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ABSTRACT 

 
Irisin as a biomarker of sarcopenia 

 

                                              

                                       Jae Seung Chang 

                                       Dept. of Medicine 

                                       The Graduate School 

                                       Yonsei University  

   
Sarcopenia is a gradual decrease of skeletal muscle mass and function during aging. 

Due to the absence of clear clinical indicator, it is required to develop useful biomarkers 

that can be quantified in a feasible, accessible manner and can accompany the diagnosis 

and therapy of pathological muscle atrophy in general clinical practices and trials. 

Recently, skeletal muscles have been established as an endocrine organ. Irisin is one of 

the myokines derived from skeletal muscle and is known to be induced upon vigorous 

exercise to facilitate thermogenesis of adipocyte. Furthermore, it is predominantly 

expressed in skeletal muscle compared to other tissues. The aims of this study are to 

determine whether atrophic and hypertrophic myotube remodeling alter irisin secretion 

level in vitro, and to assess the association of serum irisin level with sarcopenia in human. 

To investigate myotube diameter-dependent expression and secretion of irisin, I applied 

DEX and IGF-1 were applied to induce myotube atrophy or hypertrophy, respectively. 

Also, I tried to examine whether irisin functions as a trophic factor in vitro. In cross-

sectional human study, we measured serum levels of irisin, as well as muscle mass and 

function in 715 Korean persons. The subjects were classified as sarcopenia using cutoff 
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values of muscle weakness (HGS, male; < 30kg, female; < 20kg). In vitro studies, DEX 

and IGF-1 significantly induced myotube atrophy and hypertrophy, which result in 

decreased and increased irisin secretion levels, respectively. On the other hand, irisin 

treatment increased the phosphorylation of IGF-1 receptor in a time-dependent manner, 

attenuated DEX-induced down-regulation of FoxO3α phosphorylation, atrogin-1 up-

regulation, and elevated proteasome activity in C2C12 myotubes. These results 

demonstrate a novel anti-atrophic function of irisin in muscle cells through suppression of 

FoxO/atrogenes-mediated ubiquitin proteasome pathway. In human study, serum irisin 

levels were lower in elderly groups compared to young adults, regardless of gender 

(elderly vs young adults, male; 1241±417 vs 1567±436 ng/mL, p < 0.05, female; 

1336±485 vs. 1780±525 ng/ml, p < 0.05). This study also revealed that the serum irisin 

levels were significantly lower in the subjects with sarcopenia than normal group 

(sarcopenia vs. normal group, male; 1003±221 vs 1476±441 ng/mL, p < 0.05, female; 

1210±471 vs. 1559±537 ng/ml, p < 0.05). In addition, serum irisin level was positively 

correlated with muscle mass and strength, and QMIs (e.g. FFM/BMI, male; r=0.252, p < 

0.01, female; r=0.302, p < 0.01). The cut-off values of serum irisin to detect muscle 

weakness were determined as 1167.5 ng/ml (sensitivity: 0.760, specificity: 0.905) in men 

and 1175.2 ng/ml (sensitivity: 0.755, specificity: 0.583) in women. Taken together, the 

irisin secretion level is not only associated with trophic states of myotube in culture 

condition, but also might be related to muscle mass and function in human aging. 

Therefore, it may be considered as a potential biomarker for muscular atrophy / 

sarcopenia. 

                                                                                 

Keywords: Sarcopenia, irisin, qualitative muscle mass indices (QMI), Hand grip strength 

(HGS), Insulin-like growth factor (IGF-1), Dexamethasone (DEX)
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I. INTRODUCTON 

1.1. Sarcopenia 

Sarcopenia, the age-related loss of skeletal muscle, is characterized by the progressive 

and generalized loss of skeletal muscle mass, weakness in strength, function impairment, 

and eventually the limitation of physical activities with senescence.1-3 The term of 

“sarcopenia” was derived from the Greek terms “sarx” (flesh) and “penia” (loss). This loss 

of skeletal muscle4 was first used by Irwin Rosenberg who wondered in 1989 why the 

loss of lean body mass seen in elderly individuals had not been given appropriate 

attention.5  

Recently, sarcopenia has become recognized as a crucial geriatric syndrome and a 

major precursor to the development of frailty with osteopenia.6, 7 In addition, it is 

associated with substantial socioeconomic negative outcomes as well, low ability to 

perform activities of daily living, lack of independence, increased risk of fall and fracture, 

depression, poor quality of life, the development of frailty, physical disability and 

mortality.8-15 Sarcopenia can be caused by a number of factors, including physical 

inactivity, malnutrition, changes of endocrine function, inflammation, and resulting from 

metabolic and chronic disease states. Although sarcopenia mostly occurs in physically 

inactive old individuals, it also can be observed in physically active old people.16, 17  

A gradual loss of muscle mass, approximately 1-2% annually, begins in people within 

40-50 years of age.18, 19 About 30% reduction in muscle mass and 20% decline in cross-

sectional area from 20 to 80 years of age have been reported.20  

Previous studies showed that the prevalence of sarcopenia is in the range of 5-13% in 

60-70 years of age, and it exceeds over 50% for the population aged 80 years of age and 

older when compared to young adults.2  
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1.2 Biomarkers of sarcopenia 

A biomarker is defined as “a characteristic whitc is objectively assessed and evaluated 

as an indicator of normal biological processes, pathogenic processes, or pharmacologic 

responses to a therapeutic intervention”.21 To be a good biomarker, it must be quantified 

in a reliable, feasible, accessible and cost-effective manner in routine clinical practices 

and trials.22 The prognosis or diagnosis of sarcopenia should be based on the 

involvement of whole body or appendicular lean body mass in combination with muscle 

function (Table 1).  
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Table 1. Current consensus definitions of sarcopenia23 

Group  IANA Sarcopenia Task Force24  European Working Group on 
Sarcopenia in Older People25 

Special Interest Group: 
cachexia-anorexia in 
chronic wasting diseases26  Sarcopenia with limited mobility27  

Target 
population  

Clinical declines in physical 
function, strength or health 
status  

All elderly persons  Older persons  
Persons older than 60 years with clinical 
declines in physical function, strength, or 
health status.  

Screening  
Physical function (4-m gait 
speed). If gait speed <1.0 m/s, 
proceed to body composition 
evaluation  

Gait speed. If gait speed 
≤0.8m/s, proceed to body 
composition evaluation. If gait 
speed >0.8m/s, measure hand 
grip strength; if low muscle 
strength, proceed to body 
composition evaluation  

Low muscle mass(≥2 SD 
below the mean measured in 
young adults of the same 
sex and ethnic background) 
plus low usual gait speed (< 
0.8 m/s in the 4-m walking 
test). Gait speed test can be 
replaced by other physical 
performance measures.  
 

Distance walked during a 6-min walk test 
(cut-point: 400m) or gait speed < 1.0m/s 
(4- to 6-m track length)  

Operative 

definition  

Poor functioning plus relative 

muscle mass (≤7.23 kg/m2 in 

men, ≤5.67 kg/m2 in women, 

assessed by DXA)  

Low muscle mass in patients 

with gait speed ≤0.8 m/s or 

normal gait speed but low 

muscle strength  

Poor functioning plus low ALM (≥2 SD 

below the mean measured in healthy 

persons aged 20–30 years old from the 

same ethnic group)  
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1.2.1. Muscle mass 

Several methods, such as magnetic resonance imaging (MRI), computed tomography 

(CT), dual energy X-ray absorptiometry (DXA) and bioimpedance analysis (BIA) can be 

used to assess body composition, particularly lean body mass. The European Working 

Group on Sarcopenia in Older People (EWGSOP) recommends to utilize all of them for 

sarcopenia research. The accuracy of DXA, CT and MRI has been well established, while 

that of BIA in evaluating muscle mass is still debated. Although considered as gold 

standard for estimating sarcopenia, CT and MRI are relatively expensive and inaccessible 

for community screening. As an appropriate alternative, DXA is widely used to assess 

muscle mass in sarcopenia research and clinical practice. Even though relatively minimal 

radiation exposure, approaching method by DXA is still difficult in community-based 

population. Recently, BIA is used as a routine test to assess fat-free mass and muscle 

mass since its reliability and validity have been investigated comparing to DEXA.28 

However, BIA assesses skeletal muscle with single body resistance parameter indirectly, 

which is based on the content of water and electrolytes between adipose tissue and 

others. Therefore, a recent consensus has discouraged the use of BIA for the 

measurement of sarcopenia, because the results may be altered by health condition and 

water retention in general.23, 27 

A variety of studies have quantified muscle mass for sarcopenia by indexing lean body 

mass (fat-free mass) or appendicular lean body mass divided by height squared, fat mass, 

or whole body weight. In the elderly who have an impaired muscular function, easily 

determined by a gait speed of less than 1m/s, sarcopenia may be identified by the 

comparison of lean body mass with healthy young adults. In general, most of the index 

cut points was based on 1 or 2 standard deviation below the sex and ethnic of specific 



5 
 

mean of young adult population in each study. Most recently, Asian Working Group for 

Sarcopenia (AWGS) suggested cutoff values for muscle mass measurements at 7.0 

kg/m2 in men and 5.4 kg/m2 in women by using DXA, and 7.0 kg/m2 in men and 5.7 kg/m2 

in women by using BIA, which was defined by appendicular skeletal muscle mass divided 

by height squared.29 Table 2 shows recently suggested cutoff values available from the 

sarcopenia literature.  

Until now, there are no qualitative muscle mass index including both comparability 

among individuals and the balance of body composition. The relative index that simply 

adjusted with height squared or body weight may not be considered as a parameter for 

sarcopenia diagnosis because the body compositional balance is not conceived. Most 

widely used parameter is ASM/ht2, because it does not contain body weight, which would 

be over- and down-estimated relative muscle mass in overweight/obesity and tall 

individuals, respectively. Thus, the index might be comparable among individuals if it is 

considered both quantitative and relative parameters.     

 
1.2.2. Muscle function 

Age-related muscle atrophy increases the risk of functional impairment and physical 

disability two-fold. Peak level of performance decreases approximately 50% by 80 years 

of age.30 Age-related changes in the nervous system may also play a substantial role in 

the decline in muscle power generation.31 Thus, the ‘sarcopenia’ stage is characterized 

by low muscle mass with impaired muscle strength or physical performance. A wide 

range of evaluation methods for muscle function (including muscle strength and physical 

performance) are suggested in EWGSOP criteria. The association between low muscle 

mass and functional decline is well-known, the function implies the most of variance in 

muscle strength underlying muscle mass.32-34 



6 
 

Although lower extremity muscles are more related to mobility and physical 

performance than upper body muscle, grip strength is substantially associated with most 

relevant outcomes, and thus it has been generally used to monitor physical conditions. 

Isometric hand grip strength is closely associated with muscle power of lower limbs, 

knee-extension torque and cross-sectional area of calf muscle mass.35 Currently, hand 

grip strength is considered as a simple predictor of activities of daily living (ADL)36, 

disability37 and even mortality.38 Measurement of handgrip strength is widely used to 

evaluate muscle strength in sarcopenia research, because it is convenient, reliable, valid 

and inexpensive for screening the risk of disability in older people.  

On the other hand, such methods, usual gait speed, get-up and-go test and short 

physical performance battery (SPPB), have been recommended for physical performance 

in clinical practice. The correlation between leg strength and usual gait speed was firstly 

demonstrated by Buchner et al. The authors explained that small changes in 

physiological capacity might provide considerable effects on performance in frail adults, 

while large changes in capacity have little or no effect on the activity of daily living in 

healthy adults.39 Since then, a previous study suggested that usual gait speed is able to 

be utilized as a single criteria of prediction for the onset of disability (in clinical trials and 

research), even though a part of the SPPB.40 Recently, the availability of gait speed was 

confirmed in elderly population, the method may be highly utilized as a predictor of 

adverse health-relative events like mobility disability and mortality.41 
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Table. 2 Measurable variables and cut-off values25, 29  

Criterion  Measurement 
method  Cut-off points by gender  Reference Group 

Defined  Country / 
Ethinicity  Ref.  

Muscle 
mass  DXA  ASM/Ht

2
 

Men: 7.40 kg/m
2
 

Women: 5.14 kg/m
2
  

Based on 2 SD below 
the sex-specific mean 
of a younger population 
(n = 145) 

Korea 42
 

  
ASM/Ht

2
 

Class I and class II sarcopenia 
Men: 7.50 and 6.58 kg/m

2
 

Women: 5.38 and 4.59 kg/m
2
  

Based on 1 and 2 SD 
below the mean of 
young adults in study 
(n = 2513) 

Korea 43  

  
ASM/Wt (%) 
Class I and class II sarcopenia 
Men: 32.2% and 29.1% 
Women: 25.6% and 23.0%  

Based on 1 and 2 SD 
below the mean of 
young adults in study  Korea 43

 

  
ASM/Wt (%) 
Men: 29.53% 
Women: 23.20%  

Based on 2 SD of sex-
specific young normal 
people  Korea 44

 

  
ASM/Ht

2 
Men: 7.26 kg/m

2
  

Women: 5.5 kg/m
2
  

Based on 2 SD below 
mean of young adults 
(Rosetta Study) 

Hispanic 
and non-
Hispanic 
white 
Mexican 

2  

  
ASM/Ht

2 
Men: 7.25 kg/m

2
  

Women: 5.67 kg/m
2
  

Based on sex-specific 
lowest 20% of study 
group (n = 2,976) 

USA(41%
african-
american) 

10  

 
BIA  ASM/Ht

2
 

Men <6.75 kg/m
2
 

Women <5.07 kg/m
2
  

Based on 2 SD below 
young adult values  

Korea/He
alth ABC 
data  

13  

  
ASM/Ht

2
 

Men <7.0 kg/m
2
 

Women <5.8 kg/m
2
  

Based on 2 SD below 
young adult values  Japan  45  

  
SMI 
Men <8.87 kg/m

2
 

Women <6.42 kg/m
2
  

Based on 2 SD below 
the normal sex-specific 
mean for young people  Taiwan  46  

  

FFM/Ht
2
  

Men: 
Severe sarcopenia ≤8.50 kg/m

2
  

Moderate sarcopenia 8.51–10.75 kg/m
2
  

Normal muscle ≥10.76 kg/m
2
  

Women: 
Severe sarcopenia ≤5.75 kg/m

2
  

Moderate sarcopenia 5.76–6.75 kg/m
2
  

Normal muscle ≥6.76 kg/m
2
  

Based on statistical 
analysis 
of NHANES III data on 
older (≥60 years) men 
and women 
(n=4449) 

non-
Hispanic 
White and 
Black, 
and 
Mexican-
American 

47
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ASM, appendicular skeletal muscle mass; BIA, bioimpedance analysis; BMI, body mass index; CHS 

Cardiovascular Health Study; DXA, dual x-ray absorptiometry; EWGSOP, European Working Group on 

Sarcopenia in Older People; GS, gait speed; Health ABC, The Health Aging and Body Composition Study; Ht, 

body height; NHANES, National Health and Nutrition Examination Survey; SMI, skeletal muscle mass index; Wt, 

body weight. 

  

Muscle 
strength Handgrip 

strength  Men: <30 kg 
Women: <20 kg 

Based on statistical 
analysis 
of study group  
(n = 1,030) 

Italy  8
 

  

Men: 
BMI ≤ 24 ≤ 29 kg 
BMI 24.1–26 ≤ 30 kg 
BMI 26.1–28 ≤ 30 kg 
BMI > 28 ≤ 32 kg 
Women: 
BMI ≤ 23 ≤ 17 kg 
BMI 23.1–26 ≤ 17.3 kg 
BMI 26.1–29 ≤ 18 kg 
BMI > 29 ≤ 21 kg  

Based on quartiles of 
study group (n = 5,317) USA/CHS 48

 

  
Men: 30.3 kg 
Women: 19.3 kg 

Based on lowest 
quartile of study 
group Japan 45

 

  
Men <22.4 kg 
Women <14.3 kg 

Based on EWGSOP 
recommendation and 
adjusted according to 
Asian data 

Taiwan  49
 

Physical 
performance  Gait speed Men <1.27 m/s 

Women <1.19 m/s Based on the lowest 
quartile of study group Japan  45

 

  
GS  <1 m/s 

 
Taiwan  49

 

  
GS  <1.22 m/s 

 
Japan  50, 51  

  
6-m course  
GS  <1 m/s  

Based on statistical 
analysis of Health 
ABC participant data 

USA 
/Health 
ABC data 

41
 

  
GS <1.175 m/s 
15-ft (4.572 m) course  

Based on quartiles of 
study group 
(n = 5,317)  USA/CHS 48

 

  
4-m course 
GS <0.8 m/s  

Based on statistical 
analysis of 
study group (n = 1,030) Italy 8
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1.2.3. Biological markers  

Sarcopenic condition can only be diagnosed by imaging and BIA when wasting of 

muscle mass in the early stage or frailty in severe sarcopenia occurred.22 In addition, 

another important factors of sarcopenia, muscle function, which can be evaluated in low-

cost, strongly relevant of subsequent disability in older people.3 But unfortunately, 

physical performance tests are limited in this population whose co-morbid conditions such 

as degenerative or inflammatory diseases of the musculoskeletal system are often 

accompanied with.22 

Loss of muscle mass or performance is usually seen during aging. Hence, it is 

important to find a valid serum biomarker to be able to classify either this pre-sarcopenia 

is physiological or pathological. Accumulated evidences have shown that pro-

inflammatory indicators, hormones, vitamin D, cytokines, mediators of oxidative damage, 

antioxidants and a wide range of other biomarkers have notable and independent 

associations with various criterions of sarcopenia.52-61 However, such biomarkers may 

have limited diagnostic application of sacopenia, because they are associated with a 

variety of symptoms of other diseases. Furthermore, they are not specific for skeletal 

muscle and strength loss. Recently, serum ubiquitin proteasome and caspase levels are 

considered as specific biomarkers of muscle proteolysis, but they have no relationship 

with age-related muscle atrophy. 

Finding a single biomarker which perfectly matches all criteria seems very hard, but it is 

necessary to develop an optimal candidate which is complementary with imaging and 

functional tests. With those aims, this study focused on exercise-induced myokine, irisin, 

which expresses predominantly in skeletal muscle and is secreted during exercise. 
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1.3 Signal pathway of sarcopenia / muscle atrophy 

Elevation of protein degradation, insufficient protein synthesis and the reduction of 

regenerative capacity are involved in the onset and progression of sarcopenia.62-64 Loss 

of androgens and growth factor levels, menopause, accumulation of total body and 

visceral fat, impaired appetite regulation, changes in circulating pro-inflammatory 

cytokines, chronic disease, further reduction in physical activity, hospitalization and 

depression) have been reported as potential causes of sarcopenic condition in elderly 

individuals.65-68 Sarcopenia which was also observed even in the young and middle aged 

population due to the loss of motor unit accelerates, physical inactivity, increase of body 

fat and decrease of androgens, the loss of type II muscle fiber size and amount.69-71 

Regarding to molecular level, the disproportion of protein synthesis and/or protein 

breakdown in skeletal muscle results in sarcopenia. The PI3K/Akt pathway is important in 

the transmission of extracellular signals and mechanical stimuli which is involved in 

anabolic and catabolic processes.72 This system is activated with up-stream ligands such 

as insulin, IGF-1 and VEGF. Activation of PI3K/Akt leads to the phosphorylation of mTOR, 

which in turn phosphorylates p70S6K and eIF-4E, respectively, subsequently to increase 

protein synthesis. 73, 74 

On the other hand, upregulation of PI3K/Akt signals reduces and inhibits muscle 

atrophy via FoxO phosphorylation.75 Forkhead transcription factors of FoxO family are 

important downstream targets of Akt, a kinase shown to play a crucial role in cell growth, 

survival and metabolism.76 There are 3 isoforms of FoxO in muscle, FoxO1, FoxO3, 

FoxO4. When phosphorylated, all of subfamily are present in cytoplasm and is  

dephosphorylated to move into nucleus.77 In myotubes, translocation into nucleus and the 

activation of FoxO transcription factors is demanded for the expression of atrogin1 and 
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MuRF1. FoxO3 upregulation has been shown to be important for inducing muscle 

atrophy.78 Transgenic FoxO1 mice have revealed that FoxO1 negatively regulates 

skeletal muscle mass, as well as muscle function, which resulted in sarcopenic 

phenotype.79 Akt-inactivated FoxO, thus inhibits the expression of two muscle-specific E3 

ubiquitin ligases, atrogin1 and MuRF1, and subsequently reducing protein degradation by 

the ubiquitin-proteasome system.80 The finding of two muscle specific E3 ubiquitin ligases, 

raises an interest in establishing muscle specific targets for therapeutic intervention. 

Atrogin1 and MuRF1 are affiliated in the ubiquitin proteasome proteolytic pathway, which 

is involved in intracellular protein breakdown in skeletal muscle.81 Muscle disuse, 

denervation and fasting status lead to a decrease of PI3K. Akt activity and an increase of 

FoxO activity along with the upregulation of atrogin1 and/or MuRF1, which induced 

muscle atrophy.82, 83   

Atrogin1 and MuRF1 expression has been shown elevated in aged rodent skeletal 

muscle and accompanied with greater ubiquitin conjugation levels.80 Thus, atrogin1 and 

MuRF1 are generally used as markers of intracellular atrophy in sarcopenia research.  

Endo- or exo-geneous glucocorticoids increase is associated with severe skeletal 

muscle atrophy in various conditions (e.g. thermal injury, sepsis, cachexia, cancer, 

starvation, metabolic acidosis and hypoinsulinism)81,84-93. In skeletal muscle, 

glucocorticoid reduces protein synthesis and augments protein degradation, both 

contributing to atrophy.78,94,95 The administration of synthetic glucocorticoid, 

dexamethasone (DEX) is widely used to induce muscle proteolytic atrophy both in vitro96 

and in vivo.64 Glucocorticoids activate the ubiquitin proteasome system, which result in 

the upregulation of atrogin-1 and MuRF1 expression, consequently skeletal muscle and 

myotube atrophy.87, 97 The increase of atrogenes by DEX depends on the requirement of 
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glucocorticoid receptor98 and dephosphorylation of FoxO1 and FoxO3 transcription 

factors for atrogin1 and MuRF, respectively78, 99, 100.  

  

1.4 FNDC5 / Irisin 

A novel muscle tissue secreted peptide, irisin has recently been identified to act on 

pre-adipocytes facilitating beigeing and browning adipocytes. Astonishingly, amino acid 

sequences of irisin are completely identical in humans, mice and rats. Irisin consists of 

112 amino acid peptides, is proteolytically cleaved and secreted from fibronectin type III 

domain containing protein 5 (FNDC5), which was reported to be augmented though 

exercise training in both mice and humans.101 Therefore, irisin release resulted from 

physical activity is greatly concerned as a potential modulator of beneficial effects of 

exercise. Irisin is a dimer and its dimerization is unaffected by glycosylation. The targets 

of ligand are two types of receptor-activated dimerization which include the dimerization 

of two rececptors or facilitated dimer interaction between monomeric receptors via 

binding of preformed dimer.102 Thus, irisin domains may support in the dimerization of 

intracellular or intercellular receptors, facilitating downstream signaling and cell adhesion 

processes. Meanwhile, a study data suggested that human FNDC5 is a pseudo-gene 

because of mutation in the conserved start codon ATG to ATA, which results in the loss of 

ability to be effectively translated into full-length FNDC5. Even the results in vitro and 

human study have been shown no changes by electrical stimuli and exercise training, 

respectively.103  

In addition, irisin has been suggested as a potential mediator in body metabolism. 

FNDC5 overexpression using adenoviral vector led to increases energy expenditure, 

diminish gain of body weight, and ameliorate insulin resistance in mice with or without 
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high-fat-diet. These data proposed as a latent preventive role of irisin in the obesity-

related metabolic diseases, type 2 diabetes, particularly. To further demonstrate the 

relevance of irisin in metabolism, numerous cross-sectional and interventional studies 

have been conducted. Recently, some studies described the negative correlations 

between serum irisin levels and BMI, these findings supported the preventive effect of 

irisin on obesity.104-107  

In contrast, some of current reports showed that the physiological and potential 

therapeutic roles of irisin are still remained controversial. Some studies mentioned a 

positive correlation between circulating irisin level and BMI, as well as no significant 

difference of serum irisin level in obese and diabetic patients.108-111  However, it seems 

that the correlation of serum irisin level with muscle mass is consistent. 

The effects of irisin on adipose tissues are well-established, but its actions on other 

tissues (muscles) have rarely been reported.112 Accordingly, further investigations of irisin 

as an auto/paracrine/endocrine factor regarding to its therapeutic effects are required. 
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II. PURPOSES 

The aims of this study are to determine whether atrophic and hypertrophic myotube 

remodeling alter FNDC5/irisin secretion levels in vitro, and to assess the associations of 

serum irisin levels with muscle mass and function in human. In addition, the 

autocrine/paracrine role of irisin, as an anti-atrophic factor is also elucidated. Through this 

study, possibility of irisin and qualitative muscle mass indices as sarcopenia biomarkers is 

validated. 
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III. MATERIALS AND METHODS 

3.1. In vitro study  

3.1.1. C2C12 muscle cell culture 

C2C12 myoblastic cells procured from the Amerian Type Culture Collection (Rockveille, 

MD, USA) were maintained and differentiated to myotubes as described previously.113  

C2C12 myoblats were cultured in Dulbecco’s Modified Eagles Medium(DMEM) including 

4.5% glucose supplemented with 10% fetal bovine serum (catalog no. Hyclone, Logan, 

UT, USA), 100U/ml penicillin and 100 ug/ml streptomycin, and were propagated in 6-well 

plates (for real-time PCR, immunobloting and secretoms), in 100-mm culture dishes (for 

the measurement of cell diameter), or 96-well plates (for proteasome activity assays). The 

myoblats were fused into myotubes at 90% confluence, by switching proliferation medium 

to differentiation medium (2% horse serum in DMED). The cells were maintained a 37 

under 5% CO2, and the media were changed every other days. 

 

3.1.2. Resents and chemicals 

Irisin (catalog no. AG-40B-0136) was purchased from Adipogen (Seoul, Korea) and 

dissolved in 100µl of double distilled H2O at stock concentration of 100µg/ml. DEX 

(catalog no. D2915), IGF-1 (catalog no. I1271), insulin (catalog no. I6634), AICAR 

(catalog no. A9978) and metformin (catalog no. D150959) were purchased from Sigma 

(St Louis, MO, USA) and prepared as manufacturer’s instructions. DMEM (catalog no. 

SH30243) and FBS (catalog no. SH30071) were purchased from Hyclone (Logan, UT, 

USA). Horse serum (catalog no. 26052-088) was purchased from Gibco (Life 

Technologies Corporation, Grand Island, NY, USA). LY294002 (catalog no. 9901), U0126 
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(catalog no. 9903) and rapamycin (catalog no. 9904) were purchased from Cell Signaling 

Technology (Danvers, MA, USA). Epoxomycin (catalog no. sc-363786) was purchased 

from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 

  

3.1.3. Cell size determination 

To evaluate the myotube remodeling by DEX, IGF-1 and irisin on myotube size, 

respectively, the cells were fixed with 4% paraformaldehyde in PBS and photographed at 

the end of each treatment. Images were visualized with a Nikon Eclipse TE2000U 

microscope (Nikon, Avon, MA), and captured using Photometrics Cool SNAP CCD 

camera (Roper Scientific, Tuscon, AZ, USA) under the phase-contrast microscope at 

100X magnification. The diameters of individual myotubes were analyzed using 

MetaMorph 6.1 software (Molecular Devices, Sunnyvale, CA, USA). Average diameters 

of at least 200 myotubes were for each condition at three points separated by 50μm 

along length of the myotube. Lastly, to assess the effect of the four groups including DEX 

and/or irisin treatments on cell size, three independent sets of the cell groups were 

photographed at the same magnification after the completion of the incubation period.  

 

3.1.4. RNA extraction and quantitative real-time PCR analysis 

Total RNA was isolated from cultured C2C12 myoblast and myotubes using the 

RNeasy kit (catalog no. 74134, Qiagen GmbH, Hilden, Germany). First strand cDNA was 

synthesized from 1μg of total RNA with a reverse transcription kit (Applied Bioscience, 

Foster City, CA, USA) in a reaction volume of 20μl. The reaction mixture contains 2µl of 

10x PCR buffer (final conc. = 1 x), 4µl of 25mM MgCl2 (final conc. = 5 mM), 2µl of 40mM 

dNTPs mixture (final conc. = 1mM), 1µl of oligo d(T)16 (final conc. = 2.5µM), 1µl of RNase 
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inhibitor (final conc. = 1 U/µl), 1 µl of reverse transcriptase enzyme (final conc. = 2.5 U/µl) 

and 9µl of RNA (1µg). PCR program used for cDNA synthesis was 42°C for 1hr, 94°C for 

10 min and 4°C for infinity.    

Quantitative polymerase chain reaction or real-time PCR is the technique to amplify 

and simultaneously quantify the gene of our interest. The procedure follows the general 

principle of polymerase chain reaction with detection of amplified product in “real time” 

using a specific DNA intercalating fluorescence dye such as SYBR green. Real-time PCR 

was performed to measure the mRNA levels of candidate genes using sequence-specific 

primers (Table 3). 18S ribosomal RNA was used as the reference control. For the 

analysis of each gene expression, experiments were conducted in triplicate in a real time 

PCR system (7900HT, Applied Bioscience) using SYBR Green PCR Master Mix (catalog 

no. 204143, Qiagen). Data was analyzed following 2-ΔΔC
T method.114 The PCR reaction 

was performed with 10µl total reaction volume containing 5µl of 2x SYBR green PCR 

master mix (final conc. = 1 x), 1µl of 10µM forward primer (final conc. = 1µM), 1µl of 

10µM reverse primer (final conc. = 1µM), 1 µl of template cDNA (50 ng/µl) (final conc. = 5 

ng/µl) and 2µl of DNase-RNase free H2O. PCR was started with two holding 

temperatures at 50°C for 2 min and 95°C for 15 min as per manufacture’s instruction. In 

each PCR experiment, 40 cycles were considered including denaturation at 95°C for 15s, 

annealing at 58°C for 30s and extension at 72°C for 30s. Data was collected after each 

PCR cycle. 
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Table 3. Primer sequences used for real-time PCR 

Category  Gene  Association #  Primer sequence  Predicted 
size  

Myogenesis  
- related genes  

MyoD  NM_010866  Forward: 
ggcatgatggattacagcgg  
Reverse: 
tgtagtaggcggtgtcgtag  

70 bp  

Myogenin  NM_031189  Forward: 
catggtgcccagtgaatgca  
Reverse: 
aactccagtgcattgcccca  

69 bp  

Muscle atrophy  
- related genes  

Myostatin  NM_010834  Forward: 
gagaagatgggctgaatccc  
Reverse: 
ctcatcgcagtcaagcccaa  

89 bp  

Atrogin-1  NM_026346  Forward: 
gccatcctggattccagaag  
Reverse: 
gttcttttgggcgatgccac  

99 bp  

MuRF-1  NM_001039048  Forward: 
ggacagaagactgagctgag  
Reverse: 
ccagctgagagatgatcgtc  

82 bp  

Myokines  FNDC5  NM_027402  Forward: 
cagcagaagaaggatgtgcg  
Reverse: 
ttctgtgtcctcctccaggt  

96 bp  

FGF-21  NM_020013  Forward: 
cctctaggtttctttgccaacag  
Reverse: 
aagctgcaggcctcaggat  

58 bp  

Housekeeping 
gene  

18s rRNA  NR_003278  Forward: 
accgcagctaggaataatgga  
Reverse: 
gcctcagttccgaaaacca  

63 bp  
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3.1.5. Immunoblot analysis 

To extract total protein from cultured myoblast and myotubes were washed twice with 

ice cold PBS and lysed in cell lysis buffer (Pro-prep, iNtRoN Biotechnology, South Korea) 

containing protease inhibitor and protein phosphatase inhibitor cocktail. The lysates were 

centrifuged at 13,000 rpm for 20min at 4°C and supernatants were collected and used for 

western blotting. Protein concentration was determined using Bradford assay (catalog no. 

500-0006, Bio-Rad) and equal amount of proteins were loaded for SDS PAGE and then 

transferred to polyvinylidene difluoride (PVDF) membrane (catalog no. IPVH00010, 

Millipore Corporation). The membrane was blocked with 3 or 6% skim milk followed by 

primary antibody incubation at 4°C overnight. Primary antibodies for irisin (1 µg/ml), total 

and phospho IGF-1 receptor (1:1000 dilution for each), total and phospho Akt (1:2000 

and 1:1000, respectively), total and phospho ERK1/2 (1:2000 and 1:1000 dilution, 

respectively), total and phospho TSC2 (1:1000 dilution for each), total and phospho 

mTOR (1:2000 and 1:1000 dilution, respectively), total and phospho p70S6K (1:2000 and 

1:1000 dilution, respectively), total and phospho FoxO3α (1:1000 dilution for each), 

atrogin-1 (1:1000 dilution) and MuRF-1 (1:1000 dilution) were prepared with 0.1% Tris-

buffered saline and Tween 20 (TBST) containing 3~6% BSA. β-actin (1:5000 dilution) and 

GAPDH (1:4000 dilution) were used as loading controls. Horseradish peroxidase (HRP)-

conjugated secondary antibody against either mouse or rabbit IgG (catalog no. 31450 

and 31460, Thermo Scientific) was incubated for 1hr at room temperature. The bands 

were visualized and quantified with a UVP Biospectrum-600 imaging and analyzing 

system using Luminata Forte enhanced chemiluminescence (ECL) solution (catalog no. 

WBLUF0100, Millipore Corporation). Information about primary and secondary antibodies 

was given in Table 4.  
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Table 4. List of antibodies 

  

Antibody name  Catalog no.  Manufacturer  Host 
Species  

Irisin  AG-40B-0102 Adipogen  Rabbit  

FNDC5  ab93373  Abcam  Rabbit  

IGF-1 receptor β 

(phospho)  
3918  Cell Signaling Technology  Rabbit  

IGF-1 receptor β  9750  Cell Signaling Technology  Rabbit  

Akt(phospho)  4060  Cell Signaling Technology  Rabbit  

Akt  9272 Cell Signaling Technology  Rabbit  

ERK1/2(phospho)  9101  Cell Signaling Technology  Rabbit  

ERK1/2  9102  Cell Signaling Technology  Rabbit  

TSC2(phospho)  3617  Cell Signaling Technology  Rabbit  

TSC2  4308  Cell Signaling Technology  Rabbit  

mTOR(phospho)  2971  Cell Signaling Technology  Rabbit  

mTOR  2972  Cell Signaling Technology  Rabbit  

p70S6K(phospho)  2904  Cell Signaling Technology  Rabbit  

p70S6K  2902  Cell Signaling Technology  Rabbit  

FoxO3α (phospho)  9465  Cell Signaling Technology  Rabbit  

FoxO3α  2497  Cell Signaling Technology  Rabbit  

Atrogin-1  ab168372  Abcam  Rabbit  

MuRF-1  ab172479  Abcam  Rabbit  

GAPDH  ab8245  Abcam  Rabbit  

B-actin  ab6275  Abcam  Mouse  

Anti-mouse HRP 31450 Thermo Scientific Rabbit 

Anti-Rabbit HRP 31460 Thermo Scientific Goat 
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3.1.6. Secretome analysis 

To prepare conditioned medium, the myotubes were washed 3 times in serum-free 

medium after respective drugs treatment, and an additional incubation was performed for 

24hrs in serum-free medium containing only 1% antibiotics-antimycotic. The conditioned 

medium containing the secreted proteins was collected and centrifuged to remove cell 

debris for 3min at 3000 rpm, then the supernatant was subsequently concentrated using 

a 10,000-Dalton molecular mass cutoff spin column, centrifugal filter (catalog no. 

UFC501096, Millipore Bedford, MA). 1~1.2ml of myotubes culture medium was 

concentrated 25-30 fold by ultra-filtration. The concentrated medium sample was loaded 

onto 15% SDS-PAGE gels, and the proteins were transferred to PVDF membrane and 

probed with the irisin antibody.  

 

3.1.7. Proteasome activity analysis 

To demonstrate the effect of irisin regarding the inhibition of DEX-mediated proteasome 

activity in myotubes, Proteasome-GloTM Chymotrypsin-like Cell-Based Assays kit  

(Promega, Madison, WI, USA) was used in intact myotubes (attached to the culture 

plates) according to manufacturer’s instructions. C2C12 myoblasts were seed in white 

96-wells plates with clear optical bottom (Thermo /Nunc, catalog no. 165306) at a density 

of 10,000 cells per well in 100μl. The myotubes differentiated for 6 days were treated with 

100μM DEX and /or 100ng/ml irisin for 24hrs. After exposure drugs, an equal volume of 

luminogenic substrate specific for chymotrypsin like protease activity was added to each 

sample. After shaking the contents of the wells at 700 rpm using a plate shaker for 2 

minutes and an additional Incubation at room temperature for 10 minutes, the 

luminescence was detected by a luminometer (Synergy 2, BioTek Instruments, Winooski, 
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VT, USA). To confirm the specificity of the assay, the same number of samples pretreated 

for 1hr with 10μM epoxomicin, a proteasome inhibitor. For each sample, proteasome 

activities were calculated by subtracting activity in the backgrounds and epoxomicin- 
pretreated luminescence signal from the activity in the total luminescence signal.  

 

 

 

 
3.2. Human study 

3.2.1. Subjects 

1753 Korean aged 19-87 years, who visited a center for exercise medicine in Wonju, 

South Korea, were recruited into this cross-section study. Data were collected from 

January 2012 to April 2014. Demographic and anthropometric characteristics of subjects 

were described in Table 5. The database of participants who involved in measurement of 

circulating irisin was analyzed by multistage stratified sampling method. Subjects with a 

history of specific muscle disease, peripheral vascular disease, intermittent claudication, 

central and peripheral nervous system disorders, cachexia, an active diagnosis of 

diabetes mellitus, myocardial infarction or stroke, liver diseases, dialysis, long-term 

steroid therapy, and/or current treatment for cancer or severe infection other than short-

term antibiotic therapies were excluded on enrollment. All subjects provided informed 

consent to participate in the study, which was approved by the Ethical Committee of 

Yonsei University Wonju College of Medicine, Wonju, Korea (IEC no. YWMR-12-0-050) 

and was in compliance with the Helsinki Declaration. 
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3.2.2. Anthropometry 

Weight and height were measured by standard technique. Body mass index (BMI) and 

body surface area (BSA) were calculated as weight / height2 (kg/m2)115 and weight × height/3600 (m2)116, respectively. Waist circumference was measured at the 

midpoint between the lower rib margin and the iliac crest or most often at the umbilical 

level.  

 

3.2.3. Muscle mass  

Multi-frequency bioelectrical impedance analysis (BIA) of body composition has been 

proved to be an appropriate alternative to dual-energy x-ray absorptiometry and thus 

provides a more accessible evaluation tool for this population.117-119 Body composition (fat 

mass and fat-free mass) was assessed using a direct segmental multi-frequency BIA 

(Catalog no. Inbody 720, Biospace, Seoul, Korea), fat-free mass (FFM) was considered 

and described as muscle mass in this study. 

The age-related decline of muscle function is associated with differences in height and 

body weight independently.120 Also, waist circumference and BMI are associated 

independently with health-related physical fitness levels.121 Thus, muscle mass was 

adjusted with anthropometric factors both height and weight, or predicted obesity-related 

health conditions as a waist circumference. These indices are denominated as ‘qualitative 

muscle mass’ rather than ‘relative muscle mass’ in this study.  
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3.2.4. Muscle function 

Muscle strength was assessed by hand grip with digital handgrip dynamometer 

(Catalog no. A5401, Takei Scientific Inc. Tokyo, Japan). Each muscle group of left and 

right hand was measured two times. Better results of the strongest side were used in the 

analysis. The individual peak VO2 was determined from an incremental exercise test on a 

bicycle ergometer (Aero bike 75XLIII, Combi, Tokyo, Japan). Muscle power was 

determined by vertical jump test. The vertical jump height was measured using timing mat 

which calculates a ground contact and flight time during a jump. The subjects were 

required to jump as high as possible from a vertical jump board (Helmas-SH-9600F; 

South Korea). Muscular endurance was evaluated by sit-up test, where the subjects were 

asked to lie on the sit-up board (Helmas-SH-9600N; Korea), bend their knees to 90 

degrees, grab their necks with both hands, and raise their upper body and bend forward, 

using only their abdominal muscles. Flexibility was measured by sit-and-reach test. The 

subjects sat on the test equipment (Helmas-SH-9600G; South Korea), placed hand over 

hand and reached as far as possible over measuring stick without bending knees. The 

best of three tries was used in the analysis. Ability to maintain balance was examined by 

one-legged stance test using balance measuring instrument (Helmas-SH-9600H; South 

Korea). The subjects were demanded to close their eyes and hold on their waist while 

standing on the preferred leg, then to raise the other leg approximately 5cm. The timing 

stopped when the legs touched each other, the elevated leg touched the ground or the 

person hopped or otherwise lost their start balance position. Reflex sense was estimated 

by whole body reaction time using contact timing mat as indicated earlier (Helmas-SH-

9600F; South Korea). The subjects stood by to a sudden light and sound, then 
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immediately spread their legs apart. The shortest time of three tries was used in the 

analysis. 

 

 

3.2.5. Serum level of irisin 

Blood was drawn from a forearm vein and collected in EDTA tubes. Immediately after 

blood sampling, tubes were centrifuged for 10 min at 3000 rpm and serum were collected 

and stored at −20 or −80°C until further processing. Serum irisin concentrations were 

measured using a commercially available enzyme linked Immune sorbent assays 

(catalog no. AG-45A-0046PP-KL01, Adipogen, Korea) with intra- and inter-assay 

coefficient of variation of < 10%. To investigate serum irisin level according to sarcopenia, 

subjects were classified by cutoff values of hand grip strength.35  
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3.3. Statistic analysis 

All statistical analyses were performed with SPSS 20.0 (SPSS Inc, Chicago, IL) or SAS 

9.4 (SAS Institute Inc. Cary, NC). Data were shown as mean ± standard(SD), error of 

mean (SEM), or area under the curve (AUC) with its 95% confidence interval (CI). The 

results of different groups were compared by student’s t-test and ANOVA with subsequent 

post hoc Fisher's least significant difference (LSD) method. Associations of serum irisin 

levels with several parameters were analyzed with Pearson’s correlation coefficients. 

Multivariate linear regression was applied to normalize muscle mass according to muscle 

function. ROC curves and decision plots were used to choose significant parameters and 

determine optimum cut-off values by maximizing sensitivity and specificity using the 

Yoden index. Comparison of ROC curves was performed with SAS statistical software. In 

all statistical analyses, P values < 0.05 were considered significant.   
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IV. RESULTS 

4.1. In vitro study 

4.1.1. Irisin expression during myogenic differentiation 

Myogenic regulatory genes such as MyoD and MyoG, were increased in differentiating 

C2C12 cells. FNCD5 mRNA level (precursor of irisin) and irisin protein level, were 

significantly increased during differentiation process (Figure 1), suggesting that the 

expression of irisin starts increasing during myogenesis. 
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Figure 1. FNDC5/irisin expression during differentiation process in C2C12 

myotubes 

Total RNA and protein were isolated from myotubes differentiated for 6 days. (A) Gene 

expression of myogenic factors and FNDC5 during the differentiation stages. (B) Western 

blot showing irisin levels in whole cell lysates during differentiation process. Values 

represent mean ± SD (N=3), *p < 0.05 compared to control (before differentiation). 
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4.1.2. Irisin expression and secretion on IGF-1-induced myotube hypertrophy 

IGF-1 is one of the powerful factors contributing to muscle hypertrophy.122 To determine 

whether hypertrophic remodeling can induce expression and secretion of irisin in vitro, 

recombinant IGF-1 was employed. IGF-1 induced myotube hypertrophy though 

phosphorylation of Akt in a dose-dependent manner (Figure 2). IGF-1 significantly 

increased FNDC5/irisin protein expression during the hypertrophic remodeling which was 

paralleled by increased irisin secretion in a dose- and time-dependent manners (Figure 3). 

Furthermore, western blotting analysis showed that specific inhibitors, targeting 

downstream of IGF-1 signaling pathway, abolished IGF-1-induced upregulation of irisin 

secretion in C2C12 myotubes (Figure 4). 
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Figure 2. Phosphorylation of Akt and expression level of irisin by IGF-1 treatment  

in C2C12 myotubes 

Myotubes were treated with 100ng/ml of IGF-1 at different time points. Western blots 

showing phosphorylation of Akt, and FNDC5/irisin expression by IGF-1 at different time 

points. Values represent mean ± SD (N=3), *p < 0.05 compared to control. 
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Figure 3. Stimulation of irisin secretion by IGF-1 in C1C12 myotubes 

Myotubes were treated with various doses of IGF-1 for 24hrs (A), and at different time 

points with 100ng/ml of IGF-1 (B). Western blots showing results of IGF-1-induced irisin 

secretion in dose- or time dependent manner. AU, arbitrary unit. Values represent mean ± 

SD (N=3), *p < 0.05 compared to control. 
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Figure 4. Stimulation of irisin secretion by IGF-1 through activations of Akt kinase 

and ERK1/2 MAPK in C1C12 myotubes 

Myotubes were co-treated with PI3K inhibitor (LY294002), ERK inhibitor (U0126) and 

mTOR inhibitor (rapamycin) for 1hr before IGF-1 treatment, respectively. Additionally, to 

harvest conditioned medium, the myotubes were cultured under serum deprived condition 

for 24hrs.  
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4.1.3. Irisin expression and secretion on DEX-induced myotube atrophy 

To determine whether atrophic remodeling can reduce expression and secretion of 

irisin, differentiated C2C12 myotubes were treated with dexamethasone (DEX). DEX-

induced myotube atrophy was dose dependent and was confirmed by up-regulation of 

atrophy regulatory genes (Figure 5). DEX greatly attenuated expression and secretion of 

irisin in differentiated C2C12 myotubes (Figure 6).  

Contrary to DEX, IGF-1 stimulates muscle growth and reduces expression of atrophy-

induced ubiquitin ligases which contribute to prevent muscle atrophy. In present data, 

IGF-1 not only suppressed DEX-induced myotubes atrophy, but also maintained irisin 

secretion by counterbalancing the decrease of those induced by DEX (Figure 7). 
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Figure 5. DEX-induced myotube atrophy 

(A) Representative pictures of C2C12 myotubes for the control and 100μM DEX 

treatment (Magnification, X100). (B) Comparison of the myotube diameters among the 

control and different dose of DEX treatments by Metamorph image analysis system. (C) 

Real-time PCR analysis of atrogin1, MuRF1 and myostatin mRNA levels among control 

and DEX-treated groups. Values represent mean ± SD (N=3) and *p < 0.05 compared to 

control. 
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Figure 6. DEX down-regulated expression and secretion of irisin in C2C12 

myotubes 

(A) Real-time PCR data demonstrated the comparative expression levels of myogenic 

factors (MyoD, myogenin) and myokines (FNDC5; precursor of irisin) between control 

and DEX-treated myotubes. Values represent mean ± SD, * p < 0.05 compared with 

control (N=3). (B) The irisin levels were determined by immunoblot analysis using whole-

cell lysates prepared from control and DEX treated groups. (C) Detection of irisin 

secretom after 100 μM DEX treatment for 24hrs using concentrated conditioned medium 

analyzed by SDS-PAGE and immunobloting. 
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Figure 7. Counteraction of IGF-1 to the attenuation of irisin secretion by DEX 

(A) Quantification of average myotube diameter was measured with Metamorph image 

analysis system. (B) The samples of conditioned medium under serum deprivation 

condition were harvested either no treatment or 100μM DEX for 24hrs, and the 

combination of Insulin (100nM), IGF-1 (10ng/ml), AICAR (1mM) and Metformin (1mM), 

respectively. Values represent mean ± SD, *, † p < 0.05 compared with control in No DEX 

and 100uM DEX treatment, respectively. 
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4.1.4. Irisin prevents DEX-induced myotube atrophy 

To determine the signaling pathway underlying hypertrophic effects of irisin, C2C12 

myotubes were treated with recombinant irisin. Western blotting analysis showed that 

irisin activated phosphorylation of Akt, ERK and TSC2 and mTOR, downstream targets of 

Akt/ERK, in time-dependent manner (Figure 8). Up-regulations of Akt and ERK contribute 

to not only muscle maintenance and hypertrophy, but also prevention of muscle 

atrophy.123-125 Accordingly, to elucidate biological significance of irisin expression in 

skeletal muscle, the anti-atrophic effect of irisin was analyzed on DEX-induced atrophic 

myotube. As shown Figure 9, pictures of myotubes were taken immediately after 

appropriate treatments. Compared to the control group, the exposure to 100uM DEX for 

24hrs significantly decreased the myotube diameter by 37.4%, whereas the treatment of 

100ng/ml irisin for 24hrs significantly increased the cell size by 19.9%. The myotube 

diameter was largely restored in the DEX + irisin group to 87.8% of control values.  

FoxOs transcription factors have been proposed as important regulators of atrogin1 

and MuRF1 which are muscle specific atrophy-induced ubiquitin ligases78, 99, 126 ,and 

PI3K/Akt pathway inhibited this atrophy program.127 In this study, to investigate whether 

irisin suppresses DEX-mediatied signals, FoxO3α phosphorylation, atrogin1 and MuRF1 

expression were evaluated using immunoblot analysis. Compared to control group, DEX 

treated group significantly abrogated phosphorylation of FoxO3α and increased atrogin1 

and MuRF1 expression (Figure 10). Meanwhile, irisin mostly restored DEX-induced 

down-regulation of FoxO3α phosphorylation and reduced atrogin1 and MuRF1 up-

regulation, respectively. Moreover, treatment of irisin attenuated elevation of 

chymotrypsin-like activity of the 26S proteasome by DEX in C2C12 myotubes (Figure 11). 
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Figure 8. IGF-1/Akt/mTOR signaling activation by irisin 

Myotubes were differentiated on 6-well plate and starved with serum free for 24hrs before 

irisin (100ng/ml) treatment. Proteins were isolated at different time-points to check the 

activations of IGF-1 receptor and its downstream signaling pathway. Western blots 

showing phosphorylation status of IGF-1 receptor and its downstream target Akt, TSC2 

and mTOR at different time points. 
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Figure 9. Attenuation of DEX-induced myotube atrophy by irisin 

(A) Representative photographs of C2C12 myotubes for the control, DEX, irisin and 

DEX+ irisin treatments (Magnification, X100). (B) Comparison of the myotube diameters 

among the four groups was evaluated using Metamorph image analysis system. Values 

represent mean ± SD, and *, † p < 0.05 compared with control, DEX and irisin treatment, 

respectively. 
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Figure 10. Abolishment of DEX-mediated muscle atrophic factors by irisin 

(A) Immunoblot analysis for IGF-1 receptor and atrophic factors in with and without irisin 

and DEX. (B-E) Quantitation of phophorylated IGF-1 and FoxO3α, and relative 

expression levels of atrogin1 and MuRF1 using densitometry analysis. Values represent 

mean ± SD (N=3), and *, † p < 0.05 compared with control, DEX and irisin treatment, 

respectively.  
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Figure 11. Attenuation of DEX-mediated proteolytic activities by irisin 

The chymotrypsin-like activity of the 26S proteasome determined via cultured cell-based 

luminescent assay and presented in the relative light units. The proteasome activity 

represents to the remaining activity after subtraction of the activity determined in the 

presence of epoxomicin. Values represent mean ± SD, and *, † p < 0.05 compared with 

control, DEX and irisin treatment, respectively (N=12). 
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Figure 12. Proposed mechanism of irisin secretion by atrophy and hypertrophy  

Dex induces dephosphorylation FoxO3α and consequent activation of atrogenes. The 

activation of atrogenes/ubiquitin-proteasome pathway accelerates protein degradation, 

which is followed by muscle atrophy results in down-regulation of irisin expression and 

secretion. In contrast, IGF-1 induces muscle hypertrophy through activation of Akt and 

ERK signaling, consequently leads to up-regulation of irisin expression and secretion. 

FoxO

Atrogin1

Dexamethasone

MuRF1

GR

Proteasome

IGF1

ERK1/2

mTOR

p70S6K

Akt

Protein 
synthesis

PI3K

Protein 
degradation

Irisin

Muscle
atrophy

Muscle
hypertrophy



43 
 

4.2. Human study 

4.2.1. Comparisons between relative and conventional muscle indices 

according to muscle functions 

To determine whether qualitative indices of muscle mass (QMI) are more valid and 

more reliable as predictors of sarcopenia, comparison intergroup (among aged groups, 

between normal and sarcopenic individuals) and correlation inter-variables were analyzed 

using variables of muscle mass and fitness levels. Table 5 shows anthropometric and 

health-related fitness parameters of the subjects. The elderly subjects had significantly 

less qualitative muscle mass and lower physical activity and fitness, when compared to 

those of adults or young adults. However, there is no difference in FFM/ht2, 

conventionally used as a relative muscle mass for diagnosis of sarcopenia, between 

elderly and other adult groups. Likewise, typical relative muscle mass indices were not 

different between sarcopenia and normal subjects, whereas QMIs were significantly 

different. Therefore, QMI might be represented for age-related changes in muscle 

strength (Table 6). The association between muscle mass and muscle strength was 

markedly increased after adjustment of both body weight and height with or without WC, 

respectively (Table 7). ROC association statistics revealed that QMIs had considerably 

higher AUC for impaired muscle performance than typical relative muscle mass index 

(Table 8). Additionally, in this study, subjects were split into tertiles for QMIs or physical 

activity levels. Subjects in higher muscle mass had a better physical fitness profiles 

including higher muscular strength, power, endurance and aerobic capacity (Figure 13 

and 14). Significant positive gradients were observed across muscle mass tertiles for 

each of the fitness parameters. Study participants with high physical activity level also 

had a relative muscle mass in both adults and elderly population (Figure 15).  
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Table 5. Characteristics of study population 
 
    p value   p value 
Demographic characteristics 

Aged group Elderly  Adult   Young adult  
Sample size (n) 185 1568  508  

Females n=125 (58%) n=1195 (76%)  n=333 (66%)  
Males n=90 (42%) n=373 (24%)  n=175 (34%)  

Age (years) 68.8±3.1 44.5±12.2 <0.001 30.9±6.5 <0.001 
Anthropometric characteristics 

Weight (kg) 62.0±8.5 62.6±10.6 0.446 64.6±11.7 <0.01 
Height (cm) 158.6±8.3 160.7±9.3 <0.01 165.0±8.7 <0.001 
WC (cm) 88.6±9.5 84.9±8.2 <0.001 83.5±8.5 <0.001 
BMI (kg/m2) 24.6±2.8 24.2±3.3 0.083 23.7±3.5 <0.01 
BSA (m2) 1.65±0.14 1.67±0.17 0.170 1.71±0.18 <0.001 

Bio-impedance parameters  
BFM (kg) 18.5±4.3 18.2±5.4 0.449 17.2±6.0 <0.01 
FFM (kg) 39.9±6.8 40.8±7.5 0.121 43.8±8.4 <0.001 
Body fat ratio (%) 29.9±6.0 28.9±5.9 <0.05 26.3±6.6 <0.001 

Qualitative body composition parameters 
FFM / Weight  0.643±0.059 0.654±0.059 <0.05 0.679±0.065 <0.001 
FFM / Height (kg/m2) 15.76±1.48 15.68±1.62 0.538 15.95±1.74 0.208 
FFM / Body fat mass 2.30±0.77 2.45±0.96 <0.05 2.86±1.20 <0.001 
FFM / WC (kg/cm) 0.45±0.07 0.48±0.08 <0.001 0.53±0.09 <0.001 
FFM / BMI (m-2) 1.63±0.30 1.70±0.30 <0.01 1.86±0.34 <0.001 
FFM / BSA (kg/m2) 24.0±2.3 24.3±2.2 0.106 25.3±2.5 <0.001 

Physical activity questionnaire (IPAQ) 
Walking (METs) 1601±2079 1264±1880 <0.05 1270±1969 0.061 
Moderate (METs) 793±947 624±943 <0.05 573±851 <0.01 
Vigorous (METs) 72±331 496±1368 <0.001 810±1825 <0.001 
Total physical activity (METs) 2466±2374 2384±2652 0.699 2653±3081 0.468 

Fitness parameter 
Hand grip strength (kg) 27.7±7.8 30.1±9.3 <0.001 33.3±10.6 <0.001 
Sit-up (frequency / 30 sec) 8.7±6.1 13.8±7.5 <0.001 18.0±7.7 <0.001 
VO2max(ml·kg−1·min−1) 27.2±7.6 29.4±7.0 <0.001 31.4±7.2 <0.001 
Vertical jump (cm) 16.8±5.9 24.3±10.5 <0.001 31.0±12.2 <0.001 
Reaction time (milliseconds) 446.5±199.8 344.5±130.1 <0.001 289.8±94.7 <0.001 
Sit-and-Reach (cm) 7.3±9.3 13.1±8.3 <0.001 13.0±8.8 <0.001 
Stork balance stand (seconds) 6.2±5.7 29.0±33.5 <0.001 45.0±39.5 <0.001 

Blood pressure      
SBP (mmHg) 129.7±15.2 122.1±15.2 <0.001 118.9±14.2 <0.001 
DBP (mmHg) 72.5±8.4 72.3±9.8 0.741 70.5±9.3 <0.05 
HRrest (beats/min) 72.8±9.5 73.4±10.0 0.463 75.0±10.4 <0.05 
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Table 6. Characteristics of study population between sarcopenic and normal 

subjects 

   p value  p value 

Demographic characteristics 
Gender Male  Female 
Hand grip strength cut-off  ≥ 30 kg  < 30 kg  ≥ 20 kg < 20 kg  

Sample size (n) 430 33  1180 140  

Age (years) 45.1±17.5 52.0±17.8 0.042 47.1±11.9 53.8±12.0 <0.001 

Anthropometric characteristics 
Weight (kg) 71.2±9.1 66.6±8.5 0.009 59.8±9.0 56.4±9.1 <0.001 

Height (cm) 169.9±10.7 164.5±7.5 0.010 157.5±5.5 153.4±5.6 <0.001 

WC (cm) 87.2±8.0 88.0±6.5 0.585 84.6±8.6 84.3±7.8 0.775 

BMI (kg/m2) 24.6±2.8 24.6±2.9 0.991 24.1±3.4 24.0±3.4 0.692 

Bio-impedance parameters  
BFM (kg) 16.4±5.0 16.4±4.7 0.974 18.9±5.3 18.3±4.8 0.221 

FFM (kg) 50.7±5.6 46.3±4.9 <0.001 37.4±3.9 35.0±4.3 <0.001 

Body fat ratio (%) 22.7±4.9 24.2±4.8 0.107 31.2±4.6 32.1±3.9 0.054 

Physical activity questionnaire (IPAQ) 
Walking (METs) 1369±1952 1478±1905 0.776 1285±1894 11184±1903 0.594 

Moderate (METs) 765±1035 920±1227 0.451 583±866 713±1182 0.153 

Vigorous (METs) 871±1935 477±1415 0.292 323±993 146±498 0.065 

Total physical activity 

(METs) 

3005±3051 2875±2537 0.826 2192±2445 2042±2290 0.540 

Qualitative body composition parameters 
FFM / Weight ratio 0.716±0.049 0.699±0.047 0.078 0.631±0.045 0.625±0.048 0.169 

FFM / Height (kg/m2) 17.46±1.27 17.10±1.30 0.145 15.07±1.15 14.84±1.34 0.051 

FFM / BFM ratio 3.40±1.21 3.05±0.91 0.133 2.10±0.51 1.99±0.41 0.042 

FFM / BMI (m2) 2.08±0.25 1.90±0.24 <0.001 1.57±0.18 1.46±0.15 <0.001 

FFM / BSA (kg/m2) 27.63±1.44 26.55±1.29 <0.001 23.17±0.84 22.57±1.08 <0.001 

FFM / WC (kg/cm) 0.586±0.071 0.528±0.061 <0.001 0.444±0.041 0.417±0.043 <0.001 
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Table 7. Multivariate linear regression with muscle strength 

In entering mode of multivariate linear regression analysis with FFM, height, weight and WC values. 

     Men    Women   Total   
Model Independent 

variables  
Adjusted 

R
2 β  p- value 

Adjusted 
R

2 β  p- value 
Adjusted 

R
2 β  p- value 

1  FFM  0.429  0.656  < 0.001  0.371  0.610  0.000  0.751  0.867  < 0.001  
2  FFM  0.437  0.523  0.016  0.381  0.502  0.007  0.753  0.767  0.003  

 
Height  

 
0.167  

  
0.153  

  
0.113 

 
3  FFM  0.455  0.804  0.001  0.389  0.651  0.016  0.770  1.052  < 0.001  

 
Height  

 
0.095  

  
0.101  

  
0.033  

 
 

Weight  
 

-0.267  
  

-0.151  
  

-0.254  
 

4  FFM  0.460  0.734  0.054  0.421  0.566  0.000  0.770  1.052  0.161  

 
Height  

 
0.056  

  
-0.038  

  
0.007  

 
 

Weight  
 

-0.063  
  

0.181  
  

-0.202  
 

 
WC  

 
-0.160  

  
-0.337  

  
-0.047  
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Table 8. The difference in AUC of ROC-curves between relative muscle mass 

indices 

 
P-value represents comparing to FFM / height2 index.  
 

 

 

 

 

 

 

 

 ROC models  
Impaired muscle performance 

AUC 95% CI p- value 

FFM / height2  0.6829 0.561–0.804  
FFM / BMI  0.7877 0.643–0.933 0.046 

FFM / BSA  0.7789 0.639–0.919 0.036 

FFM / WC  0.8054 0.663–0.948 0.003 
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Figure 13. Health-relative fitness levels according to the tertile of qualitative muscle 

mass indices in adults 

1st, low tertile; 2nd, moderate tertile; 3rd, high tertile. #p < 0.05 vs. 1st tertile, †p < 0.05 vs. 

2nd tertile.       
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Figure 14. Health-relative fitness levels according to the tertile of qualitative muscle 

mass indices in elderly 

1st, low tertile; 2nd, moderate tertile; 3rd, high tertile. #p < 0.05 vs. 1st tertile, †p < 0.05 vs. 

2nd tertile. 
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Figure 15. Qualitative muscle mass according to the tertile of international physical 

activity questionnaire in adults(A-C) and elderly(D-F) 

1st, low tertile; 2nd, moderate tertile; 3rd, high tertile. #p < 0.05 vs. 1st tertile, †p < 0.05 vs. 

2nd tertile. 
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4.2.2. Serum level of irisin 

As shown in Figure 16, the elderly group had lower serum irisin levels when compared 

with young adults, regardless of gender (mean±SD of irisin concentration, male; 

1241±417 vs 1567±436 ng/ml, p < 0.05, female; 1336±485 vs. 1780±525 ng/ml, p < 0.05). 

In addition, the correlations between serum irisin level and additional indicators (muscle 

mass indices and strength) of sarcopenia were evaluated. The data revealed significant 

correlation between irisin and diagnostic markers of sarcopenia, including muscle mass 

indices and muscle strength. Serum irisin concentration was negatively correlated with 

age, and positively with muscle mass indices and muscle strength, regardless of gender 

(Table 9). This study also revealed that serum irisin level was significantly lower in the 

sarcopenia group than the normal group (mean±SD of irisin concentration; male, 

1003±221 vs 1476±441 ng/ml, p < 0.05; female, 1210±471 vs. 1559±537 ng/ml, p < 0.05; 

Figure 17). Because serum irisin level was lower in sarcopenia, receiver operating 

characteristic (ROC) curve was plotted to identify the possibility of irisin as a diagnostic 

value of sarcopenia, especially on muscle weakness. The data suggests that serum irisin 

was associated with sarcopenia. Subsequently, ROC curve analysis revealed that irisin, 

as an independent indicator, can be used to differentiate sarcopenia from normal 

condition (Figure 18 and 19). The cut-off values of serum irisin for muscle weakness 

prediction were determined as 1167.5 ng/ml (sensitivity: 0.760, specificity: 0.905) in men 

and 1175.2 ng/ml (sensitivity: 0.755, specificity: 0.583) in women. The accuracy of serum 

irisin in distinguishing sarcopenic individuals from normal ones was 86% (good) and 68% 

(moderate) for men and women, respectively (Table 10). 
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Table 9. Pearson’s correlation coefficients of the study variables in cross–sectional study 

Male 
Female                                                                                Irisin  Age BMI BSA WC FM  FFM 

FFM  / weight 
FFM  / height 

FFM  / FM 
FFM  / BMI 

FFM  / BSA 
FFM  / WC 

HGS 
Relative 

HGS  
Irisin  1 -.305

**
 -.086 .080 -.106 -.125

*
 .165

**
 .193

**
 .137

*
 .138

*
 .252

**
 .236

**
 .261

**
 .161

**
 .136

*
 

Age -.374
**
 1 .093 -.358

**
 .224

**
 .091 -.485

**
 -.315

**
 -.377

**
 -.319

**
 -.591

**
 -.491

**
 -.686

**
 -.501

**
 -.310

**
 

BMI -.132
**
 .324

**
 1 .708

**
 .848

**
 .899

**
 .487

**
 -.753

**
 .621

**
 -.664

**
 -.467

**
 -.011 -.157

**
 .174

**
 -.553

**
 

BSA .134
**
 -.216

**
 .639

**
 1 .676

**
 .694

**
 .900

**
 -.370

**
 .865

**
 -.326

**
 .229

**
 .429

**
 .411

**
 .531

**
 -.315

**
 

WC -.193
**
 .488

**
 .833

**
 .513

**
 1 .844

**
 .430

**
 -.717

**
 .504

**
 -.639

**
 -.377

**
 -.077 -.331

**
 .114

*
 -.557

**
 

Fat mass -.093 .184
**
 .910

**
 .726

**
 .793

**
 1 .342

**
 -.904

**
 .395

**
 -.764

**
 -.509

**
 -.290

**
 -.303

**
 .071 -.616

**
 

FFM .230
**
 -.347

**
 .312

**
 .835

**
 .185

**
 .269

**
 1 .041 .966

**
 .017 .536

**
 .777

**
 .705

**
 .656

**
 -.068 

FFM / weight .198
**
 -.353

**
 -.803

**
 -.397

**
 -.742

**
 -.904

**
 .137

**
 1 -.031 .891

**
 .771

**
 .626

**
 .610

**
 .192

**
 .647

**
 

FFM / height .151
**
 -.153

**
 .517

**
 .795

**
 .346

**
 .364

**
 .944

**
 .014 1 -.060 .370

**
 .758

**
 .610

**
 .611

**
 -.123

*
 

FFM / FM .185
**
 -.348

**
 -.747

**
 -.381

**
 -.694

**
 -.843

**
 .117

*
 .960

**
 .001 1 .701

**
 .520

**
 .543

**
 .147

**
 .577

**
 

FFM / BMI .302
**
 -.590

**
 -.663

**
 .075 -.614

**
 -.607

**
 .489

**
 .838

**
 .251

**
 .801

**
 1 .788

**
 .863

**
 .495

**
 .472

**
 

FFM / BSA .244
**
 -.351

**
 -.224

**
 .259

**
 -.295

**
 -.404

**
 .745

**
 .725

**
 .697

**
 .682

**
 .772

**
 1 .872

**
 .601

**
 .324

**
 

FFM / WC .332
**
 -.652

**
 -.369

**
 .296

**
 -.599

**
 -.372

**
 .668

**
 .663

**
 .498

**
 .627

**
 .862

**
 .817

**
 1 .594

**
 .368

**
 

HGS .266
**
 -.448

**
 .050 .454

**
 -.104

*
 .041 .610

**
 .213

**
 .540

**
 .176

**
 .423

**
 .523

**
 .565

**
 1 .614

**
 

Relative HGS .229
**
 -.411

**
 -.537

**
 -.251

**
 -.578

**
 -.568

**
 .065 .620

**
 -.032 .575

**
 .536

**
 .422

**
 .481

**
 .728

**
 1 

 
*p < 0.05, **p < 0.01  
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Figure 16. Differences in circulating irisin levels among aged groups 

Young adults; 18~34 yrs; middle aged 35~64 yrs; elderly, 65 yrs and above of those. 

Values represent mean ± SD, and * p < 0.05 compared with young adults group. 
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Figure 17. Differences in circulating irisin levels between sarcopenic subjects and 

normal subjects classified using the cutoff points of hand grip strength 

Weakness; below the cutoff points of HGS, (A): men < 30kg, (B): women < 20kg. Values 

represent mean ± SD, and * p < 0.05 compared with normal subjects group.  
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Figure 18. Receiver Operating Characteristic (ROC) curves for the prediction of 

sarcopenia using serum irisin level and qualitative muscle mass indices in men 

population 

FFM, fat-free mass; BMI, body mass index; BSA, body surface area; WC, waist 

circumstance 
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Figure 19. Receiver Operating Characteristic (ROC) curves for the prediction of 

sarcopenia using serum irisin level and qualitative muscle mass indices in women 

population 

FFM, fat-free mass; BMI, body mass index; BSA, body surface area; WC, waist 

circumstance 

 

 



57 
 

Table 10. Analysis of receiver operating characteristic curve 
 
     Male      Female   

 
Cutoff 
value Sensitivity Specificity Youden 

index 

Area under  
curve  
(95% CI)  

 
Cutoff 
value Sensitivity Specificity Youden 

index 

Area under 
curve 
(95% CI)  

Irisin  
(ng/ml)  1167.5 0.760 0.905 1.665 0.866  

(0.791-0.941)  1175.2 0.755 0.583 1.338 0.688 
(0.613-0.764) 

FFM / BMI  
(m-2)  1.9806 0.829 0.857 1.686 0.874  

(0.786-0.963)  1.4621 0.845 0.617 1.462 0.772 
(0.703-0.840) 

FFM / BSA  
(kg/m2)  28.444 0.809 0.905 1.714 0.863  

(0.774-0.952)  23.884 0.742 0.717 1.459 0.804 
(0.743-0.865) 

FFM / WC  
(kg/cm)  0.5371 0.905 0.714 1.619 0.855  

(0.761-0.949)  0.4443 0.794 0.750 1.544 0.831 
(0.777-0.886) 

 
Sensitivity, proportion of true positives correctly identified; specificity, proportion of true negatives correctly identified. FFM, 

fat- free mass; BMI, body mass index; BSA, body surface area; WC, waist circumstance 
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V. DISCUSSION 

The results of this study demonstrated that the released irisin is a potential biomarker 

reflecting muscle atrophic or hypertrophic status in vitro. Myoblast differentiation is 

modulated by a cascade of changes in gene expression including transcription factors 

such as MyoD and MyoG.128, 129 Subsequent to myoblast differentiation, there is a great 

augmentation of expression in FNDC5 mRNA and irisin protein. The increase in FNDC5 

expression is accompanied by the elevation of myogenic marker expression in 

differentiating process, thus indicates that FNDC5 is a latent marker of muscle 

development.  

Irisin expression and secretion was increased by IGF-1. Akt and ERK1/2 might be 

involved in the regulation of irisin secretion in myotube. mTOR is an important 

intermediate in PI3K/Akt signaling and in skeletal muscle hypertrophy.122 Inactivation of 

mTOR or ERK1/2 by specific inhibitors led to dephosphorylation of p70S6K, results in the 

down-regulation of protein synthesis.130, 131 Consequently, as shown Figure 4, irisin level 

was reduced by suppression of anabolic pathway in muscle cell. Although the ERK1/2 

activity is insufficient for defining myogenesis in vitro or muscle hypertrophy in vivo. 132, 133 

ERK1/2 signaling appears to be potential physiological mechanisms involved in the gene 

regulation by exercise and age-related anabolic signals in skeletal muscle.132, 134 Thus, 

these data implied that irsin secretion was mediated with Akt and ERK1/2 pathway, 

independently.  

On the other hand, atrophic C2C12 myotube by glucocorticoids shows substantial 

changes in the expression of atrogenes and myostatin.135-137 In accordance to previous 

reports, DEX-induced atrophy of myotube was accompanied with the upregulation of 

atrogin1, MuRF1 and myostatin and the downregulation of myogenic factors (Figure 5). 
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Simultaneously, irisin expression and secretion were decreased in DEX-mediated 

myotube atrophy (Figure 6). As shown in Figure 9-11, the atrophy remodeling was 

sufficient to activate FoxO signaling included increase of proteasome activity, 

consequently increased catabolic signals. These results indicate that irisin secretion level 

is affected by the trophic status of myotubes. Proposed mechanism of this study is 

summarized in Figure 12. This is the first evidence showing that the reduction or 

augmentation of irisin is attributed to atrophy or hypertrophy, respectively. 

Previous studies have shown that IGF-1 prevents and inversely regulates DEX-

mediated atrophy and its gene phenotypes through Akt-mediated inhibition of FoxO 

transcription factors.127, 138 The activation of Akt not only increases protein synthesis, but 

is simultaneously and dominantly able to suppress protein degradation, allowing it to 

inhibit glucocorticoid-induced muscle atrophy.127, 138 Akt is well described in muscle 

hypertrophy, while the role of AMPK in this circumstance is still controversial even if its 

agonist. AICAR mimics or potentiates many of the physiological effects of exercise.139 It 

was well known that the activation of Akt and AMPK/PGC-1α through exercise has 

beneficial effects. Thus, we tested whether those agonists might be sufficient to rescue 

abolished irisin secretion by atrophy (Figure 7). As expected, the treatment of IGF-1 not 

only prevented irisin secretion decline by DEX-mediate atrophy, but also restored in 

myotube diameter to the control level. However, insulin was only effective to attenuate 

the decrease of irisin in CM level, but inefficient to recover myotube wasting. Although 

irisin was first identified as a peroxisome proliferator-activated receptor γ co-activator-1α 

(PGC-1α) dependent myokine, many of studies currently have revealed the discrepancies 

between PGC1α activation and FNDC5 mRNA expression. In accordance with previous 

studies, present data has been shown that the AMPK agonists, AICAR and metformin are 
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inadequate to reinstate cell size, but are certainly effective to maintain irisin secretion. 

These data suggest that both Akt and AMPK pathway independently activate irisin 

secretion. In other words, irisin is considered as a critical indicator in atrophy progression 

as well as an important parameter to reverse/improve atrophic condition. 

In addition to the role of irisin as diagnostic indicator, this study also demonstrated the 

anabolic and anti-catabolic effect of irisin with or without atrophic remodeling. Irisin 

treatment substantially increased phosphorylation of IGF-1R and its substrates regarding 

to muscle hypertrophy (Figure 8). Importantly, co-treatment of DEX and irisin significantly 

recovered cell size (Figure 9). The present data has shown that DEX completely induced 

muscle atrophy by enhancement of catabolic signals, including FoxO and ubiquitin E3 

ligases. In order to restore muscle mass, protein synthetic signals must be activated to a 

level suppressing that of protein degradation. The activated IGF-1R subsequently 

phosphorylates the IRS1/2 and activates PI3K, thereby activating the Akt/mTOR signaling 

pathway. This pathway is even effective in glucocorticoid-mediated atrophy through the 

inhibition of FoxO dephosphorylation and atrogenes. Regarding to this aspect, irisin was 

apparently a notable pro-anabolic peptide via the upregulation of IGFR/Akt/mTOR 

pathway, and anti-catabolic agent via the downregulation of FoxO3α and consequent 

proteasome activity even under the influence of DEX (Figure 10 and 11). Similar to this 

observation, recent studies demonstrated that irisin has a pleiotropic role in muscle such 

as increasing mitochondrial biogenesis and activating hypertrophic mediators.112, 140 In 

this context, the finding of present study indicated that irisin has a protective effect 

against DEX-induced atrophy via IGF-1R signaling pathway, which is attributed to the 

activation of IGF-1R and the suppression of activities of the FoxO3-atrogenes-

proteasome axis. Further investigations of therapeutic effects of irisin as an 
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auto/paracrine factor and developing novel approaches to attenuate muscle atrophy are 

required. 

 

Body height and criterion of obesity are independently associated with physical 

performance, thus standardizing relative muscle mass index of sarcopenia has to be 

considered with those variables. Unlike conventional muscle mass indices (CMI), muscle 

weakness can be dichotomized by qualitative muscle mass indices (QMI) (Table 6). The 

relationship between muscle mass and strength was significantly increased after 

adjusting by both body weight and height with and without WC, respectively (Table 7). 

ROC association statistics revealed that QMI had significantly higher AUC for impaired 

muscle performance than CMI (Table 8). In this study, the associations among QMI, 

fitness and physical activity were confirmed. Interestingly, these results implied that when 

muscle mass was adjusted to qualitative indices, those indices were significantly reliable 

than conventional indicators of sarcopenia. Previous studies have shown that the 

relationship between circulating irisin level and anthropometric parameters including FFM, 

body fat, BMI or WC.141-144 Although there are discordant results among the studies, 

positive correlation between FFM and serum irisin has been reported consistently in most 

cases. Similarly to previous studies, serum irisin level was significantly associated with 

age and FFM.110, 145 Moreover, when FFM was adjusted with either BMI, BSA or WC, the 

correlation coefficient has been substantially increased, respectively. In addition, serum 

irisin appeared to be related to muscle strength regardless of per unit body weight. These 

results indicated that serum irisin is a potential indicator of relative muscle mass as well 

as muscle function. The serum irisin levels were markedly lower in the sarcopenia 

subjects than those in the normal group. Comparing other study146, the advantages of  
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this study are that distinction by gender, wide aged population and muscle function were 

analyzed. The cut-off values about the prediction of serum irisin were also estimated 

according to gender. Comparing to QMI, irisin may be used as an independent marker of 

sarcopenia because of its accuracy on diagnosis which was confirmed by ROC curve 

analyses. The AUC values were 0.866 in men, and 0.688 in women, which is good in men 

and moderate in women, respectively. Taken together, these findings demonstrated that 

irisin is a potential and effective diagnostic biomarker for sarcopenia. To be used as an 

ideal panel of serum biomarker, not only minimizing variation among the different kits, but 

also verifying the function of irisin in human is needed. 
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VI. CONCLUSION 

Taken together, irisin is a potential indicator of muscle mass and weakness, which is 

significantly reduced in elderly people and sarcopenic individuals. The levels of irisin is 

not only associated with the trophic states of myotube diameters in culture condition, but 

also might be related to muscle mass and function in human. In addition, irisin have a 

protective effect on muscle atrophy. Therefore, irisin may be considered as a potential 

biomarker, as well as a new therapeutic agent for muscular atrophy / sarcopenia. 
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VIII. ABSTRACT IN KOREAN 

 

근감소증 생체지표로서의 irisin   

 

노화에 따른 점진적인 골격근육량과 기능 감소를 노인성 근감소증이라 한다. 명확

한 임상적 지표의 부재의 이유로, 접근성과 현실성이 고려된 정량을 가능하게 하고 

임상 실험 및 실무에서 병리적 근위축의 진단과 치료를 용이하게 할 생체지표 개발이 

필요하다. 근래에 들어, 골격 근육은 마이오카인을 분비함으로써 내분비 기관으로도 

알려진다. Irisin은 근육에서 유래된 마이오카인의 일종으로 활발한 운동에 의해 유도되

고 지방세포의 열 생산을 촉진하는 기능을 한다. 더불어 다른 조직에 비하여 골격근

육에서 주로 발현된다. 본 연구에서는 세포수준의 근위축 및 근비대 모델이 irisin 분

비 변화를 초래하는지 여부와 노인성 근감소증과 인체 혈청 irisin 수준의 연관성을 평

가하고자 하였다. 근세포 직경에 따른 irisin 발현과 분비를 알아보기 위해 DEX와 

IGF-1을 적용하여 각각 근위축과 근비대 모델을 유도하였다. 아울러 irisin가 영양적 

요인으로서의 기능을 하는지를 조사하고자 하였다. 횡단적 인체 연구에서는 715명의 

한국인을 대상으로 혈청 irisin 수준과 더불어 근육량과 기능을 측정하였다. 대상자의 

근감소증은 근육 약화의 절단값 (악력, 남성: < 30kg, 여성: < 20kg)에 따라 분류하였다. 

세포실험 내에서, DEX와 IGF-1은 유의한 근위축과 근비대를 초래하였고, 이와 병행된 

irisin 분비의 감소와 증가를 나타내었다. 한편, C2C12 근육세포에 대한 irisin 처치는 

IGF-1 수용체의 인산화를 증가시키고, DEX가 매개된 FoxO3α 탈인산화, atrogen-1 향

상 및 단백질분해효소 복합체 활성 증가를 약화시켰다. 이는 근세포 수준에서 irisin의 
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새로운 항위축 기능을 입증하는 결과로서, FoxO/atrogenes 매개성 유비퀴틴 단백질분

해효소복합체 억제를 경유하여 나타난다. 인체 연구에서는 혈청 irisin를 측정한 결과 

어르신 군에서 젊은 성인군에 비하여 유의하게 낮은 수준의 irisin이 나타났다 (남성: 

1241±417 vs 1567±436 ng/mL, p < 0.05; 여성: 1336±485 vs. 1780±525 ng/ml, p < 0.05). 

또한 근감소증 대상자의 경우, 정상 대상자에 비해 유의하게 낮은 혈청 irisin 농도가 

관찰되었다 (남성: 1003±221 vs 1476±441 ng/mL, p < 0.05; 여성: 1210±471 vs. 

1559±537 ng/ml, p < 0.05). 아울러 혈청 irisin 농도는 근육량 및 근력과 유의한 양의 

상관관계를 보였으며, 근감소증 예측을 위한 혈청 irisin의 절단 값은 남성의 경우 

1167.5 ng/ml (민감도: 0.760, 특이도: 0.905), 여성의 경우 1175.2 ng/ml (민감도: 0.755, 

특이도: 0.583)로 결정되었다. 이상의 결과들을 종합하여 고려할 때, irisin 분비수준은 

배양 조건 내에서 근세포 영양상태와의 연관성 뿐만 아니라 인체 근육량과 근 기능과

도 결부되어 있다. 따라서 이는 근위축 / 근감소증의 잠재적인 생체지표로 여겨질 것

으로 사료된다. 

                                                                                 

핵심 되는 말: 근감소증, irisin, 정성적 근육량 지표, 악력, 인슐린 유사 성장인자-1 

(IGF-1), dexamethasone (DEX) 
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IX. APPENDIX 

 

. 

Figure A1. C2C12 myotubes release endogenously irisin in vitro culture condition 

(A) Detection of irisin secretion for different time points after 6 day of differentiation using 

concentrated conditioned medium analyzed by SDS-PAGE and immunobloting. (B) 

Twenty-four-hours release of irisin by myotubes determined with recombinant irisin 

protein. 

 

 

  

Recombinant irisin

Time-dependent irisin secretion 

(hours)

A

B

3 6 12 24 60

1 2 4 8 16

– 24kDa

– 24kDa
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Table A1. The correlations between fitness / physical activity levels and relative muscle mass indices in total 

population 

 Total (n=1568) Waist BMI %BF %FFM FFM FFM 
/Weight 

FFM 
/Height 

FFM 
/BF 

FFM 
/BMI 

FFM 
/WC 

FFM 
/BSA 

Age (years) .225** .143** .345** -.341** -.306** -.341** -.105** -.338** -.423** -.464** -.340** 
Fitness parameter            

Hand grip strength (kg)  .123** .107** -.539** .535** .801** .535** .631** .533** .726** .793** .828** 
Sit-up (frequency / 30 sec) -.215** -.190** -.585** .580** .495** .580** .289** .536** .630** .659** .608** 
VO2max(ml·kg−1·min−1) -.228** -.266** -.605** .602** .364** .602** .206** .547** .558** .534** .535** 
Vertical jump (cm) -.162** -.152** -.646** .670** .615** .670** .378** .670** .752** .777** .733** 
Reaction time (msec) .154** .141** .329** -.331** -.239** -.331** -.111** -.307** -.347** -.351** -.310** 
Sit-and-Reach (cm) -.230** -.095** .070** -.066** -.186** -.065* -.175** -.053* -.121** -.060* -.169** 
Stork balance stand (sec) -.202** -.191** -.327** .325** .182** .325** .042 .322** .326** .320** .260** 

Walking (METs) .005 .011 -.019 .016 .016 .016 .028 .033 .011 .012 .024 
Moderate (METs) -.046 -.019 -.056* .058* .038 .058* .038 .052* .046 .068** .060* 
Vigorous (METs) -.055* .023 -.168** .170** .241** .170** .181** .182** .226** .303** .253** 
Total physical activity (METs) -.040 .013 -.117** .117** .145** .117** .124** .133** .137** .183** .165** 
The number of significant correlation            

r value 0.20~0.45 5 3 3 3 4 3 3 3 4 3 4 
r value 0.45~0.75 - - 4 4 2 4 1 4 3 3 3 
r value > 0.75 - - - - 1 - - - 1 2 1 

 
*p < 0.05, **p < 0.01. 
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Table A2. The correlations between fitness / physical activity levels and relative muscle mass indices in male 

population 

 Male (n=373) Waist BMI %BF %FFM FFM FFM 
/Weight 

FFM 
/Height 

FFM 
/BF 

FFM 
/BMI 

FFM 
/WC 

FFM 
/BSA 

Age (years) .315** .126** .395** -.399** -.513** -.399** -.161** -.368** -.590** -.707** -.586** 
Fitness parameter            

Hand grip strength (kg)  -.093 .046 -.212** .223** .531** .223** .276** .198** .439** .560** .526** 
Sit-up (frequency / 30 sec) -.355** -.139** -.355** .357** .363** .357** .110* .317** .456** .599** .464** 
VO2max(ml·kg−1·min−1) -.401** -.267** -.363** .366** .004 .366** -.080 .313** .256** .305** .218** 
Vertical jump (cm) -.442** -.253** -.501** .506** .395** .506** .065 .477** .599** .700** .563** 
Reaction time (msec) .306** .177** .320** -.315** -.233** -.315** -.033 -.274** -.364** -.426** -.340** 
Sit-and-Reach (cm) -.353** -.140** -.311** .314** .198** .314** .090 .274** .296** .446** .342** 
Stork balance stand (sec) -.262** -.137** -.361** .371** .322** .371** .121* .362** .425** .495** .455** 

Walking (METs) -.007 -.019 -.071 .068 .002 .068 .036 .081 .025 .010 .061 
Moderate (METs) -.031 .008 -.002 .002 .001 .002 .028 .016 -.008 .025 .015 
Vigorous (METs) -.201** -.037 -.179** .187** .239** .187** .126* .154** .246** .383** .297** 
Total physical activity (METs) -.142** -.033 -.159** .163** .152** .163** .113* .155** .168** .257** .232** 
The number of significant correlation            

r value 0.20~0.45 8 2 7 7 5 7 1 6 6 5 5 
r value 0.45~0.75 - - 1 1 2 1 - 1 3 5 5 

 
*p < 0.05, **p < 0.01. 
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Table A3. The correlations between fitness / physical activity levels and relative muscle mass indices in female 

population  

 Female (n=1195) Waist BMI %BF %FFM FFM FFM 
/Weight 

FFM 
/Height 

FFM 
/BF 

FFM 
/BMI 

FFM 
/WC 

FFM 
/BSA 

Age (years) .209** .165** .380** -.371** -.322** -.371** -.023 -.389** -.524** -.588** -.570** 
Fitness parameter            

Hand grip strength (kg)  .096** .126** -.045 .035 .465** .035 .258** .043 .287** .415** .481** 
Sit-up (frequency / 30 sec) -.342** -.318** -.402** .395** .018 .395** -.189** .367** .404** .376** .297** 
VO2max(ml·kg−1·min−1) -.357** -.392** -.419** .415** -.204** .415** -.314** .389** .287** .155** .099** 
Vertical jump (cm) -.268** -.270** -.405** .475** .108** .475** -.172** .464** .525** .468** .435** 
Reaction time (msec) .156** .155** .225** -.228** -.042 -.228** .082** -.222** -.243** -.222** -.204** 
Sit-and-Reach (cm) -.137** -.061* -.069* .071* -.017 .070* -.018 .048 .047 .117** .057 
Stork balance stand (sec) -.209** -.233** -.313** .303** .025 .303** -.138** .295** .318** .258** .236** 

Walking (METs) .005 .019 .020 -.025 -.007 -.025 .01 -.021 -.027 -.017 -.024 
Moderate (METs) -.070* -.036 -.004 .013 -.069* .013 -.043 -.008 -.031 -.002 -.050 
Vigorous (METs) -.011 .043 .010 -.011 .088** -.011 .056 -.015 .030 .107** .081** 
Total physical activity (METs) -.026 .018 .018 -.019 .004 -.019 .013 -.026 -.021 .028 -.005 
The number of significant correlation            

r value 0.20~0.45 5 4 6 5 2 5 2 5 5 4 4 
r value 0.45~0.75 -  -  -  1 1 1 -  1 2 2 2 

 
*p < 0.05, **p < 0.01. 
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Table A4. The correlations between ability to perform ADL and relative muscle mass indices in elderly   

Total elderly (n=153)  Age  BMI  %BF  FFM  FFM 
/Weight  

FFM 
/Height  

FFM 
/BF  

FFM 
/BMI  

FFM 
/BSA  

Physical and functional fitness parameters          
 

Hand grip strength (kg)  -.297**  .196*  -.505**  .867**  .563**  .724**  .604**  .801**  .874**  
Arm curl (repetition / 30sec)  -.291**  .017  -.281**  .383**  .312**  .312**  .261**  .397**  .414**  
Leg endurance against wall (sec)  -.305**  -.280**  -.360**  .075  .371**  -.003  .332**  .268**  .202*  
VO2max(ml·kg−1·min−1)  -.354**  -.164*  -.474**  .302**  .462**  .211**  .476**  .442**  .418**  
Walking around two chairs in a figure 8 (sec)  .581**  -.022  .276**  -.392** -.329**  -.331**  -.283** -.407** -.429** 
Standing up from a supine position (sec)  .217*  .051  .163  -.143  -.175*  -.099  -.159  -.190*  -.174*  
Agility on catching bar with hand (cm)  .150  .005  .160  -.154  -.134  -.109  -.132  -.175*  -.166  
Standing up and sitting down a chair (repetition / 30 sec)  -.368**  -.038  -.291**  .314**  .324**  .282**  .328**  .373**  .378**  
Peg-board (number / 30 sec)  -.404**  .032  .023  .093  .056  .120  .038  .076  .105  
Moving beans with chopsticks (number / 30 sec)  -.200*  .167*  .072  .082  -.046  .173*  -.112  -.035  .068  
Stork balance stand with eyes open (sec)  -.470**  .036  -.114  .246**  .143  .244**  .149  .240**  .249**  
Functional reach of upper body at standing (cm)  -.306**  .115  -.174*  .446**  .206*  .314**  .262**  .404**  .396**  
Sit and reach (cm)  -.150  -.072  .244**  -.366** -.252**  -.284**  -.258** -.329** -.366** 
Range of upper limbs motion (°)  -.490**  .023  .059  .092  .031  .089  -.008  .083  .086  
The number of significant correlation          

 
r value < 0.2   3     1   2  1  
r value 0.20~0.45   -  4  6  5  6  5  7  7  
r value 0.45~0.75   1  2  -  2  1  2  -   
r value > 0.75   -  -  1  -  -  -  1  1  
 
ADL, activities of daily living. *p < 0.05, **p < 0.01. 
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Table A5. The differences of characteristics among aged groups with distinction of 

gender.  

  
 Male  

  
Female  

 

Age group  Young  
adult  

Middle 
 aged  Elderly  Young  

adult  
Middle  
aged  Elderly  

Sample size (n) 109 104 112 120 120 150 

Age (years)  24.0±4.9  49.6±8.9*  71.8±5.1*†  26.0±5.9  48.8±9.0*  70.4±4.3*†  

Weight (kg)  73.8±12.7  71.9±10.1  66.2±8.6*†  58.1±9.3  58.8±8.2  56.5±7.3†  

Height (cm)  174.7±5.9  169.6±6.0*  164.3±6.0*†  161.3±5.6  157.1±5.7*  151.5±4.9*† 

WC(cm)  84.9±10.0  87.3±8.0*  88.0±7.1*  75.2±8.3  80.0±6.8*  84.3±8.1*†  

BMI (kg/m2)  24.1±3.6  24.9±3.0  24.5±2.5  22.3±3.5  23.8±3.1*  24.6±2.8*  

BSA (m2)  1.89±0.18  1.84±0.14*  1.74±0.14*†  1.61±0.14  1.60±0.12  1.54±0.11*† 

BFM (kg)  16.2±7.6  16.8±6.2  16.9±5.2  18.2±6.3  19.0±5.5  20.3±5.5*  

FFM (kg)  57.6±7.1  55.1±5.5*  49.3±5.7*†  39.8±4.4  39.8±4.5  36.2±3.6*†  

Body fat ratio (%)  21.1±6.9  22.8±5.6*  25.2±5.7*†  30.7±6.3  31.9±5.8  35.5±5.9*†  

FFM / Weight  0.79±0.07  0.77±0.06  0.75±0.06  0.69±0.06  0.68±0.06  0.65±0.06  

FFM / Height  32.9±3.4  32.5±2.6  29.9±2.6*†  24.7±2.4  25.3±2.3*  23.8±1.9*†  

FFM / BFM  4.34±2.03  3.75±1.76*  3.21±1.14*†  2.41±0.76  2.25±0.63*  1.90±0.53*† 

FFM / BMI  2.41±0.26  2.22±0.24*  2.02±0.23*†  1.81±0.23  1.67±0.21*  1.48±0.17*† 

FFM / BSA  30.5±1.8  30.0±1.4*  28.3±1.7*†  24.8±1.4  24.8±1.5  23.5±1.5*†  

FFM / WC  0.68±0.07  0.63±0.06*  0.56±0.06*†  0.53±0.06  0.50±0.06*  0.43±0.05*† 

HGS (kg)  43.2±6.3  42.2±5.9  35.0±5.5*†  27.1±4.3  26.3±4.7  22.2±4.0*†  

Relative HGS 59.6±10.0  59.4±9.6  53.2±7.9*†  47.3±7.6  45.1±7.8*  39.8±7.8*†  

Serum irisin (ng/ml)  1567±436  1537±409  1241±417*† 1780±525  1442±524*  1336±485* 

 
*p < 0.05, compared to young adult group; †p < 0.05, compared to middle aged group 
 

 


