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Over the past 40 years, the prevalence of overweight and obesity has developmental alterations. Several lines of evidence can be found in

tripled. The latestWorld Health Organization (WHO) estimates suggest
that 1.9 billion adults (18 years or older) were overweight and 650
million were obese in 2016 (http://www.who.int/en/news-room/fact-
sheets/detail/obesity-and-overweight). Overweight and obesity are
associated with early death through increased risk of many chronic dis-
eases, including type 2 diabetes (T2D), cardiovascular disease and
cancer [1]. Obesity is therefore a major international public health
threat and economic burden. The scientific community believes that
identifying the genetic factors underlying the heritable risk of obesity
will contribute to our basic knowledge of the biology of energy balance,
and might even highlight molecules and pathways that can be targeted
for therapeutic intervention.

On this regard, GWAS studies for type 2 diabetes identified a strong
association between common single nucleotide polymorphisms (SNPs)
in the fatmass and obesity-associated (FTO) gene region and risk of T2D
[2–4]. Importantly, later analyses have shown that this association is
closely related to body mass index (BMI) rather than T2D [3]. In fact,
several studies have confirmed this observation in several human pop-
ulations [2,3,5]. Noncoding variation in SNPs within a 47-kb region of
high linkage disequilibrium in introns 1 and 2 of FTO is still the strongest
association with risk to polygenic obesity in humans [6]. Smemo et al.
2014, has previously demonstrated how the promoters of Iroquois
homebox gene3 (Irx3) directly interactwith FTO inmultiple species, in-
cluding humans [6]. In consonance with these results, authors demon-
strate that not only full body but also hypothalamic-specific genetic
deficiency in Irx3 expression leads to 30% weight loss, establishing
Irx3 as a novel determinant of body mass and composition.

Here, Araujo T.M. et al. [7] studies the role of Irx3 in the hypothala-
mus by means of a different approach. Authors demonstrate that viral-
mediated partial deletion of Irx3 in the hypothalamus results in the op-
posite phenotype of the total Irx3 deletion described by Smemo et al. [6]
These results suggest the existence of at least two possible scenarios:
i) Global or Ins2-Cre deletion of Irx3 performed by Smemo et al. [6]
results in embryonic developmental defects that are affecting the devel-
opment of the hypothalamus and therefore leading to profound alter-
ations in energy balance. A careful analysis of adult deletion of Irx3
compared to the one performed by Smemo et al. [6] through Tamoxifen
induced mouse models could be useful to rule out potential
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the literature showing that alterations in specific genes during develop-
ment have different behavioral outputs when compared to alterations
performed in adult mice [8]. ii) The extent of deletion or the cells
being affected by the deletion can lead to a differential regulation of
energy balance mediated by Irx3. Different subsets of neurons express-
ing Irx3 in the hypothalamus might have diverse physiological outputs,
as they are responsible for different functions through partially overlap-
ping circuits. Therefore, it is still conceivable that the results of Araujo
T.M. et al. [7] and Smemo et al. [6] can be interpreted differently when
a POMC conditional knockout for Irx3 is performed. This neuron-
specific ablation of Irx3 might be helpful to parse out the exact roles of
Irx3 in energy balance-related neurons. Importantly, authors report
that Irx3 is depleted in fasting, similar to POMC/CART, and opposite to
AgRP/NPY. Additionally, authors provide evidence that POMC neurons
are the main subset of neurons in the arcuate nucleus expressing Irx3.
Ideally, this selective deletion of Irx3 should beperformed using Tamox-
ifen induced Cre-LoxP mediated conditional knockouts in POMC neu-
rons in order to sort out the specific roles of Irx3 in relation to energy
balance only in adult mice.

It is also worth pointing out the effects observed by a short-term ex-
posure to HFD in hypothalamic neurons. Other publications have also
pointed out that quick changes occurwhen there is an overload of nutri-
ents for a short period of time [9]. These changes might lead to
permanent and long lasting effects regarding metabolism that would
be worth studying. Several of the genes and/or proteins that quickly
change (neuropeptides, regulatory factors such as Irx3, etc.) might be
key to fully understanding the alterations that ultimately lead to weight
gain and obesity. Finally, it is already known that Irx3 sits in a region
with strong association to polygenetic obesity in humans. Additionally,
recent results from Araujo T.M. et al. [7] regarding energy homeostasis
claims for a necessity to fully understand Irx3 function and mechanism,
specifically in energy balance regulating populations of neurons
(POMC). I therefore believe that future advances in understanding
Irx3 roles might lead to the development of novel therapies regarding
one of the most debilitating diseases in western societies by targeting
its expression and ultimately modulating energy balance.
Author disclosure

The author has no conflicts of interest to disclose.
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2018.12.005&domain=pdf
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/j.ebiom.2018.12.005
https://doi.org/10.1016/j.ebiom.2018.11.048
https://doi.org/10.1016/j.ebiom.2018.12.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/23523964
www.ebiomedicine.com


20 M. Schneeberger / EBioMedicine 39 (2019) 19–20
References

[1] Kopelman P. Health risks associated with overweight and obesity. Obes Rev 2007;8:
13–7.

[2] Scuteri A. Genome-wide association scan shows genetic variants in the FTO gene are
associated with obesity-related traits. PLoS Genet 2007;3:e115.

[3] Frayling TM. A common variant in the FTO gene is associated with body mass index
and predisposes to childhood and adult obesity. Science 2007;316:889–94.

[4] Scott LJ. A genome-wide association study of type 2 diabetes in Finns detects multiple
susceptibility variants. Science 2007;316:1341–5.

[5] Dina C. Variation in FTO contributes to childhood obesity and severe adult obesity.
Nat Genet 2007;39:724–6.
[6] Smemo S. Obesity-associated variants within FTO form long-range functional connec-
tions with IRX3. Nature 2014 Mar 20;507(7492):371–5.

[7] Araujo TM. The partial inhibition of hypothalamic IRX3 exacerbates obesity. EBioMed
2018 in print.

[8] Luquet S. NPY/AgRP neurons are essential for feeding in adult mice but can be ablated
in neonates. Science 2005 Oct 28;310(5748):683–5.

[9] Schneeberger M. Mitofusin 2 in POMC neurons connects ER stress with leptin resis-
tance and energy imbalance. Cell 2013 Sep 26;155(1):172–87. https://doi.org/10.
1016/j.cell.2013.09.003.

http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0005
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0005
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0010
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0010
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0015
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0015
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0020
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0020
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0025
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0025
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0030
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0030
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0035
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0035
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0040
http://refhub.elsevier.com/S2352-3964(18)30576-0/rf0040
https://doi.org/10.1016/j.cell.2013.09.003
https://doi.org/10.1016/j.cell.2013.09.003

	Irx3, a new leader on obesity genetics
	Author disclosure
	References


