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ABSTRACT

Altinkih¢, 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. Istanbul, 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)

Altinkihg, EM. Cocuk Obezitesi Olgularinda SOCS3 Geni ve Mikro RNA 218’in
Iliskisinin Belirlenmesi. Yeditepe Universitesi, Saghk Bilimleri Enstitiisu,
Molekiiler Tip Anabilim Dah. Doktora Tezi. Istanbul, 2019.

Obezite, kardiyovaskiiler hastaliklar, diabet, yiiksek tansiyon ve bazi kanser
tirleri icin goriilme riskini arttiran tibbi bir durumdur. Obezite genellikle genetik,
davranigsal, metabolik ve hormonal etmenlerin sonucu olarak sekillenir. Leptin Direnci
onemli obezite sebeplerinden biridir. Leptin Direnci gelisiminde rol oynayan faktorler
arasinda leptin ve leptin reseptoriinii kodlayan genlerde ki yada reseptor sonrasi yolak
proteinlerinde meydana gelen genetik mutasyonlar, leptin sentezi ve sentezin kendini
dizenlemesinde gorev alan proteinler ve kan-beyin bariyeri gegirgenligi sayilabilir.
Bununla beraber altinda yatan nedenlerin daha fazla arastirmaya ihtiyact vardir.
Calismamizda Sitokin sinyal baskilayict 3 (SOCS3) geni ve dolasimda bulunan
miRNA’larin, g¢ocukluk c¢agi obezitesinde leptin direnci gelisimi Uzerindeki roll
miRNA hedef tahmini yontemleri kullanilarak aragtirilmigtir. miRNA hedef tahmini
tizerine yaptigimiz on ¢alismamiz, miR-218-5p’nin Leptin, Leptin Reseptori ve SOCS3
genleri Gzerine etki ederek leptin direnci gelisiminde rol oynayabilecegini gostermistir.
Calismamizda leptin direnci goriilen obez c¢ocuklar (n=35) ve obez olmayan saglikli
cocuklar (n=30) olmak Gzere iki grup Uzerinde, serum miR-218-5p ekspresyonunun
leptin direnci gelisimine etkisi incelenmistir. Elde edilen sonuglarda miR-218-5p
seviyelerinin leptin direngli obez cocuklarda, saglikli obez olmayan ¢ocuklara gore
anlamli sekilde arttigi ve leptin seviyelerinin miR-218-5p ile iligkili olarak artis
gosterdigi (p<0.05) gorilmistiir. Obez ve obez olmayan g¢ocuklar arasinda serum
SOCS3 seviyeleri ve SOCS3 genotipleri arasinda istatistiksel olarak anlamli bir farklilik
bulunamamistir. Bulgularimiz  dogrultusunda, miR-218-5p’nin  ¢ocukluk c¢ag1
obezitesinde leptin direncinin olasi bir tanisal parametresi olarak degerlendirilebilecegi

gorulmiistiir.

Anahtar Kelimeler: Cocuk 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.



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/height?, gives a result in
kg/m? 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 a-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
2



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).



Cytokine

Extracellular
Cytoplasm

STAT
STAT
m
/ LAY Transcription \
" R
STAT

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);
e 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,
e Induction of ubiquitylation and degradation of JAK and receptor protein by
SOCS3 (26).



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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http://www.targetscan.org/
http://www.microrna.org/
http://mirtarbase.mbc.nctu.edu.tw/php/index.php

are not for target prediction but bringing reliable data about mMIRNAS

(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).

- &8u u a a u L cu gg gag
5' gug &8 BU ECE FAU UUCUEU SUSCUUZEU  S3CCIUSU UUgE g
u

I |I|I||I|||II||||III||||II LT T
3' cau uUu Cg CEC CUE Sa@SSUa CSCESascug  UUZguaca aaug @
a ¢cu - a a ¢ C cc -a agu

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).


http://www.mirbase.org/
http://www.mirdb.org/
http://mirtarbase.mbc.nctu.edu.tw/php/index.php

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;

e 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 °C until DNA lIsolation. 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 °C’.

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 11
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.) TagMan
8



Genotyping Assay (Applied Biosystems, Thermo Fisher Scientific Inc.), TagMan
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 °C
Fridge (Haier), —20 °C Deepfreeze (Haier), —80 °C 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. 350ul 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 100ul as final volume.

Sample purity and concentration measurements were performed by

spectrophotometrically by NanoDrop 2000 (Thermo Fisher Scientific Inc.) instrument.



For the Polymerase Chain Reaction (PCR) samples in the range of OD260/ OD280=
1.7-1.9 purity and 50-150 ng/ul concentrations were used.

3.4.2. miRNA Isolation from Sera

Samples stored in —80°C were thawed on ice and then heated up to 37°C. For the
isolation 200l 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 200ul serum sample added into a clean eppendorf tube and
mixed with 1000ul Qiazol Lysis Solution by pippetting and the mixture let rest for 5
minutes in room temperature. After that, 3,5ul Spike in Control (Ce_miR-39_1) and
200l added into each mixture, mixed by vortexing and let rest for 3 minutes in room
temperature. After the rest, all samples centrifuged +4°C and 12.000g for 15 minutes.
After centrifugation lysate fragmented into 3 phases, upper aquous phase (supernatant,
apprx. 600ul) were taken into a clean eppendorf tube, 1.5 times of (apprx. 900ul) 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, 700ul (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 700ul portions. For the purification of
miRNAs captured in silica-membrane, spin columns were washed in three steps. For the
first washing step 700ul 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 500ul 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 500ul 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 140009 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, 14ul RNAse free water pipetted on the
silica membrane which is at the center of the spin column and centrifuged at 140009 in
room temperature for 1 minute. After centrifugation approximately 12ul 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 198ul mixture and 2pl 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.

Min. Mean Max.
031 ng/pl | 1,06 ng/ul | 2,86 ng/ul

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 Il
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)

11



Table 3.5.2.-1. Reverse Transcription PCR Mixture.

Component Volume
5x muScript Hiflex Butfer 4 ul
10x miScript Nucleic mix 2ul
miScript Reverse Transcriptase _

. 2ul
Mix
RNase Free Water Ll
Sample cDNA 1ow
Total Volume: 20 ul

Table 3.5.2.-2. Reverse Transcription PCR Protocol.

| Temperature - Time
37°C [ G0 min.
95 °C 5 min.
95°C

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

Serum miRNA levels measured with Quantitative Real Time PCR (gPCR)
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.

12



0.

"y

0.01

=
o 0.001

0.0001

0.00001

0.000001

0.08704
0.05238%

Amplification Plot

-----

2 4 B & 10 12 ¥ 16 18 AN 2@ M M M N W M 3|

Cycle

-----

33 40 42 &

Lagand

g 218

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

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

Table 3.6.-1. Preamplification PCR Mixture.

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);

Component Volume
5X miScript PreAMP Buffer 5ul
HotStartTaq DNA 2 ul
Polymerase
miScript Preamp Primer Mix 5l
RNase- free water 7 ul
miScript Preamp Universal 1wl
Primer
Diluted template cDNA 5l

Total Volume 25 ul
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Table 3.6.-2. Preamplification PCR Protocol.

Step Temperature Time
Enzyme 95°C 15 min.
Activation
Denaturation 94°C 30 sec.
Annealing / 60°C 3 min. 12 Cycles
Extention

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.

Component Volume
SYBR Green PCR Mix 12.5 ul
miScript Universal Primer 25u
miScript Primer Assay 25u
PCR Grade Water Sul
Sample cDNA 25
Total Volume: 25 ul

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

Step Temperature Time
Enzvime ¢ )
L 95" C 13 min.
Actrvation 9>C
Denaturation 04°C 15 sec.
Annealing 55°C 30 sec. _
Elongation 70°C 30 sec. 40 Cyeles

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

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 TagMan Genotyping Assay, TagMan 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.
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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.

Component Volume
TagMan Genotvping MasterMix 10 wl
TagMan Genotyping Assay 0.5
PCR Grade Water 8.5l
Sample DNA 1wl
Total Volume: 20 pl
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Table 3.7.-2. Real Time Genotyping PCR Protocol.

Step . Temperature - Time
Enzvme -0 - :
LT 957 10 min.
Activation | ( .
Denaturation 92°C 15 sec.
Elongation 60" | mun. 40 Cvcles

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 -80°C 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 Y2 with Sample Diluent as 50ul Serum
50p! Sample Diluent with final volume of 100pl before procedure.

100ul 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 250ul 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, 100ul 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 250ul 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, 100ul of HRP
17



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, 50pl 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.
Patient (n=35) Control (a=230) p -Value E:::; 495 1

;?;;: D 10,5409 £2,30654 10,3493£3,04938 0,782 1028 | 0.850-1.243
Sex = a & a il ] &3 34 vl - = F
MaleFemale | 17 (48:6 %)/ 18 (51.4 .,:._ 14 (46.7 %) / 16 (53.3%) | 0,878 . 1.079 | 0.406-2.866
VL, Sk 5D 25,38713,47301 17,6744£2,94957 0,000* | 2319 | 1.450-3.708
(kg/m’)
BAIT
Percentile, x+ 08.331521.30644 47.67T08=30,88618 0,000% 1.816 1.057-3.119
sD

n=Number of Samples, X+ 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.
Genotype Patient (n=35) Control (n=30) p -Value
GG 35 (100 %) 30 (100 %) p=0.05
GA 0 (0 %) 0 (0 %) p=0.05
AA 0 (0 %) 0 (0 %) p=0.05
Allele
G 70 (100 %) 60 (100 %) p=0.05
A 0 (0 %) 0 (0 %) p=0.05

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

Odds
i = = -Val 0
Patient (n=35) Control (n=30) p -Value Ratio 095 CI
I__,eprm, 44,5042 £26,8873 11,1745 £16,0820 0,000% 1.080 1.038-1.124
X+ SD (ng/ml)
Leptin
Receptor, 34,8033 £38,3641 27.7809 £25,9974 0.399 1.007 0.990-1.024
X+ 5D (ug/L)
?0083’ 268.4463 £163,2283 2262149 £ 45,7568 0,175 1.008 0.996-1.019
X+ SD (pg/ml)

n= Number of Samples, X+ 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 ;

e 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

c tati Patient (n=35) Control (n=30)
orrelation 2 p value 2 p value
Leptin-BMI 0,555 p=0,004* 0,558 p=0,004*
Leptin-BMI
Percentile 0.448 p=0,045% 0.370 p=0,069

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 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 ACt Values of Patient and Control Groups

Patient (n=35) Control (n=30) p -Value

miR-218-5p,x+ SD

+ - 4 *
(ACt Values) 0,01854 £1,2754 1,5336 £2,0255 0,000

n= Number of Samples, X+ 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% Cl= 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, %95C1=0.124-0.381)

ROC Curve
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Area Under Curve= 0.748, %95C1=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

miR-218-5p Expression miR-218-5p Expression
Correlating Levels in Patient Group Levels in Control Group
Parameter (n=35) (n=30)
r? p value r p value
Age 0.176 p=0335 -0.046 p=0.2811
BMI 0.219 p=0.262 0.245 p=0237
BMI : z
Percentile 0.063 p=0.756 0.305 p=0.138
miR-218-5p Expression Levels in Allover Study Group
Correlating (n=63)
Parameter e p value
Age 0.044 p=0.736
BMI 0.458 p=0.001%
BMI ; %
Percentile 0.487 p=0.000

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 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

miR-218-5p Expression miR-218-5p Expression
Correlating Levels in Patient Group Levels in Control Group
Parameter (n=33) (n=30)
r! p value 1 p value
Leptin 0.008 p=0.962 0.309 p=0.097
Leptin - 2 *
Receptor -0.029 p=0.871 -0.372 p=0.043
S0C53 -0.048 p=0.78> 0.68 p=0.068
miR-218-5p Expression Levels in Allover Study Group
Correlating (n=65)
Parameter i
r p value
Leptin 0.34%8 p=0.004%
Leptin )
Receptor -0.114 p=0.368
S0CS3 -0.013 p=0.919

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
mMIiRNA 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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APPENDICES

Appendix 1. Informed Consent Form

Asgari Bilgilendirilmis Génilli Olur Formu

Sayvin Hastammz,

*  Bubelge hilzilendmibme ve ayvdinlatilon; onam haklanmzdan vararlanabilmenizi amaglamaktadar.

*  Size gergekleshmnlebilecek klimk aragtumalar amagh sinpmler komusunda, tim secenekler ile bu
singimlenn yarar ve mubfemel zararlan kenusunda anlayabileceginiz sekilde hilgi alma haklaniz
ve bir kopyvasim isteme haklomiz vardr.

*  Tazal ve tbh zorunhluk tamvan dwumlar disinda bilgilendirmeyi reddedebilirsiniz. Yanh
bildirmek kojuln ie bilgl almama veya yermize gitvendifiniz bir kimsenin bilglendmlmesim
talep etme hakkma sahipsiniz.

*  Lklmik aragtomalara katlom kenusunda bilglendmldikten somra bunu kabul edebilosmiz. Ya da
karar verebilmek icin uygun zaman talep edebilirsiniz,

*  Hayatmz veya hayat organlanmz tehlikede olmadifz sivece onamumizn (yazh talep etme kogulu
ile) dilediziniz zaman geri alabilir va da énceden kabul etmedifimiz berhang bor tam'tedavi
amagl mingm telorar talep edebilirsiniz.

*  Hastanemizde wverlen lnzmetlern Hastane Tamtun Brogirinden edinebilorsimz. Ayneca Hastane
personeli haklonda hitp:\wrarer veditepehastanesi com v’ web sayfalanndan daha detayh balglere
ulagabilirsiniz.

* Buwrada belutilenlerden baska somlanmz varsa bunlan yamtlamak gérevimizdir.

TANIMLAMA

Arasrrmamn Adr - Cocuk Obezitesi Olgulannda S0CS3 zeni ve MikroRNA 218 m Ihskisinim
Belolenmes

Arastrmava KEanlmer Sayrsi 50 Hasta 7 50 Eontrol, Toplam 100 Gonilla

Bu aragnrmamn Aman: Cocuk Obezitesi Olgulannda SO0CS3 gem ve MikroFXNA 218'm
Tigkisinin Belirlenmesi

Sdiresiz 2 ¥

Fzlenecek Yantem/Tontemler-

miRNA FEolasyonu: Gonillilerden diiz kan tiplerine alwan kan dmekleri 4500 pm de 15 dakika
santrifiy edilecek ve serum aynlacak, aynlan serum Smeklen izolasyen -80C" buzdolabinda mmhafaza
edilecektir. Serum miFMA 1zolasyonu miFeasy Serum/Plasma kit (Qiagen) Kullamlarak vapilacakltar.
DNA Eolasyonu: Ganillilerden EDTA L tiplere ahiran kan dmekler1 +4Co buz dolzbmda mmhafaza
edilecek ve DNA izolasvonu 1Prep Purelmk DN A 1zolasyonr robotu (Innitrogen) tle vapilacakbr,
miRNA ekspresyon sevivelarinin belirlanmesi- Tzole edilen miRNA lar dan ters transkriptaz reaksivenu
e cDNA sentez: we Gergek Zamanh PZR reaksiyom ile suRMNA ekspresyon sevivelen belirlenecek
ve ekspresyon farkh 2" yanterm ile belirlenecektr.

Genotip Analizi: uFNA lar de higkih SHPler 1gm genotip anahm Gergek Zamanl PZR reaksiyonu
e gerceklestinlecekir.
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Sevum Leptin ve Leptin Reseptivii Seviyelerinin Belivlemmesi: Serum Leptin ve Leptin Feseptérii
Seviyelenn ELISA yontenu ile belnlenecektir
Demey somuglarimm iztaniztik analizi: IBM 5P55 Statistics programiyla yapilacaktr.
Arastirma Sonunda Beklenen Fayda: Cocuk Obezites: Olgulannda S0CS53 gem ve MikroBINA
218"in liskisinin Belirlenmesi

Bu Calzmada Herhangi Bir Alternatif Tedavi yada Girizimde Bulunulmayacaktir,

Bu Araztrma Gonalliler igin Hichir Rizk Teskil Etmemelte ve Hichir Rahatsizhiza Sebep
olmamaktadar.

ONAM {RIZA)

Bilglendinlmiz Génilla Olw Formmundzki tim agiklamalan okudum. Bana, yukanda koousu ve amaci
belutilen arajtuma 1le 1lgh yazili ve sézhi apklama asagida adi belirhlen hekim tarafindan vapilds.
Arastimaya gonilli olarak katldifiow, 1stedifim zaman  gerekeell weya gerekesiz olarak
arasirmadan aynlabilecegiog ve kendi istefime bakilmaksizin aragtumacy tarafindan arastuma dip
buakilabilecefimi biliyormm Bu dwumda hastanenm galisma ditzema ve hastalara verlen bakimda
aksaklhk clmayacag konusunda bilglendinldim. Bu arsjtrmaya katihrken zorlama, maddi pkar ve
ast st iligkisine dayaly berhangi bir basky olmaksizmn bu galiymaya katldifiowm beyan edenim. Bu
bilimsel ¢aliymann devamm esnasindaki siregls dgih olarak aynea eklenen galisma protokeli ile
bilglendinldim  Tarafimdan alman kan we doku &meklenmn dsha somra bagka aragtuma
galismalarmda kullamlmasinda herhanz bir sakinca yoktur,

S8z komsu arastumaya, highrr bask: ve zorlama clmaksizin kendi nzamla katilmayi kabul edivorum.
Ganiilliingin:

Adi Soyady:

Tmezas:

Tanh-

Agiklamalan Yapan Kisinin:

Adr Sovad:

Tmzas:

Tanh-

40



Gerekivorsa Olur Filemine Tantk Olan Kisinin:

Adr Sovad:

Tmzas:

Tanh-

Gerekivorsa Yasal Temsileinin :

Ad Soyady:

Tmezas:

Tanh-

Klinik Arasnrma Serumlu Arasnrmact Hedsim Bilgileri-

Adr Soyadi: Belma Haliloglu

Uzmanhk alam: Gocuk Endokninolojisi
Eurumu: Yeditepe Universitesi Hastanesi
E-posta adresi: balma haliloglni@veditepe adu tr
Telefon numaras:: 0216 578 0000
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Appendix 2. Case Report Form

Ad

Sovad

Yas

Dogum Tarihi
Bov

Kilo

Bel Cevresi

Obezite Girildigi Yas:

2%as Oncesi Obezite : DTM u Yok

Kan Degerleri;

Total Kol. LDL HDL | VLDL | Trigliserit | Glukoz | Insulin | ALT | AST
Bilinen Bir Hastah@ : uTar uYnk

Bilinen Bir Hastalh@ var ise;

Siivekli Kullanduz Bir Tlac: [ Var O vek
Siirekli Kullandin Bir Ilac var ise;

Puberte Evresi:
DPl'ea dolesan n Erken Adolesan n Orta Adolesan n Gec Adolesan n Eriskin

Anne ve Baba'mmn:

Anne; Bahba:

Yas : Yaz

Bov : Bov

Kilo : Kilo

Bel Cevresi : Bel Cevresi :

Anne ve Baba da;
Akrabahk: [JVar [J Yok
Akrabahk Derecesi:
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Appendix 3. Raw Data

Group Statistics

Std. Error
Grup Il Mean Stal. Deviation Mean
Yag Kantrol 28 10,3493 3,045938 JD6E26
Hasta 32 10,5408 2,30654 40774
Leptin Kantrol 30 111745837 1608207918 293617251
Hasta 35 445042114 2688735713 454479286
LepR Kaontral 30 27,7809618 2599744963 4 74646320
Hasta 35 34,8033483 38,36418963 6,48473162
S0Cs3 Kaontral 30 226,2149868 45 75680097 8,35401068
Hasta 35 2684463371 163,2283571 27,59062810
mik_218_DeltaCT  Kontrol 30 -1,53364667 2,025578488 369818343
Hasta 35 01854857 1,275460412 215592159
EMI Kantrol 25 17,6744 2,894957 5899
Hasta 28 25 38T 3,473 65634
Fercentile Kantrol 25 47 6708 30,88618 617724
Hasta 27 98,3315 1,30644 25143
Independent Samples Test
Levene's Testfor Equality of
Wariances t-test for Equality of Means
95% Confidence Interval of the
Mean Std. Error Diffzrence
F Sig t df Sig. (2-tailed) Difference Difference Lower Upper
Yag Equalvariances 2,827 ,0a8 -278 59 782 - 19183 68835 -1,56401 118575
assumed
Equal variances not -275 51,949 785 - 19163 69778 -1,59186 1,20861
assumed
Leptin Equalvariances 16,938 000 -5,038 63 000 -33 32062776 561447077  -44,54825233  -22,11000320
assumed
Equal variances not -6,160 56,720 ,000  -3332962776 541075328 -44,16563227  -22,4936232%
assumed
LepR Equal variances 2,481 122 -B48 E] 389 702238645 527230482 -2355326356 050849565
assumed
Equal variances not - 874 59,999 ,386 -7,02238645 8,03620812  -23,09720300 9,05243010
assumed
S0CS3 Equal variances 1,822 82 -1,370 63 76 -4223135032 30,81869133 -103,817591 10,35489004
assumed
Equal variances not -1,465 40,125 151 -4223135032 28,82763003 -100,488533 16,02583211
assumed
miR_218_DeltaCT  Equalvariances 7,997 008 -3,751 63 000 -1,552195238 413844345 2379147171 - 725193305
assumed
Equal variances not -3,626 47,392 001 -1,552195238 428071940 -2413176876 691213600
assumed
EMI Equal variances 828 367 -8,659 51 000 ST 71274 88077 -5.50103 -582445
assumed
Equal variances not -8,740 50,885 000 ST 71274 68248 -9.48450 -5,94008
assumed
Percentile Equal variances 65,569 000 -8,521 50 000 -50 66068 504504 -62 60166 -38,71971
assumed
Equal variances not -8,194 24,080 000 -50,66068 6,18235 -63,41820 -37.90317
assumed
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Coefficient Correlations®

Model Fercentile LepR 50C83 Leptin BMI

1 Correlations Percentile 1,000 ,239 - 316 -038 - 692

LepR 239 1,000 - 514 010 213

S0CS3 -316 514 1,000 -, 057 254

Leptin -,038 010 -, 057 1,000 - 462

EMI - 692 -213 254 - 462 1,000

Covariances  Percentile aoa 1872E-5 -6,748E-6 -4,63TE-6 -,001

LepR 1,872E-5 4 B63E-5  -6,B28E-6 7,87BE-T 000

50CS3 -6,74BE-6  -6820E-6  3,636E-6 -1, 180E-6 3 982E-5

Leptin -4 63TE-6  TBTEE-T  -1,180E-6 000 .ooo

BMI -,001 000 3,882E-5 000 .oo7

a. Dependent Variahle: miR_218_DeltaCT
Correlations
miR_218_Del
Sira Yag Leptin LepR S50C53 taCT BMI Percentile
Sira Pearson Correlation 1 013 -5E -3me7 -222 31T -E1dT - 479"
Sig. (2-tailed) a4 ,000 o001 075 012 000 ,000
M 65 61 65 65 65 65 53 52
Yasg Pearson Carrelation 013 1 327 -, 084 -.084 044 437 073
Sig. (2-tailed) 824 012 518 518 736 001 605
N &1 61 &1 61 &1 61 53 52
Leptin Pearson Carrelation -516 327 i 046 059 348" Ga2” 556
Sig. (2-tailed) ,000 012 714 641 004 000 ,000
M 65 61 65 65 65 65 53 52
LepR Pearson Gorrelation -389 - 084 046 1 482" -114 071 005
Sig. (2-tailed) 001 518 714 ,000 368 612 674
M 65 61 65 65 65 65 53 52
SIS Fearson Correlation =222 - 0a4 089 ,482xx 1 -013 024 A74
Sig. (2-tailed) 075 518 641 000 819 BG4 218
M 65 61 65 65 65 65 53 52
miR_218_DeltaCT  Pearson Correlation -3 044 348" 114 -013 1 458" 457"
Sig. (2-tailed) 012 736 004 368 819 001 ,000
M 65 61 65 65 65 65 53 52
BMI Pearson Garrelation - 6147 4317 &g 071 024 458" 1 753"
Sig. (2-tailed) ,000 001 ,000 612 BG4 001 000
M 53 53 53 53 53 53 53 52
Percentile Pearson Correlation - 479 073 556 005 174 487 7a3” 1
Sig. (2-tailed) ,000 605 ,000 a74 218 ,000 000

M 52 52 52 52 52 52 52 52

** Correlation is significant atthe 0.01 level (2-tailed).

*. Correlation is significant atthe 0.05 level (2-tailed).
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Correlations

mik_218_Del
Sira Yag Leptin LepR S50C53 taCT BMI Percentile
Sira Pearson Correlation 1 Joos -085 626 -177 -0a4 -177 AT
Sig. (2-tailed) 969 JG56 000 350 58 il 414
I 30 29 30 30 30 30 25 25
Yasg Pearson Correlation .oos 1 336 048 027 -046 ,529’“c oo4
Sig. (2-tailed) 969 078 801 Bag B 007 983
i 28 28 28 28 28 28 25 25
Leptin FPearson Correlation -085 336 1 -028 136 308 ,555xx 370
Sig. (2-tailed) 656 075 B78 473 087 004 069
I 30 29 30 30 30 30 25 25
LepR Pearson Correlaion - 626 049 -029 1 259 -372 089 -285
Sig. (2-tailed) 000 801 878 166 043 63T 167
K] 30 28 30 30 30 30 25 25
SIS Fearson Correlation =177 027 36 255 1 -,338 070 263
Sig. (2-tailed) 350 aag 473 166 068 739 203
I 30 29 30 30 30 30 25 25
miR_218_DeltaGT  Pearson Correlation -084 - 046 1309 -377 -338 1 245 305
Sig. (2-tailed) 658 811 087 043 068 237 138
K 30 29 30 30 30 30 25 25
Bl Pearson Correlation 177 529" BEE 099 070 245 1 725"
Sig. (2-tailed) 1398 o7 004 637 739 1237 000
i 25 25 25 25 25 25 25 25
Percentile Pearson Correlation A7 o4 370 -,285 263 308 ,?‘25’“c 1
Sig. (2-tailed) 414 983 069 67 203 138 000
I 25 25 25 25 25 25 25 25

** Correlation is significant atthe 0.01 level (2-tailed).

*. Correlation is significant atthe 0.05 level (2-tailed).
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Correlations

mirR_218_Del
Sira Yag Leptin LepR S0C53 taCT EMI FPercentile
Sira FPearson Correlation 1 17 =174 —,405’= - 167 A4 =141 204
Sig. (2-tailed) 522 18 016 338 419 473 308
N 35 32 35 35 35 35 28 27
Yasg Pearson Correlation 117 1 4577 -,208 - 162 176 609 -159
Sig. (2-tailed) 522 ,009 253 376 335 001 428
N 32 32 32 32 32 32 28 27
Leptin Pearson Gorrelation - 174 457" 1 -019 -84 008 an -153
Sig. (2-tailed) 318 009 913 633 862 052 445
N 35 32 35 35 35 35 28 27
LepR Pearson Correlation - 405" - 208 -019 i 535" -,028 -113 -,080
Sig. (2-tailed) 016 253 813 001 BT71 567 693
N 35 32 35 35 35 35 28 27
S0CS3 Pearson Correlation - 167 - 162 -084 535 1 -,048 -258 -499"
Sig. (2-tailed) 338 376 633 001 785 184 008
N 5 32 35 35 5 5 28 27
miR_218_DeltaCT  Pearson Gorrelation 141 176 008 -029 -048 1 219 063
Sig. (2-tailed) 419 335 562 871 785 262 756
N 35 32 35 35 35 35 28 27
BMI Pearson Correlation -4 G0g” a7 -113 - 258 218 1 408"
Sig. (2-tailed) 473 001 052 567 164 262 034
N 28 28 28 28 28 28 28 27
Percentils Pearson Gorrelation 204 -159 -153 -,080 -499" 063 409 1
Sig. (2-tailed) 308 428 445 693 008 756 034
N 27 27 27 27 27 27 27 27
* Correlation is significant at the 0.05 level (2-tailed).
= Correlation is significant atthe 0.01 level (2-tailed).
Variables in the Equation
595% C.1.for EXP(BE)
B SE. Wald df Sig. Exp(B) Lower Upper
Step1®  miR_218_DeltaCT 563 A7E 9857 1 002 1,756 1,236 2,446
Constant 552 300 3,378 1 066 1,737

a. Variable(s) entered on step 1. miR_218_DeltaCT.
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