey S. D, Cole M.
D, Eeckhoute J. et al. 2012 Breast cancer risk-associated SNPs
modulate the affinity of chromatin for FOXA1 and alter gene
expression. Nat. Genet. 44, 1191-1198.

Cui F., Wu D., Wang W., He X. and Wang M. 2016 Variants of
FGFR2 and their associations with breast cancer risk: a HUGE
systematic review and meta-analysis. Breast Cancer Res. Treat.
155, 313-335.

Deng N., Zhou H., Fan H. and Yuan Y. 2017 Single nucleotide
polymorphisms and cancer susceptibility. Oncotarget 8,
110635-110649.



Low-penetrance susceptibility variants in breast cancer

Deng Z., Shi X., Liu Q., Wang Z., Feng T., Jin T. et al. 2016 Meta-
analysis of TNRC9 rs3803662 polymorphism and breast cancer
risk. Int. J. Clin. Exp. Med. 9, 6228-6236.

Dunning A. M., Healey C. S., Baynes C., Maia A. T., Scollen S.,
Vega A. et al. 2009 Association of ESR1 gene tagging SNPs
with breast cancer risk. Hum. Mol. Genet. 18, 1131-1139.

Easton D. F., Pooley K. A., Dunning A. M., Pharoah P. D.,
Thompson D., Ballinger D. G. et al. 2007 Genome-wide
association study identifies novel breast cancer susceptibility
loci. Nature 447, 1087-1093.

Garcia-Closas M., Hall P., Nevanlinna H., Pooley K., Morrison J.,
Richesson D. A. et al. 2008 Heterogeneity of breast cancer
associations with five susceptibility loci by clinical and patho-
logical characteristics. PLoS Genet. 4, ¢1000054.

Gates M. A., Tworoger S. S., Terry K. L., De Vivo 1., Hunter D. J.,
Hankinson S. E. et al. 2009 Breast cancer susceptibility alleles
and ovarian cancer risk in 2 study populations. Int. J. Cancer
124, 729-733.

Guo J., Sueta A., Nakamura K., Yoshimoto N., Baba M., Ishida N.
et al. 2017 Genetic and environmental factors and serum
hormones, and risk of estrogen receptor-positive breast cancer
in pre- and postmenopausal Japanese women. Oncotarget 8,
65759-65769.

Han W., Woo J. H,, YuJ. H., Lee M. J., Moon H. G., Kang D. et al.
2011 Common genetic variants associated with breast cancer in
Korean women and differential susceptibility according to
intrinsic  subtype. Cancer Epidemiol. Biomarkers Prev. 20,
793-798.

Han Y. J., Zhang J., Zheng Y., Huo D. and Olopade O. I. 2016
Genetic and epigenetic regulation of TOX3 expression in breast
cancer. PLoS One 11, e0165559.

Hu P, Huang Q., Li Z., Wu X., Ouyang Q., Chen J. et al. 2014
Silencing MAP3K1 expression through RNA interference
enhances paclitaxel-induced cell cycle arrest in human breast
cancer cells. Mol. Biol. Rep. 41, 19-24.

Huijts P. E., Vreeswijk M. P., Kroeze-Jansema K. H., Jacobi C. E.,
Seynaeve C., Krol-Warmerdam E. M. et al. 2007 Clinical
correlates of low-risk variants in FGFR2, TNRC9, MAP3K1,
LSP1 and 8q24 in a Dutch cohort of incident breast cancer cases.
Breast Cancer Res. 9, R78.

Hunter D. J., Kraft P, Jacobs K. B., Cox D. G., Yeager M.,
Hankinson S. E. et al. 2007 A genome-wide association study
identifies alleles in FGFR2 associated with risk of sporadic
postmenopausal breast cancer. Nat. Genet. 39, 870-874.

Joshi A. D., Lindstrém S., Hiising A., Barrdahl M., VanderWeele T.
J., Campa D. et al 2014 Additive interactions between
susceptibility single-nucleotide polymorphisms identified in
genome-wide association studies and breast cancer risk factors
in the Breast and Prostate Cancer Cohort Consortium. Am.
J. Epidemiol. 180, 1018-1027.

Khazaei Z., Mosavi Jarrahi A., Momenabadi V., Ghorat F., Adineh
H. A., Sohrabivafa M. et al. 2019 Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide
stomach cancers and their relationship with the human develop-
ment index (HDI). World Cancer Res. J. 6, €1257.

Kuchenbaecker K. B., Neuhausen S. L., Robson M., Barrowdale
D., McGuffog L., Mulligan A. M. et al. 2014 Associations of
common breast cancer susceptibility alleles with risk of breast
cancer subtypes in BRCA1 and BRCA2 mutation carriers. Breast
Cancer Res. 16, 3416.

Ledwon J. K., Hennig E. E., Maryan N., Goryca K., Nowakowska
D., Niwinska A. et al. 2013 Common low-penetrance risk
variants associated with breast cancer in Polish women. BMC
Cancer 13, 510.

Lei H. and Deng C. X. 2017 Fibroblast growth factor receptor 2
signaling in breast cancer. Int. J. Biol. Sci. 13,1163-1171.

Page 9 of 10 15

Lim U., Kocarnik J. M., Bush W. S., Matise T. C., Caberto C., Park
S. L. et al. 2014 Pleiotropy of cancer susceptibility variants on
the risk of non-Hodgkin lymphoma: the PAGE consortium. PLoS
One 9, e89791.

McGrath M., Lee I. M., Buring J., Hunter D. J. and De Vivo 1. 2008
Novel breast cancer risk alleles and endometrial cancer risk. /nt.
J. Cancer 123, 2961-2964.

Miles F. L., Rao J. Y., Eckhert C., Chang S. C., Pantuck A. and
Zhang Z. F. 2015 Associations of immunity-related single
nucleotide polymorphisms with overall survival among prostate
cancer patients. Int. J. Clin. Exp. Med. 8, 11470-11476.

Milne R. L., Gaudet M. M., Spurdle A. B., Fasching P. A., Couch F.
J., Benitez J. et al. 2010 Assessing interactions between the
associations of common genetic susceptibility variants, repro-
ductive history and body mass index with breast cancer risk in
the breast cancer association consortium: a combined case-
control study. Breast Cancer Res. 12, R110.

Moghaddam A. S., Roodgar M., Mansourpour H. and Jarrahi A. M.
2017 LSP1 gene rs3817198 polymorphism and breast cancer
risk: a systematic review and meta-analysis study. Asian Pac.
J. Cancer Biol. 1, 79-84.

Nagrani R., Mhatre S., Rajaraman P., Chatterjee N., Akbari M. R.,
Boffetta P. ef al. 2017 Association of genome-wide association
study (GWAS) 1dentified snps and risk of breast cancer in an
Indian population. Sci. Rep. 7, 40963.

Nan H., Qureshi A. A., Hunter D. J. and Han J. 2009 Genetic
variants in FGFR2 and FGFR4 genes and skin cancer risk in the
Nurses’ Health Study. BMC Cancer 9, 172.

Ozgoz A., Samli H., Oztick K. H., Orhan B., i¢duygu F. M.,
Aktepe F. et al. 2013 An investigation of the effects of FGFR2
and B7-H4 polymorphisms in breast cancer. J. Cancer Res. Ther.
9, 370-375.

Ozmen V. 2014 Breast cancer in Turkey: clinical and histopatho-
logical characteristics (analysis of 13,240 patients). J. Breast
Health 10, 98-105.

Park S. L., Fesinmeyer M. D., Timofeeva M., Caberto C. P,
Kocarmnik J. M., Han Y. et al. 2014 Pleiotropic associations of
risk variants identified for other cancers with lung cancer risk:
the PAGE and TRICL consortia. J. Natl. Cancer Inst. 106,
dju061.

Quaye L., Tyrer J., Ramus S. J., Song H., Wozniak E., DiCioccio R.
A. et al. 2009 Association between common germline genetic
variation in 94 candidate genes or regions and risks of invasive
epithelial ovarian cancer. PLoS One 4, ¢5983.

Rebbeck T. R., DeMichele A., Tran T. V., Panossian S., Bunin G.
R., Troxel A. B. et al. 2009 Hormone-dependent effects of
FGFR2 and MAP3KI1 in breast cancer susceptibility in a
population- based sample of post-menopausal African-American
and European-American women. Carcinogenesis 30, 269-274.

Robbez-Masson L. J., Bodor C., Jones J. L., Hurst H. C.,
Fitzgibbon J., Hart I. R. et al. 2013 Functional analysis of a
breast cancer-associated FGFR2 single nucleotide polymorphism
using zinc finger mediated genome editing. PLoS One 8, €78839.

Ruiz-Narvaez E. A., Rosenberg L., Cozier Y. C., Cupples L. A.,
Adams-Campbell L. L., Palmer J. R. 2010 Polymorphisms in the
TOX3/LOC643714 locus and risk of breast cancer in African-
American women. Cancer Epidemiol. Biomarkers Prev. 19,
1320-1327.

Shan J., Mahfoudh W., Dsouza S. P., Hassen E., Bouaouina N.,
Abdelhak S. er al. 2012 Genome-wide association studies
(GWAS) breast cancer susceptibility loci in Arabs: susceptibility
and prognostic implications in Tunisians. Breast Cancer Res.
Treat. 135, 715-724.

Slattery M. L., Lundgreen A. and Wolff R. K. 2012 MAP kinase
genes and colon and rectal cancer. Carcinogenesis 33,
2398-2408.



15 Page 10 of 10

Song H., Ramus S. J., Kjaer S. K., DiCioccio R. A., Chenevix-
Trench G., Pearce C. L. et al. 2009 Association between invasive
ovarian cancer susceptibility and 11 best candidate SNPs from
breast cancer genome-wide association study. Hum. Mol. Genet.
18, 2297-2304.

Stacey S. N., Manolescu A., Sulem P., Rafnar T., Gudmundsson J.,
Gudjonsson S. A. et al. 2007 Common variants on chromosomes
2q35 and 16q12 confer susceptibility to estrogen receptor-
positive breast cancer. Nat. Genet. 39, 865-869.

Stacey S. N., Manolescu A., Sulem P., Thorlacius S., Gudjonsson
S. A, Jonsson G. F. et al 2008 Common variants on
chromosome 5pl2 confer susceptibility to estrogen receptor-
positive breast cancer. Nat. Genet. 40, 703—706.

Thanh N. T. N., Lan N. T. T., Phat P. T., Giang N. D. T. and Hue N.
T. 2018 Two polymorphisms, 1s2046210 and rs3803662, are
associated with breast cancer risk in a Vietnamese case-control
cohort. Genes Genet. Syst. 93, 101-109.

Turnbull C., Ahmed S., Morrison J., Pernet D. and Renwick A.
2010 Genome-wide association study identifies five new breast
cancer susceptibility loci. Nat. Genet. 42, 504-507.

Turner N. and Grose R. 2010 Fibroblast growth factor signalling:
from development to cancer. Nat. Rev. Cancer 10, 116-129.
Tiirkyllmaz M., Hacikamiloglu E., Deniz E. B., Boztas G, Diindar
S. and Ergiin A. K. et al. 2018 In Cancer statistics of Turkey
2015 (ed. Ilter H. and B. Keskinkilig), pp. 44. Directorate

General of Public Health, The Ministry of Health, Ankara.

Udler M. S., Ahmed S., Healey C. S., Meyer K., Struewing J.,
Maranian M. et al. 2010 Fine scale mapping of the breast cancer
16q12 locus. Hum. Mol. Genet. 19, 2507-2515.

Corresponding editor: H. A. RANGANATH

Asuman Ozgoz et al.

Wei X., Zhang E., Wang C., Gu D., Shen L., Wang M. et al. 2014 A
MAP3k1 SNP predicts survival of gastric cancer in a Chinese
population. PLoS One 9, €96083.

Zhang L. and Long X. 2015 Association of three SNPs in TOX3
and breast cancer risk: Evidence from 97275 cases and 128686
controls. Sci. Rep. 5, 12773.

Zhang X., Bailey S. D. and Lupien M. 2014 Laying a solid
foundation for Manhattan—setting the functional basis for the
post- GWAS era’. Trends Genet. 30, 140—149.

Zheng Q., Ye J,, Wu H.,, Yu Q. and Cao J. 2014 Association
between mitogen-activated protein kinase kinase kinase 1
polymorphisms and breast cancer susceptibility: a meta-analysis
of 20 case-control studies. PLoS One 9, €90771.

Zheng W., Cai Q., Signorello L. B., Long J., Hargreaves M. K. and
Deming S. L. 2009 Evaluation of 11 breast cancer susceptibility
loci in African-American women. Cancer Epidemiol. Biomark-
ers Prev. 18, 2761-2764.

Zheng W., Wen W., Gao Y. T., Shyr Y., Zheng Y., Long J. et al.
2010 Genetic and clinical predictors for breast cancer risk
assessment and stratification among Chinese women. J. Natl.
Cancer Inst. 102, 972-981.

Zhou L., Yao F., Luan H., Wang Y., Dong X., Zhou W. et al. 2012
Three novel functional polymorphisms in the promoter of
FGFR2 gene and breast cancer risk: a HuGE review and meta-
analysis. Breast Cancer Res. Treat. 136, 885-897.

Zhu B., Wang J., Qin L., Wang L., Zheng Y., Zhang L. et al. 2018
FGFR?2 gene polymorphism rs2981582 is associated with non-
functioning pituitary adenomas in Chinese Han population: a
case-control study. Biosci. Rep. 38, pii:BSR20181081.



	Low-penetrance susceptibility variants and postmenopausal oestrogen receptor positive breast cancer
	Abstract
	Introduction
	Materials and methods
	Study population
	Genotyping
	Statistical analysis

	Results
	Clinical characteristics of the study subjects
	Genotype and allele distribution of SNPs
	SNPs and histopathological characteristics of breast tumours

	Discussion
	Acknowledgments
	References




