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ABSTRACT 

Altınkılıç, EM. Determination of Relationship of SOCS3 Gene and Micro RNA 218 
in Childhood Obesity. Yeditepe University, Institute of Health Science, 
Department of Molecular Medicine. Doctorate Thesis. İstanbul, 2019.  

 

Obesity is a medical condition which increases the risk of cardiovascular 

diseases, diabetes, and cancer. It usually results from a combination of genetic, 

behavioral, metabolic and hormonal factors. Leptin Resistance is one of the important 

causes of obesity. Some of the mechanisms which underlines its development are 

mutations in leptin and leptin receptor genes or genetic mutations of proteins in post-

receptor pathway and proteins taking part in feedback mechanism on its own synthesis. 

Also permeability of blood–brain barrier effects leptin function. However its underlying 

mechanism still needs to be investigated. In this study, we investigated the role of 

Suppressor of Cytokine Signaling 3 (SOCS3) and circulating miRNAs in leptin 

resistance in childhood obesity by miRNA target prediction methods. Our preliminary 

study about miRNA target prediction has shown that mir-218-5p may be involved in the 

development of leptin resistance by affecting Leptin, Leptin Receptor and SOCS3 

genes. Furthermore we investigated serum miR-218-5p expression in two study groups, 

leptin resistant obese children (Patient Group: n=35) and non-obese children (Control 

Group: n=30). Our results have shown that serum miR-218-5p expression are 

significantly increased in leptin resistant obese children in accordance with the serum 

leptin levels (p<0.05). There were no significant difference between obese and non-

obese children according to serum SOCS3 levels and SOCS3 genotypes. We state that 

miR-218-5p can be used as a possible diagnostic parameter for leptin resistance in 

childhood obesity. 

 

Key Words: Childhood Obesity, Leptin, Leptin Resistance, Serum miRNA, SOCS3. 
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ABSTRACT (Turkish) 

Altınkılıç, EM. Çocuk Obezitesi Olgularında SOCS3 Geni ve Mikro RNA 218’in 
İlişkisinin Belirlenmesi. Yeditepe Üniversitesi, Sağlık Bilimleri Enstitüsü, 
Moleküler Tıp Anabilim Dalı. Doktora Tezi. İstanbul, 2019.  

 

Obezite, kardiyovasküler hastalıklar, diabet, yüksek tansiyon ve bazı kanser 

türleri için görülme riskini arttıran tıbbi bir durumdur. Obezite genellikle genetik, 

davranışsal, metabolik ve hormonal etmenlerin sonucu olarak şekillenir. Leptin Direnci 

önemli obezite sebeplerinden biridir. Leptin Direnci gelişiminde rol oynayan faktörler 

arasında leptin ve leptin reseptörünü kodlayan genlerde ki yada reseptör sonrası yolak 

proteinlerinde meydana gelen genetik mutasyonlar, leptin sentezi ve sentezin kendini 

düzenlemesinde görev alan proteinler ve kan-beyin bariyeri geçirgenliği sayılabilir. 

Bununla beraber altında yatan nedenlerin daha fazla araştırmaya ihtiyacı vardır. 

Çalışmamızda Sitokin sinyal baskılayıcı 3 (SOCS3) geni ve dolaşımda bulunan 

miRNA’ların, çocukluk çağı obezitesinde leptin direnci gelişimi üzerindeki rolü 

miRNA hedef tahmini yöntemleri kullanılarak araştırılmıştır. miRNA hedef tahmini 

üzerine yaptığımız ön çalışmamız, miR-218-5p’nin Leptin, Leptin Reseptörü ve SOCS3 

genleri üzerine etki ederek leptin direnci gelişiminde rol oynayabileceğini göstermiştir. 

Çalışmamızda leptin direnci görülen obez çocuklar (n=35) ve obez olmayan sağlıklı 

çocuklar (n=30) olmak üzere iki grup üzerinde, serum miR-218-5p ekspresyonunun 

leptin direnci gelişimine etkisi incelenmiştir. Elde edilen sonuçlarda miR-218-5p 

seviyelerinin leptin dirençli obez çocuklarda, sağlıklı obez olmayan çocuklara göre 

anlamlı şekilde arttığı ve leptin seviyelerinin miR-218-5p ile ilişkili olarak artış 

gösterdiği (p<0.05) görülmüştür. Obez ve obez olmayan çocuklar arasında serum 

SOCS3 seviyeleri ve SOCS3 genotipleri arasında istatistiksel olarak anlamlı bir farklılık 

bulunamamıştır. Bulgularımız doğrultusunda, miR-218-5p’nin çocukluk çağı 

obezitesinde leptin direncinin olası bir tanısal parametresi olarak değerlendirilebileceği 

görülmüştür. 

 

Anahtar Kelimeler: Çocuk Obezitesi, Leptin, Leptin Direnci, Serum miRNA, SOCS3. 
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1. INTRODUCTION AND PURPOSE 

Leptin is a polypeptide hormone which plays role in regulation of food intake 

and energy metabolism.  Main synthesis and secretion of leptin occurs in adipose tissue 

and it shows endocrine function (1, 2). Leptin pathway is one of the major pathways 

which takes part on obesity development. A slight increase in leptin secretion, causes a 

decrease in body weight by reducing the appatite.  

Leptin Resistance (LR) is an endocrine pathology which is seen as elevated 

serum leptin levels and obesity together. In the case of LR, poor or decreased response 

causes obesity development and because of obesity development, serum leptin levels 

increase (3, 4). There is no exact cause of LR. Mouse studies have shown that 

Suppressor of Cytokine Signaling 3 (SOCS3) protein expression is increased in the 

hypothalamus, which is the target tissue of leptin (5, 6). 

Micro RNAs (miRNA) are approximately 22 nucleotide long single stranded 

small non-coding RNA molecules which plays role in post-transcriptional gene 

regulation. miRNAs acts with RNA Induced Silencing Complex (RISC), and binds to 

the 3’ untranslated region (3’UTR) of messenger RNA (mRNA) resulting in 

translational arrest and/or mRNA degradation (7). Studies on miRNA expression in 

different tissues have shown that miRNAs also exists in body fluids. Also it is shown 

that transport of miRNAs in circulation occurs by serum proteins, lipoproteins, 

exosomes or by free (8). 

Besides differing expression profiles of miRNAs by the developing pathologies 

in different tissues and organs, changes in serum or exosomal miRNA profiles creates 

the idea of using miRNAs as diagnostic and/or prognostic biomarkers (8, 9, 10). Also 

single nucleotide polymorphisms (SNP) in 3’UTRs affect miRNA functions and have 

relation with miRNA dysregulation in different pathologies are known (11). 

 In this study, we examined serum levels of miRNAs and related SNPs, 

hypothysing that they may have effect on leptin resistance. Also we investigated the 

relation between serum leptin, leptin receptor and SOCS3 levels and serum  miRNA 

levels and related SNPs in leptin resistant obese children and non-obese healty controls.  
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2. GENERAL INFORMATION 

2.1. Obesity and Childhood Obesity 

2.1.1. Obesity 

Obesity is a condition of excessive fat storage in the body which develops due to 

genetic and environmental factors (12). Besides several pathologic syndromes 

(Polycystic ovary synd., Bardet-Biedl synd.), the most common cause of obesity is 

misnutrition (12, 13). Diagnosis of obesity depends on Body Mass Index (BMI) of the 

patient. Formula for the calculation of BMI is; BMI= weight/height2, gives a result in 

kg/m2 unit. BMI which is between 18.50–24.99 is considered to be normal, BMI 

between 25.00-29.99 is considered as pre-obese and BMI 30.00 and over is considered 

as obese. 

 

2.1.2. Childhood Obesity 

In addition to obesity in adults, childhood obesity is seen in every 1 in 5 between 

ages of 9 to 16. Childhood obesity is a condition which effects physical, psychological, 

social and mental development of children. Also it is a primary risk factor for Type 2 

Diabetes and Cardiovascular Diseases (13, 14). Along with all, pathologies like bone 

and joint diseases, sleep apnea and asthma are seen more frequently in obese children 

(14, 15). For the diagnosis of Childhood Obesity, BMI percentile is used and children 

have 5-84.99 percentile are considered as normal, 85-94.99 percentile are considered as 

overweight and 95 and over percentile are considered as obese (16).    

 

2.2. Structure and Function of Leptin and Its Role in Obesity 

2.2.1. Structure and Function of Leptin 

 Leptin is a polypeptide hormone which is formed by folding of 167 amino acid 

long polypeptide chain as 4 α-heliks structures. By the cleavage of signal peptide, 

Leptin passes into the circulation as 146 amino acid lengt, 16Kda weight functioning 

active form. After its synthesis in white adipose tissue, leptin transports in the 

circulation to its target tissue hypothalamus. Main function of the Leptin is regulation of 

food intake and energy metabolism (17).  

 Exact target of the Leptin is the arcuate nucleus in hypothalamus. Leptin shows 

its function by binding to Leptin Receptors in arcuate nucleus and activating Janus 
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Kinase/Signal Transducer and Activator of Transcription (JAK/STAT) and Mitogen- 

Activated Protein Kinase (MAPK) pathways (Figure 1.). JAK/STAT pathway is a 

intracellular signalling pathway which shows activity by; activation of JAK by the 

binding of ligand to its receptor, phosphorylation of receptor by JAK, activation of 

STAT by phosphorylated receptor and activation of transcription by STAT. As the 

result of leptin signalling, there is a decrase in food intake, increase in energy 

expenditure and satiety feeling occurs (18). 

 

 
Figure 1. Intracellular Leptin Signalling Pathway (18). 

 

2.2.2. Role of Leptin in Obesity 

Leptin has a strong relation with obesity because of its regulatory effects on food 

intake and energy metabolism. Its first discovery and following animal studies shown 

that lack of Leptin coding gene (ob/ob mutant) results with obesity in mice (19). It is 

seen that changes in the serum Leptin levels are also have relation with obesity. 
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Decreased serum Leptin levels and/or reduced biological activity of Leptin are causing 

obesity, exogenous leptin supplementation like subcutanous injection of Leptin is 

inducing weight lost and improvement in the obesity releated biological parameters (20, 

21). Along with those, elevated serum leptin levels in obese is defined as leptin 

resistance which is caused by inhibition or reduction of action of biologically active 

Leptin in receptor or postreceptor pathway level (22). 

 

2.3. Relationship of Leptin Resistance, SOCS3 and miR-218-5p 

2.3.1. Leptin Resistance 

 Without any known exact cause, there are two main hypotheses on development 

of Leptin Resistance; failure of circulating Leptin molecule to reach the receptor in 

arcuate nucleus or inhibition of postreceptor pathway (intracellular signal cascade) (23). 

Experiments with animal models have shown that SOCS3 protein has a important role 

in the development of Leptin Resistance. It is shown that, SOCS3 expression is 

increased in hypothalamus of leptin resistant obese mice, furthermore development of 

Leptin sensitivity and resistance against diet induced obesity in SOCS3 deficient mice 

(24, 25). 

 

2.3.2. Suppressor of Cytokine Signaling 3 (SOCS3) 

 SOCS3 functions in the negative feedback mechanism of JAK/STAT pathway 

and inhibits the signalling cascade. After activation of STAT by the binding of signal 

molecule to the cell surface receptor, initiates transcription in the cell. With this 

initiation STAT also induces transcription of SOCS3 and creates negative feedback 

control on itself (Figure 2.) (26). 
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Figure 2. JAK/STAT Pathway and SOCS3 Negative Feedback Mechanism (26). 

 

Inhibition of JAK/STAT pathway by SOCS3 occurs in three steps, first two steps of the 

inhibition are reversible but the third step is irreversible because of the degradation of 

receptor protein by SOCS3 induced ubiquitylation (Figure 3.) (26);  

• Inactivation of signalling by the binding of SOCS3 to transmembrane receptor 

protein on phosphate residues, 

• Inhibition of activity of JAK by binding of the receptor bound SOCS3 to JAK, 

• Induction of ubiquitylation and degradation of JAK and receptor protein by 

SOCS3 (26). 
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Figure 3. Three Steps Mechanism of Action of SOCS3 (26). 

 

2.3.3. miR-218-5p 

Role of miRNAs on different pathologies gives the idea of potential role of 

miRNAs on Leptin Resistance by effecting SOCS3 and differing expression levels of 

miRNAs which are targeting Leptin-SOCS3 axis might change the activity of Leptin 

and Leptin Pathway.  

In this study, we investigated the relationship between miRNAs and Leptin, 

Leptin Receptor and SOCS3. For this purpose, we searched online databases which are 

scoping miRNAs and their target mRNAs. First, we investigated miRNA sets which are 

targeting our genes of interest and then tested their reliabilty (existence in serum, 

relationship with different pathologies and relationship with demographic 

charactheristics of patients) for this study by literature review and cross-checking on 

different databases. Results of most cited miRNA target prediction databases 

(http://www.targetscan.org - http://www.microrna.org/ - 

http://mirtarbase.mbc.nctu.edu.tw/php/index.php ) cross-checked on databases which 
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are not for target prediction but bringing reliable data about miRNAs 

(http://www.mirbase.org - http://www.mirdb.org/ - 

http://mirtarbase.mbc.nctu.edu.tw/php/index.php) and overlapping miRNAs on all 

databases were included in this study (27). 

We searched miRNAs targeting Leptin, Leptin Receptor and SOCS3 mRNAs 

and categorized and cross-checked with each other to determine the miRNAs which 

targets all three of the genes synergistycally. As a result of this search, we decided to 

investigate hsa-miR-218-5p which is a miRNA originating from 5’ arm of miR-218 

primary transcript. Its mature sequence is  5’-uugugcuugaucuaaccaugu-3’ (Figure 4.) 

(28). 

 

Figure 4. hsa-miR-218-5p primary transcript (28). 

 

 Furthermore, 3’UTR sequences of Leptin, Leptin Receptor and SOCS3 genes 

were examined on genome databases for determining potential binding regions for hsa-

miR-218-5p. Also we searched the polymorphisms which may effect binding efficiency 

of  hsa-miR-218-5p. There were no defined polymorphism for leptin and leptin receptor 

genes. However rs906271000 SNP was determined on the 3’UTR region of SOCS3 

gene. rs906271000 is located on the seed sequence of miR-218-5p binding region which 

may effect the effect of miR-218-5p on SOCS3 (29, 30). 
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3. MATERIALS AND METHODS 

3.1. Description of Patient and Control Groups 
All sera and peripheral whole blood samples of patient and control groups were 

collected at Yeditepe University Hospital Department of Pediatric Endocrinology and 

inclusion criterias for patient and control groups are;  

• Between 2-18 years of age,  

• No diagnosed obesity before 2 years of age, 

• No diagnosed monogenic obesity in parents, 

• Diagnosed obesity for the Patient Group, 

• No diagnosed obesity for the Control Group. 

65 patients with similar demographic characteristics were included in the study. 

Ethical Committee Approval was taken from Ethical Committee of Yeditepe University. 

All the volunteers were physically examined in Yeditepe University Hospital Pediatric 

Endocrinology Department and divided into Patient and Control Groups after evaluation 

of their BMI and BMI percentiles. 

3.2. Sample Collection 
After the physichal examination, 4ml of peripheral blood was collected in EDTA 

containing tubes for DNA isolation and 5ml of peripheral blood was collected in gel 

containing tubes for serum seperation for ELISA analysis and miRNA isolation. EDTA 

containing tubes were stored at +4 0C until DNA Isolation. Gel containing tubes were 

let to rest 15 minutes for coagulation by gently rolling around a few times in every 5 

minutes. After coagulation period, tubes were centrifuged in 4500rpm for 20 minutes 

and supernatant aliquoted in eppendorf tubes and stored in -80 0C’. 

3.3. Chemicals, Consumables and Instruments 
3.3.1 Chemicals and Consumables  

iPrep Purelink gDNA blood kit (Invitrogen, Thermo Fisher Scientific Inc), 

miRNeasy Serum/Plazma Kit, Qiagen, Trizol (Quiazol, Qiagen), Chloroform (Sigma 

Aldrich) %100 Ethanol (Sigma Aldrich), cDNA Reverse Transcription Kit (miScript II 

Kit, Qiagen): microRNA Universal Primer (Qiagen), miScript PreAMP PCR Kit 

(Qiagen), miScript SYBR Green PCR Kit (Qiagen), microRNA Primer Assay (Qiagen) 

Qubit 3.0 microRNA Assay Kit (Invitrogen, Thermo Fisher Scientific Inc.) TaqMan 
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Genotyping Assay (Applied Biosystems, Thermo Fisher Scientific Inc.), TaqMan 

Genotyping MasterMix (Applied Biosystems, Thermo Fisher Scientific Inc.), EliKine 

Leptin Elisa Kit (Abbkine Inc.), EliKine  Leptin Receptor Elisa Kit (Abbkine Inc.), 

EliKine SOCS3 Elisa Kit (Abbkine Inc.),  96 well plate (Applied Biosystems, Thermo 

Fisher Scientific Inc.), 96 well plate optical seal (Applied Biosystems, Thermo Fisher 

Scientific Inc.) PCR grade water (Invitrogen, Thermo Fisher Scientific Inc).  

 

3.3.2. Instruments 

iPrep Pure Link Nucleic Acid Isolation Instrument (Invitrogen, Thermo Fisher 

Scientific Inc), ABI 7500 Fast Real Time Real Time PCR Instrument (Applied 

Biosystems, Thermo Fisher Scientific Inc.), T100 Thermalcycler (BioRad) Qubit 3.0 

Flourometer (Applied Biosystems, Thermo Fisher Scientific Inc.), Plate Centrifuge 

(Hettich), Centrifuge (Centrifuge 22R, Beckman Coulter), Microplate Reader 

(WHYM201, Poweam Medical Co.), Microplate Autowasher (WHYM200, Poweam 

Medical Co.), NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific Inc), +4 0C 

Fridge (Haier), −20 0C Deepfreeze (Haier), −80 0C Ultra Deepfreeze (Haier)  

Micropipette Set (Denville Scientific), Ultra Pure Distilled Water Instrument (Purelab 

option Q, Elga). 

 

3.4. Nucleic Acid Isolation 

3.4.1. DNA Isolation from Peripheral Blood and Purity and Concentration 
          Measurements 

DNA isolation from peripheral blood were performed with iPrep Pure Link 

(Invitrogen) Nucleic Isolation Instrument. 350µl peripheral whole blood sample and 

iPrep Pure Link gDNA Blood Kit (Invitrogen) cartridge were used for each volunteer. 

This instrument is using Dynabead (Invitrogen) technology for nucleic acid isolation. 

During isolation procedure all pippetting processes were performed by the instrument, 

blood cells were lysed, nuclear matter in the solution seperated from proteins, free 

nucleic acids bound to magnetic beads which can change their surface polarity by the 

enviromental pH changes and seperated from cellular impurities by a magnet 

respectively. Isolated DNA samples were eluted in 100µl as final volume.  

Sample purity and concentration measurements were performed by 

spectrophotometrically by NanoDrop 2000 (Thermo Fisher Scientific Inc.) instrument. 
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For the Polymerase Chain Reaction (PCR) samples in the range of OD260/ OD280= 

1.7-1.9 purity and 50-150 ng/µl concentrations were used. 

 

3.4.2. miRNA Isolation from Sera  

Samples stored in –800C were thawed on ice and then heated up to 370C. For the 

isolation 200µl of serum semple used for each volunteer, which is the maximum volume 

recommended by the manifacturer. Before the isolation procedure, essential solutions of 

the isolation kit were prepared. Through the directions of the manifacturer, 30ml and 

22ml 100% ethanol added in RWT and RPE buffers respectively and mixed by gently 

inverting several times.  

For each volunteer 200µl serum sample added into a clean eppendorf tube and 

mixed with 1000µl Qiazol Lysis Solution by pippetting and the mixture let rest for 5 

minutes in room temperature. After that, 3,5µl Spike in Control (Ce_miR-39_1) and 

200µl added into each mixture, mixed by vortexing and let rest for 3 minutes in room 

temperature. After the rest, all samples centrifuged +40C and 12.000g for 15 minutes. 

After centrifugation lysate fragmented into 3 phases, upper aquous phase (supernatant, 

apprx. 600µl) were taken into a clean eppendorf tube, 1.5 times of (apprx. 900µl) 100% 

ethanol added and mixed by pipetting several times. For the capturing of miRNAs in the 

mixture, silica-membrane based spin columns were used. Columns were placed into 2ml 

waste tubes, 700µl (which is the maximal column volume) of ethanol-supernatant 

mixture added in columns and centrifuged at 8000g, room temperature for 15 seconds. 

Liquid collected in waste tubes were discarded and this step repeated for total of the 

ethanol-supernatant mixture with maximum 700µl portions. For the purification of 

miRNAs captured in silica-membrane, spin columns were washed in three steps. For the 

first washing step 700µl RWT buffer added in spin column and centrifuged at 8000g in 

room temperature for 15 seconds and liquid collected in waste tubes were discarded,  

second washing done by 500µl RPE buffer and spin column centrifuged at 8000g in 

room temperature for 15 seconds and liquid collected in waste tubes were discarded, 

third washing done by 500µl 80% Ethanol and spin column centrifuged at 8000g in 

room temperature for 15 seconds and liquid collected in waste tubes were discarded. 

For to prevent a possible impurity, spin columns placed in new waste tubes and 

centrifuged with their lids open at 14000g in room temperature for 5 minutes to dry the 

silica membranes and move away the ethanol. After drying silica membranes, spin 
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columns were placed in sample collection tubes, 14µl RNAse free water pipetted on the 

silica membrane which is at the center of the spin column and centrifuged at 14000g in 

room temperature for 1 minute. After centrifugation approximately 12µl of purified 

miRNA collected in collection tubes. 

 

3.4.3. Purity Measurement and Determination of miRNA Concentration of 
          Isolated miRNA Samples 

Sample purity measurement were performed by spectrophotometrically by 

NanoDrop 2000 (Thermo Fisher Scientific Inc.) instrument and OD260/ OD280: 2.0 

accepted as pure RNA.  

Concentration of miRNA samples were measured with Qubit 3.0 microRNA 

Assay Kit and Qubit 3.0 instrument (Invitrogen, Thermo Fisher Scientific Inc.). For the 

concentration measurement, Qubit microRNA Reagent diluted in Qubit microRNA 

Buffer with 1:200 ratio. For each sample 198µl mixture and 2µl sample mixed in 0.5ml 

optical grade PCR tubes, incubated in dark in room temperature for 2 minutes and read 

with the instrument. Min., Max. and Mean values of isolated miRNA concentrations are 

given below (Table 3.4.3.-1); 

 

Table 3.4.3.-1. Min., Max. and Mean values of Isolated miRNA concentrations. 

 
                         

3.5. cDNA Synthesis 

Isolated miRNA samples were converted to DNA molecules which is much 

more stable and safe to store than RNA molecule. This convertion were performed with 

conventional PCR method with an enzyme called Reverse Transcriptase (miScript II 

Reverse Transcription Kit, Qiagen) which is synthesizing DNA by using RNA as a 

guide. For the synthesis of Complementary DNA (cDNA) molecules 10 ng of miRNA 

in total volume were used. PCR mixture and protocol are given below (Table 3.5.2.-1, 

Table 3.5.2.-2) 
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Table 3.5.2.-1. Reverse Transcription PCR Mixture. 

 
 

Table 3.5.2.-2. Reverse Transcription PCR Protocol.  

 
 

3.6. Determination of Serum miR-218-5p Gene Expression Levels 

Serum miRNA levels measured with Quantitative Real Time PCR (qPCR)  

method.  In this method, SYBR Green flourescent dye (which emits green light when 

bound to double stranded DNA) is added in PCR mixture and during the PCR reaction 

flourescent emissions are measured to determinate reaction characteristics. In every 

cycle of the protocol flourescent emissions are measured and Cycle Tresholds (Ct) for 

each reaction well is calculated by the software of the instrument (Figure 5.). Ct values 

are dependent on sample amounts in the reaction well and can not give exact copy 

numbers but, comparison with a “House Keeping” gene gives relative expression 

change. 
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Figure 5. Amplification Plots and Cycle Tresholds of Targeted miRNAs. 

 

Because of low yields of miRNA isolation, preamplification were performed for 

each cDNA sample. For the preamplification reaction miScript PreAMP PCR Kit 

(Qiagen) were used. Before preamplification reaction, cDNA samples were 5 fold 

diluted according to the manifacturers recommendations. For the preamplification 

reaction, PCR mixture and protocol are given below (Table 3.6.-1, Table 3.6.-2); 

 

Table 3.6.-1. Preamplification PCR Mixture. 
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Table 3.6.-2. Preamplification PCR Protocol. 

 
 

After preamplification reaction, samples were diluted 20 fold according to the 

manifacturers recommendations. 

For the measurement of miR-218-5p expression levels, Real Time PCR mixture 

and protocol are given below (Table 3.6.-3, Table 3.6.-4); 

 

Table 3.6.-3. Real Time Quantitative PCR Mixture. 

 
 

Table 3.6.-4. Real Time Quantitative PCR Protocol. 

 
 

After PCR reactions, targeted miRNA and house keeping Ct differences (∆Ct)  

were calculated to see the relative expression changes between samples. 
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3.7. Determination of SOCS3 3'-UTR Genetic Variants 

SOCS3 gene 3’-UTR variants were determined with Real Time PCR method by 

using TaqMan Genotyping Assay, TaqMan Genotyping MasterMix (Thermo Fisher 

Scientific Inc.) and ABI 7500 Fast Real-Time PCR (Applied Biosystems). In this 

method, there are sequence spesific flourescent hybridization probes are used additional 

to conventional PCR methods. During PCR reaction, flourescent emissions of 

hybridization probes are measured and depending on the different dyes bound on the 

probes, sample genotypes determined by the software of the instrument (Figure 6., 

Figure 7.). For the undetermined samples, genotypes determined by examining 

amplification plots manually. 

 

 
Figure 6. Emission Plot of Hybridization Probes. 
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Figure 7. Allelic Discrimination Plot. 

 

Real Time PCR mixture and protocol for genotyping PCR are given below 

(Table 3.7.-1, Table 3.7.-2); 

 

Table 3.7.-1. Real Time Genotyping PCR Mixture. 
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Table 3.7.-2. Real Time Genotyping PCR Protocol. 

 
 

3.8. Measurement of Serum Leptin, Leptin Receptor and SOCS3 Levels 

Serum Leptin, Leptin Receptor and SOCS3 levels were measured with Enzyme 

Linked Immunosorbent Assay (ELISA) method by using EliKine (Abbkine Inc.) ELISA 

kits. All three kits are depending Sandwich ELISA principle which is working with two 

antibodies (one for stablising the molecule on bottom of the well and one for enzymatic 

marking) binding from different epitopes on the target molecule. Reaction wellplates 

are precoated with stabilisation antibodies (spesific for target molecule) and after 

stabilisation marking antibodies are applied on target molecules in reaction wells. All 

EliKine (Abbkine Inc.) ELISA kits are highly standardised and for the measurements of 

Leptin, Leptin Receptor and SOCS3 levels single protocol have used as the 

manifacturer recommended.   

Serum samples which are stored in -800C were thawed in room tepmerature and 

ELISA kits were heated up to room temperature, stock solutions (Wash Buffer, Sample 

Diluent, Assay Buffer, Standart Solutions, Leptin Antibody and Streptavidin-HRP 

Conjugate) diluted and serum samples diluted ½ with Sample Diluent as 50µl Serum 

50µl Sample Diluent with final volume of 100µl before procedure. 

100µl of samples and standarts added in wells which are precoated with and 

antibody for our target molecule, sealed with an adesive film and incubated in room 

temperature for 2 hours on microplate shaker in medium speed for the immobilisation of 

our target molecule. After incubation, liquid in wells aspirated and all wells washed 

with 250µl of wash buffer twice, after second wash wash buffer aspirated and 

microplate tapped gently on absorbend paper for avoiding any wash buffer remains. 

After washing, 100µl of Leptin Antibody added and wells sealed with an adesive film 

incubated in room temperature for 1 hour on microplate shaker in medium speed. After 

incubation, liquid in wells aspirated and all wells washed with 250µl of wash buffer 

twice, after second wash wash buffer aspirated and microplate tapped gently on 

absorbend paper for avoiding any wash buffer remains. After washing, 100µl of HRP 
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Substrate solution added in wells, sealed with an adesive film, wrapped with tin foil to 

protect from light and incubated in room temperature for 15 minutes on microplate 

shaker in medium speed. After incubation, 50µl Stop solution added in wells, gently 

shaked with hand to mix the solution and read in microplate reader at 450nm 

wavelenght. 

Concentration calculations have done by standard curve method depending on 

absorbances of the standards.         

 

 3.9. Statistical Analyses 

Statistical analyses of the study were performed with SPSS 25.0 (IBM) software 

by using Fisher’s Exact Test, Student’s T-Test, Pearson Correlation, Logistic 

Regression Analysis and MedCalc (BVBA) Software by using ROC Analysis. It was 

considered significant when p value was below 0.05. 
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4. RESULTS 

In this study, there were two groups of volunteers (Patient, n=35 – Control, n=30) 

with similar demographic characteristics. All demographic data were collected at 

Yeditepe University Hospital Department of Pediatric Endocrinology during physical 

examination. 

4.1. Demographic Characteristics of Patient and Control Groups 

Demographic characteristics of the patient and control groups are given in Table 

4.1.-1. 

Table 4.1.-1. Demographic Characteristics of the Patient and Control Groups. 

n= Number of Samples, x̄± SD : Mean Value ± Standard Deviation, The Values Marked with * and bold 
are showing statistically significance, Student’s t-test have used for to show the difference of Age, BMI 
and BMI Percentile parameters and Chi-Square test have used for to show the difference of Gender 
parameter between two groups, Odds Ratios were calculated with Logistic Regression Analysis. 

 

 Between patient and control groups, there were no statistically significant 

difference in age and gender parameters, however BMI and BMI percentiles were 

highly significant (Table 4.1.-1.), which shows that demographic characteristics of both 

groups were appropriate for the study. 

4.2. SOCS3 3’-UTR Genotypes of Patient and Control Groups 

Genotypes according the SOCS3 Gene rs906271000 polymorphism are given in 

Table 4.2.-1. 
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Table 4.2.-1. Genotypes and Allelic Discriminations of Patient and Control 
Groups. 

n= Number of Samples, Chi-Square test have used for to show the difference of Genotype and Allele 

distributions between two groups. 

 

rs906271000 polymorphism is a G>A transition, as in case G allele is wildtype and A 

allele is mutant. Our results have shown that all the volunteers in patient and control 

groups have GG genotype. There were no mutant allele (A) seen in both study groups. 

Thus there were no statistically significant difference between patient and control 

groups according to SOCS3 Gene rs906271000 polymorphism . 

4.3. Serum Leptin, Leptin Receptor and SOCS3 Levels of Patient and Control 
Groups 

Serum leptin, leptin receptor and SOCS3 levels are given in Table 4.3.-1.. There 

was no statistically significant difference between patient and control groups according 

to serum leptin receptor and SOCS3 levels, but leptin levels were significantly higher in 

patient group compared to control. These results showed that our patient group had 

leptin resistance.  
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Table 4.3.-1. Serum Levels of Leptin, Leptin Receptor and SOCS3 

 n= Number of Samples, x̄± SD : Mean Value ± Standard Deviation, The Values Marked with * and bold 
are showing statistically significance, Student’s t-test have used for to show the difference of serum levels 
of Leptin, Leptin Receptor and SOCS3 between two groups, Odds Ratios were calculated with Logistic 
Regression Analysis. 

 

 Furthermore, there was a slight increase in leptin receptor and SOCS3 levels in 

patient group compared to control.  

 We also analysed the relation between demographic characteristics and the 

serum levels of leptin, leptin receptor and SOCS3 in patient and control groups have 

shown that ; 

• In patient group, BMI and BMI percentiles were positively correlated with 

serum leptin levels (Table 4.3.-2.) (Figure 8., Figure 9.), 

• In control group, BMI was positively correlated with serum leptin levels (Table 

4.3.-2.). 

as expected. 

Table 4.3.-2. Correlation of Serum Leptin Levels Between BMI and BMI 
Percentiles in Patient and Control Groups 

 
n= Number of Samples, The Values Marked with * and bold are showing statistically significance, 
Pearson Correlation Analysis have used for to show correlation between serum levels of Leptin, 
BMI and BMI Percentile. 
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Figure 8. The Distribution of BMI and Serum Leptin Levels in Patient Group  

 

 

 

Figure 9. The Distribution of BMI and Serum Leptin Levels in Control Group  
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Figure 10. The Distribution of BMI Percentiles and Serum Leptin Levels 
      in Patient Group  

 

 

Furthermore, there were significant correlation between serum SOCS3 levels and BMI 

percentiles (p=0,008) and serum leptin receptor Levels (p=0,001) in patient group but 

not in control group. 

4.4.  Expression Levels of Serum miR-218-5p in Patient and Control Groups  

Serum miR-218-5p Levels of patient and control groups are given in Table 4.4.-1.. 

Table 4.4.-1. miR-218-5p ∆Ct Values of Patient and Control Groups 

 
n= Number of Samples, x̄± SD : Mean Value ± Standard Deviation, The Values Marked with * and bold 
are showing statistically significance, Student’s t-test have used for to show the difference of serum levels 
of miR-218-5p  between two groups. 

 

There was a statistically significant diffence between patient and control groups in 

serum miR-218-5p expression levels. It was significantly increased in patient group 

(Table 4.4.-1.). As a result of our linear logistic regression analysis, it was seen that 

increased miR-218-5p levels were 1.756 times more likely to obesity in children (Odds 

Ratio: 1.756, 95% CI= 1.236- 2.496; p=0.002). 
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 For Receiver Operating Characteristic (ROC) Analysis was performed to 

evaluate the reliability as a biomarker and/or diagnostic parameter. According to the 

results of ROC Analysis, miR-218-5p has a reliable value as a biomarker and/or 

diagnostic parameter (p= 0.001, Area Under Curve= 0.748, %95CI=0.124-0.381) 

 

 
  Area Under Curve= 0.748, %95CI=0.124-0.381, p= 0.001. 

   Figure 11. miR-218-5p ROC Curve 

 

Results of the statistical analysis according to relationship of the serum miR-218-5p 

expression levels and demographic characteristics between patient and control groups 

are given in Table 4.4.-2.. 
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Table 4.4.-2. Correlation of the miR-218-5p Expression Levels and Demographic 
Characteristics Between Patient and Control Groups 

 
n= Number of Samples, The Values Marked with * and bold are showing statistically 
significance, Pearson Correlation Analysis have used for to show correlation between serum 
levels of miR-218-5p and Demographic Characteristics. 

 

There was no correlation between miR-218-5p expression levels and demographic 

characteristics in patient and control groups (p>0.05). When we focus on correlation 

between miR-218-5p levels and demographic characteristics of whole study group, 

there was a strong correlation between miR-218-5p levels and BMI (p=0.001) (Figure 

12.) and BMI percentile (p=0.000) (Figure 13.) 
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Figure 12. The Distribution of BMI and Serum miR-218-5p Levels  
in Entire Study Population.  

 

 

 

Figure 13.The Distribution of BMI Percentiles and Serum miR-218-5p    
Levels in the Entire Study Population.  
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4.5. Determination of Relationship among Serum miR-218-5p Levels, SOCS3 3’-
UTR Genotypes and Serum Leptin, Leptin Receptor and SOCS3 Levels and 
Their Comparison Between Patient and Control Groups 

Results of the statistical analysis on the relationship between serum miR-218-5p 

levels and serum levels of Leptin, Leptin Receptor and SOCS3 are given in Table 4.5.-

1.. 

Table 4.5.-1. Correlation Between Serum  miR-218-5p Levels and Serum 
Levels of Leptin, Leptin Receptor and SOCS3 

 
n= Number of Samples, The Values Marked with * and bold are showing statistically 

significance, Pearson Correlation Analysis have used for to show correlation between serum 

expression levels of miR-218-5p and serum levels of Leptin, Leptin Receptor and SOCS3. 

 

There was no correlation between miR-218-5p levels and serum levels of leptin, leptin 

receptor and SOCS3 in Patient Group. However there was a correlation between miR-

218-5p and leptin receptor levels in the control group. When we examine the correlation 

between miR-218-5p expression levels and demographic characteristics of whole study 

group, there was a strong correlation between miR-218-5p expression levels and serum 

leptin levels (p=0.004) (Figure 14.). 
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Figure 14. The Distribution of Serum Levels of Leptin and miR-218-5p 

Expression in Entire Study Population.  
 

 We couldnt find any relation between miR-218-5p expression, serum levels of 

leptin, leptin receptor, SOCS3 and SOCS3 Gene rs906271000 polymorphism as there 

was no  mutant genotype/allele have seen in Study Population.  
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5. DISCUSSION AND CONCLUSION 

Obesity is a metabolic pathology which adversely effects physical, mental and 

social development of children during developmental ages. There are several causes of 

childhoold obesity such as genetic, socio-cultural and/or obesity development 

depending on another pathology. Among them leptin resistance is one of the major 

causes of the obesity.  

There are many causes of  leptin resistance. The main cause of leptin resistance 

known in humans is mutations (monogenic obesity) in specific genes in leptin pathway 

such as Leptin (Biologically Inactive Leptin), Leptin Receptor which causes early-onset 

obesity (<2 years old), familial obesity, and eating disorders (31). However these 

mutations are rare. Beyond spesific mutations, underlying mechanism of leptin 

resistance is still unknown. In this study we investigated idiopathic type of leptin 

resistance. For this purpose, children who developed obesity after 2 years of age and 

had no family history selected for the study. 

In the published literature according to miRNA effects on leptin in obesity, there 

are several publications in adults which show that different miRNA levels in adipose 

tissue are in correlation with obesity parameters, especially serum Leptin levels (32, 33, 

34). In addition, Heneghan et al. have shown that, besides the adipose tissue, serum 

miRNA levels also differ between obese and non-obese subjects (35). In their study, 

Heneghan et al. have compared miRNA levels in omental and sub cutaneous fat tissue 

with blood samples. All three results were not only compatible with each other but also 

were in correlation with obesity parameters (35). Although data on leptin resistance is 

missing in their study, their results about circulating miRNA effects on tissues were 

similar to our results. 

Development of leptin resistance in severe obesity is more familiar than the 

development of obesity due to leptin resistance (36). To distinguish these conditions, we 

focused on childhood obesity. In the childhood obesity, serum leptin levels and obesity 

parameters are seem far from obesity-induced leptin resistance. 

According to the literature in the scope of childhood obesity and leptin 

resistance, it is shown that serum leptin levels of obese children are significantly higher 

than  non-obese children (37, 38). Hassink et al. showed that serum leptin levels are 
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positively correlating with BMI in obese children (37). In our study, serum Leptin levels 

were in positive correlation with both BMI (p=0.004) and BMI Percentiles (p=0.004) in 

Patient Group. Moreover, there was a positive correlation of serum Leptin levels and 

BMI in Control Group (p=0.045), which is compatible with the published literature (37, 

38). 

There are number of publications (39, 40, 41, 42) in the scope of miRNA effect 

on childhood obesity. In the study of Prats-Puig et al. 15 circulating miRNAs (miR-486-

5p, miR-486-3p, miR-221, miR-28-3p, miR-142-3p, miR-130b, miR-423-5p, miR-532-

5p, miR-125b, miR-140-5p, miR-16-1, miR-328, miR-222, miR-363, miR-122) differed 

between Patient and Control Groups which correlates with obesity parameters (39).  In 

our study, we have shown that serum miR-218-5p levels were significantly increased in 

Patient Group in correlation with obesity parameters (p=0.000). In the same study of 

Prats-Puig et al., they specified that decrease in serum levels of miR-221 and miR-28-3p 

may be involved in hypothalamic resistance of circulating satiety factors (39). However, 

the data about serum leptin levels and leptin resistance is lacking. We did an online 

search about the possible targets of miR-221 and miR-28-3p. We have seen that miR-

221 also targets SOCS3 which was supporting our theory. Furthermore, we investigated 

possible targets of circulating miRNAs which are in correlation with obesity 

parameters, miR-486-3p and miR-130b are also targeting SOCS3.  

There are several publications which examined the role of miRNAs in 

cardiovascular risk, lipid metabolism, and potential risk of future adult diabetes in 

childhood obesity (40, 41, 42). We wanted to compare our results with their results, but 

the limitation was patient histories and demographic characteristics (according to leptin 

resistance) were not compatible with our study. 

Yang et al. showed that serum miR-218-5p levels decreased in hepatocellular 

carcinoma patiens, which may imply miR-218-5p serum levels can differ under  

pathological conditions (43). Li et al. also showed that miR-218-5p had an effect on 

SOCS3 and decrease in miR-218-5p expression resulted in increased expression levels 

of SOCS3 in tissue level (44). In our study we have found that serum miR-218-5p 

expression levels are significantly increased leptin resistant obese children and may 

have effect on SOCS3. So far, these resulst are compatible with literature (43,44).  
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In our study, we hypothesised miR-218-5p which is targeting Leptin, Leptin 

Receptor and SOCS3 may be involved in Leptin Resistance in childhood obesity and 

the results are confirming this hypothesis. 35 obese and 30 non-obese controls were 

included in the study. Our findings were; 

• miR-218-5p expression are significantly increased in the circulation of patients, 

• increased miR218-5p expression is strongly correlating with Leptin levels in 

entire study group (n=65) –no correlation have seen in seperated groups more 

likely to caused by small sample sizes, 

• there were no significant difference between patient and control groups 

according to serum leptin receptor levels –according to the published data, leptin 

receptor has a restrictive effect on leptin action (45), thus our results are 

showing that leptin resistance seen in patient group are independent from 

circulating leptin receptor, 

• furthermore, there were no correlation between miR-218-5p expression and 

serum leptin receptor levels neither in entire study group, nor in patient group 

but within control group which shows possible protective effect of miR-218-5p 

against leptin resistance in healty subjects by circulating leptin receptor, 

• serum SOCS3 leves have investigated as a factor to increase reliability of miR-

218-5p as a diagnostic parameter but there were no significant results have 

found –there are significant correlationn between serum SOCS3 levels and BMI 

percentiles and serum leptin receptor levels in patient group, but these results 

more likely to coincidental and independent from serum miR-218-5p levels, thus 

there were no publication according to the relationship of serum and tissue 

levels of SOCS3 and transport of SOCS3 through blood brain barrier, 

these five major findings have shown  that miR-218-5p have a role on leptin levels and 

likely involving to leptin resistance.  

In the light of this knowledge, we state that the hypothesis about possible effect 

of serum miR-218-5p expression on leptin, leptin receptor and SOCS3 sustains its 

reliability. 

In conclusion, we believe that miR-218-5p can be evaluated as a potential 

therapeutic target when we consider involvement of circulating miRNAs to metabolism 
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regulation, synergistic function of miRNAs and potential role of SOCS3 as an inducer 

in leptin resistance. Also it can be a diagnostic parameter. However, one has to keep on 

mind that, target tissue of the Leptin is arcuate nucleus in hypothalamus which means 

that serum miR-218-5p and SOCS3 levels investigated in this study may be a trace of  

hypothalamic regulation of leptin signalling. Elevated serum expression levels of miR-

218-5p may not be showing direct effect of miR-218-5p on SOCS3 but may be the 

results of an indirect effect. 

 

To the best of our knowledge, this is the first study which investigates the relation 

between leptin resistance and serum miRNA expression levels and miR-218-5p, leptin, 

leptin receptor and SOCS3. In our future studies, we are aiming to investigate the 

mechanism of action of miR-218-5p across tissues in leptin resistance. 

 

. 
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