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Abstract

Obesity and type 2 diabetes are two complex disorders with strong genetic backgrounds, 
and both disorders cause other diseases and increase mortality. FTO is a protein-coding 
gene located on the long arm of chromosome 16 and linked to type 2 diabetes and obesity. 
The current study investigated the relationship between the RS16953002 polymorphism 
gene and type 2 diabetes and obesity in a population from Tehran. The study population 
included 150 people with type 2 diabetes and 150 healthy individuals. Genotyping was 
performed by RFLP-PCR. The results indicated the presence of the GG allele in 81% of 
diabetic patients but in only64% of non-diabetic participants, which shows a statistically 
significant difference in this regard. Thus, the current study has shown the role of FTO gene 
polymorphisms in the pathogenesis of people with type 2 diabetes and obesity.
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IntroductIon 
Obesity and type 2 diabetes are two complex 

disorders with strong genetic backgrounds, and both 
disorders cause other diseases and increased mortality 
(1).Genome-wide association studies have recently 
discovered a new gene linked to type 2 diabetes and 
obesity (2). Known as FTO and located on the long 
arm of chromosome 16, this gene was first detected in 
mice (1) and is associated with energy balance in the 
body. It is strongly expressed in the hypothalamus and 
the pituitary and adrenal glands, which are involved 
in controlling energy homeostasis in the brain 
(3),indicating that it is also involved in regulating 
body weight and can affect people’s susceptibility 
to diabetes through obesity, which is measured by 
an index called BMI (4). Obesity increases the risk 
of developing type 2 diabetes by up to 10 times. The 
function of this gene is still unknown, but it is predicted 
that its structure will encode a non-hemi oxygenation 
protein dependent on 2-oxoglutarate which has 
nucleic acid demethylation activity. Several genome-
wide association studies have shown that the gene’s 
polymorphisms are associated with BMI and the risk 
of overweight in children and adults in European and 
American populations (5). These results have been 
confirmed in studies with fewer patients in Germany 
and Belgium (6,7). A number of polymorphisms in 
this gene, which are within intron 1, have been linked 

to obesity. In India, the gene’s polymorphisms have 
been associated to type 2 diabetes more than the BMI 
index (8). Racial differences between populations, 
which are more genetic, are due to obesity and obesity-
related diseases such as type 2 diabetes (9). In Asian 
populations, contradictory results have been obtained 
from the association of polymorphisms of this gene 
with obesity and type 2 diabetes. In the current 
study, the relationship between the RS16953002 
polymorphism gene and type 2 diabetes and obesity in 
a population of Tehran was evaluated. 

Methods and MaterIals
The study population included 150 people with 

type 2 diabetes who were given 5 ml of peripheral 
blood during a monthly checkup with personal 
consent. The control group consisted of 150 healthy 
individuals who, similar to the first group, received 
5 ml of blood after giving consent. Data on the 
weight, height, gender, and body mass index of 
participants in both groups was also obtained to be 
compared with the corresponding polymorphism. 
DNA extraction was performed by the phenol 
chloroform method. The quantity and quality of the 
extracted DNA were evaluated by nanodrop and 
electrophoresis on agarose gel, respectively. To study 
the relevant polymorphism, the RFLP-PCR method 
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Abstract
Lung cancer is the deadliest cancer in Iran after gastric cancer. The vast majority (85%)
of cases of lung cancer are due to long-term tobacco smoking. About 10–15% of cases
occur in people who have never smoked. These cases are often caused by a
combination of genetic and environmental factors. Many human cancers are the result
of mutations in the RAS family, and lung cancer is no exception. In this study,
mutations in codon 12 and 13 of exon two were performed in 50 lung tumors from the
Iranian Institute of Oncology. The exon 2 of the gene was amplified by PCR and
sequenced for detection of the point mutation in codon 12 and 13. Of the 50 samples,
13 had mutations in codon 12 and 13, of which only two patients had single mutations
in codon 12. No significant relationship was not found between age (P = 0.43) and
gender (P = 0.37) and mutations in this gene. No significant relationship was found
between disease stage and mutation in this gene (P = 0.51). Identifying k-ras gene
mutations as an oncogene and having an effect on the treatment process can help the
physician to choose the appropriate treatment.
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INTRODUCTION

Lung cancer is the deadliest cancer in Iran after gastric
cancer (1). In the US, 27 percent of all deaths from lung
cancer are due to lung cancer. Studies have estimated
that 7 percent of people will get lung cancer during their
lifetime, and 6 percent of them will die (2). Most cancers
that start in the lung, known as primary lung cancers, are 
carcinomas. The two main types are small-cell lung
carcinoma (SCLC) and non-small-cell lung carcinoma
(NSCLC). The most common symptoms are coughing
(including coughing up blood), weight loss, shortness of
breath, and chest pains. The vast majority (85%) of
cases of lung cancer are due to long-term tobacco 
smoking. About 10–15% of cases occur in people who
have never smoked (3). These cases are often caused by 
a combination of genetic factors and exposure to radon
gas, asbestos, second-hand smoke, or other forms of air
pollution. Like all genetic diseases, cancer results from
changes in DNA (4). Tumor cell DNA has many 
variations from point mutations to extensive 
chromosomal abnormalities such as deletions and
translocations. Genetically, two types of genes are
involved in the development of cancers, including
oncogenes and tumor suppressor genes (5). With the
advances in molecular biology in recent decades, we 
have been able to identify the changes in the DNA
sequence of cancer cells and provide targeted therapies.
Epidermal growth factor receptor (EGFR) is a tyrosine

kinase receptor that belongs to the ErbB family and
plays an essential role in tumor progression (6). The use 
of tyrosine kinase inhibitors that block the ErbB
message delivery pathway is one of the relevant clinical
advances in the field of targeted cancer treatment.
Increased expression of epidermal growth factor
receptors and its ligand has been reported in many 
epithelial tumors (7). In recent years, it has been shown
that tyrosine kinase inhibitors that target ATP, an
epidermal growth factor receptor, may have antitumor
activity. Studies have shown that treatment with
epithelial growth receptor inhibitors should continue 
until the tumor size is not increased, even if no 
significant change in gene expression is observed (8). 
Many human cancers are the result of mutations in the 
RAS family, and lung cancer is no exception (9). One
member of this family is the k-ras proto-oncogene, 
which is located on the long arm of chromosome 12 and
encodes the 21-kDa protein. It is a member of the
GTPase family that binds to the cell membrane and
converts extracellular messages into intracellular
messages via membrane receptors such as EGFR, which 
induces proteins required for receptor activity such as
PI3K (10). The most common hotspot k-ras gene 
mutations are in exons 2, 3 and 4 of this gene (11). 
Mutations in this gene are associated with low patient
survival and increased lung cancer metastasis, and
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Table 1. primer sequencing and PCR product size

Primer Sequence Product Size
Forward-fto GAGTTTGTCGTTACTGTTGTCCT

420bp
Reverse-fto TCTGTCAGTTACCTCTTCTCTCT

Table 2. Genotype frequency in diabetic participants and non-diabetic participants

Genotype Diabetic Participants Non-diabetic Participants p-value
AA 5% 9% 0.122
GA 14% 27% 0.004
GG 81% 64% 0.001

results
It is expected that if there is AA genotype, the 

enzyme will cut the PCR product and generate two 
pieces with lengths of 300 and 120 nucleotides. If 
there is a GG genotype, no incisions will be made 
and only a 420 nucleotide piece, which is the same 
as the PCR product, will be seen on the gel. If there 
is a heterozygous genotype, there will be three 
bands (420, 120, and 300) on the gel. Evaluation of 
the demographic characteristics in the two groups 
showed that despite the lack of a significant difference 
between the two groups, the difference in BMI was 

significant (p = 0.001). The results also showed no 
significant relationship between gender and diabetes 
or between alcohol consumption and smoking 
and diabetes. The results of the study of different 
alleles indicated the presence of a GG allele in 81% 
of diabetic patients and in 64% of non-diabetic 
participants, which showed a statistically significant 
difference. Similarly, a significant difference was 
observed between the prevalence of GA alleles in 
diabetic (14%) and non-diabetic (27%) participants. 
AA alleles were observed in only 5% of diabetic and 
9% of non-diabetic participants (Table 2).

dIscussIon 
The FTO gene was first discovered in a GW study 

for type 2 diabetes in European populations (10). 
This gene is located on chromosome 6. Its exact 
function and how its polymorphisms affect the risk 
of type 2 diabetes are not clear; however, this gene 
may be involved in the epigenetic regulation of the 
progression of type 2 diabetes (11). Protein and mRNA 
levels of the FTO gene in muscle cells are much 
higher in people with type 2 diabetes than in non-
diabetic, non-obese or control individuals. Therefore, 
the overproduction of FTO in muscle myotobols 
reduces oxidative metabolism, fat metabolism, and 
oxidative stress in muscles, which in turn leads to 
complications, a common characteristic of people 
with type 2 diabetes (13). Several recent large-scale 
genomic studies have shown an association between 
FTO gene polymorphisms and diabetes and obesity 
in various Asian and Caucasian populations (14). In 
the current study, the dependence of polymorphism 
rs16953002 on the FTO gene with obesity and type 
2 diabetes in a Tehran population was investigated. 
Other studies of the genes in other polymorphisms in 
different populations have achieved conflicting results 
regarding the association of these polymorphisms 
with type 2 diabetes and obesity. Scuteri et al. studied 
G/A rs9940128 FTO gene polymorphism and reported 

a significant association between it and type 2 diabetes 
(15). The GG genotype of this polymorphism had a 
higher risk of developing type 2 diabetes, which 
is similar to the findings of studies in Chinese 
populations (16). Polymorphism A/T rs9939609 in the 
intron 1 FTO gene was shown to have a very strong 
association with type 2 diabetes, but this relationship 
was independent of the BMI index (17). Further 
studies on the relationship between the polymorphism 
rs9939609 FTO gene and type 2 diabetes have shown 
that this relationship changes under the influence of 
diet. In the current study, the association between 
RS16953002 gene polymorphism and type 2 
diabetes and obesity was evaluated in a case-control 
study. The results confirmed that the homozygous 
genotype GG and heterozygous GA are associated 
with type 2 diabetes. Homozygous genotypes GG 
and heterozygous GA are also associated with 
obesity. Thus, this study showed the role of FTO gene 
polymorphisms in the pathogenesis of people with 
type 2 diabetes and obesity.
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