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Introduction

It’s believed that obesity is a genetic disease and recent 
studies showed that 60% to 80% of obesity originates 
from hereditary factors [1]. The hereditary differences 
in secretion of effective hormones on obesity including 
leptin [2] and Proopiomelanocortin [3] may create suitable 
opportunities for the outbreak of obesity. Moreover, 
some genetic syndromes including Turner Syndrome 
and Prader-Willi syndrome are recognized as risk factors 
causing obesity [4]. The number and size of the adipocyte, 
distributing adipose tissues in the body and the rate of 
basic metabolism is determined by the genes [5]. Related 
studies with Genome (GWAS) and phenotype of obesity 
have successfully recognized 835 genes and 317 gene 
polymorphism related to obesity [6]. The role of some 
polymorphisms in the FTO [7], PRAR [8]adrenergic beta 
receiver [9]and perilipin [10] genes in the outbreak of 
obesity is reported. Among these genes, the FTO gene is 
regarded as the most important gene that influences obesity 
in different societies [11].
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The FTO Gene and Obesity
The fat mass and obesity-associated (FTO) gene 

was recognized for the first time in the animal model 
as the effective gene on programmed cellular death. 
The rats having mutation in this gene showed fused toes 
and larger thymus in comparison to other rats [12-14]. 
The FTO gene is located on chromosome 16 and plays 
a role as alpha-ketoglutarate-dependent dioxygenase in 
DNA demethylation [15]. Duplication of FTO leads to 
mental retardation, obesity and some other abnormalities 
[16]. The FTO gene is expressed in all human body 
tissues, although the highest level of this gene expression 
is reported in the hypothalamus [17]. The relationship 
between FTO and obesity during childhood and adulthood 
is confirmed through SNPs such as rs178117449, 
rs9939609, rs3751812, rs1421085, rs9930506, rs7202116. 
Still, there is no agreement on the mechanisms of 
the effects of FTO on body weight and body mass index 
(BMI). Studies showed that polymorphisms of FTO play 
key roles in adjusting food and energy consumption. People 
with AA and AT genotype of rs9939609 polymorphism 
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received 293 calories more than people with TT genotype 
[18]. In other studies, there was a positive relationship 
between the levels of FTO mRNA in adipose tissue and 
BMI [19-20]. Moreover, people with risk allele of FTO 
have less level of lipolysis in adipocytes that means the 
probable role of FTO in the metabolism of fats in the 
body [21]. The other study reported that suppression of 
the FTO gene in rats resulted in the reduction of body 
weight and the rate of white adipose tissue (WAT) to brown 
adipose tissue (BAT). So the reduction of the FTO gene 
expression may play a role in turning WAT to BAT [22]. 
The recent studies have been shown that it’s possible that 
the effects of diet on body weight and body composition 
are appeared by the complex relationships between the 
FTO gene and dietary intake [23-24].

The IRX3 Gene and its role in Obesity
The IRX3 gene is a member of the Iroquois homeobox 

gene family appear to play multiple roles during pattern 
formation of vertebrate embryos [25-26]. In a recent study, 
it showed that the effects of the FTO gene are applied 
through its influence on the IRX3 gene [27]. It is reported 
that the IRX3 gene is controlled by the sequence of intron 
1 in the FTO gene [27]. The effect of the IRX3 gene on 
body weight is shown in this study in which rats with 
knock-out IRX3 gene had lower body weight up to 25% 
to 30%. When rats were fed with the high-fat diet, the rats 
with knock-out IRX3 gene did not experience any change 
in their weight; while the weight of control group rats 
increased up to 63%. Moreover, in knock-out rats, the 
level of adipose tissue and size of adipocytes was reduced. 
The FTO gene expression did not change in knock-out 
IRX3 rats; thus, the thin phenotype of knock-out IRX3 
rats did not have any relationship with the FTO expression. 
Indirect calorimetry in knock-out rats showed that the level 
of energy consumption in these rats is higher than other 
rats. Moreover, these results recommend that browning 
the WAT and activation of brown adipose tissue may 
lead to increasing energy consumption in knock-out 
rats. Browning the adipose tissue is due to increased 
sympathetic tone that is controlled by the hypothalamus. 
Results of this study showed that SNP related to obesity in 
the FTO gene is linked with the IRX3 gene expression and 
also the IRX3 expression in the hypothalamus is related 
with energy consumption and body composition [27].

Ragvin et al. showed that non-coding regions of the 
FTO and CDKAL1 genes affect obesity through effects 
on HHEX, SOX4, and the IRX3 genes transcription 
factors. HHEX and SOX4 play a role in insulin secretion 
from the pancreas. On the other hand, the IRX3 gene 
suppression in pancreas leads to increasing in epsilon 
cells (ghrelin producers) and reduced alpha and beta 
cells (insulin and glucagon secretory cells). Therefore, 
pancreatic IRX3 gene expression has a direct role in 
obesity and diabetes 2 risks [28]. 

Ronkainen et al. evaluated the relationship between the 
FTO and IRX3 genes in mice. The IRX3 gene expression 
levels were compared in normal mice with those in mice 
with suppressed FTO gene for after 4 weeks of receiving 
standard or high-fat diet. The results of this study indicated 

that the IRX3 gene expression level in mice which 
suppressed FTO got increased after the high-fat diet, and 
it is demonstrated a complex correlation between FTO, 
IRX3, and fat metabolism [29]. 

The overall conclusion obtained from a review of studies 
on the relationship between the IRX3 gene expression and 
obesity have shown that there is a correlation between 
the FTO and IRX3 genes and obesity as the outcome. 
Furthermore, the FTO gene effects on obesity might be 
due to its impact on the IRX3 gene expression level. 
The studies performed on the relationship between 
the IRX3 gene expression and the FTO gene were limited. 
Moreover, most of them focused mainly on animals. 
The further human studies are needed to investigate this 
interaction and possible mechanisms of the effects of these 
genes on obesity.
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