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Antigenic targets on the mammalian 
neuromuscular junction; AChR (red) 
and muscle-specific kinase (MuSK, 
yellow) situated on the postsynaptic 
membrane and voltage-gated 
potassium (VGKC, pink) and 
calcium channels (VGCC, blue) 
present on the presynaptic nerve 
terminal. The presynaptic nerve 
terminal (grey), contains the synaptic 
vesicles (light blue). These vesicles 
contain the neurotransmitter, 
acetylcholine (ACh). When the nerve 
is depolarised, the vesicles fuse with 
the presynaptic terminal and 
discharge the transmitter into the 
synaptic cleft. ACh binds to the 
AChR and causes an influx of  
sodium ions, which finally results in 
the muscle action potential.
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Isaac’s Syndrome: is a neuromyotonia, not a MS



4. Myasthenic Syndromes

1. Autoimmune diseases

2. Congenital diseases



Autoimmune diseases

(auto) Antibody

+

Muscle weakness  



Reduction in release of ACh

Lamber-Eaton Myasthenic Syndrome
(LEMS)

* Normal miniature endplate potential amplitude, 
demonstrating normal postsynaptic sensitivity 
to acetylcholine (ACh).
 
* Markedly reduced evoked endplate potential 
amplitude, suggesting a significant reduction 
in ACh release.



MG: Myasthenia Gravis



Myasthenia gravis
“grave muscle weakness”

• Asymmetrical ptosis (a 
drooping of one or both 
eyelids). 

• Diplopia (double vision) 
due to weakness of the 
muscles that control eye 
movements.



Distribution of MG subtypes



MG: Diagnostic test 

https://app.jove.com/embed/player?id=14457&access=d26bfebca9&t=1&s=1&fpv=1


Electromyography:
The electromyogram is an extracellular recording of the
electrical activity of motor units. A motor unit consists of a
somatic efferent neuron and all the muscle fibers that it
innervates. In the electromyogram, one records a potential
known as the compound action potential, which is the
summed action potentials of all the muscle fibers in the
motor unit.



Decrements in compound muscle action potential (CMAP) versus endplate potential (EPP). The top row shows a cartoon of a theoretical decrement of
CMAPs in response to repetitive stimulation at 50 Hz of a neuromuscular junction (NMJ) where synaptic transmission is normal and an NMJ where synaptic
transmission is reduced. In the lower row are traces of an endplate current (EPC) of a normal mouse NMJ in response to 50 Hz stimulation. The trace shown
for the normal is repeated for the reduced transmission panel, except the amplitude of the trace was reduced by 30%. The horizontal dotted line in the lower
row represents amplitude of current necessary to trigger an action potential. In the normal NMJ, the EPC remains greater than the current necessary to trigger
an action potential. Thus, there is no decrement in the CMAP despite a significant decrement in the EPC. In the NMJ with reduced neurotransmission, the
30% reduction in the EPC causes the endplate current to drop below threshold after the third stimulus. Inasmuch as muscle fiber action potentials are all or
nothing, they decrease to 0 on the fourth stimulus. In this theoretical example, there is a much greater decrement in the CMAP than in the EPC that underlies
neuromuscular transmission. It should be noted that in this figure EPC is plotted, rather than EPP as in Figure 1. The EPC goes down (to indicate inward
current, which depolarizes fibers), wherea the EPP goes up (indicating depolarization of the fiber). In the CMAP trace, it is assumed for simplicity’s sake that
all neuromuscular junctions are responding in exactly the same way to repetitive stimulation.



MG Activities of Daily Living (MG-ADL) Scale



IgG1
(complement activation)



IgG4
(NO activation of complement)



2 major groups of antibodies:

- Those that recognized extracellular/
transmembrane autoantigens (nAChR, MuSK, Lrp4, 
Agrin and AChE).

- Those that recognized intracellular autoantigens (RyR,
titin and cortactin). 





a | The acetylcholine receptor (AChR) is a 
pentameric membrane protein. b | Each of the 
subunits consists of an extracellular domain, four 
transmembrane regions and a cytoplasmic 
domain. The receptor consists of (alpha)2, beta, 
gamma and delta subunits in the fetal form (c), 
and (alpha)2, beta, delta and alt epsilon subunits 
in the adult form (d). A large proportion of the 
antibodies in the sera of myasthenia gravis 
patients bind to the main immunogenic regions
that are on both of the alpha subunits, to which 
the sequence alpha64–76 makes an important 
contribution. In addition, many patients' 
antibodies bind to the fetal-specific gamma 
subunit. In some cases, these antibodies inhibit 
the function of the AChR in vitro, and in 
pregnant mothers, they can cross the placenta, 
causing fetal muscle paralysis and severe, and 
often fatal, deformities. alpha-BuTx, alpha-
bungarotoxin.

85% of patients affected by MG are positive 
for anti-AChR antibodies
and 50% of them bind MIR

MIR





Maternal antibodies to fetal nAChR cause 
developmental disorders



-repetitive stimulation of the nerve that innervates a MG 
muscle produces a decreasing muscle contraction

-mepp are reduced 

- the number of AChR at the NMJ is reduced 



The discovery of MG….

A London physician who made
pertinent observations of many
neurological diseases, including
arguably the first description of
myasthenia gravis.

Thomas Willis 
(circa 1667)

Mary Walker 
(circa 1935)

She was the first doctor to try
acetylcholinesterase inhibitors for the
treatment of myasthenia gravis.



Prevalence & Mortality during 1900-2000



At the moment there are not therapies that 
prevent or cure the disease.  

Unfortunately, the therapies do not target 
the specific antibody.





Animal (rodent) models

AChRs





The animal models for MG are useful to:

• Prove the pathogenicity of patient antibody

• Study pathophysiology 

• Test potential therapeutic effect of new or existing drugs 



IN VIVO STUDIES
Repetitive nerve stimulation electromyography in the anaesthetized mouse.
(A) Cartoon showing the electrode configuration used to record compound muscle action potentials (CMAPs). (B) Example of CMAP recording from the
gastrocnemius muscle of a myasthenic mouse, demonstrating a decrement in amplitude during 3 Hz repetitive nerve stimulation. Superimposed CMAPs are
spaced somewhat for easier visualization of the decrement. (C) Schematic drawing of a single CMAP on an expanded timescale.



IN VITRO STUDIES





Some biophysical properties of 
MG human skeletal muscle 





MG treatments:



Elevation in the threshold for muscle fiber action potential initiation

Autoimmune response directed against the endplate AChR in MG may 
cause loss of sodium channels from the postsynaptic region of the 
endplate. The loss of sodium channel significantly increase the amount 
of current needed to initiate an action potential.



Fast-channel syndrome

Congenital Myasthenic Syndromes

Figure 4 Fast-channel syndromes. a MEPC recorded from EPs of a control subject and a patient harboring the αV285I fast-channel mutation. Arrows 
indicate decay time constants. b Single-channel currents from wild-type and fast-channel (αV285I) AChRs expressed in HEK cells. c Schematic 
diagram of fastchannel mutations in the AChR α, β, and δ subunits. (From Engel 2004, by permission)



Slow-channel syndrome

Figure 3 Slow-channel syndromes. a Schematic diagram of AChR 
subunits with slow-channel mutation. b Single-channel currents from
wild-type and slow-channel (αV249F) AChRs expressed in HEK cells. c 
MEPC recorded from EPs of a control subject and a patient harboring 
the αV249F slow-channel mutation. The slow-channel MEPC decays 
biexponentially due to expression of both wild-type and mutant AChRs 
at the EP. d Slow-channel EP. The junctional folds have disintegrated 
and the synaptic space is filled with debris (black asterisk). The 
junctional sarcoplasm displays fragmented apoptotic nuclei (white 
asterisk) and myeloid structures. Bar=1 μm. (a to c are from Engel 
2004, by permission)


