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Abstract: Obesity has become a global epidemic and is a known risk factor for several adverse health outcomes. Single
Nucleotide Polymorphism (SNP) in leptin receptor genes become interesting candidates as susceptibility genes for obesity and
glucose homeostasis. The present study intended to explore the genetic analysis of LEPR gene K109, Q223R, and K656N
polymorphisms and their relation to obesity and fasting plasma glucose (FPG) concentration in the Myanmar population. One
hundred and fifty diagnosed obese subjects and 150 healthy non-obese controls were included. Fasting plasma glucose (FPG)
was measured and LEPR gene K109R, Q223R, and K656N polymorphisms were detected by DNA analysis. Data were
analyzed by chi-square and one-way ANOVA tests. Each genotype frequency distribution of LEPR gene (K109R, Q223R, and
K656N) polymorphisms was not associated with obesity (p > 0.05), as well as each allele frequency distribution also similar
outcome (p > 0.05). FPG levels of the study population showed no significant differences between each genotype of LEPR
gene polymorphisms (p > 0.05). The K109R, Q223R, and K656N polymorphisms of the LEPR gene were not linked to obesity
or FPG levels in the population of Myanmar, according to our findings. Therefore, it does not seem that these polymorphisms
have an equivalently significant role for the people of Myanmar. To completely understand the unique genetic variables that
predispose to obesity in humans, an ongoing study of diverse obesity phenotypes and related gene mutations is necessary as
our understanding of the genes causing obesity increases as a result of new findings.
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contribution to total circulating leptin levels is minimal [4],
leptin levels normally correspond with total body fat content
apart from fasting period [5]. Although the circulating leptin
hormone decreases appetite, obese people often have higher
levels of circulating leptin than people of normal weight due
to their higher body fat percentage [6]. Similar to how insulin
resistance manifests in type 2 diabetes, these obese people
exhibit resistance to leptin, with increased levels failing to
regulate their appetite and body weight. Alterations to leptin
receptor signaling, particularly in the arcuate nucleus of the
hypothalamus, are a significant factor in leptin resistance;
however, leptin receptor deficiency or significant changes to

1. Introduction

Obesity may be caused by a complex mechanism of
genetics, socioeconomic, metabolic factors, and lifestyle
variations [1]. Our understanding of the mechanisms
governing energy balance and body weight has considerably
improved as a result of the role of leptin and its receptor [2].
Leptin is a 167 amino acid protein that is secreted primarily
from white adipose tissue into the bloodstream and can cross
the blood-brain barrier [3]. Brown adipose tissue (BAT),
mammary gland, placenta, skeletal muscle, stomach, and
pituitary gland, all secrete leptin, but their relative



55 Mo Mo Than et al.: Association of Leptin Receptor Gene Polymorphisms with Blood Glucose Concentration and Obesity

the leptin receptor itself.

Type I cytokine receptors, which are a distinct class of
cytokine receptors, include leptin receptors (LEPR) [7]. Six
different types of leptin hormone receptors, known as ObRa—
ObRf or LepRa—LepRf, interact by leptin hormone which is
encoded by a single gene, LEPR [8]. The leptin receptor
(LEPR) gene is located at chromosome 1p 31.3 between the
anonymous microsatellite markers D1S515 and D1S198. The
genomic structure of the human leptin receptor gene spans
over 168 kilobase pairs and includes 20 exons. The first 2
exons are non-coding and are capable of altering several
secondary structures whereas exon 3 to 17 encode
extracellular  cytokine motifs of LEPR, and the
transmembrane LEPR region was encoded by exon 18. Exon
19 and 20 encode the intracellular domain of the receptor [9]
(Figure 1). Single nucleotide changes of the leptin gene
(resulting in a truncated protein) or the leptin receptor
(LEPR) gene (resulting in premature termination of the
intracellular domain) are responsible for the morbid obesity
seen in mouse models of obesity (ob/ob and db/db mice,
respectively) as well as in human obesity [10-13]. Several
studies have shown that in most obese individuals, leptin
levels are either normal or higher than in normal individuals.
These results indicate that in obese individuals there may be
leptin resistance. This resistance is supposed to play a role in
the development of obesity because the excess amount of
leptin cannot perform its role in controlling food intake, due

to the presence of leptin receptor resistance [14]. In the
pathogenesis of human obesity, it has been suggested that
genetic changes at the leptin receptor locus and/or post-
receptor abnormalities may be important [15].

Leptin regulates insulin secretion and its action through
leptin receptors, developing peripheral insulin sensitivity and
glucose absorption. The LEP and LEPR are critical in
glucose metabolism. Leptin resistance occurs in obesity
because the concentration of leptin is comparatively high and
roughly equal to the extent of fat mass in the body. Leptin
resistance disrupts the interaction between leptin and
peripheral tissues that express leptin receptor protein, such as
pancreatic beta-cells, which further contribute to the onset of
type 2 diabetes mellitus and insulin resistance. Leptin
receptor gene (LEPR) mutations promote the development of
shortened receptors, which have been linked to type 2
diabetes and obesity in humans and rats [16].

Leptin receptor resistance may be due to mutations in the
leptin receptor (LEPR) gene. The human LEPR gene has
been found to have some common polymorphisms, and
many populations have evaluated their possible links with
obesity. An example of these polymorphisms was the single
nucleotide substitutions which cause a single amino acid
substitution, three of the common polymorphisms are
Lys109Arg (K109R), GIn223Arg (Q223R), and Lys656Asn
(K656N) (Figure 1) [17].
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Figure 1. Schematic representation of the leptin receptor gene (upper panel) and its protein structure (lower panel) [9].

The human LEPR gene has been found to contain both
common polymorphisms and unusual mutations, and studies
in various populations have investigated the potential links
between these polymorphisms and obesity. Even though two
linkage or association studies discovered strong correlations
between various body weights and LEPR gene
polymorphisms [18-20], some studies observed the opposite
results [21-23]. The different populations may be one cause
of contradictory findings among some studies related to this
topic.

Restriction fragment length polymorphisms (RFLP) were
used to identify amino acid substitutions in exons 4, 6, and
14 of the LEPR gene (K109R, Q223R, and K656N
polymorphisms, respectively) to test for associations with
blood glucose concentration and body weight variables from
a genetically homogeneous Myanmar population. The present
study evaluated the potential contributions of these variables
to the variability of obesity, an analysis that found that these
variables may have a role in the above conflict. It was
expected to highlight the high-risk genotypes for leptin
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resistance individuals with obesity and impaired glucose
concentration.

2. Materials and Method

This case-control study was conducted in the Common
Research Laboratory of the Defence Services Medical
Academy. The research participants have included the
Mingalardon Cantonment Area of Yangon from January 2019
to June 2020. The obese participants were recruited by the
WHO classification of BMI [24]. This study included 150
obese people (both sexes) and 150 non-obese volunteers who
were age and sex-matched. The inclusion criteria for obese
subjects were 18 to 60 years of age and BMI > 30 kg/m? and
for non-obese participants were BMI < 30 kg/mz. The
potential participants with a history of heart disease, liver
disease, kidney disease, severe acute illness, diabetes mellitus
(DM) were excluded from the study. After being informed of
the purpose and procedure of the study, written informed
consent was obtained from those who agreed to participate in
this study. The study protocol was approved by the Ethical
Review Committee of the Institute. Then, the history taking,
physical examination, anthropometric measurement, and
collecting blood specimens were done from both groups of
participants.

The six mL of 8-hr overnight fasting venous blood sample
was collected. In this total 6 mL of the blood sample, 3 mL
was collected in the sodium fluoride (NaF) tube for plasma
glucose estimation and 3 mL was collected in EDTA tube for
DNA analysis. Plasma was separated from NaF tube by
centrifuged with 2000 rpm for 2 minutes within 3 hours and
stored at -20°C for estimation of plasma glucose in batches.
EDTA tube blood was also stored at -20°C for DNA analysis
in batches. Fasting Plasma Glucose (FPG) was analyzed
using hexokinase enzymatic endpoint method by Roche
Cobas C 111, Switzerland.

For DNA analysis, DNA was isolated by the phenol-
chloroform method. DNA was amplified using the following
oligonucleotide primers (Macrogen, USA) by polymerase
chain reaction (PCR); for LEPR gene K109R SNP: (Forward
primer: 5-TTTCCACTGTTGCTTTCGGA-3') (Reverse
primer: 5'- AAACTAAAGAATTTACTGTTGAAACAAA
TGGC-3"); for LEPR gene Q223R SNP: (Forward primer: 5'-
AAACTCAACGACACTCT CCTT-3') (Reverse primer: 5'-

TGAACTGACATTAGAGGTGAC-3"), for LEPR gene
K656N SNP: (Forward primer: 5'-
ACAACTTGTCATTTTGCAGTTCCTA-3") (Reverse

primer: 5'-CCAAAGTAAA GTGACATTTTTCGC-3).

The LEPR gene PCR products were digested; with Haelll
endonuclease (Thermo Fisher Scientific, USA) for LEPR
gene KI109R SNP detection; with Mspl endonuclease
(Thermo Fisher Scientific, USA) for LEPR gene Q223R SNP
detection, and; with BsfUI endonuclease (Thermo Fisher
Scientific, USA) for LEPR gene K656N SNP detection
overnight at 37°C respectively. The digested products were
separated by 5% agarose gel electrophoresis. The lengths of
each digested DNA fragment were determined by comparing
the migration of a standard DNA marker (Thermo Fisher
Scientific, USA). After electrophoresis, the separated bands
of DNA were visualized under UV light, and genotypes were
determined by comparing the migration of 50 bp (base pairs)
DNA step ladder.

The descriptive characteristics of the group variables were
expressed as mean =+ standard deviation. Statistical analysis
was carried out using SPSS statistical software program
(version 20.2, SPSS, Chicago, USA). The allelic and genotypic
frequencies were calculated by the direct gene counting
method and a chi-square (;°) test was used for comparing the
allele and genotype frequencies between groups. The level of
significance was defined at a value of p < 0.05.

3. Results

The descriptive statistics for the different phenotypic
variables in this study for males and females are shown in
Table 1. The mean age of obese group was 46.88 + 8.09 years
and that of control group was 44.39 £+ 9.92 years. The obese
male was 49% and the obese female was 51% and 57% and
43% in non-obese group. The demographic variables and
biochemical parameters were statistically significantly
different (p < 0.05) between the two groups. The present
study was in line with the Hardy-Weinberg principle on the
genotype and allele frequencies of LEPR gene in this
population. The study population remained constant from
generation to generation in the absence of other evolutionary
influences (Table 2). A statistically significant association
was not found between each genotype frequencies
distribution of LEPR gene polymorphisms and obesity (p >
0.05) and also no significant relationship between each allele
frequencies distribution and obesity (p > 0.05) (Table 3).
Each genotype frequencies distribution of polymorphisms
and FPG was not statistically significant relationship too (p >
0.05) (Table 4). In the comparison between normal and
impaired FPG of different genotypes of LEPR gene
polymorphisms, no statistically significant relation between
FPG and different genotypes (p > 0.05) (Table 5) was noted.

Table 1. Demographic measures and Biochemical values.

. Obese (n = 150) Non-obese (n = 150) Statistic
Characteristics
Mean+ SD Mean+ SD t p-value
Age (years) 46.88+8.09 44.39+9.92 0.22 0.820
BMI (kg/m?) * 32.48+3.03 23.63+3.30 22.48 0.001
FPG (mg/dl) * 114.51£21.54 85.27+25.86 9.22 0.001

* p<0.05.
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Table 2. Hardy-Weinberg equilibrium (HWE) of the genotype frequency distribution of LEPR gene polymorphisms in the study population.

HWE
LEPR gene polymorphisms Genotypes Expected (n = 300) Observed (n =300) " alue
p-valu
AA 49 (16.4%) 42 (14.0%)
K109R AG 145 (48.2%) 158 (52.7%) 291 0.23
GG 106 (35.4%) 100 (33.3%)
AA 12 (3.8%) 5 (1.7%)
Q223R AG 95 (31.5%) 108 (36.0%) 4.66 0.1
GG 193 (64.6%) 187 (62.3%)
GG 269 (89.9%) 268 (89.3%)
K656N GC 30 (9.9%) 32 (10.7%) 0.76 0.68
CC 1 (0.3%) 0 (0.0%)
»* = Chi square test, p < 0.05 = Significant.
Table 3. Genotype frequency distribution of LEPR gene polymorphisms in the study population.
. Statistic
LEPR gene polymorphisms Obese (n = 150) Non-obese (n = 150) 5
X p-value
Genotypes
0, 0,
AA 16 (10.7%) 26 (17.3%) 131 052
AG 85 (56.7%) 73 (48.7%)
K109R GG 49 (32.7%) 51 (34.0%)
Alleles
A 117 (39.0%) 125 (41.7%) 0.04 0.84
G 183 (61.0%) 175 (58.3.0%)
Genotypes
AA 3 (2.0%) 2 (1.3%)
AG 60 (40.0%) 48 (32.0%) 225 0.32
Q223R GG 87 (58.0%) 100 (66.7%)
Alleles
A 66 (22.0%) 52 (17.3%) 1.92 0.16
G 234 (78.0%) 248 (82.7%)
Genotypes
GG 129 (86.0%) 139 (92.7%) 2.75 0.09
0, 0,
K656N GC 21 (14.0%) 11 (7.3%)
Alleles
G 279 (93.0%) 289 (96.3%) 2.59 0.11
C 21 (7.0%) 11 (3.7%)
x* = Chi square test, p < 0.05 = Significant.
Table 4. Comparison of different genotypes of LEPR gene polymorphisms according to FPG.
LEPR gene Fasting Plasma Glucose level (mg/dl) (Mean + SD) Statistic
polymorphisms Wild Heterozygous Mutant F p-value
AA AG GG
K109R n=42) (n=158) (n=100) 0.032 0.969
99.12 +£29.28 99.79 +£26.48 102.37 £29.74
AA AG GG
Q223R (n=5) (n=108) (n=187) 0.024 0.976
100.17 £25.79 99.41 +£26.49 100.15 + 28.85
GG GC CcC
K656N (n=268) (n=232) n=0) 2.807 0.095
98.96 +27.38 107.68 +31.37 -
p <0.05 = Significant.
Table 5. Association between different genotypes of LEPR gene polymorphisms and FPG.
. . Statistic
LEPR gene polymorphisms Genotypes Normal FPG Impaired FPG XZ i
(n=243) (n=157)
AA 37 (15.3%) 2 (3.1%)
KI109R AG 128 (52.6%) 34 (59.2%) 343 0.48
GG 78 (32.1%) 21 (37.4%)
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tatisti
LEPR gene polymorphisms Genotypes Normal FPG Impaired FPG Sza Ll
X p-value
(n=245) (n=155)
AA 4 (1.6%) 3 (4.5%)
Q223R AG 83 (33.9%) 21 (38.6%) 21 035
GG 158 (64.6%) 31 (56.7%)
(n=243) (n=57)
K656N GG 216 (88.8%) 53 (93.5%) 0.48 0.49
GC 27 (11.0%) 4 (7.4%)
x* = Chi square test, p < 0.05 = Significant.
0bp DNA P L e —_ e e s s S s s s

step ladder

L1 L2

(Molecular Marker) - I3 14 LS 16 L7

oy
100 bp
Sabp wbp

by
Hbp

26

(A)

®B) ©

Figure 2. Electrophoresis patterns of Genotyping result for (A) LEPR gene K109R SNP, (B) LEPR gene Q223R SNP and, (C) LEPR gene K656N SNP.

4. Discussion

In this study, we investigated the effects of three common
exonic polymorphisms in the LEPR gene, namely the K109R,
Q223R, and K656N polymorphisms, on obesity and blood
glucose concentration in the Myanmar population. According
to the calculation of our result data, there was no significant
association between obesity and each genotype frequency
distribution of LEPR gene polymorphisms (p > 0.05), as well
as each allele frequency distribution (p > 0.05). The findings
of our study revealed that LEPR gene polymorphisms were
neither related to obesity nor FPG levels in the Myanmar
population. Our findings agreed with the studies of some
ethnic populations such as Malaysian [21], Indian [22],
Japanese [18], and Korean [25] populations. Nonetheless, the
results of our study were inconsistent with the reports of
some studies on the Brazilian [19], Romanian [26], and
Caucasian [20] populations. These discrepancies reports help
to deduce that the Oriental population has similar reports
rather than the Western population related to these
polymorphisms.

All three polymorphisms are linked to amino acid changes
in the LEPR’s extracellular region and may have functional
implications. In exon 4 of LEPR gene K109R SNP, an A to G
transition of codon 109 (AAG to AGG) may cause the
changing amino acid lysine (Lys/K) into arginine (Arg/R) of
the leptin receptor protein. Similarly, glutamine (Gln/Q) is
changed to arginine (Arg/R) in the receptor due to A to G
(CAG to CGQ) transition of codon 223 in the exon 6 region
of LEPR gene Q223R SNP. The K656N SNP is located in
exon 14 of LEPR gene. Lysine amino acid (Lys/K) is
changed to asparagine amino acid (Asn/N) because of a
transition of G to C (AAG to AAC) in codon 656 of LEPR

gene in this SNP [17].

Since obesity was a multifactorial major global epidemic
problem, this difference could be a result of the interplay
between various risk factors (both genetic and environmental),
which very often provide a variety of results in different
ethnicities populations. Although this alteration produces amino
acid changes and hence may have functional consequences, its
alteration in functionality is not evidence clear. There was no
evidence of the possible functional implications of nucleotide
alterations in LEPR gene, yet it was likely that these variants
serve as genetic markers for nearby functional variants which
are in linkage disequilibrium with our selected SNPs [27]. So, in
our study population, there is no complex heterozygotic process
including these three SNPs that predispose to obesity. The report
of Matsuoka and coworkers’ study suggests that a missense
mutation in one allele of the LEPR gene may cause obesity in
combination with an unidentified and/or unstudied modification
in the other allele. However, our investigation did not rule out
any other potential polymorphisms [18].

The mechanism for the regulation of blood glucose level is
a complex mechanism with multiple hormones that acts on
multiple organs. Leptin hormone is one of the hormones
involved in the regulation of blood glucose levels. Our study
explored the relationship of LEPR gene SNPs with blood
glucose level via the action of leptin hormone on its receptor.
As the result, the mean FPG levels of the study population
showed no significant differences between each genotype of
LEPR gene polymorphisms (p > 0.05). The finding of our
study elucidated that our interested SNPs of LEPR gene were
not associated with the regulation of blood glucose
concentration in the Myanmar population. The finding of our
study was in agreement with the meta-analysis study of
Yunzhong Yang and Tianhua Niu from Tulane University
School Medicine, USA [28].
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The potential limitation of our study was not a large sample
size but the sample size of our study was a minimum number
of requirements and it was enough number to conduct the
study. The next limitation was that we could not explore leptin
(LEP) gene polymorphisms and the Ileptin hormone
concentration and consequently, we could not suppose that the
abnormality of leptin hormone production may be or not in the
case of leptin resistance related to obesity. The other genotype
and allelic variations in coding and non-coding sequences of
the LEPR gene have also been reported, some of which result
in silent variations or represent rare mutations [17, 18, 29].
These were not selected in our study because they were
unlikely to have any functional consequences and limitations
of resources available in our condition. Further studies should
be performed on long-term outcome data and other SNP in
the leptin gene and leptin receptor gene which would help
assess the utility of the genetic marker in risk stratification.

5. Conclusion

Our results support the idea that in a Myanmar community,
the LEPR gene variants K109R, Q223R, and K656N are not
associated with obesity or FPG levels. Therefore, it does not
seem that these polymorphisms have an equivalently
significant role for the people of Myanmar. To completely
understand the unique genetic variables that predispose to
obesity in humans, an ongoing study of diverse obesity
phenotypes and related gene mutations is necessary as our
understanding of the genes causing obesity increases as a
result of new findings.
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