
Egyptian Journal of Medical Microbiology        Volume 34 / No.3 / July 2025    217-227  Online ISSN: 2537-0979 

 

 

 Egyptian Journal of Medical Microbiology 

ejmm.journals.ekb.eg     info.ejmm22@gmail.com 
217 

ORIGINAL ARTICLE 
 

Association between the RETN Polymorphisms and Breast 

Cancer Susceptibility 
 
1
Hanan J. Nayyef*, 

2
Ismail H. Aziz

 

1
Genetic Engineering and Biotechnology Institute, Baghdad University, Iraq; Tropical Biological Research 

Unit/College of Science, Baghdad University, Iraq 
2
Genetic Engineering and Biotechnology Institute, Baghdad University, Iraq 

 

 ABSTRACT 
 

Key words:  

RETN, BC, Resistin 

 

 
*Corresponding Author: 
Hanan Jawad Nayyef  

Tropical Biological Research 

Unit/College of Science, 
Baghdad University/ Iraq; 

Department Genetic Engineering 

and Biotechnology Institute, 
Baghdad University, Iraq 

Tel.: 009647901884906 

hanan.nayyef@uobaghdad.edu.iq  
ORCID ID: 

https://orcid.org/0000-0002-

4340-1184 
 

 

Background: Resistin (RETN), a cysteine-rich adipokine secreted by macrophages or 

adipose tissue, is expressed via the RETN gene with single nucleotide polymorphisms in 

3'-untranslated and RETN promoter locations. Objective: To estimate the relationship 

between Breast Cancer (BC) in Iraqi patients and RETN single nucleotide 

polymorphisms. Methodology: A study involving 100 women with BC at Al-Amal 

Hospital in Iraq analyzed RETN nucleotide polymorphisms from June to October 2023. 

Results: Comparison of RETN (rs10401670 T/C) genotypes and alleles between patients 

with BC and HCs revealed that TC and CC genotypes had significant relations with BC 

(p< 0.001 and p < 0.001, respectively); the rates of TC and CC genotypes were higher in 

patients in comparison with HCs, 53 versus 34 and 25 versus 10, respectively, therefore 

both of them acts as a risk factor with odds ratios of 3.97 (2.06 -7.64) and 6.36 (2.63 -

15.40), respectively. The TT genotype was significant protective factor against BC with a 

ratio of odds: 0.22 (0.12 -0.41) and (p< 0.001); allele analysis revealed that allele T was 

significant protector with a ratio of odds of 0.35 (0.23 -0.53) and (p<0.001). 

Conclusion: RETN (rs10401670 T/C) is the only SNP that has a significant impact on 

cancer risk. Other SNPs, rs3745369 G/C, rs368504053 T/C, and rs74489689 A/G, were 

not significantly associated with BC.   

 
INTRODUCTION 

 

Worldwide, people deal with Breast Cancer (BC). 

Female BC currently accounts for approximately 25% 

of all female cancers, and there will be a predictable 2.3 

million novel patients in 2020, making it the most 

common malignancy among women
1
. In 2021, invasive 

BC will affect an estimated 281,550 women and 2,650 

men in the US, whereas ductal carcinoma in situ will 

affect an additional 49,290 women. From approximately 

1 in 11 in 1975 to 1 in 8, the lifetime likelihood of a 

woman diagnosed with BC has climbed
2
. 

Created via adipose tissue or continuously released 

via macrophages, Resistin is a short 108-amino acid 

peptide that is cysteine-rich and an adipokine (~12.5 

KDa hormone). It is encoded via the RETN gene. It is 

created via macrophages, leukocytes, and other tissues 

and has roles in insulin sensitivity, glucose homeostasis, 

and adipogenesis. Adipocyte differentiation induces 

RETN expression, which is downregulated in mature 

adipocytes and is related to RETN overexpression. 

RETN has been associated with several malignancies, 

including colorectal, breast, and prostate cancers. The 

3'-untranslated region and the RETN promoter have 

single nucleotide polymorphisms. Cancer of the breast, 

colon, and metabolic syndrome are among the many 

illnesses linked to variations in the RETN locus
3,4

.  

Single nucleotide polymorphism (SNP) genotyping 

has the potential to enhance the risk prediction of BC 

and disease treatment, according to researches
3,5

. BC 

susceptibility is affected by certain SNPs[4]. 

The aim of our research is to estimate the 

relationship between breast cancer in Iraqi patients and 

the RETN single nucleotide polymorphism. The type of 

BC used in this study was invasive ductal carcinoma. 

and Luminal B (Estrogen (ER)/ Progesterone (PR)+, 

Her2+) was seen in 28 %, luminal A (ER/PR+, Her2-) 

was seen in 44 %, her2+ (ER/PR−, Her2+) was seen in 

8%, and triple negative (ER/PR−, Her2-) was reported 

in 20 % of cases. The selection of these SNPs likely 

reflects their potential roles in cancer biology, prior 

evidence linking them to breast cancer, and relevance to 

the study population. 

 

METHODOLOGY 
 

This study included 100 females with Breast Cancer 

(BC) who attended Al-Amal Hospital / Baghdad/Iraq, 

from June to October 2023. The experimental work was 

performed at the Institute for Genetic Engineering and 

Biotechnology Institute for Postgraduate Studies/ 

University of Baghdad and laboratories of Al-Amal 

Hospital. The parameters were evaluated using 

questionnaires and medical records, including location, 
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age, ER, tumor stage, family history, PR, type, disease 

grade, and human epidermal growth factor receptor 2 

(HER2) receptors. 

A BC verified diagnosis based on imaging, physical 

examination, and histology was an inclusion criterion. 

The female participants were 20 years of age or older. 

Individuals who had previously been exposed to 

hormone treatment, chemotherapy, radiation, or any 

other kind of cancer, as well as those who suffered from 

chronic inflammatory disorders, were not eligible to 

participate and they are in inclusion criteria. One 

hundred healthy females were age-matched with BC 

patients to rule out their effect on the genetic results. 

The study selection criteria included female participants 

aged 20 years and older, generally in good health 

without chronic or acute medical conditions, no current 

medication use, reproductive health, known hormonal 

disorders, or psychiatric disorders. Lifestyle factors 

include a balanced lifestyle without substance abuse, 

irregularities in diet, or exercise patterns. Exclusion 

criteria included chronic diseases, medications affecting 

health, pregnancy or breastfeeding, significant mental 

health disorders, hormonal imbalances or disorders, 

severe obesity or underweight, lifestyle issues, and 

infectious diseases or acute illnesses. Each patient and 

control participant provided descriptive information to 

complete a questionnaire designed for this purpose. 

Sample collection: 

Four mL of peripheral blood from the patient and 

HCs were drawn into a gel tube and the blood was kept 

to coagulate for approximately 15-20 minutes. After 

centrifuging the coagulated blood for 15 minutes at 

3000 rpm, the serum recovered from each person was 

split into: The DNA extraction process began with 4 ml 

of whole blood transferred to an EDTA tube, and the 

remaining serum was used for the enzyme-linked 

immunosorbent assay (ELISA) to detect CEA and 

resistin levels in the sera. 

Blood DNA extraction: 

Whole Blood DNA MiniPrep Kit, manufactured by 

ELK Biotechnology CO., Ltd  ( China EQ002 ) was 

used to isolate total genomic DNA from blood with the 

anti-coagulant EDTA 

Genotyping for RETN gene: 

Genotyping was performed by extracting DNA from 

the samples, which were then subjected to polymerase 

chain reaction (PCR), DNA sequencing of DNA and 

sequence analysis. Agarose gel electrophoresis was 

performed to validate amplification after PCR 

amplification. The extracted DNA criteria were the only 

determinants of the PCR reliability. The molecular 

analysis for RETN single nucleotide polymorphisms 

SNPs included rs3745369 G/C, rs368504053 T/C, 

rs74489689 A/G, and rs10401670 T/C. Macrogen 

provided the lyophilized primers, which were created 

using the NCBI-BLAST primer creation program. 

Statistical Analysis: 

The study utilized SPSS Version 25 statistical 

software and System-SAS (2012) program for statistical 

analysis. Pearson's χ2-test, Hardy-Weinberg 

equilibrium, logistic regression, SHesis software for 

haplotype analysis, and Chi-square test for significant 

comparisons were used to assess relationships between 

categorical variables. 

 

RESULTS 
 

The sequence of the primers used in this study was 

presented in table 1 

 

Table 1: Primers used in the present study  

Description Sequence (5ʹ→3ʹ direction) 
size 

(bp) 

Optimized 

temperature 

Country/ 

Company 

        rs3745369 G<C (RETN gene)  55  

 

 

 

Korea / 

Macrogen  

Forward GTCCACGCTCCTGTGTTC 438  
  Reverse TTTCGGAGGAAGCAGTTGG 

    rs10401670 T<C (RETN gene)  55 

Forward GCAA AGGGTGGTCATTCA 706 

  Reverse GGACATCTCAGCATCTGTTC 

 

A comparison of the mean age between the patients and controls is presented in Table 2.  

 

Table 2: Comparison of mean age between patients and HCs 

Characteristic BC group  

n = 100 

HCs  

n = 100 

p-value 

Age (years)    

Mean ±SD 54.86 ±10.77 54.61 ±9.53 0.862 I  

NS Range 27 -75 30 -75 

NS, not significant; n, number of cases; I, independent sample t-test.  

 



Nayyef and Aziz / RETN Gene Polymorphisms in Breast Cancer, Volume 34 / No. 3 / July 2025   217-227 

  

 

 Egyptian Journal of Medical Microbiology  

ejmm.journals.ekb.eg     info.ejmm22@gmail.com 
219 

 

Single nucleotide polymorphism (SNP) (rs3745369 

G/C) of RETN gene 

The Hardy–Weinberg equilibrium (HWE) detected 

non-significant differences in the total cases in the HCs 

and BC groups (Table 3). Regarding all enrolled cases, 

the GG genotype was seen in 84 subjects, the GC 

genotype was observed in 66 subjects, and the CC 

genotype was seen in 50 subjects. In the BC group, the 

GG genotype was observed in 28 subjects, the GC 

genotype in 42 subjects, and the CC genotype in 30 

subjects. Regarding HCs, the GG genotype was seen in 

24 subjects, the GC genotype was observed in 56 

subjects, and the CC genotype was seen in 20 subjects.  

 

 

Table 3: The Hardy Weinberg equilibrium in total cases and in patients and HCs 

RETN (rs3745369 G/C) 

Total 

n = 200 

BC group 

n = 100 

HCs 

n = 100 

Observed 

count 

Expected 

count 

Observed 

count 

Expected 

count 

Observed 

count 

Expected 

count 

GG 52 51.0 28 24.0 24  27.0 

GC 98 100.0 42 50.0 56 49.9 

CC 50 49.0 30 26.0 20 23.0 

χ
2
 0.0792 2.549 1.483 

p 0.778 

NS 

0.110 

NS 

0.223 

NS 

RETN: resistin; NS: not significant 

 

 

Figure 1 shows the DNA sequence chromatogram of 

SNP rs3745369 in RETN gene. A comparison of r 

RETN (rs3745369 G/C) genotypes and allele 

frequencies among the BC and HCs groups is shown in 

Table 4. With respect to the co-dominant model, the GG 

genotype was considered as a reference, and both the 

GC and CC genotypes showed no significant 

relationships with BC (p> 0.05). No significant 

relationships between the illness and GG genotype of 

GG was observed in the dominant model (p = 0.519), 

and no such relationships were seen in the recessive 

model (p = 0.102). Allele analysis also revealed no 

significant relations (p = 0.548). 

 

 

 

 
Fig. 1: DNA sequence chromatogram of SNP rs3745369 of RETN gene utilizing Sanger sequencing. One of the alleles 

is homozygous for G represented as single peak of "G". Having a single "C" peak means that one of alleles is C. A G/C 

heterozygous allele is shown by the existence of the peaks of "G" and "C". 
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Table 4: Comparison of RETN (rs3745369 G/C) genotypes and alleles frequency between patients with BC and 

HCs 

Model RETN  

(rs3745369 G/C) 

BC group  

n = 100 

HCs  

n = 100 

p-value OR (95% CI) 

Co-dominance GG 28 24 Reference Reference 

GC 42 56 6.4e-1 0.64 (0.33 -1.26) 

CC 30 20 3.39e-1 1.29 (0.59 -2.82) 

Dominant GG 28 24 2.3e-1 1.23 (0.65 -2.32) 

GC+CC 72 76 Reference Reference 

Recessive CC 30 20 1.7e-1 1.71 (0.89 -3.29) 

GG+CC 70 80 Reference Reference 

Allele G 98 104 8.9e-1 0.89 (0.60 -1.31) 

C 102 96 1.1e-1 1.13 (0.76 -1.67) 
OR, odds ratio; **, significant at p ≤ 0.01; NS, not significant; C, chi-square test; CI, confidence interval; n, number of cases. 

 

Single nucleotide polymorphism (SNP) (rs10401670 

T/C) of RETN gene 

Figure 2 shows the molecular size of the DNA bands 

(706 bp) ofofrs10401670 SNP for RETN gene of 

patients after amplification by PCR. The HWE detected 

non-significant differences between the HCs and BC 

groups, as represented in Table 5. Regarding all enrolled 

cases, the TT genotype was observed in 78 subjects, the 

TC genotype was observed in 87 subjects, and the CC 

genotype was observed in 35 subjects. In the BC group, 

the TT, TC, and genotype were observed in 22, 53, and 

25 subjects, respectively. Regarding HCs, the TT 

genotype was observed in 56 subjects, the TC genotype 

in 34 subjects, and the CC genotype in 10 subjects. 

 

 
Fig. 2: The molecular size of DNA bands (706 bp) of rs10401670 SNP for RETN gene of patients after amplification by 

PCR and these bands were checked under the UV-light after the red safe staining on (1.5%) of gel of agarose at (1.30 

hour at 70 volt). Lane M: ladder of DNA (100 bp). Lane (1-15): BC patients. 

 

Table 5: The Hardy Weinberg equilibrium in total cases and in patients and HCs 

RETN (rs10401670 T/C) 

Total 

n = 200 

BC group 

n = 100 

HCs 

n = 100 

Observed 

count 

Expected 

count 

Observed 

count 

Expected 

count 

Observed 

count 

Expected 

count 

TT 78 73.8 22 23.5 56 53.3 

TC 87 95.4 53 50.0 34 39.4 

CC 35 30.8 25 26.5 10 7.3 

χ
2
 1.543 0.372 1.890 

p 0.214 

NS 

0.542 

NS 

0.169 

NS 
***: significant at p ≤ 0.001; RETN: resistin; NS: not significant 



Nayyef and Aziz / RETN Gene Polymorphisms in Breast Cancer, Volume 34 / No. 3 / July 2025   217-227 

  

 

 Egyptian Journal of Medical Microbiology  

ejmm.journals.ekb.eg     info.ejmm22@gmail.com 
221 

Figure 3 shows the DNA sequence chromatogram of SNP rs10401670 in RETN gene. 

 

 
Fig. 3: DNA sequence chromatogram of SNP rs10401670 of RETN gene utilizing sequencing of Sanger. A T/C 

heterozygous allele is shown by the existence of the peaks of "T" and "C". Having a single "C" peak means that one of 

your alleles is C. Having a single "T" peak means that one of your alleles is T.  

 

 

Comparisons of RETN (rs10401670 T/C) genotypes 

and alleles among the BC and HCs groups are presented 

in Table 6. With respect to the co-dominant model, the 

TT genotype was considered as a reference, and both 

TC and CC genotypes detected significant relationships 

with BC (p< 0.001 and p < 0.001, respectively), and the 

ratios of TC and CC genotypes were higher in patients 

in comparison with HCs, 53 versus 34 and 25 versus 10, 

respectively; therefore, both genotypes act as risk 

factors with odds ratios of 3.97 (2.06 -7.64) and 6.36 

(2.63 -15.40), respectively).  

 

 

Table 6: Comparison of RETN (rs10401670 T/C) genotypes and alleles frequency between patients with BC and 

HCs 

Models RETN  

(rs10401670 T/C) 

BC group  

n = 100 

HCs  

n = 100 

p OR (95% CI) 

Co-dominance TT 22 56 Reference Reference 

TC 53 34 1e-4 3.97 (2.06 -7.64) 

CC 25 10 1e-4 6.36 (2.63 -15.40) 

Dominant TT 22 56 1e-4 0.22 (0.12 -0.41) 

TC+CC 78 44 Reference Reference 

Recessive CC 25 10 5e-3 3.00 (1.35 -6.64) 

TT+TC 75 90 Reference Reference 

Allele T 97 146 1e-4 0.35 (0.23 -0.53) 

C 103 54 2.87 (1.89 -4.36) 
NS, not significant; C, chi-square test; CI, confidence interval; n, number of cases; **, significant at p ≤ 0.01; OR, odds ratio  

 
 

 
 

In the dominant model, TT genotype was significant 

protective factor against BC (p< 0.001) with a ratio of 

odds (95% CI) of 0.22 (0.12 -0.41); whereas, in the 

model of recessive, CC genotype was significant risk 

factor (p< 0.001) with an odds ratio of 3.00 (1.35 -6.64). 

Allele analysis revealed that allele T was a significant 

protector (p< 0.001) with a ratio of odds of 0.35 (0.23 -

0.53) and allele C was a significant risk factor (p< 

0.001) with a ratio of odds of 2.87 (1.89 -4.36). 

Single nucleotide polymorphism (SNP) (rs368504053 

T/C) of RETN gene 

The HWE in all cases, patients, and HCs is 

presented in Table 7. Regarding all enrolled cases, the 

TT, TC, and genotype were observed in 86, 81, and 33 

subjects, respectively. In the BC group, the TT, TC, and 

genotype were observed in 38, 41, and 21 subjects, 

respectively. Regarding HCs, the TT, TC, and genotype 

were observed in 38, 50, and 12 subjects, respectively. 
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Table 7: The Hardy Weinberg equilibrium in total cases and in patients and HCs 

RETN (rs368504053 T/C) 

Total 

n = 200 

BC group 

n = 100 

HCs 

n = 100 

Expected 

count 

Observed 

count 

Expected 

count 

Observed 

count 

Expected 

count 

Observed 

count 

TT 80.0 86 40.3 48 39.7 38 

TC 93.0 81 46.4 31 46.6 50 

CC 27.0 33 13.3 21 13.7 12 

χ
2
 3.319 10.973 0.526 

p 0.068 

NS 

<0.001 

*** 

0.468 

NS 
***: significant at p ≤ 0.001; RETN: resistin; NS: not significant 

 

 Figure 4 shows the DNA sequence chromatogram of SNP rs368504053 in RETN gene. 

 

 
Fig. 4: DNA sequence chromatogram of SNP rs368504053 of RETN gene utilizing Sanger sequencing. T/C 

heterozygous allele is shown by the existence of the peaks of "T" and "C". Having a single "C" peak means that one of 

your alleles is C. Having a single "T" peak means that one of your alleles is T.  

 

 

A comparison of RETN (rs368504053 T/C) 

genotypes and alleles between patients with BC and 

HCs is presented in Table 8. With respect to the co-

dominant model, TT genotype was considered as a 

reference, and TC genotype detected significant 

relationships with BC (p = 0.023); the rates of TC 

genotype was lower in patients in comparison with HCs, 

35 versus 50);, therefore it acts as a defensive parameter 

with odds ratios (95%CI) of 0.49 (0.26 -0.91). The CC 

genotype was not significantly associated with disease 

(p = 0.439).  

In the dominant model, the TT genotype was not 

significantly related to disease (p = 0.153), and in the 

recessive model, the CC genotype was not significantly 

related to disease (p = 0.086). Allele analysis revealed 

that neither allele T nor allele C had a significant 

relations with disease (p> 0.05). 

 

Table 8: Comparison of RETN (rs368504053 T/C) genotypes and alleles between patients with BC and HCs 

Mode 
RETN 

(rs368504053 T/C) 

BC group 

n = 100 

HCs 

n = 100 
p-value OR (95% CI) 

Co-dominance TT 48 38 Reference Reference 

TC 31 50 2.3e-2 0.49 (0.26 -0.91) 

CC 21 12 4.39e-1 1.39 (0.61-3.17) 

Dominant TT 48 38 1.53e-1 1.51 (0.86 -2.64) 

TC+CC 52 62 Reference Reference 

Recessive CC 21 12 8.6e-2 1.95 (0.90 -4.22) 

TT+TC 79 88 Reference Reference 

Allele T 127 126 9.17e-1 1.02 (0.68 -1.53) 

C 73 74 9.8e-1 0.98 (0.65 -1.47) 
NS, not significant; C, chi-square test; **, significant at p ≤ 0.01; OR, odds ratio; CI, confidence interval; n, number of cases. 
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Single nucleotide polymorphism (SNP) (rs74489689 

A/G) of RETN gene 

The HWE in all cases, patients, and HCs is 

presented in Table 9. Among all enrolled patients, the 

GG genotype was observed in 79 subjects, the GA 

genotype in 77 subjects, and the AA genotype in 44 

subjects. In the BC group, the GG, GA, and genotype 

were observed in 45, 33, and 22 subjects, respectively. 

Regarding HCs, the GG genotype was observed in 34 

subjects, GA genotype in 44 subjects, and AA genotype 

in 22 subjects. 

 

 

Table 9: The Hardy Weinberg equilibrium in total cases and in patients and HCs 

RETN (rs74489689 G/A) 

Total 

n = 200 

BC group 

n = 100 

HCs 

n = 100 

Observed 

count 

Expected 

count 

Observed 

count 

Expected 

count 

Observed 

count 

Expected 

count 

GG 79 69.0 45 37.8 34 31.4 

GA 77 96.9 33 47.4 44 49.3 

AA 44 34.0 22 14.8 22 19.4 

χ
2
 8.460 9.189 1.148 

p 0.004 

** 

0.002 

** 

0.284 

NS 

RETN: resistin; NS: not significant;***, significant at p ≤ 0.001. 

 

 

Figure 5 shows the DNA sequence chromatogram of SNP rs74489689 in RETN gene. 

 

 

 
Fig. 5:  DNA sequence chromatogram of SNP rs74489689 of RETN gene utilizing Sanger sequencing. The peaks of 

"G" and "A", when present, indicate that the G/A allele is heterozygous. A single "A" peak indicates that one of the A 

genes is homozygous. A single "G" peak indicates that one of the alleles is homozygous for G.  

 

 
 

A comparison of RETN (rs74489689 G/A) 

genotypes and allele frequencies between patients with 

BC and HCs is presented in Table 10. With respect to 

the co-dominant model, the GG genotype was 

considered as a reference, and both the GA and AA 

genotypes showed no significant relationships with BC 

(p> 0.05). In the dominant model, the GG genotype was 

not significantly related to BC (p=0.112), and in the 

recessive model, the AA genotype was not significantly 

related to the disease (p = 1.000). Allele analysis 

revealed that alleles A and G were not significantly 

associated with the disease (p = 0.264). 
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Table 10: Comparison of RETN (rs74489689 G/A) genotypes and alleles frequency between patients with BC and HCs 

Mode 
RETN 

(rs74489689 G/A) 

BC group 

n = 100 

HCs 

n = 100 
p OR (95% CI) 

Co-dominance GG 45 34 Reference Reference 

GA 33 44 5.7e-1 0.57 (0.30 -1.07) 

AA 22 22 7.6e-1 0.76 (0.36 -1.58) 

Dominant GG 45 34 1.59e-1 1.59 (0.90 -2.81) 

GA+AA 55 66 Reference Reference 

Recessive AA 22 22 1.00e0 1.00 (0.51 -1.95) 

GA+GG 78 78 Reference Reference 

Allele G 123 112 1.26e-1 1.26 (0.84 -1.87) 

A 77 88 8.0e-1 0.80 (0.53 -1.19) 

NS, not significant; C, chi-square test; **, significant at p ≤ 0.01; OR, odds ratio; CI, confidence interval; n, number of cases. 

 

 

Haplotype analysis and linkage disequilibrium 

The estimated numbers and frequencies of 

haplotypes (rs3745369, rs10401670, rs368504053, and 

rs74489689) of the RETN in BC patients and HCs are 

shown in Table 11. For (rs3745369, rs10401670, 

rs368504053, and rs74489689) SNPs, the C-C-C-A 

combined effect was significantly related to BC (p = 

0.026) with a ratio of odds of 1.622 (1.058-2.486); thus, 

this combined effect can be considered as a risk factor 

for the disease. The C-T-C-A and C-T-T-A combined 

effects were limited to HCs, and none of the patients 

had such a combination; the differences were significant 

(p< 0.001), making these effects defensive parameters; 

however, the odds ratio was not calculated because of 

mathematical limitations. The G-C-T-G combined effect 

was limited to the BC group, and none of the controls 

had such a combination; the difference was significant 

(p< 0.001), making these effects a risk factor; however, 

the odds ratio was not calculated because of 

mathematical limitations.  

 

 

Table 11: Estimated numbers and frequencies of haplotypes (rs3745369, rs10401670, rs368504053, rs74489689) of the 

RETN gene in BC patients and controls 

Haplotypes 

Patients 

n = 100 

Control 

n = 100 OR 95 % CI p-value 

n Frequency n Frequency 

C-C-C-A* 73.00 0.365 54.00 0.270 1.622 1.058-2.486 1.622* 

C-T-C-A* 0.00 0.00 20.00 0.100 - - 5.93e-6 

C-T-T-A* 0.00 0.00 11.96 0.060 - - 5.00e-4 

C-T-T-G* 5.04 0.025 6.04 0.030 0.852 0.257-2.827 0.852 

G-T-T-G* 91.96 0.460 105.96 0.530 0.790 0.531-1.176 0.790 

G-C-T-G* 23.00 0.115 0.00 0.00 - - 5.73e-7 

All frequencies <0.03 were ignored in the analysis 

 

Linkage disequilibrium analysis between SNPs of RETN gene and the corresponding D’ and r
2
  values are presented 

in Table 12 and Figure 6. 

 

Table 12: Linkage disequilibrium analysis between SNPs of RETN gene 

rs74489689 rs368504053 rs10401670 rs3745369 Linkage disequilibrium 

D′ 0.967 

r² 0.835 

D′ 1.000 

r² 0.739 

D′0.703 

r²0.407 

 rs3745369 

D′ 0.698 

r² 0.448 

D′ 0.760 

r² 0.520 

 D′ 0.703 

r²   0.407 

rs10401670 

D′ 1.000 

r² 0.828 

 D′ 0.760 

r² 0.520 

D′ 1.000 

r² 0.739 

rs368504053 

 D′ 1.000 

r² 0.828 

D′ 0.698 

r² 0.448 

D′ 0.967 

r² 0.835 

rs74489689 

r²: Correlation coefficient of each pair of SNPs (0-1). D′: A scaled D value, where D is the interval between -1 and 1, reflecting the linkage 

disequilibrium for each pair of SNPs.  
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Fig. 6: Pairwise linkage disequilibrium coefficient (D') and correlations coefficient (r

2
) between RETN SNPs 

(rs3745369, rs10401670, rs368504053, rs74489689) in BC patients and controls. 

 

 

DISCUSSION 
 

As part of this research, the Hardy Weinberg 

equilibrium in patients with Breast cancer (BC) and 

HCs for rs3745369 G/C detected no significant 

difference between observed counts and expected 

counts, indicating at least no significant impact of gene 

polymorphism on the incidence of BC in Iraqi 

individuals. This assumption was further supported by 

the results of genotype analysis, which revealed no 

significant relationships between any of the genotypes 

GG, GC, or CC, or even the alleles G and C with BC. In 

addition, this study reported no significant relationship 

between genotype and clinicopathological 

characteristics or serum tumor marker levels. In line 

with current study observation, Liu et al.
6
 reported no 

significant relations between RETN (rs3745369 G/C) 

gene polymorphism and risk of BC “odds ratio (95% 

CI) was 1.085 (0.945–1.247) and p-value was 0.246”. 

The Hardy-Weinberg equilibrium analysis for RETN 

(rs10401670 T/C) revealed no significant differences 

between the expected and observed counts in both 

patients and healthy controls; however, genotype and 

allele analysis revealed that genotypes TC, CC, and C 

were risk factors for BC and that TT genotype and allele 

T were protective factors against BC. In addition, this 

study reported no significant relationship between 

genotypes and clinicopathological characteristics or 

serum levels of tumor markers. Following an extended 

search of the available published articles in the internet 

database, the researcher failed to find an article linking 

gene polymorphism of RETN (rs10401670 T/C) SNP to 

BC; therefore, to the best of our knowledge, this is the 

first research attempt to link such SNP gene 

polymorphism of RETN gene with risk and incidence of 

BC, and this is a point of originality in this thesis. 

The SNP (rs368504053 T/C), showed the Hardy 

Weinberg equilibrium in the group detected significant 

differences between expected counts and observed 

counts of patient groups, implying a primary suggestion 

of the existence of an effect of genotypes or alleles on 

the risk of BC in Iraqi women. Genotype and allele 

analyses revealed that the TC genotype was a protective 

factor, whereas the rest of the genotypes or alleles were 

not significantly related to the disease. Additionally, this 

study reported that miR-373 levels were significantly 

lower in the CC genotype. Following an extended 

search of the available published articles in the internet 

database, the researcher failed to find an article linking 

gene polymorphism of RETN (rs368504053 T/C) to BC; 

therefore, to the best of our knowledge, this is the first 

research attempt to link such SNP gene polymorphism 

of RETN gene with risk and incidence of BC, and this is 

a point of originality in this study. 

RETN (rs74489689 A/G), the Hardy Weinberg 

equilibrium in patient groups, detected significant 

differences between expected counts and observed 

counts, implying a primary suggestion of the existence 

of an effect for genotypes or alleles in the risk of BC in 

Iraqi women; however, genotype and allele analysis 

failed to prove such an association, and none of the 

genotypes or alleles detected significant relationships 

D'                                                                                                     r 2
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with the disease; however, this study found that RETN 

levels detected a trend of reduction from GG toward GA 

and then toward AA genotype. Following an extended 

search of the available published articles in the internet 

database, the researcher failed to find an article linking 

gene polymorphism of RETN (rs74489689 A/G) to BC; 

therefore, to the best of our knowledge, this is the first 

research attempt to link such SNP gene polymorphism 

of RETN gene with risk and incidence of BC, and this is 

a point of originality in this study.  

In this study for haplotype analysis, the C-C-C-A 

and G-C-T-G combinations were risk factors for the 

disease, whereas the C-T-C-A and C-T-T-A were 

protective factors. The effects of RETN on BC have 

been investigated in previous studies. RETN is highly 

expressed in BC tissues and may be a biomarker for the 

disease stage and degree of inflammation
7
.  

Research has shown that RETN exerts pro-

inflammatory effects by increasing the levels of pro-

inflammatory cytokines via the NF-κB signaling 

pathway, which causes inflammation and 

carcinogenesis. Low-grade systemic inflammation is 

one characteristic of obesity.
8,9.10

 

Resistin may influence the growth and spread of 

tumors through various mechanisms. Studies have 

shown that Resistin activates NF-kB signaling, which 

regulates TNF-α and IL-12 production. By triggering 

the PI3K/Akt pathway, which in turn activates matrix 

metalloproteinase and VEFG through the MAPK 

(ERK1/2 and p38) pathway, retin promotes 

neoangiogenesis
11,12

  Resistin is implicated in VEFG 

production, neoangiogenesis, epithelial cell 

proliferation, matrix metalloproteinase expression, 

tissue metal proteinase inhibitor manufacture, and tumor 

invasiveness, according to research on choriocarcinoma 

and pancreatic cancer
13,14

. To date, several reports on 

the RETN rs10401670 SNP have been made available. 

The SNP rs10401670 was associated with fasting 

plasma glucose levels and serum RETN., according to. 

[15] Similarly, a study of 1269 children by Ortega et al. 

revealed that the SNP rs10401670 was not only related 

to RETN levels but also to TC and low-density 

lipoprotein. These results revealed that the rs10401670 

SNP is closely related to human metabolism
16

. 

 

CONCLUSION 
 

RETN (rs10401670 T/C) is the only SNP that has a 

significant impact on cancer risk. Other SNPs, 

rs3745369 G/C, rs368504053 T/C, and rs74489689 

A/G, were not significantly associated with BC. 

Limitations of the Study: 

This study has limitations, including insufficient 

sample size for evaluating intricate associations, lack of 

cause-and-effect relationships, and targeting a specific 

population. The control group relied on their self-

reported health status and was potentially flawed. In 

addition, residual confounding concerns remain. Further 

studies should focus on larger populations and 

longitudinal study designs to confirm and expand the 

role of genetic variants in disease mechanisms. 
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