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Abstract 

 

Background: A common 2548G/A promoter variant of the human leptin gene has been 

implicated in circulating leptin levels variations and pathogenesis of type 2 diabetes mellitus 

but available data are still conflicting.   

Objective: To explore potential associations between LEP 2548G/A of leptin with T2DM 

and the effect of this variation on serum leptin levels.  

Patients and Methods: Sixty two patients with T2DM and fifty non-diabetic controls were 

included in the study. Blood samples were collected from subjects for biochemical analysis 

and Genotyping was performed by polymerase chain reaction reaction–restriction fragment 

length polymorphism (PCR-RFLP).  

Results: The genotype frequencies for LEP 2548G/G, LEP 2548G/A LEP 2548A/A were 46%, 

32% and 22% in control group, and 19.4%, 33.9% and 46.7% in diabetic group, respectively. 

The A allele and GA/AA genotype of LEP 2548G/A was found to be more frequent than the G 

allele and GG genotype in T2DM patients compares to the controls. Subjects with the GA + AA 

genotype of LEP 2548G/A were at increased risk for T2DM (P=0.0001, OR = 1.78; 95% CI: 

1.19–2.38). The serum leptin concentration of GA + AA genotype carriers was significantly 

higher from that of the GG genotype in the diabetic group. 

Conclusion: A allele carrier who have higher serum concentrations of leptin may have an 

association with the risk of T2DM development in the Erbi population.  

Keywords: Leptin, single nucleotide polymorphism, polymerase chain reaction– restriction 

fragment length polymorphism,T2DM. 
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Introduction

   Leptin is a metabolic and neuroendocrine 

hormone encoded by the obese gene that is 

synthesized and released mainly by 

adipocytes [1,2] and its serum levels 

correlate positively with body fat mass and 

body mass index (BMI). The leptin gene 

promoter (LEP) is present on 7q31.3 

chromosomal region and comprises three 

exons intervened by two introns [3]. The 

gene was identified in 1994 by positional 

cloning [4]. The (LEP) variant 2548 G/A 

(rs7799039) is an LEP gene single nucleotide 



 
  

 

 

 
Diyala Journal of Medicine                                        61                                 Vol.19.Issue 1,October  2020 

 

Association of Leptin Promoter 2548G/A variant with Serum Leptin, Lipid Profile and Type 2 Diabetes 

Mellitus 
Gaylany H  Abdullah 

polymorphism (SNP) consisting of G to A 

substitution at nucleotide 2548 upstream of 

the ATG start site in the LEP. The 

polymorphism LEP 2548G/A in the 5′ 

untranslated region of the leptin gene has 

been described in detail in a number of 

studies, and believed that this variant may 

directly affect transcriptional level by the 

adipose tissue and potentially related to the 

pathophysiology of  diabetes, and associated 

complications [5,6,7]. Type 2 diabetes 

mellitus (T2DM) is a complex disease 

characterised by hyperglycaemia and altered 

lipid metabolism due to impaired insulin 

secretion from pancreatic β-cells and both 

environmental and genetic factors can be a 

factor to disease initiation as well as its 

evolution. Genome wide association studies 

have discovered more than 40 

polymorphisms associated with an increased 

risk for the disease and LEP 2548 G/A 

polymorphism is the most greatly studied one 

[8-12]. The aim of our study was to reveal 

any possible associations of LEP (2548G/A) 

gene with T2DM and selected serum 

biochemical parameters in Kurdish 

volunteers, hence such data is missing in 

mentioned populations. 

Patients and Methods 

Study subjects  

   The present study was performed in a 

sample of 112 adults who were chosen at 

random. The subjects ranged in age from 42 

to 70 years, 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 group (control group / non-diabetic 

group n=50) and patients with T2DM 

(diabetic group n=62), pregnant females were 

excluded from the study.  

Biochemical parameters determination 

   Blood samples were collected from 

subjects after a 12h overnight fast. Serum 

samples were analysed for Fasting blood 

glucose (FBG), total cholesterol (TC), 

triglycerides (TG) using standard enzymatic 

techniques. [13-15]. High-density-lipoprotein 

(HDL) was determined after precipitation of 

apolipoprotein B-containing lipoproteins [16] 

and low-density lipoprotein (LDL-C) was 

determined according to the method of Hatch 

and Lees [17].  Insulin sensitivity was 

assessed by indirect HOMA-IR index [18]. 

Serum leptin concentration was measured by 

ELISA [19].  

Genotyping of G-2548A 

   Genomic DNA was extracted from whole 

blood using Promega Wizard® Genomic 

DNA purification kit, was quantified using 

Nanodrop (NanoDrop1000 

spectrophotometer V 3.7). Genotyping of 

2548G/A polymorphism in the LEP gene was 

carried out by polymerase chain reaction-

restriction fragment length polymorphism 

assay (PCR-RFLP). A DNA fragment 

containing G-2548A polymorphism was 

amplified using specific primers, forward: 

5′TTTCCTGTAATTTTCCCGTGAG-3′ and 

reverse:5′AAAGCAAAGACAGGCATAAA

AA-3′. PCR reactions were carried out in 25 

μl volumes comprising 5 μl of Taq Promega 

PCR reaction buffer (5x), 1 μl of each 

primer, 3 μl template DNA (50 ng) , 0.12 μl 
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of Taq DNA polymerase, and 14.4 μl 

nuclease-free water,. The PCR reaction tubes 

were then placed in the thermal cycler 

(Perkin Elmer 9600). The PCR program 

consisted of an initial denaturation at 95°C 

for 3 min followed by 35 cycles of 

denaturation at 95 °C for 30 s, annealing at 

57 °C for 30 s, and extension at 72 °C for 45 

s. Final extension was conducted at 72 °C for 

10 min. 421bp amplified products were 

digested with MspI (Thermo Scientific, 

USA) at 37oC for 2 hrs, presence of G allele 

creates a restriction site and the product is cut 

into two fragments, 294 bp and 127 bp while 

the presence of A allele produced a single 

fragment of 421 bp.   PCR and restriction 

products were separated on 2% agarose gel 

electrophoresis at 100 V for 45 min and 

analyzed under UV light after ethidium 

bromide staining. 

Statistical analysis 

   Data analysis was done using SPSS version 

11.5. 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 was 

considered to be statistically significant. 

Results 

   Anthropometric and clinical data are shown 

in Table 1. Sex distribution did not reveal 

any significant difference, and diabetic 

subjects were older (51.18±1.06, P<0.05) 

than controls (43.15±2.43). Diabetic 

individuals exhibited, BMI, FBG, insulin, 

leptin values higher than the non-diabetic 

group .HOMA-IR was significantly raised to 

(9.06 ±1.12) in the diabetic group (p ≤ 0.03) 

in comparison to the control group (2.04 

±0.91). Regarding lipid profile diabetic 

subjects had significantly higher TC, TG, 

LDL compared with control subjects. While 

HDL (p < 0.001) level was significantly 

lower compared with control subjects. T2DM 

is one of the major comorbidities of obesity 

and often co-exists with obesity [21].

Table (1): Anthropometric and clinical parameters of the subjects 

Variables Control T2DM P value 

Sex(M/F) 21/29 28/34 NS 

Age/Year 43.15±2.43 51.18±1.06 <0.05 

BMI/Kg m2 27.01±08 33.98±47 <0.05 

FBG mg/dl 84±1.09 211±4.86 0.01 

Serum insulin/µlU/ml 7.98±1.62 16.02±0.76 0.01 

Leptin µg/ml 8.07±1.43 57.31±2.31 0.01 

HOMA-IR index 2.04 ±0.91 9.06 ±1.12 ≤0.03 

TC mg/dl 148±5.22 204±9.53 < 0.001 

TG mg/dl 109±4.18 212±7.23 < 0.001 

LDL mg/dl 79±1.16 151±1.06 < 0.001 

HDL mg/dl 46±2.28 34±1.74 < 0.001 
*T2DM – Type 2 diabetes mellitus, BMI – body mass index, FBG – fasting blood glucose, TG – triacylglycerol, TC – total cholesterol, , LDL– 

low-density lipoprotein, HDL– high-density lipoprotein 
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  The leptin gene promoter –LEP 2548G/A 

genotype was determined by PCR-RFLP. 

The common allele (G allele) with the 

presence of a MspI cutting site (presence of a 

G at position 2548) was designated and 

generates two fragments, 294 bp and 127 bp, 

while the variant allele (A allele) lacking this 

site and produced a single fragment of 421 

bp. Thus, The leptin gene promoter –LEP 

2548G/A polymorphism results in three 

genotypes, wild type GG homozygous (294 

bp and 127bp), AA homozygous mutant (421 

bp) and GA heterozygous (421bp, 294bp, and 

127bp) Figure (1). 

 
 

 

 

 

                                

                                 
 

 

                                 
Figure (1): Agarose gel electrophoresis 2% stained with ethidium bromide showing the leptin gene 

amplification after RFLP. M – Molecular DNA marker. Lanes 1, and 4, – heterozygous GA  (421, 294, 

127 bp). Lanes 2- and 3– homozygous AA (421 bp). Lane 5 – homozygous GG (294, 127 bp) lane 6 (–

ve) control  

  

   Table (2) shows that diabetic group had a 

statistically significant lower distribution of 

the GG genotype than the control group 

(19.4% and 46% respectively) and a 

statistically higher distribution of the GA/AA 

genotype than the control group (80.6% and 

54% respectively) (p = 0.0001). Moreover, 

the results showed that the diabetic group had 

a statistically higher distribution of A allele 

frequency than the control group (60.2% and 

40.9% respectively) and a lower distribution 

of the G allele frequency than the control 

group (39.8% and 59.1% respectively) (p = 

0.001). 

Table (2): Allele and Genotype frequencies of common and minor alleles of LEP 2548G/A 

polymorphism 

Allele/Genotype Controls(n=50)% Diabetic(n=62)% OR (CI) P value 

G 39(59.1) 33(39.8) 
2.83(1.57-3.71) 0.001 

A 27(40.9) 50(60.2) 

GG 23(46) 12(19.4) 
a
1.78(1.19-2.38) 0.0001 GA 16(32) 21(33.9) 

AA 11(22) 29(46.7) 

                   * OR: Odds Ratio. CI: Confidence Intervals. a: GG vs. GA+AA, P-value Fisher`s Exact test.  P-value Person Chi-Square test
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   Relationship between LEP 2548G/A and 

serum leptin levels results given in Table (3) 

which revealed that the serum leptin 

concentration of GA + AA genotype carriers was 

not significantly different from that of the GG 

genotype in the control group. However, in the 

T2DM group serum levels of leptin of the GA + 

AA genotype were significantly higher than those 

of the GG genotype. 

Table (3): Differences in serum leptin concentrations among different genotype carriers (GG or GA + 

AA) between control subjects and T2DM group 

Groups Genotypes n Leptin µg/ml P value 

Control 

group 

GG 23 6.9±22  

GA 17 8.01±14 NS 

AA 10 9.3±11  

Diabetic 

group 

GG 13 45.08±4.2  

GA 20 58.42±5.03 0.001 

AA 29 68.43±5.98  

                                           

Discussion 

    The existence of polymorphisms in the 

promoter region of the human leptin gene has 

recently been associated with variations in 

circulating leptin levels, obesity and T2DM 

[20-21] among the variants identified in the 5 

′ -flanking region of the leptin gene, the LEP 

–2548 G/A polymorphism is the most greatly 

studied one but available data are still 

conflicting and studies had less power to 

provide us with dependable and 

comprehensive results due to varying sample 

size, ethnic differences, age, gender and 

different statistical procedure applied to 

investigate the relationships, Therefore, we 

investigated whether LEP 2548G/A 

polymorphisms and leptin serum levels are 

predictors for T2DM. Generally, most 

patients with diabetes are overweight or 

obese, in obese individuals’ adipose tissue 

releases increased amounts of non-esterified 

fatty acids, glycerol, hormones, pro-

inflammatory cytokines and other factors that  

 

are involved in the development of insulin 

resistance which are primary contributing 

factors to the development of T2DM [22-24]. 

Subjects with the AA genotype (Table 2) 

were at increased risk for T2DM (OR = 1.78, 

95% CI: 1.19– 2.38) compared with those 

having the GG genotype. This finding is 

consistent with data showing that the A allele 

of LEP 2548G/A is significantly associated 

with T2DM. Leptin is a protein hormone 

transcribed by the leptin gene and 

synthesized by adipocytes, its expression and 

secretion are positively correlated with body 

fat mass and body mass index [25-28]. Leptin 

is the product of the obese gene (ob), and its 

concentration has been reported to be 

significantly elevated in obese and diabetic 

subjects compared to non-diabetic controls 

[29], which is reliable with our study (Table 

3) that showed a significant increase in serum 

leptin levels in the diabetic group compared 

to the control group. The results suggest that 
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increased leptin levels, probably reflecting 

leptin resistance, were strongly related to 

insulin resistance.  

   Different population’s studies have 

described conflicting data on the association 

between the LEP 2548G/A variants and 

T2DM. In the present study, it seems that 

there is an association between the LEP 2548 

G/A variant and T2DM. The AA genotype 

frequency was higher in diabetic group 

compared to the healthy subjects, and the A 

allele was more common in diabetic patients 

than the controls. Our results in agreement 

with the finding of other studies from 

different populations [30-33] interestingly the 

2548G/A LEP SNP seem to affect leptin 

expression in adipose tissue [34-35]. 

Therefore, these data support the hypothesis 

that leptin polymorphisms affect leptin 

transcription and might play a role in the 

pathogenesis of T2DM.          

Conclusions  

   In conclusion, LEP 2548G/A 

polymorphism is an important predictor for 

increased plasma leptin, lipid profile and 

BMI in kurdish population and it may be a 

useful marker for T2DM in this population. 

Recommendations  

   It is highly recommended to employ the 

same study with large sample size in 

different ethnic groups, to better understand 

the role of leptin promoter in regulating lipid 

profile in human populations.  
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