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Irisin: As a Therapeutic Target for Metabolic Disorders

Ikram Ullah Khan®®

Abstract

During physical activity, muscle expresses a panel of proteins named
as myokines which exert beneficial effects on the distant organs of the
body. Irisin is a relatively newly discovered myokine mainly secreted
by the skeletal muscles. This myokine is a cleavage fragment of a
transmembrane protein known as fibronectin domain-containing pro-
tein 5 (FNDCS). Irisin is known to have multi-spectrum functions in-
cluding browning of adipose tissue (BAT), enhancing insulin sensitiv-
ity, cognition, osteogenesis and metabolism. Due to these functions,
irisin has a wide range of therapeutic effects on obesity, diabetes mel-
litus, hypertension, cardiovascular diseases, chronic kidney diseases,
cancer and dementia. In current, our focus is emphasized upon the
therapeutic aspects of irisin and its possible role in the diagnoses of
various metabolic disorders.
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Introduction

Skeletal muscles are one of the important tissues in the body.
It can contract and secretes proteins which communicate with
other organs via humoral factors. Pedersen and Febbraio pro-
posed that skeletal muscles act as an endocrine organ which
produces, expresses and secretes multi-spectrum peptides
which exerts an endocrine effect on distant organs and tissues
[1]. Such factors have been named as myokine and suggest-
ed to play an important role in exercise-mediated metabolic
changes. In lean men and women, approximately 40% of body
weight is composed of skeletal muscle mass [2]. After identifi-
cation of skeletal muscle as an endocrine organ, Pederson and
his colleagues analyzed various secreted peptide and identified
their natures [2]. Among all these peptides is the brain-derived
neurotrophic factor, irisin; interleukins (ILs) including IL-6,
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-15, -8 and -17 play an important role in homeostasis and in-
sulin signaling [3].

Irisin is a novel peptide of 112 amino acids that boosts
metabolism by inducing browning in white adipose tissues
(WATs). The primary source of irisin is a skeletal muscle,
but some recent studies also show expression of irisin and
fibronectin domain-containing protein 5 (FNDC5) mRNA in
various human tissues. Besides skeletal muscles, it is also se-
creted by heart, pancreas, stomach, testis, epididymis, Leydig
cells, Kupffer cells, tongue, sinusoidal epithelial cells, rectum,
optic nerve, brain and in low levels in kidney, liver and lungs
[4, 5]. Irisin peptide and FNDC5 mRNA have also been ob-
served in the cardiomyocytes, adipose tissue, cerebrospinal
fluid and cerebellum in rodents and humans [6, 7]. Another
comprehensive study reported irisin in paraventricular neu-
rons of hypothalamus nearby neuropeptide Y neurons in ges-
tating females, revealing its role in reproduction and puberty
[8]. Furthermore, irisin is not only present in serum, but also
in saliva and breast milk of lactating women [9]. Other than
browning of WAT, various studies have found therapeutic role
of irisin, including bone metabolism [10], endothelial cell pro-
liferation [11], diabetes [12-14], obesity [15, 16], polycystic
ovarian syndrome [17], and as a metabolic marker in memory
cognition, thyroid dysfunction [18], blood pressure [19] and
renal dysfunction [20].

Exercise increases the level of peroxisome proliferator-
activated receptor (PPAR) gamma coactivator-la (PGC-1a).
It stimulates the synthesis of FNDC5. The FNDCS5 further
undergoes cleavage process and secretes irisin hormone into
circulation [5]. WATs have many unilocular lipid droplets, a
small number of mitochondria in their cells, and store energy
in the form of fats [21]. In contrast, brown adipose tissues
(BATs) have more mitochondria with uncoupling protein 1
(UCP1) and small multilocular lipid droplets which easily dis-
sipate energy by substrate oxidation [21]. The irisin produced
by muscles, converts white adipocytes into beige adipocytes
through activating extracellular signal-regulated kinases
(ERK) and p38 mitogen-activated protein kinase (MAPK)
signaling pathways [5, 22]. Due to the phenomenon of brown-
ing, irisin can be used as a new therapeutic biomarker of meta-
bolic disorders like obesity, diabetes and glucose intolerance
[23-25].

Discovery of irisin

Muscle-derived factor called irisin was discovered in 2012.
The name “irisin” was given after the Greek messenger god-
dess “Iris” [26]. Irisin is formed by a cleavage of FNDCS5. The
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Spiegelman and his colleagues have recently discovered the
exercise-induced expression of FNDCS5, a type I membrane
protein, in the skeletal muscle in a PGC-1a-dependent manner.
FNDCS is released into circulation after proteolytic cleavage
as a polypeptide of 115 amino acids termed as irisin, which
subsequently converts subcutaneous “beige” fat into “brown”
fat [26].

Structure of irisin

The FNDCS5 is a transmembrane glycoprotein. It was first dis-
covered in 2002 [27, 28], and is also called FRCP2 and Pep.
Its gene is present on chromosome no. 1 and represented as
1p35.1 (ensemble: ENSG00000160097), encoding a precursor
molecule containing 212 amino acids. The precursor molecule
contains a signal peptide, fibronectin domains and a hydropho-
bic domain [27].

The membrane FNDCS5 has a 32-kDa molecular weight,
which is larger compared to the cellular FNDCS [28, 29]. In
response to the activation of PGC-1a, the FNDCS5 proteolytic
cleaved into irisin by a protease, is yet to be discovered [26].
After cleavage, the irisin is formed which is an N-terminal por-
tion of FNDCS. It consists of 112 amino acids and has 12-kDa
molecular weight. The FNDCS receptor is essential for the dif-
ferentiation of myoblasts and neurons, and is highly expressed
in pericardium, heart, brain and skeletal muscles [30]. Howev-
er, the structure of irisin is not yet fully clear. The structure of
irisin has 15-20% homology to FNIII domains and has similar
folds. In Escherichia coli, irisin is expressed in mature form
and composed of 30 - 140 residues. Irisin possesses structural
homology with the third domain of tenascin and the tenth mod-
ule of fibronectin [16, 21, 31, 32].

Crystalline structure of irisin

The FNDCS5 diagrammatic structure is the irisin subunit struc-
ture, indicating the FNIII domain [33]. It suggests that the re-
gions of flexibility existed on the same side and that may be
considered as a possible candidate for interact tome interaction
region.

Immunocytochemical expression

Immunocytochemistry suggests the expression of irisin in var-
ious tissues of the body. At first, irisin expression was noted
in muscle tissues [26]. Apart from the skeletal muscles, it has
been reported in various other tissues, including central and
peripheral tissues. Centrally, irisin has been localized in the
Purkinje cells of the cerebellum [6], brain and spinal cord [4].
In peripheral tissues, it is reported in liver, kidney (Aydin et al,
2014a), salivary glands (Aydin et al, 2013a), cardiac muscles,
skin and testis [5]. Furthermore, the mRNA of FNDC5 has
been identified in muscle, rectum, pericardium, uvula, thyroid,
ovary, pituitary, seminal vesicles, oviduct, testis, urinary blad-
der and vagina [4].
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Irisin receptor

The receptor of irisin has not yet been identified, but research-
ers are trying to identify the nature of its receptor [26]. Bos-
trom et al [26] suggested the existence of a cell surface recep-
tor, whereas Schumacher et al [33] observed a dimer structure
of irisin, which may be essential for ligand-receptor binding.
Furthermore, Schumacher and his colleagues [33] suggested
the loop 106 - 108 of irisin as a possible region for interaction
with the unidentified receptor.

Circulating levels of irisin in human

Irisin has been reported from the plasma of rat [23], mice [26]
and human [4, 13, 16, 26] using enzyme-linked immunosorb-
ent assay (ELISA) [32]. Several studies reported circulating
level of irisin in human. However, under the condition of obe-
sity, the results were controversial. Some of the studies found
a negative association between irisin level and obesity [16].
Currently, no such association has been reported between these
two parameters in humans [34], except for the decreased in
irisin level after surgery and dietary-induced weight loss [14,
35].

Functions

Irisin is responsible for multi-spectrum functions, such as
metabolic activities and physiological actions carried out in
various body organs [36]. The circulating irisin positively as-
sociate with the circumference of bicep muscles, fat-free mass,
glucose, ghrelin and insulin-like growth factor I (IGF-I), but
negatively correlate with age, insulin and adiponectin [4, 13,
16].

Browning

According to Bostrom and his colleagues [26], irisin plays an
important role in reducing obesity by converting white adi-
pocytes into brown adipocytes. In the same experiment, they
observed enhanced oxygen consumption in differentiating
adipocytes after injecting FNDCS. The irisin down-regulated
the specific genes of WAT. Moreover, a moderate increase in
the plasma irisin causes an increase energy expenditure and
insulin resistance in obese mice [26, 36]. Finally, it was dem-
onstrated that exercise-induced irisin is involved in the brown-
ing of white fat and concluded that the rise in irisin is medi-
ated by augmented concentrations of PGC-1a in muscle, while
PPAR-a acts as the downstream target of this hormone [37].
Roca-Rivada and his coworkers [7] suggest that apart from
skeletal muscles, irisin is also synthesized and secreted by the
adipose tissues, called “adipokine” that acts as an endocrine
and autocrine factor. Moreover, they also showed that irisin
has a different pattern of secretion depending upon the location
of adipose tissue. Thus, visceral adipose tissue secretes lower
irisin than subcutaneous, reflecting one more time that visceral
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fat is more implicated in metabolic complications, while sub-
cutaneous fat has a possible beneficial role. They also showed
that acute exercise training induces FNDCS5 secretion in obese,
but this secretion was significantly reduced in fasting animals.
The increased secretion of irisin in obese animals suggested
a type of hormonal resistance. Furthermore, Bostrom and his
coworkers [26] observed that irisin acts as a down-regulator
of white adipocytes genes, so we can suggest that irisin can be
used as a therapeutic target for obesity on the molecular level.

Cognition

Besides the role of irisin in adipose tissue and muscle, FNDC5
and irisin expression is also speculated in some parts of the
brain. It suggests that FNDCS5 is required for adequate neu-
ral differentiation of mouse embryonic stem cells [6]. Mouse
embryonic stem cell knockdowns for FNDC5 have shown
reduced neuronal differentiation and disturbed post-neuronal
progenitor formation. Additionally, a novel neural pathway is
hypothesized, where irisin produced in the cerebellum through
several transitional pathways in spinal cord and medulla, regu-
lates thermogenesis [38]. However, this striking feature of iri-
sin still needs to be explored.

Finally, Moon and his colleagues [39] observed enhanced
hippocampal neuronal cell proliferation and differentiation in
a dose-dependent manner by increasing the pharmacological
concentrations of irisin. Although the underlying molecular
mechanism needs to be confirmed, it is considered to occur
through signal transducer and activator of transcription 3
(STAT3) and signal transducers rather than extracellular sig-
nal-regulated kinase (ERK) and adenosine monophosphate-
activated protein kinase (AMPK) signal transduction pathways
[5, 22].

Exercise selectively induces hippocampal Pgc-lo and
Fndc5 gene expression in mouse brain [40]. It suggests that iri-
sin is one of the possible candidate markers involved in regu-
lating the neurogenesis, and may be used as a therapeutic agent
for various neurodegenerative diseases, including Alzheimer’s
disease, Parkinson’s disease, etc.

Function in heart

The cardiac myoblasts contain more irisin than the skeletal
muscles, where it improves cardiac functions. Different stud-
ies revealed irisin as a strong modulator of cardio-myoblast
performance. It enhances mitochondrial thermogenesis and
calcium signaling, where the former is required for mechani-
cal work and the latter is responsible for electrical conductiv-
ity and contractions of cardiac muscle. Exercise-induced iri-
sin levels have a beneficial effect on the cardio-myoblasts by
increasing oxygen consumption and regulating intracellular
calcium concentrations. Cardio-myoblasts membrane contains
irisin receptors where through extracellular signal-regulated
kinases ERK and MAPK signal transduction, it contributes to
a variety of cellular responses like cell growth, proliferation,
differentiation and even apoptosis [41].
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Administration of irisin to human umbilical vein endothe-
lial cells enhances proliferation. This correlates with the heart
tissue development and remodeling, while the mechanism
needs to be determined [42]. Further studies are required to
understand the mechanistic role of irisin in contractility of car-
diac muscle and impulse propagation.

Function in thyroid gland

Irisin has a potent effect on metabolism and thermogenesis by
controlling the levels of thyroid hormones. Thyroid hormones
are also involved in energy production and thermoregulation.
Thyroxine and metabolically active triiodothyronine by in-
fluencing BAT, generate heat and regulate energy balance by
activating various metabolic processes [43, 44]. Although the
information is scarce in hypothyroid patients, the FNDCS5 gene
is said to be expressed in thyroid gland cells, which discloses a
connection between irisin levels and thyrometabolism. Stengel
and his colleagues [16] suggested correlation between thyroid-
stimulating hormone (TSH) and irisin hormone in obese and
anorectic patients.

On the other hand, Ates and his colleagues [45] document-
ed a positive correlation of irisin level with TSH and nega-
tively with free thyroxin (fT4), suggesting that irisin and fT4
are independent risk factors for hypothyroidism. In the case of
hyperthyroidism, due to reduction in hypothalamic secretion,
BAT thermogenesis is affected. Both conditions of hyper- and
hypothyroidism have a negative impact on muscle physiology
[46]. In conclusion, the irisin being as a metabolic marker, its
biosynthesis is affected in conditions of hypo- and hyperthy-
roidism. This area required further studies to decipher the role
of irisin in hypo- and hyperthyroidism conditions.

Role in osteoblast differentiation

There is a strong cross-link between the skeletal muscles and
bones. The factors secreted by skeletal muscles act on bone
via paracrine manners and affect the bone physiology. Notably,
the myokines secreted by the skeletal muscle are involved in
the healing process of bone. The hypothesis that muscle sup-
ports bone mass is proven by Karasik and Kiel [47] through
microgravity, and bed rest studies [48], as well as the results
of various studies indicate that osteoporosis and sarcopenia are
associated at the same time. Physical activity is involved in
the development of muscle, bone mass, and enhances weight-
bearing skeleton. The exercise increases the bone strength, and
this is supported in tennis players for having high bone strength
and mass in their playing arm in comparison to the non-playing
arm [49]. In contrast, the absence of physical activity deforms
the body shape and disuses the muscles, and body becomes
a target for various pathological conditions, leading to severe
bone loss [50]. It suggests that under the condition of physi-
cal activity, the myotubes and myoblasts secrete various fac-
tors, which enhances the differentiation of osteoblast. It can
also be suggested that the increase in differentiation might be
due to the presence of irisin receptors on the osteoblast. There-
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fore, we can say that skeletal muscle through physical activity
strengthens the bone, which is mediated via irisin. Based on
these findings, we can hypothesize that irisin may be a direct
regulator of bone metabolism and enhance the differentiation
of bone marrow stromal cells to mature osteoblasts. We can re-
late this hypothesis with the experiment in which one group of
mice was subjected to exercise for 3 weeks of free wheel run-
ning and other group remained in a non-exercised state. The
conditioned media (CM) were collected from myoblast of both
groups and it was observed that differentiation of osteoblast
was greater in exercising group. Also, there was an enhanced
expression of alkaline phosphatase and collagen I through
irisin-dependent mechanism [10]. Therefore, we suggest that
irisin might be a direct regulator of osteoblast differentiation.

Role in pregnancy and infants

The presence of irisin is also speculated in the cord blood,
where it may promote adequate proliferation and differentia-
tion of different stem cells [51]. Newborn infants have a higher
content of BAT required for thermogenesis and its percentage
declines after infancy. Appropriate gestational age (AGA)
infants have higher total body fat percentage as compared to
smaller gestational age (SGA) infants which is a consequence
of lower irisin level [52, 53]. A cross-sectional study conduct-
ed by Caglar and his colleagues [54] explained the relation
between cord blood irisin level and birth weight. Furthermore,
they reported a direct correlation of irisin level with gestational
age and fetal weight. A significantly decreased level of irisin is
responsible for restricted growth in infants. Similarly, a detect-
able irisin level is also present in the maternal circulation. Its
lower level correlates with the gestational diabetes mellitus,
preeclampsia and other complications of pregnancy [8].

Regulation of blood pressure

The activation of the paraventricular (PVN) neurons increased
the blood pressure after administration of recombinant irisin
through intra-cerebro-ventricular (ICV) injection. The central
administration is associated with an increase in cardiac con-
tractility, but the peripheral administration is associated with
the inhibition of cardiac contractibility [19]. The mechanism is
not completely clear yet; however, it is considered that it might
be due to the coordination between central nervous system and
cardiovascular system. From these studies, we can suggest that
central irisin may have functioned to increase the cardiac out-
put and blood pressure by regulating the hypothalamic PVN
neurons.

Irisin and Metabolic Disorders

Irisin and obesity

According to the World Health Organization (WHO), obesity is
one of the endemic diseases [55] and considered as a common
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nutritional disease in the various countries. Obesity is associ-
ated with other diseases, including diabetes [56], cardiovascu-
lar disease and a certain form of respiratory problems. Obesity
develops when more energy is stored in the body as compared
to the energy expenditure through metabolism, physical activi-
ties, body maintenance and thermogenesis. A person becomes
obese through the accumulation of WAT that is specialized to
store energy in the body in the form of lipids, known as tri-
glycerides. The BAT is involved in the metabolism of glucose
and fatty acids, yielding heat energy, thus contributing towards
thermogenic activity [26, 35]. Such thermogenic activity of
BAT is possible due to a specific uncoupling protein (UCP1)
in its mitochondria. The UCP1 disengages the mitochondrial
proton gradient from ATP synthesis and produces heat. In addi-
tion, the exercise-induced myokine, such as irisin, is involved
in the thermogenesis of WAT into BAT and mediates weight
loss [36]. Thus, due to the interacted property of weight loss,
irisin can be used as a therapeutic target for obesity.

Irisin and diabetes

In addition to the role of irisin in the browning of adipocytes,
many studies have investigated the therapeutic action of iri-
sin in diabetes [14]. The accumulation of adipose tissues in
the muscle hides the insulin receptors [57], which increases
insulin resistance. Irisin increases the browning [35], causing
a reduction of white fat. It can be possible to use irisin as a
therapeutic target for diabetes to reduce the insulin resistance.

Gestational diabetes mellitus (GDM)

GDM is a physiological condition of glucose intolerance in
pregnancy [58]. It has serious adverse effects, such as enhanc-
ing long-term risk of obesity, diabetes and increased risk of
maternal and fetal morbidity [59]. Insulin resistance is the
major cause of GDM, but the controlling mechanism is not
yet fully understood. According to our knowledge, this is the
first study in which the maternal serum irisin levels were sig-
nificantly lower in pregnant women with GDM compared to
control group [13]. Similarly, Kuzmicki and his colleagues
[60] found increased level of serum irisin in women during
pregnancy, but lower in women with GDM. The low level of
irisin under GDM notably seeks our attention that irisin being
as a metabolic marker may show an adaptive response to com-
pensate energy expenditure in GDM.

Irisin and polycystic ovarian syndrome (PCOS)

Low irisin levels have been detected in the amenorrhoeic ath-
letes compared to the eumenorrheic athletes and non-athletes
[16]. Other studies reported an association of irisin in the patho-
logical condition and suggested a positive association of irisin
in PCOS. The PCOS is a reproductive endocrinopathy, charac-
terized by menstrual dysfunction and insulin resistance (IR).
The irisin level is raised in patients with PCOS [17, 61, 62];
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