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Abstract

Irisin is a novel hormone like poly
and secrated by an unknown @

in skeletal muscle, he
it discovery in 201

iated sith improved glucose
1g insulin resistance. Irisin s a

targeted fssues of organs i human being
has revealed i3 physiological functions for promoting
health or executing the regulatben of variety of metabaol-
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seases. Numerous silies focus on the assecialion
o with meybolic diseases which has gained

Shlin resistanee and type 2 diabetes ly in-
naitization of the inawlin recepior in skeletal
heart by improving hepatie glucose and 16

transforming white adipose tssue 1o brown adi-
nse tisswe. This review is a thoughoful amempn to swimn-
marize the current knowledge of irisin and iis effective
role in mediating metabalic dysfunctions in insulin
resistance and type 2 diabetes mellins.

1. Introduction

[Mabetes and obesity-related diseases are a ma-
jor drain on healtheare pesources; it is repormed that
around 350 million people suffer from diabetes glob-
ally. being Type 2 diaberes mellivus [T20M) the maoe
prevalentl. Insulin resistance and/or type 2 diaberes
are characterized by a range of metabolic disnirbanc-
es, such as hyperdl guinsulinaemia, enhanced hepatic
gluconeogenesis, impaired glocose uptake, metabolic
inflexibilite and mitochondrial dysfuncrion |1-3]. lnsa-
lim B known wo act through a tysesine kinase peceplor,
which phosphorylates the insulin receptor substrates
(IR%-1 and 1BS-2), leading to successive PLIK and pro-
teinkinase B [FEE)/ Aktactivation [4, 5], The main post-
prandial actions of insulin inclwde e rranslecation of
GLUTA to the membrane of cardiac rissues, skeletal
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mscle and adipocytes, activation of glueokinase and in-
hibitbon of gluconeogenesis in hepatoeyies, and inlibition
of lipolysis in adipose lsue [6]. Due 1o the develapiment of
insulin resistance, which is mainly oceurred because of the
desensitizatkon of the insulin receptor and impaired phos-
phordation of its substrates, main postprandial actions of
insulin are wially or pamfally compromised in the type 2
diabetes. The skeletal musele s partbeularly important in
insulin resistance, as it uptakes most of the pastprandial
glueose B, 7).

Many current studies revealed thar ivisin improves insu-
lin resistance and wwvpe 2diabetes by increasing sensitiza-
tion of the insulin recepior in skeletal muscle and hearr,
improving hepartic glueose and lipid metabolisim and pan-
creatbe | cell functions, and ransforming white adipose
tissae to brown adipose tsswe [1-5].

Mumerous stedies focus on the association of irisin with
merabolic diseases has gained grear interest as a potential
new target o combat type 2 diabetes mellines (T20M) and
insulin resistance [4-8]. This review was an anempt to de-
lineate the imporance of irfsin and s role in mediatng
metabolic dysfunctions in insulin resistance and type 2
diabetes mellins.

2. Biochemistry of irisin

Irisin, a novel polypepiide hormone, @5 protealyt
processed from flbronectin ype. 11 domain contain
protein 5 (FMNDCS). which is bighly expressed in skelen
muscle and hear |6, 7). Recent studies

was also expressed in other tissues, such as adipose tis-
sue and lives, which indicates additional functions of this
hormome [§-9].

2.1.1. Chemistry of Irisin

lrizin i & hormone like polypeptide including 112 amino
aclds and is derived froim the carboxy terminus of a mem-
Rk rLOE A5

brane-spanning protein with 195 aming
fibronectin type I domain containing

siats of an extracellular region co
type 11 {Enlll) domain, whi
cytoplasmic region by the
and is proveolytically ¢
typee 11 dormains [ Ful

proliferator- activared receplor-y
g (PMGCLg ) [11]. Peroxisome

taultiple genes in response to nutcitbonal and
al sigmal in tssues, where it s overexpressed,
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like skeletal musele, brown adipose tissue, liver and hear
[11-13]. Prolonged exercise increases the expression of
FGOlg  mainly in heart and skeletal muscle and then
inproves different metabolic paramerers such as insulin
senaitivity and signaling and also drives AMPE activation,
ploaphordation of PGCLe |, and FNDES production, fol-
lowed by cleavage of ENDCS 1o generate irisin {Figure 2)
[11-13].

3. Mechanism of action

The most interesting things about irisin are s effects and
potentlal applications but there is siill some conteoversy

2 Mechanism

exiz and ssereiion of irsin

surrounding the exact mechanism of irisin activity, spe-
cifically with respect oo its expressbon and receptor Many
recent studies proposed that ivsin is molecules released
by skeleton and heart in response o exercise amd act as
messengers o taswes, including skeleton, heart, liver, far
and the brain |4, 6, 8, 9]. Many other very recent siudies
demonstrated that irisin exhibits therapeutic potential in
insulin resistance and tvpe? diaberes mellions by atimlat-
ing browning of white adipesse tssue, progaotng glucose
uptake in skeletal muscle and hear,

tion [2-5]. These and other man
of irisin can be aceomplishe

izsues or metabolic dis
pazes. " indic hie inhibition or bockage of %
signal pathway®ir diseases. PGE-La |, peroxisome
prodiferator-activated receptor gamma coactiva
tor- L-alpha; FMDCE, fibronedtin domain-contain
ing protein §; UCPI, uncoupling pratein 1; ROS,

readctive oxygen species %
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&. Potential role of Irisin in insulin resistance
and type 2 diabetes

Irisin can be secreted, activated and ransported 1o a far-
get an muliiple tssues or argans for executing its corre-
sponding physiological functions such as regulating white
adipose tissue browning, improving energy consumpiion
and glucose uilization, reducing insilin resistance, and
synergistically meating metabolic diseases or metalbo-
Lism-associated health fssues such as obesite and type 2
digbetes (Figure 4) [15- 17).

&.1 Irisin and skeletal muscle

Skeletal muscle accounts for majority of glecose up-
take in response (o insulin and it is an important siee of
insulin resistance. Hecent siudies demonsirated tha
pliyaical exercise induced the expression of peroxisome
proliferator-activator receptor coactivator (PG 1 and
its downstream membrane protein, fbronectin pe 1
domain-containing 5 (ENDCS), which is cleaved w form
irigin in skeletal muscle [18].

Together with the finding that FNDCS, the membrane
protein that is cleaved o form ivisin, is detected in skel-

+—— Circulating irisin —

J |

etal muscle, indicates that a major site of irisin function
may be skeletal musele. Few experimental studies ape
tempting o speculate that irisin has the capacity to regu-
late glucose homeostasis in skeletal muscle systems inan
autocrine manner [18, 19]. In additben, frsin activity was
shown in vive in very low concentration ranges, suggest-
ing the exstence of an irlsin recepror in skeletal muscle
and in many other body tisgwes. The eeyaral steuctuee of
the FNDMCE ectodomain was shown to corpgeaand 1o irisin
[19]. This implies thar the risin recept g irisin
meay work by binding o a recepior g i \
fied. The identiy, the existence
recepior have not been explo
Recent experimental stds
glucose uptake in the =
and PIE AMPE medd
Therefare, irisin h
via AMPR-relate
b stimlare
activation

le wia AMPEZ

tissue
ing of WAT
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4.2 Irisin and adipose tissue

The discovery of Irisin and s potential 1o induce the
browning of white adipocytes has gained much attention
ower the last 5 yvears, Adipose tissues play major roles in
the energy homeostazis and in the development of obe-
sl and metabolic syndrome, which may be a new tanget
againat obesity and metabolic disorders, such as insulin
resistance and type 2 diabetes [20, 21]. Generally, adi-
prvse tissae incledes two parts such as white adipose tis-
sue [WAT), which functions as the dominant sive for the
storage of lipid, and brown adipose tssue (BAT), which
functions as the thermogenesis throwgh uncoupled vespi-
ratbon [20]. Adipocytes from WAT are the characteristics of
unilocular lipid droplets, few mitochondria and relatively
low metabolic maee; on the other hand, adipocytes from
BAT are the characteristics of multlocular lipid deoplets,
plentiful mitochondria and relatively high metabolic race
[21].

Irisin induced browning of white adipeseytes, which can
bie accomplished through the overexpression of UCF] and
metabolic improvement, which can be regulated through
the activation of p3E mitogen activated protein kinase
(p3g MAPK) and exracellular regulated protein kinase
[14]. Irisin mainly acts on white adipose tisgwe and fune-
tns as the improved energy consumption, which can
reduce high-fat-diet induced insulin resistance |2
Current studies indicated thar, risin can also enh
lipolysis via cAMP-PEA-HSL perilipin patlway (Fig
6] |24]. Generally, the conversion of white ad.lrmn:'_',':es
birowin adipocyies leads o inerease in ene
and thermogenesis with subsequent i
sulin sensitivity, reductions in body
glicose tolerance in mice |24-26]

&.3 Irisin and liver

irksin on gluco-
Epatocyies with insu-

sensitvity, reduced fasting
K3 and Ak phosphorylation,
sphorylation, PEPCK and GEPase
e, Generally, it improves glucose ho-
e astasis Pucing gluconeogenesis via PI3E Akt
FOXO-medighd PEPCK and GEPase down-regulation
and ncreasing glycogenesis via PI3K Ak GSES- media-
ed G5 activation [Figure 7). 5o, irisin may be regarded as a
novel therapeutic strategy for insulin resistance and rype
2 diabetes.

4.4 Irisin and & cell of pancreas

Current studies showed thar irisin is insulin-regenerating

hormome, and can specifically accelerate the generation
of mouse beta ealls and ncrease the number of mouse
beta cells [31-33]. The regeneration of beta cells in human
body will purt forward a new avenue for the wreatment of
diaberes [32]. Based on these siudies, a new hypothesis
of signalling pathway, p3E-PGL-1g -irisin bera cell sig-
nal patlway, is proposed. In this signal pathway, under
the conditbon of muscle stmulation. the expression of
PGC-1H reveals an elwious increase, this cgreespaonding-
Iy stimulating the expression and cleg

creasing energy consumpiio
eration of insulin, as well a

proved that irisin has
i beta-cells and 5

NoFLL REGERMERATICRN

5
o IMRLILIMN RERISTAMEE

Figare & Irisin -betatraphin patbway an<d its possible implications
in insulin resistanoe

L4.5 Irisim and heart

The heart has rremendous energy requirements, both in
physiological and pathological siates, and a prominent
feature of cardiowascular disease is myocardial metabolic
dysregulation. Matably, pathological remodeling is asso-
clated with a switch from fany acid metabolisim, the pri-
mary energy souwrce for the healthy adulr human heart,
i glucese ulilizatien, which s the main energy source
im fecal life. Improving metabolic dysfunctions of cardiac
tissues & other very impostant for management of insulin
resistance and rype 2 diaberes [37].

Many studies suggested muliple functions of irisin. Serik-
ingly, cardiae mscle expresses a high level of FNDOCS and
after exercise produces more irisin than skeletal musele
|37]. The high level of irisin n cardiac muscle suggesis is
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prstential but only few human siudies explored s roles in
cardiac functbon and performance |38-40]. However, the
exact molecular mechanism by whicl irisin may have
bheneficial effect on cardiovascular system pemaing wn-
knowm.

Exercise training promotes efficient glucose and Farry acid
handling. as well as mitochondrial biogenesis of heart via
upregulation of the glucese sensor AMP activared kinase
[AMPE] and its downstream target, the peroxisome pro-
liferavor activated receptor gamima coactivator la (PGC-
L ) |41-43]. Whether irisin also contributes o the candi-
ac henefits of PGC-1g  will be of grear interest for future
studies.

5. Conclusion

Irisin can be wsed as an effective strategy in attenuating
metabolic derangements in inawlin resistance and type 2
diaberes by stimulating browning of white adipose tissue,
promaoting glucose uptake in skeletal muscle and hearr,
improving hepatic glucose and lipid metabolism, and
promoting pancreatie # cell funcrion. Sa, Irisin s a nov-
el and promising pepride hormone for insulin resistance
and type 2 diabetes.
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