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Abstract: Leptin is known as the adipose peptide hormone. It plays an important role in 

the regulation of body fat and inhibits food intake by its action. Moreover, it is believed 

that leptin level deductions might be the cause of obesity and may play an important role in 

the development of Type 2 Diabetes Mellitus (T2DM), as well as in cardiovascular 

diseases (CVD). The Leptin Receptor (LEPR) gene and its polymorphisms have not been 

extensively studied in relation to the T2DM and its complications in various populations. 

In this study, we have determined the association of Gln223Agr loci of LEPR gene in  

three ethnic groups of Malaysia, namely: Malays, Chinese and Indians. A total of  

284 T2DM subjects and 281 healthy individuals were recruited based on International 

Diabetes Federation (IDF) criteria. Genomic DNA was extracted from the buccal 
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specimens of the subjects. The commercial polymerase chain reaction (PCR) method was 

carried out by proper restriction enzyme MSP I to both amplify and digest the Gln223Agr 

polymorphism. The p-value among the three studied races was 0.057, 0.011 and 0.095, 

respectively. The values such as age, WHR, FPG, HbA1C, LDL, HDL, Chol and Family 

History were significantly different among the subjects with Gln223Agr polymorphism of 

LEPR (p < 0.05). 

Keywords: leptin receptor; polymorphism; type 2 diabetes mellitus; Malaysia;  

restriction enzyme 

 

1. Introduction 

Hasty socioeconomic development has resulted in significant changes in the lifestyle of many, 

which has made diabetes a growing concern in many developing countries. According to the 

Malaysian Third National Health Morbidity Survey in 2006 [1], the prevalence of Type 2 diabetes 

mellitus (T2DM) among adults was found to be 14.9%. Obesity and insulin resistance are believed to 

be linked to the metabolic syndrome (MS), a group of risk factors for cardiovascular diseases (CVD) 

and T2DM. 

It has been proven that increased Body Mass Index (BMI) accounts as a strong risk factor for 

T2DM [2–5]. Besides, a positive association between obesity and T2DM has been documented both in 

women and men [2,4] with increased risk of developing insulin resistance. 

There are many genes that interact with the environment that lead to obesity or diabetes and these 

genes have been investigated to be involved in determining the whole range of BMI in the population [6]. 

It is believed that CVD could be the leading cause of death among T2DM patients, which accounts 

for up to 70% of their mortality [7]. Furthermore, patients with T2DM share the same risk of 

myocardial infarction compared to individuals who have already suffered from a heart attack and this 

leads many clinicians to consider that the T2DM is equivalent to CVD [8]. The death rate among the 

CVD patients with T2DM was also falling [9]. On the other hand, the prevalence of T2DM has 

increased rapidly and the concern is that the prevalence of CVD might also start to increase in 

agreement with that. Therefore, the beginning of aggressive CVD in patients with T2DM is essential 

as it might be triggered by the elevated lipid levels (in particular Triglyceride & cholesterol) [10]. 

Leptin, which is also known as adipose tissue peptide hormone, plays an important role in the 

regulation of body fat and, therefore, it is called the obesity hormone [11]. Since leptin inhibits food 

intake through its action, it is believed that reduced leptin levels might be the cause of obesity [12] and 

indeed, several obese individuals were identified with low leptin levels [13]. However, several studies 

have reported that in most obese individuals, leptin levels were either normal or higher than normal 

individuals [14]. 

These results indicate that among obese individuals, there might be some kind of leptin resistance 

which is believed to play an important role in the development of obesity and this is due to the fact that 

an increased amount of leptin cannot perform its role in controlling food intake [15,16]. 
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Leptin resistance is believed to occur as a result of genetic defect in the leptin receptor gene 

(LEPR), where the element of the gene lacks most of the cytoplasmic region; hence, individuals with 

this mutation tend to eat more than needed and keep gaining weight [17]. Abnormal LEPR, as well as 

abnormal leptin catabolism, has been detected in obesity development [18]. 

The monogenic form of obesity comes from the mutations in a certain loci which then cause 

obesity. Obesity is also known as the multifactorial disorder which depends on multiple genes and 

their contribution (polygenic). An individual may carry the mutated gene that may not have developed 

obesity in suitable environment [19]. 

In relation to obesity and T2DM, LEPR gene polymorphisms were not extensively studied among 

different populations. However, to our knowledge, the association of the Gln223Agr loci of LEPR 

gene has not been investigated among Malaysian diabetic subjects. Taking this into account, this study 

was initiated to determine the association of the selected polymorphism of the LEPR gene between 

T2DM subjects and healthy individuals among the three ethnic groups in Malaysia; Malays, Chinese 

and Indians. 

2. Results and Discussion 

In this study, the Gln223Agr loci was investigated between T2DM patients and healthy controlled 

group among the three main ethnic groups in Malaysia; Malays, Chinese and Indians and a significant 

difference had been found in the genotype frequencies between the Chinese T2DM and the Chinese 

controlled subjects. 

Approximately 600 subjects were approached and 565 subjects were included in this study, 

whereby the outliers and missing values were excluded due to skewness value. This total included  

284 (50.3%) T2DM subjects who are comprised of 191 (67.3%) males and 93 (32.7%) females, 

followed by 281 healthy subjects (49.7%) with 158 (56.2%) males and 123 (43.8%) females. Overall, 

the majority of the subjects were males, 349 (61.8%). The age of the subjects ranged from 36 to  

85 years old, with a mean of (61.9 ± 9.8) for T2DM cases and as for the controlled group, their age 

ranged from 30 to 84 years old, with a mean of (53.3 ± 12.4). Nearly 43.9% of the subjects have 

family history of T2DM or CVD; a total of 139 reports (49.5%) among the T2DM subjects and  

107 reports (38.2%) among the controlled group. 

The basic characteristics of the two groups subjected to this study are shown in Table 1. The 

significant differences were found in Age, Body Mass Index (BMI), Waist Hip Ratio (WHR), Systolic 

Blood Pressure (SBP), Fasting Plasma Glucose (FPG), HbA1C, High Density Lipoprotein (HDL), 

Cholesterol (Chol), Triglyceride (TG) and CVD Risk% between the selected groups (p < 0.05). Other 

values differed significantly in T2DM subjects when compared to the controlled group such as Family 

history. However, the Diastolic Blood Pressure (DBP) and Low Density Lipoprotein (LDL) levels did 

not differ significantly (p > 0.05) as described in Table 1. The age, BMI, WHR, SBP, DBP, FPG, 

HbA1C and TG of the variables at the time of participation were significantly higher in the DM group 

than the controlled category (p < 0.05), however, the levels of LDL, HDL and Chol were higher in the 

controlled group. 
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Table 1. Demographic characteristics of the study subjects. 

Characteristics 
T2DM Lower/Upper Control Lower/Upper 

p-value 
Male Female Total CI 95% Male Female Total CI 95% 

Age (years) 60.7 ± 10.2 61.4 ± 8.8 61 ± 9.8 59.9–62.2 56.1 ± 11.2 49.7 ± 13 53.3 ± 12.4 51.8–54.8 0.000 ** 

BMI (Kg/m2) 27.47 ± 4.38 28.29 ± 5.66 27.73 ± 4.83 27.1–28.3 26.42 ± 4.32 26.07 ± 4.94 26.27 ± 4.59 26.8–26.1 0.014 * 

WHR 0.95 ± 0.05 0.93 ± 0.07 0.94 ± 0.06 0.94–0.95 0.92 ± 0.05 0.86 ± 0.07 0.9 ± 0.06 0.89–0.91 0.000 ** 

SBP (mm Hg) 140.59 ± 22.55 144.37 ± 22.63 141.83 ± 22.6 139.1–144.56 138.34 ± 20.69 134.21 ± 18.75 136.64 ± 19.98 134.24–139.05 0.048 * 

DBP (mm Hg) 80.05 ± 9.89 78.25 ± 9.79 79.45 ± 9.88 78.26–80.65 79.47 ± 9.47 78.03 ± 9.4 78.87 ± 9.45 77.73–80.02 0.170 

FPG (mmol/L) 8.29 ± 3.17 8.67 ± 3.4 8.41 ± 3.24 8.02–8.81 5.49 ± 0.98 4.79 ± 0.81 5.19 ± 0.97 5.07–5.31 0.000 ** 

HbA1C 8.22 ± 1.94 8.27 ± 1.64 8.24 ± 1.84 8.02–8.45 5.85 ± 0.51 5.7 ± 0.38 5.79 ± 0.46 5.73–5.86 0.000 ** 

LDL (mmol/L) 2.31 ± 0.78 2.46 ± 0.89 2.36 ± 0.82 2.26–2.46 2.74 ± 0.97 2.71 ± 0.97 2.73 ± 0.97 2.61–2.84 0.060 

HDL (mmol/L) 1.11 ± 0.28 1.31 ± 0.36 1.17 ± 0.32 1.13–121 1.16 ± 0.33 1.34 ± 0.42 1.23 ± 0.38 1.19–1.28 0.000 ** 

TG (mmol/L) 1.61 ± 0.81 1.62 ± 0.75 1.61 ± 0.79 1.52–1.71 1.5 ± 0.83 1.04 ± 0.49 1.3 ± 0.74 1.28–1.38 0.001 ** 

Chol (mmol/L) 4.17 ± 0.96 4.59 ± 1.04 4.3 ± 1.01 4.18–4.43 4.56 ± 1.03 4.67 ± 1.25 4.61 ± 1.13 4.47–4.74 0.003 ** 

CVD Risk% 3.97 ± 1.25 3.78 ± 1.31 3.9 ± 1.27 3.75–4.06 4.15 ± 1.28 3.67 ± 1.17 3.94 ± 1.26 3.79–4.09 0.014 ** 

Family History          

No 97 (51.1) 45 (49.5) 142 (50.5)  104 (66.2) 69 (56.1) 173 (61.8)  0.007 **,† 

Yes 93 (48.9) 46 (50.5) 139 (49.5)  53 (38.8) 54 (43.9) 107 (38.2)   

Duration (years) 10 ± 8 10.6 ± 8.2 10.2 ± 8.1  - - -  - 

* p-value was calculated by χ2 test with 2 × 2 contingency table and considered p < 0.05 as significant; ** p-value was calculated as p < 0.01 level; † Fisher Exact test 

Confidence Interval: CI. 
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High levels of cholesterol cause several health problems such as CVD, atherosclerosis and gall 

stones. The main step, which triggers the development of atherosclerosis, is believed to be the 

deposition of cholesterol-ester which fills the macrophage foam cells and contribute to the formation 

of the atherosclerotic plaque [20]. Gall stones are formed in the bile of obese people and they are 

saturated with cholesterol [21]. The cause of this saturation is the increased hepatic production of 

cholesterol, as well as low HDL levels [22]. Elevated plasma levels of TG are discovered in both obese 

and T2DM non-insulin-dependent subjects who are associated with CVD development [23]. 

The link between obesity, diabetes and TG is believed to be the pancreatic β-cell dysfunction which 

is caused by excessive amounts of TG [24]. A study has revealed the role of leptin and the reduction of 

TG levels in all cells, which expresses the leptin receptor on its surface “via inducing an increase in 

Free Fatty Acid (FFA) oxidation and a decrease in esterification” and this action could be absent in 

obese subjects due to leptin resistance [24]. The overall TG level between the T2DM subjects and the 

healthy individuals was significant (p = 0.001) but as far as the Gln223Agr genotypes are concerned, it 

was no more significant in our observation (p = 0.139). Biochemical factors have been evaluated 

regardless of the type of drugs, dosage and duration of medicine consumption. The present study has to 

be interpreted within the context of its limitations. This confounding pattern might be due to the 

medications taken by the patients in lowering their blood pressure and lipid levels and this could be 

considered as a limitation in the study. Also, the present study provided only the evidence of the 

association between the genetic polymorphism of LEPR gene and T2DM at the gene level. However, 

replication studies are much needed to confirm the association of genetic polymorphisms of LEPR 

gene among T2DM and their complications. 

2.1. Genotypic and Allelic Frequency 

In this study, three bands were detected for Gln223Agr loci, 80 (bp) which represent the Wild Type 

(WT) and (GG) genotype, the 57 and 23 (bp) presence the Homozygous (HOM) genotype (AA) 

followed by the presence of all three bands 80, 57 and 23 (bp) for Heterozygous (HET) pattern (AG), 

as shown in Figure 1. The genotypic and allelic frequencies of the Gln223Agr loci were deviated from 

Hardy-Weinberg equilibrium for different ethnic groups due to the differences between the observed 

and the expected results. 

The comparison between the T2DM patients and the healthy individuals in this study looked into 

the three races, which is split into three sub-groups (Table 2). The genotype and allele frequency of 

LEPR-Gln223Agr was significant for T2DM/controlled Chinese group only (p = 0.011) but, it was not 

significant (p = 0.086) between the Chinese males and females. The homogeneity test using Leven 

statistic was significant (p = 0.000) and this emphasized that the error in variance was not equal in 

both the groups. 

The overall allele frequency for Gln223Agr polymorphism among the T2DM subjects and the 

controlled Malays and Indians were not significant; p = 0.057 and 0.095, respectively. Besides, the 

biochemical analyses with the impact of Gln223Agr polymorphism was performed based on 2 way 

ANOVA and is shown in Table 3. The results show that there was a significant difference between the 

T2DM patients and the healthy individuals in terms of age, WHR, FPG, HbA1C, LDL, HDL, Chol and 

family history (p < 0.01). Due to the significant differences between the case and the controlled 
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groups, a post hoc test was carried out to evaluate the probable differences among the genotypes in 

these two groups. The post hoc test for the Chinese race was carried out and was significantly different 

between wild type and homozygote (p = 0.019), followed by wild type and heterozygous (p = 0.007) 

and it was not significant between homozygous and heterozygous (p = 0.091). 

Figure 1. The Enzymatic Digestion of Gln223Agr loci with (MSP I) on 8% PAGE. Lane 1 

is the DNA marker, lane 2 is the homozygous mutant and lane 3 is the heterozygous 

whereas lane 4 is the wild type. 

 

Table 2. The genotypic and allelic distribution among the study subjects. 

Genotypes and Alleles 

T2DM (n-284) Controls (n-281)  

Malay 
(n = 145) 

Chinese 
(n = 49) 

Indians 
(n = 90) 

Malay 
(n = 133) 

Chinese 
(n = 71) 

Indians 
(n = 77) 

p value 

WT (GG) 28.7 26.1 41.2 16.4 8.8 30.1 0.057 
HOM (AA) 59.6 73.9 50.6 68.8 83.8 50.7 0.011 * 
HET (GA) 11.8 - 8.2 14.8 7.4 19.2 0.095 

Alleles        
G 0.346 0.261 0.453 0.238 0.125 0.397 NS 
A 0.654 0.739 0.547 0.762 0.875 0.603  

Post-Hoc Test p value (95% Confidence interval(lower bound-upper bound) 

Chinese alone   
GG vs. AA 0.019 * 0.50–0.54 
GG vs. GA 0.007 * 0.19–1.14 
AA vs. GA 0.091 −0.05–0.81 

Three Ethnics   
GG vs. AA 0.001 * 0.80–0.27 
GG vs. GA 0.001 * 0.11–0.41 
AA vs. GA 0.001 * −0.41–−0.11 

* p value < 0.05, NS- Non- Significant (p > 0.05) between the three ethnics, WT: wild type,  

HOM: homozygous, HET: heterozygous. 
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Table 3. The clinical characteristics of the T2DM and control subjects with the impact of Gln223Agr loci. 

Factors 
T2DM Control 

p-value 
WT (GG) HOM (AA) HET (GA) WT (GG) HOM (AA) HET (GA) 

Age (years) 61.8 ± 9.8 60.5 ± 9.5 60.2 ± 9.9 56.4 ± 11.2 53.8 ± 12.0 52.3 ± 14.9 0.007 ** 
BMI (Kg/cm2) 27.87 ± 5.26 27.67 ± 4.73 27.4 ± 4.31 26.43 ± 4.67 26.31 ± 4.67 26.35 ± 4.13 0.423 

WHR 0.94 ± 0.06 0.94 ± 0.06 0.93 ± 0.03 0.91 ± 0.05 0.89 ± 0.06 0.9 ± 0.1 0.022 ** 
SBP (mm Hg) 145.6 ± 19.9 139.2 ± 23.1 144.3 ± 22.7 135.36 ± 18.65 137.8 ± 20.4 134.5 ± 19.6 0.334 
DBP (mm Hg) 80.27 ± 8.7 78.97 ± 10.1 79.34 ± 7.8 77.48 ± 8.17 79.32 ± 9.82 78.52 ± 9.16 0.385 
FPG (mmol/L) 8.28 ± 3.2 8.55 ± 3.27 7.58 ± 3.1 5.59 ± 0.75 5.17 ± 0.99 5.03 ± 0.91 0.000 ** 

HbA1C 8.13 ± 1.7 8.26 ± 1.8 8.43 ± 2.2 5.83 ± 0.46 5.79 ± 0.47 5.76 ± 0.54 0.000 ** 
LDL (mmol/L) 2.41 ± 0.88 2.32 ± 0.74 2.55 ± 1.22 2.57 ± 0.9 2.82 ± 0.97 2.59 ± 1.09 0.000 ** 
HDL (mmol/L) 1.16 ± 0.25 1.17 ± 0.35 1.12 ± 0.29 1.25 ± 0.33 1.24 ± 0.38 1.22 ± 0.42 0.003 ** 
TG (mmol/L) 1.54 ± 0.61 1.65 ± 0.88 1.36 ± 0.64 1.43 ± 0.71 1.31 ± 0.78 1.14 ± 0.54 0.139 

Chol (mmol/L) 4.44 ± 1.13 4.25 ± 0.92 4.18 ± 1.15 4.47 ± 0.97 4.7 ± 1.15 4.43 ± 1.28 0.010 ** 
CVD Risk% 3.99 ± 1.23 3.9 ± 1.29 3.67 ± 0.89 3.79 ± 1.06 3.98 ± 1.28 3.82 ± 1.2 0.216 

Family History        
No 37 (43.5) 86 (54.8) 11 (50) 31 (63.3) 108 (59.3) 27 (71.1) 0.000 **,† 
Yes 48 (56.5) 71 (45.2) 11 (50) 18 (36.7) 74 (40.7) 11 (28.9)  

Duration (years) 10.9 ± 8.4 9.9 ± 7.9 8.6 ± 6.3    - 

WT: wild type, HOM: homozygous, HET: heterozygous; ** p-value was calculated by χ2 test with 2 × 2 contingency table and considered p < 0.05 as significant;  
† Fisher Exact test. 
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In addition, the post hoc test between the overall case and the control population (without the 

impact of the three races) was conducted and it was significant between the wild type and Homozygote 

(p = 0.001), followed by wild type and heterozygous (p = 0.001) and it was not significant between 

homozygous and heterozygous (p = 0.209), as described in Table 2. 

Furthermore, in order to confirm the genotype pattern, the selected samples which represented the 

different banding prototypes were purified after PCR amplification (FavorgeneTM PCR Clean-up Kit, 

Wembley, Australia) and were sent for sequencing (Figure 2). 

Figure 2. The sequencing results of the Gln223Agr loci were highlighted with the cutting 

site of the enzyme. The homozygous pattern (GG) was observed in (A) followed by wild 

type pattern (AA) in (B).  

(A) (B) 

The Gln223Agr polymorphism was associated with different blood biochemical factors and 

anthropometric values such as age which has the youngest category in T2DM/controlled HET 

genotype; (52.3 ± 14.9) and (60.2 ± 9.9) respectively and FPG level, with the lowest value in both 

T2DM and controlled groups by HET pattern; (7.58 ± 3.1) and (5.03 ± 0.91) respectively. The HbA1C 

in T2DM and WT has the lowest value; (8.13 ± 1.7), compared to the highest in WT genotype in 

healthy individuals; (5.83 ± 0.46). The results are proven to be the same with LDL, which was the 

lowest in HOM genotype of diabetes; (2.32 ± 0.74) and the highest in HOM genotype in controlled 

group; (2.82 ± 0.97), as portrayed in Table 3. The TG levels were not significant between the groups 

but, as for the HET genotype, the both groups showed the lowest value; (1.36 ± 0.64) and  

(1.14 ± 0.54), respectively. Despite the positive effect of HDL cholesterol and its role in lowering the 

risk of CVD, the overall value of HDL was lower in the diabetes group when compared to the healthy 

individuals. This might be due to the medications, such as Statins, that is prescribed routinely for the 

T2DM/CVD patients to not only lower their LDL and Cholesterol levels, but at the same time, to 

reduce other lipid components such as the HDL level and this is considered as a limitation in this study 

and would be worthwhile to investigate in the future on the impact of different drugs and their dosages 

and the period of medicine consumption. 
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Thus, leptin could be the final product of the obesity gene which is mainly produced by adipose 

tissue and involved in food intake and energy expenditure [13]. Leptin mediates its action through its 

interaction within a receptor which is mainly found in the hypothalamus [18]. Leptin levels are also 

known as the signal of body fat stores which could be affected by gender and are represented in higher 

amounts in females due to the different fat distribution. The overall BMI level in the T2DM females 

was higher in this study; (28.29 ± 5.66) compared to the males; (27.47 ± 4.38) and the BMI level was 

higher in the diabetic subjects compared to the controlled group (Table 1). The significant results in 

the genotype frequency in the study were similar to those found in other studies which associated body 

composition and obesity [25], insulin level and Glucose metabolism [26] and BMI [27]. However, 

there was no association between obesity [28], Waist circumference and BMI [29] among the 

Romanian obese subjects [30]. Meta-analysis studies [31,32] were failed to find out the positive and 

significant associations between obesity and the studied LEPR polymorphisms. 

Based on the Hap map project and the advance technologies/studies, it has been recommended to 

select genes based on clustered regions. Due to the demographic models that include a variety of 

bottleneck patterns for East Asians or Europeans, the models of constant size with recent growth 

would be more interesting to investigate [33,34]. Since the previous genetic studies have indicated that 

the demographic models show as much variance as the real data [35] followed by the recent obesity 

growth in Asian developing countries, the genes and molecules, which regulate obesity mechanisms 

would be more effective to focus on. 

3. Methodology 

Ethical approval has been obtained from the ethical committee of the Faculty of Medicine and 

Health Sciences, Universiti Putra Malaysia (UPM) [Ref. No. JSB_Mac (12)02] and followed by the 

National Heart Institute (IJN) Kuala Lumpur [Ref. No. IJNEC/05/10 (02)]. 

3.1. Study Population 

A case-control study was conducted to assess the patients’ medical records at hospitals and several 

public surveys. The cases were patients with T2DM seeking medical assistance at IJN from December 

2010 to June 2012. During the study period, more than 600 subjects were approached and 565 were 

selected who include 284 T2DM subjects. All the case subjects (≥30 years) were selected based on 

International Diabetes Federation (IDF) criteria which confirmed T2DM on their medical records. 

Those with diabetes type 1, cancer, or any kind of serious phenotypic genetic malformation or those 

who were suspicious to pregnancy were excluded. A total of 281 unrelated healthy individuals were 

randomly recruited from different surveys in public areas and were matched with the cases by age, 

gender and race. The controlled subjects were free of T2DM and CVD symptoms/history at the time of 

participation. A questionnaire in both Malay and English languages were distributed to assess the 

socio-demographic factors, family history of T2DM and co-morbidities. Written informed consent  

was obtained from all the subjects who were participating in this study. Besides, anthropomorphic 

measurements too were obtained from all the subjects. Blood pressure was measured on the right arm 

of the subjects using an automated blood pressure monitor (Omron, Kyoto, Japan) after they were 

seated and rested for 5 min. 
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3.2. Sampling Method 

The disposable cytobrush oral swab was used to collect the buccal specimens from the patients and kept 

in Phosphate Buffer Saline (PBS) at room temperature (25 °C) for further DNA extraction. The appropriate 

biochemical results were extracted through the profile records of the patients and were used for further 

evaluations and furthermore, proper biochemical tests were carried out for the controlled group since no 

records were obtained. The weight and height of each individual was recorded to calculate the BMI using 

the formula of Weight (kg)/[Height (m) × Height (m)] Next, plasma samples were analyzed on a Hitachi-912 

Autoanalyser (Hitachi, Erkrath, Germany) using the respective kits supplied by Roche Diagnostics 

(Mannheim, Germany) to determine the levels of triglycerides (TG), High Density Lipoprotein (HDL), 

Total Cholesterol (T-Chol) and Low Density Lipoprotein (LDL). The lipid profiles were classified under 

the category of The Third Report of the National Cholesterol Education Program guidelines [36]. Lastly, 

blood biochemical analyses were performed after collection of an overnight fasting blood (10 h) specimen. 

3.3. Genotyping 

The available commercial DNA extraction kit (Qiagen DNA extraction kit for buccal specimens) 

was used to extract the genomic DNA. The quality of the extracted DNA was evaluated with electrophoresis 

on 0.8% agarose gel and the quantity was evaluated with nanodrop device of A260 nmA/280 nm. The 

targeted products of the respected genes were optimized under different cycling conditions (Table 4). 

The PCR master mix was prepared in 1.5 mL micro centrifuge tubes. Each reaction mixture contained 

15.8 µL Distilled H2O, 8 µL of 2× PCR buffer (G-2000, Genet Bio, Anseo-dong Cheonan-si 

Chungcheongnam-do, Korea), that consist of prime TaqTM DNA polymerase 1 Unit/10 µL,  

20 mM Tris-HCl, 80 mM KCl, 4 mM MgCl2, enzyme stabilizer, sediment, loading dye, with ph 9.0 

and 0.5 mM of each dATP, dCTP, dGTP, dTTP, followed by 0.1 µL (10 pmol/µL) of each upstream 

and downstream primer (Forward and Reverse). From the freshly prepared master mix, 24 μL aliquots 

were added into 0.2 mL PCR tubes. Then, 1 μL of the DNA template (100 ng/µL) was added to each 

tube and this makes the final volume of 25 µL. Consumables and cycling conditions were optimized 

properly until the respective products were amplified without any unspecific bands and they were 

confirmed with the published articles. 

3.4. Enzymatic Digestion 

The amplified PCR products were mixed with 2 µL of 1× Ultra PowerTM loading dye (Norgen 

Biotek Corporation, Thorold, ON, Canada) and were separated using the standard method through the 

2% agarose gel electrophoresis. Agarose gels were visualized directly under the UV light and the 

images were captured at Alpha Imager (Alpha Innotech, San Leandro, CA, USA) to confirm the 

accuracy of the amplification and the previous procedures. After that, all the PCR products were 

digested with the respective restriction enzyme (MSP I) with proper incubation procedure as 

mentioned in Table 4 and loaded on 8% polyacrylamide agarose gel electrophoresis (PAGE). The 

staining was simultaneously done by mixing 1× Ultra PowerTM loading dye with digested  

PCR products (Figure 1). In addition, the UVIDoc Version 98 was utilized for scoring the gel 

electrophoresis banding pattern which was sorted in excel format prior to statistical analysis. 
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Table 4. The primers, enzymatic incubation and polymerase chain reaction (PCR) cycling specification of the Leptin receptor gene 

Gln223Arg loci. 

SNP ID 
Amino acid 

changing 
region 

Enzymatic digestion 
time temperature 

and volume 
Cutting position Forward and reverse primer 

PCR 
product 
size (bp) 

PCR cycling 
condition (time 

and temperature) 
Reference 

rs1137101 Gln223Arg 

Msp I 
45 min 
37 °C 
4 Unit 

5'...C^C G G...3'
3'...G G C^C...5' 

5'-CAAACTCAACGACACTCTCCTT-3' 
5'-CTGAACTGACATTAGAGGTGAC-3' 

80 

5 min 95 °C 
45 s 95 °C 
30 s 57 °C 
45 s 72 °C 
30 cycle 

10 min 72 °C 
4 °C ∞ 

[37] 
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3.5. DNA Sequencing 

The sequencing method was utilized in this study after detecting the polymorphisms through the 

PAGE. The selected polymorph samples were purified with Favorgene Purification Kit and  

sent for sequencing (Medigene Sdn Bhd, Puchong, Malaysia) to confirm the accuracy of the 

amplifications and scoring patterns. The sequencing results were subjected to BLAST 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and it had been verified with the published loci sequences for 

the respective polymorphism. The two softwares MEGA 5.2 (Molecular Evolutionary Genetics 

Analysis version 5; http://www.megasoftware.net) and FinchTV 1.4.0 (Geospiza, Inc.; Seattle, WA, 

USA; http://www.geospiza.com) were utilized for evaluation purposes (Figure 2). 

3.6. Data Validation 

As described by Zeggini et al., 2008 [38], nearly 10% of the samples who responded to the 

heterozygous genotypes were chosen and the samples were genotyped for the same assay for the 

second time. There was 100% accuracy with the previous sample amplification results which was done 

with the same assay. Moreover, duplicated samples were amplified and the results were scored with 

other operator. 

3.7. Statistical Methods 

Statistical analyses were performed using the SPSS (Version 17.0, SPSS Inc., Chicago, IL, USA). 

The variables were continuously examined for skewness and the normal values were evaluated by 

proper parametric tests. The normality test was conducted to monitor the variability distribution and 

those variables which were missed or the outliers were excluded from further evaluations. A  

chi-square test was used to compare the frequencies of the qualitative variables in both groups and to 

determine if the genotype frequencies were in Hardy Weinberg equilibrium (HWE). Furthermore, 

descriptive statistics were utilized to compare the allele and genotype frequencies between the both 

groups and their significance level was at (p < 0.05) by Fisher exact test. The general linear model 

(GLM), particularly univariate ANOVA (analysis of variance), was considered to determine the impact 

of genotypes with each biochemical variable or anthropomorphic value. The p-value was used to 

determine the association between the significance levels (p < 0.05) and due to the significant 

genotypes; post hoc tests were conducted too. Prior to advanced analyses, the raw data was evaluated 

by scatter plots and due to the inconsistent distribution; the regression analysis was omitted for this study. 

4. Conclusions 

The present study implies that Gln223Agr polymorphism of LEPR gene might be considered as an 

independent risk factor for the development of T2DM among Malaysians particularly in Chinese 

ethnics. The findings of this study will serve as a basic research platform for further research to know 

the mechanism or the functionality of the variant of the LEPR gene. Future studies are needed to 

determine the significance of LEPR gene polymorphism and their true effect on drug metabolism 

followed by the investigation of probable side effects. 
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