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Abstract
Irisin is a newly discovered secretory myokine derived from a polypeptide frag-
ment generated through the hydrolysis of fibronectin type III domain-containing
protein 5. Current evidence has demonstrated that irisin and its precursor gene
play important roles in the pathogenesis of glucose and lipid metabolic diseases
and exercise therapy, and may be associated with skeletal muscle fiber type
transformation. This paper summarizes the latest research advances in the
molecular structural characteristics, expression regulation, and biological func-
tions of irisin and its precursor gene, integrates these with the mechanisms of
skeletal muscle fiber type transformation, and explores the potential molecular
associations between the irisin-precursor gene pathway and skeletal muscle fiber
type transformation, aiming to provide novel insights for the improvement of
meat quality in livestock and poultry.
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Abstract: Irisin is a recently discovered secreted myokine derived from a pro-
teolytic peptide fragment of fibronectin type III domain-containing protein 5
(FNDC5). Current evidence demonstrates that irisin and its precursor gene
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play important roles in glucose and lipid metabolism, disease pathogenesis, and
exercise therapy, potentially linking to skeletal muscle fiber type transformation.
This review summarizes the latest research advances on the molecular structural
characteristics, expression regulation, and biological functions of irisin and its
precursor gene, and explores their potential molecular associations with skeletal
muscle fiber type conversion mechanisms, aiming to provide novel insights for
livestock meat quality improvement.

Keywords: irisin; precursor gene; peroxisome proliferator-activated receptor 𝛾
coactivator; meat quality traits

Skeletal muscle fiber type composition is a crucial factor influencing meat quality
traits in livestock and poultry. Given the complex characteristics of muscle fiber
types and the difficulty of measuring them in vivo, identifying effective genetic
markers and nutritional regulation targets at the molecular level has become a
research priority in this field. Various signaling pathways and factors—includ-
ing thyroid hormones, insulin-like growth factors, calcium signaling pathways,
Wnt signaling pathways, AMP-activated protein kinase (AMPK), peroxisome
proliferator-activated receptors (PPARs), and peroxisome proliferator-activated
receptor 𝛾 coactivator 1𝛼 (PGC-1𝛼)—have been implicated in skeletal muscle
fiber type transformation. However, most of these pathways and factors are
widely distributed across multiple tissues and have broad functions, lacking
specific association with skeletal muscle fiber type conversion. The recently dis-
covered secreted myokine irisin participates in exercise therapy for metabolic
diseases such as obesity and insulin resistance. Its expression is both PGC-1𝛼-
dependent and exercise-inducible, and serum irisin levels positively correlate
with its physiological functions, offering new perspectives for research on ge-
netic markers and nutritional regulation of skeletal muscle fiber types. This
review synthesizes current findings on the irisin-FNDC5 pathway and its poten-
tial molecular links with skeletal muscle fiber type conversion.

1.1 Molecular Structural Characteristics

Irisin is a secreted glycoprotein discovered by Boström et al. in skeletal mus-
cle, composed of 112 amino acids with a molecular weight of approximately
12 kDa. Irisin is derived from its precursor protein FNDC5, also known as fi-
bronectin type III repeat-containing protein 2 or peroxisomal protein. As shown
in Figure 1, the FNDC5 protein consists of three domains: a signal peptide (29
amino acids), a type III fibronectin domain (112 amino acids), and a C-terminal
transmembrane domain (65 amino acids), with a total molecular weight of ap-
proximately 32 kDa. Following proteolytic cleavage, a secreted FNDC5 peptide
fragment—irisin—is released into the circulatory system. This cleavage process
shows remarkable similarity to the processing of epidermal growth factor (EGF)
and transforming growth factor (TGF). Teufel et al. found that the FNDC5
gene is located on chromosome 4, spans approximately 5.1 kb, and contains six
exons: the first exon contains the transcription initiation region; exons 1 and 2
jointly encode the signal peptide; exons 2 and 3 encode the type III fibronectin
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domain; and exons 4 and 5 encode the transmembrane domain. FNDC5 protein
and irisin exhibit high conservation across species—for instance, showing 100%
similarity between humans and rodents, which is higher than the conservation
observed for insulin (85%), glucagon (90%), and leptin (83%). This high degree
of conservation provides a valuable reference basis for applying irisin-FNDC5
research to livestock meat quality regulation.

1.2 Expression and Regulation

FNDC5 gene expression and irisin secretion were first detected in human, rab-
bit, and mouse skeletal muscle and serum. Using quantitative PCR, Huh et
al. found that FNDC5 mRNA is predominantly expressed in muscle-rich organs
such as skeletal muscle, heart, tongue, and rectum, as well as in optic nerve
and brain tissue, with lower expression in kidney, liver, and lung. Irisin has
also been detected in human dermal and subcutaneous tissues. The degree of
muscle tissue development directly affects blood irisin levels. Some studies have
reported abundant expression of FNDC5 mRNA and irisin in adipose tissue
of rodents and humans, leading to its characterization as an adipokine. Irisin
has additionally been identified in human cerebrospinal fluid, breast milk, and
saliva, expanding the scope for related research.

Irisin-FNDC5 gene expression is notably exercise-inducible and PGC-1𝛼-
dependent. Boström et al. demonstrated that specific knockout of the PGC-1𝛼
gene in mouse skeletal muscle reduced serum irisin content by 72%, while
three weeks of voluntary wheel running increased it by 65%. As Hofmann et
al. reported, both exercise type and individual differences significantly affect
irisin-FNDC5 expression. In healthy individuals, FNDC5 gene expression is
increased by endurance training only in elderly subjects, showing no response
in young people or those undergoing intense or high-resistance training. In
patients with cardiac contractile failure, FNDC5 mRNA expression can be
induced by aerobic exercise. A one-year lifestyle intervention in obese children
increased blood irisin levels by 12%. Aerobic exercise elevated serum irisin
levels two-fold in non-obese diabetic men, with even greater increases observed
in obese individuals, and similar elevations were confirmed in young mice.
However, conflicting results exist: Lee et al. and Kurdiova et al. found that
simulated exercise treatment in primary human skeletal muscle cells increased
PGC-1𝛼 mRNA levels two-fold while decreasing FNDC5 mRNA by 18% and
irisin concentration in culture medium by 20%. Other studies reported no
change in serum irisin levels after 26 weeks of thrice-weekly exercise training.
Hee et al. noted that serum irisin levels showed no significant correlation with
dietary structure but were primarily influenced by exercise type. Exercise-
induced irisin secretion in mammals likely evolved from shivering muscle
contractions, similar to thermogenesis in brown adipose tissue, though the
underlying regulatory mechanisms remain to be elucidated.
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1.3 Biological Functions

The irisin-FNDC5 pathway participates in thermogenesis, fat conversion, and
obesity development. Boström et al. administered full-length FNDC5 aden-
ovirus to normal-diet and high-fat-induced obese mice, finding that in normal-
diet mice, subcutaneous adipose tissue FNDC5 mRNA levels increased 15-fold,
whole-blood irisin levels rose 3–4-fold, and uncoupling protein 1 (UCP1) mRNA
levels increased 13-fold after 10 days, accompanied by significantly elevated cell
death-inducing DFF45-like effector (Cidea) expression. Obese mice exhibited
similar browning patterns in subcutaneous adipose tissue, with Cidea expression
increasing three-fold, along with enhanced oxygen consumption, weight loss, im-
proved glucose tolerance, and reduced fasting insulin levels. Cidea is primarily
expressed in brown adipose tissue of adult mice and regulates lipid metabolism
and obesity development. Boström et al. also found that 20 nmol/L FNDC5
protein increased UCP1 mRNA expression by 7–1,500-fold, leading to impaired
ATP synthesis, increased heat production, and greater consumption of energy
reserves (fat).

Serum irisin levels correlate with metabolic diseases such as obesity and diabetes.
In obese patients, serum irisin levels positively correlate with body mass index
and blood glucose, while negatively correlating with age, insulin, and cholesterol
levels. Patients with type 2 diabetes exhibit lower serum irisin levels, which nega-
tively correlate with disease incidence. Non-alcoholic fatty liver disease patients
show relatively low serum irisin levels that gradually decrease with elevated in-
trahepatic triglyceride levels and negatively correlate with serum alanine amino-
transferase and aspartate aminotransferase activities. Compared with normal
pigs, hypercholesterolemic family pigs show significantly elevated irisin levels de-
spite no difference in FNDC5 mRNA expression in muscle and adipose tissues.
In intrauterine growth-restricted fetuses, umbilical cord blood irisin expression
is reduced compared with normal fetuses, while large-for-gestational-age fetuses
show no significant change; serum irisin levels positively correlate with birth
weight and with insulin levels in normal and large-for-gestational-age groups.
This may relate to metabolic disease risk later in life. Reduced irisin levels
lead to less shivering thermogenesis in newborns and compensatory fat depo-
sition, increasing metabolic disease risk, whereas elevated irisin levels enhance
shivering thermogenesis, reduce fat deposition, and decrease metabolic disease
susceptibility.

Irisin is also associated with oxidative stress, thyroid dysfunction, muscle
injury, cardiovascular disease, and cancer. Exogenous irisin supplementa-
tion can reduce disease-related damage: recombinant irisin inhibits arginine
methyltransferase-3 activity in non-alcoholic fatty liver cells, reducing ox-
idative stress and lipid synthesis; intraperitoneal irisin injection inhibits
PKC-𝛽/NADPH oxidase activity and NF-�B/iNOS signaling pathways while
reducing peroxynitrite formation, thereby improving vascular endothelial
function in high-fat diet-induced type 2 diabetic mice. Additionally, FNDC5
protein injection in sedentary mice activates brain-derived neurotrophic factor
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expression and promotes learning and memory neuron growth, demonstrating
potential for treating neurodegenerative diseases such as age-related cognitive
decline, Alzheimer’s disease, and Parkinson’s syndrome. Current evidence
suggests irisin may function through p38 mitogen-activated protein kinase
(MAPK), extracellular signal-regulated kinase (ERK)-MAPK, and PPAR𝛼
signaling pathways. As irisin-FNDC5 expression and secretion are discovered in
more tissues, additional biological functions and mechanisms will be elucidated.

2 Mechanism of Skeletal Muscle Fiber Type Conversion

Based on enzymatic histochemical properties (ATPase combined with succinate
dehydrogenase) or myosin heavy chain (MyHC) subunit composition (types I,
IIa, IIb, and IIx), animal skeletal muscle fibers are classified into different types,
including fast oxidative, slow oxidative, intermediate, and fast glycolytic fibers
in adult mammals. Different fiber types can interconvert through various intra-
cellular and extracellular signaling pathways, such as the classic calcium (Ca2+)
signaling pathway. Under stimulation by extracellular signals including neu-
ral impulses and hormones, intracellular Ca2+ or calmodulin-dependent protein
kinase (CaMK) concentrations increase, activating calcineurin (CaN) and caus-
ing dephosphorylation of nuclear factor of activated T cells (NFATs). Dephos-
phorylated NFATs translocate to the nucleus and interact with transcription
factors such as myocyte enhancer factor 2 (MEF2), myogenic determination fac-
tor (MyoD), and PGC-1𝛼, thereby participating in skeletal muscle fiber type
conversion.

The NFAT family comprises five protein members including NFATc1, which
selectively activates slow-twitch fiber-related gene expression while inhibiting
MyoD-dependent fast-twitch fiber gene promoter activity by disrupting the bind-
ing between MyoD and the coactivator p300, consequently reducing fast-twitch
fiber proportions. Dephosphorylated NFATs form complexes with activator pro-
tein 1 (AP1), MEF2, and transcription factors GATA2/4 to activate gene tran-
scription, and are subsequently phosphorylated by glycogen synthase kinase-3𝛽
(GSK3-𝛽), protein kinase A (PKA), p38-MAPK, and casein kinase before return-
ing to the cytoplasm to terminate transcriptional activation. Insulin-like growth
factor-1 (IGF-1) stimulates skeletal muscle hypertrophy and hyperplasia by en-
hancing NFATc1 and GATA2 activity, while tonic motor nerves promote slow
oxidative fiber formation by increasing NFAT-MEF2 binding activity.

MEF2 is a transcription factor that activates specific genes containing A/T-rich
cis-regulatory elements in muscle tissue and functions in muscle cell terminal
differentiation mediated by p38MAPK and Ca2+/CaMK/CaN pathways. Like
NFATc1, MEF2 can bind to MyoD family members to form complexes that
inhibit MyoD-dependent fast-twitch fiber gene expression. Forkhead box pro-
tein O1 (FoxO1) is a downstream target of the insulin/protein kinase B (Akt)
signaling pathway; phosphorylation by Akt abolishes its ability to bind target
genes. Transgenic mice overexpressing human FoxO1 exhibit reduced skeletal
muscle mass, paler muscle color, and significantly decreased type I fiber expres-
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sion without changes in type II fibers. FoxO1 expression is low in soleus muscle
(predominantly type I fibers) but high in extensor digitorum longus muscle (pre-
dominantly type II fibers). RNAi-mediated FoxO1 knockdown in myoblasts up-
regulates fiber type-related genes including MEF2, CaMKII, NFATs, and MyoD.
Thus, FoxO1 may reduce type I fiber content by inhibiting MEF2, CaMK, and
NFAT pathways.

As illustrated in Figure 2, the PGC-1𝛼 gene promoter contains binding
sites for MEF2, FoxO1, and cAMP response element (CRE), and its
expression is regulated by multiple signaling pathways including insulin-Akt-
FoxO1, cytokine/exercise-p38MAPK-MEF2/ATF2, exercise-CaN/CaMKIV-
MEF2/CREB, cold stimulation-$�3 − 𝑎𝑑𝑟𝑒𝑛𝑒𝑟𝑔𝑖𝑐𝑟𝑒𝑐𝑒𝑝𝑡𝑜𝑟(�3 − 𝐴𝑅) − 𝑃𝐾𝐴 −
𝐶𝑅𝐸𝐵, 𝑎𝑛𝑑𝑔𝑙𝑢𝑐𝑎𝑔𝑜𝑛 − 𝐺𝐿𝐺𝑁𝑅 − 𝑃𝐾𝐴 − 𝐶𝑅𝐸𝐵.𝑆𝑡𝑢𝑑𝑖𝑒𝑠𝑢𝑠𝑖𝑛𝑔𝑃𝐺𝐶 − 1�$
transgenic mice demonstrate that PGC-1𝛼 overexpression increases the
proportion of type I and IIa fibers while elevating MyHC I and IIa mRNA
expression and reducing MyHC IIb and IIx mRNA expression. PGC-1𝛼
knockout decreases oxidative respiration, mitochondrial content, endurance
training capacity, and fatigue resistance in type I fibers. Clearly, PGC-1𝛼
serves as a key regulator of skeletal muscle fiber type conversion, particularly
in oxidative fiber formation.

3 Potential Association Between Irisin-Precursor Gene and Skeletal
Muscle Fiber Type Conversion

PGC-1𝛼 represents the primary molecular link between the irisin pathway and
skeletal muscle fiber type conversion. PGC-1𝛼 exerts broad biological effects in
skeletal muscle metabolism, including glycogen synthesis, fatty acid transport
and oxidation, mitochondrial synthesis and repair, glucose uptake, lipid synthe-
sis, autophagy, secretion of hyperplastic cytokines, muscle fiber type conversion,
neuromuscular junction gene expression induction, myokine secretion, and pro-
inflammatory cytokine secretion. Its main physiological functions include pro-
moting angiogenesis, enhancing oxidative metabolism, improving exercise capac-
ity, alleviating muscle atrophy and dystrophy, and regulating insulin sensitivity.
PGC-1𝛼 can ameliorate age-related sarcopenia, mitochondrial dysfunction, and
systemic inflammation, making it an important therapeutic target for metabolic
diseases and a crucial foundation for understanding its role in linking skeletal
muscle fiber types with the irisin-FNDC5 pathway.

As shown in Figure 3, aerobic exercise first stimulates PGC-1𝛼 expression
through the AMPK pathway. PGC-1𝛼 then promotes FNDC5 gene expression
and irisin secretion while simultaneously participating in metabolic regulation in-
cluding muscle fiber type conversion. Exercise training also serves as an external
factor altering muscle fiber type composition. Endurance training, stretching,
and mechanical loading increase the proportion of non-glycolytic fibers while
decreasing glycolytic fibers. Outdoor free-range rearing and cold environments
increase oxidative fiber proportions in porcine muscle, likely related to shivering
muscle contractions. Moreover, increased mitochondrial content is a hallmark
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of oxidative fiber formation and a prominent outcome of irisin action. These
findings suggest a potential association between the irisin-FNDC5 pathway and
oxidative fiber formation, regulated by the common upstream gene PGC-1𝛼,
while irisin may also directly participate in establishing skeletal muscle fiber
type characteristics—an area requiring further investigation.

4 Potential Role of Irisin-Precursor Gene in Livestock Meat Quality
Regulation

Muscles with different fiber type compositions affect meat quality traits through
variations in post-mortem glycogenolysis and phosphocreatine conversion (ATP-
CP) capacity, which influence pH decline and pale, soft, exudative (PSE) meat
formation; through differences in lipid oxidative metabolism affecting intramus-
cular fat deposition; and through cell cytoskeleton and matrix formation, antiox-
idant status, and mitochondrial ATP production. These mechanisms underscore
the importance of fiber type composition in livestock meat quality regulation.

Given that irisin and its precursor gene regulate glucose and lipid metabolism
and associate with skeletal muscle fiber type conversion, they will inevitably
influence meat quality formation and regulation. First, they may serve as im-
portant molecular markers for skeletal muscle fiber type composition or meat
quality traits, such as FNDC5 gene polymorphisms and serum irisin levels. Hu-
man studies indicate that FNDC5 gene polymorphisms correlate with blood pres-
sure, lipid distribution, and glucose content in female diabetic patients, while
serum irisin levels show ethnic differences. Second, they provide new evidence
for meat quality nutritional regulation research. Although specific nutrients reg-
ulating the irisin-FNDC5 gene remain unreported, natural ligands of PGC-1𝛼 or
mitochondrial nutrients may offer relevant references, given that FNDC5 partic-
ipates in PGC-1𝛼-regulated cardiac differentiation and mitochondrial formation.
These applied research directions await confirmation of the irisin-FNDC5 gene’
s role in skeletal muscle fiber type and meat quality formation.

5 Summary and Outlook

In summary, irisin, as a newly discovered myokine, demonstrates significant
academic value in obesity resistance and diabetes treatment. However, the ex-
pression regulation and mechanisms of irisin-FNDC5 remain unclear, including
the cell signaling pathways regulating irisin-FNDC5 expression and secretion,
the target sites and functional effects of FNDC5 protein and irisin, and fac-
tors influencing irisin proteolytic secretion. These knowledge gaps limit further
applications. Current irisin research is confined to experimental animals and
human medicine, with scarce reports in livestock meat quality formation and
improvement. In-depth investigation of the irisin-FNDC5 pathway’s regulatory
role in skeletal muscle fiber type differentiation and metabolic characteristic for-
mation will undoubtedly provide new scientific foundations for future livestock
meat quality improvement.
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