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Abstract: Previous research suggests that genetic variants in the interleukin-6 (IL-6) gene 

contribute to sport-related traits and athletic performance. We aimed to identify sequence 

variants in the IL-6 gene region comprising the 3' untranslated region (UTR) in the Turkish 

triathletes and sedentary individuals and assessed their putative roles in tendency to athletic 

phenotype. Sequence variants were identified in the Turkish triathletes (n = 47) and sedentary 

individuals (n = 46) by Sanger sequencing. Allele/genotype frequencies and linkage disequi-

librium (LD) patterns were calculated by the Haploview program. The functional significance 

of the detected variants was analyzed using in silico prediction tools. Four single nucleotide 

variants (rs13306435, rs747302620, rs2069849, rs13306436) were detected in saliva samples 

of the participants by sequencing the target region. Notably, rs13306436-3'UTR/IL-6 was 

only seen in the triathletes, while the exonic rs747302620 was observed in only sedentary 

group. Also, rs13306436G>A causes loss/gain sites for binding multiple miRNAs that may 

be associated with athletic performance. Our findings indicate that the 3'UTR/IL-6 may have 

functional relevance in determining sports talent. Future comprehensive studies focusing on 

the IL-6 gene in athletes may pave the way for not only determining the athletic status of the 

individuals but also have implications for translational medicine. 

Özet: Önceki araştırmalar, interlökin-6 (IL-6) geni varyantlarının spor ile ilgili özelliklere ve 

atletik performansa katkı sağladığını ileri sürmektedir. Bu çalışmada, Türk triatletler ve se-

danter bireylerde IL-6 geninin 3' translasyon olmayan bölgelerinde (UTR) dizi varyantlarını 

tanımlamayı ve bunların atletik fenotipe yatkınlıktaki varsayılan rollerini değerlendirmeyi 

amaçladık. Türk triatletlerde (n = 47) ve sedanter bireylerde (n = 46) dizi varyantları Sanger 

dizileme ile tanımlanmıştır. Alel/genotip frekansları ve bağlantı dengesizliği (LD) örüntüleri 

Haploview programı ile hesaplanmıştır. Tespit edilen varyantların fonksiyonel önemleri in 

silico tahmin araçları kullanılarak analiz edilmiştir. Hedef gen bölgesinin dizilenmesi sonu-

cunda, katılımcıların tükürük örneklerinde dört tek nükleotid varyantı (rs13306435, 

rs747302620, rs2069849, rs13306436) tespit edilmiştir. rs13306436-3'UTR/IL-6 sadece tri-

atletlerde görülürken, ekzonik rs747302620 sadece sedanter grupta gözlenmiştir. Ayrıca, 

rs13306436G>A, miRNA'ların bağlanabileceği kayıp/kazanç bölgeleri yaratarak atletil per-

formans ile ilişkili olabilir. Bulgularımız, 3'UTR/IL-6'nın sporcu yeteneğini belirlemede iş-

levsel bir öneme sahip olabileceğini göstermektedir. Sporcularda IL-6 genine odaklı yapıla-

cak gelecekteki kapsamlı çalışmalar, yalnızca bireylerin atletik durumlarının belirlenmesine 

değil, aynı zamanda translasyonel tıp için de çıkarımlara yol açabilir. 

 

Introduction

Human athletic performance is determined by 

combinations of intrinsic and extrinsic factors such as 

strength, endurance, psychology, diets, epigenetic and 

genetic factors (de la Iglesia et al. 2020, Ginevičienė et al. 

2022). Recently, the contribution of genetic factors to 

athletic performance has been widely studied and the 

genetic heritability of exercise-related traits has been 

estimated to range from 50 to 68% (Konopka et al. 2023). 

Thus, genetic studies related to athletic performance have 

progressively increased in the last years leading to the 

emergence of a new field called sporomics, which aims to 

elucidate the determinants of athletic success using 
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different omic layers (Bongiovanni et al. 2019, Appel et 

al. 2021, Semenova et al. 2023). Almost 250 gene regions 

have so far been found to be associated with a tendency to 

exercise-related traits and athletic ability (Varillas-

Delgado et al. 2022, Konopka et al. 2023, Semenova et 

al. 2023). However, multiple single nucleotide variants 

(SNVs) in the COL61A, IL-6, 5-HTT, MAO-A, BDKRB2, 

NOS3, PPAR-A, MCT1, HIF1A1, and AMPD1 genes have 

been suggested to be associated with athletic performance 

in triathletes (Domingo et al. 2012, Grealy et al. 2015, 

Saunders et al. 2015, Corak et al. 2017, Akkoç et al. 

2020). Yet, more research is needed to elucidate the 

genetic architecture of the triathletes that may contribute 

to their talent and well-being for sports performance.  

The interleukin-6 (IL-6) gene, located in chromosome 

7, encodes a pleiotropic cytokine involved in immune 

regulation, and its regulations have been shown to 

contribute to distinct pathologies (Ataie-Kachoie et al. 

2013, Hirano 2021, Kishimoto & Kang 2022). IL-6 is 

known to have an essential function in anti-inflammatory 

processes in skeletal muscle and also plays an active role 

in muscle repair and hypertrophy after exercise (Rosa 

Neto et al. 2009, Pedersen, 2013). Thus, plasma levels of 

IL-6 are observed to be increased during acute exercise, 

and exercise duration is the primary mediator of the IL-6 

concentrations (Nash et al. 2023). Given the idea that IL-

6 production favors the tendency to physical activity and 

considering its important role in metabolic processes 

during exercise, studies in sports genetics have focused on 

single nucleotide polymorphisms (SNPs) in the IL-6 gene 

(Akkoç et al. 2020, Ben-Zaken, et al. 2022, Nash et al. 

2023). The most studied SNP located in the IL-6 gene is 

the rs1800795G>C (c.-174C > G), which is located in the 

5' untranslated region (UTR) (Eider et al. 2013, Fuku et 

al. 2019, Pickering et al. 2019, Moreland et al. 2022, 

Semenova et al. 2023). The IL6/rs1800795-G allele has 

been reported to be associated with high IL-6 expression 

and athletic performance in previous studies (Bennermo 

et al. 2004, Kazancı et al. 2023). However, future 

investigations are warranted to fully assess the roles of IL-

6 sequence variants in sports genetics. The 3′UTRs play 

an important role in regulating of gene expression, mRNA 

stability, and protein function. Nevertheless, SNPs in the 

3'UTRs of the genes may be located in the regulatory 

sequences that disrupt or enhance miRNA-mRNA 

interactions. In this regard, our study aimed to resequence 

a part of the exon 5 of the IL-6 gene comprising 3′UTR in 

Turkish triathletes and assess the functional importance of 

the detected variants using bioinformatic tools. 

Materials and Methods 

Samples 

Saliva samples (2 mL, in saliva collection tubes) 

collected from 93 volunteers aged 18 or above, including 

47 triathletes (38 Males, 9 Females) from the Gelibolu and 

Balıkesir Avlu Triathlon races organized by the Triathlon 

Federation in 2022, and 46 sedentary individuals (12 

Males, 34 Females) selected from the general population 

were included in the study. All triathletes who 

participated in the study were classified as elite status 

based on their previous performance (1st, 2nd, or 3rd place 

winners) in international and/or national triathlon races. 

Collected saliva samples were stored at -20°C until DNA 

isolation. 

DNA Isolation  

Genomic DNA was isolated from 500ul of each of the 

saliva samples using the Saliva DNA Extraction Kit 

(Hibrigen, Türkiye) by an extra spin-column purification 

step (Thermo Fisher Scientific, Darmstadt, Germany). 

Proteinase K treatment (3 hours at 56°C) was applied to 

all samples before DNA isolation. The NanoDrop 2000 

Spectrophotometer (Thermo Fisher Scientific, Darmstadt, 

Germany) and Qubit 4.0 (Thermo Fisher Scientific, 

Darmstadt, Germany) were used to assess the DNA 

concentration and quality. 

PCR Amplification and Sequencing  

Primers covering the 3'UTR of the IL-6 gene 

(NM_000600.5) were designed using the NCBI primer 

design tool (https://www.ncbi.nlm.nih.gov/tools/primer-

blast/). Primers targeting the fragment in the 5th exon 

region (600bp) covering 3'UTR (F: 

AGCATCCCTCCACTGCAAAG, R: 

TGGTGGCAGTGACAAGAAAC) were used for PCR 

amplification and Sanger Sequencing. For amplification 

of the desired fragment 2.5 µl 10X PCR buffer, 2 µl 

MgCl2, 0.5 µl 20 mM dNTP, 0.6 µl from each primer (10 

µM), 2-5 µl DNA template, and 0.15 µl AmpliTaq Gold 

Taq Polymerase (AmpliTaq Polymerase, ThermoFisher) 

were used in the final volume of 25 µl. PCR conditions 

are given in Supplementary Material Table S1. After 

amplification, PCR products were visualized and 

confirmed in 1.5% agarose gel electrophoresis. Sanger 

sequencing was performed in Applied Biosystems 3500 

Genetic Analyzer (Thermo Fisher Scientific, Darmstadt, 

Germany). 

Statistical and Bioinformatics Analysis 

Haploview software was used to calculate the Hardy-

Weinberg Equilibrium (HWE) p-value and linkage 

disequilibrium (LD) patterns of the SNVs. The Chi-square 

test was conducted using Haploview software (Barrett et 

al. 2005). Sequence chromatograms were analyzed by 

using the Sequencher (Gene Codes, Ann Harbor, MI) and 

Uniprogen software. We also used the LDlink online tool 

to assess the LD pattern and genotype distributions of the 

variants in the worldwide populations 

(https://ldlink.nih.gov) (Machiela & Chanock 2015). The 

regulatory impact of the SNVs was assessed from 

RegulomeDB (Boyle et al. 2012), while SIFT, 

MutationTaster, and Polyphen databases were used to 

assess their possible effects on protein function (Ng & 

Henikoff 2003, Adzhubei et al. 2010, Schwarz et al. 

2014). We used the miRNASNP database 

(http://bioinfo.life.hust.edu.cn) to predict the potential 

impacts of the SNVs for miRNA bindings (Liu et al. 

2021). A p-value of less than 0.05 was considered a 

statistically significant result. 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://ldlink.nih.gov/
http://bioinfo.life.hust.edu.cn/
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Results 

Variant Detection  

A total of four variants (rs13306435, rs747302620, 

rs2069849, rs13306436) with minor allele frequency 

0.005-0.022 were identified in the total sample (n = 93) 

(Table 1). Genotype distributions were found to follow 

HWE (p > 0.05) (Table 1). 

We identified only one variant (rs13306436) located 

in the 3'UTR, and three were located in the coding region 

of the exon 5. The heterozygote (GA) genotype was 

observed for rs13306436 (3'UTR variant) in only three 

triathletes (MAF = 0.016) (Fig. 1) while coding variant 

rs747302620 was observed in only sedentary individuals 

(MAF = 0.011) (Tables 1, 2). 

The distribution of the alleles and genotypes was not 

statistically significant, yet a marginal p-value (0.08) was 

observed for rs13306436-A when comparing the two 

groups (Table 2). The distribution of the detected variants 

in populations sequenced in 1000 Genome Project was 

also assessed (the data retrieved from the LDlink online 

tool is presented in Fig. 2 and Supplementary Material 

Table S2). The coding rs747302620 was not reported in 

1000 Genome Project data, so not included in Fig. 2. 

Strikingly, 3'UTR variant rs13306436-A was rarely 

detected in populations of Asian descent (MAF ≤ 0.043) 

and the A-allele was not reported in remaining worldwide 

populations. The LD patterns of the variants were 

analyzed and no significant LD was found in any group 

(Supplementary Material Fig. S1).  

 

Fig. 1. The chromatograph depicts sequence variant (3'UTR-

rs13306436G>A) detected in 3 triathletes.

Table 1. Allele and genotype frequencies of the identified SNVs in the samples (n = 93). 

RefSNP ID Alleles 
Chr loc.a 

(GRCh38.p14) 
Location 

HW-

pb 

Allel 

Freqc 
Genotype (n, %) 

1000Gd 

European 

MAF 

ExACe 

Global 

MAF 

Gno-

mADf Ex-

omes 

Global 

MAF 

rs13306435 T:A 22731420 
Exon5 

(Asp162Glu) 
1.0 

T: 98.4%, 

A: 1.6% 

TT (n = 89, 89%) 

TA (n = 3, 3%) 

AA (n = 0, 0%) 

0.017 0.025562 n/a 

rs747302620 A:C 22731430 
Exon5 

(Thr166Pro) 
1.0 

A: 99.5%, 

C: 0.5% 

AA (n = 92, 92%) 

AC (n = 1, 1%) 

CC (n = 0, 0%) 

n/a 0.000008 0.000004 

rs2069849 C:T 22731537 
Exon5 

(Phe201Leu) 
1.0 

C: 97.8%, 

T: 2.2% 

CC (n = 89, 89%) 

CT (n = 4, 4%) 

TT (n = 0, 0%) 

0.022 0.046119 0.043579 

rs13306436 G:A 22731677 3' UTR 1.0 
G: 98.4%, 

A: 1.6% 

AA (n = 90, 90%) 

AG (n = 3, 3%) 

GG (n = 0, 0%) 

0 n/a 0.000699 

a: Chromosomal location, b: Hardy-Weinberg p-value, c: Allele frequency, d: 1000 Genome project, e: The exome aggregation consortium, f: 

The genome aggregation database, n/a: not applicable. 
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Table 2. Allele and genotype frequencies of the identified SNVs in triathletes and sedanter individuals. 

RefSNP ID 
Associated 

Allele 
Total MAF 

Allele Frequency Genotypes 

Triathletes 

(n = 47) 

Sedanter 

(n = 46) 

Triathletes  

(n = 47) 

Sedanter 

(n = 46) 

rs13306435 

T > A 
A 0.016 

T: 98.9%, 

A: 1.1% 

T: 97.8%, 

A: 2.2% 

TT (n = 46) TT (n = 43) 

TA (n = 1) TA (n = 2) 

AA (n = 0) AA (n = 0) 

n/a (n = 0) n/a (n = 1) 

x2/p-value: 0.385/0.5351 

rs747302620  

A > C 
C 0.005 

A: 100%, 

C: 0% 

A: 98.9%, 

C: 1.1% 

AA (n = 47) AA (n = 45) 

AC (n = 0) AC (n = 1) 

CC (n = 0) CC (n = 0) 

n/a (n = 0) n/a (n = 0) 

x2/p-value: 1.027/0.3108 

rs2069849 

C > T 
T 0.022 

C: 96.8%, 

T: 3.2% 

C: 98.9%, 

T: 1.1% 

CC (n = 44) CC (n = 45) 

CT (n = 3) CT (n = 1) 

TT (n = 0) TT (n = 0) 

n/a (n = 0) n/a (n = 0) 

x2/p-value: 0.979/0.3225 

rs13306436 

G > A 
A 0.016 

G: 96.8%, 

A: 3.2% 

G: 100%, 

A: 0% 

GG (n = 44) GG (n = 46) 

GA (n = 3) GA (n = 0) 

AA (n = 0) AA (n = 0) 

n/a (n = 0) n/a (n = 0) 

x2/p-value: 2.984/0.0841 

n/a; genotypes not determined 

 

Fig. 2. Allele frequency distribution of a. rs13306435, b. rs2069849, c. rs13306436 

In silico Functional Analysis of the Identified Variants 

Genetic Changes that Affect the Protein 

We identified three variants in the coding region of the 

exon-5 of which two were missense variants causing 

amino acid replacement [rs13306435 (p.Asp162Glu) and 

rs747302620 (p.Thr166Pro)] and one [rs2069849 

(p.Phe125=)] was a synonymous variant. The results of 

the MutationTaster, SIFT, and Polyphen databases 

indicate that rs13306435 does not have a detrimental 

effect on protein, yet it is likely to be a regulatory variant 

by affecting the binding of regulatory proteins 

(RegulomeDB score=2a) (Table 3). Meanwhile, 

rs747302620 and rs2069849 had a RegulomeDB score of 

4, indicating their possible regulatory role by residing in 

the transcription factor binding region (Table 3). 

Distributions of the identified variants in two groups are 

given in Table 2.
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Table 3. In silico functional analysis of the detected variants. 

RefSNP ID 
Genomic Location 

(NG_011640.1) 

Genetic 

Location 

Amino 

Acid 

Change 

MAF 
RegulomeDB 

Score 
SIFT MT PP2 

rs13306435 g.9274T>A Exon D>E 0.016 2a T B B 

rs747302620 g.9284A>C Exon T>P 0.005 4 T B PD 

rs2069849 g.9391C>T Exon F>F 0.022 4 T B PD 

rs13306436 g.9531G>A UTR - 0.016 5 n/a B n/a 

MAF; Minor Allele Frequency; RegulomeDB Score; 2a, TF binding + matched TF motif + matched Footprint + chromatin accessibility 

peak; 4, TF binding + chromatin accessibility peak, 5, TF binding or chromatin accessibility peak; SIFT; T, Tolerated; MT, MutationTaster; 

B, Benign; PP2, Polyphen2; PD, Probably Damaging. 

Genetic Changes that Affect the Binding of Regulatory 

Molecules 

We detected only one 3'UTR variant (rs13306436) 

with potential as a microRNA-associated single 

nucleotide polymorphism (mirSNP) and regulatory 

properties. The rs13306436G>A change was predicted to 

cause formation of new miRNA binding sites for hsa-

miR-5007-3p and hsa-miR-1279 and the loss of existing 

miRNA binding sites for hsa-miR-539-3p, hsa-miR-

5003-3p, hsa-miR-1-5p and hsa-miR-485-3p (Table 4). 

Meanwhile, all detected variants have been found to have 

a potential role in IL-6 gene regulation according to the 

RegulomeDB scores (<5). The rs13306435 located in 

exon 5 has a RegulomeDB score of 2a implying the 

significance of the sequence for binding multiple 

regulatory proteins. Also, the 3'UTR variant (rs13306436) 

had a RegulomeDB score of 5, indicating its importance 

as a transcription factor binding site (Table 3).

Table 4. miRNA binding sites affected by 3’UTR rs13306436G>A. 

miRNA Effect 
Target 

Score 
Duplex SNP-miRNA 

hsa-miR-5007-3p Gain 21.58 

3'UTR: 5' GUUGUUCUCUAUGGAGAACUAAAAAUAUGAGCGUUAGGACA 3' 

                                                                                    |  |  |   |  |   |  . 
miRNA:                       3'UAAUCUCAAACCAAGUAUACUA 5' 

hsa-miR-1279 Gain 25.09 
3'UTR:       5' GUUCUCUAUGGAGAACUAAAAAUAUGAGCGUUAGGAC 3' 

                                                                                 |  |  |  |  |  |  . 

miRNA:                                3'UCUUUCUUCGUUAUACU 5' 

hsa-miR-539-3p Loss 21.08 
3'UTR:      5' GUUGUUCUCUAUGGAGAACUAAAAGUAUGAGCGUUAGGACA 3’ 

                                                                                          X |  |  |  |  | .    

miRNA:                              3' UUUCUUUAACAGGAACAUACUA 5' 

hsa-miR-5003-3p Loss 21.56 
3'UTR:         5' GUUGUUCUCUAUGGAGAACUAAAAGUAUGAGCGUUAG 3' 

                                                                                   |  |  |  | X | .   
miRNA:                     3' GGGGUUGUUGGAUCUUUUCAU 5' 

hsa-miR-1-5p Loss 23.63 
3'UTR:         5' GUUGUUCUCUAUGGAGAACUAAAAGUAUGAGCGUUAG 3' 

                                                                                        |  | X |  |  |  |  . 

miRNA:                              3' UACCCGUAUAUUUCUUCAUACA 5' 

hsa-miR-485-3p Loss 24.08 
3'UTR:         5' GUUGUUCUCUAUGGAGAACUAAAAGUAUGAGCGUUAG 3' 

                                                                                             X |  |  |  |  |  . 

miRNA:                                  3' UCUCUCCUCUCGGCACAUACUG 5' 
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Discussion 

Accumulating efforts have attempted to uncover the 

genetic determinants causing the interindividual variations 

in athletic tendencies and sports performance. These 

studies' findings alluded that the athletes' genetic profile 

may not only lead them to be successful in sports but also 

may be associated with advantageous traits for favourable 

health (Varillas-Delgado et al. 2022). However, athletic 

performance is a highly heterogeneous trait and is 

influenced by several factors that need to be meticulously 

investigated. Recent technological advances facilitated the 

identification of multiple genetic variants associated with 

exercise-related traits and sporting aptitude. Yet, sports 

genetics studies are still emerging, and a better 

understanding of the molecular mechanisms contributing to 

talent in specific sports disciplines is necessary. 

In this study, we seek to determine the regulatory 

variants located in the 3'UTR region of the IL-6 gene in 

triathletes, which may be associated with their athletic 

status. Thus, 47 triathletes and 46 sedentary individuals 

participated in the study and the IL-6 gene region 

encompassing 3'UTR was sequenced by Sanger 

sequencing. Three coding SNVs and one 3'UTR SNV 

(rs13306436) were identified of which rs13306436G>A 

(MAF = 0.016) was detected in only triathletes. We also 

compared the MAF distributions of the identified variant to 

the MAF determined in the large-scale sequencing projects 

(Table 1 and Supplementary Material Table S2). Our 

results for two coding SNVs (rs13306435 and rs2069849) 

were similar to 1000 Genome Project results obtained in 

populations of European descent. The MAF of the other 

coding SNV (rs747302620) was not reported in the 1000 

Genome project (Supplementary Material Table S2), and it 

was rarely detected in the exome sequencing projects 

(ExAC Global MAF = 8E-6 and gnomAD Exomes Global 

MAF = 4E-6) (Table 1). The MAF value of the 3'UTR 

variant rs13306436 in 1000 Genome Global was 0.0048, 

and it was not detected in populations of European descent 

(Supplementary Material Table S2). However, 

rs13306436G>A change was rarely seen in Asian 

populations (MAF = 0.0051-0.0433). Although three 

triathletes were heterozygotes for rs13306436G>A in our 

study, none of the sedanters in our sample carried the A-

allele. A small population size may explain this but still, our 

results need further consideration as the A allele may lead 

favourable phenotype for athletic status and thus be 

observed in only triathletes.  

The 3'UTR of the genes is known to comprise 

functional sequences that are targets for regulatory 

molecules, including miRNAs (Mayr, 2019). Nevertheless, 

suggesting evidence implies the substantial role of 3'UTRs 

for the tendency to physical activity as SNPs located in the 

3'UTR region of the multiple genes were reported to be 

associated with athletic performance (O’Connell et al. 

2014, Grealy et al. 2015, Saunders et al. 2015, Heffernan 

et al. 2017, Rivera et al. 2020). Recently, miRNAs 

associated with exercise-related traits have gained 

attention, and several miRNAs were shown to be 

differentially expressed during acute or chronic exercise in 

athletes, which may ease exercise-induced pathologies and 

lead to their athletic success (de Gonzalo-Calvo et al. 2015, 

Li et al. 2018, Massart et al. 2021, Zhou et al. 2020, 

Kotewitsch et al. 2024). Thus, a better understanding of the 

roles of the miRSNPs in sport-related genes is important for 

athlete health and talent identification. Our analyses 

revealed that the 3'UTR variant (rs13306436G>A) found in 

only triathlete group is located in miRNA binding sites of 

hsa-miR-1-5p, hsa-miR-485-3p, hsa-miR-539-3p, hsa-

miR-5003-3p, hsa-miR-1279 and hsa-miR-5007-3p (Table 

4). The biomarker potentials of hsa-miR-1-5p, hsa-miR-

485-3p, hsa-miR-539-3p, hsa-miR-5003-3p, and hsa-miR-

1279 were extensively studied in the literature, yet limited 

evidence exists for the functional relevance of hsa-miR-

5007-3p in human diseases and traits (Yang et al. 2015, 

Montalbo et al. 2018, Hu et al. 2019, Chen et al. 2022, Jing 

et al. 2023, Ryu et al. 2023, Yue et al. 2023). However, our 

results obtained from the miRNASNP database show that 

the G>A change disrupts the binding site of hsa-miR-1-5p, 

hsa-miR-485-3p, hsa-miR-539-3p, and hsa-miR-5003-3p 

while creating putative binding sites for hsa-miR-1279 and 

hsa-miR-5007-3p. Previously, hsa-miR-1-5p has been 

suggested as a muscle-specific/muscle-enriched miRNA 

(myomiR) due to its crucial role in myogenesis, and its 

expression has been shown to increase after acute exercise 

(Meurer et al. 2016, Silva et al. 2017, Siracusa et al. 2018). 

Meanwhile, the dysregulation of circulating hsa-miR-485-

3p was also observed during exercise training, suggesting 

its potential role in exercise adoption (Silva et al. 2017).  

IL-6 is a key molecule of the cytokine signaling 

pathway and is released from active skeletal muscles during 

exercise while maintaining muscle energy homeostasis 

(Catoire & Kersten, 2015, Nash et al. 2023). IL-6 acts as a 

myokine overproduced during muscle contraction and 

boosts exercise performance by allowing training 

adaptations (Trinh et al. 2021, Leuchtmann et al. 2022). 

The role of IL-6 in exercise physiology has been widely 

investigated in previous studies and certain SNVs in the IL-

6 gene were repetitively studied in athletes from different 

sports disciplines and ethnic populations. The results of a 

recent study conducted in Turkey demonstrated that IL-

6/rs1800795G>C was found more frequently (MAF = 0.19) 

in Ironman triathlon athletes (n =10) (Akkoç et al. 2020). 

The functional IL6/rs1800795-C allele has also been 

associated with athletic performance in different studies 

recruited distinct athlete groups and was suggested to have 

a role in mechanisms related muscle repair (Yamin et al. 

2008, Ben-Zaken et al. 2015, Cenı̇klı̇ et al. 2016, Ben-

Zaken et al. 2017, Akkoç et al. 2020, Sofu, 2020, Kazanci 

et al. 2021, Tuna et al. 2022). Meanwhile, IL-

6/rs2228145A>C was also proposed to influence 

interindividual differences in physical activity levels by 

fortifying the IL-6 and soluble fragment of the IL-6 receptor 

(sIL-6R) complex formation (Nash et al. 2023). The 

underlying mechanisms related to associations of IL-6 

SNVs with athletic talent indeed depend on the functional 

effects of SNVs in the IL-6 gene, therefore a deeper 

understanding of the IL-6 variations possibly promote 
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athletic success is highly important (Ben-Zaken et al. 2017, 

Nash et al. 2023). To the best of our knowledge, the 3'UTR 

of the IL-6 has not been sequenced in triathletes before, and 

thus, our results yield a novel perspective on the 

contribution of the IL-6 in sports genetics. However, our 

study has some limitiations. First, our sample size can be 

too small for detecting rare and low frequency variants with 

possible functional roles so they might have been missed in 

our analyses. Also, the effects of the variants on gene 

expression were not evaluated which can be uncovered by 

further research. Nevertheless, elucidating the miRSNP 

potential and functional relevance of 3'UTR rs13306436 in 

athletic predisposition deserves further attention and 

comprehensive investigations. 

In conclusion, our study provides suggestive evidence 

for the possible functional implications of the 3'UTR 

region of the IL-6 in athletic tendency, and future studies 

are needed to ensure the prominent role of IL-6 in the 

tendency to physical activity. 

Ethics Committee Approval: Ethics committee approval 

was received for this study from the Institutional Review Board 

(IRB) of the Bursa Uludag University by the number 2022-1/18. 

All participants were informed about the study and participated 

after signing informed consent forms. Sample collections in the 

race areas were accomplished with the approval and permission 

of the Turkish Triathlon Federation. 

Data Sharing Statement: All data are available within the 

study and in the Supplementary Material. 

Author Contributions: Concept: D.P., Design: D.P., 

H.F.N., Execution: D.P., H.F.N., F.A.B., Material supplying: 

D.P., H.F.N., Data acquisition: D.P., H.F.N., Data 

analysis/interpretation: D.P., H.F.N., F.A.B., Writing: D.P., 

H.F.N., F.A.B., Critical review: D.P., F.A.B. 

Conflict of Interest: The authors have no conflicts of 

interest to declare. 

Funding: The study was supported by the Bursa Uludag 

University Scientific Research Unit with project number FYL-

2022-807. 

References

1. Adzhubei, I.A., Schmidt, S., Peshkin, L., Ramensky, V.E., 

Gerasimova, A., Bork, P., Kondrashov, A.S. & Sunyaev, 

S.R. 2010. A method and server for predicting damaging 

missense mutations. Nature Methods, 7(4): 248-249. 

https://doi.org/10.1038/nmeth0410-248  

2. Akkoç, O., Bı̇rlı̇k, A., Doğan, C.S., Ulucan, K. & Kirandi, 

Ö. 2020. Türk İronman Triatlon Sporcularında IL-6, 

HIF1A, MCT1, PPAR-a Polimorfizm Dağılımının Belir-

lenmesi. Spor Eğitim Dergisi, 4(1): 1-7. 

3. Appel, M., Zentgraf, K., Krüger, K. & Alack, K. 2021. Ef-

fects of Genetic Variation on Endurance Performance, 

Muscle Strength, and Injury Susceptibility in Sports: A 

Systematic Review. Frontiers in Physiology, 12: 694411. 

https://doi.org/10.3389/fphys.2021.694411  

4. Ataie-Kachoie, P., Pourgholami, M.H. & Morris, D.L. 

2013. Inhibition of the IL-6 signaling pathway: a strategy 

to combat chronic inflammatory diseases and cancer. Cyto-

kine & Growth Factor Reviews, 24(2): 163-173. 

https://doi.org/10.1016/j.cytogfr.2012.09.001  

5. Barrett, J.C., Fry, B., Maller, J. & Daly, M.J. 2005. 

Haploview: analysis and visualization of LD and haplotype 

maps. Bioinformatics, 21(2): 263-265. 

https://doi.org/10.1093/bioinformatics/bth457  

6. Bennermo, M., Held, C., Stemme, S., Ericsson, C.-G., Sil-

veira, A., Green, F. & Tornvall, P. 2004. Genetic Predispo-

sition of the Interleukin-6 Response to Inflammation: Im-

plications for a Variety of Major Diseases? Clinical Chem-

istry, 50(11): 2136-2140. 

https://doi.org/10.1373/clinchem.2004.037531  

7. Ben-Zaken, S., Eliakim, A., Nemet, D., Kaufman, L. & 

Meckel, Y. 2022. Genetic characteristics of competitive 

swimmers: A review. Biology of Sport, 39(1): 157-170. 

https://doi.org/10.5114%2Fbiolsport.2022.102868  

8. Ben-Zaken, S., Eliakim, A., Nemet, D., Rabinovich, M., 

Kassem, E. & Meckel, Y. 2015. ACTN3 Polymorphism: 

Comparison Between Elite Swimmers and Runners. Sports 

Medicine - Open, 1(1): 13. https://doi.org/10.1186/s40798-

015-0023-y  

9. Ben-Zaken, S., Meckel, Y., Nemet, D., Kassem, E. & Eli-

akim, A. 2017. Increased Prevalence of the IL-6-174C Ge-

netic Polymorphism in Long Distance Swimmers. Journal 

of Human Kinetics, 58: 121-130. 

https://doi.org/10.1515/hukin-2017-0070  

10. Bongiovanni, T., Pintus, R., Dessì, A., Noto, A., Sardo, S., 

Finco, G., Corsello, G. & Fanos, V. 2019. Sportomics: 

metabolomics applied to sports. The new revolution? Eu-

ropean Review for Medical and Pharmacological Sciences, 

23(24): 11011-11019. 

https://doi.org/10.26355/eurrev_201912_19807  

11. Boyle, A.P., Hong, E.L., Hariharan, M., Cheng, Y., Schaub, 

M.A., Kasowski, M., Karczewski, K.J., Park, J., Hitz, B.C., 

Weng, S., Cherry, J.M. & Snyder, M. 2012. Annotation of 

functional variation in personal genomes using Regu-

lomeDB. Genome Research, 22(9): 1790-1797. 

https://doi.org/10.1101/gr.137323.112  

12. Catoire, M. & Kersten, S. 2015. The search for exercise 

factors in humans. The FASEB Journal, 29(5): 1615-1628. 

https://doi.org/10.1096/fj.14-263699 

13. Cenı̇klı̇, A., Nursal, A., Tural, E., Polat, Y., Tasmektepligil, 

M. & Serbulent, Y. 2016. The Correlation between 

Rs1800795 Variant of IL 6 and Sports Performance among 

Turkish Elite Athletes. International Journal of Humani-

ties, Social Sciences and Education, 3(11): 1-5. 

http://dx.doi.org/10.20431/2349-0381.0311001  

14. Chen, Z., Zhang, L., Ding, C., Ren, K., Wan, D. & Lin, S. 

2022. A six-miRNA signature as a novel biomarker for im-

proving prediction of prognosis and patterns of immune in-

filtration in hepatocellular carcinoma. American Journal of 

Translational Research, 14(6): 3610-3637. 

15. Corak, A., Kapici, S., Sercan, C., Akkoç, O. & Ulucan, K. 

2017. A pilot study for determination of anxiety related 

SLC6A4 promoter “S” and “L” alleles in healthy Turkish 

athletes. Cellular and Molecular Biology (Noisy-Le-Grand, 

https://doi.org/10.1038/nmeth0410-248
https://doi.org/10.3389/fphys.2021.694411
https://doi.org/10.1016/j.cytogfr.2012.09.001
https://doi.org/10.1093/bioinformatics/bth457
https://doi.org/10.1373/clinchem.2004.037531
https://doi.org/10.5114%2Fbiolsport.2022.102868
https://doi.org/10.1186/s40798-015-0023-y
https://doi.org/10.1186/s40798-015-0023-y
https://doi.org/10.1515/hukin-2017-0070
https://doi.org/10.26355/eurrev_201912_19807
https://doi.org/10.1101/gr.137323.112
https://doi.org/10.1096/fj.14-263699
http://dx.doi.org/10.20431/2349-0381.0311001


158 Pirim et al.  

France), 63(5): 29-31. 

http://dx.doi.org/10.14715/cmb/2017.63.5.6  

16. de Gonzalo-Calvo, D., Dávalos, A., Montero, A., García-

González, Á., Tyshkovska, I., González-Medina, A., Soa-

res, S.M.A., Martínez-Camblor, P., Casas-Agustench, P., 

Rabadán, M., Díaz-Martínez, Á.E., Úbeda, N. & Iglesias-

Gutiérrez, E. 2015. Circulating inflammatory miRNA sig-

nature in response to different doses of aerobic exercise. 

Journal of Applied Physiology, 119(2): 124-134. 

https://doi.org/10.1152/japplphysiol.00077.2015  

17. de la Iglesia, R., Espinosa-Salinas, I., Lopez-Silvarrey, F.J., 

Ramos-Alvarez, J.J., Segovia, J. C., Colmenarejo, G., 

Borregon-Rivilla, E., Marcos-Pasero, H., Aguilar-Aguilar, 

E., Loria-Kohen, V., Reglero, G. & Ramirez-de Molina, A. 

2020. A Potential Endurance Algorithm Prediction in the 

Field of Sports Performance. Frontiers in Genetics, 11: 

711. https://doi.org/10.3389/FGENE.2020.00711  

18. Domingo, R., Sturrock, E. & Collins, M. 2012. ACE Activ-

ity and Endurance Performance during the South African 

Ironman Triathlons. International journal of sports medi-

cine, 34(5): 402-408. https://doi.org/10.1055/s-0032-

1323820  

19. Eider, J., Cieszczyk, P., Leońska-Duniec, A., Maciejewska, 

A., Sawczuk, M., Ficek, K. & Kotarska, K. 2013. Associa-

tion of the 174 G/C polymorphism of the IL6 gene in Polish 

power-orientated athletes. The Journal of Sports Medicine 

and Physical Fitness, 53(1): 88-92. 

20. Fuku, N., Kumagai, H. & Ahmetov, I.I. 2019. Chapter 

Fourteen - Genetics of muscle fiber composition. pp. 295-

314. In: Barh, D. & Ahmetov, I.I. (eds). Sports, Exercise, 

and Nutritional Genomics. Academic Press. 

http://dx.doi.org/10.1016/B978-0-12-816193-7.00014-2  

21. Ginevičienė, V., Utkus, A., Pranckevičienė, E., Semenova, 

E.A., Hall, E.C R. & Ahmetov, I.I. 2022. Perspectives in 

Sports Genomics. Biomedicines, 10(2): 298. 

https://doi.org/10.3390/biomedicines10020298  

22. Grealy, R., Herruer, J., Smith, C.L E., Hiller, D., Haseler, 

L.J. & Griffiths, L.R. 2015. Evaluation of a 7-Gene Genetic 

Profile for Athletic Endurance Phenotype in Ironman 

Championship Triathletes. PLOS ONE, 10(12): e0145171. 

https://doi.org/10.1371/journal.pone.0145171  

23. Heffernan, S.M., Kilduff, L.P., Erskine, R.M., Day, S.H., 

Stebbings, G.K., Cook, C.J., Raleigh, S.M., Bennett, M.A., 

Wang, G., Collins, M., Pitsiladis, Y.P. & Williams, A.G. 

2017. COL5A1 gene variants previously associated with 

reduced soft tissue injury risk are associated with elite ath-

lete status in rugby. BMC genomics, 18(Suppl 8): 820. 

https://doi.org/10.1186/s12864-017-4187-3  

24. Hirano, T. 2021. IL-6 in inflammation, autoimmunity and 

cancer. International Immunology, 33(3): 127-148. 

https://doi.org/10.1093/intimm/dxaa078  

25. Hu, L., Liu, Y., Wang, B., Wu, Z., Chen, Y., Yu, L., Zhu, 

J., Shen, W., Chen, C., Chen, D., Li, G., Xu, L. & Luo, Y. 

2019. MiR-539-5p negatively regulates migration of 

rMSCs induced by Bushen Huoxue decoction through tar-

geting Wnt5a. International Journal of Medical Sciences, 

16(7): 998-1006. https://doi.org/10.7150%2Fijms.33437  

26. Jing, J., Chang, M., Jiang, S., Wang, T., Sun, Q., Yang, J., 

Ma, C. & Li, T. 2023. Clinical value of serum miR-1-3p as 

a potential circulating biomarker for abdominal aortic an-

eurysm. Annals of Medicine, 55(2): 2260395. 

https://doi.org/10.1080%2F07853890.2023.2260395  

27. Kazanci, D., Polat, T., Doğan, C.S., Aslan, B.T., Oktay, Ş., 

Bı̇lı̇cı̇, M.F., Kaynar, Ö., Eken, B.F. & Ulucan, K. 2021. 

The Determination of IL-6 rs1800795 Polymorphism Dis-

tribution in Turkish National Cross-Country Skiing Ath-

letes Sub-groups Created Referring to the 1km CCSTAs. 

Clinical and Experimental Health Sciences, 11(4): 782-

786. https://doi.org/10.33808/clinexphealthsci.904524  

28. Kazancı, D., Polat, T., Kaynar, Ö., Bilici, M.F., Tacal 

Aslan, B. & Ulucan, K. 2023. PPARA and IL6: exploring 

associations with athletic performance and genotype poly-

morphism. Cellular and Molecular Biology (Noisy-Le-

Grand, France), 69(11): 69-75. 

http://doi.org/10.14715/cmb/2023.69.11.12  

29. Kishimoto, T. & Kang, S. 2022. IL-6 Revisited: From 

Rheumatoid Arthritis to CAR T Cell Therapy and COVID-

19. Annual Review of Immunology, 40(1): 323-348. 

https://doi.org/10.1146/annurev-immunol-101220-023458  

30. Konopka, M.J., Sperlich, B., Rietjens, G. & Zeegers, M.P. 

2023. Genetics and athletic performance: a systematic 

SWOT analysis of non-systematic reviews. Frontiers in 

Genetics, 14. https://doi.org/10.3389/fgene.2023.1232987  

31. Kotewitsch, M., Heimer, M., Schmitz, B. & Mooren, F.C. 

2024. Non-coding RNAs in exercise immunology: A sys-

tematic review. Journal of Sport and Health Science, 13(3): 

311-338. https://doi.org/10.1016/j.jshs.2023.11.001  

32. Leuchtmann, A.B., Furrer, R., Steurer, S.A., Schneider-

Heieck, K., Karrer-Cardel, B., Sagot, Y. & Handschin, C. 

2022. Interleukin-6 potentiates endurance training adapta-

tion and improves functional capacity in old mice. Journal 

of Cachexia, Sarcopenia and Muscle, 13(2): 1164-1176. 

https://doi.org/10.1002/jcsm.12949  

33. Li, Y., Yao, M., Zhou, Q., Cheng, Y., Che, L., Xu, J., Xiao, 

J., Shen, Z. & Bei, Y. 2018. Dynamic Regulation of Circu-

lating microRNAs During Acute Exercise and Long-Term 

Exercise Training in Basketball Athletes. Frontiers in 

Physiology, 9: 282. 

https://doi.org/10.3389/fphys.2018.00282  

34. Liu, C.-J., Fu, X., Xia, M., Zhang, Q., Gu, Z. & Guo, A.-Y. 

2021. miRNASNP-v3: a comprehensive database for SNPs 

and disease-related variations in miRNAs and miRNA tar-

gets. Nucleic Acids Research, 49(D1): D1276-D1281. 

https://doi.org/10.1093/nar/gkaa783  

35. Machiela, M.J., & Chanock, S. J. (2015). LDlink: A web-

based application for exploring population-specific haplo-

type structure and linking correlated alleles of possible 

functional variants. Bioinformatics (Oxford, England), 

31(21): 3555–3557. https://doi.org/10.1093/bioinformat-

ics/btv402 

36. Massart, J., Sjögren, R.J.O., Egan, B., Garde, C., Lindgren, 

M., Gu, W., Ferreira, D.M.S., Katayama, M., Ruas, J.L., 

Barrès, R., O’Gorman, D.J., Zierath, J.R. & Krook, A. 

2021. Endurance exercise training-responsive miR-19b-3p 

improves skeletal muscle glucose metabolism. Nature 

Communications, 12(1): 5948. 

https://doi.org/10.1038/s41467-021-26095-0  

http://dx.doi.org/10.14715/cmb/2017.63.5.6
https://doi.org/10.1152/japplphysiol.00077.2015
https://doi.org/10.3389/FGENE.2020.00711
https://doi.org/10.1055/s-0032-1323820
https://doi.org/10.1055/s-0032-1323820
http://dx.doi.org/10.1016/B978-0-12-816193-7.00014-2
https://doi.org/10.3390/biomedicines10020298
https://doi.org/10.1371/journal.pone.0145171
https://doi.org/10.1186/s12864-017-4187-3
https://doi.org/10.1093/intimm/dxaa078
https://doi.org/10.7150%2Fijms.33437
https://doi.org/10.1080%2F07853890.2023.2260395
https://doi.org/10.33808/clinexphealthsci.904524
http://doi.org/10.14715/cmb/2023.69.11.12
https://doi.org/10.1146/annurev-immunol-101220-023458
https://doi.org/10.3389/fgene.2023.1232987
https://doi.org/10.1016/j.jshs.2023.11.001
https://doi.org/10.1002/jcsm.12949
https://doi.org/10.3389/fphys.2018.00282
https://doi.org/10.1093/nar/gkaa783
https://doi.org/10.1093/bioinformatics/btv402
https://doi.org/10.1093/bioinformatics/btv402
https://doi.org/10.1038/s41467-021-26095-0


3’UTR sequencing of the IL-6 in Turkish triathletes   159 

Trakya Univ J Nat Sci, 25(2): 151-160, 2024 

37. Mayr, C. 2019. What Are 3′ UTRs Doing? Cold Spring 

Harbor Perspectives in Biology, 11(10): a034728. 

https://doi.org/10.1101/cshperspect.a034728  

38. Meurer, S., Krüger, K. & Mooren, F. 2016. MicroRNAs 

unter Einfluss körperlicher Belastung. Deutsche Zeitschrift 

für Sportmedizin, 2016(02): 27-34. 

39. Montalbo, R., Izquierdo, L., Ingelmo-Torres, M., Lozano, 

J.J., Capitán, D., Alcaraz, A. & Mengual, L. 2018. Prog-

nostic value of circulating microRNAs in upper tract uri-

nary carcinoma. Oncotarget, 9(24): 16691-16700. 

https://doi.org/10.18632/oncotarget.24672  

40. Moreland, E., Borisov, O.V., Semenova, E.A., Larin, A.K., 

Andryushchenko, O.N., Andryushchenko, L.B., Gener-

ozov, E.V., Williams, A.G. & Ahmetov, I.I. 2022. Poly-

genic Profile of Elite Strength Athletes. Journal of Strength 

and Conditioning Research, 36(9): 2509-2514. 

https://doi.org/10.1519/JSC.0000000000003901  

41. Nash, D., Hughes, M.G., Butcher, L., Aicheler, R., Smith, 

P., Cullen, T. & Webb, R. 2023. IL-6 signaling in acute ex-

ercise and chronic training: Potential consequences for 

health and athletic performance. Scandinavian Journal of 

Medicine & Science in Sports, 33(1): 4-19. 

https://doi.org/10.1111/sms.14241  

42. Ng, P.C. & Henikoff, S. 2003. SIFT: predicting amino acid 

changes that affect protein function. Nucleic Acids Re-

search, 31(13): 3812-3814. 

https://doi.org/10.1093/nar/gkg509  

43. O’Connell, K., Posthumus, M. & Collins, M. 2014. Colla-

gen gene interactions and endurance running performance. 

South African Journal of Sports Medicine, 26(1): 9-14. 

http://dx.doi.org/10.7196/SAJSM.523.  

44. Pedersen, B.K. 2013. Muscle as a Secretory Organ. Com-

prehensive Physiology, 3(3): 1337-1362. 

https://doi.org/10.1002/cphy.c120033  

45. Pickering, C., Suraci, B., Semenova, E.A., Boulygina, 

E.A., Kostryukova, E.S., Kulemin, N.A., Borisov, O.V., 

Khabibova, S.A., Larin, A.K., Pavlenko, A.V., Lyubaeva, 

E.V., Popov, D.V., Lysenko, E.A., Vepkhvadze, T.F., 

Lednev, E.M., Leońska-Duniec, A., Pająk, B., Chycki, J., 

Moska, W., Lulińska-Kuklik, E., Dornowski, M., 

Maszczyk, A., Bradley, B., Kana-Ah, A., Cięszczyk, P., 

Generozov, E.V., Ahmetov, I.I 2019. A Genome-Wide As-

sociation Study of Sprint Performance in Elite Youth Foot-

ball Players. Journal of Strength and Conditioning Re-

search, 33(9): 2344-2351. 

https://doi.org/10.1519/JSC.0000000000003259  

46. Rivera, M.A., Fahey, T.D., López-Taylor, J.R. & Martínez, 

J.L. 2020. The Association of Aquaporin-1 Gene with Mar-

athon Running Performance Level: a Confirmatory Study 

Conducted in Male Hispanic Marathon Runners. Sports 

Medicine - Open, 6: 16. https://doi.org/10.1186/s40798-

020-00243-0 

47. Rosa Neto, J.C., Lira, F.S., Oyama, L.M., Zanchi, N.E., 

Yamashita, A.S., Batista, M.L., Oller do Nascimento, C.M. 

& Seelaender, M. 2009. Exhaustive exercise causes an anti-

inflammatory effect in skeletal muscle and a pro-inflamma-

tory effect in adipose tissue in rats. European Journal of 

Applied Physiology, 106(5): 697-704. 

https://doi.org/10.1007/s00421-009-1070-1 

48. Ryu, I.S., Kim, D.H., Cho, H.-J. & Ryu, J.-H. 2023. The 

role of microRNA-485 in neurodegenerative diseases. Re-

views in the Neurosciences, 34(1): 49-62. 

https://doi.org/10.1515/revneuro-2022-0039 

49. Saunders, C.J., Posthumus, M., O’Connell, K., September, 

A.V. & Collins, M. 2015. A variant within the AQP1 3’-

untranslated region is associated with running perfor-

mance, but not weight changes, during an Ironman Triath-

lon. Journal of Sports Sciences, 33(13): 1342-1348. 

https://doi.org/10.1080/02640414.2014.989535 

50. Schwarz, J.M., Cooper, D.N., Schuelke, M. & Seelow, D. 

2014. MutationTaster2: mutation prediction for the deep-

sequencing age. Nature Methods, 11(4): 361-362. 

https://doi.org/10.1038/nmeth.2890 

51. Semenova, E.A., Hall, E.C.R. & Ahmetov, I.I. 2023. Genes 

and Athletic Performance: The 2023 Update. Genes, 14(6): 

1235. https://doi.org/10.3390/genes14061235 

52. Silva, G.J.J., Bye, A., el Azzouzi, H. & Wisløff, U. 2017. 

MicroRNAs as Important Regulators of Exercise Adapta-

tion. Progress in Cardiovascular Diseases, Physical Activ-

ity, Exercise and Fitness in Health and Disease, 60(1): 130-

151. https://doi.org/10.1016/j.pcad.2017.06.003 

53. Siracusa, J., Koulmann, N. & Banzet, S. 2018. Circulating 

myomiRs: a new class of biomarkers to monitor skeletal 

muscle in physiology and medicine. Journal of Cachexia, 

Sarcopenia and Muscle, 9(1): 20-27. 

https://doi.org/10.1002/jcsm.12227 

54. Sofu, M. 2020, January 23. Futbolcularda dayanıklılık ve 

kas iyileşmesi ile ilişkili interlökin-6 (IL-6) rs1800795 po-

limorfizminin dağılımının belirlenmesi. MasterThesis. Fen 

Bilimleri Enstitüsü. 

55. Trinh, B., Peletier, M., Simonsen, C., Plomgaard, P., 

Karstoft, K., Pedersen, B.K., van Hall, G. & Ellingsgaard, 

H. 2021. Blocking endogenous IL-6 impairs mobilization 

of free fatty acids during rest and exercise in lean and obese 

men. Cell Reports Medicine, 2(9). 

https://doi.org/10.1016/j.xcrm.2021.100396 

56. Tuna, G., Polat, T., Yilmaz, Ö.Ö., Kapici, S., Doğan, C.S., 

Sağiroğlu, I., Savaşan, M., Erdil, N.G. & Ulucan, K. 2022. 

The Relationship between Swimming Styles and IL-6 

Rs1800795 Polymorphism in Professional Swimmers. Pa-

kistan Journal of Medical & Health Sciences, 16(07): 444-

444. https://doi.org/10.53350/pjmhs22167444 

57. Varillas-Delgado, D., Del Coso, J., Gutiérrez-Hellín, J., 

Aguilar-Navarro, M., Muñoz, A., Maestro, A. & Morencos, 

E. 2022. Genetics and sports performance: the present and 

future in the identification of talent for sports based on 

DNA testing. European Journal of Applied Physiology, 

122(8): 1811-1830. https://doi.org/10.1007/s00421-022-

04945-z 

58. Yamin, C., Duarte, J.A.R., Oliveira, J.M.F., Amir, O., 

Sagiv, M., Eynon, N., Sagiv, M. & Amir, R.E. 2008. IL6 (-

174) and TNFA (-308) promoter polymorphisms are asso-

ciated with systemic creatine kinase response to eccentric 

exercise. European Journal of Applied Physiology, 104(3): 

579-586. https://doi.org/10.1007/s00421-008-0728-4 

59. Yang, X.-D., Xu, X.-H., Zhang, S.-Y., Wu, Y., Xing, C.-

G., Ru, G., Xu, H.-T. & Cao, J.-P. 2015. Role of miR-100 

in the radioresistance of colorectal cancer cells. American 

Journal of Cancer Research, 5(2): 545-559. 

https://doi.org/10.1101/cshperspect.a034728
https://doi.org/10.18632/oncotarget.24672
https://doi.org/10.1519/JSC.0000000000003901
https://doi.org/10.1111/sms.14241
https://doi.org/10.1093/nar/gkg509
http://dx.doi.org/10.7196/SAJSM.523
https://doi.org/10.1002/cphy.c120033
https://doi.org/10.1519/JSC.0000000000003259
https://doi.org/10.1007/s00421-009-1070-1
https://doi.org/10.1515/revneuro-2022-0039
https://doi.org/10.1080/02640414.2014.989535
https://doi.org/10.1038/nmeth.2890
https://doi.org/10.3390/genes14061235
https://doi.org/10.1016/j.pcad.2017.06.003
https://doi.org/10.1002/jcsm.12227
https://doi.org/10.1016/j.xcrm.2021.100396
https://doi.org/10.53350/pjmhs22167444
https://doi.org/10.1007/s00421-022-04945-z
https://doi.org/10.1007/s00421-022-04945-z
https://doi.org/10.1007/s00421-008-0728-4


160 Pirim et al.  

60. Yue, X., Lan, F. & Liu, W. 2023. CircDDX17 inhibits in-

vasive progression of pituitary adenomas by sponging miR-

1279 and regulating CADM2 expression. Frontiers in On-

cology, 13: 1268644. 

https://doi.org/10.3389/fonc.2023.1268644 

61. Zhou, Q., Shi, C., Lv, Y., Zhao, C., Jiao, Z. & Wang, T. 

2020. Circulating microRNAs in Response to Exercise 

Training in Healthy Adults. Frontiers in Genetics, 11: 256 

https://doi.org/10.3389/fgene.2020.00256 

https://doi.org/10.3389/fonc.2023.1268644
https://doi.org/10.3389/fgene.2020.00256



