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Abstract. - Physical activity improves the
quality of life and decreases the risk of sever-
al diseases (i.e. stroke, hypertension, myocardi-
al infarction, obesity, and malignancies). Skel-
etal muscles are considered as an endocrine
organ that produces myokines characterized by
a paracrine or endocrine activity. Irisin is a circu-
lating hormone-like myokine and is secreted as
a product of fibronectin type Ill domain-contain-
ing protein 5 from skeletal muscle in response
to exercise. This molecule regulates the energy
metabolism and acts in adipose tissue, bones,
and nervous system. As both animal and clinical
studies confirmed the action of irisin in muscle
and adipocytes, this protein is considered as ad-
ipomyokine. In adipose tissue, irisin stimulates
the process of browning of beige precursor fat
cells, which are present in white fat cells, and
promotes energy expenditure. It affects bone
metabolism by increasing osteoblast differen-
tiation and reducing osteoclast maturation. In
nervous system, irisin influences hippocampal
neurogenesis and neural differentiation of em-
bryonic stem cells in mice and is considered as
a messenger between exercise and brain func-
tion. However, the existence of this protein and
its role in humans is a matter of debate. This
study presents irisin as a new champion of the
molecule, which could be considered as the
messenger in the muscle-fat-bone-brain axis.
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Introduction

With aging, increased tendency toward sarco-
penic obesity is observed'. Sarcopenia is a medi-
cal condition, which is defined by decreased mu-
scle mass and impaired muscle function, which
may be associated with frailty. To maintain a pro-
per functioning of muscles, it is important to have
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an adequate physical activity, which is considered
to be as the best nonpharmacological treatment
for cardiovascular, metabolic, and bone disea-
ses**. During exercise, the endocrine activity of
muscles releases myokines, which are the crucial
molecules in the regulation of energy homeosta-
sis*. Bostrom et al*® found that physical activi-
ty induces transcriptional regulator peroxisome
proliferator-activated receptor-y co-activator la
(PGC-10) in the skeletal muscle. PGC-1a is re-
sponsible for the synthesis of fibronectin type 111
domain-containing protein 5 (FNDC5), which is a
membrane protein abundantly expressed in skele-
tal muscle. Structurally, FNDCS is a protein that
contains a signal peptide and fibronectin type III
repeats (Figure 1). The C-terminal tail of FNDC5
is in the cytoplasm, whereas the extracellular
N-terminal part is released into the circulation as
irisin during proteolytic cleavage*¢. The term “iri-
sin” was proposed by Bostrom et al* after Iris, the
courier goddess, to underline the function of iri-
sin as a messenger targeting the endocrine signal
from skeletal muscle to adipose tissue. In animal
models, increased muscle mRNA expression and
enhanced irisin plasma concentrations (65%) are
observed*’. In humans, irisin circulates at concen-
trations typical of hormones®. It induces the brow-
ning process of white adipose tissue (the appea-
rance of “bright” cells in white adipose depots)
and increases thermogenesis®'?. It influences
energy homeostasis, and it is one of the regulators
of adipocyte metabolism. However, its function
depends on the actual doses of irisin secreted
by cells or administered synthetically. Browning
of adipose tissue occurs when large amounts of
recombinant irisin are administered (3,500 ug
kg!/week); but at lower doses, it modulates the
skeletal genes expression (Opn and Sost gene)'.
Irisin also improves the geometry and strength of
cortical bone, specifically when trabecular bone
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Exercises '

FAT TISSUE

BROWN WHITE

-Increases energy - Stimulates the
expenditure by the change of adipocytes
activation of UCP1 in into BAT-like
mitochondria that phenotypes (process
triggers transport named browning)
proton chain in the - Suppresses WAT
mitochondrial genes (WAT stops

being an energy
reservoir and starts
to use fat as energy
source similar to

brown adipocytes)

membrane, which
leads to ATP increase
and heat production
-1 insulin sensitivity
-} body mass

Possible use in the treatment of
obesity and diabetes mellitus

NERVOUS SYSTEM

-Induces neural
proliferation and
adequate neural
differentiation

-Tcortical bone mineral
density

-Enhances
differentiation and
activity of bone-
forming cells

-1 osteopontin and
decreases sclerostin

Qynthesis

- Possible use
in the treatment
of
neurodegenerati
ve diseases (e.g.
Alzheimer,

Probable new
therapeutic approach of
irisin in osteoporosis
(mainly in elderly
patients, who suffer also
from sarcopenia)

Figure 1. Activation of irisin and its role onthe muscle—fat-bone—brain axis (FNDCS is proteolytically cleaved and contains an
amino (N)-terminal part and a hydrophobic domain inserted in the lipidic bilayer at carboxy (C)-terminal domain).

(which is a calcium reservoir) is spared'*'>. It is
also expressed in brain in low amounts'®!’, and
its concentration differs with age (inverse corre-
lation) and gender (higher amounts of irisin were
reported in young men compared with middle-a-
ged women)'8. This study summarizes the most
relevant research findings on the role of irisin in
muscles, adipose tissue, bones, and brain. As the
exact role of irisin in humans is still a matter of
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debate, we decided to present recent data regar-
ding this interesting molecule and describe its
activity in different body parts.

Irisin and Skeletal Muscles

Irisin is a hormone secreted by myocytes and
is proposed to be a bridge between exercise and
metabolic homeostasis*!>!¥, The level of irisin
positively correlates with the amount of muscle
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mass'®!?. In animals, plasma irisin levels are incre-
ased by 65% after 3 weeks of freewheel running,
whereas in healthy humans, irisin concentration is
doubled after 10 weeks of endurance exercises®.
An increased level of irisin is also reported in male
athletes, 30 minutes after sprinting, but this effect
disappears after 8 weeks of training's. However,
some data did not confirm FNDCS5 gene activation
by aerobic exercises in younger humans®’, and re-
gular exercises were inversely correlated with iri-
sin concentration in adult men?!. These discrepan-
cies have been explained by the fact that the level
of irisin increases only when more energy is nee-
ded, and such condition is observed in sedentary
lifestyle, in which ATP concentration is strongly
decreased in muscles without physical activity's.

Irisin and Adipose Tissue

Irisin is not only a myokine but also an adi-
pokine, which serves as a mediator for the bene-
ficial metabolic effects of exercises®. In adipose
tissue, irisin stimulates the browning of white
adipocytes and thermogenesis by the activation of
uncoupling protein 1 (UCP1)**. Brown adipose
tissue produces energy through thermogenesis,
improving energy homeostasis. Also, irisin inhi-
bits adipogenesis and highlights the potential role
of direct signaling from skeletal muscle in brown
adipocytes®. Not only irisin but also brown fat
has a positive influence on the metabolic proces-
ses and increases insulin sensitivity and total body
energy expenditure, which enables the reduction
of body mass*. Most of the studies describe the
positive correlation between irisin and adiposity
1824 however, some researches indicate the ne-
gative relation between irisin and the amount of
fat tissue®. In obese people, elevated irisin level
is positively associated with the resting energy
expenditure'®. Decreased concentration of irisin
is observed after bariatric surgery'® or in anorexia
nervosa®®, but exercise and lifestyle changes for 1
year, result in the increase of plasma irisin level
in obese children?’. In healthy women, a positive
tendency between the circulating irisin and BMI
is observed'®?*; however, this relation disappears
after adjusting for the potential confounding fac-
tors'8. Overexpression of irisin causes an increase
in glucose tolerance and improvement in insulin
sensitivity in high-fat-fed mice®. In patients with
type 2 diabetes mellitus, serum irisin was found
to be negatively associated with hyperglycemia®,
and the level of serum irisin in diabetic patien-
ts is lower than that in nondiabetic population®.
However, some researchers observed an elevated

level of irisin in obesity, diabetes mellitus, or me-
tabolic syndrome and suggested the physiological
response of this molecule to the improvement of
glucose tolerance and lipid profile in patients with
these diseases'®?!. Besides metabolic properties,
irisin has a pro-proliferation effect and stimulates
the proliferation of endothelial cells of humans®'.
Further studies are needed to elucidate the com-
plexity of irisin interactions with the metabolic
endpoints of these facts; however, the role of iri-
sin as a messenger between exercise and metabo-
lic homeostasis may be a reason for the possibility
to use it in the therapeutic processes in patients
with obesity or diabetes mellitus.

Irisin and Bone Mass

Physical exercise has a beneficial influence
on bone metabolism, because cortical bone is
highly sensitive to anabolic factors released by
muscle*>*. In many studies, positive associa-
tions between exercise and increased bone size
and bone mass are confirmed®?~¢. Higher muscle
mass is associated with a higher BMD and redu-
ced risk of fracture in postmenopausal women?’.
Animal and clinical researches have shown some
beneficial influence of myokines on bone turno-
ver mediated through myokines®. Irisin, released
upon physical activity, displays anabolic actions
on the skeleton's. Indeed, in athletes, irisin level
correlates positively with BMD and bone stren-
gth®, but because of decreased physical activi-
ty in former athletes, the irisin level leads to a
progressive loss of bone*. Bone tissue is more
sensitive to the irisin action than adipose tissue,
and the effect of irisin depends on the admini-
stered dose'’. Recombinant irisin (r-irisin), given
at low dose (100 pg kg'/week) in young mice,
increases cortical bone mineral density and po-
sitively modifies bone geometry, thus pro-oste-
oblastic genes are upregulated and the activity
of osteoblasts increases. Simultaneously, oste-
oblast inhibitors (e.g. Sppl and Sost gene) are
decreased"’. These genes are responsible for me-
chanostimulation'’, and one-month treatment of
r-irisin causes increased expression of Sppl/ on
cortical surfaces**’. Irisin enhances the level of
osteopontin (an osteocyte-specific protein and
a component of the bone extracellular matrix),
which is a regulator of biomineralization in bone
tissue, and decreases the bone formation*'. Mo-
reover, recombinant irisin injections downregu-
late sclerostin, a molecule, which decreases the
bone formation***. Similar data are reported in
humans, in which plasma irisin level is inversely
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correlated with sclerostin concentration indepen-
dently of age or sex*. In addition, circulating iri-
sin is inversely correlated with sclerostin, which
not only influences the bone metabolism but also
is related to the adiposity and glucose metaboli-
sm*. Sclerostin plays a role in the formation of
bone and fat cell*’. It increases with aging and is
higher in the elderly compared with younger pe-
ople. The negative association between irisin and
sclerostin * may be because of the influence of
irisin on the stimulation of the browning process
of'adipocytes*®. Besides dose-dependent activity,
irisin influences the bone metabolism directly'
or indirectly by brown fat-mediated effects. The
direct effects are related to increased osteobla-
stogenesis (increased differentiation of bone
marrow stromal cells into mature osteoblasts)!*
via the Wnt/beta-catenin pathway downstream of
the BMP receptor signal and decreased differen-
tiation of osteoclasts*’**. Studies in vivo showed
increased bone trabecular volume, cortical bone
mass, geometry, and strength exhibited by irisin
in mice'**". Irisin promotes osteogenesis during
lineage-specific differentiation*’. Similar results
are reported in humans, in whom irisin levels
in young athletes are predicted to increase bone
density and strength®®. Indirect effect of irisin
in bones is mediated through the stimulation of
adipocyte browning. As mentioned earlier, high
doses of recombinant irisin (3,500 pg kg'/week)
affect uncoupling protein 1 (UCP-1) expression
in white adipose tissue, whose upregulation cau-
ses browning of fat'>. Brown adipose tissue has
a beneficial influence on the skeleton* *** and
shows anabolic effect on bones*. On the con-
trary, low dose of irisin does not induce brow-
ning of white adipose tissue, and it increases
the molecular markers of browning (UCPI) or
adipogenesis (PPARy)*. Moreover, brown adi-
pocyte-synthesized factors may induce osteo-
blast differentiation in bone marrow, for exam-
ple, insulin-like growth factor binding protein 2
(IGFBP2)*. The association between brown fat
and bone strength was proved in women’!, as
well as in children and adolescents (increased
with cortical thickness)*. Moreover, in adult wo-
men, lower irisin levels were associated with a
higher risk of osteoporotic fractures®. Irisin can
be used as a atherapeutic molecule in obesity and
exercise-associated bone formation®*.

The risk of osteoporosis is related to age and
gender (the increase of osteoporosis is observed
after menopause), which is partially related to
hormonal changes. Estradiol level can influence
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serum sclerostin and irisin synthesis'®*, and in
postmenopausal overweight women with osteopo-
rosis, an inverse correlation between irisin levels
and vertebral fragility and fractures is observed®’.
Positive correlations between irisin and estradiol
level, muscle mass, and insulin sensitivity are re-
ported'®?. On the contrary, older age and increa-
sed fat mass, as well as insulin resistance and ele-
vated cholesterol, are negatively correlated with
irisin'®*?»*, Moreover, strong positive correlation
between irisin and 24-hour energy expenditure
was noted, but only in the group of women with
energy expenditure higher than predicted®®. Re-
cent studies have shown that sclerostin and irisin
are partly regulated by estrogen'®*. There is also
an inverse correlation between serum irisin levels
and vertebral fragility or fractures in postmeno-
pausal women®®. As irisin has beneficial effect
in sarcopenia and osteoporosis, new therapeutic
approach of this molecule should be considered,
particularly in older people, who often suffer from
both the diseases.

Irisin and Nervous System

Irisin is also suspected to be the molecular link
between muscle and brain. It is expressed in ce-
rebellar Purkinje cells of rats and mice® and is
necessary for the proper neural differentiation
of mice embryonic stem cells'”. It is suspected
that there is a neural pathway participating in
the signal transduction of irisin, produced in ce-
rebellum, to adipocytes through intermediary
synapses in the medulla and spinal cord®. Irisin
also influences hippocampal neurogenesis in a
dose-dependent manner (high concentrations of
irisin 50-100 nmol/L increases the proliferation
of neurons)'®. Because of the positive effect of
exercises on neurogenesis and the fact that hippo-
campus is considered as the main region affected
by neurodegenerative diseases (Alzheimer’s or
Parkinson’s disease), irisin is regarded as the mo-
lecular messenger between exercise and brain
function®-®. Data also suggest that some medica-
tions can affect the irisin concentration. Recent-
ly, statins have been reported to exhibit a crucial
influence on both lipid metabolism and irisin
concentration®, and simvastatin has been shown
to increase irisin concentration®. Beside this, the
expression of FNDCS5 can also be induced by nu-
tritional factors including polyunsaturated fatty
acids (PUFA). The supplementation of omega 3
fatty acids during 24 and 48h has significantly in-
duced irisin expression in human rhabdomyosar-
coma cells®.
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Conclusions

Irisin shows a strong relation between skele-
tal muscle, adipocytes, bone, and neurons, which
better explains the comprehensive regulation of
skeletal homeostasis exerted by physical exerci-
ses. This specific crosstalk between fat, bone, mu-
scle, and neurons shows the significant role of this
molecule in the metabolic processes of our body.
Utilizing the metabolic and the osteogenic poten-
tial of irisin might be a therapeutic choice in trea-
ting certain diseases caused by inactive lifestyle.
Irisin can play a potential role in pharmacological
treatment and can be the representative of a new
anabolic therapy in high-burden diseases such as
osteopenia/osteoporosis, obesity/sarcopenia, and
tumor-associated cachexia. These disorders often
occur concurrently and contribute to increased
morbidity/mortality and impaired quality of life.
Thus, the beneficial role of irisin in many meta-
bolic and osteogenic processes confirms that phy-
sical exercise is necessary for the development of
an efficient load-bearing skeleton, browning pro-
cess in white adipose tissue, and proper function
of neurons. Many studies underline the positive
role of irisin in metabolic processes; however, the
therapeutic potential of this molecule is tempora-
rily questioned. The animal studies have shown an
undeniable thermogenic effect of irisin; but in hu-
mans, this effect remains controversial. Additio-
nal studies with the larger sample size are needed
to systematically identify these interacting links
and their causal relations. Also, regular exercises
are crucial for everyday health and quality of life.
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