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Steroids and myasthenia gravis

Kaplan I, Blakely BT, Pavlath GK, Travis M, Blau HM.
(Department of Pharmacology, Stanford University School
of Medicine, Stanford, California, USA.) Steroids induce
acetylcholine receptors on cultured human muscle: Impli-
cations for myasthenia gravis. Proc Natl Acad Sci USA
1990;87:8100-104.

SUMMARY
The authors have presented data which suggest that steroids
augment synthesis of acetylcholine receptors on human muscle.
They isolated myoblasts from human muscles; cloned and
induced them to fuse into striated contracting multinucleated
myotubes. The effects of dexamethasone and sera from normal
individuals as well as patients with myasthenia gravis (with
different tit res of antibodies to acetylcholine receptors and
clinical severity) were studied on these cultured myoblasts. To
assay total surface acetylcholine receptors (AchR), cultures
were first saturated with t25I labelled G-bungarotoxin (1251_G_
Bu'Tx) , then the unbound toxin was removed by several washes,
125I-G_BuTxlabelled AchR was extracted by lysis with 0.1 M
NaOH and the radioactivity measured using a gamma counter.
The rate of AchR synthesis and insertion was determined by
the rate of appearance on the cell surface of AchRs capable of
binding labelled toxin. Degradation of AchR was assayed by the
release into the medium of 1251labelled tyrosine derived from
degraded 125I-II"BuTx-AchR complexes. Using 0.32 mM
acetylthiocholine iodide as substrate, Ach esterase activity was
also measured. In cultured myoblasts, dexamethasone was
found to induce surface AchRs to levels twice as high as those
in controls. The dose response curve showed that continuous
exposure to dexamethasone led to an increased accumulation of
total surface AchRs. The increase in AchRs was not owing to an
enhancement in the overall extent of differentiation of the
muscle cultures. Dexamethasone did not significantly alter the
levels ofactin transcripts as evidenced by Northern blot analysis.

There was no significant increase in Ach esterase activity in
treated cultures. The rate of AchR synthesis determined by
measurement of 125I-G-BuTxbinding at various times after
saturation with unlabelled Bu'Ix showed an increase; the rate of
increase in synthesized AchRs in membrane increased with
dexamethasone. On the other hand, the rate of degradation
remained constant. While sera from patients with myasthenia
accelerated degradation of AchRs, the increase in AchR synthesis
observed in cultured myotubes after treatment with dexametha-
sone was found to compensate for the degradation. The number
of AchR binding sites was nearly two-fold greater when
myotubes cultured in the presence of dexamethasone were
incubated in a medium containing myasthenic sera. The authors
conclude that glucocorticoids act to ameliorate symptoms and
progression of myasthenia gravis by a direct effect on the human
muscle acetylcholine receptor accumulation.

COMMENT
There has been considerable progress in the treatment of
myasthenia gravis over the past two decades. Thanks to
modern therapeutic management which includes the use
of anticholinesterase agents, glucocorticoids, thymectomy
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and plasmapheresis, death from myasthenia is extremely
rare. t The basic abnormality responsible for the muscle
weakness and fatigue in this disease is the reduction in the
number of available acetylcholine receptors which results
in impaired neuromuscular transmission.? The treatment
strategy is therefore to increase the number of functional
acetylcholine receptors. The presence of humoral anti-
bodies directed against AchRs in the sera of patients with
myasthenia suggests that the reduction in functional
receptors may either be owing to blockage of the active
site of the receptor or its accelerated degradation. 3

A treatment schedule which combines the use of acetyl-
cholinesterase inhibitors along with steroids has been an
important advance in the treatment of myasthenia in
recent years.' The action of steroids is attributed to their
immunosuppressive effect. The study reported here
suggests that the steroid dexamethasone increases the
total surface of AchRs on cultured human muscle exposed
to sera from patients with myasthenia. The study
demonstrates that the increase in AchRs is due to an
increase in the rate of AchR synthesis. Though it may be
argued that the two-fold increase in surface receptors due
to the effect of dexamethasone on cultured myoblasts may
not be of clinical significance, the observation that it is
possible to influence receptor synthesis in muscle cells
with the use of pharmacological agents is an important
advance with regard to prospective strategies for finding a
cure for myasthenia.

Specific treatment and cure for myasthenia have
remained elusive in spite of the progress made in the
understanding of the pathophysiology of the disease, the
knowledge of the exact molecular structure of mammalian
muscle AchR and the artificial production of both synthetic
peptides and translated proteins.t= Dexamethasone
stimulated expression of surface AchR suggests that the
drug enhances gene expression and induces de novo
AchR synthesis. Elucidating the exact mechanisms by
which steroids increase tissue specific gene expression
may help in the development of pharmacological agents
which augment receptor synthesis. This may lead to the
cure for myasthenia.
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