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Abstract:
Irisin, a myokine discovered in 2012, has attracted extensive research due to its ability
to induce browning of adipocytes and improve metabolic function. The potential
therapeutic applications of this exercise-induced hormone are being explored. Irisin
exists in many different species of animals, and its sequence has a high degree of
cross-species conservation, which has the potential to be developed as a biological
drug. Existing studies have found that the level of irisin in patients with neurological
and metabolic diseases is significantly different from that in healthy people. Therefore,
irisin is considered to have therapeutic effects on the dysfunctions of the nervous
system and endocrine system, and the underlying molecular mechanisms have been
continuously explored. In this review, we discuss the sequence conservation of irisin
sequence among multiple species, combined with the discovery and research progress
of irisin in related diseases, and discuss the possibility of irisin as a therapeutic drug
for related diseases.
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1. Introduction
Irisin is a myokine composed of 112 amino acids that is secreted mainly in response

to exercise stimulation. In 2012, The researchers found that human peroxisome
proliferator-activated receptor-γ coactivator-1α, PGC-1α can promote the secretion of
fibronectin type III domain-containing protein 5 (FNDC5), a precursor of Irisin [1].
FNDC5, a member of the fibronectin family of extracellular matrix proteins, plays a
role in neuronal development, and its expression in brain tissue has specific functions
[2]. After proteolytic cleavage, FNDC5 produces the hormone Irisin [1].
Irisin exists in many animals and is highly conserved [3]. Previous studies have

shown that irisin secretion is up-regulated after exercise, especially in skeletal muscle
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tissue [4]. In addition, Irisin has been shown to regulate thermogenesis by inducing
browning of human white adipose tissue [5]. Therefore, iris is a promising therapeutic
agent for the treatment of diseases. Irisin can regulate a variety of physiological
systems, including metabolic system, nervous system and motor function, which may
be related to related factors such as Irisin’s precursor protein FNDC5 and PGC-1α [6].
This article will review the effects of Irisinon diseases and the current research

progress, and discuss the possible contribution of Irisin in the treatment of diseases
combined with the sequence changes of Irisin in different species.

2. Discussion on the Sequence of Irisin

2.1. Controversy about Irisin sequence
The muscle factor Irisin is hydrolyzed from its precursor, FNDC5. The composition

of human FNDC5 consists of a 31-amino acid signal peptide at the N terminal, a
fibronectin type III domain, a binding domain, a transmembrane domain and a C-
terminal hydrophobic domain. Notably, the signal peptide length of human FNDC5 is
different from that of the homologous gene of other species, which contains a 28
amino acid signal peptide [7].
The source of uncertainty is the high evolutionary conservation of FNDC5

precursors across species, and the human FNDC5 initiation codon mutates from ATG
to ATA [8]. Proteins that initiate translation on ATA codons are extremely rare in
humans [9,10]. Comparative analysis showed that ATG was the starting codon of
non-human anthropoid ancestors, while the shift to ATA occurred only in hominid
evolution, suggesting a selective advantage for reduced expression of FNDC5 [11].
Consistent with this premise, early irisin detection work only found low levels of
irisin in human tissues [12]. However, tandem mass spectrometry was able to
quantitatively analyze Irisin in human blood, showing that FNDC5 can indeed be
translated and processed into Irisin by proteolysis despite the ATA initiation codon
[13]. In addition, the existence of Irisin in human cerebrospinal fluid was confirmed
and quantified by tandem mass spectrometry, which further verified the expression of
FNDC5 in human body and the biosynthesis of Irisin [14]. Follow-up analysis of
cerebrospinal fluid Irisin levels of different ages and genders showed that healthy men
had slightly higher Irisin concentrations than women [15]. Together, these findings
provide strong evidence for the expression of Irisin in humans and establish
quantitative methods for future studies of this muscle factor.
Despite the apparent regulatory role of Irisin, its receptor remains unclear. It was

initially found that irisin induces glycolysis in adipocytes through glucose transporter
type 4 (GLUT4) and inhibits gluconeogenesis in hepatocytes, suggesting that
hepatocytes are candidate targets for Irisin [16,17]. Integrin β1 was identified as a
potential irisin receptor by cross-linking mass spectrometry. Subsequent experiments
showed that integrin αVβ5 inhibitors could block the irisin signaling pathway,
suggesting that αVβ5 is a high confidence Irisin receptor. Other studies have
suggested that αVβ5 may form irisin signal transducers in the complex with αVβ1 and
transmembrane protein CD81 [18,19]. Validation experiments using αVβ5 blocking
antibodies confirmed the weakened activity of Irisin, further supporting αVβ5 as the
main functional receptor of Irisin [20].
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2.2. Multi-species comparison of Irisin sequences
Irisin is highly sequentially conserved among different species. Studies have shown

that Irisin is widely distributed among multiple animal species and is also conserved
in terms of protein function [21]. Multiple sequence alignments showed that the entire
irisin sequence (positions 1-112) was highly conserved across species. In addition, a
high degree of sequence conservation was observed in the C-terminal region of the
FNDC5 precursor (positions 113-181), suggesting that in addition to Irisin, the
sequence encoding the FNDC5 protein also exhibits evolutionary conservation(Figure
1). Bioinformatic analysis showed that Irisin and its precursor protein FNDC5 showed
a large number of conserved sequences during evolution.
The conserved nature of proteins can reveal the regions in which proteins have

unique functions, and has great significance and implications in the biomedical
analysis of proteins. The conserved region of a protein is often a unique functional
group or domain, which may be a target region with binding ability and can be used as
a site for protein development and optimization, and is of great value in the
development of protein drugs [22,23]. Therefore, for Irisin with conservative
sequence, it may have the potential to be developed as a disease treatment drug.

Figure 1. (a) cross-species sequence alignment of irisin /FNDC5, residues 1-56; (b) cross-species
alignment of irisin /FNDC5, residues 57-112; (c) cross-species sequence alignment of irisin

/FNDC5, residues 113-181.

3. Diseases for Which Irisin May Have Therapeutic Effects

3.1. Metabolic diseases
Since its discovery, the major role of Irisin is thought to be to stimulate the

browning of human white adipose tissue (WAT), leading to the formation of brown
adipose tissue (BAT). In the human body, white adipose tissue is responsible for
energy storage, while brown adipose tissue consumes energy through thermogenesis
[24]. Indeed, the pathway by which Irisin stimulates fat browning has been elucidated
through p38 and ERK signaling pathways and has been suggested to have the
potential to treat metabolic diseases related to energy expenditure [25]. However,
irisin may not act on short-term energy expenditure, but is associated with energy
expenditure over a long period of time [26]. Meanwhile, studies have found that Irisin
levels can regulate high energy expenditure, which is a feasible therapeutic target for
the treatment of obesity [27]. In addition, Irisin has been shown to ameliorate obesity
symptoms by altering macrophage polarization in mouse models [28].
Type 2 diabetes mellitus (T2DM) is another disease for which Irisin may have

potential therapeutic effects. T2DM includes a spectrum of metabolic dysfunctions in
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which insulin resistance leads to dysregulation of glucose homeostasis. T2DM often
coexists with obesity, because fat hypertrophy in obese patients is the main cause of
insulin insensitivity [29]. Since its discovery, Irisin has been suggested to regulate
glucose metabolism. It has been confirmed that circulating Irisin levels are reduced in
patients with T2DM compared with healthy controls [30]. This phenomenon has also
been observed between normoglycemic individuals and patients with nonalcoholic
fatty liver disease [31,32]. In addition, comparisons between patients with T2DM and
those with normal glucose tolerance further suggest that Irisin plays a role in the
pathogenesis of diseases characterized by impaired glucose control [33]. As for the
relationship between irisin and glucose metabolism, some studies have found that
irisin and β-Arrestin-2 regulate glucose metabolism in T2DM patients by inhibiting
the p38 signaling pathway to reduce glucose uptake [34]. At present, Irisin has been
found to inhibit oxidative/nitrifying stress by inhibiting PKC-β/NADPH oxidase and
NF-κB/iNOS signaling cascade, thus causing therapeutic effects and thereby reducing
vascular endothelial dysfunction in T2DM patients [35].

3.2. Neurological diseases
Initially, Irisin was thought to be a muscle factor induced primarily by physical

exercise. However, with the deepening of research, Irisin is expressed in different
tissues of the whole body, including skeletal muscle cells, cardiomyocytes and nerve
cells [36]. Subsequent studies revealed the presence of Irisin in the cerebro-spinal
fluid (CSF) and demonstrated its ability to cross the blood brain barrier (BBB),
suggesting that Irisin may enter the central nervous system, It regulates Alzheimer's
disease (AD) and other nervous system diseases [37].
AD is a neurodegenerative disease with clinical manifestations of dementia and

memory impairment, and pathological manifestations are the accumulation of amyloid
plaques and neurofibrillary tangles in the brain. AD leads to metabolic dysregulation,
cardiovascular disease, and the risk of death [37]. Previous studies have suggested
that Irisin may play a regulatory role in the pathogenesis of AD. Therefore, various
studies have been carried out to investigate the mechanism behind this phenomenon
[38]. Studies have shown that Irisin can activate STAT3, a signaling cascade capable
of stimulating hippocampal neurogenesis and promoting cell proliferation, suggesting
that irisin may directly stimulate nerve cell growth [39,40]. Mouse knockout models
have shown that the precursor protein of Irisin, FNDC5, affects the maturation of
neurons and astrocytes, and the loss of FNDC5 leads to reduced differentiation of
neural progenitor cells [41]. Other groups have found evidence for a potential
feedback regulatory loop between FNDC5 and PGC-1α, with PGC-1α stimulating the
secretion of FNDC5 and brain-derived neurotrophic factor (BDNF), which is induced
by exercise. BDNF is essential for hippocampal neurogenesis and synaptic plasticity
[42]. Studies have shown that the symptoms of AD patients can be improved by
regulating BDNF [43]. FNDC5 may regulate hippocampal neurons by acting on
BDNF. Although the exact mechanism needs to be further elucidated, this represents
that the pathway of Irisin acting on BDNF may be a potential therapeutic pathway to
improve memory deficits in Alzheimer’s disease [44].

4. Mechanism of Action of Irisin

4.1. Molecular mechanisms of Irisin in metabolic system diseases
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Although many studies have revealed the beneficial biological functions of
myokine Irisin, the study of the related signaling pathways and the molecular
mechanisms underlying the regulation of Irisin metabolism is still an active area of
research.
Irisin plays a role in fat browning by stimulating p38 mitogen-activated protein

kinase (MAPK) and extracellular regulated protein kinases (ERK1/2). ERK, a key
mediator of cell signaling. Treatment with recombinant irisin resulted in robust
phosphorylation of p38 and ERK, as well as a significant upregulation of the
browning related gene UCP1 [25]. There is another mechanism by which Irisin
regulates glucose homeostasis: irisin significantly enhances cellular glucose uptake
both in vivo and in vitro by activating MAPK signaling [8,45]. This finding elucidates
the pathway by which Irisin improves systemic glucose regulation. In addition, irisin
can inhibit body fat accumulation by interacting with adipose triglyceride lipase
(ATGL) and fatty acid synthase (FAS) [46]. Irisin controls the metabolic rate by
controlling body fat size, which is also considered to be the main way that Irisin
affects the metabolic system and achieves therapeutic relevance for related metabolic
diseases.
These data suggest that irisin enhances insulin sensitivity and glucose tolerance

through MAPK-dependent regulation of glucose transport, as well as the manner in
which it improves body fat metabolism, which is the main way in which Irisin affects
metabolic diseases.

4.2. Molecular mechanisms of Irisin in nervous system diseases
Patients with neurological diseases are often accompanied by metabolic diseases

[47]. Although the mechanism is still unclear, many hypotheses have been proposed.
For example, polyunsaturated fatty acids, which are involved in the
neuroinflammation of AD, affect the function of the BBB, leading to the transport of
related lipids through the BBB and further affecting the cognitive ability of the brain
[48,49]. Metabolic diseases are related to neurological diseases [50].
On the other hand, experiments on the AMPK signaling pathway of irisin have

shown that Irisin can reduce cellular inflammation through the AMPK signaling
pathway, which is a possible mechanism by which irisin reduces nervous system
inflammation in AD diseases, and Irisin may achieve the therapeutic effect on nervous
system diseases in this way [49,50].
Combined with the finding of abnormal levels of Irisin in patients with nervous

system diseases and the function of Irisin in metabolic regulation, as well as the
mechanism of Irisin in the treatment of nervous system related diseases, Irisin may
have therapeutic potential in some nervous system diseases.

5. Conclusions
Studies on Irisin have proved that Irisin can be used as a way to treat diseases. Irisin

mainly plays a role in metabolic regulation in the human body. Significant differences
have been found in the level of Irisin in patients with metabolic diseases and that in
normal patients, and relevant pathways have also been found. However, how to apply
Irisin to clinical treatment is still a problem to be studied.
Irisin has been proved to be a highly conserved protein that exists across multiple

species, but how to combine the conserved nature of Irisin with the functional nature
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of Irisin and apply it to disease treatment remains to be studied. Based on the
conservation of Irisin sequence, the presence of Irisin in other species will have great
development value. At the same time, the sequence conservation of Irisin also
suggests that Irisin has the potential as a biological drug.
The ability of Irisin to have a therapeutic effect on related diseases has also been

extensively studied. For example, the level of Irisin in patients with T2DM or AD is
significantly abnormal from that in normal patients, and relevant mechanism studies
also suggest that Irisin plays a regulatory role in some functional abnormalities
through signaling pathways such as MAPK. This suggests that Irisin may have
potential as a drug for related diseases.
Irisin, as a newly discovered muscle factor hormone in the 21st century, has shown

great potential in disease treatment. The sequence conservation of Irisin proves that
Irisin has the development value in biomedicine. Studies on the levels of Irisin in
patients with related diseases also indicate that Irisin can be used as a target for related
diseases. Although the specific mechanism of Irisin remains to be further elucidated,
the huge role of Irisin in the clinical medical field deserves further research and
development.

Conflicts of Interest
The authors declare that there is no conflict of interest regarding the publication of

this article.

Funding
This research received no specific grant from any funding agency in the public,

commercial or not-for-profit sectors.

References
[1] Boström, P., et al., A PGC1-α-dependent myokine that drives brown-fat-like

development of white fat and thermogenesis. Nature, 2012. 481(7382), 463-8.
[2] Teufel, A., et al., Frcp1 and Frcp2, two novel fibronectin type III repeat

containing genes. Gene, 2002, 297(1-2), 79-83.
[3] Komolka, K., et al., Locus characterization and gene expression of bovine

FNDC5: is the myokine irisin relevant in cattle? PLoS One, 2014, 9(1), e88060.
[4] Huh, J.Y., et al., FNDC5 and irisin in humans: I. Predictors of circulating

concentrations in serum and plasma and II. mRNA expression and circulating
concentrations in response to weight loss and exercise. Metabolism, 2012. 61(12),
1725-38.

[5] Atherton, P.J.; B.E. Phillips, Greek goddess or Greek myth: the effects of exercise
on irisin/FNDC5 in humans. J Physiol, 2013. 591(21), 5267-8.

[6] Flori, L.; L. Testai.; V. Calderone. The “irisin system”: From biological roles to
pharmacological and nutraceutical perspectives. Life Sci, 2021, 267, 118954.

[7] Maak, S., et al., Progress and Challenges in the Biology of FNDC5 and Irisin.
Endocr Rev, 2021. 42(4), 436-456.

[8] Perakakis, N., et al., Physiology and role of irisin in glucose homeostasis. Nat Rev
Endocrinol, 2017. 13(6), 324-337.



Volume 8, Issue 1, 2024 ISSN: 2617-457X
DOI: https://doi.org/10.31058/j.hr.2024.81002

Submitted to Health Research, page 15-17 www.itspoa.com/journal/hr

[9] Yu, Q., et al., FNDC5/Irisin inhibits pathological cardiac hypertrophy. Clin Sci
(Lond), 2019, 133(5), 611-627.

[10]Ivanov, I.P., et al., Identification of evolutionarily conserved non-AUG-initiated
N-terminal extensions in human coding sequences. Nucleic Acids Res, 2011,
39(10), 4220-34.

[11]Bao, J.F., et al., Irisin, a fascinating field in our times. Trends Endocrinol Metab,
2022. 33(9): p. 601-613.

[12]Raschke, S., et al., Evidence against a beneficial effect of irisin in humans. PLoS
One, 2013, 8(9), e73680.

[13]Jedrychowski, M.P., et al., Detection and Quantitation of Circulating Human
Irisin by Tandem Mass Spectrometry. Cell Metab, 2015, 2(4), 734-740.

[14]Ruan, Q., et al., Detection and quantitation of irisin in human cerebrospinal fluid
by tandem mass spectrometry. Peptides, 2018. 103, 60-64.

[15]Ruan, Q., et al., The effects of both age and sex on irisin levels in paired plasma
and cerebrospinal fluid in healthy humans. Peptides, 2019, 113, 41-51.

[16]Huh, J.Y., et al., Exercise-induced irisin secretion is independent of age or fitness
level and increased irisin may directly modulate muscle metabolism through
AMPK activation. J Clin Endocrinol Metab, 2014. 99(11), E2154-61.

[17]Liu, T.Y., et al., Irisin inhibits hepatic gluconeogenesis and increases glycogen
synthesis via the PI3K/Akt pathway in type 2 diabetic mice and hepatocytes. Clin
Sci (Lond), 2015, 129(10), 839-50.

[18]Oguri, Y., et al., CD81 Controls Beige Fat Progenitor Cell Growth and Energy
Balance via FAK Signaling. Cell, 2020, 182(3), 563-577.e20.

[19]Kim, H., et al., Irisin Mediates Effects on Bone and Fat via αV Integrin Receptors.
Cell, 2018, 175(7), 1756-1768.e17.

[20]Estell, E.G., et al., Irisin directly stimulates osteoclastogenesis and bone
resorption in vitro and in vivo. Elife, 2020. 9.

[21]Kirat, D., et al., Irisin/FNDC5: A participant in camel metabolism. Saudi J Biol
Sci, 2021, 28(1), 693-706.

[22]Chène, P., Drugs targeting protein-protein interactions. ChemMedChem, 2006.
1(4), 400-11.

[23]Katsila, T.; A.P. Siskos.; C. Tamvakopoulos. Peptide and protein drugs: the study
of their metabolism and catabolism by mass spectrometry. Mass Spectrom Rev,
2012, 31(1), 110-33.

[24]Cinti, S. Adipocyte differentiation and transdifferentiation: plasticity of the
adipose organ. J Endocrinol Invest, 2002, 25(10), 823-35.

[25]Zhang, Y., et al., Irisin stimulates browning of white adipocytes through mitogen-
activated protein kinase p38 MAP kinase and ERK MAP kinase signaling.
Diabetes, 2014. 63(2), 514-25.

[26]Swick, A.G.; S. Orena.; A. O'Connor. Irisin levels correlate with energy
expenditure in a subgroup of humans with energy expenditure greater than
predicted by fat free mass. Metabolism, 2013, 62(8), 1070-3.



Volume 8, Issue 1, 2024 ISSN: 2617-457X
DOI: https://doi.org/10.31058/j.hr.2024.81002

Submitted to Health Research, page 16-17 www.itspoa.com/journal/hr

[27]Aydin, S., et al., A comprehensive immunohistochemical examination of the
distribution of the fat-burning protein irisin in biological tissues. Peptides, 2014,
61, 130-6.

[28]Xiong, X.Q. et al., FNDC5 attenuates adipose tissue inflammation and insulin
resistance via AMPK-mediated macrophage polarization in obesity. Metabolism,
2018, 83, 31-41.

[29]Tsatsoulis, A., et al., Insulin resistance: an adaptive mechanism becomes
maladaptive in the current environment - an evolutionary perspective. Metabolism,
2013. 62(5), 622-33.

[30]Liu, J.J., et al., Lower circulating irisin is associated with type 2 diabetes mellitus.
J Diabetes Complications, 2013, 27(4), 365-9.

[31]Li, D.J., et al., NAD(+)-boosting therapy alleviates nonalcoholic fatty liver
disease via stimulating a novel exerkine Fndc5/irisin. Theranostics, 2021, 11(9),
4381-4402.

[32]Zhang, H.J., et al., Irisin is inversely associated with intrahepatic triglyceride
contents in obese adults. J Hepatol, 2013, 59(3), 557-62.

[33]Choi, Y.K., et al., Serum irisin levels in new-onset type 2 diabetes. Diabetes Res
Clin Pract, 2013, 100(1), 96-101.

[34]Pang, Y., et al., β-arrestin-2 is involved in irisin induced glucose metabolism in
type 2 diabetes via p38 MAPK signaling. Exp Cell Res, 2017, 360(2), 199-204.

[35]Zhu, D., et al., Irisin improves endothelial function in type 2 diabetes through
reducing oxidative/nitrative stresses. J Mol Cell Cardiol, 2015, 87, 138-47.

[36]Dun, S.L., et al., Irisin-immunoreactivity in neural and non-neural cells of the
rodent. Neuroscience, 2013, 240, 155-62.

[37]Reitz, C., et al., Memory performance is related to amyloid and tau pathology in
the hippocampus. J Neurol Neurosurg Psychiatry, 2009, 80(7), 715-21.

[38]Kim, O.Y.; J. Song, The Role of Irisin in Alzheimer’s Disease. J Clin Med, 2018,
7(11).

[39]Moon, H.S.; F. Dincer.; C.S. Mantzoros. Pharmacological concentrations of irisin
increase cell proliferation without influencing markers of neurite outgrowth and
synaptogenesis in mouse H19-7 hippocampal cell lines. Metabolism, 2013, 62(8),
1131-6.

[40]Jung, K.H., et al., Granulocyte colony-stimulating factor stimulates neurogenesis
via vascular endothelial growth factor with STAT activation. Brain Res, 2006,
1073-1074, 190-201.

[41]Hashemi, M.S. et al. Fndc5 knockdown significantly decreased neural
differentiation rate of mouse embryonic stem cells. Neuroscience, 2013. 231,
296-304.

[42]Yan, Q.S.; M.J. Feng.; S.E. Yan. Different expression of brain-derived
neurotrophic factor in the nucleus accumbens of alcohol-preferring (P) and -
nonpreferring (NP) rats. Brain Res, 2005, 1035(2), 215-8.



Volume 8, Issue 1, 2024 ISSN: 2617-457X
DOI: https://doi.org/10.31058/j.hr.2024.81002

Submitted to Health Research, page 17-17 www.itspoa.com/journal/hr

[43]Longo, F.M., et al., Small molecule neurotrophin receptor ligands: novel
strategies for targeting Alzheimer's disease mechanisms. Curr Alzheimer Res,
2007, 4(5), 503-6.

[44]Wrann, C.D., et al., Exercise induces hippocampal BDNF through a PGC-
1α/FNDC5 pathway. Cell Metab, 2013, 18(5), 649-59.

[45]Yeung, Y.T., et al., Signaling Pathways in Inflammation and Anti-inflammatory
Therapies. Curr Pharm Des, 2018, 24(14), 1449-1484.

[46]Ma, E.B., et al., Irisin Exerts Inhibitory Effect on Adipogenesis Through
Regulation of Wnt Signaling. Front Physiol, 2019, 10, 1085.

[47]Castro, J.P., et al., Cardiometabolic syndrome: pathophysiology and treatment.
Curr Hypertens Rep, 2003, 5(5), 393-401.

[48]Ben-Zvi, A., et al., Mfsd2a is critical for the formation and function of the blood-
brain barrier. Nature, 2014. 509(7501), 507-11.

[49]Andreone, B.J., et al., Blood-Brain Barrier Permeability Is Regulated by Lipid
Transport-Dependent Suppression of Caveolae-Mediated Transcytosis. Neuron,
2017, 94(3), 581-594.e5.

[50]Chew, H.; V.A. Solomon.; A.N. Fonteh. Involvement of Lipids in Alzheimer’s
Disease Pathology and Potential Therapies. Front Physiol, 2020, 11, 598.

© 2024 by the author(s); licensee International Technology and
Science Publications (ITS), this work for open access publication is
under the Creative Commons Attribution International License (CC
BY 4.0). (http://creativecommons.org/licenses/by/4.0/)


