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Background and Purpose  Myokines include cytokines secreted by muscle fibers, which are 
the final targets of myasthenia gravis (MG). This pilot study investigated whether myokine 
plasma concentrations are altered in patients with MG and assessed the association between 
the concentration of each myokine and disease severity.
Methods  We compared the plasma concentrations of 15 myokines in 63 patients with ace-
tylcholine receptor antibody (Ab)-positive MG and 14 with muscle-specific tyrosine kinase 
Ab-positive MG (MuSK MG) with those in 15 healthy controls. Plasma myokine concentra-
tions were measured using a Luminex multiplex assay kit with magnetic beads that contained 
Abs for 15 myokines. Correlations between myokine concentration and clinical scale results 
were analyzed.
Results  The concentration of fractalkine in plasma was higher in MG (median [interquar-
tile range]=419.6 [38.7–732.5] pg/mL) than in controls (158.5 [0.0–313.2] pg/mL, p=0.034). 
The leukemia inhibitory factor concentration was also found to be higher in MuSK MG (29.9 
[8.7–40.1] pg/mL) than in healthy controls (7.6 [0.0–15.6] pg/mL, p=0.013). Fatty-acid-bind-
ing protein 3 (FABP3) concentrations in plasma were positively associated with clinical pa-
rameters for MG severity, including scores on the Quantitative Myasthenia Gravis score (p= 
0.008), Myasthenia Gravis Activities of Daily Living (p=0.003), and Myasthenia Gravis Com-
posite (p=0.024) scales. FABP3 concentration in plasma tended to decrease after treatment in 
patients without additional relapse but increased in those with further relapse.
Conclusions  The plasma myokine profile was significantly altered in patients with MG. 
FABP3 concentration may be useful in assessing disease severity and predicting the treat-
ment response.
Keywords    myasthenia gravis; myokine; cytokine.

Plasma Myokine Profiles in Patients With AChR-  
and MuSK-Ab-Positive Myasthenia Gravis

INTRODUCTION

Myasthenia gravis (MG) is an autoimmune neuromuscular disease clinically characterized 
by fluctuating skeletal muscle weakness. The autoimmune target protein is located in the 
muscle membrane in most cases; the muscle can therefore be considered the final target. 
However, few studies have considered the state and role of skeletal muscle in MG pathophys-
iology. Previous studies found that cytokine and chemokine expression levels were increased 
in the skeletal muscles of experimental autoimmune MG and in patients with MG.1-3 There 
is recent evidence that transcriptomic changes related to cellular metabolism are present 
in the muscle cells of patients with MG.4 Caveolin-3, a membrane protein that is expressed 
in muscle cells and is involved in muscle repair,5 is strongly expressed in the muscle tissues 
of patients with MG.6 Elevated endoplasmic reticulum stress and muscle regeneration im-
pairment have also been reported in the skeletal muscles of patients with MG.7,8 These find-
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ings indicate that the muscle fiber itself is profoundly affected 
and pathologically altered in MG.

Myokines are cytokines and other small proteins that are 
synthesized in and produced by muscle fibers in response to 
muscle contraction.9 The expression levels of certain myo-
kines increase after exercise, such as interleukin (IL)-6, IL-8, 
leukocyte-inducing factor, connective tissue growth factor, 
fatty-acid-binding protein 3 (FABP3), and osteonectin.10-13 
An association has therefore been proposed between myo-
kines and various skeletal muscle diseases. The expression of 
follistatin-like protein 1 (FSTL-1), which stimulates angio-
genesis and vascularization in muscles, is decreased in can-
cer-associated cachexia.14 Altered myokine levels have also 
been observed in inflammatory myopathies15 and muscular 
dystrophies.16 The findings of those studies suggest that myo-
kine level is significantly influenced by the functional status 
of muscles in related diseases. Based on these associations, 
myokines are being considered as potential targets for per-
sonalized treatment17 and as biomarkers for disease severity.18 

This pilot study investigated whether myokine concentra-
tions in plasma are altered in patients with MG compared 
with healthy controls. We also compared the myokine con-
centrations in plasma of patients with acetylcholine receptor 
antibody (Ab)-positive MG (AChR MG) and with muscle-
specific tyrosine kinase Ab-positive MG (MuSK MG) with 
those in healthy controls. We further analyzed the associa-
tions between myokine concentrations and the clinical vari-
ables associated with MG. 

METHODS

Sample acquisition
We analyzed the plasma samples of 77 adult patients diag-
nosed with MG at Severance Hospital between January 2019 
and June 2021. The MG diagnoses were based on clinical 
symptoms, a positive response to the neostigmine test, dec-
rement response after repetitive nerve stimulation, and the 
presence of AChR and/or MuSK antibodies. There were 63 
and 14 samples obtained from patients with AChR MG and 
with MuSK MG, respectively. The plasma samples of 19 pa-
tients with MG were collected at two time points: during ex-
acerbation of MG and after treatment. The controls comprised 
15 samples that were obtained from a healthy population 
with no evidence of disease. 

This study was approved by the Institutional Review Board 
of Severance Hospital (IRB No. 4-2021-1417, 4-2020-0869, 
4-2019-0471). Informed consent was obtained from all sub-
jects, and the study was conducted in accordance with the 
principles of the Declaration of Helsinki.

Data collection 
The demographic and clinical data of patients at the time of 
sampling were recorded retrospectively, including the age at 
sampling, sex, age at MG onset, type of MG, Myasthenia Gra-
vis Foundation of America (MGFA) classifications at nadir 
and at the time of sampling, presence of thymoma, thymec-
tomy findings, AChR Ab level, and treatment type. The MGFA 
clinical classification is based on the type of muscle groups 
predominantly involved and weakness severity, which ranges 
from class I (ocular muscle weakness only) to class V (state 
of intubation).19 MG severity at the time of sampling was also 
assessed using the Quantitative Myasthenia Gravis (QMG), 
Myasthenia Gravis Activities of Daily Living (MG ADL), and 
MG Composite scales. The QMG is a standardized quantita-
tive scoring system developed to objectively evaluate MG se-
verity.20 It consists of 13 items with a total score of 0–39, where 
a higher score indicates more-severe disease. The MG ADL 
is a symptom-based eight-question survey that was developed 
to assess MG severity. The total score ranges from 0 to 24, 
where a higher score indicates more-severe disease.21 The MG 
Composite scale consists of ten items that measure the symp-
toms and signs of MG, each being weighted based on symp-
tom severity. The total score ranges from 0 to 50, where a 
higher score indicates more-severe disease.22

Myokine measurements
The plasma myokine concentrations were measured using 
a Luminex multiplex assay kit with magnetic beads (HMY-
OMAG-56K MILLIPLEX MAP Human Myokine Magnetic 
Bead Panel, MilliporeSigma, Oakville, ON, Canada). The 
beads were conjugated with the antibodies for the following 
15 myokines identified in previous studies: apelin, brain-de-
rived neurotrophic factor (BDNF), erythropoietin, FABP3, 
fibroblast growth factor 21 (FGF21), fractalkine, FSTL-1, IL-6, 
IL-15, irisin, leukemia inhibitory factor (LIF), myostatin, on-
costatin, osteocrin, and osteonectin. Briefly, the beads were 
incubated using diluted plasma from patients with MG or 
healthy controls, washed with a buffer, and measured on a 
Luminex 100 machine (Luminex, Austin, TX, USA). The re-
sults of the Luminex multiplex assay were obtained as me-
dian fluorescence intensity (MFI) values, and the concentra-
tion of each myokine was calculated from the MFI using the 
MasterPlex QT 2010 device (Hitachi, San Bruno, CA, USA). 
Plasma myokine concentrations were measured in duplicate, 
for which the intra-assay coefficients of variation (CVs) ranged 
from 2.9% to 19.2%: the CVs of BDNF, erythropoietin, FABP3, 
FGF21, fractalkine, IL-6, IL-15, irisin, osteocrin, and osteo-
nectin were <10%, while those for apelin, FSTL-1, LIF, myo-
statin, and oncostatin were ≥10%.
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Statistical analyses
Data are expressed as number (percentage), mean±standard 
deviation, or median [interquartile range] values. The chi-
square test and t-test were used to compare categorical and 
continuous variables between the two study groups, respec-
tively. Comparisons of plasma myokine concentrations among 
the three groups were conducted using the Kruskal–Wallis 
test followed by Dunn’s multiple-comparisons test, and the 
alpha level was adjusted to 0.017 (0.05/3 groups ≈0.017). Lin-
ear regression analysis was used to assess the correlations 
between myokine concentrations and other clinical variables. 
Myokine concentrations and clinical parameters before and 
after treatment were compared using the Wilcoxon signed-
rank test. Statistical analyses were conducted using SPSS 26.0 
(IBM Corp., Armonk, NY, USA), with significance set at 
p<0.05.

RESULTS

Clinical characteristics
Plasma samples obtained from 77 patients with MG and 15 
healthy controls were analyzed. The age of the 77 patients with 
MG was 51.1±15.8 years, and 46 of them (59.7%) were fe-
male. Of the 77 samples from patients with MG, 29 were col-
lected during exacerbation of MG, 13 during remission, and 
35 when the patients were symptomatic but clinically stable. 
The age of the 15 healthy controls was 46.3±13.8 years, and 
7 of them (46.7%) were female. 

Table 1 lists the detailed clinical features of the 63 patients 
with AChR MG and 14 with MuSK MG. The ages of the pa-
tients at the time of sampling were 50.1±16.2 and 55.3±13.9 
years in the AChR MG and MuSK MG groups, respectively. 
The proportion of females was higher in patients with MuSK 
MG (92.9%) than in those with AChR MG (52.4%, p=0.005). 
There were no differences among the subtype classifications 
of MG or the MGFA clinical classifications at nadir. The pro-
portion of patients who underwent thymectomy was higher 
in the AChR MG group (73.0%) than in the MuSK MG group 
(7.1%, p<0.001).

Comparison of myokine concentrations between 
patients with MG and healthy controls
Plasma myokine concentrations were compared among the 
entire MG cohort (n=77; i.e., including patients with both 
AChR MG and MuSK MG) and healthy controls (n=15). The 
plasma fractalkine concentration was significantly higher in 
patients with MG (419.6 [38.7–732.5] pg/mL) than in healthy 
controls (158.5 [0.0–313.2] pg/mL, p=0.034). However, no 
significant differences were observed in the concentrations of 
the remaining myokines between the MG and control groups. 

Comparison of myokine concentrations among 
patients with AChR MG, patients with MuSK MG, 
and healthy controls
We compared myokine concentrations in plasma among the 
AChR MG, MuSK MG, and control groups (Table 2). Plasma 
concentrations of apelin (p=0.026), LIF (p=0.039), myostatin 
(p=0.009), and osteocrin (p=0.030) differed significantly among 
the three groups. There were no significant differences in the 
plasma concentrations of other myokines. The post hoc anal-
ysis indicated that the LIF concentration was significantly 
higher in patients with MuSK MG (29.9 [8.7–40.1] pg/mL) 
than in healthy controls (7.6 [0.0–15.6] pg/mL, p=0.013). In 
contrast, plasma concentrations of apelin, myostatin, and os-
teocrin did not differ significantly. 

Table 1. Demographic and clinical features of patients with AChR 
Ab-positive MG and MuSK Ab-positive MG

AChR MG
(n=63)

MuSK MG
(n=14)

p

Age, years 50.1±16.2 55.3±13.9 0.276

Sex, female 33 (52.4) 13 (92.9) 0.005

Age at onset, years 41.5±17.6 44.6±15.1 0.533

Subtype classification of MG 0.198

Ocular MG 9 (14.3) 0 (0)

Generalized MG 54 (85.7) 14 (100)

AChR Ab titer at diagnosis, nmol/L 10.4±5.6

MGFA classification at nadir 0.121

I 9 (14.3) 0 (0)

II 18 (28.6) 7 (50.0)

III 23 (36.5) 2 (14.3)

IV 2 (3.2) 1 (7.1)

V 11 (17.5) 4 (28.6)

Thymectomy 46 (73.0) 1 (7.1) <0.001

Thymic pathology* 0.064

Normal 3 (6.5) 0 (0)

Thymic hyperplasia 12 (26.1) 0 (0)

Thymoma 29 (63.0) 0 (0)

Thymic cyst 1 (2.2) 0 (0)

Unknown 1 (2.2) 1 (100)

Treatment, overall 

Prednisolone 46 (73.0) 14 (100) 0.031

Azathioprine 22 (34.9) 4 (28.6) 0.762

Cyclosporine 5 (7.9) 3 (21.4) 0.154

Tacrolimus 21 (33.3) 6 (42.9) 0.545

Mycophenolate mofetil 6 (9.5) 2 (14.3) 0.632

Data are mean±SD or number (%) values.
*Results for 47 patients who underwent thymectomy. 
Ab, antibody; AChR, acetylcholine receptor; MG, myasthenia gravis; 
MGFA, Myasthenia Gravis Foundation of America; MuSK, muscle-spe-
cific tyrosine kinase.
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Associations between myokine concentrations and 
clinical variables in patients with MG 
Patients with MG were classified into groups based on sex, 
history of diabetes mellitus, MG subtype (ocular vs. general-
ized), current prednisolone treatment, and history of thymec-
tomy; plasma myokine concentrations were compared among 
these groups. There were no significant differences between 
the groups classified by sex, MG subtype, or current prednis-
olone treatment. Myokine concentrations did not differ be-
tween the patients with and without diabetes mellitus, with 
the exception of FABP3, which was higher in those with di-
abetes mellitus (2,020.8 [1,452.8–4,014.6] pg/mL vs. 1,250.5 
[824.4–1,646.5] pg/mL, p=0.002). Concentrations of erythro-

poietin (p=0.006), FGF21 (p=0.001), fractalkine (p=0.008), 
LIF (p=0.022), myostatin (p=0.007), oncostatin (p=0.016), 
and osteocrin (p=0.013) were significantly lower in patients 
with MG who underwent thymectomy (Fig. 1). 

The associations of each myokine concentration with age 
and disease duration were also analyzed. The FABP3 concen-
tration was positively correlated with age (β=0.272, p=0.009), 
whereas the BDNF concentration was negatively correlated 
with age (β=-0.234, p=0.025). The plasma concentrations of 
FGF21 (β=-0.225, p=0.049), IL-6 (β=-0.246, p=0.031), myo-
statin (β=-0.247, p=0.030), and oncostatin (β=-0.227, p=0.047) 
were negatively associated with the disease duration of MG. 

Table 2. Comparison of myokine levels in plasma among patients with AChR MG, patients with MuSK MG, and healthy controls

Detection rate (%) AChR MG (n=63) MuSK MG (n=14) Healthy controls (n=15) p
Apelin 25.0 0 [0.0–72.1] 61.4 [0.0–187.8] 0 [0.0–72.1] 0.026

BDNF 100 754.2 [407.8–1,515.6] 780.1 [484.4–1,910.7] 913.7 [523.1–4,141.4] 0.428

Erythropoietin 62.0 1,386.8 [0.0–3,859.6] 3,635.3 [0.0–5,657.1] 738.2 [0.0–2,643.4] 0.074

FABP3 100 1,283.8 [863.0–1,975.3] 1,524.3 [1,053.3–2,315.1] 1,064.2 [847.4–1,634.9] 0.257

FGF21 21.7 0 [0.0–0.0] 0 [0.0–78.7] 0 [0.0–54.5] 0.107

Fractalkine 75.0 375.4 [0.0–657.2] 639.0 [166.8–945.9] 158.5 [0.0–313.2] 0.054

FSTL-1 58.7 380.1 [0.0–4,190.4] 3,044.1 [706.7–5,920.2] 1,298.1 [0.0–3,117.4] 0.247

IL-6 29.3 0 [0.0–1.7] 0 [0.0–2.0] 0 [0.0–9.8] 0.556

IL-15 28.3 0 [0.0–0.7] 0 [0.0–2.7] 0 [0.0–0.0] 0.614

Irisin 1.0 0 [0.0–0.0] 0 [0.0–0.0] 0 [0.0–0.0] 0.351

LIF 84.8 11.2 [3.1–25.9] 29.9 [8.7–40.1] 7.6 [0.0–15.6] 0.039*

Myostatin 19.6 0 [0.0–0.0] 30.2 [0.0–637.7] 0 [0.0–560.7] 0.009

Oncostatin 81.5 1.9 [0.4–3.3] 2.3 [1.7–3.9] 0.8 [0.0–7.8] 0.248

Osteocrin 97.8 114.2 [84.5–159.0] 180.3 [129.5–512.3] 114.2 [92.1–152.3] 0.030

Osteonectin 98.9 109.3 [77.4–138.9] 88.3 [69.2–111.5] 100.1 [77.4–192.5] 0.463

Data are median [interquartile range] values.
*Significant between MuSK MG and healthy controls. 
AChR, acetylcholine receptor; BDNF, brain-derived neurotrophic factor; FABP3, fatty-acid-binding protein 3; FGF21, fibroblast growth factor 21; FSTL-
1, follistatin-like protein 1; IL, interleukin; LIF, leukemia inhibitory factor; MG, myasthenia gravis; MuSK, muscle-specific tyrosine kinase.
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Associations between myokine concentrations and 
MG severity 
We further analyzed whether certain types of myokines were 
associated with disease severity according to the scores on 
the QMG, MG ADL, and MG Composite scales. The plasma 
FABP3 concentration had a significant positive association 
with the scores on the QMG (β=0.310, p=0.008), MG ADL 
(β=0.331, p=0.003), and MG Composite (β=0.259, p=0.024) 
scales, indicating that higher FABP3 concentrations were as-
sociated with more-severe MG (Fig. 2). Since the FABP3 con-
centration was associated with age and diabetes mellitus, we 
analyzed the association between the FABP3 concentration 
and disease severity after adjusting for age and diabetes mel-
litus. The FABP3 concentration remained significantly asso-
ciated with the scores on the QMG (p=0.015), MG ADL (p= 
0.004), and MG Composite (p=0.049) scales after adjusting 
for age and diabetes mellitus. None of the remaining myokine 
concentrations demonstrated significant associations with 
those scores. The FABP3 concentration also demonstrated a 
positive correlation with the MGFA classification at the time 
of sampling (Fig. 3).

Comparison of FABP3 concentrations before and 
after treatment
Changes in the FABP3 concentration were assessed in 19 pa-
tients with MG whose blood was sampled before and after 
treatment. The duration between the first and second sam-
pling times was 253 (57–419) days. The score on the MG ADL 
scale decreased from 9.0 (5.0–11.0) to 1.0 (0.0–3.0) after treat-
ment (p<0.001). Overall, there was no significant difference 
in the plasma FABP3 concentration between before (1,430.3 
[956.5–2,883.0] pg/mL) and after (1,505.8 [1,140.5–3,214.5] 
pg/mL, p=0.872) treatment. Patients were classified into two 
groups based on the occurrence of additional exacerbation 
within 6 months from the time of the second sampling. Ad-

ditional exacerbation occurred in ten patients (relapse group) 
and not in nine patients (nonrelapse group). Changes in the 
FABP3 concentration in the relapse and nonrelapse groups 
are shown in Fig. 4. Although not significant, the plasma FABP3 
concentration decreased from 2,098.7 (1,346.3–5,310.7) pg/mL 
to 1,505.8 (1,305.9–3,580.0) pg/mL in the nonrelapse group 
(p=0.139). In contrast, the FABP3 concentration increased 
from 1,204.2 (552.7–1,728.5) pg/mL to 1,431.8 (1,136.1–
2,579.9) pg/mL in the relapse group (p=0.047).

DISCUSSION

Significant differences in plasma myokines profiles were ob-
served between the patients with MG and healthy controls. 
The fractalkine concentration in plasma was higher in pa-
tients with MG than in healthy controls, and the LIF concen-
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tration was also higher in MuSK MG. The concentrations of 
certain myokines were also associated with the clinical vari-
ables of MG. The concentrations of fractalkine, FGF21, and 
myostatin were lower in patients who had undergone a thy-
mectomy. The concentrations of myostatin and IL-6 were 
negatively correlated with the disease duration of MG. The 
concentration of FABP3 in plasma was found to have a posi-
tive association with disease severity according to the scores 
on the QMG, MG ADL, and MG Composite scales. Plasma 
myokine concentrations may provide clues to better under-
stand the pathomechanism of MG and the changes that oc-
cur in muscle fibers during the disease course. Furthermore, 
the FABP3 concentration may be useful as a marker for as-
sessing MG severity. 

Overall, fractalkine concentration was increased in patients 
with MG compared with healthy controls. Fractalkine (CX-
3CL1/neurotactin) is a chemokine that exists in both mem-
brane-bound and free-floating soluble forms, which promote 
cell adhesion and displays chemoattractant activity, respec-
tively.23 Increased fractalkine expression has been observed 
in various autoimmune diseases, including inflammatory my-
ositis, systemic lupus erythematosus, and rheumatoid arthri-
tis.24,25 Fractalkine concentration in serum is correlated with 
the disease severities of inflammatory myositis and rheuma-
toid vasculitis,25,26 and with the proinflammatory cytokine 
concentration in Sjogren’s syndrome.27 The expression of mem-
brane-bound fractalkine is increased by inflammatory cyto-
kines such as tumor necrosis factor-alpha, interferon (IFN)-
gamma, and IL-1,28,29 which are also elevated in the sera of 
some patients with MG.30-32 The association between fractal-
kine concentration and MG severity is not as clear as that 
between fractalkine concentration and the severity of other 
autoimmune diseases; however, we hypothesize that the in-
flammatory process in MG contributes to the increased frac-

talkine concentration. However, caution is required when 
interpreting the source of fractalkine expression. Although 
fractalkine is known to be expressed in the human skeletal 
muscle,33 it is mostly expressed in the infiltrated mononuclear 
cells and endothelial cells of patients with inflammatory my-
ositis.25 Further studies are therefore required to elucidate 
whether the increased fractalkine concentration in patients 
with MG is a muscular response to the disease or is merely a 
marker of systemic inflammation. 

A higher FABP3 concentration was associated with older 
age and diabetes mellitus in the present study. FABP3 is a cy-
tosolic lipid transport protein that regulates fatty acid metab-
olism and is mostly distributed in the skeletal muscles and 
cardiomyocytes.34 FABP3 stimulates glucose uptake in muscle 
cells via the phosphorylation of AMP-activated protein ki-
nase in response to insulin, thereby maintaining serum glu-
cose homeostasis in vivo.35 FABP3 expression was found to 
be associated with the development of obesity and increased 
serum insulin levels in an obese-mouse model.35 Another ex-
perimental study found that FABP3 expression was increased 
more in the skeletal muscle of aged mice than in young mice.36 
Therefore, the associations identified in the present study 
among FABP3, older age, and diabetes mellitus were consis-
tent with previous reports. 

The FABP3 concentration remained significantly associ-
ated with MG severity after adjusting for age and diabetes 
mellitus. Previous studies have consistently demonstrated the 
role of FABP3 as a marker of skeletal muscle toxicity. FABP3 
mediates fatty acid uptake in skeletal muscle and transports 
it to the mitochondrial β-oxidation system.37 Physiologic or 
pathologic conditions with increased metabolic demand may 
increase FABP3 expression to result in its release into the pe-
ripheral blood. A rapid increase in the FABP3 concentration 
was observed after eccentric exercise in healthy participants.38 
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The FABP3 concentration in blood is increased in patients 
with peripheral artery disease, in whom decreased perfusion 
may induce decreased mitochondrial activity and increased 
oxidative stress.39 Increased FABP3 expression was observed 
on immunohistochemistry staining in the skeletal muscles of 
patients with severe peripheral artery disease.40 The FABP3 
concentration is also significantly correlated with myositis se-
verity. Zhang et al.18 found that FABP3 expression was in-
creased in the skeletal muscles of patients with idiopathic 
inflammatory myopathies and that the serum FABP3 con-
centration was correlated with muscle strength. Gupta et al.41 
similarly found that the serum FABP3 concentration was in-
creased in patients with idiopathic inflammatory myopathies 
and was decreased through treatment. The association be-
tween FABP3 concentration and MG severity found in the 
present study was similar to that between FABP3 concentra-
tion and myositis. These findings imply that muscle toxicity 
may at least partially contribute to MG severity. This is worth 
noting as muscle weakness in MG is generally regarded to re-
sult from impaired neuromuscular transmission rather than 
directly from muscle toxicity. However, complement activa-
tion induced by AChR Ab and the formation of a membrane-
attacking complex can cause localized myofiber damage 
around neuromuscular junctions,42 which partially mimics 
the inflammatory process in myositis.43

The FABP3 concentration in patients with MG did not 
change significantly after treatment. This contrasts with pre-
vious observations of myositis, in which FABP3 significantly 
decreased in patients who responded to treatment.41 This dis-
crepancy could be due to different pathomechanisms un-
derlying muscle weakness in the two diseases. The weakness 
is caused by direct damage to muscle fibers in myositis, and 
clinical improvement takes place following recovery from 
muscle damage. In contrast, the weakness mechanism is more 
diverse in MG than in myositis and includes the blockage of 
AChR, disruption of the postsynaptic membrane, endocytosis 
of AChR, and possibly direct muscle damage. The degree of 
muscle damage may therefore not always be correlated with 
clinical symptoms. However, patterns of changes in the FABP3 
concentration after treatment differed between those who did 
and did not experience further relapse. Predicting and pre-
venting relapse is one of the main goals of managing patients 
with MG. Although various attempts have been made to pre-
dict the risk factors for relapse,44,45 it is still difficult to predict 
whether a future relapse will occur. In the present study, the 
FABP3 concentration consistently increased in patients who 
experienced additional relapses. This suggests that monitor-
ing FABP3 concentration after treatment could be used to 
predict further MG relapses. 

Thymectomy is considered for patients with MG to im-

prove control of the disease or for treating a coexisting thy-
mic tumor.46 In the present study, the concentrations of vari-
ous myokines in plasma were significantly lower in patients 
with MG who had undergone thymectomy. The association 
between low myokine concentration and thymectomy can be 
explained in two ways. First, certain myokines are known to 
be produced in the thymus, and surgically removing the thy-
mus may induce a decrease in myokine concentrations. LIF 
and oncostatin have been found to be expressed in the thymi 
of patients with MG, and the expression level was correlated 
with age.47 FGF21 and fractalkine expression have been ob-
served in the thymi of mouse models.48,49 These myokines are 
known to modulate age-related thymic involution or the de-
velopment of immune cells in the thymus, and the produc-
tion of these myokines in the thymus could be interrupted 
after thymectomy. Second, thymectomy may reduce inflam-
mation and therefore decrease the concentration of inflam-
matory myokines. Previous studies demonstrated the expres-
sion of IFN in the thymi of patients with MG and proposed 
that chronic IFN expression in the thymus promotes inflam-
matory changes and leads to MG development.50-52 Myostatin 
is a proinflammatory myokine that has been found to be as-
sociated with the severity of autoimmune diseases such as 
rheumatoid arthritis,53 and a high myostatin concentration in 
patients with MG who have not received thymectomy could 
be the result of chronic inflammation in the thymus. Although 
the exact mechanism of the association between thymecto-
my and myokine concentration cannot be determined based 
on the present analysis, it should be emphasized that a his-
tory of thymectomy should be considered when analyzing 
myokine concentrations in patients with MG. 

The present study had several limitations. First, we ana-
lyzed the plasma concentration of 15 myokines, and thus the 
possibility of false positives should be considered. As a pilot 
study, the objective of the present study was to determine 
the gross profile of myokine concentrations in patients with 
MG. Further studies are required to precisely elucidate the 
pathomechanism underlying the changes in the myokine pro-
file. Second, although changes in certain myokine concentra-
tions were observed in the plasma, the specific cell group that 
contributed to these changes remains unclear. Since myokines 
are also produced in organs other than skeletal muscle, whether 
the changes in myokine concentrations are actually a response 
to the disease by muscle fibers remains unclear. However, 
FABP3 is mostly expressed in skeletal muscle, and FABP3 ex-
pression in damaged skeletal muscle has been consistently 
demonstrated in previous studies.18,40 Third, various factors 
can influence plasma myokine concentrations, including ex-
ercise, the presence of metabolic disease, renal function, and 
bone density.11,54,55 However, most of these factors were not as-
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sessed in the present analysis. Fourth, caution is required when 
interpreting the results for myokines with high CVs or whose 
concentrations were detected in only a small proportion of 
the samples. 

In conclusion, plasma myokine profiles differed between 
patients with MG and healthy controls. The myokine con-
centration was associated with MG duration or a history of 
thymectomy, and these factors should be considered when 
analyzing myokine concentrations in patients with MG. Plas-
ma FABP3 concentrations were significantly correlated with 
MG severity, which suggest an underlying mechanism of mus-
cle damage in patients with MG. Plasma myokines may there-
fore be useful in understanding MG pathophysiology and 
assessing MG severity. 
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