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Abstract: As an autoimmune disease, myasthenia gravis is caused by the dysfunction of neural transmission. 
Acetylcholine is known to exert its function after entering into synaptic cleft through binding onto postsynaptic 
membrane. The role of acetylcholine in binding MuSK in myasthenia gravis, however, remains unknown. A total of 
38 myasthenia gravis patients and 27 healthy controls were included in this study for the detection of the expres-
sion of MuSK using immunofluorescent method. Expression of both MuSK and interleukin-6 (IL-6) were measured 
by Western blot, followed by the correlation analysis between heat shock protein 90 (HSP90) and IL-6 which were 
measured by enzyme-linked immunosorbent assay (ELISA). In myasthenia gravis patients, MuSK was co-localized 
with acetylcholine at the postsynaptic membrane. Such accumulation of MuSK, however, did not occur in normal 
people. Meanwhile we also observed elevated expression of IL-6 in myasthenia gravis patients (p<0.05). ELISA as-
say showed higher expression of HSP90 in patients. Further signaling pathway screening revealed the activation 
of IL-6-mediated pathways including STAT3 and SPH2. In conclusion, MuSK was co-localized with acetylcholine in 
myasthenia gravis patients, with elevated expression. HSP90 in disease people can activate IL-6 mediated signaling 
pathways.
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Introduction

As the basic unit for connecting neurons and 
their effector cells, the structure of synapse 
has been comprehensively studied [1]. Ace- 
tylcholine is one neurotransmitter that is syn-
thesized by choline and acetyl co-enzyme A. It 
mainly participates in signaling transduction 
and physiological modulation inside our body. 
Therefore the abnormality of acetylcholine 
metabolism often leads to diseases such as 
Parkinson’s and myasthenia gravis. As an auto-
immune disease, myasthenia gravis is caused 
by the abnormal function of neuromuscular 
junction, which is formed between spinal cord-
derived neurons and skeletal muscle cells, and 
is critical for controlling body’s motor function. 
Similar to other auto-immune diseases, multi-
ple factors are involved in the occurrence and 
progression of myasthenia [2, 3]. Molecular 

study showed the binding of antibody and 
α-subunit of acetylcholine at the neuromuscu-
lar junction, leads to the blockage of the trans-
mission of acetylcholine and consequent mus-
cle constriction [4, 5]. It is interesting that the 
content of acetylcholine in myasthenia gravis 
patients was even higher than that in healthy 
people [6].

Muscle-specific tyrosine kinase (MuSK) has 
been drawn lots of research interests recently. 
Some studies have found the effect of MuSK on 
the accumulation of acetylcholine receptor at 
the postsynaptic membrane. Epidemiology sur-
vey has shown the elevated expression of MuSK 
in myasthenia gravis patients compared to 
healthy people. Some studies have shown the 
facilitated synthesis of proteins at neuromuscu-
lar junction by MuSK via forming complex with 
acetylcholine for activating downstream signals 
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[7-9]. The exact mechanism by how acetylcho-
line binds onto MuSK, however, remains un- 
known yet. We thus focus on this topic in our 
studies.

Interleukin-6 (IL-6) can facilitate the maturation 
of B lymphocytes and stimulate the differentia-
tion of myeloid precursor cells in conjunction 
with colony stimulating factor (CSF), and poten-
tiate the lytic function of natural killer cells. IL-6 
was firstly discovered in leukocytes and later 
found to be produced and secreted in some 
bone marrow cells and tumor cells [10]. Pre- 
vious study has suggested the correlation 
between IL-6 and the bone marrow develop-
ment via modulating cell-to-cell adhesion and 
expression of surface antigen [11]. Therefore 
we hypothesize that IL-6 might be involved in 
the progression of myasthenia gravis. Molecular 
chaperon is one kind of HSP90/HSP70 binding 
protein for assisting the modulation of molecu-
lar function [12]. Heat shock protein 90 (HSP90) 
mainly maintains the signal transduction inside 
body and assists the programmed protein fold-
ing. Recent study has reported the role of 
HSP90α as a diagnostic marker for pulmonary 
carcinoma. Previous study agreed that HSP90 
molecular chaperon provides energy for HSP90 
through ATP hydrolysis [13]. Recent report 
indicted the requirement of HSP90 chaperon in 
the induction of telomerase activity by IL-2 [14]. 
The role of IL-6 in HSP90 molecular chaperon, 
however, remains unknown. We thus focused 
on the modulation of IL-6 in HSP90-mediated 
mechanisms in this study.

Materials and methods

Patients

A total of 38 myasthenia gravis patients (21 
males and 17 females) were recruited in this 
study between 2010 and 2014 from The First 
Affiliated Hospital of Shantou University Me- 
dical College. Out-patient follow-ups were per-
formed on all participants. Another cohort of 27 
healthy volunteers (14 males and 13 females) 
were recruited, with no significant difference 
regarding age or sex ratio (p>0.05).

The experimental protocol has been pre-app- 
roved by the ethical committee of The First 
Affiliated Hospital of Shantou University Me- 
dical College and informed consents have been 

obtained from all patients and healthy volun- 
teers. 

Enzyme-linked immunosorbent assay (ELISA)

ELISA kit for human IL-6 (BD Biosciences, San 
Jose, CA, USA) was used to quantify IL-6 levels 
following manufacture’s instruction. In brief, 
0.1 mL standards and samples were added 
into 96-well plate. After 90-min incubation at 
37°C, 0.1 mL biotin-labelled antibody solution 
was added into each well for 1-hour incubation. 
The plate was then washed with 0.01 M PBS for 
3 times, followed by the addition of 0.1 mL ABC 
reagents. The development persisted for 30 
min, and was stopped by TMB buffer. A micro-
plate reader was used for the measurement of 
optical density value at each well.

Western blotting

Total proteins were extracted from serum sam-
ples using protein extraction kit (Beyotime 
Institute of Biotechnology, Jiangsu, China). Pu- 
rified proteins were diluted in PBS and BCA buf-
fer with equal concentrations, with 20% bromo-
phenol blue. Protein mixtures were loaded onto 
SDS-PAGE gel for separation and then trans-
ferred to PVDF membrane. The membrane was 
gently rinsed in TBST, and was blocked by 5% 
defatted milk powder for 1 hour. Primary anti-
body was added for overnight incubation, fol-
lowed by TBST washing. Secondary antibody 
was then added for 1-hour incubation, followed 
by ECL development.

Immunofluorescent imaging

Tissue samples were fixed, dehydrated in gradi-
ent sucrose, and cryosectioned into 6-μm thick-
ness slices. Tissues were firstly processed by 
heated antigen retrieval, and then were blocked 
in 10% BSA for 50 min. Primary antibody was 
added for overnight incubation. Fluorescent 
secondary antibody (Santa Cruz Biotechnology, 
Inc., Dallas, Texas, US) was applied for deve- 
loping.

Statistical analysis

SPSS11.0 software package was used to pro-
cess all collected data. Data were presented as 
Mean ± SD. Student t-test was used to com-
pare means between groups. Pearson analy- 
sis was used to analyze the correlation. Non-
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parametric data were analyzed by chi-square 
test. A statistical significance was defined when 
p<0.05.

Results

Co-localization of acetylcholine and MuSK

Immunofluorescent examination of muscular 
tissues showed co-localization of acetylcholine 
and MuSK at post-synaptic membrane in myas-
thenia gravis patients (Figure 1A-C) but not in 
healthy individuals (Figure 1D, 1F).

Serum level of MuSK and IL-6

Based on the co-localization of MuSK and ace-
tylcholine in the previous result, we speculate 
the expression of MuSK might be elevated in 
myasthenia gravis patients. Western blot re- 
sults confirmed our hypothesis as serum MuSK 
protein level was significantly potentiated in 
patients (Figure 2A, p<0.05). Meanwhile IL-6 

was also elevated in myasthenia gravis pati- 
ents compared to healthy people (Figure 2B, 
p<0.05).

Regulation of IL-6 in myasthenia gravis by 
HSP90

We detected the up-regulation of HSP90 in 
myasthenia gravis patients (Figure 3A). Using 
pathway finder kit for signal pathway screening, 
we found elevated expressions of STAT3 and 
SPH2 in myasthenia gravis patients (Figure 
3B), suggesting the activation of IL-6 induced 
JAK/STAT signaling pathway.

Discussion

With the gradual elevation of incidence, myas-
thenia gravis has a complicated mechanism as 
multiple factors are involved, including the 
abnormality of cell proliferation, apoptosis, 
invasion and migration [15]. Acetylcholine has 
been studied as an important factor during the 

Figure 1. Co-localization of acetylcholine and MuSK at postsynaptic membrane. Tissue samples were fixed, dehy-
drated in gradient sucrose, and cryosectioned into 6-μm thickness slices followed by blockage with 10% BSA and 
subsequent incubation with primary and secondary antibody. A-C. Myasthenia gravis patients; D-F. Normal healthy 
people. A, D. Acetylcholine (red); B, E. MuSK (green); C, F. Merge images.
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pathogenesis of myasthenia gravis. Recent 
study found the novel function of acetylcholine 
is to denature its receptor (AChR) [16], which 
directly affects the function of neuromuscular 
junction at the synapse between spinal cord 
motor neuron and muscle cells. The denature 
of AChR by acetylcholine is due to one calcium-

dependent proteinase calpain, which can be 
activated by acetylcholine. In contrast, cluster-
in can stabilize the synaptic structure by inhibit-
ing calpain [17].

How neurotransmitter can be localized at cer-
tain region at postsynaptic membrane is one 

Figure 2. Serum MuSK and IL-6 levels. Total proteins were extracted from serum samples using protein extraction kit 
fo (A) western blot analysis of the expression of MuSK and IL-6 in serum samples from both normal and myasthenia 
gravis patients. (B) Both MuSK and IL-6 were up-regulated in patients. *, p<0.05, **, p<0.01 compared to normal 
group.

Figure 3. Participation of HSP90 in IL-6 in myasthenia gravis. A. Serum level of HSP90; B. The activation of IL-6 
induced JAK/STAT signaling pathway.
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critical step in the formation of synapse, with 
significant implication in understanding molec-
ular mechanism of synaptic transmission [18]. 
Using neuromuscular junction as the model, we 
studied the accumulation of AChR and found 
the co-localization between MuSK and acetyl-
choline in myasthenia gravis patients. More- 
over, serum MuSK level was potentiated in 
patients compared to control people, along 
with higher expression of IL-6 [19]. Molecular 
chaperon is one kind of protein providing ener-
gy for HSP90 through ATP hydrolysis. Recent 
study indicated the normal activity of telomer-
ase mediated by IL-2 is relied ob the participa-
tion of HSP90 molecular chaperon [20]. Our 
study showed higher expression of serum 
HSP90 in myasthenia gravis patients as com-
pared to normal group, in addition to enhanced 
expression of IL-6 signaling pathway-associat-
ed molecules including STAT3 and SPH2 in 
those patients. These results collectively sug-
gested the correlation between HSP90 and IL-6 
mediated signal pathway.

In summary, our study for the first time showed 
the co-localization between MuSK and acetyl-
choline in myasthenia gravis patients, with sig-
nificantly elevated expression of IL-6 and MuSK 
in patients. Furthermore, we also showed the 
alternation molecular chaperon HSP90 medi-
ated by IL-6. Future works should be focused on 
the interaction between IL-6 and HSP90. Our 
study provided evidences for the mechanism 
underlying the localization of neurotransmitter 
receptor molecule at the postsynaptic mem-
brane, and suggested potential treatment 
strategy for neurodegenerative diseases.
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