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ABSTRACT 

Obesity is one of the most important health risks in postmenopausal women. Molecular pathways that are con-

nected with obesity are believed to interact with the pathogenesis of breast cancer (BC). The aim of this research 

was to study the polymorphisms of two obesity-associated genes ADIPOQ and FTO that are also related to the 

pathogenesis of BC. Obesity-associated gene polymorphisms ADIPOQ rs1501299 and rs2241766, and FTO 

rs1477196, rs7206790, rs8047395, and rs9939609 were studied in 101 Turkish postmenopausal estrogen receptor-

positive BC patients and 100 healthy control individuals. ADIPOQ rs1501299 was detected to be associated with 

protection against BC. The ADIPOQ rs1501299 TT genotype, the rs2241766 GT genotype and the G allele were 

found to be significantly higher in the control group. In addition, ADIPOQ rs1501299 polymorphism was protec-

tive in the recessive model and rs2241766 polymorphism was protective in the dominant model. While none of 

the FTO gene polymorphisms were found to be associated with BC, the frequencies of rs9939609 A allele and 

rs7206790 G allele were correlated with body mass index (BMI) in BC patients. ADIPOQ rs1501299 TT genotype, 

rs2241766 GT genotype, and G allele might be protective against BC in the Turkish population but this conclusion 

needs to be further verified. 

 

Keywords: ADIPOQ, FTO, polymorphism, postmenopausal, breast cancer 

 

 

 

mailto:biologistasu@gmail.com
http://dx.doi.org/10.17179/excli2020-2860
http://dx.doi.org/10.17179/excli2020-2860
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-4018-5807
https://orcid.org/0000-0002-4913-9420
https://orcid.org/0000-0001-7550-0569
https://orcid.org/0000-0003-4728-0735
https://orcid.org/0000-0002-7075-8875
https://orcid.org/0000-0002-1191-3599


EXCLI Journal 2021;20:1133-1144 – ISSN 1611-2156 

Received: September 01, 2020, accepted: July 02, 2021, published: July 05, 2021 

 

 

 

1134 

INTRODUCTION 

Obesity is known to be one of the most 

important health risks worldwide and it is also 

associated with increased postmenopausal 

breast cancer (BC) risk (La Vecchia et al., 

2011; Pasha et al., 2019). The molecular 

mechanism related to the connection between 

BC and obesity is unclear (Pasha et al., 2019). 

BC patients have been reported to be mostly 

obese at diagnosis and, differently from in 

other cancers, to significantly gain weight af-

ter diagnosis. This situation has been demon-

strated to be correlated with poor BC progno-

sis, decreased survival rates, and chemo-

resistance (Reddy et al., 2013). The estrogen 

level in postmenopausal obese women tends 

to be 50-100 % greater than in women of nor-

mal weight. This leads them to have twice the 

risk of developing BC by triggering patholog-

ical situations leading to the disease (da 

Cunha et al., 2013). High volumes of adipose 

tissue give rise to high estrogen levels, in-

creased levels of cytokines including TNF-a, 

IL-6, and prostaglandin, insulin resistance, in-

creased insulin-like growth factor activity, 

and oxidative stress; these are all reported to 

be leading causes of cancer formation (Akbari 

et al., 2018). These factors contribute to the 

specific molecular pathways related to the 

progression of cell cycle; regulation of protein 

synthesis, and apoptosis (Lorincz and Suku-

mar, 2006). Adiponectin (ADIPOQ), fat mass 

and obesity associated-protein (FTO), leptin, 

leptin receptor, serum paraoxonase/arylester-

ase, and melanocortin receptor-4 are specific 

obesity-associated genes, which, when they 

have defects, have also been reported to be as-

sociated with BC risk (da Cunha et al., 2013; 

Vona-Davis et al., 2007; Stephenson and 

Rose, 2003). 

Adipose tissue secretes many adipokines 

that act bioactively. ADIPOQ is the most fre-

quently secreted adipokine and a decreased 

ADIPOQ level is demonstrated to be related 

to cancer progression (Stephenson and Rose 

2003; Ye et al., 2014; An et al., 2012). 

The ADIPOQ gene, which is localized on 

3q27, is expressed mainly in adipose tissue 

and its polymorphisms are associated with 

cancer risk by possibly affecting the protein 

levels in plasma (Pasha et al., 2019). De-

creased adiponectin levels were verified to in-

crease BC, colorectal cancer and adenoma 

risk in two meta-analyses (Ye et al., 2014; An 

et al., 2012). In subgroup analysis performed 

in another meta-analysis, low adiponectin lev-

els significantly correlated with breast, colon, 

endometrial, prostate, gastroesophageal can-

cer risks (Wei et al., 2016). Adiponectin was 

found to prevent tumor development and de-

crease angiogenesis (Bråkenhielm et al., 

2004). 

The FTO gene was the first reported obe-

sity-associated gene in a genome-wide asso-

ciation study (GWAS) conducted in a Cauca-

sian population. FTO polymorphisms were 

further verified to be associated with the risk 

of obesity in different populations (Kang et 

al., 2017). Additionally, most obesity-related 

polymorphisms of the FTO gene are intronic 

and in strong linkage disequilibrium; for this 

reason, it has not yet been possible to deter-

mine SNPs affecting gene expression. How-

ever, the “A” risk allele of FTO rs9939609 

SNP has been demonstrated to have the effect 

of increased expression of the gene (Berulava 

and Horsthemke, 2010). 

The FTO gene, mutations of which may 

conclude in serious growth retardation, in-

creased metabolic rate and hyperphagia, is lo-

calized on 16q12.2 (Zeng et al., 2015).  Vari-

ants of the FTO gene have been reported to be 

associated with endometrial, pancreatic and 

breast cancer risk but not to be associated with 

prostate cancer risk. FTO triggers cancer risk 

via obesity-related carcinogenesis but the real 

molecular mechanism has not been elucidated 

(Chen and Du, 2019). Although the functional 

importance of FTO variants has not been clar-

ified, risk alleles are thought to affect epige-

netic changes such as methylation (Zeng et 

al., 2015).   

In the light of the above literature, the cur-

rent study aimed to investigate the obesity-as-

sociated gene polymorphisms ADIPOQ 

rs1501299 and rs2241766, and FTO 

rs1477196, rs7206790, rs8047395 and 
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rs9939609 in Turkish postmenopausal estro-

gen-receptor (ER) positive (+) BC patients 

and healthy control individuals in order to de-

termine the links between them. 

 

MATERIALS AND METHODS 

101 post-menopausal ER (+) BC cases 

from the Department of Medical Oncology, 

Acıbadem Bursa Hospital (mean age: 62 ± 7.8 

years), and 100 postmenopausal healthy indi-

viduals as a control (mean age: 52.6 ± 3.7 

years), and who had all signed informed con-

sent forms, were included in the research. 

Case information forms with detailed infor-

mation were filled in for the patients and the 

control-group individuals. The Medical Re-

search Ethics Committee of Acıbadem 

Mehmet Ali Aydınlar University approved 

the research project.  

DNA samples were isolated using a High 

Pure PCR Template Preparation Kit (Roche, 

Diagnostics GmbH, Mannheim, Germany) in 

accordance with the manufacturer’s instruc-

tions. For genotyping, matrix-assisted laser 

desorption/ionization mass spectrometry with 

time-of-flight measurement (MALDI-TOF) 

was carried out after multiplex PCR on a Se-

quenom MassARRAY 4 analyzer, and mass 

spectra analysis was performed using the 

MassARRAY TYPER 4.0 software (Agena 

Bioscience, San Diego, USA), as previously 

described (Özgöz et al., 2019). 

The SPSS 18.0 software (SPSS Inc. Re-

leased 2009. PASW Statistics for Windows, 

Version 18.0. Chicago: SPSS Inc.) was used 

for statistical analyses. To evaluate the 

Hardy-Weinberg equilibrium, the chi-square 

test was used. BC patients and the control in-

dividuals’ genotype and allele frequencies 

were compared using Pearson’s chi-square 

and Fisher Exact tests. Logistic regression 

analyses were carried out and the Odds Ratio 

(OR) was calculated with 95 % confidence in-

tervals (CIs). Demographic and clinical data 

were compared using the Student’s t- and 

Mann-Whitney U tests.  

RESULTS 

The clinical characteristics and demo-

graphic properties of the cases are shown in 

the demographic profile table (Table 1). In 

terms of the differences between the BC pa-

tients and the control individuals, age 

(p=0.000), age at first delivery (p=0.000), and 

family history (p=0.006) were found to be sta-

tistically significant. 

The genotype and allele frequencies of 

ADIPOQ (rs1501299, rs2241766) and FTO 

(rs1477196, rs7206790, rs8047395, 

rs9939609) polymorphisms in the BC patients 

and control individuals are presented in Table 

2. The ADIPOQ rs1501299 TT genotype, the 

rs2241766 GT genotype and the G allele were 

found to be higher in the control group than in 

the BC case group (respectively, p=0.019, 

p=0.017and p=0.049). None of the differ-

ences in the frequency of the FTO 

(rs1477196, rs7206790, rs8047395, 

rs9939609) alleles and genotype between the 

groups were found to be statistically signifi-

cant (all: p > 0.05). All the ADIPOQ and FTO 

SNPs were in Hardy-Weinberg equilibrium in 

both the BC case and the control groups.  

BMI, Progesterone (PR), Her2/neu, me-

tastasis, lymph node status, tumor grade, fam-

ily history of BC patients and the studied 

SNPs of ADIPOQ were not related (all: 

p > 0.05). The FTO rs7206790 CG genotype 

and the rs9939609 TA genotype were corre-

lated with increased BMI in BC patients (re-

spectively, p=0.031 and p=0.005) (Table 3). 
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Table 1: BC cases and the control group individuals’ demographic and clinical characteristics 

Characteristics Controls n (%) 
N=100 

Cases n (%) 
N=101 

p value 

Age (years) (mean ± SD) 52.6 ± 3.7  62  7.8 0.000* 

BMI (mean ± SD) 28.8  5.4 29.2  5.8 0.206 

Age of first delivery (years) (mean ± SD) 24.3  4.9 21.6  4.2 0.000* 

Smoking:   0.067 

No 91 (91) 83 (82.2)  

Yes 9 (9) 18 (17.8)  

Consumption of alcohol:   0.621 

No 99 (99) 99 (97.1)  

Yes 1 (1) 3 (2.9)  

Age at menarche:    0.856 

< 13 18 (18) 19 (19)  

≥ 13 82 (82) 81 (81)  

Number of childbirths (n) (%):   1.000 

0 3 (3) 4 (4)  

≥ 1 97 (97) 97 (96)  

Family history of breast cancer in first-degree  
relatives: 

  0.006* 

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:    

Negative  0 (0)  

Positive  100 (100)  

PR status:    

Negative  19 (18.8)  

Positive  82 (81.2)  

Her2/neu status:    

Negative  76 (75.2)  

Positive  25 (24.8)  

Tumor grade:    

I/II  62 (61.4)  

III  28 (27.7)  

Tumor size:    

 5 cm (T2 or lower)  88 (87.1)  

> 5 cm (T3 or higher)  9 (8.9)  

Node involvement:    

No  45 (44.6)  

Yes  54 (53.5)  

BMI: Body mass index; HRT: Hormone replacement therapy; ER: Estrogen receptor; PR: Progesterone 
receptor; HER2/neu: Human epidermal growth factor receptor 2. * indicates that p < 0.05 
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Table 2: Genotype and allele distributions of ADIPOQ and FTO polymorphisms in BC cases and the 
control group individuals 

Genotypes Controls n 
(%) 

N=100 

BC Cases n 
(%) 

N=101 

2 p 
value 

OR (%95 CI) p 
value 

Rs1501299 (ADIPOQ)   0.010*   

GG 48 (48) 50 (49.5)  1a  

GT 34 (34) 46 (45.5)  1.30 (0.72-2.35) 0.388 

TT 18 (18) 5 (5)  0.27 (0.09-0.78) 0.019* 

GG/GT+TT 

TT/GT+GG 

52 (52) 
82 (82) 

51 (50.5) 
96 (95) 

 0.94 (0.54-1.64) 
0.24 (0.08-0.67) 

0.831 
0.004* 

Alleles   0.116   

G 130 (65) 146 (72.3)  1a  

T 70 (35) 
HWE: 0.011 

56 (27.7) 
HWE:0.170 

 0.71 (0.47-1.09) 0.116 

Rs2241766 (ADIPOQ)   0.052   

TT 59 (59) 75 (74.3)  1a  

TG 37 (37) 22 (21.7)  0.47 (0.25-0.88) 0.017* 

GG 4 (4) 4 (4)  0.79 (0.19-3.28) 1.000 

TT/TG+GG 

GG/TG+TT 
41 (41) 
96 (96) 

26 (25.7) 
97 (96) 

 0.50 (0.27-0.91) 0.022* 

Alleles   0.049*   

T 155 (77.5) 172 (85.1)  1a  

G 45 (22.5) 
HWE:0.542 

30 (14.9) 
HWE: 0.163 

 0.60 (0.36-1.00) 0.049* 

Rs1477196 (FTO)   0.291   

GG 61 (61) 54 (53.5)  1a  

GA 35 (35) 38 (37.6)  1.23 (0.68-2.21) 0.496 

AA 4 (4) 9 (8.9)  2.54 (0.74 -
8.73) 

0.152 

GG/GA+AA 

AA/GA+GG 

39 (39) 
96 (96) 

47 (46.5) 
92 (91.1) 

 1.36 (0.78-2.39) 
2.35 (0.70-7.89) 

0.280 
0.251 

Alleles      

G 157 (78.5) 146 (72.3)  1a  

A 43 (21.5) 
HWE: 0.712 

56 (27.7) 
HWE: 0.539 

 1.40 (0.89-2.21) 0.148 

Rs7206790 (FTO)   0.779   

CC 22 (22) 26 (25.7)  1a  

CG 55 (55) 51 (50.5)  0.79 (0.40-1.56) 0.602 

GG 23 (23) 24 (23.8)  0.88 (0.40-1.98) 0.838 

CC/CG+GG 

GG/CG+CC 

78 (78) 
77 (77) 

75 (74.3) 
77 (76.2) 

 0.81 (0.43-1.56) 
1.04 (0.54-2.01) 

0.620 
1.000 

Alleles      

C 99 (49.5) 103 (50.1)  1a  

G 101 (50.5) 
HWE: 0.317 

99 (49) 
HWE: 0.918 

 0.94 (0.64-1.39) 0.765 

Rs8047395 (FTO)   0.883   

AA 35 (35) 32 (31.7)  1a  

AG 50 (50) 53 (52.5)  1.16 (0.63-2.15) 0.638 

GG 15 (15) 16 (15.8)  1.17 (0.50-2.74) 0.829 

AA/AG+GG 65 (65) 69 (68.3)  1.16 (0.65-2.09) 0.618 

GG/AG+AA 85 (85) 85 (84.2)  1.07 (0.50-2.29) 1.000 

Alleles      

A 120 (60) 117 (57.9)  1a  

G 80 (40) 
HWE: 0.677 

85 (42.1) 
HWE: 0.442 

 1.09 (0.73-1.62) 0.672 

      



EXCLI Journal 2021;20:1133-1144 – ISSN 1611-2156 

Received: September 01, 2020, accepted: July 02, 2021, published: July 05, 2021 

 

 

 

1138 

Genotypes Controls n 
(%) 

N=100 

BC Cases n 
(%) 

N=101 

2 p 
value 

OR (%95 CI) p 
value 

Rs9939609 (FTO)   0.440   

TT 34 (34) 26 (25.7)  1a  

TA 48 (48) 55 (54.5)  1.50 (0.79-2.84) 0.215 

AA 18 (18) 20 (19.8)  1.45 (0.64-3.29) 0.411 

TT/TA+AA 

AA/TA+TT 
66 (66) 
82 (82) 

75 (74.3) 
81 (80.2) 

 1.47 (0.81-2.73) 
1.13 (0.56-2.28) 

0.201 
0.857 

Alleles      

T 116 (58) 107 (53)  1a  

A 84 (42) 
HWE: 0.883 

95 (47) 
HWE: 0.350 

 1.23 (0.83-1.82) 0.310 

CI: Confidence interval; HWE: Hardy-Weinberg equilibrium; OR: Odds ratio. 1a: Reference Genotype/Al-
lele. * indicates that p < 0.05 

 

 

DISCUSSION 

Obesity has been reported to be correlated 

in a complex way with the risk of BC, as well 

as with the clinical outcomes of the ongoing 

disease (Jafari Nedooshan et al., 2017). In 

postmenopausal women, one of the known 

risk factors for BC is obesity and up to 50 % 

of elderly women are thought to be obese 

(Simone et al., 2016). However, the risk of 

BC in obese women seems to be affected by 

ethnicity and hormone receptor status: in-

creased BMI has been reported to be corre-

lated with BC risk especially in populations of 

Asian-Pacific origins and in ER (+) and PR 

(+) cases (John et al., 2013). The risk of BC 

in obese women has been reported to be in-

creased in relation to estrogen levels, inflam-

mation, insulin metabolism, and molecules of 

blood originating in intracellular pathways. 

Measuring these factors has been suggested as 

a way of understanding the increased activa-

tion of intracellular signaling pathways re-

lated to BC risk. It is thought that evaluating 

these factors together with BC and obesity-as-

sociated gene polymorphisms will provide 

important information for improving diagnos-

tic and prognostic procedures in order to treat 

obese BC patients (Simone et al., 2016). 

In a study by Kaklamani et al., two func-

tional single nucleotide polymorphisms 

(SNPs) (rs1501299 and rs2241766) in the 

obesity-associated gene ADIPOQ were found 

to be related to BC for the first time in the lit-

erature. Some genotypes of these polymor-

phisms were associated with decreased BC 

risk (rs2241766 TG and GG), while some 

were associated with increased BC risk 

(rs1501299 TG and GG) (Kaklamani et al., 

2008). While some studies have reported as-

sociations, in particular of rs1501299 and BC 

risk (Pasha et al., 2019; Macías-Gómez et al., 

2019; Méndez-Hernández et al., 2017; 

Kaklamani et al., 2013), some have failed to 

report an association (Slattery et al., 2015; 

Nyante et al., 2011). To the best of our 

knowledge there is no meta-analysis in the lit-

erature related to ADIPOQ in obese BC. 

The current study is the first to evaluate 

ADIPOQ rs1501299 and rs2241766 SNPs in 

Turkish postmenopausal ER (+) BC patients. 

In this study, there were found to be fewer in-

dividuals with ADIPOQ rs1501299 TT geno-

types (p=0.019) and rs2241766 GT (p=0.017) 

genotypes among the BC patients and it can 

therefore be suggested that this situation led 

to the Turkish population being better pro-

tected against BC. 

In a study by Karaduman et al., performed 

with Turkish BC patients and controls, ADI-

POQ levels in fresh-frozen breast tissue sam-

ples were measured using the ELISA method. 

In the study, increased ADIPOQ levels were 

correlated with BC risk in postmenopausal 

Turkish women (p=0.003), unlike in the liter-

ature. In addition, clinicopathological param-

eters such as BMI, hormone receptor status, 

lymph node involvement, tumor size and  
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Table 3: Polymorphisms, histopathological tumor parameters and some characteristics of BC patients 

Genotype 
Frequency 

(%) 

BMI  
n (%) 

Progesterone  
receptor  
status  
n (%) 

Her2/neu  
status 
n (%) 

Tumor size 
n (%) 

Node  
involvement 

n (%) 

Tumor grade 
n (%) 

Metastases 
n (%) 

Family history 
n (%) 

25 
25-
29.9 

≥30  
Nega-
tive 

Posi-
tive 

Nega-
tive 

Posi-
tive 

5 cm 
(T2 or 
lower) 
  

>5 cm 
(T3 or 
higher) 

No Yes I, II III No Yes No Yes 

Rs1501299 
(ADIPOQ) 

                 

GG 7 (50) 
17 
(45.9) 

26 
(52) 

7 
(36.8) 

43 
(52.4)  

38 
(50) 

12 
(48) 

42 
(47.7) 

4 (44.4) 
20 
(44.4) 

28 
(51.9) 

28 
(45.2) 

15 
(53.6) 

43 
(48.9) 

6 (50) 
40 
(51.3) 

10 
(45.5) 

GT 7 (50) 
18 
(48.6) 

21 
(42) 

11 
(57.9) 

35 
(42.7) 

36 
(47.4) 

10 
(40) 

41 
(46.6)  

5 (55.6) 
21 
(46.7) 

25 
(46.3) 

32 
(51.6) 

11 
(39.3) 

40 
(45.5) 

6 (50) 
33 
(42.3) 

12 
(54.5) 

TT 0 (0) 
2 
(5.4) 

3 (6) 1 (5.3) 4 (4.9) 2 (2.6) 
3 
(12) 

5 (5.7) 0 (0) 4 (8.9) 1 (1.9) 2 (3.2) 2 (7.1) 5 (5.7) 0 (0) 5 (6.4) 0 (0) 

P value 0.883 0.573 0.185 1.000 0.276 0.508 0.824 0.365 

Rs2241766 
(ADIPOQ) 

                 

TT 
12 
(85.7) 

27 
(73) 

36 
(72) 

18 
(94.7) 

57 
(69.5) 

55 
(72.4) 

20 
(80) 

67 
(76.1) 

6 (66.7) 
34 
(75.6) 

40 
(74.1) 

46 
(74.2) 

22 
(78.6) 

65 
(73.9) 

9 (75) 
59 
(75.6) 

15 
(68.2) 

TG 
2 
(14.3) 

8 
(21.6) 

12 
(24) 

1 (5.3) 
21 
(25.6) 

17 
(22.4) 

5 
(20) 

17 
(19.3) 

3 (33.3) 
10 
(22.2) 

11 
(20.4) 

13 
(21) 

5 
(17.9) 

19 
(21.6) 

3 (25) 
15 
(19.2) 

7 
(31.8) 

GG 0 (0) 
2 
(5.4) 

2 (4) 0 (0) 4 (4.9) 4 (5.3) 0 (0) 4 (4.5) 0 (0) 1 (2.2) 3 (5.6) 3 (4.8) 1 (3.6) 4 (4.5) 0 (0) 4 (5.1) 0 (0) 

P value 0.857 0.074 0.569 0.595 0.744 0.910 1.000 0.331 

Rs1477196  
(FTO) 

                 

GG 7 (50) 
18 
(48.6) 

29 
(58) 

10 
(52.6) 

44 
(53.7) 

39 
(51.3) 

15 
(60) 

45 
(51.1) 

6 (66.7) 
27 
(60) 

26 
(48.1) 

31 
(50) 

16 
(57.1)  

48 
(54.5) 

5 
(41.7) 

42 
(53.8) 

12 
(54.5) 

GA 
5 
(35.7) 

14 
(37.8) 

19 
(38) 

7 
(36.8) 

31 
(37.8) 

30 
(39.5) 

8 
(32) 

36 
(40.9) 

2 (22.2) 
16 
(35.6) 

22 
(40.7) 

27 
(43.5) 

8 
(28.6) 

33 
(37.5) 

5 
(41.7) 

29 
(37.2) 

9 
(40.9) 

AA 
2 
(14.3) 

5 
(13.5) 

2 (4) 
2 
(10.5) 

7 (8.5) 7 (9.2) 2 (8) 7 (8) 1 (11.1) 2 (4.4) 
6 
(11.1) 

4 (6.5) 
4 
(14.3) 

7 (8) 
2 
(16.7) 

7 (9) 1 (4.5) 

P value 0.559 0.963 0.750 0.664 0.355 0.268 0.614 0.785 

Rs7206790  
(FTO) 

                 

CC 
6 
(42.9) 

13 
(35.1) 

7 
(14) 

6 
(31.6) 

20 
(24.4) 

20 
(26.3) 

6 
(24) 

23 
(26.1) 

3 (33.3) 
7 
(15.6) 

19 
(35.2) 

12 
(19.4) 

12 
(42.9) 

23 
(26.1) 

3 (25) 
19 
(24.4) 

6 
(27.3) 
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CG 
3 
(21.4) 

18 
(48.6) 

30 
(60) 

8 
(42.1) 

43 
(52.4) 

39 
(51.3) 

12 
(48) 

44 (50) 5 (55.6) 
26 
(57.8) 

23 
(42.6) 

33 
(53.2) 

10 
(35.7) 

43 
(48.9) 

7 
(58.3) 

41 
(52.6) 

10 
(45.5) 

GG 
5 
(35.7) 

6 
(16.2) 

13 
(26) 

5 
(26.3) 

19 
(23.2) 

17 
(22.4) 

7 
(28) 

21 
(23.9) 

1 (11.1) 
12 
(26.7) 

12 
(22.2) 

17 
(27.4) 

6 
(21.4) 

22 
(25) 

2 
(16.7) 

18 
(23.1) 

6 
(27.3) 

P value 0.031* 0.751 0.847 0.737 0.084 0.064 0.859 0.838 

Rs8047395 
 (FTO) 

                 

AA 
4 
(28.6) 

9 
(24.3) 

19 
(38) 

7 
(36.8) 

25 
(30.5) 

21 
(27.6) 

11 
(44) 

26 
(29.5) 

3 (33.3) 
15 
(33.3) 

16 
(29.6) 

22 
(35.5) 

8 
(28.6) 

29 
(33) 

2 
(16.7) 

23 
(29.5) 

9 
(40.9) 

AG 
6 
(42.9) 

20 
(54.1) 

27 
(54) 

7 
(36.8) 

46 
(56.1) 

43 
(56.6) 

10 
(40) 

47 
(53.4) 

5 (55.6) 
26 
(57.8) 

26 
(48.1) 

30 
(48.4) 

14 
(50) 

44 
(50) 

9 (75) 
45 
(57.7) 

8 
(36.4) 

GG 
4 
(28.6) 

8 
(21.6) 

4 (8) 
5 
(26.3) 

11 
(13.4) 

12 
(15.8) 

4 
(16) 

15 (17) 1 (11.1) 4 (8.9) 
12 
(22.2) 

10 
(16.1) 

6 
(21.4) 

15 
(17) 

1 
(8.3) 

10 
(12.8) 

5 
(22.7) 

P value 0.219 0.234 0.276 1.000 0.198 0.744 0.317 0.193 

Rs9939609 
 (FTO) 

                 

TT 
5 
(35.7) 

16 
(43.2) 

5 
(10) 

7 
(36.8) 

19 
(23.2) 

21 
(27.6) 

5 
(20) 

21 
(23.9) 

4 (44.4) 
8 
(17.8) 

17 
(31.5) 

13 
(21) 

11 
(39.3) 

22 
(25) 

4 
(33.3) 

19 
(24.4) 

6 
(27.3) 

TA 
5 
(35.7) 

15 
(40.5) 

35 
(70) 

7 
(36.8) 

48 
(58.5) 

41 
(53.9) 

14 
(56) 

50 
(56.8) 

4 (44.4) 
26 
(57.8) 

29 
(53.7) 

36 
(58.1) 

12 
(42.9) 

49 
(55.7) 

6 (50) 
46 
(59) 

9 
(40.9) 

AA 
4 
(28.6) 

6 
(16.2) 

10 
(20) 

5 
(26.3) 

15 
(18.3) 

14 
(18.4) 

6 
(24) 

17 
(19.3) 

1 (11.1) 
11 
(24.4) 

8 
(14.8) 

13 
(21) 

5 
(17.9) 

17 
(19.3) 

2 
(16.7) 

13 
(16.7) 

7 
(31.8) 

P value 0.005* 0.260 0.692 0.508 0.214 0.187 0.845 0.218 

BMI: Body mass index; HER2/neu: Human epidermal growth factor receptor 2; PR: Progesterone receptor. * indicates that p < 0.05 
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grade were not associated with increased AD-

IPOQ levels in breast tumor samples 

(p > 0.05). Karaduman et al. suggested that 

this result may have been due to tissues being 

studied, rather than blood samples (Karadu-

man et al., 2007). However, we suggest that 

this disparity may not only have been related 

to the sample type (tissue versus blood), but 

also to ethnicity. Although the current study 

did not examine ADIPOQ levels, increased 

ADIPOQ levels have been reported in the lit-

erature to be neither associated with ADIPOQ 

SNPs nor with BC risk; our results are thus in 

line with those of Karaduman et al. In Erbay 

et al.’s study conducted in a Turkish popula-

tion, rs1501299 and rs2241766 SNPs were re-

ported not to be associated with BC risk 

(p > 0.05). The current study is also in line 

with Erbay et al.’s study as no association was 

found between these SNPs and BC risk in a 

Turkish population (Erbay et al., 2016). How-

ever, our study differs from theirs as signifi-

cant protective effects of some genotypes of 

these SNPs against BC were detected. In ad-

dition, none of the SNPs was correlated with 

clinopathological parameters in the current 

study (all: p > 0.05). 

In contrast with the current study, other 

studies have found the following genotypes to 

be associated with BC risk: in a Kuwaiti pop-

ulation the rs1501299 GG genotype (also de-

pending on BMI) and rs2241766; in a South 

Indian population the rs1501299 GT and 

rs2241766 TG genotypes (Al Khaldi et al., 

2011; Mohan Reddy et al., 2012); in a North-

east Indian population the rs1501299 GT and 

rs2241766 TG genotypes (Khandouzi et al., 

2016); in an Egyptian population the 

rs2241766 TG and GG genotypes (Pasha et 

al., 2019) in African-Americans the 

rs1501299 GT/GG genotypes (Kaklamani et 

al., 2013). 

No associations were reported between 

BC risk and ADIPOQ polymorphisms in His-

panics and White Americans (Kaklamani et 

al., 2013; Teras et al., 2009), but in the current 

study, with a different population, ADIPOQ 

rs1501299 was significantly protective 

against BC (p=0.010). In addition, the num-

bers of rs1501299 TT and rs2241766 GT gen-

otypes and G alleles were found to be higher 

in the control group than the BC case group 

(respectively, p=0.019, p=0.017 and 

p=0.049), which demonstrates these geno-

types and this allele may be protective against 

BC in our population. In the study, ADIPOQ 

rs1501299 SNP was also protective in the re-

cessive model (TT VS GT+GG: OR=0.24, 

95 % CI=0.08-0.67, p=0.004) and rs2241766 

SNP was protective in the dominant model 

(TT VS GT+GG: OR= 0.50, 95 % CI=0.27-

0.91, p=0.022) in BC. In a meta-analysis con-

ducted in 4268 cancer cases and 6299 con-

trols, ADIPOQ rs1501299 T allele was re-

ported to be correlated with decreased cancer 

risk in Asian and Caucasian populations and 

the association was significant in the domi-

nant model (GG vs. TT/GT, OR= 0.84, 95 % 

confidence interval [CI]: 0.77–0.92) (Li et al., 

2014). In another meta-analysis by Zhou et 

al., including 4936 cancer cases and 5432 

controls, the ADIPOQ rs2241766 G allele 

was associated with decreased cancer risk in 

line with the current study, even though our 

study is only related to BC (Zhou et al., 2013). 

In a study conducted in the Mexican popula-

tion, again in line with the current study, there 

were found to be a higher number of 

rs2241766 GT (p=0.022) genotypes and G al-

leles (p=0.002) in the control group than in 

the BC case group and this SNP was sug-

gested to be protective against ductal infiltrat-

ing breast cancer (DIBC) formation (Macías-

Gómez et al., 2019). 

While the variations of the obesity-associ-

ated gene FTO were reported to be associated 

with BC risk in some populations (Zeng et al., 

2015; Chen et al., 2019; Sadim et al., 2017; 

Zhao et al., 2016; Zhang et al., 2014), they 

could not be associated with some others (da 

Cunha et al., 2013; Jafari Nedooshan et al., 

2017; Mojaver et al., 2015). 

In the current study, the FTO gene, 

rs1477196, rs7206790, rs8047395, and 

rs9939609 SNPs were not associated with BC 

in Turkish postmenopausal ER (+) BC pa-

tients (all p > 0.05). In the literature there are 
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conflicting results about the association of 

FTO gene SNPs with BC. In line with the cur-

rent study the following SNPs were not asso-

ciated with BC risk: in an Iranian population 

rs9939609 and rs1477196 (Mojaver et al., 

2015); in a Brazilian population rs9939609 

(da Cunha et al., 2013); in a Polish population 

rs9939609 (Kusinska et al., 2012), and in a 

Kazakhstani population rs1477196 

(Akilzhanova et al., 2013). In a Chinese pop-

ulation, the FTO rs1477196 AA genotype was 

associated with lower BC risk in women with 

BMI < 24 kg/m2 (Zeng et al., 2015), while, in 

a large scale study of those with European an-

cestry, rs9939609 was associated with BC 

risk (Zhao et al., 2016). In a study by 

Kaklamani et al. conducted with Caucasian 

people from the USA, rs7206790, rs8047395, 

rs9939609 and rs1477196 were significantly 

associated with BC risk (Kaklamani et al., 

2011). 

In the current study, interestingly, the 

FTO rs7206790 and rs9939609 SNPs signifi-

cantly correlated with BMI in BC patients; the 

frequency of the rs9939609 A allele and 

rs7206790 G allele in BC patients with BMI 

≥ 30 kg/m2 was found to be increased (respec-

tively, p=0.005 and p=0.031). In particular, 

rs9939609 has been reported to be associated 

with increased BMI and related conditions, 

and it has been suggested that the A allele 

could be used to predict high BMI (Baručija-

Özçoban et al., 2018). The results of the cur-

rent study are in line with this assertion, in 

terms of the presence of increased rs9939609 

A allele in BC patients with raised BMI. It can 

be suggested that this SNP may increase dis-

ease risk related to BMI. None of the remain-

ing clinopathological parameters were associ-

ated with FTO SNPs and BC risk (all: 

p > 0.05). 

In conclusion, in the present study, we 

evaluated obesity-associated gene polymor-

phisms, namely, ADIPOQ rs1501299 and 

rs2241766, FTO rs1477196, rs7206790, 

rs8047395, and rs9939609 for the first time 

together in Turkish postmenopausal ER (+) 

BC patients. The numbers of ADIPOQ 

rs1501299 TT, rs2241766 GT genotypes and 

rs2241766 G allele were found to be signifi-

cantly lower in BC patients compared to the 

controls. It is possible that these genotypes 

and this allele protect the Turkish population 

from BC, but this needs to be verified by fu-

ture studies conducted of this population.  

None of the studied SNPs of FTO gene were 

found to be associated with BC risk in the cur-

rent study, and they were also not associated 

with any of the clinopathological parameters, 

except with BMI which was correlated with 

the frequencies of the rs9939609 A allele and 

rs7206790 G allele in BC patients.  

If the supporting evidence about the pos-

sible effect of population-specific genomic al-

terations in cancer risk is taken into account 

(Park et al., 2018), in our opinion, ADIPOQ 

rs1501299 in particular, which was signifi-

cantly protective against BC in the present 

study, should be included in cancer evalua-

tions and predictive biomarker panels de-

signed for the Turkish population, together 

with other susceptibility and protective vari-

ants. 
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