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Myokines as Possible Therapeutic Targets in Cancer Cachexia
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Cachexia is an extremely serious syndrome which occurs in most patients with different cancers, and it is characterized by systemic
inflammation, a negative protein and energy balance, and involuntary loss of body mass. This syndrome has a dramatic impact on
the patient’s quality of life, and it is also associated with a low response to chemotherapy leading to a decrease in survival. Despite
this, cachexia is still underestimated and often untreated. New research is needed in this area to understand this complex
phenomenon and ultimately find treatment methods and therapeutic targets. The skeletal muscle can act as an endocrine organ.
Signaling between muscles and other systems is done through myokines, cytokines, and proteins produced and released by
myocytes. In this review, we would like to draw attention to some of the most important myokines that could have potential as
biomarkers and therapeutic targets: myostatin, irisin, myonectin, decorin, fibroblast growth factor 21, interleukin-6, interleukin-
8, and interleukin-15.

1. Introduction

Cachexia is an extremely serious syndrome manifested by
anorexia, weight loss through loss of muscle mass and fatty
tissue, inflammation, and increased energy consumption that
occurs in many chronic diseases, of which cancer occupies a
special place (80% of patients with cancers develop cachexia)
[1]. Cachexia occurs in most patients with terminal cancer
and is responsible for death of approximately 22% of patients
[2]. It is characterized by systemic inflammation, a negative
protein and energy balance, and involuntary loss of body
mass. This syndrome has a dramatic impact on the patient’s
quality of life, and it is also associated with a low response to
chemotherapy and leads to a decrease in survival [3–5].

Cachexia is still underestimated and often untreated [6, 7]
despite its association with many mechanisms, especially

inflammatory, which contribute to the installation of a per-
sistent catabolic status.

The current strategy focuses on treating cancer, with the
hope that it will completely reverse cachexia syndrome. But
this is not valid in advanced cancers. Another option is to
increase nutritional intake, but the anorexia of cachectic
patients is only part of the problem, nutrition as unimodal
therapy not yielding the expected results. In addition, radio-
chemistry may exacerbate the progression of cachexia in a
number of patients [8, 9].

Until ten years ago, cachexia was seen as an untreatable
syndrome. In recent years, however, the management of can-
cer cachexia has greatly improved, as studies on the involved
mechanisms have developed. Current treatment of cachexia
in malignant neoplasm is a palliative one. Many anticancer
products may have beneficial effects in treating cancer but
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worsen cachexia [10]. New research is needed in this area to
understand this complex phenomenon and ultimately find
treatment methods, therapeutic targets that prevent cancer
progression but also improve the quality of patient’s life. A
multidisciplinary approach to treating cachexia would be
necessary: new pharmacological agents combined with diet
modification and exercise.

There are papers showing that the skeletal muscle can act
as an endocrine organ [11, 12], exerting its influence on other
organs/systems, maintaining physical activity and ultimately
life. It is a tissue energy producer and consumer that influ-
ences the energy metabolism of the whole organism. Signal-
ing between muscles and other systems is done through
myokines, bioactive substances released by the skeletal mus-
cles [13]. These muscle cytokines exert an autocrine, para-
crine, and endocrine effect and play a role as metabolic
mediators between muscle tissue and other tissues such as
the adipose tissue [14, 15], cardiac muscle [16], liver [17,
18], and pancreas [18].

In this review, we will refer to myokines, one of the com-
ponents of this complex mechanism that leads to the appear-
ance of muscle weakness and muscle mass loss in cancer, that
have an important potential to become therapeutic targets.

2. What Are Myokines

Myokines have been defined as cytokines and proteins pro-
duced and released by myocytes [19] under the action of
contractile activity [12]. They exert an autocrine, paracrine,
or endocrine effect. Their receptors were found in the mus-
cle, fat, liver, pancreas, bone tissue, heart, brain, and immune
cells [20]. For the role of muscle tissue as “endocrine organ,”
there are several studies that address this subject from differ-
ent angles, not necessarily in cachexia. Thus, the existence of
myokines as metabolic mediators between skeletal muscle
and other organs during exercise to maintain a healthy status
is shown by Schnyder and Handschin [12]. Other articles,
describing the involvement of skeletal muscle in the develop-
ment of aging-related pathologies, highlight the role of myo-
kines in inducing or protecting these pathologies, depending
on the secretion amount [21]. There are studies that show
the role of myokines in the general metabolism of the body
and how they interact with other organs [18]. Only few
papers describe the role of myokines in cancer, precisely
in cancer cachexia, which is an area recently approached.
Dalamaga’s editorial draws attention to the interaction
between adipokines and myokines in the pathophysiology
of cancer, making a review of literature data related to this
subject [22, 23].

For the reasons above, myokines are essential therapeutic
targets in cachexia and the modulation of their expression
could improve the maintenance of skeletal muscles at param-
eters as close as normal in cancer patients (Figure 1).

Without going into the details about the signaling path-
ways in myocytes, already described in other publications,
we would like to draw attention to some of the most impor-
tant myokines that would have potential as biomarkers and
therapeutic targets.

2.1. Myokines as Potential Therapeutic Targets. The main
myokines studied to date are myostatin, decorin, irisin, myo-
nectin, interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-
15 (IL-15), follistatin, fibroblast growth factor 21 (FGF21),
bone morphogenetic protein (BMP), and brain-derived neu-
rotrophic factor (BDNF) [12, 13, 22, 23]. Other possible fac-
tors have been detected in skeletal muscle, but their function,
as well as their presence in the circulation, are largely
unknown: musclin, nonneuronal acetylcholine [11].

Between these myokines, we would like to draw attention
on some of the most studied so far (Table 1).

2.1.1. Myostatin. Also called growth differentiation factor 8
(GDF-8), it is a member of the transforming growth fac-
tor-β (TGF-β) family, expressed in developing and adult
muscular tissue. It is one of the first described myokines.
Contrary to other myokines, which have a high level after
exercise, myostatin has a low level after sustained muscular
effort [24–29].

Its main function is the negative regulation of the muscle
mass [30], which means high level of myostatin, less muscle
mass. It plays a role in stopping myoblast proliferation and
suppressing satellite cell activation, inducing muscle atrophy
[31]. In addition, it influences the differentiation of muscle
fibers by types (fast and slow) [32] and the arrangement of
muscle glucose [33] as well as the muscle-adipose tissue
cross-talking [34].

Myostatin influences the physiology of adipocytes, but it
seems in an indirect manner. Pharmacological administra-
tion of myostatin in vivo and in vitro models does not lead
to the reduction of adipose tissue by lipolysis [35].

It seems that in myostatin null mice, reduced body fat is
caused especially by muscle mass growth. Myostatin null
mice develop a massive muscular hypertrophy resulting from
an accelerated myogenesis [21, 36], accompanied by a mas-
sive reduction in fatty tissue [30]. A similar phenotype has
been described in a child with a mutation in the myostatin
gene [37].

Interestingly for our subject, cachexia, is that the circu-
lating leptin level, the “satiety hormone,” secreted by adipo-
cytes, is reduced in mice with myostatin deficiency, although
food intakes compared to control mice (WT) were not differ-
ent [36, 38].

Although there are relatively few studies on the expres-
sion of myostatin in muscle cachexia, especially as a bio-
marker and therapeutic target, we consider it to be a good
research approach in cachexia treatment, especially in con-
junction with decorin and leptin.

2.1.2. Irisin. Discovered in 2012 as a transmembrane protein
[39], FNDC5 has a cleaved soluble form, irisin, that it is
released into circulation during the proteolytic process after
acutely exercising of skeletal muscles. It increases the ener-
getic and oxidative metabolism of the muscle by activating
genes related to these processes. It has a high level during
myogenesis and induces glucose uptake [40], improving glu-
cose homeostasis, inhibiting lipid accumulation, and reduc-
ing body weight [41].
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It has been studied especially in relation to obesity but
also with myopathies such as muscular dystrophy. In these
latter studies, injection of irisin induced muscle hypertrophy,
improving muscle strength and reducing necrosis and devel-
opment of connective tissue in a murine model [42]. This
study may be a starting point for attempts at therapeutic iri-
sin targeting cancer cachexia as well.

2.1.3. Myonectin (CTRP15).Myonectin is a protein belonging
to the C1q/TNF-related protein (CTRP) family, and it is
found mainly in muscle, less in circulation, being especially
related to nutritional metabolism. Thus, the expression of
myonectin is stimulated by exercise and nutrients and is
supposed to induce nutrient uptake and storage in other tis-
sues, such as adipose tissue, causing a flux of glucose or fatty
acids [43, 44].

It is less studied in connection with cachexia. We suppose
that it could be a therapeutic target, just like other myokines,
being linked to nutrient uptake.

2.1.4. Decorin. Decorin is a small leucine-rich proteoglycan
released by myotubes, and as other myokines, its circulating
level is increased after acute exercise. Decorin is overex-
pressed in the skeletal muscle in humans and mice after

chronic training [45]. It directly binds myostatin which is a
strong inhibitor of muscle growth [36]. Decorin acts antago-
nistically to myostatin and is involved in restructuring mus-
cle during hypertrophy [45].

Considering all of this, we can say that this myokine
could be taking into account as the therapeutic target along
with myostatin, being able to modulate the maintenance of
muscle mass in cachexia.

2.1.5. Fibroblast Growth Factor 21 (FGF 21). Fibroblast
growth factors are present in many tissues as signaling pro-
teins and are implied in development and metabolism [46].
In the skeletal muscle, it has been shown that FGF21 has a
role in glucose uptake in myotubes [47].

FGF21, as amyokine, is induced by stress [48]. Mitochon-
drial dysfunction after an autophagy deficiency increases
the FGF21 level to protect against obesity induced by diet
and insulin resistance [49]. In the mitochondrial respira-
tory chain deficiency, there is a compensatory increase
in FGF21 level resulting in an increase in mitochondrial
activity [50].

There is a close link between FGF21 and adiponectin that
acts as downstream effector of FGF21, controlling in an
endocrine mode the lipid homeostasis and glucose in the

Figure 1: Effects of myokines in muscle cachexia. The schematic representation of myokine activity in the skeletal muscle shows the
following: except for myostatin, which decreases after exercise, all others have a higher level after effort; between myostatin and decorin,
there is an antagonistic relationship of mutual inhibition; the arrows show an activation or stimulation relationship between myokines and
various metabolic processes that occur in the skeletal muscle.
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skeletal muscle and other organs, such as the liver. In turn,
adiponectin regulates the influence of FGF21 on energetic
metabolism and insulin sensitivity [51, 52].

FGF21 is a very poorly addressed myokine in the study of
cachexia, although its involvement in the energy metabolism
of the myocyte is demonstrated. Future research would be
wanted to highlight its potential in therapeutic strategies as
long as the energy metabolism of the muscle is very impor-
tant in maintaining a normal state of this tissue.

2.1.6. Interleukin-6 (IL-6). IL-6 is the first myokine that has
been discovered in the bloodstream, secreted by muscle cells
after contraction [19], and one of the most studied.

It was originally described as a prototypic proinflamma-
tory cytokine, then having anti-inflammatory properties also
[53]. IL-6 is released by the immune system cells (monocytes/
macrophages), fibroblasts, and endothelial cells [54] and also
by the skeletal muscle correlated with the exercise [54–57].
Following the release of IL-6 by the muscle, it increased glu-
cose uptake, oxidation of fatty acid, and insulin secretion.
Although its release was originally linked to muscle damage
[58], subsequently, a plasma increase in IL-6, less dramatic
and nondamaging, was demonstrated in concentric muscular
contraction and even immediately after exercise [19].

But how does IL-6 bind to cachexia and what therapeutic
role can it have? A review on this subject was made by Nar-
sale and Carson [59]. The authors show that IL-6 remains a
promising therapeutic strategy for diminishing cachexia in
many types of cancers. However, it is necessary to better
understand the direct and indirect effects of IL-6, as well as
its specific tissue actions to improve this treatment.

It is clear that diminishing this myokine can alleviate the
progression of cachexia in cancer patients [60].

Numerous in vivo studies on rodents have been con-
ducted to establish the mechanisms for muscle wasting pro-
ducing. It has shown that there is a suppression of protein
synthesis on the one hand and the activation of pathways of
protein degradation on the other hand [61–64]. The muscle
loss in cancer cachexia is directly or indirectly linked to over-
expression of IL-6 [65–67]. But between the results obtained
on murine cachexia models in different types of cancers,
there are differences: in IL-6 mechanisms of action and in
inhibition of various IL-6-dependent signaling pathways
[68, 69] by attenuating or eradicating the progression of
cachexia [67].

Unlike in vivo and in vitro investigations, studies on mus-
cle mass recovery pathways in cancer patients are difficult to
do, and the results differ from one type of cancer to another.
It is certain, however, that advanced or terminal cancer
patients have high levels of IL-6 in plasma, correlated with
weight loss, anemia, and depression [70]. Clinical studies of
an IL-6R inhibitor that inhibits the binding of IL-6 to its
receptor, tocilizumab, have shown in patients with cancer
cachexia the reduction of plasma IL-6 levels, the alleviation
of muscle mass loss without affecting tumor proliferation
[8, 71, 72]. Possible side-effects of suppression of interleu-
kins, such as IL-6, which may be compromising patients’
immune response to infections, should be monitored. Also,
the effects of IL-6 signaling in organs other than muscles,
such as liver and gut, should be considered [73].

2.1.7. Interleukin-8 (IL-8). IL-8 is a chemokine produced by
muscle cells and also by other cells like macrophages, epithe-
lial cells, and endothelial cells. It is a member of the CXC
cytokine family and was originally described as a chemoat-
tractant for lymphocytes and neutrophils [74, 75], and later,
it was shown to be involved in angiogenesis and tumor
growth [76].

In recent years, some researchers have shown that IL-8 is
involved in cachexia, finding an elevated level in the serum of
patients with this syndrome [77, 78], but rather like cytokine
rather than myokine.

Table 1: The most studied myokines and their action mode in
skeletal muscular tissue.

Myokine Action
Level after muscle

exercise

Myostatin

Stops myoblast proliferation
Suppresses satellite cell

activation
Induces muscle atrophy

Lower level

Irisin

Activates genes related to
oxidative metabolism

Induces muscle hypertrophy
Improves muscle strength

Reduces necrosis

High level

Myonectin
Induces nutrient uptake

Induces nutrient storage in
adipose tissue

High level especially
in muscle, less in

circulation

Decorin

Acts antagonistically with
myostatin

Involved in restructuring
muscle

High level

FGF21

Induces glucose uptake
Increases mitochondrial

activity
Connected with adiponectin
Implied in the control of lipid

homeostasis, energetic
metabolism, and insulin

sensitivity

High level

IL-6

Increases glucose uptake,
oxidation of fatty acids

Increases insulin secretion
Elevated in cancer
cachexia—low level

Alleviate cachexia progress

High level

IL-8
Elevated in cancer cachexia,

especially like cytokine
Induces angiogenesis

High level in muscle,
not in plasma

IL-15

Anabolic effect
Decreases muscle protein

degradation
Reduces fat mass

Induces muscle hypertrophy
Increases mitochondrial

activity

High level
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An additional argument that IL-8 plays a role in cachexia
is brought by a publication that has shown that the genetic
polymorphism of this myokine can contribute to the patho-
genesis of cachexia in gastric cancer [79].

A team of researchers found IL-8 in the muscle, not the
plasma, following exercise, indicating its local role in angio-
genesis for example [80]. Although its physiological function
is largely unknown, association with CXCR2 suggests its
involvement in exercise-induced neovascularization in the
muscle tissue [81].

It has been shown in healthy subjects that after muscle
exercise, the level of myokines in the blood has increased.
These include IL-8 and IL-15. Interestingly, a continuous
muscle contraction with a moderate intensity induces a
higher concentration of myokines than a shorter muscular
contraction but with a high intensity [82]. This fact, corre-
lated with the promotion of angiogenesis, could be a starting
point for studies on IL-8 produced in muscular tissue as a
therapeutic target in cancer cachexia and may be a key point
in reducing muscle mass loss or in rebuilding skeletal muscle
along with other factors.

Attention should also be paid to the fact that IL-8 is also
produced in adipose tissue, especially the visceral one, and
has a high level in obese patients [83]; the modulation of this
myokine could be made from different directions/tissues.

2.1.8. Interleukin-15 (IL-15). IL-15 is present in the skeletal
muscle, having an anabolic effect on the metabolism of mus-
cle proteins, and is also modulated by exercise [20]. It
decreases muscle protein degradation and reduces fat mass,
playing an important role in skeletal muscle-adipose tissue
interaction [84–88]. IL-15 overexpression induces muscle
hypertrophy and is involved in the synthesis and inhibition
of protein degradation as it is shown in an in vitro study [89].

This myokine is connected with the alteration of mito-
chondrial function, overexpression of muscle IL-15 increas-
ing mitochondrial activity and adipose tissue mass [90].

The role of IL-15 in cachexia is not fully understood. An
earlier study on a rat model with cancer cachexia showed that
IL-15 decreases the rate of protein degradation without
affecting protein synthesis [91]. A research conducted on
adult patients with a diagnosis of recent cancer and weight
loss showed that there was no difference between their serum
IL-15 levels and those of healthy subjects [92].

Despite these controversial results, the potential of this
interleukin is not excluded, and other studies are needed to
show this.

An important idea that should be considered is that there
are cytokines that can be released by both the immune system
and the muscles. Inflammation occurs in cancer and may
even induce cancer [93]. So when we act on the cytokines
released by the muscles (myokines), we must also keep in
mind that the same cytokines are released by other cells/tis-
sues also, and they can be influenced by our action [94–96].

3. Conclusions

We cannot draw conclusions about the place and role of
myokines in cancer cachexia therapy without reminding the

complex pathophysiology they are involved in and the fact
that there are many signaling pathways in this syndrome that
interfere and interrelate.

One of these important interactions is between skeletal
muscle and adipose tissue, more specifically between myo-
kines, adipokines, and free fatty acids, as we have shown. It
has been proven that 25% of cancers are caused by obesity
and a sedentary life [97]. Myokines and adipokines play an
essential role in maintaining the body muscle and body fat
at normal levels and thus modulate the body composition
[23, 98–100]. The lack of movement and the existence of a
large adipose tissue contribute to the destruction of the skel-
etal muscle tissue that occurs in cancer cachexia.

Cachexia treatment may be a challenge because it is nec-
essary to address multiple and complex determinant causes.
It requires a therapeutic combination based on sustained
research in the fields of pharmacology, nutritional intake
stimulation, reduction of inflammation, etc. We would like
to draw attention to the possibility of considering myokines
as possible therapeutic targets. Some of them have already
been considered, especially IL-6, but not all of them. They
may be taken into account for targeted therapeutic inter-
ventions, especially in personalized medicine when specific
tests could be performed for each patient regarding their
specific released myokines, depending on the health status
or muscle damage.

Consideration should be given to the possibility of cancer
cachexia prevention also, so that patients could better
respond to antitumor treatment. As we have seen, exercise
can be a powerful tool in preventing and treating muscle
cachexia, along with other therapies. Of course, the exercise
should be moderate, not acute, in order to not interfere with
unwanted metabolic changes in both skeletal muscle and
other organs such as the liver, adipose tissue, and pancreas.
Myokine expressions change after exercise and transmit
signals from the muscles to the rest of the body. There are
not many studies regarding this phenomenon in muscle
cachexia, and research is needed in this direction to know
how much exercise a cachectic patient needs to get beneficial
effects in muscle recovery or even to prevent cancer cachexia.
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