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Abstract 
India has the second highest number of diabetic 

patients in the world and the increasing trend of obesity 

poses a threat towards its working population and 

socioeconomic development. The inheritance pattern of 

type II diabetes mellitus (T2DM) is complex but recent 

advances in genetics have shed light on variations in 

novel genes as possible risk factors for development of 

T2DM. Our study aimed at studying the association of 

single nucleotide polymorphisms (SNP) in adipokine 

genes such as leptin, leptin receptor, resitin and fatty 

acid binding protein 2 (FABP2) which is involved in 

transport and metabolism of long chain fatty acids. The 

SNPs were genotyped using appropriate polymerase 

chain reaction (PCR) and restriction fragment length 

polymorphism (RFLP) conditions.  

 

The results were analyzed using Chi-square test and 

Odds Ratio (OR) to show the association with T2DM 

among healthy non-diabetic controls and obese and 

non-obese T2DM patient groups. Leptin gene SNP 

(rs7799039) was found to be associated with 

occurrence of T2DM among non-obese diabetic 

patients (OR 2.153 (1.13-4.105) p = 0.028). Other 

SNPs of leptin receptor (rs1137101), resistin 

(rs3745368), FABP2 (rs1799883) were found not to be 

associated with T2DM.    
 
Keywords: FABP2, Leptin, Leptin receptor, Resistin, Type 

II diabetes mellitus. 

  

Introduction 
Diabetes is estimated to affect 463 million people worldwide 

in 2019 28. India is the second most affected country globally 

with a case load of 77 million as of 2017 24. Additionally, 

increase in household income in urban and rural areas, 

sedentary lifestyle and higher consumption of fat-rich diet 

have contributed to an unprecedented increase in obesity and 

diabetes in India 31. Type II diabetes mellitus (T2DM) is the 

most common form of diabetes and is caused by reduced 

secretion of insulin by β cells of islets of Langerhans in the 

pancreas and increase in insulin resistance of peripheral 

tissues. Obesity is a major factor contributing to progression 

of impaired glucose tolerance to T2DM. The increase in 

adipose tissue leads to imbalance in glucose metabolism 

mostly by decreasing insulin sensitivity. Hence, the normal 

functioning or expression of genes in adipose tissue is 

critical in maintaining glucose homeostasis. Some of the 

genes expressed by adipocytes include adipokines such as 

leptin, adiponectin and resistin5.  

 

Leptin gene is located on chromosome 7q32 and is expressed 

by white adipocytes and regulates energy metabolism by 

decreasing the expression of insulin, increasing uptake of 

fatty acids by adipocytes and promoting β oxidation of fatty 

acids. It is often termed as the ‘satiety’ hormone since it 

signals energy abundance via its interaction with leptin 

receptors in the hypothalamus leading to lowering of food 

intake. One of the important single nucleotide 

polymorphisms (SNPs) of leptin gene is G to A susbtituion 

at -2548 nucleotide upstream of the start codon 

(rs7799039)5.  

 

The leptin receptor gene is located on chromosome 1q and 

functions by the activation of the Janus kinase pathway 

which regulates transcription of other genes signaling 

stoppage of energy intake. The receptor protein is a single 

transmembrane polypeptide which forms homodimers on 

the cell membrane. One mutation is at the leptin binding site 

where glutamine is substituted by arginine due to A to G 

transition at exon 6 (rs1137101)5,25.  

 

Another important adipokine is resistin which has 

antagonistic effects to insulin and influences adipocyte 

differentiation. Resistin gene is located on chromosome 19 

and its level in serum is elevated in obesity which may lead 

to insulin resistance and progression of impaired glucose 

tolerance to T2DM. +62 G->A mutation is located 62 bp 

downstream of the last codon for termination of exon 4 in its 

3’UTR (rs3745368)6,30.  The fatty acid binding protein 2 

(FABP2) gene is expressed mostly by epithelial intestinal 

cells and is located on chromosome 4q26.  

 

It is involved in the fatty acid absorption and intracellular 

transportation especially of long chain fatty acids. In obese 

individuals, higher levels of free fatty acids are found in the 

serum and intracellular absorption of higher levels of fatty 

acids may lead to insulin resistance. The SNP (rs1799883) is 

caused due to substitution of A by G at codon 1631,34.  
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Association studies of variants or SNPs with T2DM have not 

been consistent.2,7–9,12,13,16,17 Most of the Indian studies have 

been reported form the south and north India.4,9,33 These 

studies have reported association between leptin SNP 

(rs7799039) and T2DM while the other SNPs namely 

rs1137101, rs3745368 and rs1799883 were not associated 

with T2DM. Studies from rural south western Maharashtra 

population have been lacking. Hence, it is imperative to 

study the association of these candidate genes with T2DM 

since they are involved in obesity and insulin sensitivity in 

the stated population group.       

 

Material and Methods 
Sample Collection: Clinically diagnosed T2DM patients 

attending the out-patient and in-patient Department of 

Medicine at the Krishna Hospital and Medical Research 

Centre, Karad (KHMRC) were enrolled in the study. 120 

obese and 120 non-obese patients were enrolled separately 

into two groups for the study. 120 non-obese non-diabetic 

subjects were enrolled as control group from the same 

hospital. Classification of obese and non-obese subjects was 

done based on the body mass index (BMI). Subjects with 

BMI < 24.9 were termed as non-obese and BMI > 24.9 were 

termed as obese.   

 

Exclusion criteria: Subjects currently using lipid-lowering 

drugs and known cases of hypothyroidism, hyperthyroidism, 

tuberculosis, malignancy, pregnancy, Cushing’s syndrome 

were excluded from the study. After receiving informed 

consent, 3 ml whole blood was collected in EDTA-

containing vacutainer. The study protocol was approved by 

the Institutional Ethics committee and written consent from 

patients and control subjects was taken. 

 

Genomic DNA extraction: Following the provided 

manufacturer’s instructions, genomic DNA was extracted 

with blood DNA extraction kit (Make: Qiagen). The blood 

and DNA samples were stored at -80 °C until required. 

 

Polymerase Chain Reaction – Restriction Fragment 

Length Polymorphism (PCR-RFLP) analysis 

Leptin (SNP rs7799039): Genotyping of Leptin 

(rs7799039) was performed by PCR-RFLP method using 

appropriate PCR and RFLP conditions represented in table 

I. A 252 bp PCR product was digested with restriction 

enzyme HhaI and analyzed on 3 % agarose gel. The 

restriction digestion yielded undigested homozygous wild-

type allele (252 bp), homozygous variant-type allele 181 bp 

and 71 bp and the heterozygous allele 252 bp, 181 bp, 71 bp 

fragments5.  

 

Leptin receptor (SNP rs1137101): Genotyping of leptin 

receptor (rs1137101) was performed by PCR-RFLP method 

using appropriate PCR and RFLP conditions represented in 

table I. A 416 bp PCR product was digested with restriction 

enzyme MspI and analyzed on 3 % agarose gel. The 

homozygous wild-type allele was undigested (416), 

homozygous variant-type allele 229 bp, 187 bp fragments 

and the heterozygous allele 416 bp, 229 bp, 187 bp 

fragments5.   

 

Resistin (SNP rs): Genotyping of resistin (rs) was 

performed by PCR-RFLP method using appropriate PCR 

and RFLP conditions represented in table I. A 249 bp PCR 

product was digested with restriction enzyme BseRI and 

analyzed on 4 % agarose gel. The result of restriction 

digestion produced homozygous wild-type allele 249 bp, 

homozygous variant-type allele 238 bp and 11 bp and the 

heterozygous allele fragments of 249 bp, 238 bp and 11 bp30.  

 

Fatty acid binding protein 2 (SNP rs1799883): 
Genotyping of FABP2 (rs1799883) was performed by PCR-

RFLP method using appropriate PCR and RFLP conditions 

represented in table I. A 180 bp PCR product was digested 

with restriction enzyme HhaI and analyzed on 3 % agarose 

gel. The homozygous wild-type allele fragments were 99 bp 

and 81 bp, homozygous variant-type allele 180 bp and the 

heterozygous allele fragments of 180 bp, 99 bp and 81 bp34.  

 

Statistical analysis: The demographic features of the 

control and patient groups were examined by applying Chi-

square test using Instat software (Make Graphpad version 

3.06). Level of significance of p < 0.05 was considered 

statistically significant. The allelic distribution of genes was 

studied by performing analysis of variance (ANOVA) and 

binary logistic regression modeling [Odd’s ratio (OR) and 

adjusted Odd’s ratio] using SPSS Statistics software (Make 

IBM version 20).  

 

Results and Discussion 
The leptin gene is involved in energy regulation, fatty acid 

oxidation in adipocytes and regulation of insulin expression. 

The leptin receptor binds to leptin and down-regulates 

expression of genes involved in energy uptake via 

intracellular signaling pathway5. Resistin acts counter to 

insulin; while FABP2 is involved in intracellular transport of 

long chain fatty acids1,30. Generally, SNPs in the intron or 

untranslated region of genes may affect their expression 

while SNPs in the exon may affect the structure and 

functioning of their protein products.  

 

The leptin SNP (rs7799039) is located in the upstream 

regulatory region and may affect the expression of the gene 

and has been reported to be associated with obesity and 

T2DM. The leptin receptor SNP (rs1137101) leads to 

substitution of Glutamine by Arginine in its extracellular 

domain leading to weak binding with leptin and reduced 

function of the leptin receptor. Several studies have linked 

this SNP with extreme obesity, glucose and energy 

imbalance among laboratory animals and humans 5,25.  

 

The resistin SNP (rs3745368) located in the regulatory 3’ 

UTR region may affect its activity during adipocyte 

maturation or expression. The regulatory role of resistin over 

insulin secretion is crucial in glucose homeostasis and its 

dysfunction may lead to decrease in insulin secretion 6. The 
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FABP2 SNP (rs1799883) leads to a mis-sense substitution 

of alanine by threonine amoni acid residue at position 54 in 

the polypeptide. Several in-vitro and in-vivo studies have 

reported that the threonine variant of the FABP2 protein has 

higher affinity for binding long chain fatty acids and 

facilitates greater transport across the cell membrane leading 

to fat accumulation and affects activity and secretion of 

insulin 1.  

 

The demographic features of patient and control groups were 

compared using Chi-square test. As obesity leads to 

progression of T2DM, our observations were in accordance 

with expectations 31. Restricted physical movement or 

exercise resulting from sedentary life style and causal 

associations such as hypertension and other disorders were 

significantly more in T2DM patients. Other features such as 

family history of T2DM, alcohol and tobacco usage, 

education, economic standing were also different among 

patients and control group. 

 

The genotype frequencies of leptin, leptin receptor, resistin, 

FABP2 genes among control and non-obese diabetic group 

were illustrated in table II. The results of the Chi-square test 

show that genotypes of leptin receptor (rs1137101) (p = 

0.304), resistin (rs3745368) (p= 0.459) and FABP2 

(rs1799883) (p= 0.34) genes were similarly distributed 

between control group and non-obese T2DM patients. 

Hence, it may be concluded that these SNPs have no 

association with occurrence of T2DM among the non-obese 

diabetic patient group.  

 

Table I 

Details of PCR and RFLP conditions used for SNP analysis 
 

 
 

Table II 

Genotype frequencies of leptin, leptin receptor, resistin, FABP2 genes polymorphisms  

in non-obese diabetic and control groups 
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Table III 

Genotype frequencies of leptin, leptin receptor, resistin, FABP2 genes polymorphisms  

in obese diabetic and control groups 
 

 
 

However, the SNP for leptin (rs7799039) was differently 

distributed among control and non-obese diabetic patients 

(Chi-square = 5.872; p = 0.043). The heterozygous genotype 

for rs7799039 was found to be associated with T2DM in this 

group (Odds ratio 2.153 (1.13-4.105); p = 0.0285). The 

genotype frequency of leptin, leptin receptor, resistin, 

FABP2 genes among control and obese diabetic group was 

mentioned in table III.  

 

The Chi-square test results indicate that the genotype 

distribution of leptin (rs7799039) (p= 0.84), leptin receptor 

(rs1137101) (p= 0.837), resistin (rs3745368) (p= 0.459) and 

FABP2 (rs1799883) (p= 0.052) was not significantly 

different among control and obese diabetic patients. The 

observations indicated that these SNPs were not associated 

with occurrence of T2DM among obese diabetic patients. 

The association of SNPs and disease state depends on the 

interaction of several genes with each other and with 

environmental factors.  

 

SNP (rs7799039) of leptin is located near the upstream SP1 

transcription binding site and may contain inhibitory 

elements that down-regulate expression of leptin in 

adipocytes10. Several studies have reported association of 

this SNP with obesity and T2DM among Taiwanese, 

European, Brazilian and Finnish population13,14,19.  

 

More recently, rs7799039 was reported to be a risk factor for 

development of T2DM among Mongolian and Tunisian8. 

Other reports from Brazilian, Tunisian, Spainish populations 

failed to find any association between this SNP and 

T2DM.3,20,27 The leptin receptor SNP rs1137101 has been 

reported to affect its leptin binding affinity and was found to 

be associated with T2DM among Chinese and Malaysian9. 

On the contrary, other research groups have reported no such 

association with T2DM among Iranian, Korean, Chinese 

Han and Taiwanese populations.3,9,12,14,18–21,27  

 

The resistin SNP rs rs3745368 was reported to be associated 

with Taiwanese and Thai population 17,32. However, no such 

association was reported for Chinese Han, German and 

Mexican populations7,15,22. The FABP2 SNP (rs1799883) 

leads to insulin resistance and was found to be associated 

with T2DM in Afro-Carribean, Kazakh and Spanish 

populations 16,29. Some studies in Canadian and Chilean 

population failed to find any association2,11,26. Since T2DM 

is a polygenic disorder, interaction of SNP or genes with 

other variations and environment determines their 

phenotypic expression which can vary depending on 

physical attributes and ethnicity. A genetic polymorphism 

study of North Indian population with T2DM and leptin SNP 

(rs7799039) reported that the SNP was associated T2DM4.  

 

Another study in south Indian population of the leptin 

receptor SNP (rs1137101) did not find any association with 

T2DM 23. No association of FABP2 SNP (rs1799883) and 

T2DM was found in another South Indian study 33. In our 

study, we observed that only leptin SNP rs7799039 was 

associated with T2DM in non-obese diabetic patients 

whereas rs1137101, rs3745368 and rs1799883 were not 

found to be associated with T2DM. Our findings corroborate 

the above mentioned studies of Indian population and give 

information regarding western Indian population.  

 

Conclusion 
Our findings revealed that leptin SNP rs7799039 may be 

associated with development of T2DM among non-obese 

individuals. Other SNPs namely leptin receptor (rs1137101), 

resisistin (rs3745368) and FABP2 (rs1799883) did not show 

association with T2DM among the studied population.  
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