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Abstract

Myasthenia gravis (MG) is neuromuscular junction (NMJ) disorder caused mainly by 
antibodies against muscle nicotinic acetylcholine receptors (nAChRs) at the postsyn-
aptic membrane resulting in depletion of acetylcholine (ACh) at the NMJ. Muscle 
fatigue is the cardinal symptom of MG. Some patients may develop comorbid 
nervous system manifestations and syndromes as memory difficulties, sleep ab-
normalities, autonomic dysfunction, peripheral neuropathy, epilepsy, psychiatric 
disorders and others. The present article serves as an overview of recent literature 
in pubmed which highlighted co-morbid nervous system diseases with MG (pub-
lications till 2011 were checked). The exact mechanism(s) of such comorbidities is 
unknown. Generalized cholinergic deficiency due to involvement of nervous system 
cholinergic systems and pathways by the immunopathogenic process responsible 
for MG may be suggested. The structural identities between different muscle and 
neuronal nAChRs subunits with the possibility of cross-reactivity between differ-
ent nAChRs Abs may be contributed. Such comorbidities also may be due to the 
immune responses driven by muscle and neuronal nAChRs antibodies expressed 
by cancer (e.g. thymoma or small cell lung cancer) (i.e. paraneoplastic syndrome). 
Some authors claim against the generalized cholinergic deficiency as a cause of 
comorbid nervous system manifestations with MG and suggested that it may be 
a response to non-specifically acting cytokines or multiple autoimmune response 
in presence or absence of tumor, or as a consequence of MG itself (as mood 
disorder, respiratory impairment, hypoxia, sleep abnormalities) or its medications 
[acetylcholine esterase inhibitors (AChE-Is)]. Recognition of co-morbidities with MG 
is mandatory, not only for diagnosis, determining prognosis and managing patients 
but also for future advances in understanding the cellular and molecular mecha-
nisms of MG and its immunopathogenic spectrum for targeted antigen-specific 
therapeutic strategies.
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Introduction

Myasthenia gravis (MG) is an immune-mediated neuromuscu-
lar junction (NMJ) disorder characterized by muscle fatigue and 
weakness peaking at the end of the day. MG is mainly caused 
by antibodies (Abs) against muscle nicotinic acetylcholine re-
ceptors (nAChRs) at the postsynaptic membrane resulting in 
depletion of acetylcholine (ACh) at the NMJ (1). While the 
prevailing clinical finding of MG is muscle fatigue and weak-
ness, rarely patients may develop additional nervous system 
manifestations and syndromes as memory difficulties (2-4), 
sleep abnormalities (5-7) and autonomic dysfunction (8-10). 
Furthermore, certain nervous system disorders may coexist in 
patients with MG as epilepsy (11,12), peripheral neuropathy 
(10,13), multiple sclerosis (14-17), dermatomyositis (18), neuro-
myelitis optica (19,20), dementia (21) and psychiatric disorders 
(22-24). Several central and peripheral mechanisms have to be 
suggested for the association between MG and nervous sys-
tem manifestations and disorders. Involvement of cholinergic 
nervous systems and pathways by well-known and others not 
well known immune mediated processes resulting in general-
ized cholinergic deficiency is a highly suggested mechanism 
(4,7,10,16,25). This is based on the following observations: 1) 
The structural identities between different muscle and neu-
ronal nAChRs subunits with the possibility of cross-reactivity 
between different nAChRs Abs (26), and 2) some cancers 
(e.g. thymoma and small cell lung cancer) express immune 
responses driven by muscle and neuronal nAChR subtypes 
which account for several related paraneoplastic neurological 
disorders affecting the cholinergic systems (27,28). However, 
controversial views claims against the view of generalized 
cholinergic deficiency in MG and suggest that the comorbid 
nervous system manifestations with MG may result from: 1) 
a response against non-specifically acting cytokines or as a 
non-specific multiple autoimmune response in presence or 
absence of tumor (29), or 2) consequences (or complications) 
of MG (as mood disorder, respiratory impairment, hypoxia, 
sleep abnormalities and adverse effects from acetylcholine 
esterase inhibitors (AChE-Is) (30-32). 

The present article serves as an overview of recent studies 
in MG literature present in pubmed which highlighted co-
morbid or associated nervous and non-nervous system dis-
eases (publications till 2011 were checked). We also checked 
the reference lists of retrieved studies for additional reports, 
in addition to our experience in this field. In this article, we 
reviewed manifestations of central, peripheral and autonomic 
nervous system involvement or syndromes present in patients 
with MG. Then we discussed the possible mechanisms that 
may underlie such co-morbidities based on: the structure of 
different nAChRs subtypes in MG and its comorbid immune-
related diseases of the nervous system, immunopathogenesis 
of MG, tumor immunology and non-specific autoimmunity, 
and the complications of MG and its medications. We believe 

that recognition of co-morbidities with MG is mandatory, not 
only for diagnosis, determining prognosis and management 
but also for future advances in understanding the cellular 
and molecular mechanisms of MG and its immunopathogenic 
spectrum for proper therapeutic strategies.

Basic Information

Myasthenia gravis (MG) is an uncommon disease with annual 
incidence varies from 2-5/106 to 10.4/106, and its prevalence 
vary from 25/106 to 125/106. The disease tends to affect 
women more often than men (3:2). Women are usually af-
fected between the ages of 20 and 40, but after the age of 
50, both sexes tend to be equally affected (33-35). The di-
agnosis of MG is made according to the clinical, pharamaco-
logic, electrophysiologic and immunologic criteria. Fatigability 
is the cardinal symptom. Fatigue increases following physical 
exertion (i.e., exhaustion and tiredness) and resolves after a 
period of rest. Muscle fatigue and weakness initially involve 
the ocular muscles in about 2/3 of patients then spread to the 
bulbar and limb muscles (36). Approximately 85% of patients 
develop generalized weakness while symptoms remain con-
fined to the extraocular muscles in about 10% of patients. 
Many patients progress from mild to severe disease. Table 1 
showed the two commonly and practically used classifica-
tion systems for MG. Osserman’s clinical classification divides 
patients according to the affected muscle groups and the 
intensity of involvement (37). In 1997, the Medical Scientific 
Advisory Board (MSAB) of the MG Foundation of America 
(MGFA) clinically classifies and grade patients for the use in 
therapeutic research trials (38). In severe forms of MG and 
its complications as myasthenic crisis with and without acute 
oropharyngeal dysfunction, the weakness of respiratory 
muscles may become severe enough to require mechanical 
ventilation. Approximately 12-16% of patients with MG will 
experience a crisis episode (39). Spontaneous remissions are 
very rare and last for varying periods which mostly occur 
during the first 3 years of the disease (40).

Table 1. Clinical classification of myasthenia gravis

Osserman’s clinical classification:

Type I: Patients with ocular myasthenia, palpebral ptosis and 
diplopia.
Type II A: Patients with generalized myasthenia with mild 
evolution without respiratory crisis.
Type II B: Patients with generalized myasthenia with more 
severe muscle and bulbar involvement, however without 
respiratory crisis. 
Type III: Patients with fulminating myasthenia, with rapid 
evolution, respiratory crisis and poor response to drug therapy.
Type IV: This is the most severe form. It develops at least 2 
years after the patient has been in groups I and II with poor 
response to drug therapy.
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The Medical Scientific Advisory Board (MSAB) of the MG 
Foundation of America (MGFA):

Class I: Patients with ocular muscle weakness (e.g. may have 
weakness of eye closure) while all other muscles strengths are 
normal; 
Class II: Patients with ocular muscle weakness of any severity 
while mild weakness may involve other body muscles.
Class II a: Patients with mild and predominant weakness of the 
limb and/or axial muscles while the oropharyngeal muscles may 
be involved to lesser extent.
Class II b: Patients with mild and predominant weakness of the 
oropharyngeal and/or respiratory muscles while the limb and/or 
axial muscles may be involved to lesser extent.
Class III: Patients with weakness of the ocular muscles of any 
severity while other body muscles may be moderately involved. 
Class III a: Patients with moderate and predominant weakness 
of the limb and/or axial muscles are predominantly and 
moderately affected, while the oropharyngeal muscles may also 
be affected to a lesser extent. 
Class III b: Patients with moderate and predominant 
weakness of the oropharyngeal and/or respiratory muscles are 
predominantly and moderately affected while the limb and/or 
axial muscles may be affected to lesser or equal extent.
Class IV: Patients with weakness of the ocular muscle and 
other body muscles of any severity. For Class IV a: Patients 
with severe and predominant weakness of the limb and/or axial 
muscles while the oropharyngeal muscles may be involved to a 
lesser involvement. 
Class IV b: Patients with severe and predominant weakness of 
the oropharyngeal and/or respiratory muscles while the limb 
and/or axial muscles may be affected to a lesser extent.
Class V: The patient is intubated, with or without mechanical 
ventilation, except when used during routine postoperative 
management, while the use of a feeding tube without 
intubation places the patient in class IV b.

Diagnostically, muscle weakness improves with intravenous 
administration of edrophonium. Edrophonium is a fast-acting 
acetylcholinesterase inhibitor (AChE-I). It produces immedi-
ate and temporary relief of muscle weakness. Its onset of 
action is quick, starts within 30 seconds and lasts for about 
5 minutes (41). On electrophysiological examination, most 
patients exhibit decremental electromyographic response on 
repetitive supramaximal stimulation of the motor nerves. The 
most sensitive electrodiagnostic test for MG is single-fiber 
electromyography, which reveals deficits of neuromuscular 
transmission in 95%–99% of MG patients and excludes the 
diagnosis of MG when it yields normal results. Increased jitter 
and neuromuscular blocking are seen in single fiber electro-
myography of patients with MG. Single-fiber electromyogra-
phy selectively records action potentials from small number 
(usually 2 or 3) of muscle fibers innervated by a single motor 
unit. The amount of ACh released at the NMJ at different 
times has a small variability, resulting in comparable variations 
in the rise of end plate potentials (EPPs) and the muscle fiber 
pair inter-potential intervals. This variability is highly sensitive 
to neuromuscular transmission abnormalities and is increased 
in MG patients (i.e. increased jitter). Neuromuscular blocking 
occurs as a result of failure of transmission of one of the 

potentials, when one of the muscle fibers fails to transmit an 
action potential because EPP does not reach the necessary 
threshold (42). 

Approximately 80%–90% of patients with generalized MG 
and 30-50% of patients with ocular MG are seropositive for 
muscle nAChRs Abs. The level of muscle nAChRs Abs consid-
erably differs between patients, with values ranging from 0.5 
nM to 1,000 nM (43). It was found that there was no correla-
tion between the serum level of Abs and the clinical severity 
of the condition overtime (44). Abs to muscle-specific kinase 
(MuSK) have been identified in approximately 30-40% of 
patients with classic manifestations of MG but seronegative 
for muscle nAChRs Abs (45). Patients positive for anti-MuSK 
Abs have distinct clinical criteria which differ from classical 
MG. They tend to have more pronounced bulbar weakness, 
weakness of the neck, shoulder and respiratory muscles with-
out ocular weakness and atrophy of the tongue and face. 

Also they do not respond to AChE-Is but actually worsen 
with these medications (46). Some seronegative patients who 
do not have either anti-AChR or anti-MuSK Abs might have 
a plasma factor that activates a second messenger pathway 
in the muscle, resulting in phosphorylation and inactivation 
of AChRs (47). MG patients may also synthesize Abs against 
non–muscle-specific proteins, such as myofibrillar proteins. 
Some Abs as anti-myosin and anti–fast troponin Abs may 
cross-react with AChRs (48). MuSK, agrin and rapsyn are pro-
teins necessary for clustering of AChRs at the NMJ. MuSK is 
a protein present prominently at the NMJ and helps organi-
zation of AChRs on the muscle cell surface. MuSK is part of 
the receptor for agrin which is a protein synthesized by motor 
neurons and secreted into the synaptic basal lamina. Agrin/
MuSK interaction triggers and maintains rapsyn-dependent 
clustering of AChRs and other postsynaptic proteins. Rapsyn 
is a peripheral membrane protein exposed on the cytoplasmic 
surface of the postsynaptic membrane (49). 

In adults, the thymus gland is abnormal in up to 90% of 
people with MG. Nearly 70% of them have enlarged thymus 
gland (Lymphofollicular hyperplasia), while 10-20% usually 
have benign thymic tumors called thymoma. In turn, it was 
found that 20–25% of patients with a thymoma have MG 
(50). It has been found that the serum from about 84-100% 
of young patients (onset ≤40 years) with MG and nearly 50% 
of patients with late-onset MG (onset ≥ 50 years) processes 
Abs that bind in a cross-striational pattern to skeletal and 
heart muscle tissue (Anti-striational Abs or anti-SM Abs). 
Anti-striational protein is also detectable in 30% of MG pa-
tients without thymoma (51). MG patients with thymoma 
have Abs against titin and ryanodine receptors (RyRs). Anti-
SM Abs reacts with epitopes on the muscle protein titin and 
RyRs. Higher titers of anti-SM Abs are associated with more 
severe disease and thus can be used as a prognostic deter-
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minant in MG (52). From the clinical perspective, the above 
information that the majority of patients ≤ 40 years have 
thymoma, highlights the importance of searching for an oc-
cult neoplasm in all patients with MG. 

Till now, no therapy is found to completely eradicate MG. It is 
the decision for the treating neurologist to determine which 
treatment option is best for each individual. This decision 
mainly depends on the severity of the weakness, which mus-
cles are affected and the individual’s age and other associated 
medical problems. The currently used treatment modalities 
for MG include: AChE-Is (as neostigmine and pyridostigmine) 
(53), immunopharmacologic drugs (as prednisone (54), aza-
thioprine (55), cyclosporine (56), mycophenolate mofetil (57), 
cyclophosphamide (58), tacrolimus (59) and rituximab (60). 
Azathioprine, cyclosporine and Mycophenolate Mofetil are 
used most often in patients having relapses while on pred-
nisone or as a steroid-sparing agent in patients taking high 
doses of prednisone and pyridostigmine for long periods of 
time. Non-pharmacologic immunotherapies include: plasma 
exchange (plasmapharesis) (61), intravenous immunoglobulins 
(IVIGs) (62) and immunoadsorption (63). Improvement with 
plasmapharesis occurs within few days. It is much faster than 
other immunomodulating, but it is temporarily and lasts from 
weeks to months. Plasmapheresis is an established therapy in 
myasthenic crisis, before thymectomy, sometimes before initi-
ation of corticosteroids in very weak patients and for patients’ 
refractory to other therapies (61). High-dose IVIGs floods the 
body with gamma globulin antibodies from several donors 
(62). However, studies demonstrated that improvement is 
more rapid after plasmapheresis than after IVIGs (64). Im-
munoadsorption is capable to eliminate huge amounts of im-
munoglobulins from the patient’s circulation with a minimum 
of side effects which is in contrast to plasmapharesis which 
removes about 50 – 75% of antibodies and other plasmatic 
factors (65). This is due to the fact that immunoglobulins 
are distributed in the intravascular and extravascular com-
partments in approximately equal amounts. Inflammatory 
processes often occur in the tissue and not in the vascular 
bed. Thus simple removal of immunoglobulins from the cir-
culation through plasmapharesis does not necessarily result 
in stopping the immune process. The repeated treatment 
cycles with adequately processed plasma volumes through 
immunoadsorption overcome redistribution of pathologi-
cal autoantibodies (66). For critically ill patients with myas-
thenic crisis, the combination of AChE-Is, immunosuppressive 
drugs and plasma exchange has been increasingly reported. 
AChE-Is and immunotherapy produce marked improvement 
or remission in approximately 70-80% of patients (67). The 
mechanisms of action of different treatment modalities of 
MG are shown in table 2. 

Because of thymus’s pathogenic role in the disease, the only 
useful surgical treatment in symptomatic patients is thymec-
tomy or mediastinal dissection. The presence of a thymoma 
is one absolute indication for thymectomy (68). Despite the 
debate about the effectiveness of thymectomy in patients 
with MG without thymoma, several reports confirmed the 
effectiveness of thymectomy in early-onset MG who lacked a 
thymoma and for patients who do not show good response 
or cannot decrease the dose of medications (69). MG pa-
tients seronegative for AChR Abs (i.e. anti-MuSK Ab–positive) 
have shown no improvement after thymectomy because their 
thymi lack the germinal centers and the infiltrates of lympho-
cytes that characterize thymus of patients having anti-AChR 
Abs (70). For post-thymectomy radiotherapy; it has been indi-
cated that thymoma with WHO cell types A, AB and B1 (71) 
or Masaoka stage I and II (72) do not need post-operative 
radiotherapy (73). In stage II thymoma, controversial views 
were present regarding the role of post-operative radiother-
apy. However and despite an absence of a consensus, cur-
rently post-operative radiotherapy is indicated in the majority 
of stage II thymoma with tumors >5 cm or with radiographic 
evidence of invasiveness (74).

Comorbid nervous system 
manifestations and disorders with 
MG

Cognitive dysfunction with MG

Patients with MG frequently encounter memory difficul-
ties (60%) (2,3,75) and impaired performance on variety of 
memory tests and measures of response fluency, information 
processing and verbal and visual learning (4,76), regardless 
to mood disturbance, disease duration, or daily dose of im-
munosuppressive drugs. Electroencephalographic (EEG) ab-
normalities (77-79) and abnormal evoked potential responses 
were noted in patients with MG (80-82). Abnormal immu-
noglobulin bands were also identified in cerebrospinal fluid 
(CSF) of patients with MG (83-86). Varying benefits from 
plasmapharesis were observed, however some studies did not 
report functional or reversible central deficits after treatment 
of MG despite improvement of muscle symptoms (4,31). 

Sleep abnormalities in MG

The majority of patients with MG experience above-average 
number of periods of apneas and hypopnea during sleep (5-
7). Both central (CSA) and obstructive (OSA) types of sleep 
apneas and hypopneas may occur with MG. The duration 
and severity of MG were found to be correlated with the 

http://www.uninet.edu/cin2000/conferences/braun/braun.htm#1
http://www.uninet.edu/cin2000/conferences/braun/braun.htm#3
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Treatment modalities Mechanisms of action

Acetyl choline esterase 
inhibitors (AChE-Is)

AChE-Is block the enzyme that normally destroys ACh in the synapse. This allows ACh to exist for 
more time to interact with the available receptors, resulting in stronger and more complete muscle 
contractions. 

Immunosuppressants:

They blunt the overactive immune response
 
Prednisone reduces AchR Abs levels which may be related to reduction of lymphocy. te 
differentiation and proliferation. It causes redistribution of lymphocytes into tissues that are not 
sites of immunoreactivity. It changes cytokine expression (primarily of TNF, IL-1, and IL-2). It inhibits 
macrophage function and of antigen processing and presentation. It may increase muscle AChR 
synthesis.Corticosteroids

Azathioprine Azathioprine (Imuran) is an antimetabolite that blocks cell proliferation and inhibit T lymphocytes. 

Cyclosporine
Cyclosporine (Sandimmune, Neoral) is a cyclic undecapeptide inhibits helper T lymphocytes, 
facilitates suppressor T lymphocytes, and blocks the production and secretion of interleukin-2 (IL-2) 
and other proteins critical in the function of CD4+ T cells.

Mycophenolate Mofetil
Mycophenolate Mofetil or MyM (CellCept) inhibits guanosine nucleotide synthesis acts by 
selectively blocking purine synthesis. It suppresses both T- and B-cell proliferation. It selectively 
inhibits activated T cells. 

Cyclophosphamide
Cyclophosphamide (Cytoxan) is a nitrogen mustard alkylating agent that blocks cell proliferation, 
affecting both T and B cells. It allows the immune system to be reconstituted after high doses of 
cyclophosphamide that ablate cellular components in the circulation.

Tacrolimus Tacrolimus is a transplant medication similar in mode of action and toxicity to cyclosporine. 

Rituximab Rituximab is a monoclonal antibody directed against antigens on B cells surface marker CD20

Plasmapheresis

Intravenous 
immunoglobulins (IVIGs)

Plasmapheresis separates plasma (which contains the autoantibodies) from red blood cells (i.e., 
expunging abnormal antibodies from the blood), which are then returned to the body. 

The mechanism of action of IVIGs is complex and likely includes inhibition of cytokines, competition 
with autoantibodies, inhibition of complement deposition, interference with binding of Fc receptor 
on macrophages and Ig receptor on B cells, and interference with antigen recognition by sensitized T 
cells.

Immunoadsorption

A machine is used to first separate a patient’s blood into blood cells and plasma. The plasma 
containing the antibodies is then passed through two immunoadsorption columns, alternating 
between the columns for each pass. The columns contain a special ligand (Protein A or special 
peptides) that binds antibodies. While the first column is loaded with antibodies, the second is 
rinsed of the antibodies in a process known as regeneration to prepare for another cycle. After the 
antibodies are removed from the plasma, it rejoins the blood cells and is given back to the patient. 

Table 2. The mechanisms of action of different treatment modalities of myasthenia gravis.

severity of apneas (87). CSA describes a group of conditions 
in which cessations in air flow occur without respiratory effort 
(88). In contrast, patients with OSA have ongoing respiratory 
effort during respiratory events (89). CSA was reported in up 
to 60% of patients with MG (5) compared to 0.3%-7.8% of 
general population (90,91). The prevalence of OSA in patients 
with MG was estimated to be 36% compared to an expected 
prevalence of 15 to 20% in the general population. If the 

presence of daytime sleepiness (OSA syndrome) was includ-
ed, the prevalence was 11% compared to 3% in the general 
population (7). During repeated episodes of OSA, breathing 
cessation occurs for at least 10 seconds and/or hypopnea in 
which an airflow reduction of at least 30% occur, are ac-
companied by a 4% drop in blood oxygen saturation level 
during sleep (89). OSA associated with MG appears to be 
due to bulbar fatigue or weakness and impairment of muscles 
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of the upper airway by the disease process. This causes the 
diaphragm and intercostal muscles to be unable to overcome 
changes in airway resistance. When the patient exerts an 
increased effort to inspire against the occluded airway, the 
situation becomes worse due to the creation of more nega-
tive airway pressure. Occlusion continues until arousal occurs 
and the resulting increased tone of the pharyngeal muscles 
reopens the airway. In general, sleep apnea (whether CSA 
or OSA) occurs frequently during rapid eye movement sleep 
(REM-sleep) (92,93). This may be related to the important role 
of the central cholinergic system in sleep/wake rhythms and 
in the regulation of REM sleep, sleep perception and dream-
ing (89,90). While magnification of OSA during REM sleep is 
due to the natural loss of intercostal muscle tone during that 
period (94). It was found that in patients with OSA, there was 
an increased propensity for CSA (95).

Also patients with MG may suffer from reduced sleep ef-
ficiency, reduced sleep and awakening quality, reduced 
REM-sleep, excessive daytime sleepiness, increased number 
of nocturnal awakenings, increased dream recall frequency, 
increased tactile sensations during dreaming and dreamed 
less often visually (5,96).

Autonomic and peripheral nervous system 
dysfunction in MG

Sympathetic and parasympathetic autonomic nervous system 
dysfunctions have been rarely reported with MG (8-10,97). 
Gastrointestinal dysmotility is a common feature in MG while 
isolated gastroparesis and intestinal pseudo-obstruction are 
rarely reported (9,98). Syncopal attacks, orthostatic hypoten-
sion, impaired heart rate variability, a low vagal tone and 
modified cardiac parasympathetic modulation were report-
ed in MG (99). Acute autonomic and sensory neuropathy 
(AASN) and severe panautonomic failure were also reported 
in some cases with MG (8,9). Numbness on the limbs and 
loss of myelinated as well as unmyelinated fibers in biopsies  
of sural nerve were rarely reported with MG (8). Intestinal 
pseudo-obstruction, severe autonomic failure and multiple 
neurologic disturbances (polyneuropathy, encephalopathy, 
dysautonomia) occur in patients with MG usually in associa-
tion with thymoma (100). Some studies reported increase in 
the autonomic nervous system dysfunction with the sever-
ity of MG. Also improvement of both neuromuscular and 
autonomic symptoms was observed with AChEI-s and after 
thymectomy. In contrast, others did not find significant corre-
lations between autonomic nervous system dysfunction and 
disease duration, clinical manifestations, cardiovascular risk 
factors and diseases activity (10,98,100).

Neurophysiological testing and laboratory studies also con-
firm the presence of autonomic dysfunction in patients with 
MG. For example: 1) impaired quantitative sudomotor axon 
reflex test (an indicator of sympathetic deficiency) was report-
ed in patients with MG (101), 2) augmentation in epinephrine 
excretion, while the nor-epinephrine excretion remains un-
changed or even undergoing reduction, in response to fore-
arm ischemia or orthostasis (a sign of sympathetic deficiency) 
was also reported in patients with MG (102). While in normal 
subjects, both stimuli induce a rise in norepinephrine urinary 
excretion without significant change in epinephrine excretion. 

Clinical significance

The recognition of co-morbid conditions with MG is manda-
tory, not only for diagnosis and determining prognosis but 
also for patients’ management. Autonomic nervous system 
dysfunction is a marker for poor prognosis. MG patients 
with autonomic nervous system dysfunction are considered 
as high risk patients and are candidate for earlier consid-
erations of cardioprotective medications, caution while pre-
scribing drugs that disturb the cardiovascular autonomic ner-
vous system (103) and while pre-anesthetic evaluation before 
surgery, for example: 1) because of muscle weakness and dif-
ficult swallowing encountered in patients with MG, awake or 
rapid sequence intubation is preferred and metoclopramide, 
H2-blockers and non-particulate antacids have to be given 
as prophylaxis due to the possibility of aspiration of gastric 
contents (104), 2) respiratory depressants, such as opioids, 
barbiturates, and benzodiazepines should be avoided as pre-
anesthetic medication because some patients with MG are 
very sensitive to their effects (104), 3) muscular ethylephrine 
is commonly used before muscle blockade before thymecto-
my to prevent hypotension (104), 4) the intermediate or short 
action drugs as atracurium, rocuronium and mivacurium may 
be safely used as non-depolarizing neuromuscular blockers 
but not vecuronium as some MG patients are more sensitive 
to it. Succinylcholine is better avoided due to the unpredict-
able response from it (as resistance, prolonged effect or un-
expected responses) (104-106), 5) inhalational anesthetics as 
isoflurane may be safely used in patients with MG as it pro-
motes some degree of muscle relaxation and induces 30% 
to 50% neuromuscular block. Thiopental is better avoided 
for patients with MG as it may depress peripheral synapses 
and NMJ (107). Nitrous oxide may also be used in myasthen-
ic patients without worsening of the disease (108). Epidural 
catheter using bupivacaine may be safely used in patients 
with MG as they allow more fractional local anesthetic doses, 
less hemodynamic repercussion, lower anesthetic doses and 
allow completion of the surgical procedure (109,110). 
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The possible mechanisms 
of comorbid nervous sytem 
manifestations and disorders with 
MG

The exact mechanism(s) of comorbid nervous system mani-
festations with MG is unknown. Generalized cholinergic de-
ficiency due to involvement of nervous system cholinergic 
systems and pathways by the immunopathogenic process 
responsible for MG is highly suggested. In contrast, some 
authors suggested that it may be non-specific autoimmune 
response in presence or absence of tumor (29), or as a com-
plication of MG (30-32).

The theory of generalized cholinergic deficiency

The theory of generalized cholinergic deficiency may be at-
tributed to the structural identities between different muscle 
and neuronal nAChRs subunits with the possibility of cross-
reactivity between different nAChRs Abs (4,7,10,16,25,26). It 
may also be due to the immune responses driven by muscle 
and neuronal nAChRs antibodies expressed by cancer (e.g. 
thymoma or small cell lung cancer) (i.e. paraneoplastic syn-
drome) (27,28).

Structure of different nAChRs subtypes in MG 
and its comorbid immune mediated diseases

There are many AChR subtypes, each defined by a different 
combination of subunits, some of which are transiently ex-
pressed in muscle during development. Others are expressed 
in a wide variety of neurons, keratinocytes, vascular and 
bronchial epithelia (111,112). 

Adult Muscle nAChR is a multimeric membrane glycopro-
tein consists of five subunits [two α1 and one each β, δ, 
and ε (epsilon) subunits], which spans the plasma membrane 
around a central ion channel or pore in the order α1, δ, α1, 
ε, β1. Each of the subunits contains an N-terminal 200-amino 
acid extracellular domain (113,114). When a nerve impulse 
travels down the nerve, the ACh neurotransmitter is released 
from vesicles in the nerve ending into the synapse and bathes 
AChRs located on the muscle side of the synaptic bouton, 
the depolarization opens voltage-gated Ca2+ channels on the 
presynaptic membrane. This Ca+2 influx triggers fusion of 
synaptic vesicles with the presynaptic membrane and ACh 
release. The ACh diffuses into the synaptic cleft and reaches 
and binds to AChRs, thereby triggering the opening of their 
cation channels and influx of Na+ into the muscle fiber. The 
resulting EPP activates voltage-gated Na+ channels, leading 
to further influx of Na+ and spreading of the action potential 
along the muscle fiber. The reaction is short-lived; as within 

a very brief time, the ACh in the receptors is metabolized 
into its components (acetate and choline) by the acetylcholine 
esterase (AChE) enzyme. Then any remaining ACh diffuses 
away from the receptors.

The neuronal nAChRs are made up of various combinations 
of α (α2–α10) and β (β1–β4) subunits. Neuronal subunits 
are positioned in widespread CNS locations including cortex, 
hippocampus, midbrain, and brainstem (115-117). When ACh 
binds to the specific neuronal α2 subunits, the ion channel 
opens transiently causing transient membrane depolarization. 
The primary autonomic ganglion AChR subtype (ganglionic 
nAChRs) are pentameric ligand-gated cation channels con-
taining two α3 and β4 subunits, but β2 or α5, α7 subunits 
may also be associated. The ganglionic nAChRs mediate fast 
neurotransmission at synapses in the mammalian sympathetic 
and parasympathetic nervous system and enteric autonomic 
ganglia. The α9 subunit of neuronal nAChR is originally dis-
covered in the cochlea and sensory ganglia of the nervous 
system (118-120). The brain dopaminergic and adrenergic 
neurons contain minor nAChRs as α6 subunits in combina-
tion with β2, β3, and often α3 or α4 subunits. These subunits 
contribute to binding sites for ACh and the agonist epibati-
dine (121,122). The α9 is one of the neuronal AChRs capable 
of binding α-bungarotoxin (BTx) (like α1 and α7) (123).

Due to diverse functional roles of nAChRs, antibody-mediated 
autoimmune response to different subunits may be presented 
by various neurologic and medical problems as follow: 1) an-
tibodies against the two α1-subunits type of muscle nAChRs 
were identified in patients with MG and experimental auto-
immune MG (EAMG) (1,124), 2) antibodies against α7-type 
of neuronal nAChRs were identified in few patients with en-
cephalitis (125), 3) antibodies against α3 subunit of ganglionic 
nAChR antibodies were identified in up to 50% of patients 
with autoimmune autonomic neuropathy (AAN) (also known 
as subacute pandysautonomia) (126,127) and experimental 
autoimmune autonomic neuropathy (EAAN) (128), and 4) an-
tibodies against the α9 of nAChRs were identified with an 
autoimmune disorder pemphigus vulgaris (129). 

Structural identities between different nAChRs 
subunits with the possibility of cross-reactivity 
between anti-nAChR α1 antibodies and other 
nAChR subunits

Different nAChRs subunits share some structural features 
with differing amounts of identity among various α sub-
units. The identity rates have been found to range between 
35% and 73%. Immediately following the large extracellular 
domain in all AChR subunits, there are three closely spaced 
transmembrane domains, M1-M3. The three domains (M1-
M3) comprise about 90 conserved amino acids. M1 links se-

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WN2-4K1HDYT-1&_user=4002312&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000052545&_version=1&_urlVersion=0&_userid=4002312&md5=d47a1fda3967d1aedab2ef67a540d6e9#bib19#bib19
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quences in the extracellular domain that contributes to the 
ACh-binding site with a short sequence near the cytoplasmic 
surface between M1 and M2 that forms the channel gate 
(113,130). Some rat muscle antibodies to the main immuno-
genic region (MIR) on α1 react very well with human α3 and 
α5 subunits. A disulfide linked-loop corresponding to amino 
acids 128-142 of α1 subunits is characteristic of all subunits 
in the superfamily. The α1, α3, α5, β3 subunits are quite 
similar in their sequences in the 66-76 region (26). There is 
considerable identity between muscular α1 and neuronal α3 
and α9 subunits. The extracellular domain of α 3 subunits in 
the ganglionic AChR is 60% identical in amino acid sequence 
of the muscle α 1 subunit (131). The identity between α1 and 
α9 for the whole length of the molecules is 25% and 37.5% 
or up to 43% (132). 

The structural similarity with α1-subunit might be enough for 
the cross-reaction of their antibodies and anti-α3 and anti-α9 
antibodies. This supports the possibility that AChR α3 and α9 
subunits may be the target autoantigen in MG associated CNS 
and autonomic symptoms and the antigenic modulation and 
complement attacks operate in decreasing the ACh analogous 
in other body systems similar to that for the NMJ (113,130). 
However, it is even conceivable that an immune response to 
different nAChRs α subunits (α1, α3, α9) could result in dif-
ferent clinical manifestations in different individuals.

The suggestion that cross-reactivity between anti-AChR α1 
antibodies and other nAChR subunits as a cause of gener-
alized cholinergic deficiency resulting in additional nervous 
system manifestations and disorders in patients with MG, is 
further supported by the following observations: 1) nAChR 
Abs other than muscle nAChRs Abs were detected in patients 
with MG. For example: Abs to ganglioside or α3 subunit of 
nAChRs were also reported in of patients with idiopathic 
peripheral neuropathy or idiopathic dysautonomia, and celiac 
disease (133). Seropositivity rate for ganglionic AChR antibod-
ies was found to be 50% in some patients with MG (9,10,97). 
Abs to ganglionic AChRs were reported in the serum and CSF 
of the majority of patients with MG and subacute autonomic 
neuropathy (10). Abs to α9 subunit of nAChRs were identified 
in the serum samples of mice with EAMG (134), 2) It was 
observed that intraventricular administration of MG patients’ 
sera exerted adverse effects on cerebral evoked potentials 
and hypothalamic functions (135), 3) Electrophysiological 
features of postsynaptic failure of ACh transmission was 
observed in autonomic ganglia from α3 AChR–immunized 
rabbits (127,128,136), 4) Ganglionic AChR IgG was found to 
inhibit nicotinic membrane current in cultured neuroblastoma 
cells (137), 5) Mutations in some nAChRs subunits was found 
to be associated with rare forms of epilepsy and dysautono-
mia (138,139), and 6) The involvement of the central nAChRs 
and central cholinergic pathways by the disease process can-

not be denied as a cause of central deficits (e.g. cognitive 
and sleep abnormalities) observed in patients with MG. The 
hippocampus, a cerebral structure highly involved in learning 
and memory, is a target for abundant cholinergic innerva-
tion. Hippocampal nAChRs can modulate synaptic plastic-
ity via mechanisms involved in long-term potentiation (LTP) 
(140). This is further supported by the finding that AChE-Is 
may improve memory functioning in diverse neurological 
conditions associated with memory deficits (e.g. Alzheimer’s 
disease, Parkinson’s disease, etc) (141-143). Because of the 
role of cholinergic function in memory and related cogni-
tive processes and sleep (92-94), dysfunction of the central 
cholinergic system has been accused to underlie the cognitive 
deficits, sleep disorders and EEG abnormalities observed in 
patients with MG. 

Immunopathogenesis of MG and tumor 
immunology

Immunopathogenesis of MG

In both MG and EAMG, the antibodies are bound to AChRs 
at the postsynaptic membrane. EAMG, the animal model 
of MG, is produced in rabbits and rodents by immunization 
with muscle-type nAChR protein. EAMG closely mimics MG 
in its clinical and immunopathological manifestations (124). 
MG and EAMG are T cell-dependent and antibody-mediated 
autoimmune diseases (B-cell mediated disease) (144). The re-
lationship between the thymus gland and MG is well estab-
lished. The thymus gland plays an important role in the de-
velopment of the immune system. The thymus is the central 
organ in T cell–mediated immunity. The myoid cells (muscle-
like cells) in the thymus might be responsible for the autoim-
mune reaction seen in MG. T cells are first sensitized against 
myoid cells within the thymus and causes the formation of 
germinal centers, which are key facilitators in the autoim-
mune reaction against the body’s nAChRs (144,145). AChR-
specific CD4+ T cells with T helper function in the blood and 
thymus are necessary for the development of MG symptoms. 
In MG and EAMG, T helper (Th) lymphocytes and cytokines 
are important for immunoregulation. Naive CD4+ Th0 cells 
(antigen-inexperienced) are bipotential cells. Cytokines pres-
ent in the microenvironment and produced by the cells of the 
innate immune system are important factors that influence 
the differentiation of T0 cells toward the Th1 or Th2 subsets. 
Differentiated CD4+ T cells are classified into subtypes based 
on the cytokines they secrete. Th1 cells secrete IL-12, IFN-γ, 
and TNF-α proinflammatory cytokines which are important in 
cell-mediated immune responses. Proinflammatory Th1 cyto-
kines induce expression of MHC class II molecules in muscle, 
thereby facilitating presentation of muscle AChR epitopes 
and further expansion of activated anti-AChR CD4+ T cells. 
IL-12 secreted by Th1 cells is a crucial cytokine for differen-
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tiation of Th1 cells which is necessary for development of 
EAMG. Moreover, it has been found that estrogen enhances 
EAMG development in mice by promoting augmented IL-12 
production by AChR-specific Th1 cells, suggesting that estro-
gens mediate sex differences in autoimmunity because of a 
Th1-mediated mechanism (146). Increased IFN-γ production 
may explain the increased expression of IFN-γ–induced che-
mokines and monokines and their receptors in muscle, thy-
mus, and lymph nodes in MG patients and rats with EAMG. 
Th2 cells secrete IL-4, IL-5, IL-6 and IL-10 anti-inflammatory 
cytokines which are also important inducers of humoral im-
mune responses. IL-5, IL-6, and IL-10 are important for the 
development of EAMG. IL-10 secreted by Th2 cells is a potent 
growth and differentiation factor for B cells which facilitates 
the development of EAMG and human MG. In contrast, IL-4 
secreted by Th2 cells appears to be involved in the differ-
entiation of AChR-specific regulatory CD4+ T cells, which 
can prevent the development of EAMG and its progression 
to a self-maintaining. However, there is no direct evidence 
for the role of IL-4 in immuno-modulation in human MG 
(147). Furthermore, IL-4 stimulates differentiation of Th3 cells, 
which secrete TGF-β and are involved in immunosuppressive 
mechanisms (148). 

It has been suggested that autonomic manifestations in MG 
as the low noradrenergic-activity and high adrenergic-activity 
levels during the basal (supine-resting) state, as well as after 
several stress tests (e.g. exercise) are in favor of Th-1 immu-
nosuppression plus Th-2 predominance (149). β2 adrenergic 
receptors are expressed on various types of immune cells 
including T, B and antigen presenting cells (APCs) (150). In 
autoimmune diseases (150), pro-inflammatory cytokines are 
produced during the Th1 type immune responses including 
TNF-α, IFN-γ, IL-12, IL-1β and IL-6 can inhibit local sympathetic 
tone, whereas they increase systemic sympathetic tone due 
to the counter-regulatory effects of Th1/Th2 type immune 
responses, Th2 immune-deviation decreases systemic sym-
pathetic tone (151).

The balance of antigen-specific Th1/Th2 cells may dictate 
the clinical outcome of an immune system related disease. 
Activated CD4+ T cells interact with B cells (which secretes) 
low-affinity anti-nAChR Abs. This triggers somatic mutations 
of the Ig genes, leading to synthesis of high-affinity Abs 
(IgGs) (pathogenic anti-nAChR Abs). An augmented produc-
tion of autoreactive CD4+ cells, on one side and an increase 
of the immunoregulatory T cells that augment autoantibody 
production, on the other side may have a significant role 
in sustaining the immune response in EAMG and reflects 
the increased entry of activated autoreactive CD4+ T cells 
from the periphery into the thymus. Similar putative mecha-
nisms may be suggested to underlie sustained autoimmune 
response in human MG (152). Other CD4+ T cell subtypes 

may have a role in MG. CD4+ T cells that express the CD25 
marker and the transcription factor Foxp3 are known as Tregs 
and are important in maintaining self-tolerance. Tregs in MG 
patients may be functionally impaired (153). In addition, the 
number of circulating Tregs has been shown to increase af-
ter thymectomy and the increase correlated with symptom 
improvement (154).

Antibody response in MG is polyclonal. In an individual pa-
tient, antibodies are composed of different subclasses of IgG. 
More than 50% of Abs binds to the extracellular domains of 
the two α1-subunits of the muscle nAChRs at a site called 
the MIR (44). Binding of Abs to the muscle nAChRs at the 
NMJ will affect the neuromuscular transmission by at least 
3 mechanisms: a) activation of complement at the NMJ, b) 
accelerated degradation of AChRs cross-linked by Abs, and 
c) functional AChRs block. Complement activation at the 
NMJ might be the primary cause of AChRs loss and failure of 
neuromuscular transmission. The complements C3, C9, and 
C5-9 activation neoantigens are thought to potentiate de-
generation of AChRs and post-synaptic membrane lysis (155). 
It has been found that endogenous molecules as decay-accel-
erating factor (DAF or CD55), the membrane cofactor protein 
(MCP or CD46), and the membrane inhibitor of reactive lysis 
(MIRL or CD59) act as intrinsic complement regulators and are 
capable to protect membrane cells from activation by autolo-
gous complement on their surfaces (156-158). In human MG 
and EAMG, Th1 CD4+ cells drive the synthesis of anti-AChR 
complement-fixing IgG subclasses. The modulation of AChRs 
by IgG-complement interaction accelerates the internalization 
of AChRs and accelerates degradation of AChRs cross linked 
by Abs (a process known as antigenic modulation). Antigenic 
modulation is the ability of an Ab to cross-link 2 antigen 
molecules, thereby triggering a cellular signal that causes ac-
celerated endocytosis, shedding of the AChRs into the syn-
aptic space and degradation of the cross-linked molecules. 
If accelerated degradation is not compensated by increased 
AChRs synthesis, it will lead to a reduction of the available 
AChR molecules at the NMJ and myasthenic symptoms. The 
net result is destruction of segments of the post-synaptic 
membrane and disruption of its architecture. The decrease 
in the density of AChRs and the restriction of the membrane 
surface available for the insertion of new AChRs cause reduc-
tion of the amount of depolarization at the NMJ and inability 
to trigger muscle activity (2). However, not all anti-AChR Abs 
cause antigenic modulation because, even though all IgG Abs 
have 2 antigen-binding sites, the epitope location on the 
AChR surface may restrict the ability of Abs to cross-link a 
second AChR molecule (159). Also many MG patients have 
low levels of anti-AChR Abs that recognize the ACh-binding 
site; these might block the AChR in spite of their low concen-
tration and contribute to acute, severe muscle weakness and 
myasthenic crises without either inflammation or necrosis of 
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the NMJ. Functional AChR block is due to Ab binding to the 
ACh-binding site is an uncommon pathogenic mechanism in 
MG, but it may be clinically important (160). 

Till now, there is lack of knowledge of the exact culprit 
antigen(s) responsible for MG and its comorbid disorders, 
thus advances in understanding the cellular and molecular 
mechanisms involved in neuro-immune pathways of MG 
may result in proper antigen-specific therapeutic strategies 
for total eradication of the disease without affecting oth-
er functions of the immune system or causing adverse ef-
fects. Several new approaches have proven to be successful 
in EAMG which include: a) administration of AChR or parts 
of its sequence in a manner known to induce tolerance: it 
has been suggested that experimental antigen presentation 
under special circumstances may lead to antigen-specific tol-
erance rather than activated CD4+ T cells. Recently, several 
studies have demonstrated that treatment of dendritic cells 
(DCs) with TGF-β, IFN-γ, or IL-10 before injection in rat model 
of EAMG, suppressed or ameliorated the myasthenic symp-
toms (148,161,162). This effect has been attributed to the 
reduced production of anti-AChR Abs without a reduced pro-
liferative response of T cells to the AChR. Approaches which 
use tolerance-inducing antigen presenting cells (APCs), which 
present all AChR epitopes might be useful for the treatment 
of MG as it influences all AChR-specific T cells, b) T cell vac-
cination: T cell vaccination is already used in clinical trials for 
the treatment of multiple sclerosis, rheumatoid arthritis, and 
psoriasis. It is effective in EAMG, and it is a promising future 
strategy for the treatment of MG. The mechanisms of action 
of T cell vaccination are complex, and they likely include the 
induction of modulatory CD4+ and CD8+ T cells (163). An-
other approach used synthetic peptide analogs of an epitope 
recognized by autoimmune CD4+ T cells that bind the MHC 
class II molecules but cannot stimulate the specific CD4+ cells. 
These are known as altered peptide ligands (APLs). APLs com-
pete with peptide epitopes derived from the autoantigen, 
thereby turning off the autoimmune response. APLs might 
also stimulate modulatory anti-inflammatory CD4+ T cells 
or anergize the pathogenic CD4+ T cells (164), c) Interfer-
ence with formation of the complex between MHC class II 
molecules, epitope peptide, T cell receptor and CD4 mol-
ecule: Blocking complement component 6 was found to be 
effective in rodent EAMG and protect rodents from EAMG 
CR1 Soluble recombinant receptor that competitively inhibits 
complement (165), d) Long-term therapeutic use of EN101, 
an antisense oligonucleotide that suppresses the expression 
of AChE-R: This new approach is based on the observation 
that in MG and EAMG animals, there is increase in the rate 
of ACh hydrolysis and the efficacy of AChR activation. This 
is caused by enhanced transcription and accumulation of 
the rare read through AChE-R variant instead of the com-
monly occurring synaptic AChE-S. The commonly occurring 

synaptic AChE-S variant forms membrane multimers while 
AChE-R soluble monomers that lack the carboxyterminal cys-
teine needed for membrane attachment. AChE-R permeates 
the synaptic space and degrades ACh before it reaches the 
postsynaptic membrane, thereby compromising AChR activa-
tion. EN101 has been suggested to normalize neuromuscular 
transmission in EAMG by modulating the synthesis of AChE 
variants (166,167).

Tumor immunology and MG and its related 
immune-mediated comorbidities

NMJ disorders are observed in association with certain tu-
mors as paraneoplastic neurological manifestations. The 
immune responses driven by muscle and neuronal nAChR 
subtypes expressed in cancer may account for several related 
paraneoplastic neurological disorders affecting the choliner-
gic systems. MG is frequently associated with WHO type B1 
and B2 thymomas (71). A broad spectrum of neurological and 
non-neurological paraneoplastic diseases was observed in as-
sociation with MG either in the presence of the thymoma or 
at different times after thymomectomy, which include: Lam-
bert-Eaton mysthenic syndrome (LEMS) (168), AAN, neuro-
myotonia, limbic encephalopathy, encephalomyelitis, seizures, 
dementia, movement disorders, cerebellar degeneration, sub-
acute hearing loss, psychosis and sleep disorders (28). Non-
neurological paraneoplastic diseases include: hematological 
and cutaneous diseases prevailed as pemphigus vulgaris 
(169), diffuse alopecia areata and pemphigus foliaceus (170). 

LEMS is caused by Abs against neuronal P/Q-type voltage-
gated calcium channels (VGCC) that are present in the presyn-
aptic somatic motor terminals and parasympathetic effector 
junctions but they do not act via complement-mediated lysis 
(171-173). Abs appear to act only by cross-linking the VGCCs 
on the motor nerve terminal surface and causing their cluster-
ing and internalization. This causes reduction in the number 
of VGCCs, reduction in the calcium-induced release of ACh 
and thus reduction in AChR activation. LEMS is characterized 
by dysautonomia, mostly involving the parasympathetic sys-
tem, erectile dysfunction, hypohidrosis (dry eyes and mouth), 
constipation and abnormal papillary responses to light and 
accommodation which are common autonomic manifesta-
tions in LEMS and quite distinct from the severe dysautono-
mia and gastrointestinal dysmotility encountered with MG 
(9). In some patients with thymoma, MG-LEMS was reported 
with evidence of antibody activity directed against postsyn-
aptic AChRs, presynaptic somatic motor terminals, and auto-
nomic effector junctions in patients with malignant thymoma 
and complete remission followed surgery (25). The interaction 
impairs the ACh release leading to weakness and autonomic 
dysfunction. AAN is caused by antibodies against neuronal 
nAChRs in the autonomic ganglia (174). It is characterized 
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by subacute onset gastrointestinal dysmotility with pain and 
vomiting, dry eyes and mouth (a combination of sicca com-
plex), abnormal papillary responses to light and accommoda-
tion, impaired heart rate variability, orthostatic hypotension 
and up to complete pandysautonomia. Neuromyotonia is a 
peripheral ion channel disorder due to presence of antibodies 
to voltage-gated potassium channels (VGKCs). Patients with 
neuromyotonia complain of muscle cramps and twitching due 
to reduction of the number of VGKCs at the motor nerve 
terminals and motor nerves itself by antibodies rendering the 
nerve membrane potential unstable and hyperexcitable (175).

There is also a recognized link between ectopic expression 
of neuronal and muscle autoantigens in certain cancers other 
than thymoma, for example: small cell lung cancer (SCLC), 
and rarely ovarian, breast and thyroid tumors and Hodgkin’s 
lymphoma (176,177). Several neuronal nAChR subtypes, as 
well as muscle nAChR, have previously been found in SCLC 
cell lines. Functional studies in SCLC cell lines suggest that 
these ligand-gated cation channels may act in synergy with 
VGCC to influence transcription of growth-regulatory genes 
(176). They also regulate cell proliferation and secretion of 
autocrine growth factors (178,179). Approximately 50% of 
patients with LEMS have SCLC (177). Other paraneoplastic 
diseases observed with SCLC include: limbic encephalopathy, 
encephalomyelitis, seizures, dementia, movement disorders, 
cerebellar degeneration, subacute hearing loss, psychosis and 
sleep disorders (28).

Some authors suggested that the associated neoplasm may 
present multiple antigens that trigger several autoimmune 
responses. In some patients with MG and thymoma, a high 
prevalence of glutamic acid decarboxylase-65 (GAD-65) Abs 
and Ab titers were identified and found to be correlated 
with severity of associated parasympathetic nervous sys-
tem, gastrointestinal dysmotility and autonomic dysfunction 
(180). Paraneoplastic autonomic disorders are associated with 
various overlapping antibody associations, including GAD-65 
(glutamic acid decarboxylase-65) (180), anti-Hu (ANNA-1) 
(181,182), ganglionic AChRs (183), CRMP-5 (184), and PCA-
2 (185). In general for the paraneoplastic syndrome, both T 
and B cells have a role in its pathogenesis. T cells have the 
potential to recognize tumor cells and to cross into the brain 
or the peripheral nervous system to attack neurons. T cells 
induce expression of MCH class I molecules by neurons, thus, 
increasing their susceptibility to become targets for T cell at-
tack (186). Activated, plasma cells produce autoantibodies di-
rected against tumor antigens. They differentiate in situ from 
circulating B cells that have traveled to the brain or peripheral 
nervous system (187). There is evidence that neurons can 
take-up extracellular molecules such as Abs and also, parane-
oplastic syndrome Abs are able to infiltrate neurons. Neuronal 
antigens may trigger apoptotic neuron death by interfering 

with essential intracellular processes. This process would re-
sult in the production of further Abs that could accumulate 
at high titers in both the blood and CSF and further amplify 
the autoimmune response. Advances in the investigation on 
immunological function of thymoma helps to elucidate the 
pathogenesis of thymoma-related autoimmunity and the high 
affinity of thymoma with MG. This association is thought to 
depend on thymoma’s capacity to produce and export auto-
reactive T cells causing autoimmunity (183,188). Thymomas 
produce significant number of CD4+CD8+ double-positive T 
cells, and at the same time, the neoplastic epithelial cells ex-
press HLA-DR molecules at a slightly reduced level compared 
with the normal thymus. The impaired expression of HLA-DR 
molecules in neoplastic epithelial cells of thymomas possibly 
affects positive selection of CD4+CD8− single-positive T cells 
and may result in alteration of its repertoire (188). 

Non-specifically acting mechanisms and 
consequences of MG

Multiple non-specific autoimmune response: 

Some authors suggested that the co-morbid neurological and 
non-neurological manifestations and disorders might reflect 
a non-specific multiple autoimmune response or response 
to un-specifically acting cytokines in presence or absence of 
tumor (markers of autoimmunity). In support: 1) MG was re-
ported in association with other non-nervous system medical 
immune-mediated disorders as diabetes mellitus (189), celiac 
disease (133), thyroiditis (190), vitiligo (191), atopic dermatitis 
(192), rheumatoid arthritis (193), systemic lupus erythematosis 
(194), polyarteritis nodosa (195), Crohn’s disease (193) and 
idiopathic thrombocytopenic purpura (196). 2) Other example 
is that half of the acquired severe cases of autonomic neu-
ropathies were found to be associated with celiac disease 
and systemic lupus erythematosus, Isaacs syndrome, LEMS, 
dementia, sensory neuropathy, diabetes, amyloidosis, drugs, 
toxins or idiopathic and high titers of antibody to ganglionic 
nAChRs (α3 AChR) (133).

Complications of MG and its medications:

Because of the very low concentrations of muscle nAChR 
antibodies in the CSF of patients with MG, some authors 
suggested that it is highly unlikely that the CNS choliner-
gic systems are affected by muscle antibodies and that the 
co-morbid manifestations and disorders might reflect associ-
ated peripheral mechanisms as mood disorders, hypoxia or 
as an adverse effect from AChEI-s used to treat MG (30-
32). Enhanced gastrointestinal motility is a common side ef-
fect of AChE-Is as they increase the cholinergic activity of 
parasympathetic ganglia innervating the gut (197). Some 
suggested that the respiratory impairment (apnea/hypop-
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nea) and hypoxia caused by oropharyngeal, intercostal and 
diaphragmatic muscle weakness which worsen during REM 
sleep might be responsible for the sleep-wake cycle abnor-
malities and EEG abnormalities noted in patients with MG 
(93). Micro-arousals may occur whenever an apneic or hy-
popnic event and disrupts sleep. Sleep fragmentation and 
lack of REM sleep and severely disrupted sleep patterns may 
result in personality changes, including irritability, anxiety, de-
pression and decreased sexual drive or impotence (198). The 
encountered sleep disturbances can also impair memory and 
performance of MG patients on neuropsychological tests (5). 
It is also possible that the resulting oxygen desaturation which 
occur during long apneic events (last for 2 minutes or longer) 
may also be related to cognitive dysfunction in patients with 
MG (199). This is supported by the findings that: the sleep 
apneas found in patients with MG have been found to be 
strongly related to periods of confusion, the inability to con-
centrate, shortened attention span throughout the waking 
hours, or short-term memory impairment (5). Some studies 
indicate that physical fatigue, an important symptom of MG, 
produces cognitive fatigue, memory impairment and perva-
sive impairments in important aspects of patients’ lives. This 
was based on the observation that the patients’ perceptions 
of both cognitive and physical fatigue have been observed to 
be increased significantly following completion of demand-
ing cognitive work and this phenomena was not observed in 
control subjects (32).

Conclusions

Some patients with MG may experience comorbid nervous 
system manifestations and syndromes as memory difficul-
ties, sleep abnormalities, autonomic dysfunction, peripheral 
neuropathy, epilepsy and psychiatric disorders. Recognition 
of co-morbidities with MG is mandatory for diagnosis, deter-
mining prognosis and management. The exact mechanisms 
of such comorbidities are unknown, however they may be 
due to the involvement of nervous system cholinergic systems 
and pathways by the immune mediated process of MG, para-
neoplastic response to certain tumor antigens or response to 
non-specific autoimmune process or less likely as a complica-
tion of MG and its medications. Future advances in under-
standing the molecular and cellular mechanisms of MG may 
provide information regarding the exact mechanisms MG and 
its comorbidities. They may also provide satisfactory answers 
to some challenging questions, for example: a) why an im-
mune response to different nAChRs α subunits (α1, α3, α9) 
could result in different clinical manifestations in different in-
dividuals?, b) why some patients with MG may develop medi-
cal or non-neurological autoimmune disease?, c) why does 
improvement after treatment occur in some receptors (i.e. 

muscle) and not others (e.g. neurons)?, d) why some patients 
develop nervous system manifestations after thymectomy?.
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