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Exercise training and muscle–lung crosstalk: The emerging roles of Irisin and
Semaphorin-3A in pulmonary diseases. A narrative review
Mostafa Ghanei1, Hossein Shirvani2*, Mohammad Sadra Roshani Koosha3, Abolfazl Shakibaee2, Ehsan Arabzadeh2

COPD is an inflammatory disorder caused by prolonged inhalation
of harmful substances such as cigarette smoke that leads to an
irreversible respiratory disorder. Airway obstruction usually has a
progressive period characterized by chronic cough, sputum
production, and dyspnea, resulting in decreased physical activity.
Two hypotheses have been proposed for the pathogenesis of lung
diseases, especially COPD, including the oxidant-antioxidant
imbalance hypothesis and the protease-antioxidant imbalance
hypothesis. Oxidants can cause irreversible damage to lung cells.
Oxidants activate inflammatory gene expression primarily through
NFκB signaling. Increase inflammation promotes apoptosis in the
epithelial cells, endothelial cells, and airways resulting in
Emphysema. This pathological period causes progress the disease
progression. Recently, it has been shown that decreased physical
activity is associated with COPD injuries, and the level of physical
activity is most associated with COPD mortality. Therefore, the
tendency to maintain and improve the physical activity of pulmonary
patients, especially COPD increased. In lung diseases, muscle mass
usually decreases and severe atrophy occurs. Most studies suggest
increased mobility and exercise to enhance cardiorespiratory
endurance and decrease atrophy. However, the exact biological
mechanism for the recovery of patients with COPD after a physical
activity has not been explained. Exercise can produce Irisin and
Semaphorin-3A by stimulating muscle and nerve cell, which have
positive effects on other tissues, including the lungs. Limited studies
have examined the role of these factors in lung tissue. Therefore, in
this mini-review, the lung muscle cross-talk is examined by
evaluating the role of Irisin and Semaphorin-3A.
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Introduction
Chronic obstructive pulmonary disease (COPD) is an inflammatory
disorder that results from prolonged inhalation of harmful substances
such as cigarette smoke and leads to irreversible respiratory
disorders (Hogg & Timens, 2009). Airway obstruction is usually a
progressive injury characterized by chronic cough, sputum
production, and shortness of breath that results in decreased
physical activity. (COPD) is recognized worldwide as a public health
problem with an increasing prevalence and mortality (Vestbo et al.,
2013). The disease is gradually characterized by airflow restriction
and is associated with an abnormal inflammatory response in the
lungs. Oxidative stress caused by cigarette smoke or other factors
play a key role in accelerating aging in the lungs and subsequently
lead to the development of COPD. Significantly, aging of alveolar
epithelial cells due to contaminants and toxic fumes leads to loss of
proliferation to replace cells lost by the Apoptosis process and leads
to pulmonary Emphysema (MacNee, Rabinovich, & Choudhury,
2014). Two hypotheses have been proposed for the Pathogenesis
of COPD, including the oxidant-antioxidant imbalance hypothesis
and the protease-antiprotease imbalance hypothesis (Hou, Yin, Han,
Wang, & Kang, 2015). Oxidants are activated in lung tissue through
NFκB signaling. Therefore, they can promote apoptosis of epithelial
and vascular endothelial cells of the airways and consequently
emphysema. These factors contribute to the progression of COPD.
Recently, it has been shown that decreased physical activity is
associated with COPD and the level of physical activity is most
associated with COPD mortality (Liu, Qiao, Yuan, & Liu, 2009).
Therefore, the tendency to maintain and improve physical activity in
patients with COPD increases. Muscle mass is reduced in COPD
due to cachexia (Luk, Malam, & Marshall, 2008). A previous study
reported that there was a significant relationship between quadriceps
muscle strength and level of physical activity in patients with COPD
(Moschen et al., 2007). However, the underlying biological
mechanism for improving the prognosis of patients with COPD after
physical activity has not been described. Irisin, a circulating Myokin
that is secreted from muscle during exercise, has received a great 24
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deal of attention due to its mechanism of action. Various studies
have shown that Irisin mediates tissue communication between
muscle and other organs. Initially, it was found that Irisin secreted
Introduction
from muscle tissue by transfer to white adipose tissue, causes this
tissue to brown and plays an important role in reducing adipose
tissue inflammation (Buscemi et al., 2020). Researchers believe that
the mechanism of PGC1a Irisin UCP1, which may be expressed in
response to insulin resistance or obesity, is a way to control diabetes,
obesity and related complications. However, in several studies, this
factor has been shown to affect other tissues, including the lungs, in
addition to adipose tissue. In the present study, the role of Irisin in
lung and lung diseases including COPD is evaluated. In addition to
Irisin, it is believed that the Semaphorin-3A factor, which is secreted
by satellite or NMJ cells, can exert extracellular effects. In this
regard, it has been stated that increasing the circulation of
Semaphorin-3A is also effective in reducing airway inflammation, but
so far no study has examined the role of Semaphorin-3A output from
muscle tissue due to exercise training on its serum levels of
Semaphorin-3A and its positive effects on lung tissue.

Muscle-lung crosstalk with exercise training: Irisin
and Semaphorin-3A
Irisin, a hormone derived from skeletal muscle cells, is a member of
the Myokin family and is isolated from the FNDC5 gene. Previous
studies have shown that Irisin production is correlated with physical
activity and exercise (Boström et al., 2012), it has also been reported
that serum Irisin levels in patients with COPD are significantly
reduced and are associated with the patient's level of physical
activity (Ijiri, Kanazawa, Asai, Watanabe, & Hirata, 2015). It has been
shown that in patients with COPD the level of Irisin is significantly

lower than that of body composition indicators related to MM. For
example, there is a correlation between FFM, FFMI, and MM
(Sugiyama et al., 2017). These results are probably due to the fact
that Irisin is secreted from skeletal muscle. Sugiyama et al (2017)
showed that Irisin can be a mediator that eliminates emphysema
(Sugiyama et al., 2017). Emphysema can develop in patients with
low Irisin levels, and Irisin may play a role in preventing the
progression of emphysema. Irisin plays an important role in browning
adipose tissue and regulating energy costs. Therefore, this factor
plays an important role in metabolic diseases, such as diabetes
mellitus and hyperlipidemia. In addition, studies have shown that
Irisin is involved in various other conditions, including inflammation,
hippocampal neurogenesis, and aging (Wu et al., 2015). According
to recent reports, Irisin has a protective effect against glycemicinduced apoptosis in human vascular endothelial cells (Song et al.,
2014). However, the effect of exercise with limited blood flow on Irisin
levels and its protective role in COPD conditions remains unknown.
It has been shown irisin to act by suppressing the oxidase pathway
of PKCβ / NADPH and NFκB-iNOS to prevent apoptosis induced by
oxidative stress in human umbilical vein endothelial cells (due to
hyperglycemia (Zhu et al., 2015). Other reports have confirmed the
protective effect of Irisin against glycemic-induced apoptosis by
mediating the AMPK or ERK signaling pathway (Wu et al., 2015).
Emphysema is diagnosed by enlargement of the distal airways and
by the destruction of the airway wall. Segura-Valdez et al proposed
a hypothesis of apoptosis for emphysema (Segura-Valdez et al.,
2000). In an animal model, apoptosis increased epithelial and
endothelial cells and further inhibition of apoptosis led to a reduction
in emphysema lesions (Rangasamy et al., 2009). One of the causes
of apoptosis in emphysema is cellular damage through oxidative
stress. Oxidant-antioxidant imbalance is now considered another
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Figure1. Positive effects of serum increases of Irisin and Semaphorin-3A in pulmonary disease (especially COPD).
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major hypothesis for COPD. Nrf2 is also a major regulator of
antioxidant responses (Kensler, Wakabayashi, & Biswal, 2007). Nrf2
expression has been reported to be significantly reduced in bronchial
and alveolar epithelial cells in patients with COPD. Nrf2 has a
protective role against apoptosis (Yamada et al., 2016). Impaired
Nrf2 expression has been observed in patients with COPD. Irisin
may have the potential to reduce oxidative stress in a variety of
biological environments. As mentioned, Nrf2 and several other
downstream molecules also play an important role in the lungs
against oxidative stress caused by environmental pollutants and
toxins. The Nrf2 pathway may be considered a protective factor for
emphysema by regulating antioxidant defenses and reducing
pneumonia and alveolar apoptosis (Sugiyama et al., 2017). It has
been shown to Irisin significantly increase Nrf2 expression and
reduce cigarette smoke-induced apoptosis (CSE) in A549 cells.
Accordingly, we assume that Irisin may play a minor role in inhibiting
oxidative stress (leading to cell apoptosis) through an oxidative
resistance pathway, Nrf2, as shown in previous studies (Kensler et
al., 2007). Sugiyama et al (2017) stated that COPD was associated
with a decrease in serum Irisin levels, which in turn may be due to a
decrease in Nrf2 expression in epithelial cells. This decrease in Nrf2
expression accelerates the rate of alveolar apoptosis and destruction
of the lung parenchyma, resulting in emphysema (Sugiyama et al.,
2017). Therefore, therapeutic strategies to increase Irisin such as
exercise and subsequently increase Nrf2 can be considered for
COPD patients. In addition to Irisin, Semaphorin-3A has been shown

to be involved in strengthening lung tissue and controlling its
inflammation. Semaphorins are good founders as extracellular
signals that regulate the growth of various tissues and are involved
in pathology and homeostasis in many adult tissues. Recent studies
in muscle biology have shown that Sema3A has the potential to
coordinate the repair of the neuromuscular junction (NMJ) and nerve
fiber denervation in regenerating muscles because SCs positively
regulate Semaphorin-3A upon muscle injury (Tatsumi et al., 2009).
Semaphorin-3A is upregulated in the early stages or phases of SCs
(Tatsumi et al., 2009). This theory also supports the idea that satellite
cells are involved in the development of motor muscle denervation.
It has been shown that Semaphorin-3A have the potential to control
neurite buds or nerve cell bodies and connect the terminal axons of
motor neurons to regenerated fibers (Tatsumi et al., 2009).
Semaphorin-3A is also a putative tumor suppressor in breast,
prostate, and lung cancers. Semaphorin-3A is a neural guidance
cue that also mediates cell migration, proliferation, and apoptosis. It
has been shown that low serum levels of Semaphorin-3A are
correlated with severe asthma. Semaphorin-3A functions as a potent
suppressor of asthma-related inflammation that has the potential to
be further developed as a new therapeutic for the treatment of
asthma. Semaphorin-3A modulates distal pulmonary epithelial cell
development and alveolar septation. As a result, increasing serum
levels of Semaphorin-3A due to exercise can be effective in reducing
lung disease disorders. Studies on the positive effects of Irisin and
Semaphorin-3A, especially on lung tissue, are presented in Table 1.

Table 1. List of original papers that investigate Irisin and Semaphorin-3A secreted by skeletal muscle which act on muscle-lung tissue.
Experimental model

Protocol

Sugiyama
et al (2017)

The role of skeletal
muscle Irisin on
emphysema in COPD
patients (in vivo/in vitro)

Measuring serum Irisin on the pulmonary
functional test of 40 COPD patients and also
consider the role of Irisin on A549 cell apoptosis
due to cigarette smoke and expression of Nrf2
in vitro

Kureya et al
(2016)

The role of α-klotho on
skeletal muscle and
lung
in
chronic
obstructive pulmonary
disease (COPD)

Kubo et al
(2019)

The effect of exercise
on emphysema caused
by cigarette smoke in
the model of COPD
mice

levels of α-klotho and irisin were measured in
16 non-smokers, 13 smokers without COPD
and 24 smokers with COPD. The correlation
between soluble a-klotho levels and lung
function test results, CPET and skeletal muscle
function in smokers with COPD was measured.
Mice were divided into three groups: control,
smoking and exercise + smoking. All mice in the
smoking and exercise + smoking groups were
exposed to second smoke once daily. Exercise
+ smoking rats adapted to the treadmill for 12
weeks.

Myokines
analyzed
Irisin

Irisin

IrisinNrf2 axis

Main results and conclusion
Serum Irisin levels were significantly correlated with lung
capacity. In addition, Irisin significantly increased Nrf2
expression and reduced A549 cell apoptosis induced by
cigarette smoke extract.
Decreased serum Irisin levels were associated with
epithelial apoptosis and emphysema in patients with
COPD.
Irisin could be a new treatment for emphysema in patients
with COPD.
Levels of solution a-klotho were significantly lower in
smokers with COPD compared to nonsmokers and
smokers without COPD.
Irisin levels were also significantly lower in smokers with
COPD. In addition, there was a significant relationship
between the serum level of Irisin and solution a-klotho.
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The concentration of serum Irisin and the expression of
Nrf2 and HO-1 in lung mice of exercise + smoking group
were significantly higher than the control and smoking
groups. Irisin secreted from skeletal muscle during
exercise through Nrf2 and HO-1 may have protective
effects against oxidative stress and improve COPD
emphysema caused by CS. The Nrf2 axis of exerciseIrisin may be a new target for the treatment of COPD.
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Ijiri et al
(2014)

The role of irisin as
myokine in COPD
patients

The researchers measured serum irisin levels in
72 COPD patients and 27 controls, and
examined their relationship to parameters of
pulmonary function, exercise capacity and level
of physical activity.

Irisin

Lower levels of Irisin were observed in COPD patients
compare to control group. Serum Irisin levels in all
subjects were related to the level of physical activity. In
COPD patients, acute exercise did not affect serum Irisin
levels, but an 8-week exercise was associated with a
significant increase in Irisin levels.

Aminani et al
(2014)

Evaluation of the
effect of HIIT on the
expression
of
Sema3a gene in the
EDL muscle of the
C57bl / 6.
Human
airway
smooth muscle cell
proliferation
from
asthmatics
is
negatively regulated
by semaphorin3A

Twenty C57bl / 6 mice, aging (n = 10) and adults
(n = 10) were divided into two training and
control groups (for 4 weeks).

Sema3a

Aging with exercise training is associated with an
increase in the expression of the Sema3a gene, which
may play a role in neuromuscular changes in old age, and
may prevent muscle atrophy in aging by preventing nerve
damage.

Sema3A inhibitory effect on HASMC
proliferation is associated with decreased
tyrosine phosphorylation of PDGFR,
downregulation of Rac1 activation, STAT3 and
GSK-3β phosphorylation. Bronchial sections
from
severe
asthmatics
displayed
immunoreactivity of Nrp1, suggestive of
functional contribution of Sema3A-Nrp1 axis in
airway remodeling.

Sema3a

Sema3A-Nrp1 signaling as a novel regulatory pathway of

Movassagh et
al (2016)

Conclusion

Funding

According to the mentioned research background, it seems that
muscle contractions in exercise, especially in larger muscles,
including quadriceps, increase the secretion of some myokines such
as Irisin and Semaphorin-3A. Increased secretion of these factors
into the bloodstream and elevated serum levels of Irisin and
Semaphorin-3A can play an antioxidant, anti-inflammatory, and antiapoptotic role for lung tissue and pulmonary arteries and plays an
important role in improving emphysema and quality of life in
pulmonary patients, especially COPD (Figure 1). However, more
research is needed in this area, especially in human and animal
specimens.

None.

What is already known on this subject?
Previous studies have only examined the positive effects of
increasing serum levels of Irisin on the lung parenchyma and
reducing COPD-induced emphysema.

What this study adds?
The present study showed that in addition to Irisin, semaphorin-3A
induced by muscle contraction, prevents inflammation and lung
damage caused by COPD or other lung disease.
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