BOX 28.2

MYASTHENIA AND MYASTHENIC DISORDERS

Normally every action potential of the motor axon releases more than enough transmitter needed to produce a muscle fiber action potential. This occurs because both the amount of transmitter released from the presynaptic motor axon terminal and the density of AChRs on the postsynaptic muscle fiber exceed that needed to produce an end plate potential (EPP) large enough to initiate a muscle fiber action potential. Genetic or acquired diseases that reduce the safety factor of neuromuscular transmission are called myasthenic disorders (Fig. 28.B1). Myasthenic disorders cause weakness that fluctuates with use of the muscle. The most common is the acquired autoimmune disorder myasthenia gravis, caused by antibodies that bind to AChRs at the neuromuscular junction. The antibodies interfere with ACh binding and lead to internalization of AChRs and, ultimately, the loss of junctional folds. The reduced numbers of functioning AChRs produce a smaller EPP that fails intermittently to trigger a muscle fiber action potential. However, in myasthenia gravis the presynaptic terminal remains normal, such that a short burst of stimulation will produce facilitation of transmitter release, increasing the concentration of ACh in the cleft and transiently improving neurotransmission. Acetylcholinesterase inhibitors provide symptomatic improvement by blocking the breakdown of ACh, allowing a longer effect on residual receptors. Another autoimmune myasthenic disorder, Lambert–Eaton myasthenic syndrome, is caused by antibodies that bind to presynaptic voltage-gated calcium channels. Less ACh is released at the neuromuscular junction, producing small EPPs that fail to trigger action potentials 

Congenital myasthenic syndromes (CMS) are extremely rare, but provide important insights into the function of components of the neuromuscular junction. Postsynaptic CMS stem from a deficiency and/or altered kinetic properties of the AChR. More than 40 different mutations in subunits of the AChR have been described. Most mutations decrease subunit expression or prevent subunit assembly or glycosylation, leading to reduced numbers of functioning AChRs and thereby smaller EPPs. In fast channel CMS, mutations produce decreased binding affinity for ACh, leading to a smaller quantal response and miniature EPP amplitude, without reducing the numbers of AChRs. In contrast, the slow channel CMS stem from mutations that prolong the channel opening episodes. Slow channel mutations cause depolarization block due to temporal summation of the prolonged EPPs. In the long term, cationic overloading of the postsynaptic region leads to destruction of the junctional folds and loss of AChRs. Presynaptic CMS are less common. They are caused bymutations that lead to a paucity of synaptic vesicles or defects in Ach resynthesis or vesicular packaging. As a result, fewer vesicles are released or fewer ACh molecules are contained in each vesicle, and EPPs are smaller. Identifying CMS as involving pre- or postsynaptic components and understanding how these alterations affect neuromuscular transmission are necessary for developing rational therapies for these disorders.
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FIGURE 28.B1 Schematic diagram of a neuromuscular junction showing key components subserving neuromuscular transmission and the myasthenic disorders associated with these components.
