Leptin promoter variant G2548A is associated with serum leptin
and HDL-C levels in a case control observational study in association
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Leptin is a protein hormone synthesized by adipocytes and is involved in the regulation of food intake and energy
expenditure. We hypothesized that any change in the promoter sequence can affect the expression of the gene and
hence leptin protein levels in the serum. The aim of the current study was to investigate the relationship of such a
promoter variant of the leptin gene, G-2548A polymorphism, with obesity and its effect on various anthropometric
and metabolic parameters in a Pakistani cohort consisting of 250 obese and 225 non-obese control subjects. Body
weight, height, waist circumference (WC), hip circumference (HC) and blood pressure (BP) were measured by
standard methods and levels of fasting blood glucose (FBG), total cholesterol, triglycerides, HDLC, LDLC, and leptin
were determined. Genotyping was done by polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP). The results showed that the LEP G-2548A polymorphism showed significant association with obesity
in Pakistan. In addition, the polymorphism showed association with weight, height, BMI, WC, HDLC and serum
leptin levels. The findings suggest that the leptin promoter G-2548A variant may play its part in the progression to
obesity by not only affecting the body’s fat distribution but also by changing the serum leptin and HDLC levels.
[Shabana and Hasnain S 2016 Leptin promoter variant G2548A is associated with serum leptin and HDL-C levels in a case control observational
study in association with obesity in a Pakistani cohort. J. Biosci. 41 251–255] DOI 10.1007/s12038-016-9612-2

1.

Introduction

Obesity is a complex heterogeneous disorder and has
reached epidemic levels globally. Previously thought to be
a behavioural disorder, obesity is now known to have established genetic basis. Monogenic as well as polygenic forms
of obesity are known with many candidate and GWAS
identified genes being involved. The developed and developing countries are now equally affected, including Pakistan
(Shabana and Hasnain 2016a, b).
Leptin is a protein hormone synthesized by adipocytes,
and its serum levels correlate positively with body fat mass
and body mass index (BMI). The physiological effects of the
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leptin include processes as energy metabolism, endocrine
and immune systems (Klop et al. 2013; Shabana and
Hasnain 2016a, b). It is a satiety molecule that inhibits food
intake by targeting central nervous system. In addition, it
also affects other funtions in reproductive organs, mammary
glands, immune system and bone mineral density (Liu et al.
2010). The protein hormone is a member of long chain
helical cytokines’ family synthesized as an immature 167amino-acid protein (Zhang et al. 1997). The posttranslational
modifiaction involves cleavage of a 21-amino-acid Nterminal signal sequence producing a mature functional
non glycosylated 146-amino-acid protein (Zhang et al.
1994).
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LEP gene is present on 7q31.3 chromosomal region
and includes three exons intervened by two introns (Luke
et al. 2001). The gene was identified in 1994 by positional cloning and is ~16Kb long (Zhang et al. 1994). In
addition to the mutations in the coding regions, any
change in the regulatory region, e.g. promoter can affect
the expression of the gene. One such polymorphism has
been described in detail in a number of studies. The
polymorphism LEP G2548A (formerly notated wrongly
as G2549A) in the 5′ untranslated region of the leptin
gene is immediately adjacent to the regulatory regions
implicated to control leptin gene expression. This was
first reported by Mammès et al. (1998) and was subsequently studied in a number of reports to be associated
with low serum leptin levels (Mammès et al. 1998; Le
Stunff et al. 2000; Sacks and Campos 2003; Cordell
2009; Manolio et al. 2009). It is believed that this variant
may directly affect transcription control or can be a
marker for other potential functional variants in the regulatory region of leptin gene. As a result, the body’s
satiety control is disturbed.
We hypothesized that as the variant is located in the leptin
promoter, it may be a functional one affecting the expression
of the gene and hence the protein levels in the serum. We
therefore studied the allelic/genotype distribution of the variant in the Pakistani population and its effect on the selected
serum biochemical parameters.

2.
2.1

Methods

Study subject recruitment

The study comprised of 475 subjects, (250 obese cases and
225 non obese controls) recruited by random sampling from
hospitals and general population from Punjab, Pakistan after
obtaining written informed consent and a detailed questionnaire was completed for each subject. The inclusion and
exclusion criteria were described previously (Shabana and
Hasnain 2015a) and the subjects ranged in age from 10 to 78
years. The procedures adopted for the study were in compliance with the declaration of Helsinki and ethical approval
was obtained from the institutional ethics committee (Ethical
Committee, School of Biological Sciences, University of the
Punjab, Pakistan).

2.3

Fasting blood samples were taken and was used for
serum and DNA isolation. Plasma was separated by
centrifuging at 14,000 rpm for 10 min, collected in sterilized eppendorf and stored for use in the lipid profile
determination.
2.4

Biochemical parameters’ determination

Serum samples were analysed for total cholesterol (TC),
triglycerides (TG), high density lipoprotein cholesterol
(HDL-C), and low density lipoprotein cholesterol (LDLC) using commercially available kits (Spectrum
Diagnostics, Egypt). Serum leptin concentration was measured by ELISA using LDN Nordhorn leptin as described
previously (Shabana and Hasnain 2015b).
2.5

Anthropometric measurements

Body weight (kg), height (m), waist and hip circumference
(cm) were measured according to Shabana et al (Shabana
et al. 2015). BMI (body mass index, kg/m2) and WHR (waist
to hip ratio) were calculated for all subjects.
J. Biosci. 41(2), June 2016

Genotyping

Genomic DNA was isolated from peripheral blood leukocytes using Promega Wizard® Genomic DNA purification
kit, was quantified using nanodrop (ND-8000, USA), and
made to a 5 ng/μL final working concentration. The sequence of primers used for genotyping was forward: 5′TTTCCTGTAATTTTCCCGTGAG-3′ and reverse: 5′AAAGCAAAGACAGGCATAAAAA-3′. Briefly, PCR
reaction mixture (50 μL) consisted of 200 ng DNA, 1X
taq buffer, 200 μM of each dNTP, 0.5 μM of each primer,
50 mM KCl, 20 mM tris HCl, 2.5 μM MgCl2 and 1U Taq
polymerase. The PCR program consisted of an initial
denaturation at 95°C for 2 min, followed by 35 cycles of
denaturation at 95°C for 30 seconds, annealing at 57°C for
45 s, extension at 72°C for 45 s and a final extension at
72°C for 10 min. Advanced Primus 96 (PeqLab) thermal
cycler was used for amplification. 421bp amplified product was digested with MspI (Thermo Scientific, USA).
The presence of polymorphic allele creates a restriction
site and the product is cut into two fragments, 294 bp and
127 bp. PCR and restriction digestion products were run
on 2% agarose gel and stained with ethidium bromide to
visualize the results. Results of restriction digestion were
confirmed by sequencing.
2.6

2.2

Blood sampling

Statistical analysis

Statistical Analysis was done using Statistical Package for
Social Sciences (SPSS, IBM statistics, version 22). Hardy
Weinberg equilibrium was checked for the study population
and allele/genotype frequencies were calculated. The allele
and genotype frequencies were compared using a chisquared test. The odds ratio was calculated using linear
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regression. One-way analysis of variance (ANOVA) test was
performed to check effect of G2548A polymorphism on
various anthropometric and biochemical parameters. A pvalue <0.05 was considered statistically significant association for all analyses.

3.
3.1

Results

3.3

Association of the G2548A polymorphism with
anthropometric and biochemical traits

The variant showed significant association with weight,
height, BMI and WC (table 2). Among serum biochemical
parameters, the SNP appeared to affect serum HDLC
(p=0.036) and leptin (p= 3×10-5) levels significantly, but
no association could be detected for serum TC, TG and
LDL-c and FPG (table 3).

Study subjects
4.

Anthropometric and biochemical characteristics of the
study population have been discussed elsewhere
(Shabana and Hasnain 2015a). Serum leptin levels are
significantly higher in obese subjects as compared to
non-obese controls (p<0.01). There was no significant
difference between the mean age of cases and controls,
whereas a significantly higher weight, BMI, waist and hip
circumference, WHR, serum total cholesterol, triglycerides, LDL-c, systolic and diastolic blood pressure, and
HOMA-IR while lower HDL-cholesterol was observed
between cases and controls (p<0.01). There proportion of
comorbidities observed in the obese group was higher than
in the control group.

3.2

Allele/genotype distribution of G2548A polymorphism
and association with obesity

Significant differences were observed for allele (p=5.7×10, OR=2.02 CI=1.26-3.40) and genotype (p=0.028
OR=1.63, CI=1.07-2.48) frequencies between obese cases
and non obese controls (table 1). The distribution of major
and minor alleles as well as homozygous common, heterozygous and homozygous polymorphic genotypes was
independent of gender as tested by unpaired t-test
(p=0.197). There was no age association observed
(p>0.05) as tested by Mann-Whitney U-test. The polymorphism was significantly associated obesity as tested by
logistic regression.
5

Discussion

The prevalence, effect and association of a probable functional polymorphism in the promoter region in the leptin
gene were checked to demonstrate the role of leptin gene
variations in the development of obesity in Pakistan. Leptin
gene is a known candidate gene, mutations in which contribute to early onset obesity due to the important physiological roles leptin performs in circulation, by ultimately
affecting hypothalamus. It is a known monogenic cause of
obesity worldwide and all mutations in the gene reported so
far result in severe disturbance of body weight regulation.
As already noted, any variation in the regulatory region of
a gene can affect the expression of the gene resulting in
biological effects. The leptin promoter variant selected in
the current study corresponds to such a control element that
regulates the expression of the leptin gene and ultimately the
energy balance regulation. The significant difference in allele and genotype frequencies for the polymorphism indicates that it can contribute strongly to the development of
obesity in the Pakistani ethnic group. The quantitative effect
of the variant is considerable as manifested by both the
allelic and genotypic odds ratios.
The analysis of the mechanism through which this variant
might exert its effect resulted in the observation that this
variant has a significant association with serum leptin and
HDL-c. Previously many studies have investigated the role
of LEP G2548A polymorphism with obesity, metabolic syndrome and type 2 diabetes and also correlated it with serum
lipids and leptin levels, however the results of such studies

Table 1. Allele and Genotype frequencies of common and minor alleles of LEP G2548A polymorphism
Frequency (%)
χ2 p-value

Allele/Genotype

Obese (n=250)

Controls (n=225)

OR (CI)

GG
GA
AA
G
A

87 (34.8)
112 (44.7)
51 (20.5)
281 (56.2)
219 (42.8)

115 (51.1)
85 (37.5)
25 (11.3)
315 (69.9)
135 (30.1)

1.63 (1.07-2.48)

0.028

2.02 (1.26-3.40)

5.7×10-5

OR: Odds Ratio, CI: Confidence Interval. HWE p-value=0.131.
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Table 2. Association of LEP G2548A polymorphism with anthropometric traits
Parameter

Genotype

Mean±SE

95% Confidence interval for mean

ANOVA p-value

Weight(kg)

GG
GA
AA
GG
GA
AA
GG
GA
AA
GG
GA
AA
GG
GA
AA
GG
GA
AA

70.32±1.33
74.23±1.45
82.15±2.63
160.71±0.72
162.84±0.81
163.95±1.35
24.62±0.18
29.28±0.19
35.23±0.66
78.64±0.89
80.19±0.91
82.75±1.36
82.66±0.88
83.37±0.88
84.05±1.43
0.972±0.008
0.976±0.007
0.991±0.012

67.69-72.95
71.37-77.09
76.89-87.40
159.26-162.14
161.23-164.45
161.25-166.64
24.26-24.99
28.99-29.67
33.91-36.54
76.88-80.40
78.41-81.97
80.02-85.47
80.85-84.34
81.52-85.02
81.18-86.91
0.95-0.98
0.96-0.99
0.96-1.01

4×10-5*

Height (m)

BMI (kg/m2)

WC

HC

WHR

0.004*

5×10-3*

0.049*

0.670

0.448

Values are mentioned as mean(SD). BMI: Body Mass Index, WC: Waist Circumference, HC: Hip Circumference, WHR: Waist to Hip ratio.
* shows significant association at 95% confidence interval.

have remained inconsistent whereby some found significant
association of the polymorphism with obesity as well as
leptin but others failed to show this association (Constantin
et al. 2010; Franek et al. 2010; Suriyaprom et al. 2014;

Baptista et al. 2015; Li et al. 2016). The conflicting results
are due to varying sample size, ethnic differences, sampling
bias, different criteria for subject recruitment or different
statistical procedure applied to investigate the relationships.

Table 3. Association of LEP G2548A polymorphism with biochemical traits
Parameter
TC (mmol/L)

TG (mmol/L)

HDL-c (mmol/L)

LDL (mmol/L)

Leptin (ng/mL)

FPG (mg/dL)

Genotype

Mean±SE

95% Confidence interval for mean

ANOVA p-value

GG
GA
AA
GG
GA
AA
GG
GA
AA
GG
GA
AA
GG
GA
AA
GG
GA
AA

4.93±.07
5.20±.08
5.07±.11
2.33±.06
2.35±.05
2.36±.08
1.48±.03
1.39±.03
1.34±.05
2.56±.05
2.66±.05
2.62±.08
40.16±.37
32.99±.30
29.90±.30
105.11±13.12
95.95±10.41
102.54±11.61

4.77-5.09
5.02-5.37
4.85-5.30
2.21-2.46
2.24-2.47
2.18-2.54
1.41-1.54
1.32-1.45
1.23-1.44
2.45-2.66
2.56-2.77
2.46-2.79
39.43-40.90
32.38-33.59
29.29-30.51
104.01-106.51
95.11-96.52
101.45-102.99

0.077

0.966

0.036*

0.383

3×10-5

0.134

Values are mentioned as mean(SD). TC: Total Cholesterol, TG: Triglycerides, HDL-c: High Density Lipoprotein cholesterol, LDL-c: Low
Density Lipoprotein cholesterol, FPG: Fasting Plasma Glucose. * shows significant association at 95% confidence interval.
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The current study has successfully replicated the association
with obesity as well as serum leptin levels as well as identified the association of the variant with HDL-c. Although
the results are interesting these should be replicated in a
larger cohort of the same ethnicity in the future in order to
validate the findings of the current analysis. This indicates
that the variant has a dual effect, that is it not only downregulate the expression of leptin gene, but also affects serum
lipids normal balance that further contribute to the complications of obesity. Thus, the single nucleotide polymorphisms have different effect sizes depending on the
location in the gene where the change is present, e.g. the
effect size would be large if variant is in regulatory region,
e.g. promoter, or in splice sites, etc., otherwise its small.
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