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ABSTRACT

Obesity in children is a growing problem in many countries around the world. Molecular processes have 
been identified that may lead to epigenetic patterns contributing to obesity, such as DNA methylation in 
promoters of specific genes. The leptin receptor gene (LEPR) has been associated with obesity, and the aim 
of our study was to evaluate the methylation status of the LEPR promoter in the white blood cells (WBC) of 
50 children with obesity. Leptin receptor gene promoter methylation was analysed using Combined Bisulfite 
Restriction Analysis (COBRA). In all patients, the LEPR promoter was found to be unmethylated. The results 
may indicate that methylation of CpG islands in the LEPR promoter is not associated with obesity in children.
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INTRODUCTION

The problem of childhood overweight and obesity 
has become one of the main challenges for public health 
in many countries around the world. According to a re-
cent World Health Organization (WHO) report, nearly  
41 million children under the age of five years were over-
weight or obese. If this trend continues, the number of 
overweight or obese infants and young children globally 
could rise to 70 million by 2025 [1]. Obesity can affect  
every system in the body and can lead to many serious 
and potentially life-threatening conditions including car-
diovascular disease, diabetes, and musculoskeletal disor-
ders [2]. Therefore, it is important to elucidate the mech-
anisms of obesity that would help define novel targets for 
preventative interventions. 

Among the causes of obesity in children and ado-
lescents, genetic, hormonal, and environmental factors 
have been implicated. There is strong evidence for the 
involvement of genetic and environmental epigenetic 
factors in the development of obesity in children [3]. The 
genetic determinants of obesity have been of interest to 
researchers for many years. In 1994, the first direct ev-
idence of a genetic role in the formation of obesity was 
reported in studies of the mouse obesity gene (ob) and 
its product protein leptin [4]. The obesity gene locus 
was found to be located in humans on the q.31.3 section 
of chromosome 7 [5, 6]. Subsequent studies have iden-
tified the leptin receptor as belonging to the family of 
class I cytokine receptors, and its gene has been cloned 
[6–8]. Detection of the ob gene has demonstrated that 
adipose tissue performs important regulatory functions 
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in the body because the leptin concentration is directly 
proportional to the body fat mass. Leptin is a multidi-
rectional protein with neurohormonal, metabolic, and 
immunomodulatory functions [9–12]. Leptin activity 
at the cellular level is associated with the presence of 
membrane receptors (Ob-R, also known as LEPR) that 
are widespread in targeted organs (brain tissue, heart, 
lungs, kidneys, liver, pancreas, intestines, placenta, go-
nads, spleen, and thymus). The membrane receptor is 
a glycoprotein similar in structure to the class I cyto-
kine receptors. The gene coding for the leptin receptor 
is located on chromosome 1p32 and is responsible for 
the synthesis of at least five isoforms: long (long form-
OB-Rb) – which can transmit an intracellular signal, 
three short (OB-Ra, OB-Rc, OB-Rd), and one isoform 
of a soluble receptor (OB-Re). Within the OB-Rb iso-
form, present in the extracellular domain, are binding 
sites for leptin, and in the transcellular domain, sites of 
interaction for Janus kinase (JAK) and signal proteins 
STAT (signal transducers and activators of transcription) 
[10, 13–17]. The Ob-Re short isoform is a form of the 
receptor lacking endothelial and intracellular subunits. 
According to some researchers, it is a secretory isoform 
deprived of the ability to transduce signal and thus not 
playing a role in the biological function of leptin and 
only acting as a transporter (as leptin binding protein) 
of this hormone in the blood serum, while promoting its 
biostability. Currently, only long isoforms are considered 
as functional receptors of leptin, and in particular, the  
Ob-Rb isoform represented in the hypothalamus, which 
can participate in the transmission of the cellular signal 
where the anorectic action of leptin is expressed the most 
[18]. Leptin has, therefore, a weight-controlling effect, 
which is conditioned by both the normal structure of the 
hormone itself and the functionality of its receptor.

Recent years have brought the discovery of epigen-
etic mechanisms that play a key role in adapting the 
phenotype under the influence of environmental factors 
without changing the genetic code. The term epigenetics 
describes processes that alter gene expression without 
modifying the primary DNA sequence [19–21]. These 
changes include DNA methylation, histone modifica-
tions (i.e. acetylation, phosphorylation, ubiquitination) 
and synthesis of non-coding microRNAs (miRNAs). 
The most common epigenetic change is DNA meth-
ylation, which involves the transfer of a methyl group 
(-CH3) from the donor – most commonly S-adenosyl 
methionine (SAM) to the carbon atom at the 5-position 
of the cytosine pyrimidine ring, in a reaction catalysed 
by methyltransferase DNA [24]. S-adenosyl methionine 
arises through the direct activation of methionine sup-
plied with food or as a result of homocysteine transfor-
mations involving folates. This process takes place with 
the participation of DNA methyltransferase: DNMT1, 
DNMT3A, and DNMT3B. Methyltransferases are re-

sponsible for de novo methylation and methylation asso-
ciated with the transmission of epigenetic information 
to daughter cells arising after mitotic division [23]. In 
mammals, methylation of cytosine occurs almost entirely 
within the dinucleotide CpG (cytosine-phosphate-gua-
nine). This cytosine methylation is a frequent method 
of epigenetic communication used by cells to “turn on 
and off ” genes. Methylation changes the ability to tran-
scribe genes without modifying the basic DNA sequence. 
Abnormal DNA methylation relies on hypermethylation 
or hypomethylation of the CpG sequence. Hypermeth-
ylation leads to the repression of transcription, while 
hypomethylation induces the transcription activation in 
silent genes [22]. Methylation is a process dependent on 
co-factors and donors of methyl groups. 

Leptin plays an important role in body-weight reg-
ulation, and this mechanism is due to both the normal 
structure of the hormone and the function of its receptor. 
Abnormalities in leptin production and leptin receptor 
insensitivity often lead to overweight and obesity [24]. 
The purpose of this study was to determine whether 
LEPR methylation at the promoter region is associated 
with the occurrence of obesity in children.

MATERIAL AND METHODS

Fifty obese and overweight children hospitalised in 
the Department of Paediatric Endocrinology were en-
rolled in the study. In all children, the secondary cause 
of obesity was excluded. All children were weighed and 
measured in their underwear three times, and the mean 
of these measurements was calculated. The measurements 
were carried out with the use of a RADWAG WPT 60/150 
device (RADWAG, Radom, Poland). Body mass index 
(BMI) was calculated, and children were classified as 
obese based on age and gender BMI percentiles according 
to the Polish OLAF study [25]. Overweight was defined 
as BMI > 85 pc and obesity > 95 pc. Data on overweight 
and obesity in parents was also collected. 

The study group included 26 girls (25 with obesity, 
one overweight) and 24 boys (16 with obesity, eight over-
weight) between 4 and 16 years of age (SD 7.67 ±4.50). 
The differences in boys’ and girls’ group sizes were statis-
tically not significant (p < 0.05). Also, differences between 
the ages of both groups were statistically not significant  
(p < 0.05). The average BMI of children participating in 
the study was 28.7 kg/m2 (SD 29.1 ±9.21).

Some of children in this study were also diagnosed 
with hypercholesterolaemia (six boys and seven girls) and 
hypertriglyceridaemia (two boys and two girls). Two chil-
dren, on the basis of oral glucose tolerance test (OGTT), 
were diagnosed with impaired glucose tolerance. Insulin 
resistance was defined in the HOMA-IR (value > 2.67 in 
boys and > 2.22 in girls before puberty, and at puberty  
> 5.22 in boys and > 3.82 in girls). Insulin resistance was 
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found in four boys and three girls. In 28 children, obesity 
also affected their parents; nine of 28 children had both 
an obese mother and father. 

METHYLATION ANALYSIS

Peripheral blood was collected from 50 patients. The 
leptin receptor promoter methylation (LEPR) was analy- 

sed using the Combined Bisulphite Restriction Analysis 
(COBRA) method. The method was designed using the 
MethPrimer software 2.0, which allows designing prim-
ers for bisulphite-conversion-based PCR and predicting 
CpG islands in DNA sequences [26]. Our results were 
checked using the BiSearch Primer Design and Search 
Tool to avoid non-specific amplification products [27]. 
For the analysis, the QIAamp DNA Mini Kit (Qiagen) was 
used to isolate and purify DNA from whole blood. Mea-
surement of the concentration and quality of the isolated 
DNA was performed by a spectrophotometric method. 
Bisulphite conversion was performed using the EZ DNA 
Methylation-Gold kit (Zymo Research). Converted DNA 
(50 ng) was stored at –20°C and amplified using TaKa-
Ra EpiTaq™ HS (for bisulphite-treated DNA) (Clontech) 
as follows: 1 × buffer, 0.2 mM dNTPs, 1.75 mM MgCl2  
0.5 U polymerase, and 0.5 µM designed primers (Table 1) 
in a total volume of 20 µl. The optimal conditions were 
determined to be: initial denaturation at 94°C for 15 min 
followed by 35 cycles of denaturation at 94°C for 45 s, 
annealing at 57°C for 45 s, extension at 72°C for 45 s, with 
a final extension at 72°C for 7 min. PCR amplifications 
were performed in a (T100™ Thermal Cycler) thermal cy-
cler (Bio-Rad). The amplification products were separated 
by electrophoresis through 2% agarose gel (PB Genoplast 
Biochemicals) and stained with Midori Green Stain (Nip-
pon Genetics). For the promoter of the receptor leptin, 
a single band of 330 bp was observed (Fig. 1). Next, 5 and 
7 µl of PCR product was used to perform a restriction 
digest of the amplified sequence. EpiTect Control DNAs, 
completely methylated, and completely unmethylated 
bisulphite converted DNAs were used for DNA meth-
ylation analysis. For the restriction analysis, two restric-
tion enzymes were used: BstUI (ThermoFisher) and TaqI 
(ThermoFisher). Restriction digestions were performed 
using 10 U of BstUI and 10 U of TaqI in a total volume of  
16 µl at 65°C for 18 h. After this, the reaction was stopped 
by incubation at 80°C for 20 min. The digestion reaction 
products (15 µl) were electrophoresed in a 3% high-res-
olution agarose gel (Blirt DNA) and visualised by Midori 
Green staining. For the methylated regions, two bands 
were observed: 98 bp and 232 bp for BstUI or 96 bp and 
234 bp for TaqI (Fig. 2).

This study was conducted according to the Declara-
tion of Helsinki on “Ethical Principles for Medical re-
search in Humans” and has the approval of the Ethics 
Committee of the University of Rzeszow, Poland.

RESULTS

Samples were analysed from 50 children with obesity. 
Restriction analysis using BstUI and TaqI enzymes did 
not bind the cutting sites in any sample (Figs. 3 and 4), 
nor were there differences in the methylation of the LEPR 
promoter region for two sites CpG.

TABLE 1. Primer design for PCR-based methylation analysis

Gene name Primer sequences Product size (bp)

LEPR Forward primer:
GTTATGTGAAGGTAGATAGG

Reverse primer: 
CAACCCAATACCCTAAACCC

330

FIGURE 1. Polymerase chain reaction (PCR)-amplification of LEPR.  
Amplicons were analysed by 2% agarose gel electrophoresis. MM: DNA 
molecular mass marker (500, 400, 250, 100, 50 bp); MC: methylated 
control DNA; UMC: unmethylated control DNA; 1–7 samples from obe-
se children; NTC: negative temple control. PCR product 330 pz

FIGURE 2. Combined Bisulfite Restriction Analysis (COBRA) of LEPR. 
PCR amplicons were subjected to restriction analysis with BstUI re-
sulting in 232 and 98 bp fragments (lane 2, 3), TaqI resulting in 234 
and 96 bp fragments (lane 4, 5). MM: DNA molecular mass marker 
(501, 404, 331, 242, 190, 147, 110, 67 bp); MC: methylated control 
DNA; UMC: unmethylated control DNA
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DISCUSSION

Epigenetic regulation of the leptin signalling circuit 
could be a potential mechanism of leptin function dis-
turbance.

The aim of this research project was to assess the in-
cidence of epigenetic changes in the methylation of the 
LEPR gene in obese children. So far, this problem has rare-
ly been addressed in the literature; most studies have fo-
cused on the epigenetic influences in the leptin gene alone.

Recent studies have demonstrated that leptin promot-
er methylation plays an important role in leptin expres-
sion. In vivo studies in humans and mice have indicated 
that leptin promoter methylation is normally imposed 
during postzygotic development and that this epigenetic 
mark may function in modulating the leptin expression 
[29]. Melzner et al. reported that CpGs in the proximal 
leptin promoter was highly methylated in pre-adipocytes. 
During maturation toward terminally differentiated ad-
ipocytes, this promoter region was found to be highly 
demethylated [28]. This suggests that the methylation of 
CpGs inhibits leptin expression, whereas demethylation 
activates leptin expression. Therefore, it was interesting to 
assess the methylation status of the leptin receptor gene 
in obese children. Plagemann et al. and Krechowec et al. 
suggest that prenatal nutrition can shape future suscep-
tibility to obesity through alterations in leptin sensitiv-
ity and changes in energy metabolism during adult life. 
Humans lacking leptin or functional leptin receptors de-
velop severe obesity and hyperphagia [30, 31]. Moreover, 
the manipulation of the postnatal diet has been shown 
to limit the adverse outcomes of foetal programming, as 
a postnatal diet enriched with n-3 fatty acids prevented 
pre-programmed hyperleptinaemia and hypertension 
[32]. Khalyfa et al. showed in a mouse model that staying 
on a high-fat diet in late pregnancy leads to an increased 
risk of insulin resistance and hyperlipidaemia resulting 

from epigenetic changes, i.e. an increase in the methyla-
tion of adiponectin and leptin receptors, and a decrease 
in leptin gene methylation in offspring [34].

In the recent study, Glendining et al., in an animal 
model, found that diet-induced maternal obesity upreg-
ulates LEPR expression in the female offspring hippocam-
pus and can alter histone binding at the LEPR promoter 
[33]. In this study in vitro IL-6 reproduced epigenetic de-
regulation of LEPR in hippocampal neurons from females 
and not males.

In our study, we examined the methylation status 
in the promoter of the leptin receptor. We tested LEPR 
promoter in peripheral blood white cells in obese school 
children and found no evidence of methylation. In our 
study, methylation of the LEPR promoter region in two 
CpG sites was not observed. The results obtained by us 
showed no correlation between the level of methylation 
of the leptin receptor gene and BMI.

In an analysis of the results of our research, we offer 
several explanations that might account for the lack of 
detection of methylated DNA in our study. Perhaps the 
methylation of other CpG islands in the leptin receptor 
gene promoter regulates its expression, leading to the ex-
clusion of this gene and, consequently, leptin dysfunction 
in energy regulation leading to overweight and obesity. It 
is possible that changes could not be identified because 
the tested material collected from children was blood and 
not fat tissue. The most desirable tissue for methylation 
status studies would be adipose tissue, and more precisely 
adipocytes. However, the process of obtaining these cells 
for research remains difficult because the accessibility of 
tissues such as fat from biopsies is difficult and painful. 
Dunstan et al. measured methylation status in saliva. The 
results suggest that saliva may be a useful tissue for large-
scale studies of epigenetics concerning obesity and the 
LEPR gene. This study showed an association between 
DNA methylation in each CpG site of the LEPR gene with 

FIGURE 3. COBRA assay using BstUI enzyme to detect methylation 
of CpG site in the leptin receptor promoter region. The sample 1–5 
(lane 4–8), lane 1: MM – DNA molecular mass marker (501, 404, 
331, 242, 190, 147, 110, 67 bp); lane 2: MC – methylated control 
DNA; lane 3: UMC – unmethylated control DNA. No restriction enzy-
me cutting site, electrophoresis in 3% gel HR agarose

FIGURE 4. COBRA assay using TaqI enzyme to detect methylation 
of CpG site in the leptin receptor promoter region. The sample 1–5 
(lane 4–8), lane 1: MM – DNA molecular mass marker (501, 404, 
331, 242, 190, 147, 110, 67 bp); lane 2: MC – methylated control 
DNA; lane 3: UMC – unmethylated control DNA. No restriction enzy-
me cutting site, electrophoresis in 3% gel HR agarose
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obesity-related measures in children aged 10–15 years. In 
addition, parental BMI was associated with both leptin 
methylation and obesity [36]. High-throughput identifi-
cation of methylation patterns in various tissues would 
make it possible to establish genome-wide epigenetic 
profiles and to correlate them with the vulnerability of an 
individual to diseases and obesity [35].

LIMITATIONS

The lack of DNA methylation may be due to the se-
lection of a method in which only two CpG sites in the 
leptin receptor gene promoter were tested. It can be as-
sumed that epigenetic changes may occur in other CpG 
islands. Another limitation may also be the fact that the 
material for testing was blood (the DNA was isolated 
from white blood cells – WBC) rather than adipose tis-
sue. The studies were carried out in a population of chil-
dren, and perhaps exposure to an unhealthy high-fat diet 
for a longer time is necessary for the methylation process. 
It would be warranted to assess the methylation status of 
the CpG islands in the same patients in several years if 
they, unfortunately, do not curb their eating habits and 
are still obese. We also think that the use of a comple-
mentary research method such as the microarray method 
would allow for further verification of our results.

CONCLUSIONS

Our results indicate that the LEPR promoter in the 
CpG islands isolated from WBC is not methylated in 
obese children. To gain insight into the link between 
methylation status in the promoter region of the leptin 
receptor gene in obese children, more detailed studies of 
the epigenetic changes associated with leptin resistance in 
obesity are warranted.

DISCLOSURE

The authors declare no conflict of interest.

REFERENCES

1.	 World Health Organization. Global Strategy on Diet, Physical Ac-
tivity and Health. Available at: https://www.who.int/dietphysicalac-
tivity/childhood/en/ (accessed: March 31, 2020).

2.	 Raj M, Kumar RK. Obesity in children & adolescents. Indian J Med 
Res 2010; 132: 598-607.

3.	 Herrera BM, Keildson S, Lindgren CM. Genetics and epigenetics of 
obesity. Maturitas 2011; 69: 41-49.

4.	 Zhang YY, Proenca R, Maffei M, et al. Positional cloning of the 
mouse obese gene and its human homolog. Nature 1994; 372: 425-
432.

5.	 Montague CT, Farooqi IS, Whitehead JP, et al. Congenital leptin 
deficiency is associated with severe early-onset obesity in humans. 
Nature 1997; 387: 903-908.

6.	 Strobel A, Issad T, Camoin L, et al. A leptin missense mutation as-
sociated with hypogonadism and morbid obesity. Nat Genet 1998; 
18: 213-215.

7.	 Ozata M, Ozdemir IC, Licinio J. Human leptin deficiency caused by 
a missense mutation: Multiple endocrine defects, decreased sympa-
thetic tone, and immune system dysfunction indicate new targets 
for leptin action, greater central than peripheral resistance to the 
effects of leptin, and spontaneous correction of leptin-mediated 
defects. J Clin Endocrinol Metab 1999; 84: 3686-3695.

8.	 Clement K, Vaisse C, Lahlou N, et al. A mutation in the human lep-
tin receptor gene causes obesity and pituitary dysfunction. Nature 
1998; 392: 398-401.

9.	 Fernández-Riejos P, Najib S, Santos-Alvarez J, et al. Role of leptin 
in the activation of immune cells. Mediators Inflamm 2010; 2010: 
568343.

10.	 Kumor A, Maciak I, Kozak-Michałowska I. Leptyna. Hormon 
o wielokierunkowym działaniu. Diag Lab 2004; 40: 179-190.

11.	 Strążynska A, Bryl W, Hoffmann K. Ocena stężenia leptyny,  
insuliny, parametrów gospodarki lipidowej i antropometrycznych 
u młodych osób z pierwotnym nadciśnieniem tętniczym. Nad-
ciśnienie Tętnicze 2008; 12: 424-431.

12.	 Matarese G, Moschos S, Mantzoros CS. Leptin in immunology.  
J Immunol 2005; 174: 3137-3142.

13.	 Ahima RS, Qi Y, Singhal NS, et al. Brain adipocytokine action and 
metabolic regulation. Diabetes 2006; 55: S145-S54.

14.	 Ahima RS, Lazar MA. Adipocytokines and the peripheral and neu-
tral control of energy balance. Mol Endocrinol 2008: 22: 1023-1031.

15.	 Baumann H, Morella KK, White DW. The full length leptin receptor 
has signaling capabilities of interleukin 6-type cytokine receptors. 
Proc Natl Acad Sci 1996; 93: 8374-8378.

16.	 Baskin DG, Schwartz MW, Seeley RJ, et al. Leptin receptor long-
form splice-variant protein expression in neuron cell bodies of the 
brain and co-localization with neuropeptide Y mRNA in the arcu-
ate nucleus. J Histochem Cytochem 1999; 47: 353-362.

17.	 Lee GH, Proenca R, Montez JM, et al. Abnormal splicing of the 
leptin receptor in diabetic mice. Nature 1996; 379: 632-635.

18.	 Fei H, Okano HJ, Li C, et al. Anatomic localization of alternatively 
spliced leptin receptors (Ob-R) in mouse brain and other tissues. 
Proc Natl Acad Sci U S A 1997; 94: 7001-7005.

19.	 Weinhold B. Epigenetics: the science of change. Environ Health 
Perspect 2006; 114: A160-167.

20.	 Goldberg AD, Allis CD, Bernstein E. Epigenetics: A landscape takes 
shape. Cell 2007; 128: 635-638.

21.	 Zhu J-K. Active DNA Demethylation Mediated by DNA Glyco-
sylases. Annu Rev Genet 2009; 43: 143-166.

22.	 Jeltsch A. Molecular enzymology of mammalian DNA methyltrans-
ferases. Curr Top Microbiol Immunol 2006; 301: 203-225.

23.	 Moss TJ, Wallrath LL. Connections between epigenetic gene silenc-
ing and human disease. Mutat Res 2007; 618: 163-174.

24.	 Huang L, Li C. Leptin: a multifunctional hormone. Cell Res 2000; 
10: 81-92.

25.	 Kułaga Z, Litwin M, Tkaczyk M, et al. Polish 2010 growth refer-
ences for school-aged children and adolescents. Eur J Pediatr 2011; 
170: 599-609.

26.	 MethPrimer®. Available at: http://www.urogene.org/methprimer2 
(accessed: March 31, 2020).

27.	 Primer Design and Search Tool. Available at: http://bisearch.enzim.
hu/ (accessed: March 31, 2020).

28.	 Melzner I, Scott V, Dorsch K, et al. Leptin gene expression in hu-
man preadipocytes is switched on by maturation-induced demeth-
ylation of distinct CpGs in its proximal promoter. J Biol Chem 
2002; 277: 45420-45427.



Pediatria Polska – Polish Journal of Paediatrics 2020; 95 (2) 91

Methylation status of leptin receptor gene promoter in obese children 

29.	 Stoger R. In Vivo Methylation Patterns of the Leptin Promoter in 
Human and Mouse. Epigenetics 2006; 1: 155-162.

30.	 Plagemann A, Harder T. Hormonal programming in perinatal life: 
leptin and beyond. Br J Nutr 2009; 101: 151-152.

31.	 Krechowec SO, Vickers M, Gertler A, Breier BH. Prenatal influenc-
es on leptin sensitivity and susceptibility to diet-induced obesity.  
J Endocrinol 2006; 189: 355-363.

32.	 Fan CN, Liu XL, Shen WW, et al. The Regulation of Leptin, Lep-
tin Receptor and Pro-opiomelanocortin Expression by N-3 PUFAs 
in Diet-Induced Obese Mice Is Not Related to the Methylation of 
Their Promoters. Nutr Metab (Lond) 2011; 8: 31.

33.	 Glendining KA, Higgins MBA, Fisher LC, Jasoni CL. Maternal 
obesity modulates sexually dimorphic epigenetic regulation and 
expression of leptin receptor in offspring hippocampus. Brain Be-
hav Immun 2020 Mar 12; S0889-1591(19)31512-0. doi: 10.1016/j.
bbi.2020.03.006 [Epub ahead of print].

34.	 Khalyfa A, Carreras A, Hakim F, et al. Effects of late gestational 
high-fat diet on body weight, metabolic regulation and adipokine 
expression in offspring. Int J Obes (Lond) 2013; 37: 1481-1489.

35.	 Campion J, Milagro FI, Martínez JA. Individuality and epigenetics 
in obesity. Obes Rev 2009; 10: 383-392.


