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Abstract 

There have been numerous genetic causes of obesity specifically leptin, genetic variants of the leptin 

receptor gene (LEPR Gln223Arg) which appeared to be polymorphismized (A>G; rs1137101) have been 

implicated in the pathogenesis of obesity in several populations, although no association has been 

evidenced in other regions in the world. In this study, the association between LEPR Gln223Arg 

polymorphism with Body Mass Index (BMI) and plasma leptin levels in obese diabetic and obese non-

diabetic adults who are randomly selected from Erbil city is evaluated. Blood samples were collected for 

DNA extraction, and plasma leptin measurements. LEPR (A > G; rs1137101) genotypes were identified by 

a PCR- RFLP. The results show that plasma leptin concentrations increased with body mass index, and in 

obese diabetic group was more than  two-fold increases p=0.001 when compared to those of obese non-

diabetic patients. LEPR (A > G; rs1137101) gene polymorphisms did not found associated with BMI in 

the whole studied population. Furthermore an increased frequency of the GG genotype in the female 

control group 32.1 compared to obese group 19.2, but the frequency did not significant (OR= 1.38: 95% 

CI; 0.74-2.03, P=0.07 ) which indicated that this genotype might be associated with a protective effect 

against obesity in female only and that this effect was independent of diabetes. Further analysis of a 

larger population is required to confirm the biological relevance of this polymorphism for obesity in the 

Kurdish population. 

Keywords: Leptin, Gene polymorphism, Body mass index, Obesity, Diabetes milletus, PCR-RFLP. 

 اىَيخض

ىَزعذد ا (LEPR Gln223Arg) اىيجزِٞ، اىَزغٞشاد اىجْٞٞخ ىجِٞ ٍغزقجو ٕشٍُ٘ اىيٞجزِٞ  ٍْٖٗباىغَْخ رغجت ْٕبك أعجبة ٗساثٞخ عذٝذح 

فٜ ٕزٓ   .علاقخ  فٜ ٍْبطق أخشٙاى ٕزٓ بىغَْخ فٜ اىعذٝذ ٍِ اىغنبُ، عيٚ اىشغٌ ٍِ عذً ٗج٘دث ٍشرجطخ (A >G; rs1137101)الاشنبه 

ىذٙ اىَجَ٘عخ اىزٜ  اىجلاصٍبٍٗغز٘ٝبد اىيجزِٞ فٜ شش مزيخ اىجغٌ ؤٍع ٍ  LEPR Gln223Argاىعلاقخ ثِٞ رعذد الاشنبه  رٌ دساعخ اىذساعخ 

اىزِٝ  اىَ٘اطِْٞ ٍٍِٗقبسّزٌٖ ثبلأطحبء  َظبثِٞ ثبىغنشٛ  ٗٝعبُّ٘ ٍِ اىغَْخ اىغٞش  ٍع أٗىئل رعبّٜ ٍِ  اىغَْخ ٗاىَظبثِٞ ثذاء اىغنشٛ

 ;A > Gاىجْٜٞ ) اىزغبٝش حذد, اىيجزِٞ  عْٞبد اىذً لاعزخلاص اىحَغ اىْ٘ٗٛ، ٗاىجلاصٍب ىقٞبط جَعذ رٌ اخزٞبسٌٕ عش٘ائٞب ٍِ ٍذْٝخ أسثٞو.

rs1137101ٗرقْٞخ اىحظ٘ه عيٚ قطع اىذّب ٍزجبْٝخ الاط٘اه ثبعزعَبه اّضَٝبد اىزقٞٞذطخ رفبعو اىزنشاسٛ اىَزغيغو ب( ث٘ع PCR- RFLP .

 اىزِٝ َجَ٘عخاى ىذٙ p=0.001 أعيٚ ثَقذاس ػعفِٞ أظٖشد اىْزبئج أُ رشمٞضٕشٍُ٘ اىيجزِٞ اىجلاصٍٜ ٝضداد ٍع  ٍؤشش مزيخ اىجغٌ، ٗمبّذ

رعذد  اُ مَب، خٝعبُّ٘ ٍِ اىغَْخ اىَفشطٗ ثبىَقبسّخ ٍع أٗىئل اىَشػٚ غٞش اىَظبثِٞ ثبىغنشٛ  ٗاىَظبثِٞ ثذاء اىغنشٛ ٝعبُّ٘ ٍِ  اىغَْخ

اى٘ساثٜ  صٝبدح اىزنشاس الاىٞيٜ ىيَْط. ٍ٘شش مزيخ اىجغٌ فٜ عْٞخ اىذساعخىٞظ ىٔ علاقخ ٍع  (A >G; rs1137101)الاشنبه ىجِٞ اىيجزِٞ  

GG  ىٌ ٝنِ ٍعْ٘ٝب زبثٞشٗىنِ اى ...3ٍقبسّخ ٍع ٍجَ٘عخ اىزِٝ ٝعبُّ٘ اىغَْخ ٗاىجبىغخ  3..1 ىغٞطشح ىعْٞبد الاّبس مبّذفٜ ٍجَ٘عخ ا 

(OR= 1.38: 95% CI; 0.74-2.03, P=0.07 )  ُٕزا اىزبثٞش ٍَب ٝذه اُ اىَْط اى٘ساثٜ رٗ ربثٞش ٗقبئٜ ػذ فشط اىغَْخ فٜ الاّبس فقط ٗا

ىزبمٞذ الإَٞخ اىجبٝ٘جٞخ ىزعذد الاشنبه  ىزحيٞلاد اػبفٞخ ىَجَ٘عخ امجش ٍِ اىغنبُ ْٕبك حبجخ . ىذساعبد ٍغزقجيٞخٍغزقو عِ ٍشع اىغنشٛ

 ىفشط اىغَْخ فٜ عنبُ الامشاد .

 PCR- RFLP، رفبعو اىزنشاسٛ اىَزغيغو اىيجزِٞ، اىَزغٞشاد اىجْٞٞخ، ٍؤشش مزيخ اىجغٌ، اىغَْخ، داء اىغنشٛ :ىذاىخاىنيَبد ا

Introduction 

Obesity and diabetes mellitus are essential public health concerns throughout the world, because of their 

increasing occurrence and prevalence. Obesity is the most important risk factor for type 2 diabetes mellitus and 

most patients with diabetes are overweight or obese. It is well known that excess bodyweight induces insulin 

resistance, which is a characteristic feature of type 2 diabetes. Obese individuals have an increased risk of 

morbidity because of the various related disorders, including diabetes, cardiovascular events, stroke, cancer, and 

obstructive sleep apnea [1,2]. Leptin is a metabolic and neuroendocrine hormone mainly produced by 

adipocytes [3], but it is also detected in several tissues such as lymphoid tissues, placenta, and ovaries [4]. 
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Leptin is an important regulator of adipose tissue mass and of body weight; it works by inhibiting food intake 

and stimulating energy expenditure. Since the discovery of leptin, it has been expected the therapeutic potential 

for obesity and diabetes. Leptin is known as a key appetite-regulating hormone, which effects on appetite, 

energy expenditure, and glucose metabolism [5]. Leptin receptors are present in the β-cell, it considered as an 

important regulator of pancreatic β-cell function at different levels including insulin secretion, insulin gene 

expression, cell growth, and apoptosis. This hormone also has a key function in the regulation of glucose 

homeostasis due to different levels of modulation of the pancreatic β-cell, it has been proposed that alterations in 

leptin signaling in the β-cell might be involved in diabetes in obese individuals [6,7]. Some polymorphic genes 

involved in the regulation of leptin have been investigated as possible factors associated with obesity [8]. leptin 

receptor gene Gln223Arg polymorphism (LEPR Gln223Arg) has been mentioned as one of the factors of genetic 

predisposition to overweight  [9,10]. Since the LEPR Gln223Arg has a functional importance for obesity, it 

could play a significant role in type 2 diabetes mellitus and pathophysiology of human obesity [11]. 

Furthermore, they may share a common genetic background; that is, the risk alleles for obesity may also be 

involved in the increased risk of developing type 2 diabetes [12]. In the Kurdistan regional of Iraq, few 

epidemiologic studies have been done to assess the prevalence of obesity and type II diabetes with the leptin 

receptor, it will be important to clarify the functionality of different genetic variants, since several studies have 

found significant associations linking them to several traits of obesity, diabetes or the metabolic syndrome 

[10]. For our knowledge, no data are yet available in Erbil/ Kurdistan regional of Iraq on the association of the 

LEPR Gln223Arg genotypes with obesity and diabetes. Therefore, the present study investigated the association 

between LEPR Gln 223 Arg (A > G; rs1137101) polymorphism in obese diabetic and obese non-diabetic 

subjects from Erbil city, and realize the possibility that the risk alleles for obesity involve in the increased risk of 

developing type 2 diabetes. 

Materials and Methods 

Study participants 

The study group composed of 150 Kurdish volunteers from Erbil city, 50 obese diabetic (29 men and 21 

women) the mean age is 35.02±7.03, 50 obese non-diabetic (24 men and 26 women) the mean age is 29.16±25, 

the other 50 subjects (22 men and 28 women) are considered as the control group (non-obese and non-diabetic) 

with the mean age 27.21±2.59. Body mass index (BMI) is taken from each participant and calculated as weight 

(kg) divided by height (m) squared. Subjects in this study were classified as normal weight (control group / non-

obese group) (BMI< 25kg/m2), and obese group (BMI> 25kg/m
2
). Pregnant females were excluded from the 

study. 

Blood samples collection and biochemical data 

Fasting (12 hours) venous blood samples were obtained in the early morning into tubes that contained EDTA-

Na2 as an anticoagulant. Plasma was separated and used for leptin determination, and cells were kept frozen at 

−20◦C for DNA extraction. Plasma leptin level (PLL) was determined using commercially available enzyme-

linked immunoabsorbent assay (ELISA) kit (EIA-2395, DRG Instruments GmbH, Marburg, Germany) 

according to the manufacturer’s instructions. 

DNA extraction and polymorphism analysis 

Genomic DNA was prepared from leukocytes using genomic DNA Mini kit (Gene aid Biotech Ltd), DNA 

purity and quantity were assessed by NanoDrop1000 spectrophotometer V 3.7 and checked by 0.7% Agarose 

gel electrophoresis. Leptin receptor gene polymorphism LEPR Gln223Arg (A > G; rs1137101) was assessed by 

restriction fragment length polymorphism-polymerase chain reaction (RFLP-PCR). Polymerase chain reaction 

for LEPR gene was performed on 50 ng of genomic DNA, as template. Other reagents were used, including 0.4 

𝜇M of each primer (F: 5`-CCTGCTTTAAAAGCCTATCC -3`) and (R: 5`-GCCACTCTTAATACCCCCAG-3`) 

and PCR (BioneerAccuPower® PCR PreMix). DNA amplification was performed with palm-cycler
TM

 (Corbett 

research) DNA thermal cycler with 5 min of initial denaturation at 95°C followed by 35 cycles with 

denaturation for 1 min at 94°C, annealing for I min at 55°C, extension for 1 min at 72°C, and final extension for 

10 min at 72°C. The 368 bp PCR product is digested with MspI restriction endonuclease (Promega, USA), that 

recognizes the restriction site (C/CGG). For this Single Nucleotide Polymorphism (SNP), the A allele lacks 

MspI restriction site. Thus, individuals carrying A allele show only one PCR product (368 bp), while those who 

carry G allele show two bands (245 and 123 bp) and individuals carring A and G alleles show three bands (368, 
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245 and 123 bp). Positive control for digestion reaction was used and 10 𝜇L amplified DNA is digested with 

1.0U of MspI for 4h at 37°C. 

Detection of LEPR Gln 223 Arg polymorphism by electrophoresis 

5 μl of the amplified PCR product (2% agarose gels) and   restriction digestion products (3% agarose gels) were 

evaluated on ethidium bromide stained agarose gels, visualized and photographed. 

Statistical analysis 

Data analysis was carried out using SPSS version 11.5 (SPSS, Chicago, USA). Demographic details were 

compared using t-test for continuous data. Allele frequencies and genotype distribution of the population were 

compared by Chi square and/or fisher`s exact test. Odds ratios were calculated with a 95% confidence interval. 

In all cases statistical significance was determined at the P value < 0.05. 

Results and Discussion 

Anthropometric and biochemical data of obese non-diabetic group are shown in Table (1); there are significant 

differences between the obese group and control group in body mass index (BMI) and leptin P< 0.05. These 

results illustrate that plasma leptin concentration in obese non-diabetic group increase with body mass index. 

 

Table (1):  Anthropometric and biochemical data of the obese non-diabetic subjects 

Variable Control 

n=50 

Obese 

Non-diabetic 

n=50 

P value 

Sex (M/F) 22/28 24/26 Ns 

Age (years ±SD) :n 27.21±2.59 29.16±2.5 Ns 

BMI 23.11±1.34 32.29±1.51 0.009 

Leptin (ng/ml) 6.01±5.4 12.16±1.20 0.001 

 

Table (2) shows anthropometric and biochemical data of obese diabetic subjects, the obese individuals' revealed 

mean age, BMI, and plasma leptin values higher than the non-obese group p < 0.05. Plasma leptin levels in 

obese diabetics (30.08±11.2) when compared to those of obese non-diabetic patients (12.16±1.20) show more 

than  two-fold increases  p=0.001, Table (1). 

Table (2):  Anthropometric and biochemical data of the obese diabetic subjects 

Variable Control 

n=50 

Obese diabetic n=50 P value 

Sex (M/F) 22/28 29/21 Ns 

Age (years ±SD) :n 27.21±2.59 35.02±7.03 0.02 

BMI 23.11±1.34 34.18±6.24 0.007 

Leptin (ng/ml) 6.01±5.4 30.08±11.2 0.001 

 

The genotyping results of  leptin receptor rs1137101 variants are shown in Figure (1), the presence of A allele 

confirmed by the existence of a single band of 368 bp while double bands of 245 and 123 bp shows the presence 

of G allele. There are 2 bands for the G allele because this product contains a digestion site for the MspІ 

enzyme, which is absent when A allele is present. Therefore, the PCR product containing the G allele is cleaved 

by MspІ and produces 2 bands of low molecular weight. A single band of 368 bp shows the presence of A allele. 
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Fig. (1): A:  Ethidium bromide stained agarose gel 2% (w/v) image showing PCR products for LEPR gene.      

Lane1:100bp DNA marker; lanes 2-5 (368 bp) LEPR gene. 

                B:   Ethidium bromide stained agarose gel 3% (w/v) image showing RFLP products for LEPR gene. 

Lane1:100bp DNA marker; lanes 2,5,8 (368 bp) Homozygous AA genotype. Lanes 4,6: Heterozygous 

AG genotype produce three bands of size 368, 245 and 123 bp. Lanes 3, 7: Homozygous GG genotype 

produce two bands of size 245 and 123 bp 

 

Table (3) shows genotype distribution and allele frequencies in obese non-diabetic male. The obese group genotyping are 50 

% (n=12) homozygous AA, 37.5 % (n= 9) heterozygous AG and 12.5 % (n= 3) homozygous GG compared to the non-obese 

group (control) (45.5 % (n= 10) homozygous AA, 36.4 % (n=8) heterozygous AG, and the GG homozygous genotype is 

18.1% (n=4). In control group, the frequency of the A and G alleles are 63.6 and 36.4 respectively compared to obese group 

(A and G alleles frequency are 68.8 and 31.2 respectively). In contrast, there are no significant differences in alleles 

frequencies between obese and non-obese group P=0.09. 

 

Table (3):  Genotypes and Allele frequencies in obese non-diabetic male 

Genotypes 

Frequencies % 

P 

Value 
OR (95% CI) RR (95% CI) 

Control =22 

obese 

non-diabetec 

=24 

AA 10 (45.5 %) 12 (50 %) 
   

AG 8 (36.4 %) 9 (37.5 %) a0.5 1.3 (0.28-6.35) 1.22 (0.35-4.06) 

GG 4 (18.1 %) 3 (12.5 %) b0.4 1.3 (0.32-6.2) 1.18 (0.39-3.4) 

Alleles 
    

A 28 (63.6 %) 33 (68.8 %) 
0.09 1.2 (0.42-2.9) 1.06 (0.4-1.96) 

G 16 (36.4 %) 15 (31.2 %) 

OR: Odds Ratio. RR: Risk Ratio. CI: Confidence Intervals. a:AA vs. GG+AG, P-value 

Fisher`s Exact test.  b: GG vs. AG+AA, P-value Person Chi-Square test. 

When comparing the obese non-diabetic female and non-obese groups, the frequency of the homozygous AA, 

heterozygous AG, and the homozygous GG were 46.2 % (n=12), 34.6 % (n=9), and 19.2% (n=5) respectively, 

compared to control group are 35.8% (n=10), 32.1%, (n=9) and 32.1 % (n=9). There was an increased frequency 

of the GG genotype in the control group (32.1) compared to obese group (19.2), but the frequency did not 

significant (OR= 1.38: 95% CI; 0.74-2.03, P=0.07). 

 
Table (4):  Genotypes and Allele frequencies in obese non-diabetic female 

Genotypes 

Frequencies % 

P Value OR (95% CI) RR (95% CI) 

Control =28 

obese non-

diabetec 

=26 

AA 10 (35.8 %) 12 (46.2 %) 
   

AG 9 (32.1 %) 9 (34.6 %) a 0.7 1.3 (0.14-9.04) 1.1 (0.18-6.03) 

GG 
9 (32.1 %) 5 (19.2 %) b 0.07 

1.38 

(0.74-2.03) 
1.44(0.9-3.8) 

Alleles 
    

A 31 (55.4 %) 33 (63.5 %) 
0.4 0.91 (0.35-2.26) 0.8 (0.39-1.73) 

G 25 (44.6 %) 19 (36.5 %) 
OR: Odds Ratio. RR: Risk Ratio. CI: Confidence Intervals. a:AA vs. GG+AG, P-value  

Fisher`s Exact test.  b: GG vs. AG+AA, P-value Person Chi-Square test. 
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Table (5) represents the comparison between obese diabetic male and control group. There were no significant 

differences in genotype distribution and allele frequency between study group and control. 

 

Table (5):  Genotypes and Allele frequencies in obese diabetic male 

Genotypes 

Frequencies % 

P Value 
OR (95% 

CI) 
RR (95% CI) 

Control =22 

obese 

diabetic=29 

 

AA 10(45.5 %) 12 (41.4 %) 
   

AG 7( 31.8 %) 9 (31 %) a 0.09 
0.66(0.16-

3.04) 
0.78(0.34-1.62) 

GG 5 (22.7 %) 8 (27.6 %) b 0.2 1(0.21-4.2) 1(0.52-1.9) 

Alleles 
    

A 27 (61.4 %) 33 (56.9 %) 
0.4 

1.87(0.76-

3.23) 
1.07(0.76-1.21) 

G 17 (38.6 %) 25 (43.1 %) 

OR: Odds Ratio. RR: Risk Ratio. CI: Confidence Intervals. a:AA vs. GG+AG, P-value  

Fisher`s Exact test.  b: GG vs. AG+AA, P-value Person Chi-Square test. 

Table (6) represents the distribution of genotype and allele frequencies in female diabetic group. The obese 

group genotyping were 47.6% (n= 10) homozygous (AA), 38.1% (n= 8) heterozygous (AG) and 14.3% (n= 3) 

homozygous (GG), compared to the non-obese group (control) were 39.3% (n= 11) homozygous (AA), 32.1% 

(n= 9) heterozygous (AG) and 28.6% (n= 8) homozygous (GG). In control group GG genotype was more 

prevalent as compared to other genotypes but the frequency did not significant (OR=1.34: 95% CI; 0.85-2.03, 

P=0.07). 

 

Table (6):  Genotypes and Allele frequencies in obese diabetic female 

Genotypes 

Frequencies % 

P Value 
OR (95% 

CI) 
RR (95% CI) 

Control =28 

Obese 

diabetic=21 

 

AA 11 (39.3 %) 10 (47.6 %) 
   

AG 
9 (32.1 %) 8 (38.1 %) a 0.6 

1.3 (0.37-

4.25) 
0.73 (0.54-2.4) 

GG 
8 (28.6 %) 3 (14.3 %) b 0.07 

1.34(0.85-

2.03) 
0.73(0.43-1.20) 

Alleles 
    

A 31 (55.4 %) 28 (66.7 %) 
0.9 

1.27 (0.79-

4.72) 
1.76 (1.93-2.06) 

G 25 (44.6 %) 14 (33.3 %) 

OR: Odds Ratio. RR: Risk Ratio. CI: Confidence Intervals. a:AA vs. GG+AG, P-value 

 Fisher`s Exact test.  b: GG vs. AG+AA, P-value Person Chi-Square test. 

The significance of genetic polymorphism in LEPR gene rs1137101 for the development of obesity and type 2 

diabetes mellitus has been studied in the Kurdish population from Erbil city, anthropometric and biochemical 

data showed that plasma leptin concentrations in obese ( diabetic and non-diabetic ) group increased with body 

mass index, this observation was  generally accepted  idea,  since most obese individuals were leptin-resistant 

[13] and resistance to the actions of leptin could be caused by decreased leptin transport through the blood-brain 

barrier [14]. Plasma leptin levels in obese diabetics show more than two-fold increase (30.08±11.2) when 

compared to those of obese non-diabetic patients (12.16±1.20) and the differences was statistically significant 

(p=0.001), the fact that leptin inhibits insulin biosynthesis and secretion from pancreatic cells, it is also directly 

affects pancreatic β-cell gene expression and lead to decrease in insulin secretion [15]. Furthermore, leptin 

affects the β-cell mass via changes in proliferation, apoptosis, and cell growth [16] possibly explain and support 

our results and suggesting a role for leptin in pathogenesis of diabetes. The interesting finding of the study is a 

potential protective effect of GG genotype of the SNP under study against obesity in females which indicated 

that this genotype may associated with decrease in the risk of having obesity, more interesting is the finding that 

the protective effect is different between males and females of the same study group which suggests a gender 

specific effect, the result did not reach statistical significance but there is an obvious trend which suggest that 

this genotype might be protective against obesity. The lack of association of the LEPR gene rs1137101 

polymorphism with the BMI, sex and type 2 diabetes in the whole study population is observed, and this result 
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is in general agreement with previous reports in Mexican population [17], United States Caucasian [18], Danese 

[19], British [20], and Taiwanese subjects [21]. In contrast, rs1137101 variants have been associated with these 

parameters of obesity in other populations [22-24].These inconsistent data could be due to ethnological factors, 

as well as the heterogeneity of each study population in age, sex and menstrual cycle status. The lack of 

association might not suggest a lack of effect; instead it reflects the complex pathogenesis of obesity which 

comprises environmental factors in addition to genetic component [25,26]. Large studies including testing of 

multiple genes in both obese and lean subjects, with epidemiologic data on dietary habits in different ethnic 

groups, are necessary to better understand the role of leptin in regulating weight in human populations.Thus, 

much work is necessary to address whether leptin effects on insulin secretion depend on glucose concentrations 

in human islets. 

Conclusions 

From the results observed, it can be concluded that the relation between diabetes and genetic variations are 

depended on ethnological factors and characteristic of each population. Further analysis involving a larger 

population is required to confirm the biological significance of rs1137101 variants in LEPR for obesity in the 

Kurdish population. 
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