International
Journal of

eurology

A,




INTERNATIONAL
JOURNAL OF NEUROLOGY

CONTENTS OF VOL. 14 — NUMBER 1

EDITORIAL

ANTIBODY TO ACETYLCHOLINE RECEPTORS IN HUMAN MG
Jon Lindstrom

MYASTHENIA GRAVIS AND ACETYLCHOLINE RECEPTOR:
AUTOIMMUNITY AND STEROID EFFECHS ................

Oded Abramsky

THE IMMUNO PATHOLOGY OF MYASTHENIA GRAVIS
Andrew G. Engel

EXPERIMENTAL MYASTHENIA GRAVIS: A. MODEL OF
HECEPTOR PASEADE 106 L 50 it e » Srek it s b

Masamaru Takamori and Michiki Kasai

MYASTHENIA GRAVIS AND ASSOCIATED DISEASES ... ...
M. Goulon, B. Estournet and M. Tulliez

END — PLATE ACETYLCHOLINESTERASE DEFICIENCY
ASSOCIATED WITH SMALL NERVE TERMINALS AND
REDUCED ACETYLCHOLINE RELEASE A NEW SYNDROME

Andrew G. Engel, Edward H. Lambert
and Manuel R. Gomez

CLINICAL STATISTICS OF MYASTHENIA IN JAPAN ........
Masanori Uono

TEACHING NEUROLOGY IN FRANCE
M. Bonduelle and C. F. Degos

HYSTORY OF MEDICINE — ARNOLD KLEBS AND HARVEY
CUSHING AT THE FIRST INTERNATIONAL NEUROLOGICAL
CONGRESS AT BERNE IN 1931

J. F. Fulton

GONEVACATION — THE BAHAMAS . ..cioviiman ot svwdid s
Victor Soriano

R Y e e oR Sl e S e
s o T R R SR NNT R ST SO SRS SRR

25

35

47

61

73

87

100




Editorial

This ailment is also known as the Erb-Goldflam disease, because in 1879
Erb, and in 1891 - 1893, Goldflam made a very precise and accurate description
of their main clinical and evolutive features.

From the historical point of view we ought to say that the first clinical
description of myasthenia was performed by Thomas Willis in 1672 and Wilks
made the first anatomo-clinical report of this illness in 1877.

In 1895 Jolly suggested that this disease ought to be known as pesudopara-
litic grave myasthenia, and he established that the myasthenic reaction to the
faradic stimulation that induces to a rapid muscular exhaustion is similar to
the one produced experimentally by curare on the striated muscle.

The first thymectomies on myasthenics with tumoral thymus were per-
formed by Sauerbruck in 1917 and by Blalock in 1936, who for the first time
in 1941 made the extirpation of a thymus exempt of any tumor in a myasthenic
patient.

Theévenard in 1942 proposed the bilateral enervation of the carotid sinus
according to the technique developed by Leger in 1938.

Myasthenia is @ common disease. Kurland affirmed that in United States
the prevalence rate is 3 per 100.000. Garland and Clark stated that in England
there is a similar prevalence.

It is a muscular disease that may be started at any age, but generally fit
has its onset between 15 and 20 years of age.

It has been observed that besides the disturbances of the skeletical muscles
there exist subtle alterations in smooth muscles, heart, lung, and central ner-
vous system, which indicates that myasthenia gravis is a systemic disorder.

It has been accepted that this is a genetically determined autoimmune
disease generated by perturbations in the lymphoid system. When it starts in
the adult age the frequency is the same in both sexes. But if it has its onset
in youthfulness, the feminine sex is more frequently affected there being statis-
tically five women for one man. In women it may be initiated during puberty
or pregnancy.

It starts as a muscular weakness that appears by making an effort and
disappears at rest. This condition generally becomes worse in the afternoon and
evening. In some patients the troubles can be worse when waking up in the
morning.

The illness generally starts without there being any apparent reason: but
sometimes it is preceded by disturbances that make the disease evident, as an
infection, or an intoxication, an emotional stress, an excessive faligue, an endo-
crinal factor in the woman (puberty, menstruation, pregnancy), a trauma, an
anesthesia, an antitetanic serotherapy, followed by seric accidents, a medication
(quinine, hydantoine, chlorpromazine, procainesterase, morphine, streptomycine,
neomycine, kanamycine) a thymectomy due to a tumor of the thymus.
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The muscular weakness in myasthenia has preference for determined  sec-
tors. Its more frequent localization is in ocular musculature, producing. transi-
tory diplopia, asymmetrical palpebral ptosis, imperfect oclussion of the eyes.
The iris sphincter is commonly involved in myasthenia.

Rapid eye movements, having high velocity and low amplitude are com-
mon in myasthenic patients. Probably this is pathognomonic of myasthenia
gravis and they are called quiver movements. The preservation of these rapid
eye movements, even when an ophtalmoplegia exists, is due to the fact that
muscle fibers that are responsible of the rapid movements are not much affected.

Following in frequency to the eyes, the face is the part more affected with
difficulty for doing mimicand to whistle and to blow. The masticatory muscles
leave the jaw dropped during the meals. There is dysphagia and dysarthria.

In some cases the myasthenia gravis shows only one muscle affected. We
will refer to the external rectus and superior obliquous of one eye or an isolated
grievance such as occurs in jaw ptosis from the inability to oclose the mouth.

The muscles of the neck reveal its weakness.

Concerning the members the proximal muscles are generally affected.

Following them in frequency and intensity are the muscles of the arm and
thigh, of the hand gluteal area. Finally the abdominal, intercostal and distsl
muscles of the inferior limbs are affected. In myasthenia the distal muscles are
relatively preserved. This may be explained by the fact that in myasthenia
there exists a relative sparing of faster twitch fibers and distal muscles which
have a higher percentage of fast twitch fibers than the proximal muscles.

Among the muscles of the trunk special attention must be given to the in-
tercostal muscles, the diaphragm in a radioscopic examination and the accesory
inspiratory muscles. A spirographic observation of pulmonar ventilation before
and after prostigmine is very useful.

The weakness of these muscles is in the origin of the respiratory crisis
that determines the gravity of myasthenia Muscular disturbances may be sym-
metrical, but frequently they are asymmetrical. The arm and the leg of the
dominant side are the more affected.

Deep tendon reflexes are generally exalted sometimes with clonus. But if
the reflex is repeatedly excited it may be observed that the reflex progressively
diminishes until it disappears.

Some patients evidence signs that reveal disturbances in CNS, Uni or bi-
lateral Babinski sign, Hoffman sign, cross adductor reflexes. Generally these
manifestations disappear when the disease is controlled by the therapeutic pres-
cribed.

It may be the case that the patient has the overlap syndrome, in which
clinical and laboratory findings of myasthenia gravis and multiple scle-
rosis coexist.

Other nervous disturbances have been observed in patients with myasthenia
gravis, for instance, abnormal sleep and decreased REM time, ageusia anosmia
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transitory trigeminal anesthesia and we have not mentioned all the nervous
disturbances that may be concomitant.

It has been demonstrated that 5 % of myasthenic are also epileptics. [t
has been thought that antiepileptic drugs may be a factor for the appearance
of myasthenia. Particularly hydantoins agravate myasthenia. The graveness of
myasthenia is related to the onsel of respiratory crisis.

There are two types of crisis, the myasthenic crisis produced by aggravation
of the disease and the cholinergic crisis produced by an overdose of anticholin-
ergic drugs.

The sudden death of the myasthenic patient is not rare; it has been seen
above all in myasthenia with an acute evolution and it is produced by a myas-
thenia access of the respiratory and pharyngeal muscles. The process of myas-
thenia gravis is associated with immunological disturbances and with changes
in the thymus.

By X-Ray studies a tumor of the thymus may be evidenced that may be
of a benign or a malign type and it is much more frequent in the adult myas
thenic than in the young one.

At the radiological studies contrast methods have been proposed, gaseous
mediastinumgraphy, thymic arteriography, selective thymic phlebography.

It has been observed that even if there is no evidence of a tumor, the thymus
in myasthenia gravis frequently shows changes in its structure. 80 % of the
myasthenics show thymus hyperplasia.

Thymoma is present in 25 % of the patients. Hyperplasia is a pre-malig-
nant lesion, that may evolve into a thymoma.

From an immunological point of view it has been observed that myasthenia
gravis is an autoimmune disease which generates antibodies that act against
the individual own structures concretely against the acetylcholine receptors of
the muscles.

The acetylcholine receptors may be indentified in situ by o bungarotoxin
that is a neurotoxin with a specific curarizing action.

In human motor plate the number of acetylcholine receptors and their dis-
tribution may beestablished with radioactive derivates of the o bungarotoxine.
They are particularly concentrated in the summit of the folds of the postsynap-
tic membrane. It has been observed that in each neuromuscular joint there
exists about 20 million of molecules.

In myasthenia gravis with this technique a reduction of 80 Y% of the amount
of the acetylcholine receptors has been virified.

Experimentally an autoimmune myasthenia can be obtained in animals in-
jecting acetylcholine receptor protein extracted from the electric fish.

The serum of myasthenic patients contains antibodies to acetylcholine re-
ceptors that if they are incorporated to mice causes in these animals disturbances
similar to that of the myasthenic patient, diminution in the number of acetyl-
choline receptors per neuromuscular junction. reduction in miniature end plate
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potential, also decremental responses to repetitive nerve stimulation.

Myasthenia gravis may be accompanied by other autoimmune diseases, like
acute lupus erythematosus, chronic evolutive polyarthritis, thyroids autoimmunes
diseases, and chronic lymphocytic leukemia. It is observed in the myasthenia
myocardial abnormalities, also it has been verified smooth muscle involvement
that improve after thymectomy:.

With certain frequency it appears along with polymyositis and with myo-
pathic syndrome.

It has been established that 9 % of the myasthenic men and 18 % of the
myasthenic women evidence thyroid disturbances.

Hyperthyroidism is the thyroid ailment more ([requently associated with
myasthenia

Hyperthyroidism aggravates myasthenia.

Myasthenia associated with hypothyroidism is more rare.

Thyroiditis may also appear with the myasthenia.

Another hemopathies besides leukemia may be present associated with myas-
thenia, it has been pointed out hemolytic anemia, Biermer anemia, aplastic ery-
troblastopenic anemia

Alterations in the respiratory function, bronquial asthma can be observed.

Cancer is also more frequent in these patients specially when thymectomy
has not been done with therapeutic purpose.

In men the most frequent localization ts colo-rectal. for women is in the
breast.

These conditions frequently are accompanied with leucopenia and deficien-
cy in IgA levels.

It is characteristic of myasthenia and many other autoimmune diseases
that if the patient is under psychological stress the process is aggravated.

Probably in myasthenia the stress acts by means of the corticotropin-releas-
sing hormone and adrenocorticotropin-cortisol axis with its effects on suppressor
T lymphocytes and immune surveillance.

Cortico-steroides reduce aggressivity of T lymphocites and the facts indi-
cate that the stress may reduce immune surveillance to somatic mutations that

result in malignancy in humans.

BIOLOGICAL STUDIES

Antinuclear antibodies are positive in uncomplicated myasthenia gravis in
about 18 % ofcases and in 54 % of myasthenia associated with thymoma.

Antistriated muscle antibodies can be found in a proportion of 11 % of
not complicated myasthenia and in all of myasthenics with thymoma.

A very important serologic test in myasthenia is the Ig G antibody directed
against the acetylcholine receptor.

Related with myasthenia is the complex system of antigens bound to the
hystocompatibility, they are represented as HL-A that means histocom patibility
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locus-A and it corresponds at least to 30 antigens that are distinguished by num-
bers. It has been proved that patients with myasthenia gravis and thymoma
show a higher frequency of AL-A, and a lower frequency of HL-A, and HL-Ax
that show the patients with myasthenia gravis without thymoma.

Frequently there exists a clear diminution of changeable potassium.

Also is frequently observed augmentation of ‘serum gammaglobulin and
diminution of serum albumins.

ANATOMY

In anatomic studies changes are verified in the myasthenic muscle, and
inflammatory manifestations appear in some fibres of wariable intensity. On
observe also deterioration in the motor plates.

ELECTRICAL STUDIES

The electromyography reveals the existence of the myasthenic block to the
stimulation with progressive diminution of the potential amplitude. Other clin-
ical tests may be considered useful to evaluate neuromuscular transmission, they
are repetitive stimulation of nerve, recording the compound evoked muscle ac-
tion potential, single fiber electromyography and pharmacological tests.

PHARMACOLOGICAL TESTS IN MYASTHENIA GRAVIS

Tensilon is employed as a test for diagnosis of miasthenia gravis. An ini-
tial 1V dose of 3 mgr, is given and if there are no changes in 60 seconds 8 mgrs
are added.

The neuromuscular blocking action of curare is used as a test and it has
been observed that myasthenic patient are 10 to 100 more sensitive to the drug
than normal persons.

Negative tests have been observed in cases of purely ocular myasthenia and
in cases of generalized myasthenia in remission.

PUPILLOMETRIC TESTING - AUDIOMETRIC TESTING
The clinical value of these testing are investigated.

ERGOGRAPHY

The record of the muscular contraction with the adecuate equipment allows
us to visualize the myasthemic fatigue.

ESOPHAGEAL BARITED TRANSIT
It may be studied, before and after prostigmine.

RESPIRATORY FUNCTIONAL EXPLORATION

Its importance is linked to the danger of the respiratory failure in Myas-
thenia.
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It must be also done before and after prostigmine.
RADIOGRAPHY

Radiography of the chest is necessary to recognize a thymoma.
Contrast medium methods can be used, gaseous mediastinography. thymic
arteriography, selective thymic phlebography.

TREATMENT

For treating the myasthenia the neuromuscular junction must be stimu-
lated to compensate the relative deficiency of acetylcholine.

It is also necessary to suppress the abnormal immune basis of the disease.

To improve neuromuscular transmission the anticholinesterase drugs are
employed, such as pyridostigmine and neostigmine.

The Mestinon is widely used. It has few cholinergic lateral effects.

With the end to act upon immune mechanism ACTH and adrenocortico-
steroids are used.

There is a tendency to employ ACTH in patients in which there is no res-
ponse to treatment with thymectomy, anticholinesterases and oral corticosteroids.

Most of the cases of Myasthenia gravis benefit from oral corticosteroids.
It is necessary to increase the dose of prednisone from 25 mgrs orally every
other day to 100 mgrs every other day.

When the patient feels better during three months, the doses of prednisone
may be decreased by 5 mgs each month until reaching the lowest dose necessary
to maintain the patient in good shape.

THYMECTOMY

With the experience acquired in treating Myasthenia Gravis the thymec-
tomy nowadays is considered the best treatment for all cases of autoimmune
myasthenia.

When the thymectomy is performed at the onset of the illness, the pron-
ostic is generally better, and there are less changes at the hystological study in
the removed thymus-

Patients that have thymoma, to be benefited after the thymectomy, ought
to receive treatment with prednisone or immunosupression therapy.

We must realize that with thymectomy the patient is benefited in different
and important aspects, the medication is reduced, the probability of a remission
of the disease is more possible, it is difficult that the thymoma or a systemic
cancer may appear. It is also performed immunosuppressive treatment of myas-
thenia gravis that is effective and may cure the patient. It is advised cyclo-
phosphamide to a daily dose of 100 mgs. This treatment is reserved to be em-
ployed in those cases with thymoma in which common therapy is not successful.
Older patients may be benefited by intramuscular injections every three weeks
of 10 to 20 ml. of human gammaglobulin.

In case that they do not respond to the therapeutic resources that we have

— Number 1. — 188B0. — 11



mentioned in a desirable level, a thoracic duct drainage is employed in myas-
thenia gravis. Plasmapheresis is a technique that is experimentally used with
good preliminary results. There is a tendency to consider it a treatment gen-
erally effective. The procedure conduces to the elimination of antibody and im-
mune complexes producing receptor damage.

MYASTHENIC SYNDROMES

We will refer now to Myasthenic Syndromes originated by different causes.
They may be observed in cancer metabolic disturbances, infectious diseases, en-
docrinopathies, intoxications and other muscular diseases. In these illnesses,
conditions are generated that affect the neuromuscular transmission.

MYASTHENIC SYNDROME OF EATON AND LAMBERT

Generally in this Syndrome the weakness starts in the proximal muscles
of the lower extremities. Compromising symptoms of extraocular and bulbar
muscles are very few times observed. The deep tendon reflexes are absent or
diminished.

It is very frequent that this myasthenic syndrome appears in patients suf-
fering from carcinoma and is 5 times more frequent in men, than in women.

In this syndrome the defect in presynaptic release of Ach happens as much
in the skeletal muscles as in the smooth muscles and in this way are originated
symptoms of autonomic nervouws system. Anti-Ach RAb absent.

The Eaton-Lambert Syndrome can be also observed in patients with per-
nicious anemia, Sjogren’s syndrome, thyroiditis, hypothyroidism and hyperthy-
roidism, perhaps produced by an autoimmune mechanism.

Guanidine or anticholinesterases may benefit the patient.

ENGEL’S DISEASE

The patient looks like a non progressive congenital myasthenia. Ant-AchRab
absent. Very small nerve terminals, absence of endplate acetylcholeniesterase
and small amounts of postsynaptic acetylcholine receptors have been observed.

In studies made with nerve stimulation repetitive muscle action potentials
from single nerve stimulus are observed.

A decremental response at all frequencies of stimulation. It is irresponsive
to anticholinesterases. Prednisone 50 mg. daily improves the patient.

CONGENITAL MYASTHENIA

Extraocular muscles are principally affected with little involvement o) cor-
poral muscles, antiacetylcholine receptor antibodies are not found in serum,
which indicates that this syndrome is related to genetic defects.

Congenital Myasthenia never remits. It may be familial.

Electrodiagnostic tests show small short duration poliphasic motor unit
potentials. Repetitive stimulation produces decremental responses at low rates
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with post exercise exhaustion. It responds to anticholinesterases. There is no
response to thymectomy.

NEONATAL MYASTHENIA

Nearly 12 9% of the children born from myasthenic mothers show this
myasthenia which starts within 72 hours of birth.

It has a short duration that varies from 3 to 47 days and afterwards disap-
pears.

Anti-acetylcholine receptor antibodies are present. It esponds to anticho-
linesterase and exchange transfusion.

FAMILIAL INFANTILE MYASTHENIA

No myasthenia exists in the mother. Familial myasthenia is observed in

~other siblings.

Antiacetylcholine receptor antibodies are absent. It has been differentiated
from congenital myasthenia by the lack of ophtelmoplegia, severe respiratory
and feeding difficulties and a tendency to spontaeous remissinon.

Anticholinesterase is considered the best treatment.

BOTULISM

This illness has a toxic origin for poor food processing techniques, also may
be originated by wound or gastrointestinal infection by clostridium botulism.
The effect of the exotoxin is produced by blocking the release of acetylcholine
at the terminal axons of the neuromuscular junctions.

In the adult with intoxication appears ptosis palpebral, diplopta, dysphagia.
dysphonia, dyspnea, dysmimia. resporatory difficulty, quadriplegia. Profound
reflectivity decreases or disappears, sensitivity disturbances do not exists. Mind
is not affected.

Needle EMG results in small duration potentials.

In children botulism is preduced by colonization of the gastro intestinal
tract by clostridium botulism. The child presents hypotonia, hyporeflexia,
weakness of cranial and corporal muscles and respiratory failure. Internal or
external ophtalmoplegia may be observed. Needle EMG results in small duration
potentials.

It is considered also the wound botulism that appears in young persons who
are injured ou doors. Clinically on observe diplopia. dysartria and dysphagia.
May be observed paralysis of the four members.

Infection in man is generally caused by Clostridium botulism in type A.
less frequently by type B and rarelv by type E. Guanidine is of benefit in
botulism.

MAGNESIUM RELATED NEUROMUSCULAR DISTURBANCE

Magnesium is the body’s fourth most abundant cation and the second most
abundant intracellular ion. It is very much related to the neuromuscular sys-

tem and its changes have repercousion in it.
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It is important in synaptic transmission and membrane excitability.

Magnesium exists in bone, liver, brain and muscle.

It is actively transported accross the blood brain barrier. It maintains the
activation of many enzymatic reactions, ion transport, phophate transfer, gly-
colysis.

Magnesium reaches de organism by foods, particularly vegetables and meats.

If magnesium is found a large proportion in an internal medium, it blocks
neuromuscular transmission, interfering with presynaptic release of acetylcholine
and promoting a lowering of postsynaptic sensibility to acetylcholine.

Repetitive stimulation studies evidence decreases as they are observed in
myasthenia gravis.

The etiological diagnosis of the clinical picture is made by the observation
of increased levels of serum magnestum and the acetylcholine receptors antibody.

ENDOCRINOPATIES

It is possible to observe myasthenic syndromes in adrenal insufficiency,
hipercorticisme, hyperthyrotdism.

INFECTIOUS DISEASES

Myasthenic syndromes may be observed in patients with typoid fever diph-
theria or epidemic encephalitis.

NEUROGENIC AMYOTROPHIES

Myasthenic Syndromes have been observed in anterior chronic polyomye-
litis, in multple sclerosis and in amyotrophic lateral sclerosis.

MUSCULAR DISEASES

Muscular diseases, myositis and myopathy may be accompanied by myas-
thenic syndrome.

ANTIBIOTIC NEUROMUSCULAR BLOCKADE

This myasthenic syndrome is accompanied by a dilatation of the pupils
and the blader becomes atonic.

It is originated by the action of some antibiotices that deteriorate the neu-
romuscular transmission. It is observed with certain frequency in patients that
were submitted to a surgical intervention and that presents a low level of serum
calcium and chronic renal disease.

Regarding the antibiotics that causes this syndrome, some interfere with
presynaptic mechanisms, others with postsynaptic mechanisms most of them af-
fect both presynaptic and postsynaptic mechanisms.

DRUGS THAT DAMAGE NEUROMUSCULAR TRANSMISSION

Varied drugs conduce to myasthenic picture.
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Lithium affects directly transmission mechanisms. Mysoline and penicil-
lamine it is believed that induce autoantibodies directed against the acetylcholine
receptor.

In myasthenic patient an increase of muscular weakness is produced if for
therapeutic purposes quinidine is used as an antirrythmic drug. There is not
accord relative to the action of dilantin. As a consequence 'of its deprimental
effect on membrane excitability, which gives significance to ils use as an anti-
convulsant, some authors consider that it may be a factor of muscular weakness.
This opinion is not accepted by other scientists.

TICK PARALISIS

It has been observed that sometimes poisoning by scrubticks produces a neu-
romuscular paralysts.

The toxic substance is liberated by the adult pregnant female tick.

The embedded tick injects into the epidermis in scalp hairtoxin loaded of
salivary fluid. This toxin makes the release of acetylcholine difficult at the
neuromuscular junction and reduces nerve action potentials.

The patient develops a generalized illness with anorexia followed by weak-
ness of the lower limbs. In a few hours an ascending paralysis of four limbs,
and the bulbar muscles is observed. The respiratory muscles are affected.

Death happens from respiratory paralysis.

FISH POISONING

Toxins from fish and shell fish may produce grave general diseases- The
responsible substance in cignatera fish poisoning is cignatoxin, which in the
studies performed it generates a cholinesterase inhibition with its consequence
in the neuromuscular transmission, besides affecting directly nerve transmission.

Other toxins that have been described are Tetrodotoxin that blocks action
potentials in excitable cells affecting sodium permeability.

In shell fish poisoning saxitoxin inhibits entry of sodium ions into nerve
and muscle cells, which negatively affects action potentials.

SCORPION STING

Its toxin in its action on the nervous system is similar to that of spider
toxins. It liberates central and peripheral transmitters, producing an excessive
nervous system discharge, followed by the blockade of neuromuscular transmission.

SPIDER BITE

Spider toxin acts on the nervous system, it causes the release of neurotrans-
mitters from nerve endings, in sympathetic ganglia, muscarinic cholinergic gan-
glia and effectors and nicotinic cholinergic end plates followed by blockade of
neuromuscular transmission.
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This subject of which we have made a synthesis in this Editorial will be
treated extensively in this issue of the International Jouwrnal of Neurology by
very distinguished scientific authorities, eveyone of them an star of first mag-
nitude in this field.

We are very happy and proud to offer our readers the crop of their dedi-

cated lives.

To everyone of them our most expressive thanks, for their kind and va-
luable cooperation with our publication.
It is an honour and a pleasure to announce that Dr. Murray Goldstein from

United States is incorporated to our Editorial Board.

We give him our warmest wellcome, in the certainty that he as other mem-
bers of our Board, will be engaged in perfecting our publication in spreading
knowledge at its best and strengthening our motto “Fraternity Through Science”

Prof. Dr. VICTOR SORIANO.
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Antibody to Acetylcholine Receptors

in Human MG

INTRODUCTION.

Demonstration that rabbits immunized
with acetylcholine receptor purified from
electric eels developed muscular weagness |
suggested that an autcimmune response to
acetylcholine receptors could impair neuro-
muscular transmission and produce symp-
toms resembling myasthenia gravis. This
revived a suggestion made years before *
that antibodies to receptor acting as curare-
like antagonists of receptor might be res-
ponsivle for MG in humans. Subsequent
studies of rabbits * provided methods for
detecting and quantitating anti receptor an-
tibodies in serum, but showed that, although
antibodies could impair receptor function,
most of the antibodies in the serum were
not curare-like in their effect on receptor.
Studies of rats immunized with purified re-
ceptor *'' showed that chreonic “experi-
mental autoimmune myasthenia gravis” was
a good model for pathological mechanisms
impairing neuromuscular transmission in
human MG, though not, of course, a model
for whatever mechanisms are responsible
for the induction of MC in humans. These
studies showed that impairment of transmis-
sion by the autoimmune response to recep-
tor was largely humorally mediated, but
that the mechanisms involved were far
more complex than simply a curare-like
effect of anti-receptor antibody.

Assay of anti-recepior antibodies
Several assay methods have been publish-

Vol. 14, — Number 1. — 1980.

JON LINDSTROM

Salk Imstitute for Biological Studies’
P. 0. Box 1809
San Diego, California 92112

ed for the assay of antibodies to receptor in
the sera of patients with MG 1219, '

The most sensitive of these methods use
the immunoprecipitin technique developed ?.
for detection of antibodies to acetylcholine
receptor in the serum of rabbits immunized
with receptor purified from electric organs.
Receptor from both human '*1°, and an-
imal '* muscle, has been used as antigen in
these assays. Because human antireceptor
antibodies *'%, are highly species specific,
the use of human receptor has the advent-.
ages that antibodies can be detected more
sensitively, and hence in a larger proportion
of MG patients, and that all antibodies to.
receptor present are detectable. The use of
receptor from animal muscle as antigen
detects only that fraction of antibodies
which cross react. but has the advantage
that receptor from animal muscle is more
readily obtained than receptor from human
muscle. Since, as will be discussed below,
detection of the presence of antibodies and
measurement of changes in the relative
amount present is probably more important
than determination of the absolute titer of
antibodies present, the chief advautage of
using receptor from human muscle in the
assay for serum antibodies to receptor is
the increased sensitivity of the assay.

The assay method we use '*'7 has the
virtues of being sensitive, quantitative, re-
producible and rapid. Human muscle is
obtained from amputations. The muscle is
homogenized and the particulate fraction
pelleted. The pellet is extracted with deter-
gent to solubilize receptor from the muscle
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membranes. The detergent extract is in-
cubated with 21 @ bungarotoxin, which
binds which great specificity and affinity
to the acetylcholine binding site receptor.
As a control, another aliquot of extract is
first incubated with a high concentration
of the antagonist benzoquinonium to pre-
vent specific binding or the '*°I o bungaro-
toxin, which is added subsequently. Ali-
quots of serum are incubated in the pre-
sence of '?°I toxin labeled receptor, then
goat anti-human y G is added to precipi-
tate the serum y G along with any anti-
body-'*’I toxin-receptor complexes present.
125] in the washed precipitate is measured
and a background value for samples using
the benzoquinonium extract is subtracted.
When the amount of antibody present is
much less than the amount of receptor pre-
sent in the assay mix, the amount of '2°I
toxin-labeled AChR precipitated is directly
proportional to the amount of antibody
added. Antibody titers are reported as
moles of toxin binding sites precipitated
per liter of serum. Thus, antibody to re-
ceptor in human serum can be measured in
the same units used to measure antibody
to receptor in rats, units which can be di-
rectly compared with the moles of toxin
binding sites of receptor which can be ex-
tracted from human'® or animal mus-
Jeaem.

Incidence and amount of serum
antibodies to receptor in patients
with MG

We have been able to detect antibodies
to human acetylcholine receptors in about
90 % of patients '*17. The reasons for the
failure to detect antibodies in the sera of
the remaining patients thought to have MG
may include that antibodies are present in
these patients at concentrations too low to
detect or that the muscular weakness in
these patients is caused by different mech-
anisms. Antibodies to receptor were not
detected in patients with other neuromus-
cular or autoimmune diseases.'”™ This in-
dicates that production of autoantibodies to
receptor is specifically associated with myas-
thenia gravis and not an epiphenomenon
of muscle degeneration.'’
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Concentration of anti-receptor antibodies
varied over a wide range in the patients
studied.'™ We defined the minimum sign-
ificant titer as four standard deviations
above the mean nonmyasthenic serum assay
value.!™ Titers observed have ranged from
near this minimum value of 0.6 x 10-°M
to more than 1000 x 10-*M. The average
titer is around 50 x 10-?M. We found an
average receptor concentration in normal
human intercostal muscle of 2.9 x 10-'%
moles/gm '®, and in patients with MG this
amount was reduced to an average of 1.0
x 10'* moles/gm. Thus an MG patient
with a titer of 50 x 10-M might contain
of the order 10 fold more antibody in his
serum than necessary to bind all the recep-
tor in his musecles.

Correlation of antibody titer
with severity

Although patients with ocular signs only
had significantly lower average titers than
other MG patients, there is not a close cor-
relation between serum anti-receptor anti-
body titer and severity in the populations
of MG patients seudied.!” However, there
is some evidence that antibody titer of in-
dividual patients can change according to
the severity of their disease. Neonatal
myasthenia is associated with transplacental
transfer of maternal anti-receptor antibo-
dies, and remission of a babies’ weakness
was associated with clearing of maternal
antibodies.’® Plasmaphoresis ***' and im-
munosuppressive drug therapy produces a
reduction in serum anti-receptor titer *'
which is associated with reducer severity
of MG. Increased titers were associated
with periods of exacerbation in some of
these patients.”® One patient given the im-
munosuppressive drugs, but no plasmapho-
resis, showed neither much of a reduction
in titer nor a reduction in severity,”! while
another who did show some improvement
on drug therapy alone also showed a de-
crease in titer. There is other evidence
consistent with the idea that antibodies to
reeeptor are important effectors of the auto-
immune response in MG. For example,
Drachman and co-workers have shown that
antibodies to receptor from MG patients can
induce myasthenic signs in mice.*®
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Why is antibody titer not closely asso-
ciated with apparent severity of MG in a
population of MG patients? One possibility
is that in some patients cell mediated im-
mune responses may play a more important
role. Another possibility is that total anti-
receptor titer is not so important as the
titer of anti-receptor antibodies of certain
specificities or activities. For example, an-
tibodies directed at determinants on the re
ceptor molecule facing the interior of the
cell would be detected by assays using sol-
ubilized receptor as antigen, but these anti-
bodies would not be able to bind to receptor
in vivo. Antibodies of one specificity might
very effectively inhibit the activity of the
receptors to which they are bound, while
antibodies of another specificity might bind
to parts of the receptor molecule that did
not effect its function. Antibodies might
also differ in their ability to induce anti-
genic modulation of receptor or interact
with complement, both mechanisms which
might be important in MG, as will be dis-
cussed later. Another source of variation
is the ability of the endplate to withstand
the various forms of immunological assault.
The safety factor for neuromuscular trans-
mission is usually quite large. For exam-
ple rats with experimental autoimmune
myasthenia gravis might lose nearly 90 %
of their functional acetylcholine receptors
before signs of clinical weakness become
evident.'® The MG patients which showed
marked improvement after plasmaphore-
sis?! did not have antibedy titers reduced
to normal levels, but simply reduced to
= 30 % of the starting value. It is prob-
able that these patients still had substantial
loss of receptor, and that many of their
remaining receptors were labeled with anti-
bodies, but that reduction in antibody titer
shifted the balance between rate of receptor
synthesis and destruction sufficiently to in-
sure more effective ‘transmission. Varia-
tions between patients in ability to compen-
sate for the immune assault might contri-
bute to differing severities of impairment
produced by the same concentration of se-
rum antibody.

Usefulness of the assay

Apart from any significance the absolute
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concentration of anti-receptor antibodies in
serum may have, the detection of anti-re-
ceptor antibodies provides a sensitive and
objective diagnostic test for MG. Hope-
fully this assay will see increasing use to
screen patients suspected of having MG and
provide earlier and improved diagnosis. Be-
cause immunosuppressive therapy of one
form or another seems a rational approach
to the treatment of MG, and because me-
asurement of anti-receptor titer seems a ra-
tional approach to measuring the effective-
ness of this therapy, assay of anti-receptor
titer may see increasing use to monitor
treatment of those diagnosed as having MG.

Specificities of antibodies to receptor

The assay described '* detects only anti-
hodies directed at determinants on the re-
ceptor protein other than the acetylcholine
binding site, because the binding site is oc-
cupied by '**I toxin. This represents most.
if not all, of the antibodies present.!” Even
antibodies bound to receptor ‘n vive do not
prevent '*I toxin binding to antibody-re-
ceptor complexes solubilized from mus-
cle 818

Antibodies to receptor in the sera of MG
patients are species specific.'" Antisera
from MG patients, in general, cross react
with receptor from squirrel monkey mus-
cle to the extent of nearly 50 %.'% In gen-
eral, a descending order of cross reaction is
seen with receptor from calf muscle or the
mouse cell line BC3H1, much less cress
reaction is seen with receptor from rat mus-
cle or torpedo electric organ, and negligi-
ble cross reaction is seen with receptor from
eel electric organ.'®

The extent of cross reaction varies ex-
tensively between patients. A practical im-
plication of these results is that receptors
from monkey or calf muscle are reasonablc
alternatives to receptor from human muscle
for assaying sera from MG patients. Re-
ceptor from denervated rat muscle is a bet-
ter antigen for detecting antibodies in MG
patients than is receptor from normal mus-
cle.'® A theoretical implication is that the
immunogen in MG patients has properties
that would be expected of human receptor.
However, if the immunogen in MG patients
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is receptor, not all antigenic determinants
on receptor are immunogenic. This is shown
by the fact that animals immunized with
receptor from eel electric organ produce
antibodies that cross react with receptor
from human muscle, although the human
antisera don’t react with eel receptor.'®

Pathological Effects of Antibodies
to Receptor

Antibodies to receptor purified from eles-
tric organs can inhibit the activity of re-
ceptor in electric organ cells **% or mus-
cle?* Presumably, antibodies in MG pa-
tients could have the same effect. From
studies of acetylcholine neoise in rat muscle
treated with anti-receptor sera. it was found
that net conductance of functioning recep-
tors was inhibited only about 30 % .** This
is consistent with the observation that at
least most of the antibodies bind at deter-
minants other than the acetylcholine bind-
ing site, and thus need not produce a cura-
relike all or none block of receptor function.
Binding of antibodies to 67 % of the re-
ceptors in a normal rat under conditions
in which no complement mediated destruc-
tion can occur produces no electromyogran
decrement.*® This is the result expected
from the observations of only partial block-
age of receptor function ** and a large sa-
fety factor for transmission.” However, pre.
sumably, in both rats or humans suffering
from the extensive receptor loss character-
istic of MG.,'%18 the further loss of a sub-
stantial fraction of remaining activity due
to bound antibody would seriously impair
transmission. B

Intercostal muscle biopsies fromt MG pa-
tients averaged 36 % the receptor content
of biopsies from normals.'® An average of
51Y% of the remaining recepiors were
bound with antibodies.'® These results are
consistent with an earlier study *® that in-
terpreted a decrease in toxin binding in
normal muscle biopsies from MG patients
as resulting from loss of receptor. Impair-
ment of transmission as measured by mi-
niature endplate potential amplitude cor-
related with receptor content, and even bet.
ter with the content of receptor remaining
unbound by antibodies.’® Relative receptor
content as measured histochemically has
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also been shown to correlate with mepp am-
plitude in musecle biopsies from MG pa-
tients.”" These results suggest that the
most important factor impairing neuromus-
cular transmission in MG is loss of funec-
tional receptors.

Antibody-dependent, complement-mediat-
ed focal destruction of the postsynaptic
membrane is a mechanism which could
contribute to the receptor loss and post-
synaptic membrane structure alterations
observed in MG. Andrew Engel and cowor-
kers *® have demonstrated the presence of
antibody and C3 in association with receptor
on the postsynaptic membrane in biopsies
of muscle from MG patients. Toyka and
coworkers *? have shown that y G from MG
patients injected into mice causes loss of re-
ceptor and decreased miniature endplate po-
tentials. Further, they showed that the C3
component of complement contributed to
this effect, but that the C5 component did
not. In rats, inhibition of C3 using cobra
venom factor prevents the receptor loss and
phagoeytic invasion of endplates otherwise
associated with passive transfer of anti-re-
ceptor antibodies to a normal rat.®

Antigenic modulation is another mech-
anism by which antibedies could contribute
to the loss of receptor from muscle observ-
ed in MG patients. Antibodies to receptor
from both MG patients ***° and animals
with experimental autoimmune MG ** cause
increased rates of receptor destruction in
muscle cells in tissue culture. The recep-
tors on cultured muscle cells are extrajunc-
tional, and, even in the absence of antibody,
turn over at a much faster rate than junc-
tional receptors.*' Antibody binding to nor-
mal junctional receptors does not induce
antigenic modulation,* at least not on time
scales anywhere near those observed with
cultured cells. However, in a myasthenic
endplate whose architecture has already been
ravaged by complement mediated mechan
isms, receptor may not be so metabolically
static as in a normal endplate. The degree
to which either complement mediated des-
truction or antigenic modulation are res-
ponsible for the observed receptor loss in
vivo remains ie be determined.

In conclusion, evidence suggests that an-
tibedies to acetylcholine receptors are lar-
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gely responsible for impaired neuromuscu-
lar transmission in patients with MG, An-
tibodies specific for receptor, are found both
in serum and bound to receptors in muscle.
In addition to directly inhibiting recepto:
function, mechanisms are known whereby
antibodies might cause receptors to be des-
troyed, and thereby account for the decrease

TO ACETYLCHOLINE RECEPTORS

IN HUMAN MG

ini receptor content observed in muscle from
patients with MG. Loss of functional re-
ceptors is probably the most important sin-
gle factor impairing neuromuscular trans-
mission in MG.

Acknowledgement: I thank Jean Rivier
and Gunther Dennert for preparing French
and German translations of the summary.

SUMMARY

Evidence is consistent with the idea thai
MG is basically an antibody mediated au-
toimmune disease in which the primary le-
sion impairing neuromuscular transmission
is loss of funectional acetylcholine receptors.
Antibody to acetylcholine receptors can be
detected in the serum of 90 % of patients
diagnosed as having MG. Detection of an-
tibodies to receptor in serum provides a
sensitive diagnostic test for MG. The anti-
bodies to receptor found in MG patients
are mostly directed at antigenic determin-
ants on the receptor molecule which are
species specific and located outside the bind-
ing site for acetylcholine. Antibody con-
centrations measured in a population of
MG patients do not show a close correlation
with severity of MG. However, changes in
antibody concentration with time in a pa-
tient can reflect changes in disease intensi-
ty. Studies using animals have suggested
several mechanisms by which antibodies
may act to impair neuromuscular transmis-

sion. These are 1) partial or complete in-
hibition of receptor function by antibody
binding (by mechanisms other than a cu-
rare-like block of the acetylcholine bind-
ing site). 2) antibody dependent, comple-
ment;mediated membrane destruction result-
ing in ‘receptor loss and altered postsynap-
tic'membrane architecture, 3) antibody in-
dueced increasesin the rate of receptor turn-
over, resulting in receptor loss due to anti-
genic modulation. 'Muscle from patients
with MG contains reduced amounts of ace-
tylcholine receptor, and many of the recep-
tors which remain have antibodies bound.
Decrease in receptor content of muscle from
MG patients is directly proportional to de-
crease in acetylcholine sensitivity, as meas-
ured by miniature endplate potential am-
plitude. Reduction "ir serum anti-receptor
antibody concenltralion in patients with MG
by plasmapheresis “and immunosuppressive
drug therapy is '1s'soc1zlted with clinical im-
provement. e

RESUMEN

Parece ahora evidente que la MG es
esencialmente una enfermedad antoinmune
en la cual la lesion primaria es la pérdida
de receptores funcionales de acetileolina. El
suero del 90 % de los pacientes en los cua-
les un d:agnmtlco de MG ha sido estableci-
do contiene anticuerpos dirigidos contra los

receptores de acetileolina. El hecho de detec-

tar anticuerpos contra estos receptores cons-
tituye un medio de diagnéstico muy sensible
para la MG. La mayoria de los anticuerpos
encontrados en los pacientes afectados de
MG estan dirigidos a determinantes anti-
génicos en la molécula receptora que son
especificos de especie y estan localizados
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fuera del sitio en que se fija la acetilcolina.

Las concentraciones de anticuerpos me-
didas en pacientes afectados de MG no estan
en proporcion a la severidad de la enferme-
dad. No obstante los cambios en la con-
centracion de anticuerpos en la evolucion
en un paciente pueden sefialar cambios en
la intensidad de la afeccién. Estudios rea-
lizados en animales han sugerido varios
mecanismos para -explicar eémo los anti-
cuerpos pueden actuar para afectar la trans-
misién neuromuscular. Ellos son:.,.1) una
inhibicion parcial o total de la funcion del
receptor por los anticuerpos..que:nos pondria
en causa en bloqueo tipo curare -del sitio
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de fijacion de la acetilcolina, 2) una des-
truccion de la membrana, dependiente de
los anticuerpos y mediada por el comple-
mento que conduciria a la pérdida de los
receptores y una modificaciéon de la arqui-
tectura de la membrana post sinaptica,
3) un aumento causado por los anticuerpos
del ““turnover” del receptor que resul-
taria en una pérdida de receptores debido
a una modulacién antigénica. Los muscu-
los de los pacientes afectados de MG con-
tienen una cantidad reducida de receptores
de acetilcolina y muchos de los receptores

INTERNATIONAL JOURNAL OF
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que estan presentes estan unidos a los anti-
cuerpos. La disminucion del nimero de
receptores en los musculos de pacientes
afectados de MG esta en proporcion directa
a una disminucién de la sensibilidad a la
acetileolina, tal como ella puede ser valora-
du por la amplitud de los potenciales de la
placa terminal en miniatura. La disminu-
cion en el suero de la concentracion de los
anticuerpos antirreceptores en los pacientes
con MG por plasmaferesis y terapia por
drogas inmunosupresivas esta asociada con
una mejoria clinica.

RESUME

Il semble actuellement évident que la
MG est essentiellement une maladie auto-
immune a base humorale dans laquelle la
lésion primaire est la perte de récepteurs
fonctionnels de [’acétylcholine. Le serum
de 90 % des patients chez lesquels un
diagnostic de MG a été posé contient des
anticorps dirigés contre les récepteurs de
I’acétylcholine. La mise en evidence d’anti-
corps contre ces récepteurs permet un diag-
nstic aisé de la MG. La plupart des anti-
corps trouvés chez les patients atteints de
MG sont spécifiques d’espece et sont loca-
lises au dehors du site de liaison de I'ace-
tylcholine. Les concentrations d’anticorps
mesurées chez des patients atteints de MG
ne sont pas proportionnelles a la sévérite
de la maladie. Cependant des variations
temporelles dans les concentrations d’anti-
corps refletent parfois des changements
dans la sévérité de la maladie. Des études
faites chez I’animal ont suggeré plusieurs
mécanismes permettant d’expliquer com-
ment ces anticorps bloquents la transmis-
sion neuro-musculaire. Ils comprennent:
1) une inhibition partielle ou totale de la
fonction du récepteur par les anticorps. qui

ne mettrait pas en cause un bloquage type
curare de la liason de I’acétylcholine,
2) une destruction de la membrane, dépen-
dante de I'anticorps et mediée par le com-
plement, qui menerait a la perte de récep-
teurs et une modification de I'architecture
de la membrane postsynaptique, 3) une
augmentation, causée par les anticorps, du
turnover du récepteur qui resulterait en
une perte de récepteurs due 2 une modula-
tion antigénique. Les muscles de patients
attients de MG contienent une quantité ré-
duite de récepteurs de I’acétylcholine, et
bien des récepteurs présents sont liés a des
auticorps. La diminution du nombre de re-
cepteurs dans les muscles de patients at-
teints de MG est directment proportion-
nelle a une diminution de la sensibilité a
I'acétylcholine telle qu’elle est mesurée
par l'amplitude des potentiels miniatures
(mepp). L’abaissement de la concentration
d’anticorps anti-récepteurs dans le serum de
patients souffrant de MG qui suivient lors
de plasmaphérese et de traitement avec des
remedes immunosuppressifs est associé a
une amélioration clinique.

ZUSAMMENFASSUNG

Experimentelle Epidenz unterstiitzt die
Hypothese dass M.G. eine Autoimmun-
krankheit ist, die durch Antikorper her-
vorgerufen wird. Antikorper specifisch fir
Azetylcholinrezeptoren findet man in 90 %
der Seren von Patienten die M.G. haben.
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Die prasenz von Antikérpern bietet zugleich
die Moglichkeit M.G. zu diagnostizieren.
Diese Antikorper erkennen Determinanten
die ausserhalb der Bindungsstelle fiir Aze-
tylcholin liegen. Der Antikérper Titer kor-
reliert nicht mit der Stirke der klinischen
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Symptome, jedoch konnen Fluctuationen
im Antikorper Titer eines Patienten sich im
Krankheitsbild wiederspiegeln. Experimen-
te im Tier haben gezeigt, dass es mehrere
die Nerv-Muskel Interaction storen kann:
Mechanismen gibt, mit denen Antikorper
1) partielle oder komplette Inhibition der
Rezeptorfunktion durch Bindung von Anti-
korper en den Rezeptor. Diese Inhibition
ist undhnlich der von Curare hervorgeru-
fenen. 2) Antikorper und Komplement

abhingige Lysis der Membran und Verlusi

RECEPTORS IN

HUMAN MG

von Receptor. 3) Verlust von Receptor
hervorgerufen durch Antigen Modulation.
Muskel von M.G. Patienten enthalt subnor-
male Mengen von Acetylcholinrezeptoren
die Antikorper adsorbiert haben. Muskel
mit geringen Rezeptorgehalt zeigen geringe
Azetylcholin  Sensitivitat, die durch das
MEPP gemessen wird. Patienten, die durch
Plasmaphorese oder Behandlung mit im-
munosuppressiven Substanzen klinische Bes-
serung erfahren, zeigen sinkende anti-Re-
zeptor Antikérper Titer.
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Myasthenia Gravis and Acetylcholine
Receptor: Autoimmunity and Steroid

Effects

Immunoclogic Abnormalities in
Myasthenia Gravis

The possibility that myasthenia gravis
(MG) might be an autoimmune disease
was postulated in 1960 by Simpson' on
the basis of indirect evidence. The associa-
tion between MG and other putative auto-
immune disorders, such as thyroiditis or
thyrotoxicosis,” rheumatoid arthritis,! sys-
temic lupus erythematosus (SLE) ?* and
multiple sclerosis,” suggested the involve-
ment of the imune system in MG. Some
clinical and epidemiological features of MG,
including the age of appearance, female
predominance, variable course and absence
of a known cause, were shown to be similar
to those encountered in other disorders
thought to be autoimmune in origin.® The
most compelling clinical evidence was the
demonstration of either thymoma or hyper-
plasia of the thymus, the central lymphoid
organ responsible for the development and
control of cell mediated immunity,”™* in 70
to 90 percent of patients with MG.? The
beneficial effects of thymectomy,'”'! thora-
cic duct drainage of lymphocytes.,'* immu-
nosuppresent '* and corticosteroid medica-
tion,'*17 were related to their interference
with immune processes.

Further experimental and immunological
studies provided other circumstantial evi-
dence for the role of the immune system in
MG. Goldstein '® reported that sensitization
of animals with thymus or muscle tissue
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results in an autoimmune “‘thymitis”; in-
flamation of skeletal muscle similar to the
muscle “lymphorrhages” seen in MG; elec-
trophysiological evidence for partial neuro-
muscular block: and antimusele antibodies.
Similar antibodies directed against skeletal
muscle were demonstrated in the sera of
30 percent of myasthenics and 90 percent
of myasthenics with thymona.*'?2" These
antibodies bind to the sarcoplasmatic reti-
culum *!' and have been found to cross react
with the “myoid” or muscle-like cells of
the thymus.?®* The demonstration of such
antibodies could not explain the abnormal
neuromuscular conduction in MG, nor could
the demonstration of other autoantibodies
such as antinuclear, antithyroglobulin, anti-
neural, positive SLE preparations and in-
crease in rheumatoid factor.***2* Other
immunological findings have also indicated
the possible involvement of autoimmune
mechanisms, but could not also be related
to the functional defect at the neuromuscu-
lar junction (MMJ). These findings in-
cluded the capacity of muscle extracts to
inhibit the in vitro migration of peripheral
blood buffy coat cells and thymic cells of
myasthenies; **2% the cytotoxic effect of
myasthenics’ thymocytes on fetal muscle
cultures; *® the increased responsiveness
of the thyroid cells to mitogens and
an increased percentage of B lymphocytes
in the myasthenic thymus.*” More recent-
ly, an increased incidence of the serological-
ly defined histocompatibility linked antigen
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HLA-8 has been reported in MG, especially
in young females with thymic hyperple-
sia.?®?® An increased incidence of certain
HLA types has also been reported in other
putative autoimmune diseases,”’ and inter-
preted as being compatible with genetically
determined susceptibility to specific viral
infection and/or clinical diseases with auto-

immune features.

The Postsynaptic Acetylcholine
Feceptor in Myasthenia

Our view on MG has changed consider-
ably during the last years. We now know
that MG is indeed an autoimmune disease
where the postsynaptic nicotinic acetylcho-
line receptor (AChR) at the NMJ is the
major autoantigen. This discovery has
come largely from the availability of neuro-
toxins derived from venoms of elapid
snakes,?! which bind specifically to the ni-
cotinic AChR and made possible the isola-
tion and characterization of this receptor.
The a-Bungarotoxin (a-BT) binds irrever-
sibly to the active sites and has therefore
been used as a probe to measure the num-
ber of AChR sites. The a-cobra (Naja) to
xins bind reversibly and have therefore been
used for purification of the glycoprotein
receptor especially from the electric organ
(electroplague) of electric eels and fish,
which is tre richest source of AChR.?*3

Postsynapticlocalization for the NMJ de-
fect in MG was previously suggested by
electron microscopic observations of an al-
tered morphology of the end-plate **#7 Puo-
orly developed and shallow postsynaptic
folds, sparse simplified synaptic clefis and
a widened distance between the nerve ter-
minal and the postsynaptic membrane. have
been found to be prominent features of the
myasthenic NMJ. The presynaptic nerve
terminals are somewhat reduced in size, but
they contain normal numbers of full-sized
acetylcholine Vesicles. Further and definiie
support for the concept that MG is a diseaso
of the postsynaptic membrane of the NMJ.
came from studies showing abnormalitie:
of the postsynaptic receptors. In 1973
Fambrough and Coworkers “® demonstrate!
by autoradiography a decreased number of
125].]abeled o-BT binding sites in myasih-
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enic muscles biopsies. The myasthenic
muscles showed 70 to 90 percent re-
duction in the number of receptors per
NMJ, as compared with the control mus-
cles. Similar findings were also described
by other investigators,*™-**® using toxin bind-
ing assays and quantitative measurements
of acetylcholine sensitivity. Bender and co-
workers #9.40 demonstrated the normal dis-
tribution of AChR at the peaks of the post-
junctional folds of the muscle sarcolemmal
membrane, by immunoperoxidase method
for the localization of «-BT binding sites.
Reduction of AChR in the descructed post-
synaptic membrane of the NMJ was de-
monstrated by Engel and coworkers*' in
muscle biopsies obtained from myasthenics.
Blocking of a-BT binding to normal mus-
cle was demonstrated when normal muscle
biopsies were preincubated with serum from
MG patients.?® Satyamurti and coworkers **
showed that a reduction in AChR sites per
se is likely to play an important role in the
pathophysiology of the NMJ defect, since
clinical and physiological features charac-
teristic of myasthenia could be reproduced
in vivo in rats by experimental blockade
of AChR with a-cobra toxin. A similar
blockade of neuromuscular transmission in
MG, is a result of an autoimmune attack
against the AChR at the postsynaptic mem-
brane.

Experimental Autoimmune
Myasthenia Gravis

An experimental model for MG, denoted
experimental autoimmune myasthenia gra-
vis (EAMG), can be induced in laboratory
animals by the injection of purified AChR
in complete Freund’s adjuvant (CFA).*-*
The clinical, histopathological, pharmacolo-
gical and imunological findings in animals
with EAMG closely parallel the manifesta-
tions in patients with MG. The experim-
ental model indicates that MG is an auto-
imuvne disease and the postsynaptic nico-
tinic AChR is the autoantigen.

Several animal species, including rabbit,
menkey, rat, mouse, guinea pig, etc., deve-
lop marked muscular weakness of legs,
unk and head with respiratory insuffi-
ciency. Acute as well as chronic phases of
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EAMG have been described. Similar to pa-
tients with MG, animals with EAMG show
improvement after treatment with anti-
cholinesterase agents,'?** decremental mus-
cle response on repetitive nerve stimul-
ation,*?#7.51  reduction of miniature end-
plate potentials (EPP) and EPP ampli-
tudes,”® and decrease in available AChR
sites.’®  Ultrastructural changes, namely
destruction and simplification of the post-
synaptic membrane with widening of the
synaptic cleft have been described in both
EAMG and MG."

Several lines of evidence point to the im-
portant key role of anti-AChR antibody in
the pathogenesis of EAMG and MG. An-
imals injected with purified AChR produce
anti-AChR humoral antibodies before the
appearance of the disease.”® Engel and co-
workers ?* have demonstrated by the use of
a novel immunoperoxidase technique, the
presence of IgG and C3 at the postsynaptic
membrane of the neuromuscular junction.
Myasthenic manifestations can be produced
in recipient animals by transfer experiments
of an immunoglebulin fraction isolated from
animals with EAMG 7% as well as from pa-
tients with MG.7%57 However, several
strains of mice injected with AChR develop
high titer of anti-receptor antibody without
clinical signs of EAMG.?® Therefore, it is
feasible that antibodies are necessary, but
not sufficient, to explain the autoim-
mune basis of the disease. Indeed. animals
immunized with AChR develop cell mediat-
ed immunity to the receptor with some cor-
relation to the severity of the disease,”* "
and the disease itself can be passivly tran-
sfered in inbred strains by lymphocytes.®”

Immune Response to Acetylcholine
Receptor in Myasthenia Gravis

Anti-AChR antibody in myasthenics se-
rum was identified by several differen!
methods during the recent years.®*.1-%% The
most sensitive radioimmunoassay is based
on the binding of antibody to '*°I-¢-Bun-
garotoxin labeled AChR preparation.®*-%?
In several patients, the titers correspond lo-
osely, but not exactly, to the severity of the
clinical signs. However, patients can have
very high antibody levels without any symp-
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toms.”®  Nevertheless, the radioimmuno-
assay is the best diagnostic tool for myas-
thenia gravis, since 80-95 % of patients
have receptor-binding antibodies by this
method.

In addition to the humoral immune re-
sponse, patients with MG have cell mediat-
ed imune response to AChR. Peripheral
blood lymphoeytes from myasthenic patients
were found to be stimulated in the blood
transformation technique when incubated
in the presence of purified AChR prepara-
tion.”'-"" Only one report indicates a cor-
relation between the in wvitro stimulation
index of the lymphocytes and the severity
of the disease.™

Effect of Steroids

Many series reported during the last
years 1117 =81 emphasis the beneficial ef-
fect of corticosteroids on myasthenia gravis.
It seems that corticosteroid treatment is the
best therapeutic measure for this disease to-
day. However, differences of opinion still
exist concerning the indications for such the-
rapy, the treatment regimens, and the asso-
ciation with other kinds of treatments such
as thymectomy of plasmapheresis.*> Most
authors recommend Seybold and Drach-
man’s regimen,'” namely, gradually increas-
ing dose of prednisone in order to avoid
exacerbetion of the weakness during the
first days of the treatment. The initial dose
is 10-25 mg of predenisone every day, and
the optimal therapeutic dose is 60-120
mg/day (or 100-240 mg when prednison
is given every other day), for a period of a
few months. Under such a treatment, clin-
ical improvement has been noted in 70 to
100 percent of patients, with good to excel-
lent results in 60 to 100 percent. When
improvement has reached a maximum, the
dose of prednisone is lowered gradually to
a maintenence dose of 10-30 mg/day.

Some investigators "*-*% have demonstrat-
ed a direct effect of corticosteroids at the
neuromuscular junction, and claimed that
the beneficial effect of steroids on MG may
be attributed at least in part to a direct ac-
tion on neuromuscular transmission. Others
89.90 could not confirm such findings and
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concluded that steroids do not owe their
therapeutic efficacy in MG to action at the
neuromuscular junction, but to systemie.
possibly immunosuppressive effects. Furth-
er support for this possibility stems {rom
immunological studies in MG and EAMG.
Clinical improvement of MG by corticos-
teroid therapy is frequently associated with
a decrease in anti-AChR antibody in both
high and low-titer patients.®*?1 Abramsky
et al.”? and Morgutti et al."® demonstrated
marked dimination of the blast transforma.
tion cellular immune response to AChR in
patients who improved clinically with pred-
nisone treatment. In some cases, the tran-
sient clinical deterioration during the firsi
days of prednisone treatment was accom-
panied by a transient increase of the lym-
phocyte stimulation index.™ Similar effects
of corticosteroids were demonstrated by
Abramsky et al.?® in rabbits immunized
with purified AChR. The effect seems io
depend on the regimen. Administration of
hydrocortisone in gradually increasing doses
starting at the time of immunization pre-
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vented the appearance of EAMG. On the
other hand, when hydrocortisone was ad-
ministered in high doses from the beginn-
ing, EAMG appeared earlier and in a more
severe form than in the control animals.
The effect of hydrocortisone in suppressing
EAMG was shown to be accompanied by
parallel decrease of the cellular immune re-
sponse to AChR. Therefore, it appears that
the therapeutic action of steroids in both
EAMG and MG, is by an immunosuppres-
sive mechanism. This may involve reduction
and/or inhibition of anti-AChR antibodies,
as well as suppression of cytolitic effects by
sensitized lymphocytes. The early harmful
action of steroids may be by an enhance-
ment of immune mechanisms, It was de-
monstrated that corticosteroids may act to
enrich cultures with specifically sensitized
lymphocytes both by killing immunologi-
cally non reacting lymphocytes and by en-
hancing the proliferation of the sensitized
cells.? %% Similarly, in vive activities may
cecur in clinical and experimental myas-
thenia,

SUMMARY

The possibility that myasthenia gravis
might be an autoinmune disease was pos-
tulated in 1960 by Simpson.

The most compelling clinical evidence
was the demonstration of either thymoma
or hyperplasia of the thymus, the central
lymphoid organ responsible for the deve-
lopment and control of cell mediated im-
munity, in 70 to 90 percent of patients
with MG.

An increased incidence of the serological-
ly defined histocompatibility linked antigen
HLA-8 has been reported in MG especially
in young females with thymic hyperplasia.

We now know that MG is indeed an au
toimmune disease where the postsynaptic
nicotinic acetylcholine receptor (ACHR) at
the neuromuscular junetion (NMJ) is thee
major autoantigen.

The a-Bungarotoxin (a-BT) binds irre-
versibly to the active sites and has there-
fore been used as a probe to measure ihe
number of ACHR sites.

Poorly developed and shallow postsynap-
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tic folds, sparse simplified synaptic clefts
and a widened distance between the nerve
terminal and the postsynaptic membrane,
have been found to be prominet features of
the myasthenic.

The myasthenic muscles showed 70 to
90 percent reduction in the number of re-
ceptors per NMJ, as compared with the
control muscles.

An experimental model for MG, denoted
experimental autoimmune myasthenia gra-
vis (EAMG), can be induced in laboratory
animals by the injection of purified ACHR
in complete Freund’s adjuvant (CFA).

The experimental model indicates that
MG is an autoimmune disease and the post-
synaptic nicotinic ACHR is the autoantigen.

The radioimmunoassay is the best diag-
nostic tool for myasthenia gravis, since 80-
95 %, of patients have receptor-binding
antibodies by this method. Many series re-
poried during the last years emphasis the
beneficial effect of corticosteroids on myas-
thenia gravis. It seems thte corticosteroid
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treatment is the best therapeutic measure
for this disease today.

Clinical improvement of MG by corti-
costeroid therapy is frequently associated
with a decrease in anti-ACHR antibody in
both high and low titer patients.

It appears that the therapeutic action of
stereids in both EAMG and MG, is by an
immunosuppressive mechanism. This may
invelve reduction and/or inhibition of anti-
ACHR antibodies, as well as suppression
of cytolitic effects by sensitized lymphocyts.

RESUMEN

La posibilidad de que la Miastenia gravis
pudiera ser una enfermedad autoinmune
fue postulada en 1960 por Simpson. La
evidencia clinica de mas jerarquia fue la
demostracion de que tanto el timoma como
la hiperlasia del timo' el organo linfoidec
se observan en el 70 a 90 por ciento de pa-
cientes con Miastenia gravis.

Una incidencia creciente del Serologica-
mente definido antigeno conectado con la
histocompatibilidad HLA-8 ha sido publi-
cado, especialmente en mujeres jovenes con
hiperplasia iimica.

Sabemos ahora que‘la miastenia gravis e
verdaderamente una enfermedad autoinmu-
ne, el mayor autoantigeno es 2l receptor
(ACHR) post-sindptico nicotimico de ace-
tileolira de la unién neuromuscular (NM]).

La g-Bungarotoxina (a-BT) se conecta
en forma irreversible con los puntos activos
y de este modo ha sido empleado como un
recurso para valorar el nimero de empla-
zamiento de AChR.

Se ha observado como caracteristica pro-
minente de la miastenia, entre la terminal
nerviosa y la membrana post sinaptica una
distancia mayor, hendiduras sinapticas sim-
plificadas esparcidas pobremente desarrolla-
das y poco profundos los pliegues postsi-
napticos.

Los misculos miasténicos mostraron una
reduccién del 70 al 90 por ciento en el

numero de receptores en cada union neuro-
muscular ( NMJ ) en comparaciéon con
miisculos de control.

Un modelo experimental de MG, puede
ser inducido en animales de laboratorio por
la inyeccion del ACHR purificado en ad-
jutor de Freund completo (CFA).

El modelo experimental indica que la
Miastenia Gravis es una enfermedad auto-
inmune y el autoantigeno es el ACHR ni-
colinico post sinaptico.

La prueba radioinmune es el mejor ins-
trumento diagnostico para la mistenia gra-
vis, desde que el 80-95 % de los pacien-
tes tienen por este método anticuerpos que
¢e fijan a los receptores.

Muchos estudios mencionados en los ul-
timos afios insisten acerca del efecto bené-
fico de los corticoestercides en la miastenia
gravis. Se hace evidente que el tratamiento
con corticoesteroides es la mejor medida te-
rapéutica actual para esta enfermedad. La
mejoria clinica de la MG por la terapia cor-
ticoesteroide esta asociada frecuentemente
con un decrecimienio en anticuerpos anti-
AChR.

Los esteroides actuarian tanto en la EAMG
como en la MG por un mecanismo inmuno:
supresivo. Esto puede involucrar reduccion
y/o inhibicién de anticuerpos anti-AChR,
asi como supresion de efectos citoliticos
por linfocitos sensibilizados.

RESUME

La possibilité de que la myasténie gravis
puisse étre une maladie autoimmune a éte
posiulée en 1960 par Simpson. L’évidence
clinique de plus grande valeur a été la dé-
monstration du fait que aussi bien le ii-
mome que I'hyperplasie du thymus, organe
lymphoide central responsable du control
de I'immuniié due aux cellules -s’observe
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dans 70 a 90 % des malades atteints de
Myasténie gravis.

On a publié la coincidence de L’antigene
sérologique avec I’histocompatibilité HLA-8,
surtout chez les femmes jeures présentant
une hyperplasie du thymus.

Nous savons a présent que la myasthénie
gravis est une maladie autcimmune, le
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plus grand autoantigene est le recepteur
(ACHR) post synaptique nicotinique de
I’acétylcholine dans I'union neuromuscu-
leire (NMJ).

La a-bungarotoxine aBT est en conne-
xion de fagon irreversible avec les points
actifs, ce qui a permis de I'employer pour
compter les emplacements de ACHR.

On a observé, comme caractéristiques im-
portantes dans le cas de la myasthénie une
plus grande distance entre la limite nerveu-
se et la membrane post synaptique, des
fentes synaptiques simplifiées disperses peu
développées et des plispost synaptiques peu
profonds.

Les muscles myasthéniques ont révélé
une réduction de 70 a 90 % du nombre de
récepteurs dans chaque union neuromuscu-
laire (NMJ) en comparaison avec les mus-
cles de controle.

Un modele expérimental de MG peut
étre réalisé avec des animaux de laboratoire
en injectant de I'’ACHR purifié nicotinique
de Freund complet (CFA).

Le modele expérimental indique que la
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myasthénie gravis est una maladie autoim-
mune et I'antiene est 'ACHR nicotinique
post synaptique.

Le preuve radioimmune est le meilleur
instrument diagnostic pour la myasthénie
gravis puisque 80 a 95 % des patients ont.
par cette méthode, des anticorps qui ne fi-
xent pas les récepteurs.

Dans de nombreuses études réalisées au
cours de ces derniéres années on insiste sur
'effet bénefique des corticostéroides dans
la myasténie gravis. Il est évident que le
traitement par les corticostéroides est la
meilleur mesure thérapeutique actuelle
pour cette maladie.

L’amélioration clinique de la MG par la
thérapie corticostéroide est souvent associée
a une décroissance des anticorps anti ACHR.

Les stéroides agiront autant dans la
EAMG que dans la MG par un mécanisme
immunosuppresseur. Ceci peut entrainer la
réduction et/ou I'inhibition des anticorps
anti-ACHR de méme que la suppression des
effets eytolytiques par des Ilymphocytes
sensibiliés.

ZUSAMMENFASSUNG

Die Moglichkeit, dass die Myasthenia
gravis eine autoimmune Krankheit wire
wurde 1980 durch Simpson angegeben. Die
klinische Evidenz von grosserer Bedeutung
war die Demonstration, dass sowoh! der
Thymus als auch die Hyperplasie des Thy-
mus, das zentrale lymphoide Organ fiir die
Entwicklung und die Kontrolle der Immu-
nitat messbar durch Zellen verantwortlich
ist, bei 70-90 % bei Patienten mit Myasthe-
nia Gravis beobachtet werden.

Ein wachsender Begriff des serologisch
bestimmenden Antigens, das mit der Histo-
kompatibilitat HLA-8 verbunden ist, ist ve-
roffentlicht worden, speziell bei jungen
Frauen mit Hyperplasie des Thymus.

Wir wissen nun heute, dass die Myasthe-
nia gravis wirklich eine autoimmune
Krankheit ist: das grosste Autoantigen isl
der Rezeptor (ACHR) postsynaptikal Pico-
thymikal von Acethylcholin der neuromus-
kuldaren Union (NMJ).

Das o-Bungarotoxin (a-BT) konnektiert
sich in unveranderbarer Form mit den ak-
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tiven Punkten, und durch diese Art ist es
gebraucht worden als ein Rekurs, um die
Zahl der Anordnungen ACHR zu bewerten.

Man hat bebbachtet als prominentes Cha-
rakteristikum der Myastenie, zwischen dem
nervosen Therminal und der postsynapti-
schen Membran eine grossere Distanz, sy-
naptische vereinfachte vereinzelte Veristel-
ungen, armselig entwickelt und wenig vei-
tiefte postsynaptische Falten.

Die myasthenische Muskeln zeigten eine
Reduktion von 70-90 % in der Nummer
der Rezeptoren bei jeder Neuromuskularen
Union im Vergleich mit den Kontrollmus-
keln.

Ein Modell im Experiment von MG, das
in Laboratoriumstieren durch Injection von
ACHR, purifiziert durch das Verfahren
komplett von Freund (CFA), kann durch
gefiihrt werden. Das experimentale Modell
zeigt an, dass die Myasthenia gravis eine
autoimmune Krankheit ist und dass das
Autoantigen das nicothymische postsynap-

tische ACHR ist.
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Der radioimmune Beweis ist das grosste
diagnostische Instrument fiir die Myasthe
nia gravis, da 80-95 % der Patienten durch
diese Methode Antikérper haben, die sich
an die Rezeptoren anschliessen.

Vicle der in den letzten Jahren erwahn-
ten Studien berufen sich auf den Wohl-
tuenden KEinfluss der Certicoesteroiden bei
der Myasthenia gravis. Es ist klar' dass die
Behandlung mit Corticoesteroiden die beste
therapeutische Massnahme fst, um heute
diese Krankheit zu behandeln.

Die klinische Besserung der MG durch
die Corticoesteroide Therapie ist héaufig as-
soziiert mit einer Abnahme der Antikorper
AntiACHR. Die Esteroide sind aktiv so-
wohl in der EAMG als auch in der MG
durch einen Immunosuppresor.

Dieser kann eine Reduktion oder Inhi-
bition des Antikorpers AntiACHR hervor-
rufen, oder eine Suspression der -citoliti-
schen Effekte durch eine sensibilisierte
Lymphocitis.
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The Immunopathology of

Myasthenia Gravis

BACKGROUND

Several lines of evidence indicate that
acquired form of myasthenia gravis (MG)
is caused by an autoimmune reaction to the
nicotinic postsynaptic acetylcholine receptor
(AChR) protein. Experimental animals
immunized with highly purified AChR de-
rived from the electric organs of fish deve-
lop a syndrome which resembles MG clini-
cally (weakness and easy fatigability on
exertion), pharmacologically (response to
anticholinesterase drugs and increased cu-
rare sensitivity ), electrophysiologically (de-
creased amplitude of the miniature end-
plate potential) and morphologically (dege-
neration and simplification of the postsy-
naptic region).'”'" In both MG "2 and in
experimental autoimmune MG % there is
decreased a-bungarotoxin binding by motor
end-plates which indicates a decreased num-
ber of AChRs. Uutrastructural studies that
localize AChR on the postsynaptic membra-
ne with peroxidase-labelled a-bungarotoxin
show decreased amounts of AChR in MG '*
and the decreased amplitude of the minia-
ture end-plate potential correlates linearly
with morphometric '* and radiochemical '
estimates of the amount of AChR remain-
ing on the postsynaptic membrane. Appro-
ximately 90 % of patients with MG have
detectable circulating antibodies to human
AChR '* and both the human '® and the

experimental disease '" can be passively

(This work was supported in part by NIH grant NS-6277 from the U.S
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transferred to normal animals with immu-
noglobulin G (IgG) from affected donors.
Transient neonatal MG is due to the trans-
placental transfer of anti-AChR antibodies
and the infants recover as the antibodies to
the receptor disappear from the -circula-
tion.'"® All these observations imply that
the synaptic dysfunction in acquired and in
transient neonatal MG is caused by anti-
body-mediated interference with, or des-
truction of, end-plate AChR, but to 1977
immune complexes have never been directly
demonstrated on the postsynaptic membrane
in MG. In fact, some workers had conclud-
ed that immunoglobulin deposits were not
present at the myasthenic end-plate.’?

In 1977, my colleagues and I described,
for the first time, the reliable localization
of antibody and the third component of
complement (C3) at the end-plate in MG
and correlated the morphologic data with
clinical and electrophysiological observations
in our patents.”’ This paper describes the
light microscopic and ultrastructural locali-
zation of lgG and C3 at the myasthenic
end-plate and considers the manner in
which the anti-receptor antibodies can cause
a deficiency of AChR and impair neuro-
muscular transmission in MG.

METHODS

A basic aim of the study was to obtain
satisfactory ultrastructural localization of

Public Health Service and

by a Research Center Grant from the Muscular Dysirophy Association.)
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Fig. 1. — Semi-thin section showing localization of IgG (A and C) and C3 (B and D) in

mild (A and B) and more severe (C and D) MG. Reaction at end-plates is more intense
in mild than in mCre severe MG. One of two end-plate regions in C (asterisk) displays
only trace of IgC. Background staining is absent. X 1.500. Reproduced from Engel et al.

(reference 20) by permission.

IgC and C3 at the end-plate with minimum
background staining and with optimal pre-
servation of fine structure. This was ac-
complished by (1) the use of peroxidase-
labelled staphylococcal protein A for the
ultrastructural localization of IgG, (2) the
use of peroxidase-labelled rabbit antihuman
C3 for the ultrastructural localization of
C3 and (3) the application of optimal
concentrations of the immunoreagents to
fresh, oxygenated, external intercostal mus-
cle strip, intact from origin to inscrition,
which were wellrinsed before and after ex-
posure to the immunoreagents, followed by
glutaraldehyde fixation.

Peroxidase-Labelled Staphylococcal Pro-
tein A. — The light and electron micros-
copic localization of IgG was first attemp-
ted with peroxidase-labelled goat or rabbit
anti-human IgG. However, these reagents
gave excessive background staining which

36 —

precluded the reliable localization of IgG at
the motor end-plate. This could not be pre-
vented by extensive rinsing of the specimens
or lowering the concentration of the immu-
noreagents in the reaction system. For this
reason, highly purified staphylococcal pro-
tein A (Pharmacia Fine Chemicals), which
binds to the Fe portion of human IgG sub-
classes 1, 2 and 4.2'2% was tested in the re-
action system. Protein A is relatively highly
reactive toward human and rabbit IgG but
is much less reactive toward rat or goat
IgG.2* The specificity and sensitivity of
the reagent (and hence the intensity of the
reaction at the end-plate versus background
staining) are further enhanced by protein
A havino an increased affinity for IgG mo-
lecules bound to antigenic sites.?*

Five milligrams of herseradish peroxida-
se (Sigma type VI) was conjugated with 5
mg (an equimolar amount) of protein A
by the method of Nakane and Kawaoi **

Vol. 14. — Number 1. — 1980.
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and the conjugate mixture was purified by 80,000-d§lton peak, and presumed to con-
chromatography using an Ultrogel AcA-44 tain the peroxidase-protein A complex in
column.?® Those fractions representing the a 1:1 molar ratio, were pooled and used in

Fig. 2. — Ultrasiructural localization of IgG in mild (A) and more severe (B) MG. In
A, postsynaptic region is well preserved and terminal expansions °f most. folds bind IgG.
In B, postsynaptic region is highly samplified and junctional folds are small and sparse.
IgG deposits occur on short segments of highly simplified postsynaptic membrane and on
degenerate material in widened synaptic space (arrows). A, X 29,500; B, X 23,600. Repro-
duced from Engel et al. (reference 20) by permission. ?

Vol. 14. — Number 1. — 1980. — 37



subsequent immunocytochernical studies.
This pool contained 0.36 mg/ml of peroxi-
dase-labelled protein A and represented
65 % of the total protein applied on the
column. The preparation gave a detectable

INTERNATIONAL JOURNAL OF NEUROLOGY

reaction for IgG on glomeruli of a kidney
from a patient with systemic lupus erythe-
matosus in dilutions up to 1:60. After the
addition of 1 mg/ml of ovine albumin to
the reagent it was divided into small ali-

v

Fig. 3. — IgG localization at an MG end-plaic.

28 —

leG deposits have patchy distribution on
junctional folds and also appear on debris in synaptic space (arrow). In one region there
is degeneration of juncti®nal folds (asterisk) Note reciprocal staining of presynaptic mem-
brane where it faces reactive segments of post synaptic nembrane, X 33,°00. Reproduce:d
from Engel et al. (reference 20) by permission .
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quots and stored at -20° C. Kach aliquot
was thawed only once, immediately before
use.

Peroxidase-Labelled Anti-Human C3. —
Pure immunoglobulin fraction of rabbit
anti-human C3 serum was purchased from
Bio-Rad Laboratories. The preparation was
monospecific for human C3 by immuno-
electrophoretic criteria. With the proce.
dure of Nakane and Kawaoi.*” 5.86 mg of
the antibody (equivalent to 0.34 mg of the
antigen) was conjugated with 5.86 mg cf
peroxidase and the conjugate was further
purified by ammonium sulfate precipita-
tion.”’ The purified conjugate solution was
divided into small aliquots and stored at
- 20° C. Each aliquot was thawed only once,
immediately before use.

Light Microscopic Localization of Immu-
ne Complexes in Cryostat Sections. —
Fresh-frozen sections of muscle were rinsed
for 15 minutes with phosphatebuffered sa-
line, gently biotted, laid flat in a moist
chamber: and then treated with drops of im-
munoreagents of the desired concentration
for 30 minutes at room temperature. Sub-
sequently the sections were rinsed for 15
minutes and then reacted with the diami-
nobenzidine medium *® for 30 minutes.
Next they were rinsed with distilled water,
dehydrated, cleared and mounted under
Permount.

Ultrastructural localization of Immune
Complexes. — Thin strips of fresh muscle,
intact from origin to insertion, were pin-
ned to perforated wax plates and rinsed for
3 hours in a large volume of well-oxygen-
ated, ice-cold Tyrode’s solution.. The strips
were then immersed into Tyrode’s solution
which also contained 2 % bovine serum al-
bumin' shaken on ice for 30 minutes, and
again washed with cold, oxygenated Tyro-
de’s solution for 30 minutes. Subsequently
they were incubated at room temperature
for 2 hours with the desired concentration
of the imunoreagent in oxygenated Tyro-
de’s solution 2 hours. Following this the
strip were rinsed for two hours with two
500-ml changes of chilled, oxygenated Ty-
rode’s solution and then fixed for 2 hours
with 2 % glutaraldehydo buffered with

Vol. 14. — Number 1. — 1980.
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cacodylate at pH 7.3. After an overnight
rinse in the same buffer, small pieces of
muscle which contained end-plates were iso-
lated from the strips by needle dissection.'®
The dissected pieces were reacted with the
diaminobenzidine medium and then pre-
pared for electron microscopy according to
previously described procedures.'*
: g %

. :
Specificity Controls. — These consisted
of (1) omission of the labelled immuno-
reagents, (2) omission of H.0, from the
diaminobenzidine medium, (3) treatment
of peroxidase-labelled protein A with an
excess of human IgG: (4) absorption of
peroxidase-labelled anti-human C3 with
fresh human plasma or with human IgG.

Morphometric Analysis of Electron Mi-
crographs. — The relative abundance of
the postsynaptic membrane reacting for IgG
or C3 at an end-plate region (IgG and C3
indices) was evaluated by measuring the
length of the postsynaptic membrane react-
ing for IgG or C3 and dividing that length
by the length of the primary synaptic cleft.

RESULTS

Light Microscopic Localization of IgG
and C3. — Both IgG and C3 were demon-
strated at end- plates in cryostat sections of
intercostal muscles of 12 patients with MG
but not at end-plates of 12 control subjects.
Discrete reaction at the end-plate with mi-
nimum ba(,kground staining was obtained
with 18 to 36 micrograms per ml of pero-
xidase-labelled protein A and with 10 to
20 micrograms per ml of peroxidase-labell-
od anti-human C3. Under these conditions
there was no background staining with per-
oxidase-labelled anti-human C3, but some
background staining, which varied from
case to case and in different regions of a
civen specimen, still persisted with peroxi-
dase-labelled protein A. With both immun-
reagents, the reaction at the end-plate was
gcnerdlly more intense in less severe than
in more severe cases of MG.

Immune complexes were again observed
by light microscopy in resin sections in
tissues that were prepared for electron mi-
croscopy. Both IgG and C3 were demon-
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strated at the end-plates of 5 patients with
MG whose muscles were studied in this
manner (Fig.1) but not at end-plates of
control subjects. Background staining was
negligible with either immunoreagent and
the reaction product was sharply localized
to the upper region of the junctional sarco-
plasm. As in cryostat sections' the reaction
for either IgG or C3 was more intense in
less severe (Figs. 1 A and B) than in more
severe (Figs. 1 C and D) cases of MG.

Ultrastructural Localization of IgG and
C3. — The optimal concentration of per-
oxidase-labelled protein A for the ultrastruc-
tural localization of IgG was 18 to 36 mi-
crograms per ml. With higher concentra-
tion of the immunoreagent, background
staining became noticeable and there was
faint staining of the entire postsynaptic
membrane of control end-plates. The opti-
mal concentration of peroxidase-labelled
anti-human C3 was 12 to 18 micrograms
per ml. Higher concentrations of this im-
munoreagent did not give backround stain-
ing but the reaction at the MG end-plates
became too intense for precise localization
of the reaction product. With the optimal

INTERNATIONAL JOURNAL OF NEUROLOGY

concentrations of the immunoreagents, both
IgG and C3 were demonstrated at the end-
plates of five patients with MG studied in
this manner but not at end-plates of the
control subjects.

More abundant immune complexes were
detected at the end-plate in less severe
(Fig. 2 A) than in more severe (Fig. 2 B)
cases of MG. The reaction product was lo-
calized on the postsynaptic membrane
(Figs. 2, 3 and 4) as well as on degenerate
materiai in the synaptic space (Figs. 2 B,
3 and 4). In addition, there was iess in-
tense staining of the presynaptic membrane
where it faced reactive segments of the
postsynaptic membrane (Fig. 2, 3 and 4).
For reasons detailed in a previous publica-
tion, staining of the presynaptic sites was
considered secondary to the diffusion of the
reaction product from the postsynaptic
membrane.

At those end-plates where the junctional
{olds were relatively well preserved, the im-
mune complexes were localized on the ter-
minal expansiens of the junctional folds
(Figs. 2 A, 3 and 4) where the AChR is
known to be located. At end-plates which
showed simplification of the postsynaptic

Fig. 4. — Ultrastructural localization of C3 at an MG end-plate. The reaction product ap-
pears on terminal eypansions and on deeper rcgions of junctionel folds and on degenerate
material (arrowheads) in the synaptic space. Feaction pro-iuct has diffused into the synap
iic space and presynaptic membrane is also stzined. X 19,300,
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region, the immune complexes were observ-
ed on discrete patches of the simplified
postsynaptic mebrane. In general, patients
with less severe MG had better preserved
end-plates and more abundant immune
complexes on the postsynaptic membrane
than patients with more severe MG. In the
most severely affected patients, some end-
plate regions bound neither IgG nor C3.
while at other end-plates only traces of IgG
or C3 were found on segments of the post-
synaptic membrane and on degenerate ma-
terial in the synaptic space (Fig. 2 B).

In each patient the relative abundance
and pattern of distribution of IgG and C3
deposits were similar. Further, the distri-
bution of the immune complexes on the
postsynaptic membrane resembled the pre-
viously reported distribution of AChR in
MG cases of varying severity.

Omission of the immunoreagents during
the preparation of the tissues for light or
electron microscopy “or of H,0, from the
diaminobenzidine medium, or the preincu-
bation of peroxidase-labelled protein A with
human IgG abolished the reaction at the
MG end-plates. Absorption of peroxidase-
labelled antihuman C3 with fresh human

IMMUNOPATHOLOGY OF MYASTHENIA GRAVIS

plasma abolished the reaction at the end-
plate but absorption of this immunoreagent
with human IgG was without effect.

Morphometric Analysis of Electron Mi-
crographs. — IgG and C3 indices were de-
termined in the 5 cases of MG studied by
electron microscopy. The values thus ob-
tained were compared with the mean mi-
niature end-plate potential amplitudes in the
external intercostal muscles (determined by
Dr. E. H. Lambert). Less severly affected
patients had higher IgG and C3 indices
and higher miniature end-plate potential
amplitudes than did the more severely af-
fected ones. For any one patient the IgG
and C3 indices were not significantly dif-
ferent (Table I). Regression of either the
IgG or of the C3 index on the miniature
end-plate potential amplitude revealed a
significant correlation of either index with
the miniature end-plate potential amplitude.
The best fitting regression lines were
linear with correlation coefficients of 0.960
(P<0.01) and 0.955 (P<0.02) for the
IgG and C3 lines, respectively. The slopes
of the two regression lines were not signi-
ficantly different.

TABLE 1. — MORPHOMETRIC AND ELECTROPHYSICLOGIC DATA *
(Mean + SE)
Case IgG index C3 index mepp amplitude, mV
1 15 vt QUaBS ) 1908 uf0klaild) 0.59 £40.08.432)
b 138 =+ 0.1kl (2L) 1.24 + 0.07 (14) 030 #1003 «(19)
3 1.00 + 0.08 (21) 0 .97 0,13(1T) 0.19 + 0.08 (19)
4 LRkl = 00:141.0 (17)_ 1.08 = 0.08 (13) .18 '+ 0,02 119)
5 1.07 + 0.16 (14) 1.07 + 0,10 (18) 0. 1L .+ 0.01 (28)

Figures in parentheses indicate number of fibers in which miniature end-plate po-
tential (mepp) amplitudes were measured or number of end-plate regions analyzed by
electron microscopy. More than one region can be found in a end-plate.

DISCUSSION

The above observations clearly establish
the presence of IgG and C3 at the motor
end-plate and provide evidence for a des-
tructive autoimmune reaction involving the

Vol. 14. — Number 1. — 1980.

postsynaptic membrane in MG. In gener-
ai, the immune complexes were more abun-
dant in the less severely affected patients
than in the more severely affected ones.
and more highly degenerate postsynaptic
regions bound less IgG or C3 than did bet-
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ter preserved ones. On well preserved junc-
tional folds the immune complexes were lo-
calized on the terminal expansions of the
folds where the AChR is known to be lo-
cated.’® Finally: the relative abundance of
the immune complexes on the postsynaptic
membrane was proportionate to the ampli-
tude of the miniature end-plate potential.
All these findings are consistent with the
assumption that the immune complexes at
the end-plate bound to the AChR remaining
on the postsynaptic membrane. This is also
consistent with the previous finding that
the miniature end-plate potential amplitude
in MG patients is a linear function of the
length of the postsynaptic membrane react-
ing for AChR."

From these observations it also follows
that the primary reason for the small mi-
niature end-plate potential, and hence for
the impaired neuromuscular transmission,
is a deficiency of the postsynaptic AChR
and that the binding of antibody to AChR
does not completely block the effect of ace-
tylcholine on AChR in MG. This in itself
is not surprising because anti-AChR anti-
bodies are known to be directed predomi-
nantly at determinantes other than the ace-
tylcholine binding site.!?

Antibodies to AChR might adversely af-
fect neuromuscular transmission in a nom-
ber of ways. The first effect might be an
immunopharmacological blockade of AChR.
This could happen if the antibodies allos-
terically hindered the attachment of acetyl-
choline to AChR, or prevented acetylcho-
line from opening ion channels, or if anti-
bodies on AChR reduced the conductance
or open time of the ion channels. However,
recent studies suggest that the conductance
and open time of the acetylcholine-induced
ion channels are normal in MG.*" The re-
lative contribution of a pure immunophar-
macological blockade to synaptic dysfunc-
tion in MG can be best assessed in mild
cases of the disease, as in one of our pa-
tients.?’ In this patient the miniature end-
plate potential amplitude was only 40 %
less than normal; most of the junctional
folds were well preserved, and most bound
immune complexes. If in this case immu-
nopharmacological blockade was the only
reason for the reduced miniature end-plate
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potential amplitude, it follows that such a
blockade could reduce the amplitude by
40 %. This, however, might be an over-
estimate, for in this case some end-plates
had normal miniature end-plate potential
amplitudes, but all end-plates observed with
the electron microscope displayed immune
complexes on the postsynaptic membrane.

A second possible effect of antibody bind-
ing to AChR could be modulation, consist-
ing of accelerated internalization and intra-
cellular destruction of the AChR-antibody
complex. Evidence for modulation of AChR
of cultured muscle fibers by myasthenic
immunoglobulin has been previously obtain-
ed.”®*" However, the AChR of cultured
muscle fibers resembles the extrajunctional
AChR of denervated muscle fibers which
has a faster turnover rate than the junctio-
nal AChR.2%#! The capacity for modula-
ticn of junctional and extrajunctional mem-
branes might be different, and the in vitro
system, where modulation plays an impor-
tant role, lacks complement. The presence
of complement as well as of antibody on
the postsynaptic membrane in vivo might
favor membrane lysis rather than modula-
tion. Finally, if modulation were the only
reason for the postsynaptic AChR deficien-
cy in MG, one would not expect to see des-
iructive changes at the end-plate. However,
such changes do exist.®1%3=

A third and probably important conse-
quence of antibody binding to AChR is
destruction of AChR containing segments
of the postsynaptic membrane. This des-
tructive reaction is consistent with previous
morphologic observations in MG which in-
clude degeneration of the terminal expan-
sions of the junctional folds, accumulation
of degenerated residues of the folds in wid-
ened synaptic spaces, highly atrophic post-
synaptic regions and postsynaptic regions
denuded of their nerve terminals.®1%3%
These degenerative changes are associated
with a progressive loss of AChR '# and with
a progressive decrease in the abundance of
immune complexes on the postsynaptic
membrane. The fact that immune comple-
xes are also associated with degenerate ma-
terial in the synaptic space clearly indicates
that segments of the folds that had bound
antibody and complement had been shed

into the synaptic space.
—  1980.
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The possible role of the complement sys-
tem in human and experimental myasthe-
nia requires additional comment. We have
demonstrated C3 (as well as IgG) on the
postsynaptic membrane in MG *° as well
as in experimental autoimmune MG ** and
in passively transferred experimental auto-
immune.** The presence of C3 on the post-
synaptic membrane indicates that the as-
sembly phase of the complement reaction
sequence (via Cl, C4 and C2) has been
completed.?”*® The membrane fixed frag-
ment of C3, C3b, could act as an opsonizer,
targeting membranes for destruction by ma-
crophages, as in the acute phase of the ex-
perimental and rarely in the human disease:
or C3b together with C4 and C2 could act
on C5, initiating the membrane attack pha-
se of the complement reaction sequence
which leads to the binding of C8 and C9
(via C5 through C7) and irreversible mem-
rane defects.?”*® The degree of injury to
the postsynaptic membrane may therefore

IMMUNOPATHOLOGY OF MYASTHENIA GRAVIS

depend on the extent to which the attack
phase of the complement reaction sequence
becomes activated. That the complement
system does play a role in damaging the
postsynaptic membrane is further support-
ed by the observation that depletion of C3
with cobra venom factor prevents the clin-
ical and electromyographic signs and the
deficiency of end-plate AChR in rats with
passively transferred experimental autoim-
mune MG.*7

Regardless of the relative importance of
the three mechanisms (antibody-dependent
interference of AChR interaction with ace-
tylcholine, antibody-dependent modulation
of AChR, and antibody-dependent comple-
ment-mediated lysis of the post-synaptic
membrane) the immunoelectron microsco-
pic studies afford unambiguous evidence
for the assumption that the synaptic dys-
function in acquired MG is caused by an
autoimmune reaction to the nicotinic post-

synaptic AChR.

SUMMARY

This poper describes the ultrastructural
and light microscopic localization of im-
munoglobulin G (IgG) and of the third
component of complement (C3) at the
motor end-plate in acquired myasthenia gra-
vis (MG). IgG was localized with peroxi-
dase-labelled staphylococcal protein A and
C3 with peroxidase-labelled rabbit anti-hu-
man C3. The methods that were finally
adopted gave excellent localization of the
immune complexes with minimum back-
ground staining and optimal preservation
of fine structure. Both IgG and C3 were
localized on segment of the postsynaptic
membrane and fragments of the junctional
folds in the synaptic space. Immune com-

plexes were more abundant in less severely
affected patients than in the more severely
affected patients, The abundance of the
immune complexes was proportionate to
the miniature end-plate potential amplitude,
and hence to the amount of the acetylcho-
line receptor (AChR) remaining at the end-
plate. Antibody-dependent complement-me-
riated injury to the postsynaptic membrane
probably plays an important role in causing
AChR deficiency at the MG end-plate. Im-
munopharmacological blockade of AChR
by antibody and antibody-induced modula-
tion of AChR may also contribute to the
synaptic dysfunction in MG,

RESUMEN

Este trabajo describe la localizacion mi-
croscopica a la luz y ultraestructural de
Inmunoglobulina (IgG) y del tercer com-
ponente de complemento (C3) en la placa
terminal motora en la miastenia gravis ad-
quirida (MG). La IgG fue localizada con
peroxidasa rotulada proteina A estafilococ-
cica y C3 con peroxidasa rotulada C3 anti-

Vol. 14, — Number 1. — 1980.

humana conejo. Los métodos que fueron
adoptados dieron excelente localizacion de
los complejos inmune con un minimo de
coloracion de fondo y una 6ptima preserva-
cion de la fina estructura. La IgG y el C3
fueron localizados en segmentos de la mem-
brana postsinaptica y fragmentos de los
pliegues de unién en el espacio sinaptico.
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Complejos inmunes eran mas abundantes
en los pacientes menos severamente afecta-
dos que en pacientes mas severamente afec-
tados. La abundancia de los complejos in-
mune fue proporcional a la amplitud del
potencial en miniatura de la placa terminal,
y por lo tanto a la cantidad del receptor de
acetileolina (ACHR) que queda en la pla-

ca terminal. Dano dependiente de anticuer-
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pos, mediado por complemento a la mem-
brana post sindptica probablemente juega
un papel importante el determinar deficien:
cia de ACHR en la placa terminal de MG.
Blequeo inmunofarmacologico de ACHR
per anticuerpos y modulacién inducida por

anticuerpos de ACHR pueden también con-
tribuir a la disfuncién sinaptica en la MG.

RESUME

Dauns ce travail on décrit la localisation
microscopique a la lumiere et I'ultrastruc-
ture de I'Immunoglobuline G (IgG) et du
troisitme composant de complement (C3)
dans la plaque terminale motrice dans la
cas de la myasthénie gravis acquise (MG).
La IgG a été localisée grace a la peroxydase
marquée proteine A staphylococcique et C3
I'a été avec la peroxidase marqu-e C3 anti-
humaine lapin. La méthode adoptée a don-
né d’excellenis résultate avec localisation
des complexes d’immunisation avec une lé-
gere coloration de fond et une excellent pré-
servation de la structure fine. La IgG et
Je C3 ont été localisés dans des fragments
de la membrane postsynaptique et des par-
ties des plis d’union dans I’espace synapti-
que. Les complexes immuns étaient plus

abondants chez la patients les moins affectés
que dans ceux que |’étaient séverement.
I’abondance des complexes immuns était
proportionnelle I'amplitude du potentiel en
miniature de la plaque terminale, et par
conséquent a la quantité de recepteur d’a-
cétylcholine ACR qui reste dans la plaque
terminale. Ceci est indépendant des anti-
corps et di aux compléments. La membra-
ne post-synaptique doit jouer un role impor-
iant en déterminant le manque de ACHR
dans la plaque terminale dans le cas de MG.
LLe blocage immunopharmacologique de
ACHR par des anticorps et la modulation
produite par des anticorps de ACHR peu-
vent aussi contribuer au mauvais fonctio-
nement synaptique dans le cas de MG.

ZUSAMMENFASSUNG

Diese Arbeit beschreibt die mikroskop-
ische Lokalisation und Ultrastruktur des
Immunoglobulins G (IgG) und der dritten
Komponente des Komplements (C3) in der
Terminalplakette metorischen bei Myasthe-
nia gravis durch Infektion (MG). Das IgG
wurde durch Peroxydase, durch Staphyloco-
kken entwickeltes Proteins A und C3, mit
Peroxydase bezeichnete C3 anti-humane
Kaninchen. Die Methoden. die angewandt
wurden, gaben eine ausgezeichnete Lokali-
sation del immunen Komplexe mit einem
Minimum der Koloration des fundus und
eine optimalen Praservation der feinen
Struktur. Das IgG und C3 wurden in Seg-
menten der postsynaptischen Membran und
Fragmenten der Falten der Union in dem
synaptischen Raum lokalisiert. Immune

AL

Komplexe waren zahlreicher verhanden bei
den weniger stark affektierten Patienten
als bei den ernsten Erkrankten. Der Uber-
fluss der immunen Komplexe war propor-
tional zu der potentiellen Grosse in Minia-
tur zu der Endplatte, und dadurch zu der
Menge des Rezeptors von Acetylcholin
(ACHR), die in der Endplatte blieb.
Schaden, der von Antikérpern abhingt,
komplett gemessen an der postsynaptschen
Membran, spielt eine wichtige Rolle bei der
Bestimmungder Mangels von ACHR in der
Endplatte von MG.
Immunopharmakologischer ~Block veon
ACHR durch Antikérper und . Modulation
hervorgerufen durch Antikérper von ACHR
kénnen auch zur synaptischen. Dysfunktion

in der MG beitragen.
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Experimental Myasthenia Gravis:
A Model of Receptor Disease

Presynaptic and postsynaptic
hypothesis for the pathogenesis
of myasthenia gravis

Myasthenia gravis is a disease caused by
an abnormality in the neuromuscular trans-
mission by acetylcholine, but a controversy
exists as to whether the primary site of
pathology is the nerve terminal or the
muscle endplate. The presynaptic hypothe-
sis was supported by evidence that in biop-
sied myasthenic muscles, the amplitude of
miniature endplate potential (representing
the spontaneous release of single quantum
of acetylcholine) was much reduced.'*
while the time course and extent of the
endplate depolarization produced by the
bath application of acetylcholine analogues
and the response to iontophoretic microap-
plication of acetylcholine were normal.'*
Based on these studies, the prevalent con-
cept for many years was that the primary
defect of myasthenia gravis involved the
nerve terminal in which there was a reduced
amount of acetylcholine per quantum * or
a defect of acetylcholine synthesis.! In the
past several years, however, exciting new
studies have raised the postsynaptic hypo-
thesis. Histometric analysis of the ultra-
structure of the neuromuscular junction by
Engel and Santa in 1971° showed that
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major abnormality in myasthenia gravis ap-
peared to be at the postsynaptic region.
The postsynaptic membrane profile con-
centration was decreased while the nerve
terminal showed only minor alteration and
the synaptic vesicle diameter and count per
unit nerve terminal area were not signifi-
cantly affected. A direct quantitative mea-
surement of acetylcholine receptor has be-
come possible after elucidating the neuro-
pharmacologic action of a-bungarotoxin, a
snake venom from Bungarus multicinctus.
By means of technique which utilizes iodi-
ne-labeled o-bungarotoxin binding to recep-
tor, Fambrough et al ® determined in 1973
that the number of available acetylcholine
receptors was reduced in myasthenic junc-
tions as compared with the controls.

Postsynaptic theory based on
experimental myasthenia
due to o - bungarotoxin

The above-mentioned recent studies rais-
ed the question whether the decrease of
available acetylcholine receptors, per se,
could acount for the physiopathological de-
fects of myasthenia gravis. To explore this
question, Satyamurti et al ” and we ® studi-
ed changes in the neuromuscular transmis-
sion by pharmacological blockade of acetyl-
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muscle action potentials evoked by nerve stimulation

control

I 20 my

atter £ -bungarotoxin

40 min. 90 min.

T
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muscle action potentials evokeu by direct stimulation o .

I

Dy

:[DEleH
i'ig. 1. — Successive muscle action potentials evoked by nerve stimulation
(1, 2, 5 and 10 Hz) and by direct stimulation of muscle (10 Hz) before and

cfter the

control

hefore conditioning tetanus ( 30 Hz

[20m

Fig. 2.
potentials: pest-tetanic potentialion
exhaustion (4 minutes after a tetanus
nus). Records were obtained before
toxin,

choline receptors in animals and ('ornpdief‘
them with the abnormality occurring na-
turally in human m)aatht,nla. The former
used the eo-toxin isolated from the venom
of the Formosan cobra, Naja naja atra, and

18

Lffects of prior tetanization on

injection of a-bungarotoxin,

after tetanus

4 min. 10 min.

)

2 Hz triple-evoked muscle action
seconds after a tetanus), post-tetanic
cnd recovery (10 minutes after a teta-

and after the injection of a-bungaro-

(5
),

analyzed the data obtained during the pe-
riod of recovery from complete paralysis.
The latter, we, used the a-bungarotoxin
isolated from the venom of an Elapidae
snake from Southeast Asia, Bungarus mul-
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Human myasthenia gravis

1 Hz

2Hz

10Hz

Fig. 3.
of 2 Hz triple evoked muscle action potentials in «a
Zravis.
ation of the ulnar nerve,

ticinctus, and studied the data in the course
of the torin-induced paralysis. The o-bun-
garotoxin, as well as cobra toxin, has been
known to interact specifically with acetyl-
choline receptor.”

The toxin which used consisted of
single polypeptide chain of 74 amino acid
residues crogs-linked by five disulfate brid-
molecular weight was estimated,
giving a formula weight of 7,983."" Using
this toxin, by which available acetylcholine
receptors were presumed to be reduced in
number, we undertook the investigation
in the peroneal nervetibialis anterior muscle
of rabbit in vivo and the phrenics-dia-
phragm preparation from rat in vitro. In
the in vivo study, after control records were
obtained. an inie(liml of a-bungarotoxin
(80 |L{2./l\-{.. resolved in physiologic saline)

was given intravenously under the artificial

we

ges; its

Vol. 14 Number 1. - 1980.

after tetanus
4 min.

Successive evoked muscle action potentials and post-tetanic changes

patient with myasthenia

Record were obtained from the udductor pollicis muscle with stimul-

respiration by tracheostomy. Electrophysio-
logic studies were then repeated during the
intoxication. As the single evoked muscle
oaction potential became decreased in am-
plitude, 1) even at the slow rates of repe-
litive nerve stimulation, the amplitude of
successive evoked muscle action potentials
decreased progressively until the 4th or 5th
response and then was followed by a maint-
ained plateau or a return toward its initial
amplitude (Fig.1). 2) After a condition-
ing tetanus, an increase in amplitude of
the evoked muscle action potential occurred
(posl-lelanic potentiation) and was follow-
ed “thereafter by a decrease (post-tetanic
exhaustion) (Flg 2). 3) Repetitive direct
stimulation of the muscle produced no
change in amplitude of muscle action po-
tentials (Fig.1). In the toxin-induced pa-
ralysis, features 1) and 2) appeared only
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after the amplitude of the single evoked
muscle action potential began to decrease,
while in human myasthenia gravis, the am-
plitude of the single evoked muscle action
potential was generally in the normal range
even in the presence of significant weakness.
Otherwise, the aforementioned electrophy-
siologic pattern in change of neuromuscular
transmission was similar to that of human
myasthenia (Fig.3). According to the pre-
synaptic hypothesis, such electrophysiologic
alterations have been ascribed to the events
in the nerve terminal.!’ However, the pre-
sent study suggests that these changes,
characteristically seen in human myasthe:
nia, can appear if there is a reduction in
number of available acetylcholine receptors.

In fact, the decrement in amplitude by re-

INTERNATIONAL JOURNAL OF NEUROLOGY

petitive stimulation and the post-tetanic
changes became prominent with progressive
reduction in number of the available recep-
tors as suggested by further decrease in
amplitud of the single action potential
(Fig. 1 and Fig. 2).

The in vitro study was made on the rat
diaphragm at concentrations 0.3-0.5 pg/ml
o.-bungarotoxin. The spontaneous miniature
endplate potentials (MEPPs) were reduced
in amplitude but were not altered in fre-
quency during the infusion for 30 minutes:
no alteration was recorded in the resting
membrane potential (Fig.4). The quan-
tum content of the endplate potential (EPP)
was also determined form the coefficient
ol variation of the EPP amplitude distri-
bution at 1 Hz: this did not significantly

L-BuTX
CO“trO I 0.3u8/n1 . 30min
Resting membrane Control &-Bul'\
potential(mV)-. 75t6.7 7551
MEPP
Amplitude(mV) 0750139 0.3410.051
Frequency
i (MeantS.D)
EPP  Quantum content at 1Hz
duri2ng «-Bul'X(0.348/n]) infusion
~ .
Z 15
z p 76
E ° Tim
5 T msec
A% .
~ 05
720 20 2%
Quantum content
Fig. 4. — Microelectrode studies in the rat diaphragm before and during the

infusion of a-bungarotoxin.

decrease with the progressive reduction in
number of the available receptors as sug-
gested by progressive decrease in the single

50 —

EPP amplitude (Fig.4), confirming the
lack of presynaptic effect of the toxin. The
toxin-induced block was antagonized with

Vol. 14. — Number 1. — 1980.
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Indirectly elicited action potential and EPP

hefore

Directly elicited action potential

before

Fig. 5.
antagonized by neostigmine, and no effect
muscle action potential,

anticholinesterase, as evidenced by increase
in the EPP amplitude and duration by
neostigmine (Fig.5). The amplitude and
rates of rise and fall of the directly elicited
action potential were not affected by toxin
(Fig. 5), suggesting the lack of toxin ef-
fect on the extrajunctional membrane.
These findings obtained with microelectro-
well as the aforementioned data
from the in vivo study, provide a similarity
to human myasthenia gravis.” and support
the idea that the receptor abnormality may
be of fundamental importance in the patho-
genesis of myasthenia gravis. '

des. as

Immunological model:

Experimental myasthenia in animals
immunized with purified acetylcholine
receptor protein

Further impressive have been the im-
munological studies concerning the question
of how the receptor abnormality comes
about in myasthenia gravis. Simpson '* in
1960, and Lennon and Carnegie '* in 1971
proposed that myasthenia gravis might be

Vol 14, — Number 1. 1980

L-Bul X05ug/ml , 30 min.

£-BulX 0.5ug/ml, 1hr.

Microelectrode stulies in the rat

neostigmine lug

[ 0.5mv
—_
2 msec

dinphragm: Toxin-induced block
of toxin on the directly elicited

the consequence of an autoimmune response
lo postsynaptic acetylcholine receptor. Nol
until 1973, was this idea confirmed in an
animal model by Patrick and Lindstrom '’
and Sugiyama et al.’® They reported exper-
imental induction of myasthenia in rabbits
immunized with purified acetylcholine re-
ceptor protein from the electric organ of
Electrophorus electricus in association with
raised antbodies against the receptor pro-
tein. This observation has since been con-
firmed by other groups '“'" and in other
species.'***  We solubilized the acetylcho-
line receptor protein from the electric or-
gan of Narke electroplax japonica with the
detergent Triton X-100, and purified by
affinity chromatography on a conjugate of
cobra toxin '(Naja naja siamensis) coupled
to agarose. Receptor protein was diluted in
a solution containing 0.5 % Triton X-100,
0.5 M NaCl, 0.01 M Tris-HCI pH 7.4 and
0.02 % NaN;. Receptor concenirations
were 0.7-3.2 mg/ml or 3.2-15.7 nmoles to.
xin binding sites/ml. Five female New
Zealand White rabbits weighing 1.8-2.2 kg
were injected with receptor protein (1,600
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pmoles toxin binding sites) emulsified in
complete Freund’s adjuvant at a ratio of
1:1 (vol/vol). The emulsion was admin-
istered subcutaneously in several spots on
both sides of the spine. Two to four bo-
oster injections were given at one week in-
terval. All rabbits began to paralyze b;
5 weeks after first inoculum. Before the
first inoculum and immediately before each
booster injection, sera were tested for anti-
body to the receptor protein (at a concen-
tration of 0.5 mg/ml) by Ouchterlony
method; all rabbits showed a precipitating
antibody. After confirming the presence
of antibody, the tibialis anterior muscle in
vivo and the diaphragm muscle in vitro
were studied electrophysiologically. The re-
sult of the in vivo study consisted of 1)

INTERNATIONAL
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normal amplitud of the single evoked mus-
cle action polential, 2) an initial fall fol-
lowed by maintained _plaleau/return toward
the initial amplitude in successive evoked
muscle action potentials. 3) post-tetanic po-
lentiation followed by exhaustion, and 4)
edrephonium revarsal (Fig.6). The in vi-
tro study showed that the MEPP amplitude
was decreased while its frequency and rest-
ing membrane potential were normal; the
presynaptic indexes determined by the study
of EPPs ?* were all normal (Fig. 7). These
findings from our immunological model
were similar to those obtained in the phar-
macologic blockade of the acetylcholine re-
ceptor by a-bungarotoxin, and also to those
naturally seen in human myasthenia gravis,
suggesting that autoimmune mechanism di-

Experimental myvasthenia in rabbit immaunized with purified
acetyicholine receptor protein from Narke electroplax

muscle action potentials evoked by repetitive nerve stine-lation

hefore

conditioning tetanus (S0 Hz )

I 10 1y

alter tetanus
S min.

alter Edrophonium (0, 25me)

2min.

hefore

3 min.,

Fig. 6. — Electrophysiological swuwy in he tibialis anterior of rabbit immun-

ized with purified receptor protein,
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Fig. 7. Microelectrode studies in experimental induction of neuromuscular

block in rabbit by immunization with purified receptor protein. Records were
obtained from control and immunized rabbit diaphragms,

rected against the acetylcholine receptor
may play a role in the pathogenesis of
myasthenia gravis. This concept is support-
ed by observations that anti-receptor anti-
bodies were demonstrated in sera of many
patients with myasthenia gravis **-*% and
experimental autoimmune myasthenia !5-**
by various assay methods, and that the im-
munoglobulin fraction (IgG) of myasthenic
sera was shown to effect passive transfer of
the disease from man to mouse * and from
rat to rat.?* In fact, the reduced density
of acetylcholine receptor was visualized ul-
trastructually by the decrease in staining of
o-bungarotoxin binding in human myasthe-
nia and ils experimental autoimmune mo-
del; 3152 a destructive autoimmune reaction
involving the postsynaptic membrane in
human myasthenia was evidenced by the
ultrastructural and light microscopic locali
zation of IgG and C3 at the motor end-
plate.®?

1980.

Vol. 14. — Number 1.

How is receptor activity blocked
by antbody?

Anti-acetylcholine-binding site antibody
would be expected to prevent binding of
a-toxin to acetylcholine receptor. In human
myasthenia gravis and its experimental au-
toimmune model, anti-acetylcholine receptor
was not detected significantly by the toxin
inhibitory assay but was highly demonstrat-
ed by the immunoprecipitation assay which
utilized solubilized receptors labeled with
12 ]-g-bungarotoxin and was sensitive for
detecting antibodies directed to determin-
ants outside the acetylcholine - binding
site.*#263% These reports suggest that anti-
body can impair the acetylcholine receptor
molecule without blocking its acetylcholine-
binding site, and also that blockage of re-
ceptor activity may result from either al-
losteric effect on acetylcholine binding or
interference with the regulation or function
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of the ionophore (ion conductance modul-
ator system). This concept is supported
by our protection experiment utilizing elec-

trophysiological technique as such. Sera
were obtained from two controls and five
rabbits which, as mentioned above, were

immunized with purified receptor protein
and showed anti-receptor antibodies and
physiologic features similar to human myas-
thenia. vy-globulin fractions were prepared
by precipitation with ammonium sulfate al
33 % final saturation and dialysis against
Ringer solution (24 mg/ml). Conventionali
microelectrode technique was employed for
recording from the rat diaphragm prepar-
ation. When the preparation was exposed
to e-bungarotoxin (5 pg/ml) for 30 minu-
tes, the indirectly elicited action potential
and endplate potential decreased below the
noise level, and the following 4 hr washing
produced a minimum recovery. In contrast,

LBul' X _'—\P'f.’\f[nl

hefore 30 min.

RMP

Rim\
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a block induced by d-tubocurarine (10 pg/
ml, 30 minutes) was fully recovered dur-
ing washing. Exposure of the preparation
to d-tubocurarine (10 pg/ml) for 30 mi-
nutes and subsequent treatment with a com-
bination of d-tubocurarine and a-bungaro-
toxin (5 pg/ml) for another 30 minutes
followed by 4 hr washing resulted in a
complete recovery to the control level in
action potential amplitude (Fig.8). This
indicates that acetylcholine-binding site was
protected by d- tubocurarine against ¢-bun-
garotoxin. "When y-globulin (_10 mg/ml)
from immunized rabbits, instead of d-tubo-
curarine, were added prior to o-bungaroto-
xin, the action potential was not affected
by this, but abolished with subsequent
treatment with a-bungarotoxin. During 4
hr washing, the action potential did not
recover (Fig. 8). The same procedure us-
ing vy-globulin from control rabbits gave

wash 4 hrs.

d-TC "Iﬂil/ml

before 30 min.

Timh -

wash 4 hrs.

d-1C mﬂ' /h]|

hefore 30 min.

-(-Hu'l'.\' 5}:“.‘,&11!

]

20mN (AP
0.5mv (E1°1)
d-TC 0ug/m] Fand
2 msee

wash 4 hrs.

3-globulin 10 mg/n|

hefore 90 min.

T8m\

Fig. 8.

Protection studies with d-tw)ecurarine,
bulins obtained from sera of rabbits immunized

-8 |llhl.llll.l', 10mg/mi
L-Bul'X Sut4ml

30 min. wash 4 hrs.

a-bungarotoxin, and vy-glo-
with purified receptor pro-

tein. Recards were taken from the rat diaphragm by microelectrode technique.
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Fig. 9. — Cellular hypersensitivity to the acetylcholine receptor protein demon-
strated by lympheoeyte transformation technique in experimental rautoimmune

mywosthenia (rabbit) .

similar results. Resting membrane poten-
tial was not altered with any of the agents
applied. These finding suggest that vy-glo-
bulin from immunized rabbits is not able
to protect against g-bungarotoxin block of
the acetylcholine-binding site and.the neu-
romuscular transmission may be impaired
through action invelving the adjacent mo-
lecular environment of the acetylcholine-
binding site of the receptor protein. vy-glo-
bulins had no effect on directly elicited
action potential and resting membrane po-
tential, suggesting that the extrajunctional
membrane is without the scope of immuno-
logical implication. The same protection
experiment utilizing human myasthenic
sera also resulted in similar conclusions.®
A recent report, however, showed a rapid
reduction in acetylcholine sensitivity when

Vol. 14. — :Number 1. — 1980.

the preparation used more labile receptors
such as those in tissue cultured cells.®
Histrionicotoxin *7 and ceruleotoxin ** may
be useful in studying further the properties
of the acetylcholine receptor ionophores in
pathologic muscle.

Cellular immunity to acetylcholine
receptors

Peripheral blood lymphocytes from my-
asthenic patients were reported to exhibit
specific sensitization when cultured in vitro
with eel acetylcholine receptor proteins. A
significant correlation between the severity
of the disease and the degree of lymphocyte
sensitization to eel receptor was noted,*”
and such a sensitization was reduced under
steroid treatment in assaciation with clinical
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improvement.'” Our experimental autoim-
mune myasthenia induced in rabbits by im-
munization with purified acetylcholine re-
ceptor proteins also showed a specific sen-
sitization of lymphocytes to the recepior
protein. When sacrified, spleen cells were
obtained from immunized rabbits. Lympho-
cytes were diluted to a concentration of 2
X 10Y cells per tissue culture medium, and
were incubated for 120 hrs. with 0 to 32
g/ml of the test antigen (receptor protein).
After incubation with antigen, the culture
was incubated for an another 12 hrs. wiih
0.5 Ci/ml of *H-thymidine, and the cells
were collected and filtered. The filter was
dried, and the radioactivity was measured
in a liquid scincillation spectrometer. Re-
sults were abnormal when expressed as
stimulation index (higher than 2) (Fig.9).
Consistent with this, experimental autoim-
mune myasthenia in rats and rabbits was
reported to be modified by prednisolone,
hydrocortisone, azathioprine and thymec-

INTERNATIONAL
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tomy.""'* In addition, rats depleted of T-
cells did not produce antibody to receptor
and did not develop the experimental auto-
immune myasthenia after appropriate chal-
lenge with purified receptor proteins.** It
thus appears that T-cells with specificity
for acetylcholine receptor play a role as hel-
pers for the B-cells in the production of
antibody to receptor. Experimental auto-
immune myasthenia was reported to be pas-
sively transferred with sensitized lympho-
cytes, without antibody to receptor in reci-
pient sera but with delayed skin reactivity
to receptor.'”?*** However, this remains
inconclusive since antibody-producing cells
may be transferred as well. Cellular attack
on the postsynaptic membrane may be me-
diated not only by immune T-cells, but also
by antibody-dependent cell-mediated cytoli-
sis and macrophages rendered cytotoxic in

the presence of antireceptor antibodies.®"*%.
1

SUMMARY

Myasthenia gravis is a disease caused by
a defect in the neuromuscular transmission
by acetylcholine. The prevalent concept
for many years was that the primary site
of the defect was on the side of the nerve
terminal. In the past several years, howe-
ver, the postsynaptic hypothesis has been
raised on the basis of the development in
isolating wo-neuro toxins capable of binding
specifically to acetylcholine receptors and
purifying the receptor protein from electric
fish organs. Pharmacophysiological features
similar to human myasthenia gravis were
found when the number of available acetyl-
choline receptor was reduced by o-bungaro-
toxin isolated from the venom of an Ela-
pidae snake. This suggests that the recep-
tor abnormality may be essential for the
pathogenesis of myasthenia gravis. In paral-
lel with the reports that antibodies to recep-
tor were detected in sera of myasthenic pa-
tients by various assay methods, experim-
ental induction of myasthenia was succe-

rified receptor protein. Anti-receptor anti-
bodies and physiological features similar to
eded in animals by immunization with pu-
human myasthenia were found in immuniz-
ed animals. These findings support the idea
that autoimmune mechanisms directed
against the acetylcholine receptor may play
a role in causing the disease. The protec-
tion experiment by electrophysiological
techniques and the biological studies re-
ported suggest that antibodies were direct-
ed to determinants outside the acetylcho-
line-binding site of receptor, and that the
neuromuscular transmission may be impair-
ed in myasthenia gravis through action in-
volving the adjacent molecular environ-
ment of the acetylcholine-binding site.
Lymphocytes sensitized with receptor pro-
teins were detected in immunized animals
as well as human myasthenia. Discussions
were made on cellular immune mechanisms
involved at least in part in amplifying im-
pairment of the postsynaptic membrane.

RESUMEN

La miastenia gravis es una enfermedad
causada por un defecto en la transmision

56 —

neuromuscular por acetilcolina. El concep-
to sostenido durante muchos anos fue el
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de que el asiento primario del defecto estaba
asentado en la terminacién nerviosa. En
los ultimos afnos, no obstante, la hipotesis
postsinaptica ha sido planteada sobre la base
del desarrollo del aislamiento de a-neuro-
toxina capaz de fijarse especificamente a
los receptores de acetilcolina y también so-
bre la purificacion de la proteina receptora
de organos del pez elécirico. Caracteristi-
cas farmaco-fisiologicas idénticas a la mias-
tenia gravis humana fueron descubiertos
cuando se redujo el numero de receptores
utiles por la a@-bungarotoxina aislada del
veneno de una serpiente Elapidae. Lo que
hace suponer que la anomalia del receptor
puede ser esencial para la patogenia de la
miastenia gravis. Paralelamente a las refe-
rencias que senalan que anticuerpos al re-
ceptor fueron observados en los sueros de
pacientes que sufren de miastenia, por dis-
tintas técnicas de estudio, la inducion ex-
perimental de miastenia se lograba en
animales inmunizados por la proteina
respectiva  purificada.  Anticuerpos an-

A MODEL OF

RECEPTOR. ..

tirreceptor y caradteristicas [fisiologicas
idénticas a la miastenia humana fueron
descubiertas en estos animales inmunizados.
Estos descubrimientos permiten confirmar
la idea segun la cual mecanismos de auto-
inmunidad dirigidos contra el receptor de
acetileolina tienen implicancia en la apari-
cion de la enfermedad. La experiencia de
proteccion por técnicas electrofisiolégicas vy
los estudios biolégicos sugieren que los an-
ticuerpos estaban dirigidos hacia determi-
nantes fuera de punto de union de la ace-
tilcolina con el receptor y que la transmi-
sion neuromuscular puede estar afectada
en la miastenia gravis por el mecanismo
que afecta el ambiente molecular adyacente
al punto de unién de la acetilcolina.
Linfocitos sensibilizados por proteinas del
receptor fueron descubiertos en los animales
inmunizados, igual que en la Miastenia hu-
mana. Las discusiones se han hecho acerca
de los mecanismos de inmunidad celular
involucrados en parte en la extension de
la alteracion de la membrana postsinaptica.

RESUME

La myasthenie grave est une maladie due
a une déficience de la transmission neuro-
musculaire par acetylcholine. Le concept
qui a prévalu pendant de nombreuses an-
nées était que ’'emplacement originel de la
déficience se trouvait sur le coté du mnerf
terminal. Ces dernieres années, cependant,
I’hypothese postsynaptique a été posée en
se basant sur le développement de I'isolation
de a-neurotoxine capable de se lier spéci-
fiquement aux récepteurs d’acetylcholine et
en se basant aussi sur la purification de Ila
protéine réceptive en provenance.d’organes
de poisson électrique. Des caractéristiques
pharmaco-physiologiques identiques a la
myasthenie grave humaine furent décelées
quand I'indice de récepteur d’acetylcholine
disponible fut réduit par l'isolation de a-
bungarotoxine provenant du venin d’un ser-
pent Elapidae. Ce qui laisse supposer que
’anomalie du récepteur peut étre essentielle
pour la pathogenese de la myasthenie grave.
Parallelement aux rapports signalant que
des anticorps au récepteur étaient décelés
dans les sérums de malades souffrant de
myasthenie, par diverses méthodes d’essai.
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I'induction expérimentale de myasthenie
reussissait chez des animaux immunisés par
de la protéine réceptive purifiée. Des anti-
corps anti-récepteur et des caractéristiques
physiologiques identiques a la myasthenie
humaine furent décelés chez ces animaux
immunisés. Ces découvertes permettent de
confirmer I'idée selon laquelle des méca-
nismes d’auto-immunition dirigés contre le
recepteur d’acetylcholine jouent un réle
dans 'apparition de la maladie. L’expérien-
ce de protection par des techniques électro-
physiologiques et les rapports des études
biologiques laissent suggérer que des anti-
corps étaient dirigés vers des déterminants
hors de I'emplacement de liaison d’acetyl-
choline du récepteur et que la transmission
neuro-musculaire peut étre altérée, dans la
myasthenie grave, par le mécanisme entrai-
nant l'environnement moléculaire adjacent
de I'emplacement de liaison d’acetylcholine.
Des lymphocytes sensibilisés par des pro-
téines du récepteur furent décelés chez les
animaux immunisés de méme que dans la
myasthenie humaine. Les discussions por-
terent sur les mécanismes d’immunition
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cellulaire qui jouent en partie un role dans
I’extension de 1’altération de la membrane

INTERNATIONAL JOURNAL OF NEUROLOGY

postsynaptique.

ZUSAMMENFASSUNG

Myasthenie Gravis ist eine Frankheit, die
von einen Defekt in der Neuromuskularen
Transmission durch Acetylcholin erregt
wird. Jahrenlang war die herrschende
Meinung die, dass die primare Stelle des
Defekts an der Seite des Nervterminals lag.
In den letzten paar Jahren, aber, ist die
postsynaptische Hypothese aufgeworfen wor-
den, und zwar auf der Basis der Fortschrit-
ten, erstens der Isolierung des sich spezi-
fisch an Acetylcholinrezeptoren zusamnen-
schiliess enfahigen «-Neurotoxins, und,
zweitens, der Reinigung des Rezeptorenpro-
teins von den Organen elektrischer Fische.
Als der Zahl der vorhandenen Acetylcho-
linrezeptoren reduziert wurde, durch das
vom Gift einer Elapidaenschlange isolierte
a-Bungarotoxin, wurden pharmako-physiolo-
gische Eigenschaften festgestellt, die den
des Myasthenie Gravis des Menschen ahn-
lich sind. Dies deutet darauf hin, dass die
Abnormalitat der Rezeptoren vielleicht fiir
die Pathogenese von Myasthenie Gravis
unentbehrlich sein kann. Parallel mit den
Berichten, dass nach verschiedenen Unter-
suchungsmethoden, Antikorper gegen Re-
zeptoren in der Sera myasthenischer Pa-
tienten festgestellt wurden, wurde Myasth-
enie in Versuchstieren durch Immunisier-
ung mit gereinigtem Rezeptorenprotein er-

folgreich erregt. Antikorper gegen Antire-
zeptoren und physiologische Eigenschaften,
die die Eigenschaften Myasthenie in Men-
schen ahnlich sind., wurden in den immun-
isierten Tieren festgestellt. Diese Feststel-
lungen unterstiitzen den Begriff, dass selb-
stimmune Mechanismen, die gegen die Ace-
tylcholinrezeptoren gerichtet werden, in der
Krankheitserrugung eine Rolle spielen. Die
Beschiitzungsprobe nach elektrophysiolog-
ischen Methoden und die berichteten bio-
logischen Studien deuten darauf hin, dass
die Antikorper an Determinanten gerichtet
wurden, die ausserhalb der Stelle der Ace-
tylcholinzusammenschliefens der Rezeptor-
en waren, und dass die neuromuskulire
Transmission in Myasthenie Gravis beein-
trachtigt werden kann, durch eine Einwirk-
ung, die die benachbarte molekulare Um-
gebung der Stelle des Acetylcholinzusam-
menschliessens betrifft. Lymphozyten, die
von Rezeptorproteinen sensibilisiert waren,
wurden sowohl in immunisierten Tieren,
als auch in myasthenischen Patienten fest-
gestellt. Man hat iiber die Zellenimmun-
mechanismen diskutiert, die. wenigstens
teilweise, an der Vergrosserung der Beein-
trachtigung der postsynaptische Membrane
beteiligt sind.
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Myasthenia Gravis

and Associated Diseases
M. GOULON, B. ESTOURNET and M. TULLIEZ

Myasthenia gravis is sometimes associat-
ed with other diseases. Many of them, like
myasthenia, are suspected or have been de-
monstrated, to arise from an immunolo-
gical disorder.

Most publications expose isolated case his-
tories.**"  Studies evaluating incidence of
diseases related to myasthenia in large se-
ries of patients are rare.’”-?7

This study is undertaken to evaluate this
problem among 125 myasthenia patients.

MATERIALS AND METHODS

—Materials:  our study includes 125
myasthenia patienis admitted in the inten-
sive care of ‘“Hopital Raymond Poincaré”
(Garches) during the past ten years. Gen-
eral characteristics of this group were as
follow:

—Sex: 34 males and 91 females

—Age at onset of myasthenia: 64 over
35 years of age; 61 under 35

—-Severity of the disease (using Os-
erman’s classification): grade I: 9 (7 %):
grade IT A: 11 (9 %); grade II B: 21
(17 %); grade III: 24 (19 %); grade IV:
60 (48 %).

—bY patients underwent thymectomy:
28 of those patients were found to have a
thymoma at operation. Among non surgic-
al patients, reentgengraphic study and scin-
tigraphy using selenomethionine '' led io
suspicion of thymoma in 8 patients.

—Methods: all but five patients under-
went the following studies:

@ Arterial blood gases, electrolyte de-
termiinations, blood urea nitrogen, glycemia

Vol. 14, — Number 1. — 1980.
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104 Boulevard Raymond Poincaré - Garches - Paris

® Plasma electrophoresis and immuno-
electrophoresis

e Combs test and L. E. Cells test

o Rhumatoid factor determination,
Waaler Rose and latex reaction

® Complement fractions assays by ra-
dial immunodiffusion (laboratoire d’Héma-
tologie, Hopital Raymond Poincaré de Gar-
ches).

e Antiorgan antibody assays: striated
muscle, stomach, thyroid, smooth muscle.
nucleus, mitochondria, thymic myoid cell
using immunofluorescence; antithyroglabu-
lin antibody. assay using passive hemagglu-
tination (Pr EYQUEM, Institut Pasteur,
Paris; Dr ANDRE, service du Prof. SUL-
TAN, Hopital Mondor a Creteil).

o Lymphoblastic transformation test in
the presence of phytohemagglutinin (Dr
PAPIERNICK, Service du Prof. BACH,
Hopital Necker a Paris).

e Electromyogram.

Older patients underwent systematic ex-
ploration in search of a neoplasm using
pulmonary tomography, intraveinous pyelo-
graphy, gastroduodenal series and barium
enema.

For the past ten months, several new
studies have been performed in a systema-
tic basis:

e H.L.A. group determination by lym-
phocytotoxicity (Centre National de Trans-
fusion Sanguine du Val de Marne): 56
patients.

e Gastric tubage and histamine test
with intrinsic factor assay (I.F.) using the
technics of Gottlieb and Coll ** as well as
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MYASTHENIA GRAVIS

TABLE

AND ASSCCIATED DISEASES

Comparison between our series and Simpson’'s **
and Souadjian's *7

our Results

Simpson (1964) Souadjian (1974)

Cancer
Dysthyroidia
Systemic lupus
erythematosus
Rhumatoid arthritis
Pernicious anemia
Cytopenia
Hemolytic anemia
Raynaud's Syndrom
Polymyositis
Dermatomyositis
Severe or mycotic
infection
Sarcoidosis
Total number of
myasthenic patients

3
3

125

SO
N ©

— s
N = ©p—
o =0=-n00

-0 O

491 186

We note a significant difference between this three series concerning the
number of patients with thyroid disfunction.

an anti-intrinsic factor antibody assay using
the method of Samloff and Coll ** (Dr.
Zitoun, Service du Prof. Sultan, Laboratoi-
re d’Immunologie. Hoépital Henri Mondor
a Creteil(: 40 patients.

RESULTS

Intercurrent disease was present in 17
patients (table 1). The following charac-
teristics of this group were undistinguish-
able from those of the total group:

—Sex: 3 males and 14 females

—Antiorgan antibodies levels: similar
in both groups

—Average time since onset of myas-
thenia.

On the other hand, several characteristics
distinguished these 17 patients from the
parent group:

—Age at onset .of myasthenia was
higher: 14 patients were over 35 years old.

—Seriousness of the disease: absence
of class I and II A.

—Frequency of thymoma was greater:
3 out of 17 (47 %) versus 24 % in the
remaining 108 patients.

—H.IL.A. determination was performed
in 56 patients: 21 were H.L.A. 8; 14 »of
these were under 25 years of age and 7
over. Of 11 myasthenia patients with asso

Vol. 14, — Number 1. — 1980.

ciated disease tested 4 were H.L.A. 8 while
all 11 patients were over 25 years old The
H.L.A. 8 group is often correlated with
autoimmune disease,'®!%

STUDY OF THE DIFFERENT
ASSOCIATIONS

—Myasthenia and rheumatoid
arthritis '—*%-°%

Two patients in our series presented this
association.

Case report n® 1:

Onset of rheumatoid arthritis at age 20
in 1936 (latex test 1/80- Waaler rose 1/40,
rheumatoid factor 1/518). The patient re-
ceived corticosteroid therapy from 1967 to
1972 followed by D penicillamine (30
mg/kg/day) in December 1972. Improve-
ment was noted in the arthritis but 10
months later., myasthenia appared. The
drug was discontinued after 14 months of
administration. Symptoms of myasthenia
nevertheless persisted and an increase of
anticholinesterase drugs was necessary. Fol-
lowing a relapse of the arthritis in April
1974, D penicillamine was resumed. Aggra-
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vation of the myasthenia was noted in July
requiring mechanical ventilation by endo-
tracheal tube. In August, immuno assay
demonstrated antithyroid antibodies in a
titer of 1/3125 with hormone tests demon-
strating hypothyroid (low T3 and T4, low
radioactivity iodine /131 fixation curve).
The patient died in October 1974. Autopsy
findings included chronic thyroiditis with
lymphocytic and plasmocytic infiltration.
Only vestigial thymic tissue was present.

Case report n? 2:

Onset of rheumatoid arthritis at age 28
(latex 1/80, Waaler rose negative). Onset
of myasthenia two years later at 30. At this
time an euthyroid goiter was also diagnosed.
Antithyroid antibodies were present in a -
ter of 1/80 and thyroid biopsy failed to de-
monstrate any infiltration of the Hashimoto
type. At age 48, thymeetomy was perform-
ed ant thymus hyperplasia was found. Im-
provement was initially obtained by slow
actings corticotropin. Stabilisation of myas-
thenia has been maintained by Ambenon-
ium chloride; the patient is leading a nor-
mal life, however the tracheostomy has not
been closed because of tracheal compression
by the goiter. The patient is receiving no
treatment for the rheumatoid arthritis.

We note a higher frequency of this as-
sociation in females: Oosterhuis series of 142
myasthenia patients included 7 associations
of this type, all occuring in females: of the
three associations in Aarli’s series, 2 were
females.

The chronological order of onset of the
2 diseases varies: arthritis appeared initial-
ly in two patients in each of the 3 series.’:*"

Cases of myasthenia with onset during
treatment by D penicillamine have been re-
ported occuring in 2 patients with Wilson’s
Disease ** and in 6 patients with rheumatoid
arthritis, including one of our own. 132!
Discontinuance of the drug led to dispar-
ition of the myasthenia in most patients
after a delay of 15 days to 7 months. One
patient improved somewhat while 2 patients
presented no change one in our series and
one reported by Masters.

The responsability of D penicillamine

64 —
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appears certain. The physiopathologic mech-
anism appears to be merely an unmasking
of a pre existing desorder rather than a
direct cause. Nevertheless antistriated mus-
cle and anti acetylcholine receptor antibo-
dies appeared with no eclinical symptoms
of myasthenia in some patients treated with
D penicillamine.?® D penicillamine has
also been implicated in other complications:
disseminated lupus erythematosus polymyo-
sitis Goodpasture’s syndrome nephrotic syn-
drome.

—Myasthenia and disseminated lupus
erythematosus 214192851

Two of our patients presented this asso
ciation.

Case report n? 3:

Thymectomy for thymoma at age 49
Onset of myasthenia several months later
with stabilisation under treatment with Am-
benonium chloride. Relapse at 54 requiring
tracheostomy with mechanical ventilation.
Further exploraiion at this time revealed
the presencc of lupus with positive. L. E.
Cells test and antinuclear antibodies in a
titer of 1/1000. Subsequent treatment with
prednisone followed by imuran resulted in
improvement of the myasthenia but a leu-
copenia forced the discontinuation of this
agent. The patient has been treated with
Plaquenil and prednisone since age 55 with
2 relapses followed by a stabilisation of the
myasthenia for 5 years (tracheostomy, me-
chanical ventilation). No cutaneous or re-
nal abnormalities have been detected thus
far.

Case report n’ 4:

Onset of myasthenia at age 38. Treated
with Ambenonium chloride, with satisfac-
tory results. Relapse at 48 requiring ira-
cheostomy with mechanical ventilation. A
lupic syndrom was then diagnosed then
I..E. cells and antinuclear antibodies in a
titer of 1/500 were detected. At the same
time a serious eye infection arose quickly
leading to irreversible damage and abcess
of the eye itseli. Subsequent enucleation
was performed. Imunological exploration
then revealed a depressed cellular immunity

Vol. 14. Number 1. — 1980



MYASTHENIA GRAVIS AND ASSOCIATED DISEASES

with a negative intra dermo reaction to tu-
berculin and varidase.

The myasthenia improved with treatment
by Plaquenil and Ambenonium chloride
No cutaneous or renal abnormalities have
been detected thus far.

Considering the rarity of lupues and my-
asthenia, their association cannot be a result
of random chance. This association general-
ly occurs in females: no cases involving
male patients were found in the literature.
Our patient however was male. The order
of onset of the 2 diseases is variable: lupus
is most often discovered after onset of myas-
thenia, as was seen in two patients each of
Aarli’s study and our series, one of Qos-
terhuis and Schoener’s two patients, as well
as others reported in the literature.

The etiology of these two diseases in un-
certain. Both patients had elevated serum
antibody titers suggesting a possible im-
munological disorder. Systematic studies in
patients with lupus carried out by Mac
Kay #" concluded in abnormal histologic
findings on the thymus glands of 13 pa-
tients.

The diagnosis of lupus was established
in our patients only on the basis of biolo-
gical signs. No visceral pathology was ever
found. Immunosuppressive therapy did not
alter the course of the myasthenia, signi-
ficantly.

—Mpyasthenia and thyroid
disfunction 4:5:6:13.17.41.47,53,55.56 62

e Patients, in ours series, often have elev-
ated antithyroid antibodies” but only 4 pa-
tients present thyroid disfunction.

Case report: n? 1 - 2
Case report n? 5:

Onset of myasthenia at age 37. At 48,
the patient developped clinical and biolo-
gical hyperthyroidy. Antithyroid antibodies
were positive in a titer of 1/640. Satisfac-
tory results were achieved with neomerca-
zol and ambenonium chloride therapy.

Vol. 14. — MNumber 1. — 1980.

Case report n? 15:

Previous history included breast cancer
treated surgically at age 64. Onset of myas-
thenia was at the age of 71. Satisfactory
control was obtained with prednisone and
ambenonium chloride.

Hyperthyroid was diagnosed at the same
time: thyroxinemia 18 gamma per 100 ml
(N. 6.11) then 92.6 gamma per 100 ml;
the antithyroid antibodies were presents in
a titer of 1/25.

A third thyroid study one month later
turned out anormal, with negative antithy-
roid antibody assay. Thyroid biopsy was
not performed.

A follow up examination 3 years later
finds the myasthenia stabilised with ambe-
nonium chloride. Thyroid findings are un-
remarkable with a negative antithyroid an-
tibody assay.

The incidence of this association varies
with the different author’s series: Simpson®®
reports 18 % in his series of 491 myasthe-
nia patients, Van der Geld reports 10 % in
his series of 111 patients, Sahay *7 reports
only 8 patients (3 %) with thyroid dis-
function in his series of 260 patients. Our
own study agrees with the latter one: 4 out
of 125 myasthenia patients had thyroid
disfunction.

The diversity of results can probably be
attributed to lack of standardised diagnostic
criteria. Only those used by Sahay are iden-
tical to our own.

The association of these 2 diseases arises
in both sexes with equal frequency. Never-
theless, those in our series were exclusively
women.

The association of myasthenia and hy-
perthyroid was recognized as early as 1908
when Rennie described a case of exophtal
mic goiter in a myasthenia patient. Histo-
logy of the thymus of patients with Hashi-
moto’s thyroiditis and the thyroid of pa-
tients with myasthenia often detects various
abnormalities. Thus Becker * reports 19 %
in his series of 32 myasthenia patients with
such findings.

The chronclogical order of onset is va-
riable. In reviewing the literature, we note
that onset of the two diseases is often paral-
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lel. The evolution is most often indepen-
dant. In the few cases where improvement
was parallel, the problems of a hyperthy-
roidian myopathy can be posed.

The association of myasthenia with hy-
pothyroid is much less frequent. Feinberg
in 1963 described 3 cases, Storm Mathison
in 1961 had two cases in a series of 90
myasthenia patients and Sahay ** reported
5 cases in his series of 260. The single pa-
tient in our series presenting this associa-
tion had histological signs indicating thy-
roiditis.

—Myasthenia and hematologic
diseases

e Pernicious anemia occurring in a my-
asthenia patient was first described in 1956
by Rowland. Since then, many case histo-
ries have been published '71"°% but this as-
sociation remains rare among studies done
on large series of patients:

—Osserman in 964 described two cases
of pernicious anemia in a series of 687
myasthenia patients (0.3 %).

—Simpson in 1964 reported 9 cases in
a series of 491 patients (1.8 %).%"

—Soudjian in 1974 reported two cases in
a series of 186 patients (1 %).77

Our series of 125 myasthenia patients in-
cluded one patient with anemia, and hista-
mine résistant gastric achlorhydria (0.8 % ).

Case report n? 6:

Female with a negative history until age
34 (1955) when a mediastinal tumor was
discovered during a routine examination.
Onset of myasthenia was at age 40 in 1965.
At age 44, the patient was hospitalised in
our service with grade II B myasthenia.
Surgery was performed but only partial thy-
mectomy was possible. Radiotherapy was
there-fore undertaken during the post sur-
gical convelescence. Progressive improve-
ment was noted and the patient was dis-
charged in February 1966 with a normal
CBC and negative antistomach antibodies.

The patient was regulary seen with no
detectable pathological findings until 1971
when antistomach antibodies were detected.
In July 1973, she was hospitalised for di-
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gestive problems, glossitis, stomatitis, dysp-
nea and vertigo. A CBC revealed anemia
fith 1 300 000 RBC and 5.8 g of hemoglo-
bin. Findings included a reticulocyte count
at 2 %, rich bone marrow, gastric tubage
showing a histamino resistant achlorhydria.
low vitamin B 12 assay (80 pg/ml; N =
200 — 400) and normal folate level. A
Schilling test confirmed the existence of
pernicious anemia. Intramuscular vitamin
B 12 injections were followed by a rise in
reticulocytes to 15 % in 4 days with pro-
gressive normalisation of the blood count.

With continued supplemental vitamin
B 12 therapy. the patient’s CBC remained
normal. Further tests detected the presence
of anti intrinsic factor antibody (1976)
Sudden death occurred after discharge in
1971,

Other autoimmune diseases occurring in
the presence of pernicious anemia have
been reported, notably thyroid disfunction
and systemic lupus erythematosus.'?:*

All myasthenia patients in our service
now undergo test for the presence of anti
intrinsic factor antibodies. Of 60 patients
thus tested, its presence was detected in 3,
including the patient just described.

Case report n® T:

Onset of myasthenia at age 66 with hos-
pitalisation one year later. Upon arrival in
our service, the patient presented a grade
IV myasthenia. Chest roentgenogram show-
ed the presence of a thymoma but surgery
was ruled out because of chronic respirato-
ry insufficiency. Anti stomach antibodies
were positive in a titer of 1/200 histamine
sensitive achlorhydria existed and intrinsic
factor level was low with a positive serum
anti intrinsic factor antibody. Shilling’s
test was normal and no anemia was present.

During the next year, acute deterioration
occured on 3 occasions, requiring tracheo-
stomy with mechanical ventilation. The
disease is now stabilised with persistance
of an anti intrinsic factor antibody and
absence of anemia.
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Case report n® 8:

Onset of myasthenia at age 36 with sub-
sequent thymectomy a few months later.
Stabilisation was achieved and maintained
for 10 years with anticholinesterase the-
rapy. Deterioration occured in 1976 requir-
ing tracheostomy with mechanical ventil-
ation.

Test at this time detected the presence
of a serum anti intrinsic factor antibody,
lcw gastric intrinsic factor level, histamine
sensitive achlorhydria, negative Shilling test
and normal findings after gastric fibroscopy
and biopsy. The patient’s condition impro-
ved ved under corticosteroid therapy. No
change immunologic findings was observed
after one year. No anemia has been de-
tected.

Wheter or not the presence of anti intrinsic
factor antibodies indicates the eventual de-
velopment of pernicious anemia can only be
determined by long term observation. These
antibodies may be considered either specific
of the disease “*%* or indicative of a differ-
ent pathologic process of the type found in
auto-immune diseases,”®*

e Cytopenia.
—Only one patient in our series had
a lransitory thrombopenia.

Case report n? 9:

Onset of myasthenia at age 21. Initial
radiotherapy was followed by thymectomy.
Tracheostomy with mechanical ventilation
was required. Slow progressive improve-
ment was observed under anticholinesterase
therapy. The patient’s condition permitted
closing of the tracheostomy in 1968 at the
age of 31. Stabilisation of the myasthenia
has been maintained thus far. '

During a routine examination in March
1977, a thrombopenia with 50.000 platelets
per mm3 was discoverd. The patient was
rehospitalised in June for further test on
platelet function with normal findings.

Segal has reported a case of thrombo-
penic purpura in a patient who developed
myasthenia a few years later. In fact this
associalion seems quite rare.’”

The literature describes a more frequent

Vol. 14, — Number 1. — 1980.

GRAVIS AND ASSOCIATED DISEASES

association between thymoma and erythro-
blastopenia, and myasthenia, thymoma and
erythroblastopenia. We have not had the
occasion to observe such a case, but nume-
rous case reports have been published.%10-20.
233134435254 [ 1928, Mahas and Priesil
reported a patient with thymoma and aplas-
tic anemia and they hypothesized the pre-
sence of an erythropoietin blocking factor
secreted by the thymic tumor.

¢ Finally, a few cases of hemolytic ane-
mia occurring in myasthenia patients have
been reported.!%26.55

—Myasthenia and gammapathy

Systematic immunoelectrophoresis in all
our patients has led to the discovery of
only one monoclonal gammapathy.

Case report n? 10:

Myasthenia onset at age 78 with quick
progression to grade IIl requiring tracheo-
stomy and mechanical ventilation. Little
improvement was noted with anticholines-
terase drugs. No thymoma was found. Im-
munoelectrophoresis detected a v 2 K 2
paraprotein and there were no anti organ
antibodies.

Improvement and stabilisation in the pa-
tient’s condition was achieved using cortico-
steroid therapy (25 mg/day prednisone).
Death ensued at age 81 from a pulmonary
infection.

The literature contains few cases of type
G or M gammapathy %5 occuring in myas-
thenia patients. Admittedly this associa-
tions is possibly a mere coincidence consi-
dering its rarity. Nervertheless, the thymus
gland’s influence in myasthenia and on the
immune system suggests a possible common
pathophysiology in the two diseases.

The association of myasthenia: thymoma
and hypo-gammaglobulinemia has also been
reported in the literature.*®+2:60

—Mpyasthenia and infection

Infection occured in our myasthenia pa-
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tients with no greater frequency than in

other patients in our service who had tra-

cheostomy and mechanical ventilation.
Two case reports are singled oul:

—Case report n? 4: occurring in a patienl
with lupus
—Case report n? 11:

Onset of myasthenia at age 37 while the
patient was under treatment for toxoplas-
mosis. Thymectomy for invasive thymoma
as performed the same year.

Cutaneo mucus candida infection was
diagnosed for the first time 3 years after
the thymectomy with presence of digestive
pharyngeal and ungual moniliasis. Lingual
granuloma biopsy confirmed the diagnosis.
We noted also the presence of anticandida
precipitins. Treatment by nystatin followed
by 5 fluorocytosine was ineffective. Septi-
cemia with enterobacter also developped.

Immunity tests revealed a negative tu-
berculine intra dermo reaction and a posi-
tive candida intra dermo reaction at 1/1000
dilution. A lymphoblast transformation test
in the presence of phytohemagglutinin was
normal, and positive in the presence of can-
didin. A deficit in the oxigen dependent
bactericide system was detected (Labora-
toire d’Hematologie, Hopital Bichat, Prof.
Hakim). Leucocyte peroxydase was normal
and no G6PD deficit was found.

The thymoma reappeared 6 years after
the thymectomy and candidiasis persisted.
A second operation followed by radiothera-
py was successful in stabilizing the myas-
thenia. The patient died 1 year later after-
leaving the service.

While humoral immunity disfunction has
been cited in myasthenia patients, serious
infection can be the result of cellular im-
munity disfunction.

The association of myasthenia and se-
rious infection is not frequent. Souadjian
reported a 6 % incidence among patients
with thymoma.

On the other hand, chronic mucocuta-
neous candidiasis of the adult is almost ex-
clusively associated with thymoma and my-
asthenia (3 out of 6 cases in the litera-
ture).*?57  Cellular immunity disfunction
is often detected. Still, the precise role of
the thymus gland in protection from can-
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dida infection remains to be defined.*%?°

—Myasthenia and cancer

Systematic search for neoplasm in older
myasthenia patients led to an occasional po-
sitive finding.

Case report n? 12:

Onset of myasthenia at age 30. Disco-
very of an invasive thymoma was followed
by excision and radiotherapy in 1959. Five
years later a presternal noevo-carcinoma de-
veloped and was treated by wide excision.
Myasthenia remained stabilised throughout
this episode. Aggravation of the myasthenia
did occur on 2 occasions, one in 1968 and
one in 1969. The naevocarcinoma reap-
peared in 1970 with no change in the myas-
thenia. 1976 saws an aggravation of the
myasthenia and discovery of metastases of
an undetermined nature in the sternum,
axillary nodes and brain. Death ensued a
few months after the patient had been dis-

charged.

Case report n? 13:

Onset of myasthenia at age 62. Findings
included an invasive thymoma which was
treated by excision followed by radiothera-
py. The myasthenia was stabilised for a
few months with anticholinesterase therapy
but aggravation soon occurred. Further
tests found an elevated urinary 5 HIAA
level of 13.9 mg/day (N = 2-8). Death
ensued soon after. A left lung tumor was
found at autopsy.

Case report n° 14:

Onset of myasthenia at age 61. Past his-
tory included breast cancer treated by sur-
gery and radiotherapy. The myasthenia has
been stabilised for the last 4 years using
anticholinesterase drugs and no reappear-
ance or the neoplasm has occured.

Case report n? 15:

Case report n? 16:

Onset of myasthenia in 1972 at age 57.
Stabilisation was achieved with pyridostig-
mine-bromide which was discontinued after
18 months. In 1973, breast cancer was
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discovered and treated by surgery and ra-
diotherapy. No aggravation of the myasthe-
niania was noted. In 1977, aggravation did
occur and stabilised with ambenonium
chloride. No reappearance of the neoplasm
was taken place.

Case report n? 17:

Onset of myasthenia at age 71. Thymo-
ma was present but surgery was ruled out
because of the patient’s coronary artery and
respiratory post history. A melanoma was
found in June 1974 and treated surgically.
The thymic region received radiotherapy in
August 1974. The myasthenia improved
under anticholinesterase medication. Howe-
ver chronic respiratory insufficiency secon-
dary to pulmonary fibrosis compromised the
patient. Despite stabilisation of the myas-
thenia and absence of reapparition of the
melanoma, death insued in 1976 frompul-
monary infection. No tumor was found at
autopsy.

The thymus gland has often been linked

to carcinogenesis bothexperimentally and in

a9

human studies. Souadjian °? reported a his-
tological study of the thymus in 348 pa-
tients and his findings included a signifi-
cant difference between patients deceased
from neoplasm and those deceased from
neoplasm and those deceased from other
causes. We also reported that 31 out of
146 patients with thymoma eventually de-
veloped neoplasms during a 20 years period
of observation versus only 8% in a control
group.” However in 1974 he found only
9 out of 186 myasthenia patients having
thymomas. Simpson *® reported no cancer.
Other authors ™** reported only isolated
cases.

Other diseases have also been described
with myasthenia: endocarditis, polymyosi-
tis,”" dermatomyositis,*" vitiligo.'®

The associations of these various diseases
with myasthenia are not random phenome-
non., but rather a disfunction of the im-
munologic system. Other associations with
myasthemia have been described however,
which do appear to result from coincidence
(epilepsy and diabetes mellitus).

For this reason, we have addressed our-
selves only to those associations which are
suspected of having common etiology.

SUMMARY

Among 125 myasthenia patients admit-
ted in the intensive care unit during the
ten past years, 17 had associated diseases
which can be due to a disfunction of the
immunologic system: 2 rheumatoid arthri-
tis, 2 disseminated lupus erythematosus, 3
thyroid disfunction, 1 pernicious anemia,
1 cytopenia, 1 gammapathy, 2 seriqus infec-
tions and 3 cancer. In all these case re-
ports: myasthenia starts after 35 years of

age, the grade is more serious, there are
more thymomas and HLA 8 group there in
the patient group.

After having told every case, we discuss
about each association with a review of li-
terature.

It seems that these associations cannot be
random phenomenon but rather a disfunc-
tion of the immunologic system.

RESUMEN

Entre 125 miasténicos hospitalizados y se-
guidos en diez anos en el servicio de trata-
miento intensivo, 17 tenian enfermedades
asociadas las que podian estar en relacion
con una disfunecion del sistema inmunita:
rio: 2 poliartritis reumatoidea, 2 lupus eri-
tematoso diseminado, 3 disfuncion tiroidea,

Vol. 14. — Number 1. — 1980.

I anemia perniciosa. 1 trombocitopenia, 2
infecciones severas, 1 gammapatia y 3 can-
cer. En todos los casos la miastenia comen-
z0 después de los 35 anos de edad, y es mas
severa, se aprecia una tasa mas elevada de

timomas y grupos HLAS.

Después de haber mencionado cada caso.
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discutimos cada asociacion a la luz de ca-
sos aparecidos en la literatura. Parece que
todas estas asociaciones morbidas no son for-
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tuitas, sino que evidencian probablemente
una disfuncion del sistema inmunologico.

RESUME

Sur 125 myasthéniques hospitalisés et
suivis en dix ans dans le service, 17 ont
eu des maladies pouvant relever d'un dys-
fenctionnement du systeme immunitaire:
2 polyarthrites rhumatoides, deux lupus
érythémateux disséminés, 3 dysthyroides,
1 anémie pernicieuse, une thrombopénie,
une gammapathie, deux infections séveres
et trois cancers. Dans tous les cas, la myas-
thénie a débuté apres 35 ans, et est plus

sévere, on note un taux plus élevé de thy-
momes et de groupes HLA 8.

Apres avoir exposé chaque observation,
nous discutons les associations a la lumiere
des cas parus dans la littérature.

Il semble que toutes ces associations mor-
bides ne soient pas fortuites, mais révelent
probablement un dysfonctionnement du sys-
teme immunologique.

ZUSAMMENFASSUNG

Zwischen den 125 hospitalisierten und
seit zehn Jahren beobachteten Myastheni-
kern mit Intensivbehandlung, hatten 17
assoziirte Krankheiten, die auf eine Dys-
funktion des immunitirischen Systems in
Zusammenhang gebracht werden konnten:
2 rheumatische Polyarthriden, 2 Lupus
erytematosis disseminadas, 3 thyreoide Dys-
funktion, 1 Anamia perniciosa, 1 Thrombo-
citopenie, 2 schwere Infektionen, 1 Gam-
maminapathie und 3 Cancer . En allen
Fallen begann die Myasthenie nach dem

35. Lebensjahr, und war schwerer, wenn
man eine erhohte Taxe von Thymome und
Gruppe HLAS8 schatat.

Nach Erwahnung jedes Falles, haben wir
jede Association je nach der Veroffentlich-
ung der Fille in der Literatur diskutiert.
Es scheint, dass jede dieser Associacionen
der Krankheiten nicht forziert sind, son-
dern dass sie wahrscheinlich aus einer im-
munologischen Dysfunktion ihren Ursprung

haben.
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End-Plate Acetylcholinesterase
Deficiency Associated with Small Nerve
Terminals and Reduced Acetylcholine
Release. A New Syndrome.

We have recently observed a unique, con-
genital disorder of neuromuscular transmis-
sion different clinically, physiologically and
morphologically from myasthenia gravis and
from the Lambert-Eaton myasthenic syn-
drome.’

CLINICAL DATA

The patient, a Hindu boy, was the pro-
duct of a normal pregnancy and delivery.
When 5 days old he was noted to have
ptosis of the eyelids that temporarily dis-
appeared after he slept. A prostigmine test
ai age 6 months and numerous subsequent
Tensilon tests were negative. The patient
sat up at 7 months, stood with support at
16 months, and walked alone at 3 years of
age. Throughout his life he had intermit-
ent strabismus and generalized weakness
worsened by exertion. Treatment with Mes-
tinon (pyridostigmine) before the age of 5
had no clinical effect. The patient was first
seen at the Mayo Clinic in 1974, when he
was 14 years old. At this time he weighed
52 kg and stood 152 c¢m tall. He had small

ANDREW G. ENGEL, M.D.
EDWARD H. LAMBERT, M.D., Ph.D.
MANUEL R. GOMEZ, M.D.

From the Department of Neurology

and Neuromuscular Research Laboratory,
Mayo Clinic and Mayo Foundation, Rochester,
Minnesota, 55901, U.S.A.

muscle bulk, lordosis and kyphoscoliosis.
There was weakness of all external ocular
as well as of other ecranial, cervical, trunk
and limb muscles. The weakness in the
limbs was greater proximally than distally
and in all muscles weakness increased dur-
ing exertion. The deep tendon reflexes were
absent in the upper limbs and could be ba-
rely elicited in the lower ones. Serum en-
zymes of muscle origin were normal. The
serum contained no antibodies directed
against the human acetylcholine receptor
(AChR) protein.

A Tensilon test had no effect on the pa-
tient’s weakness or on his neuromuscular
transmission defect. Guanidine (20 mg/
kg/day) failed to improve the patient’s
strength or the electromyographic abnormal-
ities. Prednisone treatment was started in
June 1975. Initially, this consisted of 50
mg daily for three months, and the dose
was then tapered to 40 mg, alternating with
10 mg every other day. The patient report-
ed subjective improvement a few days after
therapy was started. After 9 months of
treatment the patient could rise from tihe
squatting position unassisted and walk 90

(This work was supported in part by NIH grant NS-6277 from the U.S. Public Health Service and
by a Research Center Grant from the Muscular Dystrophy Association.)
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m without stopping, a slight but objective
improvement over his previous condition.
However, the electromyographic abnormal-
ities remained unchanged.

ELECTROPHYSIOLOGICAL STUDIES

Electromyographic studies showed a re-
petitive muscle action potential in response
to stimuli applied to nerve, in both proxim-
al and distal muscles (Fig. 1, left upper
panels). This was like that seen after anti-
cholinesterase drug overdose, but the pat-
ient was taking no drugs. The evoked com-
pound muscle action potential showed a
decremental response at both slow and rapid
rates of stimulation (Fig. 1, right upper
panels). Moderate postactivation facilitation
followed by slight postactivation exhaustion
were also noted. During voluntary acti-
vity the configurations and amplitudes of

SINGLE STIMULUS
MEDIAN NERVE
THENAR RESPONSE

INTERNATIONAL
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the motor unit potentials varied abnormal-
ly, and the proportion of polyphasic poten-
tials was greater than normal. Spontaneous
electrical activity was absent. Sensory and
motor nerve conduction velocities were nor-
mal.

In vitro microelectrode studies were done
on external intercostal muscles of the pa-
tient in October, 1974 and May, 1976, ac-
cording to previously described methods.?*
The recorded miniature end-plate poten-
tials (mepps) were corrected for nonlinear-
ity of the end-plate response and to a stand-
ard membrane potential of 85 mV. Mepps
with less than 1.5-ms rise times were used
for measurements. The number of quanta
released by nerve impulse was determined
from measurements of the end-plate poten-
tials (epps) during stimulation at 1 Hz,
using the eleventh to fifty-eighth epps.
There was good agreement between quan-

REPETITIVE STIMULATION
ULNAR NERVE
HYPOTHENAR RESPONSE

4 5 mV
A
ELBOW — 2/8 —v—‘/&\%
|
I’JRIST—NJ 40/8

- MFPP
f|”~ !
s [
[ ’ s
—~Ae P

., WS i T T, e, T, T, 0 L O

NORMAL

Fig. 1.

msec

0.5 mV

PATIENT

- Electromyographic and in vitro iniracellular microelectrode studies. Left upper

panels: repetitive response to single nerve stimulus. The second response is of lower am-
plitude than the first. Right upper panels: decremental response of muscle action poten-
tial at slow and rapid rates of stimulation. Lewer panels: patient’s MEPP is of longer dur-
ation and has longer half-decay time than normal control. (Reproduced from Reference
1, by permission of Little, Brown and Co.)
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END-PLATE ACETYLCHOLINESTERASE DEFICIENCY ASSOCIATED...

lum content determined by the three meth-
ods employed by Elmqvist and co-workers.*

The amplitude of the mepp was 0.72 +
0.04 mV (mean 4 SE) (n = 52 fibers)
in October, 1974 and 0.73 + 0.05 mV
(n = 32 fibers) in May, 1976. In 27
control subjects the mean mepp amplitudes
ranged from 0.75 to 1.35 mV. Although
the mepp amplitude was in the low-normal
range the duration and halfdecay time were
abnormally prolonged (Fig. 1, lower pan-
els). The addition of up to 8 x 10°
gm/ml of neostigmine methyl sulfate to
the bath had no additional effect on the
patient’s mepps while in a normal muscle
one-fifth of this dose significantly prolon.
ged the rise time and half-decay time of
the mepps.

The mean mepp frequency was 14 % of
the normal mean in October, 1974 and
17 % of the normal mean in May, 1976.
The quantum content of the epp was only
12 + 1.1 (mean + SE) (n = 53 {ibers)
in October, 1974 and 26 + 4.8 (n = 25
fibers) in May, 1976. In 17 control sub-
jects the mean values for the quantum
content of the epp ranged from 36 to 103.

Although the epp quantum content (m)
was abnormally low, as it is in the Lambert-
Eaton syndrome, m decreased at higher fre-
quencies of stimulation as in normal mus-
cle” and myasthenia gravis. In contrast,
m increases in the Lambert-Eaton syndrome
at higher frequencies of stimulation.”

The store of acetylcholine (ACh) quanta
immediately available for release and the
probability of release by nerve impulse were
estimated by the methods of Elmgqvist et
ai »% in the patient, normal controls, myas-
thenia gravis and Lambert-Eaton syndrome.
The store of quanta immediately available
for release was approximately one-sixth of
normal in the patient, while it was not de-
creased in Lambert-Eaton syndrome or in
myasthenia gravis. The probability of re-
lease was normal in the patient and in
myasthenia gravis but was aboui one-se-
venth of normal in the Lambert-Eaton syn-
drome.

Depolarization of the nerve terminals by
increasing the external potassium concen-
tration ©* from 5 to 20 mM increased the
mepp frequency in the patient’s muscle

Vol. 14. — Number 1. — 1980.

33-fold while in 4 control muscles the cor-
responding factor was 36 + 7 (mean =+
SE). By contrast, in 10 patients with the
Lambert-Eaton syndrome, the corresponding
factor was only 11 =+ 2. These findings
were also consistent with the assumption
that the small m and the low mepp fre-
quency in the patient’s muscle were not due
to a decreased probability of quantal ACh
release.

HISTOPATHOLOGICAL OBSERVATIONS

Specimens of external intercostal muscles
(October, 1974 and May, 1976) and a mo-
tor point biopsy specimen from the left
common finger extensor muscle (October.
1975) were studied.

Light Microscopy and Routine
Histochemistry.

No abnormalities were found in paraffin
sections. Routine histochemical studies of
fresh frozen sections also showed no abnor-
mality. In these sections muscle fiber dia-
meter ranged from 24 to 78 pm. Isolated
or groups of atrophic fibers were absent,
and there was a normal distribution of his-
tochemical fiber types.

Light Microscopic Studies for the
Demonstration of End-plate
Acetylcholinesterase.

Specimens from all three biopsies were
reacted for acetylcholinesterase (AChE).
Fresh and formalin postfixed frozen sec-
tions as well as glutaraldehydefixed strips
of muscle were incubated with three sub-
strates: a-naphthy acetate; ? dithio-bis-acetic
acid; ' and acetylthiocholine iodide."" No
reaction could be demonstrated at the pa-
tient’s end-plates with any of the substrates
even when the periods of incubation were
increased ten-fold over that required to show
enzyme aclivity at the normal end-plate,
except for faint traces at a few sites with
a-naphthyl acetate as substrate. Even this
was nol seen in the presence of 10° M iso-
OMPA, and inhibitor of nonspecific AChE
(Fig. 2). Traces of non-specific esterase ac-
tivity also occur at normal end-plates.'”

Preincubation of fresh-frozen sections
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Fig. 2. — Fresh-frozen sections reacted for

of 105 M iso-OMPA. Patient (A) shows no end-plate AChE after 10 minutes.

INTERNATIONAL

JOURNAL OF NEUROLOGY

AChE with o-naphthyl acetate in the presence
Control

(B) displays strong reaction after 1 minute. n: intramuscular nerve. A, reduced from X

145: B, reducer from X 360,
Brown and Co.)

(Reproduced

with 10-* M pyridine-2-aldoxime methiodide
(2-PAM), an agent that protects the active
site of AChE.'® did not restore enzyme ac-
tivity at the patient’s end-plates. To exclude
the presence of a circulating AChE inhibi-
tor, fresh frozen sections of normal inter-
costal muscle were incubated with the pa-
tient’s serum for 30 minutes before being
reacted for the enzyme. This had no effect
on the AChE activity of the normal end-
plates.

Light Microscopic Demonstration

of AChR at the End-plates.

AChR was localized at the end-plates
with peroxidase-labelled a-bungarotoxin.'!
The patient’s end-plates were readily visual-
ized by this method. In other experiments
the same end- plates were first reacted for
AChR and then for AChE. In normal
muscle the brown stain for AChR became
covered with a heavy, red reaction product
for AChE after one minute of incubation

76 —

from Reference 1, by permission of Little,

with a-naphthyl acetate. In the patient’s
muscle the brown stain for AChR persisted,
and there was no reaction product for AChE
even after 10 minutes of incubation.

Electron Microscopic Observations.

In all three specimens, ultrastructural
abnormalities were found at the end-plates
but not elsewhere in the muscle fibers. The
pathologic changes involved the nerve ter-
minals, the junctional folds and the junec
tional eytoplasm.

In most end-plates the nerve terminals
were smaller than normal. The small ner-
ve terminals were applied to only a fraction
of the post-synaptic region (Fig.3). Fre-
quently, even the small nerve terminals
were often nearly completely surrounded by
Schwann cells so that the surface of the pre-
synaptic membrane through which ACh
could be released was minimal. Apart from
their small size, the nerve terminals appear-
ed normal. They contained abundant mi-

Vol. 14, Number 1. 1980.
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Fig. 3. — Electron micrograph of an end-plate region.

the postsynaptic region.
synaptic space.

Residues of atrophied junctional folds (X)
The folds contain numerous [abyrinthine membranous networks. X 14,500.

The small nerve terminal is almost
completely surrounded by Schwann cell (S) and is applied against only a small part of

occur in widened

(Reproduced from Reference 1, by permission of Little, Brown and Co.)

tochondria and synaptic vesicles and never
showed signs of degeneration. The intra-
muscular nerves were also normal.

At most end-plates the junctional folds
contained abundant labyrinthine membra-
nous networks (Fig.3). These resembled
those known to be of transverse tubular
origin. In the junctional folds the networks
communicated with the extracellular space
via pinocytotic vesicles. At some end-plates
the junctional folds were sparse and showed
signs of degeneration (Figs. 38 and C). At
about 20 percent of the end-plates the junc-
tional sarcoplasm contained small autopha-
gic vacuoles, dilated sarcotubular. compon-
ents, an increased number of lipid droplets.
and debenerating nuclei.

Morphometric Analysis of End-plates.

The analysis was done a previously des-
cribed method.'®'% All end-plates located
in the two external intercostal muscles and
in the finger extensor muscles were analiz-
ed. The results were compared with those
obtained in the same muscles of control sub-
jects.'® These studies revealied that the
mean nerve terminal area in the patient’s

Vol. 14. — Number 1. — 1980.

muscles was one-third to one-fourth of the
normal value; (2) the synaptic vesicle den-
sity of the nerve terminals was significantly
greater than normal; (3) the postsynaptic
membrane density was significantly lower
than normal; and (4) the same abnorma-
lities were found in all three biopsy speci-
mens.

Ultrastructural Localization
of the AChR.

The ultrastructural localization of AChR
was with peroxidase-labelled a-bungaroto-
xin '* in the patient’s external intercostal
muscle. In the patient, as in the control
subjects, AChR was localized on the termin-
al expansions of the junctional folds and,
at times, on the stalks of the folds. In ad-
dition, there was less intense staining of the
presynaptic membrane where it faced reac-
tive portions of the junctional folds (Fig.
4) Abundant AChR was also present on
simplified junctional folds or when the
folds showed signs of degeneration. This
was in contrast with findings in myasthenia
gravis in which simplification or degenera-
tion of the folds is associated with a marked
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Fig. 4. — Ultrastructural localization of AChR.
covers only a fraction of the postsynaptic area.

postsynaptic membrane. X 23 400.

tle, Brown and. Co.)

decrease in the amount of demonstrable
AChR.'"" None of the patient’s muscle fi-
bers showed extrajunctional spread of

AChR.

Electron Cytochemical Studies
to Demonstrate AChE at the End-plates.

A glutaraldehyde-fixed portion of the pa-
tient’s finger extensor muscle was reacted
for AChE by the method of Gautron with
dithio-bis-acetic acid as substrate.’” Normal
human intercostal muscles served as con-
trols. In normal muscle, a reaction product
detectable by electron microscopy appeared
on the postsynaptic folds after 7 minutes
of incubation at 4°C. When the incubation
was at room temperalure or for longer per-
iods, an excessive reaction produet accumul-
ated in the synaptic spaces and also in re-
gions adjacent to the junctional folds. The
patient’s end-plates showed no reaction to
AChE even after 1 hour of incubation at
room temperature (Fig.5A). A normal
end-plate incubated for 30 minutes at room
temperature is shown for comparison in

Figure 5B.
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The nerve terminal is very small and
Abundant AChR is associated with the

(Reproduced from Reference 1, by permission of Lit-

BIOCHEMICAL STUDIES

In the rat diaphragm 40 percent of the
total AChE is associated with the end-plate.
with the remainder distributed diffusely
along the rest of the muscle fiber.'”™ In
this muscle there are three species of AChE,
with 4 S, 10 S, and 16 S sedimentation
constants on sucrose gradient centrifuga-
tion. The 4 S and 10 S species are distri-
buted throughout the muscle while the 16
S form is confined to the end-plate region.
According to Massoulié, in human muscle
the 16 S component is not confined to the
end-plate region but is also distributed dif-
fusely throughout the muscle fiber (perso-
nal communication from J. Massouli¢). It
was thus of interest to determine the
amount of sedimentation constants.of AChE
in the patient’s entire muscle.

The patient’s intercostal muscle (May,
1976) and normal human intercostal mus-
cles were used. The specimens (initially
intact from origin to insertion) were ex-
tracted for AChE as described by Hall.'"
AChE was assayed radiochemically using
1-"*C-acetylcholine as substrate at 37°C for
20 minutes to 4 hours '"'* in the presence

Vol. 14, — MNumber 1. — 1980.
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Fig. 5. — Electron cytochemical localization of AChE. In A, patient’s end-plate shows no

reaction after 1 hour incubation at room temperature.

In B, control end-plate is greatly

over-reacted after 30 minutes of incubation at room temperature. Here the black reaction
product (lead sulfide) completely covers the junctional folds and has spread into adjacent

regions. A, reduced from X 20,500; B, reduced from X 8900,
nee 1, by permission of Little, Brown and Co.)

of 100" M Iso-OMPA with and without 5
x 10-* M BW-284C51, a specific AChE in-
hibitor.'?

The total muscle AChE activity for the
patient was 2.47 nM/min/mg of protein.
For nine control intercostal muscles the
corresponding value was 11.05 =+ 0.87
(mean + SE) (range, 8.42 to 16.95). For
both the patient and the controls, the ad-
dition of BW.284C51 inhibited all the iso-
OMPA -resistant enzyme activity, indicating
that this activity represented specific AChE.

AChE extracted from the patient’s inter-
costal muscle and from the control intercos-
tal muscle obtained at thoracotomy was
analyzed by sucrose gradient centrifugation.
Samples containing 1 mg of protein in 0.15
ml were layered on 4.5 ml of a linear su-
crose gradient (5-20 percent) made up in
the extracting solution. Centrifugation was
for 10 hours at 38,000 rpm at 3°C in an

Vol. 14, — Number 1. — 1980.

(Reproduced from Refere

SB 283 (IEC) rotor. Enzymes with known
sedimentation constants (f - galactosidase
(16 S). catalase (11.3 S) and alkaline
phosphatase (6.1 S) were added to each
sample prior to sedimentation. The referen-
ce enzymes were assayed by the methods
employed by Hall.'" The normal muscle
specimen contained two major ACh compo-
nents peaking at 6 S and 16 S respectively.
By contrast, for the patient’s muscle the
16 S component was absent and the 6 S com-
ponent was considerably smaller than that
in the control muscle.

DISCUSSION

The clinical, electromyographic, electro-
physiological, ultrastructural, cytochemical,
and biochemical features of the new myas-
thenic syndrome described here distinguish
it from myasthenia gravis and from the
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COMPARISON OF FEATURES OF PRESENT PATIENT, LAMBERT-EATON SYNDROME, AND MYASTHENIA GRAVIS*

New Lambert-Eaton  Myasthenia

Features Syndrome Syndrome Gravis
Clirucal

Weakness and faugability o 3 5

Increased strength during beginning of voluntary contraction - + -

Hyporeflexia + + -

Bulbar symptoms + =opny +0=)

Improved by andcholinesterase drugs = 4 +

Improved by guanidine = + =

Sometimes associated with carcinoma - + -

Circulating anubodies o AChR - o +
Electromvographic

Repetitive response to single nerve sumulus + == =

Decrementing EMG at slow rate of sumulatuon > L +

Incrementing EMG at rapid rate of stimulation = i SliE

Postactvanon facilitation and exhaustion + + P
Elecophysiologcal

Small-amplitude mepp - - +

Increased duration dnd half-decay time of mepp - - -

Decreased mepp frequency + = m

Small epp quantum contene ac 1/sec + +

Increased epp quantum content at 40/s5¢c - + -

Decreased store of immediately releasable quanta + = -

Decreased probability of quantal release - s -
Ulrrastrucrural

Nerve terminal small relatuve to postsynapric resion 4 =

Absolute decrease in nerve rerminal size 1/3 to 1/4 - 2/3 of

of normal normal

Increased synaprc vesicle density + - =

Focal degeneration of junctional tolds . - +

Labyrinthine membranous networks in juncnional folds - - -

Hyperuophy of postsynaprc area = + ==

Degeneraring nucler in juncnonal sarcoplasm - - -
Cytochemical and biochemical

Decreased postsynaptc AChR - - +

AChE absent trom end-plate + - -

16 § AChE absent from muscle H
+ = presenr, — = absent; (+) = occasionally present; (=) = occasionally absent; = = varable,

“Reproduced from Reference 1, by permission

Lambert-Eaton syndrome. Table 1 compa-
res the divergent aspects of the three syn-
dromes.

In myasthenia gravis the defect of neuro-
muscular transmission is associated with a
deficiency of postsynaptic AChR #2021 js
conditioned by an autoimmune reaction di-

rected against the AChR.?'*? The junc-
tional folds show signs of degeneration and

80 —

o/ Little, Brown and Company.

bind anti-AChR antibodies and comple-
ment.*? The physiological hallmark of the
disease is the small amplitude of the mepp
while m is essentially normal.?*#1.22 Anti-
cholinesterase drugs usually improve the
defect.

In the Lambert-Eaton myasthenic syn-
drome, which is sometimes associated with
small cell lung carcinoma and rarely with

Vol. 14, — Number 1. — 1980.
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other carcinomas, the mepp amplitude is
normal but m is abnormally small at low
frequencies of stimulation.”* The defect is
improved at high frequencies of stimulation
as is the case in magnesium poisoning.”*
Decrease in m is attributed to a low proba-
bility of release of quanta from the nerve
terminal and not to a lack of quanta im-
mediatelly available for release. Electron
microscopy shows a normal density of sy-
naptic vesicles in the nerve terminal, hiper-
trophy rather than atrophy of the postsy-
naptic folds ** and there is a normal amount
of AChR on the postsynaptic membrane.”’
Guanidine usually improves the defect.

In the new myasthenic syndrome the
neuromuscular transmission defect is noi
affected by anticholinesterase drugs or gua-
nidine. The defect of neuromuscular tran-
smission is associated with a decrease in m
which is due to a lack of quanta available
for immediate release. Electron microscopy
shows a marked decrease in the size of the
nerve terminals, degenerative changes in the
postsynaptic region, and normal amounts of
postsynaptic AChR. AChE is absent from
the end-plates (which never occurs in myas-
thenia gravis or in the Lambert-Eaton syn-
drome) and the total muscle AChE level
is markedly reduced.

Normal neuromuscular transmission de-
pends on the generation of an epp of suf-
ficient amplitude to fire a propagated action
potential. Te amplitude of the epp is affect-
ed by m, by the number of ACh molecules
in the individual quantum, and by the avai-
lability of postsynaptic AChR. The size of
m is affected by the number of quanta
available for immediate release from the
nerve terminal and by the probability of
release. The transmission defect in our pa-
tient was caused by a decrease in the store
of immediately releasable quanta and this
was attributed to the smallness of the nerve
terminals. A direct relationship between m
and the size of the nerve terminal has been
previously observed in newly formed synap-
ses and has been attributed to the low num-
ber of quanta available for release rather
than to a low probability of release.** Al-
though the number of synaptic vesicles per
unit nerve terminal area was increased by
approximately 50 percent, this was not ade-
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quate to offset the three-fold to four-fold
decrease in nerve terminal size. However, m
was normal at some end-plates, and at some
end-plates the nerve terminals were of nor-
mal size.

In our patient, AChE was invariably ab-
sent from all end-plates histochemically elec-
tron cytochemically. The absence of the en-
zyme from the end-plate readily explains
the patient’s total unresponsiveness to anti-
cholinesterase drugs, the repetitive muscle
action potential in response to a single im-
pulse applied to nerve,”” the abnormal dur-
ation and prolonged half-decay time of the
mepp ** and the failure of prostigmine to
have any additional effect on the mepp in
vitro. '

At the normal end-plate AChE limits the
number of collisions between ACh and
AChR and hence the total duration of the
quantal conductance change. When AChE
is absent, removal of ACh occurs by diffu-
sion from the synaptic space and the total
number of collisions between ACh and
AChR and the duration of the quantal con-
ductance change are increased.”® The peak
amplitude of the quantal current response
also increases but less markedly, presuma-
bly because the number of AChRs with
which ACh can collide before it begins to
diffuse laterally does not change.** In our
patient, the duration of the mepp was pro-
longed, as would be expected in the absence
of AChE, but its amplitude was only low
normal. This could not be attributed to a
lack of AChRs on the postsynaptic folds,
but it might have been related to focal atro-
phy of the folds which would favor dilution
or diffusion of ACh. In addition, the de-
creased or absent reuptake of choline into
nerve terminals for synthesis of new ACh
might curtail ACh synthesis and the laby-
rinthine networks in the junctional folds
that communicate with the synaptic space
could act as conduits for diffusion of ACh
from the immediately adjacent AChRs.

An anticipated consequence of a total
lack of end-plate AChE would be a life-
threatening block of neuromuscular tran-
smission due to receptor desentitization, as
in a cholinergic crisis caused by anticholin-
esterase drug intoxication. This did not
oceur in our patient, probably because the
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lack of AChE at the end-plates was offsel
by reduced ACh secretion from the nerve
terminals. Accordingly, the smallness of
the nerve terminals, the decrease in m, and
the structural changes in the postsynaptic
folds might have been reactive, or compen-
satory, to protect AChR from desensitization
and the patient from a perpetual choliner-
gic crisis.

An alternative possibility would be that
the basic abnormality was a presynaptic dis-
turbance and the total absence of AChE
from the end-plate a secondary phenome-
non. A large proportion of end-plate mus-
cle AChE is under neurotrophic regulation.
Totally denervated rat muscle shows a 60
percent decrease in end-plate AChE seven
days postoperatively.*® There is also eviden-
ce that axoplasmic flow is involved in the
regulation of end-plate AChE. Blockade of
this flow in the cat hypoglossal nerve de-
creases AChE activity in end-plate-enriched
segments of the genohyoid muscle by 50
percent after 10 days.*® However, neither
surgical denervation nor interference with
axoplasmic flow has yet been shown to re-
sult in a total loss of end-plate AChE, and
end-plate AChE can be detected histochem-
ically even eight months after denervation.?"
In our patient, there was no hint that the
muscles were totally denervated, AChE was
completely absent from the end-plates histo-
chemically and electron cytochemically, and
fibrillation potentials and extrajunctional
spread of AChR, which develop after block-
ade of axoplasmic flow,*! were not observed.

While AChE activity at the end-plate
and elsewhere in muscle is partly under
neural regulation, there is also postsynap-
tic genetic control of this activity. Aneural-
ly cultured muscle fibers synthesize’ AChE.
Activity is present in myoblasts and increa-
ses with the formation of myotubes.?*** In
cultured muscle fibers initially a low-mole-
cular-weight form of the enzyme is synthe-
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sized and secreted into the medium. Sub-
sequently, higher-molecular-weight forms
are assembled and retained by the cell.??
A similar transition from low- to higher-
molecular-weight isomers also occurs during
mouse embryogenesis.*"

The different molecular forms of AChE
have been well characterized in electric or-
gans of fish. Globular subunits of the en-
zyme tend to aggregate into tetramers and
higher-molecular-weight forms arise when
two or three tetrameric units combine. The
larger species are also associated with a tail-
like structure which is presumed to attach
the enzyme to membrane.*”** Since colla-
genase treatment disoociates AChE from the
end-plate,*”1" it seems likely that attach-
ment of the enzyme to the postsynaptic
membrane depends on the presence of a
collagen-like tail. Accordingly, the lack of
AChE from the patient’s end-plates and the
decrease in the total muscle AChE might
have been caused by at least four mechan-
isms: (1) a structural abnormality of en
zyme subunits preventing their aggregation:
(2) a structural abnormality of subunits or
tetramers, preventing their combination with
the tail part; (3) defective biosynthesis of
the tail part; or (4) a structural abnormal-
ity of the tail part, preventing its combina-
tion with the enzyme or its attachment to
the postsynaptic membrane.

An interesting aspect of the present case
was the absence of any signs of AChE de-
ficiency in tissues other than muscle. The-
re was no autonomic dysfunction, and eryth-
rocyte AChE activity was normal.

The new syndrome has two different as-
pects: decreased ACh release from the ner-
ve terminal and no inactivation of released
ACk by AChE. Further studies of this dis-
order might shed additional light on trophic
interactions between nerve and muscle and
the hiological significance of the different
molecular forms of AChE,

SUMMARY

A new myasthenic syndrome is described
in a patient whose symptoms began soon
after birth and included generalized weak-
ness increased by exertion, easy fatigability.
byporeflexia, and refractoriness to antichol-
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inesterase drugs. Electromyography showed
a decremental response at all frequencies
of stimulation and a repetitive response to
single nerve stimulation. Miniature end-
plate potentials (mepps) were of mnormal
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END-PLATE ACETYLCHOLINESTERASE
amplitude but of decreased frequency. The
mepp duration and half-decay time were
prolonged. and prostigmine was without any
additional effect. The quantum content of
the end-plate potential was decreased due to
a reduced store of quanta immediately
available for release, but the probability of
release was normal. Quantitative electron
microscopy demonstrated a three-fold to
four-fold decrease of nerve terminal size
and reduced postsynaptic membrane den-
sity. The postsynaptic folds showed focal
degeneration, and many were distended by
labyrinthine membranous networks that
communicated with the synaptic space. De-

DEFICIENCY ASSOCIATED...

generating nuclei were found in the junc-
tional sarcoplasm. The ultrastructural loca-
lization of the acetylcholine receptor pro-
tein  was normal.  Acetylcholinesterase
(AChE) was absent from the motor end-
plates by histochemical and electron cyto-
chemical criteria. Biochemical studies in-
dicated a marked decrease in total muscle
AChE and an absence of the 16 S species
of the enzyme. A congenital defect in the
molecular assembly of AChE or in its at-
tachement to the postsynaptic membrane
might represent the basic abnormality and
condition the morphological and physiol-
ogical alterations.

RESUMEN

Se describe un nuevo sindrome miaste-
nico en un paciente en el cual los sintomas
se hicieron presentes poco tiempo después
del nacimiento. Estos sintomas eran debi-
lidad generalizada acrecentada por el ejer-
cicio, facil fatigabilidad, hiporreflexia y era
refractario a las drogas anticolinesterasa.

La electromiografia puso en evidencia
una respuesta disminuida para todas las fre-
cuencias de estimulacion y respuesta repe-
tida a estimulacion unica de nervio.

Potenciales en miniatura de placa termi-
nal (mepps) eran de amplitud normal pero
de frecuencia disminuida. La duracion de
“mepp”’ y el tiempo medio de declinacion
eran prolongados y la prostigmina no tenia
efecto agregado. El contenido quantum del
potencial de la placa terminal estaba dismi-
nuido debido a una reserva reducida de
quanta aprovechable inmediatamente para
ser liberada, pero la posibilidad de libera-
cion fue normal. la microscopia electronica
cuantitativa demostré un decrecimiento tri-

ple o cuadruple de la magnitud de la ter-
minal nerviosa y una densidad de membra-
na postsinaptica reducida. Los pliegues
postsinapticos mostraron degeneracion focal
v muchos estaban distendidos por redes
membranosas laberinticas que comunicaban
con el espacio sindptico. Nucleos en dege-
reracion fueron hallados en el sarcoplasma
de la confluencia de las vias. La localiza-
cion ultraestructural del receptor de acetil-
cclina era normal. La Acetilcolinesterasa
(ACHE) estaba ausente de las placas ter-
minales motoras de acuerdo a un eriterio
histoquimico y citoquimico electronico. Es-
tudios bioquimicos indicaron un decreci-
miento marcado en el total de la ACHE
del musculo y en una ausencia de las 16 S
especies de la enzima. Un defecto congénito
en el agrupamiento molecular de ACHE o
en su adherencia a la membrana postsinap-
tica puede representar la anormalidad ba-
sica y condiciona las alteraciones morfolo-
gicas y fisiologicas.

RESUME

Il est décrit un neuveau syndrome myos-
thénique chez un patient ou les symptomes
se sont manifestés peu de temps apres la
naissance. Ces symptomes étaient: faiblesse
géneralis-e augmentée par l'exercice, facile
fatigue, hiporéflexibilité et étaient réfrac-
taires aux droques a anticholinestérase.

L’électromygraphie a mis en évidence
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une réponse repétée a une unique stimu-
lation du nerf.

Les potentiels miniature de plaque ter-
minales (mepps) étaient d’amplitude nor-
male mais de fréquence diminuée. La du-
rée du “mepp” et le temps moyen de di-
minution étaient prolongés et la prostyg-
mine n’avait pas d’action suppleémentaire.
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Le contenu quantun du potentiel de la
plaque terminale était diminué a cause
d’une réserve réduite de quanta utilisable
immédiatement pour étre liberée, mais la
possibilité de libération a été normale. La
microscopie é€lectronique a montré una dé-
croissance triple ou quadruple de la taille
de la terminaison nerveuse et una densité
réduite de membrane postsynaptique. Les
plis postsynaptique ont montré une dégéné-
ration focale et beaucoup etaient distendus
par des filets membraneux labyrintiques qui
communiquaient avec l'espace synaptique.

Des noyans de dégénération on été trou-
vés dans le sarcoplasme de la confluence des
voies.

INTERNATIONAL
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La localisation ultra structurelle du re-
cepteur d’acétylcholine était normale. L’acé-
tylcholinestérase (ACHE) était absente des
plaques terminales motrices d’accord avec
un critérium hystochimique et cytochimi-
que électronique.

Des études biochimiques ont indiqué une
croissance marquée dans I'ensemble de
ACHE du muscle et une absence des 16 S
sortes de 1’enzime. Un défaut congénital
dans le groupement moléculaire de ACHE
ou dans son adhérence a la membrane post
synaptique peut représenter I'anomalie ba-
sique et conditionne les alterations morpho-
logiques et physiologiques.

ZUSAMMENFASSUNG

Es wird ein neues myasthenisches Syn-
drom bei einem Patientes beschrieben, bei
dem sich die Symptome kurze Zeit nach
seiner Geburt bemerkbar machten. Diese
Symptome waren generalsierte Schwiche,
verstarkt durch Ubungen, leichte Ermii-
dung, Hyperreflexibilitit und refraktare
Reaktion auf die Drogen von Anticholeste-
rinase.

Die Elektromyographie zeigte deutlich
eine verminderte Antwort auf alle Frequen-
zen der Stimulation und wiederholte Ant-
wort auf einzige Stimulation des Nerven.

Potentiale in Miniatur der Terminal-
platte (mepps) waren von normaler Am-
plitut, aber von verminderter Frequenz. Die
Dauer des “mepp” und die mittlere Zeit
der Deklination waren verlingert und das
Prostigmin hatte keine deutlichen Effekt.
Das standige Quantum des Potential der
Terminal-platte war vermindert infolge ei-
ner reduzierten Reserve der nutzbaren so-
fortigen Menge, die frei werden sollte, aber
die Moglichkeit der Freisetzuung war nor-
mal. Die quantitative elektronische Mikros-
kopie zeigte ein dreifaches oder vierfaches

Abnehmen der Brisse des nervisen Termi-
nal und eine Dichte der postsynaptischen
reduzierten Membran. Die postsynaptischen
FFalten zeigten eine fokale Degeneration,
und manche waren durchzogen von labe-
rintisschen membranosen Netzen, die mit
dem synaptischen Raum in Verbindung
standen. Kerne in Degeneration wurden in
dem Sarkoplasma des Zusammen reffen der
Wege gefunden. Die ultrastrukturelle Lo-
kalisation der Rezeptoren von Acetylcholina
war normal. Die Acethylcholine sterase
(ACHE) war abwesend von den motoris-
chen Terminalplatten entsprechend einem
histochemischen und ecytochemischen elek-
tronischen Kriterium. Biochemische Stu-
dien zeigten an ein markiertes Abnehmen
im Total des ACHE des Muskels und eine
Abwesenheit des IGSraum des Enzyms. Ein
angeborener Defekt bei der Gruppierung
der Achemolekei oder seine Adherenz mit
der synaptischen Membran kann die bas-
ische Anormalitdt darstellen und die mor-
phologischen und physiclogischen Anderun-
gen bedingen.
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Clinical Statistics of Myasthenia

Gravis in Japan

Myasthenia gravis is a disease of skeletal
rauscle caused by the disturbance of neuro-
muscular transmission having physical cha-
racteristics of easy fatigability, weakness
and diurnal fluctuation of clinical symp-
toms. Most of the patients follow a course
of long term chronic and a small per cent
of them can recover Lomplelely They of-
ten encounter an unexp(‘cted erisis and com-
plications in the course of illness showing
a high mortality rate.

In Japan, myasthenia gravis has been
doslgnated as a specific (intractable) dis-
ease since 1972 and the goverment shares
in the expenses of its study and treatment.
The Ministry of Health and Welfare Myas-
thenia Gravis Research Committee, Japan
(Chairman: M. Uono, M.D., 1972-1975) "
is making every effort in epidemiological
research, elucidation of pathophysiology
(etiology), early diagnostic methods, and
development of competent treatment.

As for epidemiological research, a first
step investigation has been made to discover
the round figure of the patients reported
by about 7,000 hospitals all in Japan. Se.
condly, a survey composed of 55 items (age
at onsel. sex. natural history.. symptoms.
treatments, process, prognosis, complica-
tions, etc.) has been made and 1.430 cases
(male 467, female 963) have been studied.
The results were treated by computer ana-
lysis and investigated thoroughly to find
there exist approximately 5.000 patients
with myasthenia gravis in Japan after ad-
justment by the actual prevalence rate. The
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adjustment has been applied because the
answers were obtained from a limited per-
iod of time, one year, and selected hos-
pitals.

In the third place, study was made of
patients with confirming diagnosis of the
relation between pathological observations
of thymus, immunological findings and ef-
fects of treatment. Epidemiological study
has been made of childhood ocular myas-
thenia, frequently found in Japan, at the
fourth stage of investigation. As the result
of the above serial pursuance of the cases,
we have obtained very important fact-find-
ing materials, that is, for knowing the aec-
tual condition of myasthenia gravis, eluci-
dation of its etiology, and their diagnosis
or treatment, etc.

Now we want to refer to the present
state of the study in our country as follows:

1. Age and sex of patients

Age at onset reaches to it’s peak in the
twenties for females and in the thirties for
males respectively, in 70 % of all cases.
It is noticeable that among females from 15
to 29 years of age it occurs four or five
times as much as in males. Moreover.
younger children suffer more from ocular
myasthenia than the average. It reaches
as 21.6 % to our surprised conclusion (Fig.
1)< Thl‘i suggests that early diagnosis and
treatment is very important to avoid before-
hand the relapse of the disease as a gener-
alized form after adolescence (the author
attached importance to this type calling it
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“intermittent form’). On the other hand,
we can not observe in Japan the high per-
centage onset of advanced age, fifties io
seventies, as prevails in the U.S.A. This
bas already been reported by Perlo et at '"
(1966). This phenomenon means the fact
that only a small number of Eaton-Lambert
syndrome accompanied by lung or bronchial
cancer occurs in Japan, and we must also
consider the different frequency of myas-
thenic myopathy. This is the task to be
pursued in the future.

Regarding the comparison of sex of the
patients, it comes to 1 for male and 2.1

Age at onset of myasthenia gravis (1430 cases)in Japan.

for female and this fact is almost the same
as in Europe and U.S.A.

2. Process and prognosis

Analizing the process of 1.430 cases suf-
fering from myasthenia gravis in the latest
one year (Jan.-Dec., 1973), we found the
following: Recovery rate 5.1 % and im-
provement 40.8 %, against no change
30.3%, aggravation 7.7% and death 3.7%.
There is no difference in sex and age at
onset but the recovery rate is as good asx
12.8 % in the cases of onset ranging from

.Table 1 Process and prognosis of myasthenia gravis (1430 ‘cases).
male female total

recovery 25(5.4%) 48(5.0%) 73
improvement 182(39.0%) 402(41.7%) 584
no change 140(30.0%) 294(30.5%) 434
aggravation 38(8.1%) F2T.5%) J1E0
death 1743 6%) 36 (3.7%) 53
miscellaneous 4(0.9%) 14(1.5%) 18
unknown 61 (1:3:1%) 97 (1 0l%) 158

total 467(100%) 963(100%) 1430
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10 to 14 years old. It was also revealed
that most of the patients had been suffering
more than 4 years and their prognosis is no

good as a whole (Table 1).

3. Territorial distribution

Climate, natural features, living circum-
stances were found to have no relation to
territorial distribution except for the fact
that a slightly larger number of patients
under 15 years of age come from northern
areas. There is no explanation for this

fact (Fig. 2).

4. Familial myasthenia gravis

Familial occurence is very rare for myas-
thenia gravis, nor is its mode of inheritance
clear. European and American literature
records under 6 % (average 3.5 %) and
Japanese statisties show only 2% (28/1.430
cases) for familial myasthenia occuring for
the one year of 1973.

The author '® found in 1977, 19 cases
in 8 pedigrees out of 423 cases during the
last 23 years (1954-1977), mother and
daughter; sister, younger sister and her

lst Investigation
--1997 cases
per population
o_'\-:.-

2nd Investigation
--1430 cases
per population

MYASTHENIA GRAVIS IN JAPAN

niece; elder and younger sister of dizygotic
twins: sisters of monozygotic twins; elder
and younger sister and brother; sister and
younger brother; brothers; findings its fre-
quency to be 4.5 %. Analyzing 19 cases
of familial myasthenia, we find in every
case that the age at onset is under 20 years
old (mostly under 10 years of age), and
female’s predominate, as much as 5 times
the male rate compared with cases of non-
familial myasthenia. There were 12 cases
of generalized form. 2 of form with muscu-
lar atrophy and single case of neonatal
fcrm, and their process is long and prog-
nosis rather good in general, finding 3 ca-
ses of complete recovery for infants. Thy-
mus abnormalities (hyperplasia 4 cases,
thymoma 1 case) were found in 5 cases
but generally there are few immunological
findings (thyroid test, microsome test, an-
timuscle antibody, antinuclear antibody,
anti-DNA antibody, dysgammaglobulinemia.
etc.).

In the case of elder and younger brother
with muscular atrophy, it combined un-
usual scoliosis at the same time of their on-
set with scant ocular symptoms on the con-
trary. They were both completely cured of

2nd Investigation
--0-14 years old cases
per population

Fig.2 Distribution maps of the patients with myasthenia gravis

in Japan.
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Fig.3 Familial myasthenia cases with muscular atrophy and scoliosis.

(1t:36

their myasthenic syndrome by thymectomy
(Fig. 3). The attack of the disease was
found monozygotic twins in both members
and it in only one member for dizygotic
twins.

Autosomal recessive mode of inheritance
was perceived and on the other hand it was
found that JW22, W5, W35 were scant
compared with the normal controls in the
HLA antigen typing of nonfamilial myas-
thenia. Nevertheless we could not find any
specific pattern in HLA antigen typing
among the patients of familial myasthenia
and their other family member in good

health (Fig. 4).

5. Frequency of clinical symptoms
and classification type

The frequency of onset in the form of
ocular symptoms which continue at present
in the same accounts for 92.6% and 69.5%
respectively with the highest rate, especial-
ly infant cases occupy 70.5 % of ocular
form, followed by easy fatigability (ranges
from 58.0 to 58.6 %), motor disturbance
(from 48.5 to 36.2 %), bulbar signs (from
41.2 to 24.0% ) and the last dyspnea (from
12.8 to 9.0 %). Diurnal fluctuation of
their symptoms are seen to decrease with
the corresponding treatments (from 71.1

90 —

and 34 vears old males,

rt:X-ravy of the vertebra)

to 46.0 %) (Fig.5). The case of combin-
ing thymoma is rather high among male
patients and the appearance of 16 % of
crisis. Combination of diseases other than
thymona, e.i. dysthyroidism, rheumatism,
lupus erythematodes, periarteritis nodosa,
sclerodermia, dermatomyositis, Sjogren’s
Syndrome, pernicious anemia, pemphigus.
ete., account for 28.5 % of the cases.
Furthermore, specialists compared acura-
tely classification type by sex and age in
385 cases of myasthenia gravis. The study
was closely made to cover their clinical
symptoms as long as more than one year
(more than 6 months for the patient who
underwent the treatment of thymectomy
and/or thymie irradiation therapy). The
classification pattern has been defined into
7 categories as ocular form (0O), bulbar
form (B), limb girdle form (L), generaliz-
ed form (G), and their combination form
ie. OB, BL, OL forms. The above method
means that we only limited the object to
their affected parts of the body to the last
ciassification by Osserman. We found, as
results, 0 type to be 156, G type 126 cases
followed by 5 cases of OL, 22 of OB, 11
of L, 10 of BL and 6 of B type. From the
point of sex, females occupy the larger part
of the cases as a whole (69.8 %), especial-
ly we can find this fact in G, OB and L

Vol. 14. — Number 1. — 1980.
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Fig.4 Three pedigrees of familial myasthenia gravis

and HLA antigen typings.

® B :patients,

types covering 78.6 %, 77.3 % and 100 %
respectively (Fig. 6).
Next, observing age at onset, we found

70.5 % of 0 type occured in their infancy,

especially the fact that 35.9 % of the said
percentage is occupied by infants under 5

Vol. 14, — Number 1. — 1980,

) :tage at onset

years old is to be stressed as an important
finding. On the contrary, only 10.3 % of
G type was found in childhood with very
small percentage of 3.2 % under 5 years
of age. Now it goes without saying, as a
conclusion, that all other types than 0 type
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Fig.5 Frequency of symptoms at onset and at present.
(1277 cases with myasthenia gravis)

|uo| /7
L

957220

total (385)

Fig.6 Classification types .of
myasthenia gravis and sex.

(A male, O female)

are found overwhelmingly in the adult

(Fig. 7).
6. Diagnosis

As regards diagnosis of myasthenia gra-
vis, clinical findings only will do generally
if they are done minutely. But in many
cases they are followed by tensilon test as
a routine, resulting in showing positive re-
¢clion in as many cases as 95.4 %. A note-
worthy fact is that, in these cases, someti-
mes tensilon effect would not be realized
exactly for he long term chronic patients
whose type is brittle and resistant to anti-

92 —

BL (10)

OB (22)

0L (54) [

total (s

Fig.7 Classification types of
myasthenia gravis and
age at onnset.

cholinesterase drug. In prostigmine tests,
positive reactions also show a lesser per-
centage of 89.

It is one of the important methods of
diagnosis to catch electromyographically the
waning phenomena in the affected muscle
of myasthenia patients. We perceive, at
times some negative findings in the period
of progression and treatment of disease.

Pneumomediastinography has come into
wide use in these several years in Japan.
it is an excellent way of catching location
and size of thymus abnormalities and the
discrimination between thymoma and thy-
musmus hyperplasia easily together with a

Vol. 14, — Number 1. — 1980.



CLINICAL STATISTICS OF
rather simple way of manipulation. Degree
of finding of thymus abnormalities stayed
at only 15-30 % by the former simple X-ray
technique. Very high rate of 70-80 % is
distributed to the method of pneumomedias-
tinography and it is indispensable for select-
ing the very treatment for the patients,

7. Worsening factors on symptoms

There appeared an episode of worsening
symptoms which reached to 66.7 % of the
patients suffering from generalized form of
myasthenia. We can take up the following
as the causes of the above effects; a com-
mon cold particularly with upper airway
infection (67.9% ), menstruation (48.8%).
psychogenic factor (25.0 %) and other
overworking, pregnancy and delivery, cli-
mate, contraindication drugs (antibiotics,
tranquilizer and etc.) and the complication
of autoimmune diseases join sometimes as
their origin. Rare cases were found for
episode of worsening symptoms to occur in
the group of ocular form.

8. Immunological studies

Immunological approach toward the cau-
ses of myasthenia has long been developed

[
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actively with thymus and lymphocytes as
its center object. We identified a high rate
of hypergammaglobulinemia among the pa-
tients and abnormality of fraction in immu-
noglobulin, moreover the existence of anti-
muscle-, antinuclear-, antithymus antibody
have been certified in serum of the patients
since a long time ago. Recently, antiend-
plate antibody and antimuscle membrane
antibody have also been perceived by means
of fluorescence antibody method (Arimo-
ri,! 1975).

Movement of lymphocytes (T-cell, B-cell )
of the patients have been studies at the same
time from various viewpoints. The effort
is to get valuable findings and opinions for
its diagnosis, treatment, prognosis and
others to be fixed. The author et al”
(1973) have found, as a result of close re-
ference to the reaction of the lymphocytes
of the patient against phytohemagglutinin
(PHA) from the side of synthetic activity
(uptake of H?-uridine into nucleic acid)
of RNA in vitro, that they are proved to
be specific so-called brittle type cases which
are resistant to the anticholinesterase drugs
and show low response. Namely, it can pro-
bably be considered the appearance of ab-
normal immunological mechanism of lym-
phocytes in these cases (Fig.8).

200

1001

.\.IlI'I'I'IBI

Myasthenia
Eravis

Fig.8 PHA-induced increase of RNA synthesis in lymphocytes of
patients with myasthenia gravis.

f+~ :brittle type patients)

Recently, a study on histocompatibility
antigen as one of the inheritance factors of
the disease is in the process of development.
There are some reports that in the case of

Vol. 14. — Number 1. — 1980,

myasthenia in Caucasians, HLA-Al and A8
(Behan et al,® 1973), HLA-A2 and A8
(Feltkamp et al,' 1974) or HLA-A3 and
A8 (Fritze et al.,” 1974) show high rate of
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frequency. However, the author et al”®
(1977) performed on HLA typing in 105
Japanese patients with myasthenia and in
128 controls, incidences of both HLA-AI
and B8 were 1/105 (0.95%) in myasthe-
nia patients compared with 3/128 (2.3%)
and 0/128 (0% ) in controls, respectively.
These antigens were very rare among Japa-
nese as compared with Caucasians. In pa-
tients with myasthenia a decreased frequen-
cy of HLA-BW35 was also established
(1.9 % vs. 18.8 % in controls, P<0.0005)
and an increased frequency of HLA-A10
was observed (26.7 % vs. 11.7 % in con-
trols, P<0.019). No differences were found
between thymoma or thymus hyperplasia
group, sex, age at onset, Osserman’s classifi-
cation type and HLA typings. Yoshida et
al '® (1977), on the other hand, have got
the following data, assorting 63 cases of
Jepanese patients with myasthenia, that
many HLA-B12 can specially be seen in
the female group whose age at onset is rath-
er young and it has some connection with
thymus hyperplasia. HLA-B5, on the con-
trary. has a close relation to thymoma.

Autoimmune theory on myasthenia in
this way is now developing to get to the
heart of the matter on the level of histo-
and cytoimmunology. Moreover, immuno-
logical study on motorendplate or synapse

INTERNATIONAL
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that the experimentation by means of bun-
garotoxin started by Fambrough et al?
(1973) pulled the very trigger of this
study. Pathology of synaptic membrane has
been clarified by these experimental fin-
dings. We presume on this occasion that
there is a great possibility of the myasthe-
nia occurrence perhaps by immunological
disturbance on acetylcholine receptor itself.
and their radical treatment, therefore, would
not be long before its very development.

9. Treatment

Reviewing the situation of the treatments
for the myasthenia patients during one year
of 1973 in Japan, medication therapy Oc-
cupys 9.4 %, thymectomy 15.5 % and thy-
mus irradiation 7.0 % respectively. Most
of thymectomy has been done at the time
of from 5 to 14 years after their onset.
with gradual shortening of the period these
days. It is noticeable that their postopera-
tive process and its prognosis are favorable.
Namely, the cases of healing and improv-
ement with the treatment of thymectomy
reached as much as 63.6 % and showed it
is better than that of medication or radia-
tion therapy (Fig.9). Papatestas et al *
(1971) reported, in their observation of
more than 5 years the cases after thymec-

itself is progressing these days. We can say tomy, that 25 % of cure and 50 % of im-
0 Ml 100°
Zﬂlﬁﬂ Relation
; 198) ] 10.1 index
S * yes LR e {
Thymectomy . . 0.23
no (L0277
Medication yes (1,206)[5: . )
therapy 0.13
no ( 20k
SR 7 /97' o e
Thymus yes 90) 16.7.4 /////;/H % ///// / 100 £5.64-10.0
irradiation e 5 SR 0112
no 1.113) 3_,n/ 7 / A8 .///// ‘ 6.9 (198
o oo -

cure

improvement

no change ¢ 38 L
aggravation L miscellaneous
death

Fig.9 Treatments and process of myasthenia patients

during a year.
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provement respectively and better progno-
sis in cases of no germinal center in thy-
mus. The author et al'* (1977) found,
on the other hand, in the 31 cases observed
leng time after the operation that effective
ratio 71 %, variety in prognosis, few cases
of remission right after the operation, post-
operative corticosteroid therapy was needed
in many cases of male, a small number of
the patients exposed themselves to crisis as
long as 4 or 5 years. In addition to the
above, we found that effective ratio is low
for autoantibody positive cases, no differ-
ence between thymona and hyperplasia
in their effect, and that it is much more
efficient in the cases having germinal cen-
ter and or Hassall’s body in thymus. In
their effective cases, T-cell/B-cell ratio
were found to be high. Prognosis proved
to be better in the case of performing opesr-
ation first and making corticosteroid as
secondary treatment compared with the op-
posite way (Fig. 10).-

Corticosteroid has recently become to
our attention again as medication therapy
by both Griggs ® (1968) and Warmolts et
al 1% (1970).

STATISTICS OF MYASTHENIA GRAVIS IN

JAPAN

The author et al '"'# (1976-77) made a
long term observation for 5 years on the
case of high dosis of prednisolone therapy
for patients to whom anticholinesterase drug
has no effect or diagnosed to have thymus
abnormalities. We found consequently as
follows: ultimate effective ratio to be 61 %,
many cases of no effect shared by younger
female, no relation between duration of il-
Iness and effectiveness, alternate-day treat-
ment is more fruitful than every day treat-
ment and perceived maximum dose of pred-
nisolone is 50-120 mg/day. We found also
initial worsening (transient) in 70 % of
the patients observed.

On the day corticosteroid was given,
lymphocytes and cortisol in blood decreas-
ed particularly at first and it increased re-
boundly, and it proved that decrease of
T-cell is more than that of B-cell (Fig. 11).
Moreover all of serum gamma-globulin,
IgG, IgA and IgM decreased in effective
cases and autoantibodies were perceived to
tend to negativeness. But, as there is a
possibility that corticosteroid acts directly
on acetylcholine recepter protein and corti-
costeroid and anticholinesterase drug are in

No, of Cases ion
PATTERN = ik o g Sy P i
0 10 ' b= Bef o
05 12 Lo 249N
S 19 T A
S0 9 2Y.3:4
‘.fi_
0 & 0°S i |
S & S$30 %
REDUCTION OF ANTI-CHE ~ (MYTELASE EQUIV. mg )
0: -5.75 0S5 =57 St =82 S0 =577

Fig.1l0 Antecedent therapy (thyme-tomy or steroid) and clinical effect

of myasthenia patients.

O:thymectomy, S:corticosteroid

+H:dood, —:fare,
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the relation of antagonism, full care is to
be taken at the time of applying both of
them.

Various kinds of anticholinesterase drugs
are to be applied properly taking the merii
of each of them against the cases of light
symptoms in early stage of onset, stabilized
condition in long term clinical symptoms,
myasthenic crisis and the cases of imper-
fect recovery after thymectomy. It goes
without saying that anticholinesterase drugs
are very important as first choice for the
virgin case.
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SUMMARY

The prevalence rate of myasthenia gra-
vis in Japan is presumed to be 5 persons
per one hundred thousands of the nation.
Age at onset has its peak at ages from 20
to 30 and also indicating high frequancy
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among infants under 10 years old. Cure
and mortality rate shows 5.1 % and 3.7 %
respectively and they generally trace the

process of long term chronic.
We find 4.5 % of the diseased in fami-
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lial myasthenia and female cases show five
times as much as male cases with their
rather good prognosis on the average. They
follow the mode of inheritance called auto-
somal recessive.

As regards clinical symptoms we can say
they are about the same as in Europe and
U.S.A. and the crisis are found in 16 % of
them. By dint of the prevalence of preu-
momediastinography., we have come to be
able to find out thymus abnormalities in
more than 70 % of all the myasthenia pa-
tients.

We could find the lymphocytes with de-
creased synthetic activity of RNA in the
brittle type myasthenia patients. In HLA

STATISTICS OF MYASTHENIA GRAVIS IN

JAPAN

typing of Japanese myasthenia, many HLA-
A10 are found and few HLA-BW35 on the
other hand. HLA-B5 in the patients with
thymoma and HLA-B12 in the thymus hy-
perplasia have their relation with each of
thymus abnermalities.

In the aspect of treatments in Japan, ef-
fective ratio by 70 % in thymectomy and
60 % in corticosteroids have been assessed
in the long term course of process observa-
tion. And also it has been found that treat-
ment with thymectomy prior to corticoste-
roids produce better prognosis than the con-
trary case. The value of applying antichol-
inesterase drugs as first choice in the treat-
ment for myasthenia gravis is still high.

RESUMEN

La proporcion en que prevalece la mias-
tenia gravis en el Japon se calcula en 5 per-
sonas de cada cien mil habitantes. La edad
de comienzo en general es entre los 20 y
30 anos, también es muy frecuente entre
nifnos menores de 10 afios. Proporcion de
cura y mortalidad es respectivamente de
5.1 % y 3.7% y por lo general se relacio-
nan a un prolongado proceso crénico. En-
contramos 4.5 % de los enfermos en mias-
tenia familiar y los casos en el sexo mascu-
lino, con un prenostico en términos genera-
les mas bien bueno. Ellos corresponden a
la forma de herencia llamada recesiva au-
tosomal. En lo que se refiere a los sinto-
mas clinicos podemos decir que son aproxi-
madamente los mismos que en Kuropa y
U.S.A.. y las crisis se encuentran en 16 %
de ellos.

Inducidos por el uso preponderante de
la neumomediastinografia, hemos " podido

hallar anormalidades del timo en mas del
70 % de todos los pacientes de miastenia.

Pudimos hallar los linfocitos con activi-
dad sintética disminuida de RNA en el tipo
fragil de pacientes miasténicos. En el tipo
HLA de miastenia japonesa, se encuentra
muchos HLA-AIO y pocos HLA-NW35.
HLA-B5 en los pacientes con timoma y
HLA-B12 en la hiperplasia del timo tienen
su relacion con las anormalidades del timo.

En lo atinente a los tratamientes en el
Japon, se ha establecido durante el curso
prolongado del proceso un porcentaje de
70 % para timectomia y 60 % en cortico-
esteroides. También se ha observado que
¢l tratamiento con timectomia previo a los
corticoesteroides tiene un pronostico mejor
que el orden opuesto. El empleo de drogas
de anticolinasterasa como primera decision
en el tratamiento de la miastenia gravis si-
gue siendo de gran valor.

RESUME

La proportion de myasthénie gravis an
Japon est estiméed 5 personnes sur cent
mille habitants. L’age ol elle commence
a sc manifester oscille entre 20 et 30 ans:
elle est également fréquente chez des ean-
fants de moins de 10 ans.

La proportien de guérison par rapporta
la mortalité est de 5.1 % et 3.7 % et s’as-
ocie en général a un long processus chroni-
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que. Nons avons trouvé 4.5 % de malades
atteints de myasthénie familiale et les cas
sont 5 fois plus fréquents chez les femmes
que chez les hommes avee un pronostic en
général favorable.

Ces cas correspondent a la forme d’héré-
dité appelée récessive autosomale.

Pour ce qui est des symptomes cliniques
nows pouvons dire qu’ils sont a peu pres
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les mémes qu’ en Europe et Etats Unis el
les crises se manifestent chez 16 % d’entre
eux.

En utilisant surtout la pneumomeédias-
tinographie nous avons constaté des anoma-
lies du thymus dans plus de 10 % des ma-
lades atteints de myasthénie.

Nous avons contaié que I'activité syn-
thétique des lymphocytes quant au RNA
élait diminuée dans le genre fragile de ma-
lades myasthéniques. Dans le genre HLA
de myasthénie Japonaise on trouve beau-

coup de HLA-A10 et pen de HLA-NW35.

En relation avec les anomalies du thymus

INTERNATIONAL
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on trouve HLA-B5 chez les patients affec-
tés de thymone et HLA-N12 chez ceux qui
sont porteurs d’hyperplasie du thymus.
Quant aux traitements appliqués au Japon.
cn a pu établir an cours d’un processus
prolongé un porcentage de 70 % de thy-
mectomie et 60 % de traitement avec corti-
costeéroides. On a pu observer également
qu’il vaut mieux effectuer la thymectomie
avant d’appliquer les corticosteroides que
d’observer l'ordre inverse. L’emploi de dro-
gues a anticholinestérase comme premiere
décision dans le traitement de la myasthe-
mie gravis est toujours de grande valeur.

ZUSAMMENFASSUNG

Die Ausbruchsratio der Myasthenia gra-
vis in Japan wird 5 Personen pro ein Hun-
dert Tausend der Population vermutet. Das
Alter des Auftretens ist zwischen dem 20.
und dem 40. Alterjahr und es kommt auch
in hoher Frequenz in Kindern im Alter
von unter 10 Jahren vor. Die Heilung- und
Mortalititsratio ist 5.1 % und 3.7 %. Sie
nimmt meistens einen langen und chron-
ischen Verlauf.

Wir finden 4.5 % familiaren Myasthenia
in dieser Krankheit. In der familiire Myas-
thenia wurden haufiger Frauen als Man-
ner betroffen, und sie zeige gute Prognose
mit autosomalrezessiver Vererbung.

In bezuge auf die klinischen Symptome
konnen wir sagen, dass sie ahnlich wie das
klinische Bild in Europa und USA sind,
und die Krise in 16 % gefunden wurde.
Von der Ausbreitung des Pneumomedias-
tinalgraphie, haben wir Abnormalitit des

Thymus in mehr als 70 % in der Patienten
mit dem Myasthenia gravis finden konnen.

Wir konnten die Lymphozyten mit ver-
minderter synthetischer Aktivitat von RNA
in den Myasthenia Patienten mit Brittle
Typ finden. In HLA Typ der japanische
Patienten, viel HLA-A10 werden gefunden
und weniger HLA-BW35. HLA-B5 in der
Patienten mit Thymoma und HLA-B12 in
der Thymushyperplasie haben ihre Bezieh-
ung mit der Thymus Abnormalitat.

In Japan haben wir eine Effektsratio von
70 % in Thymektomie und 60 % in Kor-
tikosteroid Behandlung. Man hat auch gef-
unden, dass die Behandlung mit Thymek-
tomie vor Kortikosteroid bessere Prognose
als den kontralen Fall zeigt. Der Wert der
anticholinesterase Mittel zum Anfang der
Behandlung fiir Myasthenia gravis ist noch
lioch.
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Teaching Neurology

Teaching methods are the reflection of
a nation’s traditions and customs, and alth-
cugh neurology has a proper language which
is shared from one country to another, the
methods employed to teach it are diversified.

France still maintains the tradition of
anonymous competitive examinations. This
examination constitutes the basis for the
selection of the “Internes des Hopitaux™
(hospital residents) from whom, after their
training, will be recruted future hospital
“Chefs de Service” and professors in neu-
rology and other medical disciplines.

Before speaking of specialist training,
it would be best to first examine the pro-
blem of teaching basic neurology to the
group of students who will become general
practitioners.

Medical School Instruction
of Neurology

Although the various medical schools
and different units of education and research
which are responsable for the formation of
future general practitioners, and which were
created from reforms in medical education
datmg from 1958, enjoy a certain autcnomy
in their teaching methods, they continue
to have certain general points in common.

Neurology is taught to all students in two
stages during the second cycle of medical
studies which culminate with the degree of
Doctor of Medicine. During the first year
of this cycle (DCEM 1 - which follows the
two-year first cycle), theoretical instruction
of semiology is assured by either a full pro-
fessor or a university-approved lecturer and
then reviewed with the teaching assistants
in small groups at clinical bed-side sem-
inars; these seminars are destined to illus-
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trate and solidify the theoretical concepts
of the lectures as well as to aid the student
acquire experience in physical examination.
This second-year program also includes
courses in neuroanatomy and neurophysio-
logy. Subsequently, during the fourth and
final year of the second cycle (DCEM 4),
neurological nosology is taught either as an
independant  ““Certificat of Neurology™
—taught concurrently with “certificats™ of
other disciplines— or as an “Integrated
certificat” which includes the elements of
other subjt,cts which pertain to diagnosis
and therapy in neurology (neuropharmaco-
logy, neuropathology, neurobiology, func-
tional rehabilitation, ete.).

This curriculum aims to provide the
foundation needed by the future practitioner
to diagnose a current affection, to reason-
ably select the necessary complimentary
examinations, to establish a course of treat
ment, to follow-up the patient, and to pro-
pose an eventual hospitalisation if necessary.
Pedagogical committees established at each
medical school are focusing their attention
on the problem of defining this program’.
objectives, because, although these schools
do no t share a standard lt,achlng program.
they must still try to find the means to as-
sure uniform levels of instruction and form-
ation.

Some schools continue to dispense “tradi-
tional” instruction where syndromes and
diseases are enumerated with little effort
made to clarify, simplify, or adapt to the
demands of the daily practice of general
medicine. Thus certain programs still con-
secrate more time to precious rarities of the
neurological museum than to syndromes
such as headaches which are so essential in
general practice. One innovating tendancy
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consists of dismantling this concept of dis-
cipline. Neurology for example might no
longer be taught as a highly specialized dis-
cipline; consequently only the most frequent
syndromes which are within the realms of
general practice need be retained.

This “required” knowledge, however,
«till remains to be precisely defined. Each
discipline requires that the student acquire
a limited number of elements; this basic
information, however, must be perfectly as-
similated by every student and should be
verified with continuous control examin-
ations which could be given as easy-to-grade
semi-automated ‘‘short-answer” tests.

Does this profound transformation lead
to the conclusion that the traditional hu-
manist-imbued education to which the stud-
ent added his personal effort is no longer
possible? Must it be replaced by mass
education?

Although the teaching population has in-
creased to keep up with the ever-growing
number of future physicians, the student-
teacher ratio remains the same; each teach-
er, therefore, has before him the same num-
ber of students as his predecessors, and
these students are as capable of personal ef-
fort and reflection as their elders.

What has markedly changed is the vo-
lume of information which must be assim-
ilated in order to comprehend each disci-
pline and its techniques. It would be il-
lusory. however, to try and dispense en-
cyclopedic knowledge, and it is wise to limit
student instruction te clear and coherent
information which can subsequently be ap-
plied to the practical demands of their fu-
ture profession.

Post-Graduate Instruction in Neurology

Recycling of physicians is assumed as
part of the post-graduate educational pro-
gram, and each university’s physiognomy
and teaching practices are defined by the
local group of general practitioners. The
teaching methods which are employed are
numerous and preclude detailed discussion.
They include: conferences covering current
topics and bringing into focus new techni-
ques and treatments, case _prcsentations.
audio-visual methods, ete.
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Formation of the Neurologist

Until World War 11, admission to this
specialty was limited; neurologists were re-
cruted exclusively from the Internes des
Hépitaux de Paris (Paris hospital residents)
and from residents of medical schools locat-
ed in a few other large cities. In several
hospitals— among which the Salpetriere
Hospital was at the forefront— future neu-
rologists received their education in the tra-
dition of the great professors such as Char-
cet, Babinski, Pierre-Marie, Dejerine, Gui-
liain, and Lhermitte, who brought fame to
the French School of Neurology. During
his residency, the future neurologist was
assigned to various departments where his
theoretical knowledge was refined as he
listened to case presentations and weekly
lectures. To this was added an intense per-
sonal effort in the wards, at the library,
and in the laboratory, as well as an ardent
rivalry at the heart of groups which grew
out the residents’ affinities and mutual fe-
elings. For these residents, the enthusiasm
of these early years and the fraternal at-
mosphere in ‘which they worked remain
their richest and most beautiful memories.

From ward to ward and school to school,
the resident accomplished a veritable “com-
pagnonnage’’ prior to becoming attached to
a “Patron” by mutual consent. In this
small world, every resident was known by
his own capabilities as well as by the repu-
tation of his professor who acknowledged
the resident as his “pupil” and guaranteed
his qualification, thereby rendering the at-
tribution of a diploma unnecessary.

The “Internat™ still constitutes the royal
road to neurology and to a first step in the
hospital and university hierarchy. The in-
creasing number of candidates for this spe-
cialty, however, prohibits using the *“In-
ternat” as the only means of forming neuro-
logists. The “Certificat d’Etudes Spéciales™
(C.E.S. - Certificat of Special Studies) in
neurology has therefore become a reality.
It includes four years of theoretical and
practical education in a third cycle of uni-
versity studies which follows the medical
school curriculum. These C.E.S. students
take rotations in clinical wards, neuroradio-
logy, functional exploration laboratories, and
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neuropathology, where they are accorded
limited responsabilities and a few experim-
ental projects. One year’s training must be
spent in a Psychiatric Department.

Theoretical courses in neurology are
given as bi-weekly exposés. The program is
divided into four sections designed to cover
the entire scope of neurology in four years.
All students in the C.E.S. program regard-
less of the year of their nomination, attend
the same courses. In this way the program
rotates each year: at the end of four years.
the student has covered the entire neurolo-
gical curriculum.

A volontary control examination takes
place each year, but only the final national-
ly-organized examination given at the end
of these four years sanctions the C.E.S.

New laws pertaining to medical specialty
education have been proposed which con-
template combining the “Internat” and
C.E.S. These laws would enable all C.E.S.
students to have access to the same diag-
nostic and therapeutic responsabilities as
the residents. Many educators remain ap-
rehensive, however, and sense that these
laws will increase the size of the “Internat™
thereby denaturing it and effacing in the
process the traditional education which ben-
efited our residents and formed physicians
who were both specialists in neurology and
competent in internal medicine.

The C.E.S.’s educational content will be
modified because of pressure resulting from:
the increasing difficulty of dispensing prac-
tical training to this growing number of
trainees, the development of diagnostical
techniques, and the application of therapeu-
tics to an ever-increasing number of afflic-
tions. For these reasons, the clinical exam-
ination may wane in importance and even-
tually be relegated to a secondary role. With
this change in status, instruction of this
examination may soon be neglected. omitted
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and subsequently forgotten until the day
when perhaps semeiology will regain its
priority and medicine will again become the
affair of doctors rather than technicians.
In certain areas of internal medicine, this
evolution towards technicalization has taken
place several decades ahead of neurology.
which until now, has been able to avoid
these tendencies. Keeping clinical consider-
ations at the forefront in neurology is not
retrograde and does not suggest that we
must neglect the immense fields of explor-
ation and discovery which are opening up
before us and auguring great strides ahead
in diagnostic accuracy and therapeutic ef-
ficacy. It is still true, however, that it is
this inestimable clinical experience that
constitutes the strength of senior medical
men and enables them to complete ihese
new scientific discoveries while at the same
time, lessening the ardure of younger doc-
tors who might tend to over-estimate the
importance of these innovations.

We would like to close this article with
a wish that might one day come true.

We have learned in France to no longer
limit our projects and pedagogical efforts
to the university; instead, objectives. pro-
grams. and methods are coordinated on a
national level at the heart of the “College
of Educators in Neurology”. A similar ex-
change might be possible on an interna-
tional scale. A delegation could be assigned
the task of studying the programs which
already exist in various countries and then
propose solutions for their harmonization.

This would sooth certain disparities which
appeared in Europe when national f{ront-
iers were opened to allow liberal circulation
of doctors in the european community.
Consequently, each country might benefit
from the experience, traditions, and peda-
gogical techniques of their neighbors . the-
reby enriching their own teaching programs.
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History of Medicine

ARNOLD KLEBS AND HARVEY CUSHING AT THE 1st
INTERNATIONAL NEUROLOGICAL CONGRESS
AT BERNE IN 1931 *

I

International gatherings of scientific men
often have an importance which far trans-
cends that of the formal reports of the me-
eling itself; and this was notably true of
the Neurological Congress held at Berne in
the autumn of 1931. There had previously
been other internaticnal congresses of phy-
sicians, and even of neurologists, but ic
neurology, and to medicine generally, the
meeting at Berne had pcoulml vllalllv and
significance. It was the first time after the
Worh‘l War of 1914-18 that neurologists
from Germany, France and England, as
well as of other countries of the world. had
found it possible to have a joint meeting.
and it proved to be one that was little
marred by politics or the old animosities of
war. But the gathering was also remarkable
for other and quite different reasons; these
had to do with personalities. In the first
place the meeting was held at Berne, the
birthplace of Arnold Klebs (Fig. 1), and
there were present many of his oldest and
most intimate friends: William Welch,
Harvey Cushing, Charles Sherrington, Ot-
frid Foerster and many others including
Bernard Sachs, the President of the Con-
gress, Hugh Patrick an old friend of Klebs’s
Chicago days, and Llewellys Barker whom
he had known at the Hopkins.

On the opening day of the Congress, Ax-
nold Klebs, in the true spirit of Swiss hos-
pitality, gave a dinner ' to which he invit-
ed many old friends, and a good many new
and younger friends to meet one anoher,
and also to meet his Swiss colleagues, Pro-
fessors Sahli, de Quervain. Wegelin and
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Asher. The seating was as follows:
Dr. Ramsay Hunt
Dr. Gaston De Coppet
Dr. Ernest Sachs
Mr. Geoffrey Jefferson. F.R.C.S.
Dr. B. W. Th. Nuyens
Dr. Walter Timme
Dr. Reymond de Saussure
Prof. Vittorio Putti
Prof. F. de Quervain
Prof. Harvey Cushing
Sir Charles Sherrington
Prof. Otfrid Foerster
Prof. Leon Asher
Prof. Llewellys F. Barker
Dr. Charles Dubois
Dr. Foster Kennedy
Dr. Ign. Oljenick
Prof. Louis Michaud
Prof. Hugh Patrick
Mr. Norman Dott, F.R.C.S.
Dr. C. P. Symonds
Dr. R. H. Meagher
Dr. Henry Alsop Riley
Prof. Otto Marburg
Prof. John F. Fulton
Prof. B. Brouwer
[ Prof. Hermann Sahli]
Mr. Hugh Wilson, U.S. Minister
Prof. William H. Welch
Dr. Arnold C. Klebs

* From the Laboratory of Physiology, Yale Uni-
versity School of Medicine.

I Dr, Klebs had planned the dinner with the ut-
most care—truly Halstedian—and had had reprint-.
ed for the oceasion Liicke’s Der Mohr von Bern
(1868), a volume which caricatured all the pro-
minent members of the Berne medical faculty ol
1868, including Edwin Klebs,
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Fig. -1.

Arnold Klebs on ierrace of Hotel Bellevue,

Berne, Sepiember 2, 1931,
(All photographs taken by Richard U. Light)

Prof. Bernard Sachs

Prof. A. von Eiselsberg

Prof. Carl Wegelin

Dr. Percival Bailey

Dr. R. U. Light

Mr. George Armitage, F.R.C.S.
Dr. Franec Ingraham

Mr. Hugh. Cairns, F.R.C.S.
Dr. Daniel O’Brien

At the end of the dinner Dr. Klebs, to
whom I like to refer as “A.C.K..” made a
speech of welcome, which no one present,
dinner or no dinner, could possibly forget.
I stole the text, copied it, and I give it to
you here without securing the permission
of the speaker, It began as follows without
formal salutation:

“It is a singular privilege to welcome
you, friends from across the sea, to Berne
which I call my home-town. not only be-
cause of the acecident of birth in it, but be-
cause of many precious bonds past and
present.

“ Welcome to you, Dr. Sachs, and thanks
that you have brought together from many
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corners of the carth busy and distinguished
workers, who, while they know each other
well on paper, yet yearn for the living and
warm contact which allows them to return
to their task with renewed hope and vigor.
It has always seemed to me that the real
value of congresses lies in these personal
contacts fully as much as in the actual
business. Scientific thought, Dewey says.
and I agree, is a function of society as well
as of the individual, just as breathing is a
function of the air as well as of the lungs.

“1 am happy that my friends from the
present medical faculty, Prof. Sahli, de
Quervain, Wegelin and Asher, have joined
me here to-night to add their welcome to
mine, [ present to you also their earliest
predecessors in a reprint of Liicke’s Der
Mohr von Bern, the original of which has
become very rare. It shows them in the
lighter vein which apparently did not mar
their historical record.

* Welcome to you, Patrick, friend of the
old days in Chicago, where the winds are
cold sometimes, but hearts ever warm. Wel-
come to you, Bailey, who brought thither
the spirit of the Brigham. Welcome to you.
Dr. Barker, though you forsook early the
Western Metropolis for Johns Hopkins.

** Johns Hopkins, what precious memories
arise out of that name! Osler and Halsted.
now gone but unforgetable. When I came
first into contact with it my one desire was
to become a student again. [ had passed
through seven universities but here it seem-
ed T might really learn something. I had
had splendid teachers before and the besl
cquipment Europe could offer, but I missed
what [ found, and now con sum up in that
inadequate expression ‘American spirit.” At
Johns Hepkins it was first infused inte
scientific medicine and from there it spread.
We have with us tonight the man who
knows betier than anybody else how this
miraculous infusion is performed. I am
afraid he will not tell. President Hoover
called him our greatest states- man of pu-
blic health, but those who have benefitted
by his fatherly counsel call him by a less
formal but sincerely affectionate title. Dr.
Welch, you are at home here as everywhere,
we welcome you most cordially.

“In matters of the ‘American spirit’ |
must read you what a recent Dutch eritic
(Huizinga) has said about it: ‘Es besteht
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in Amerika ein geistiger Zusammenhang,
ein gemeinschaftliches Streben, wie wir es
nicht kennen... Minner und Frauen der
Wissenschaft arbeiten als Alle opfern sie
etwas von ihrer eigenen Personlichkeit. . .
Sie verzichten wenn auch unbewusst, auf
die Luftschlosser lhres eigenen Denkens,
um fiir die andern zu pfligen™.” Let us
keep this precious gift!

*“ And now, dear Harvey, what shall I
say to welcome you to the town that is as
much yours as mine? The letter you wrote
home from here in 1901 gives me the key.
Your versatility has always amazed me but
I did not realize what an excellent medical
historian you were already then. The pre-
occupation with batrachian hearts at Krone-
cker’s and with thyroid complexities at
Kocher’s did not prevent your going to the
Stadtbibliothek to study Haller at the sour-
ce, in his Tagebiicher. His unfathomable
erudition bothered you and you wanted to
discover his human side. It relieved you
to find him neoting ‘perdu au jeu’ or a
‘bouteille de vin.” You compared him to
John Hunter who hated lecturing, but be-
came the guiding star of many followers.
while Haller with all his grifts left no per-
sonal school. You in your own career have
followed Hunter. Your boys from Brigham,
some of whom 1 am delighted to see here
with you, will heartily agree that you have
succeeded. They are your living history.
Some historians can prediet but to few it
is given to show that they have learned
from history. Keep it up, Harvey. give us
some more ‘from tallow-dip to television.’
Don’t forget what you said in perfect Barn-
aiitsch: Nit nolo g'wunnt!”

Dr. Welch replied for the guests—with
bis usual felicity and charm—and he cha-
racterized A.CK. as one who had “the
rare gift of friendship.” He also spoke of
the remarkable letters which all his friends
enjoyed and treasured, and of his great bi-
bliographical erudition. No one but *““Pop-
sy” could have expressed so effectively what
we had all felt in our hearts.

I1

But we must now retrace our steps. The
1st International Neurological Congress
was held at the Municipal Casino, beginning
on Monday morning August 31st. A sur-
prise had been arranged by Professor As.
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her, then “Rector Magnificus™ of the Uni-
versity, in the form of two honorary de-
grees, one for Harvey Cushing and the other
for Charles Sherrington. Neither recipient
had been previously informed of the honour.
and it had required some little diplomacy
to ensure their presence at the meeting
without revealing the reason for having
them prompt in their time of arrival. Sherr-
ington, as one of the Vice-Presidents of the
Congress, sat on the platform. With some
difficulty Dr. Cushing was persuaded to sit
in one of the front rows. Beside him were
William Welch and Arnold Kliebs.

The meeting was opened at nine sharp
by Herr Haeberlin, the President of the
Swiss Federation, who welcomed the dele-
gates in the name of his democratic country.
He spoke in a clear, slow French, most
happily and to the point. Then came ad-
dresses of welcome by four Swiss Professors.
Asher, Wegelin, Naville and Bing, each of
whom spoke in a different language (En-
glish, German, French and Italian). The
Rector Magnificus then took the platform.
referring first to Pavlov, which called forth
an enthusiastic response. He then announ-
ced that the University was te do honour
te itself by the conferring of two honorary
degrees, the first to Harvey Cushing. He
then called for H.C., who walked slowly
up the steps on the left side of the rostrum
and crossed to the opposite side to face
Asher. A brief statement was then read in
Latin in which H.C.’s achievements were
described . Dr. Cushing meanwhile stood
facing Professor Asher, profile to the au-
dience, without moving an eyelash and his
face, although almost immobile, gave evi-
dence of suppressed pleasure and emotion.
After all this, Asher turned to him, grasped
his and, and spoke spiritedly and in per-
fect English somewhat as folows:

“Harvey Cushing, when you first came
to Berne, thirty-one years ago, Hugo Kron-
ecker and I saw in you the future master
of neurological surgery. You have more
than lived up to our expectations, for in
your field you have no peer. We are proud
to think that some at least of your inspira-
tion came from the Laboratory of Physio-
logy at Berne and we are even more proud
now to welcome you as a member of our
University.”

Asher also referred to H.C.’s relations with
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Kocher and to all of his many friends of
early days, male and female, who recalled
him vividly and were proud to have known
him. The diploma in a large red case was
then presented to him.

Professor Asher next called upon Sir
Charles Sherrington who like Cushing, was
quite dumbfounded for the moment; and
repeated much the same performance first
in Latin, followed by a speech in perfect En-
glish vernacular. His references to Sir Char-
les were particularly happy and were ter-
minated by the phrase: “Sir Charles, we
look upon you as the supreme philosopher
of the nervous system.”

The opening proceedings were terminated
by Bernard Sachs’s excellent Presidential
Address. His references to Switzerland as
the home of human liberty seemed especial.
ly well timed. Afier the {formal part of the
imorning session the scientific program be-
gan with a number of important papers by
Clovis Vencent, Percival Bailey, Wilder
Penfield and several others.

On Monday afternoon’the 31st, Dr. Cush-
ing read, as the third speaker on the scien-
tific program, his celebrated report on 2,00
verified tumours of the brain. At least a
thousand people attended, and for the first
time (and probably the only session during
the Congress), all of the side foyers were
empty. Dr. Cushing, speaking slowly into
a microphone which seemed perfectly tuned
to his voice, began with references to his
carly physiological experiments in Berne
carried out in 1900-1901, mentioning ihat
he had now come to give an account of the
work he had done in the interval. He re-
ferred to the various factors which had led
to the dramatic fall in mortality rate for
cerebral operations. ““Younger men,” he
went on to say, “picking up where I leave
off, can reduce the mortality still further.”
He reviewed the life history of the various
categories of brain tumour and then ended
with a somewhat unexpected climax: “Gen-
tlemen, this will be the last report on the
statistical results of brain tumours as a

whole which I shall ever publish.” =

2 Dr. Cushing’s full report was later publishel
in monograph form under the title: Intracranial
tumours. Notes upon a series of two thousand
verified cases with surgical-mCrtality percentages
pertaining thereto. Springfield I11.:  Charles C.
Thomas, 1932, 8vo, xii, 150 pp.
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For a moment there was complete silence.
then a burst of prolonged applause. Pro-
fessor Ariéns Kappers, who was presiding.
broke the precedent by offering a vote of
thanks to Dr. Cushing in the name of the
Congress for placing before them in this
inspiring way the brilliant results of his
life’s work.

On Monday evening, Arnold Klebs gave
the dinner for Dr. Cushing and his pupils
to which I referred at the beginning of this
account.

TUESDAY, SEPTEMBER 1st

The following day began with a morning
session devoted to muscle tone and the pos-
tural reflexes, with Sherrington in the chair.
There were many papers. Little new, how-
ever, was brought forward and the session
was chiefly remarkable for the nationalities
represented and for the brilliant summing-
up at the end by Sherrington. He expres-
sed his objection to the word ‘tonus’ itself
and voiced the hope that the term would
ultimately be dropped; so long as it is em-
ployed an element of mystery will hang
about it and since we now know that it re-
presents postural contraction, it were better
to use this latter term.

In the afterncon there were demonstra-
tions and no end of fascinating anecdotes.
Dr. Welch, for example, told us of his stu-
dent days in Vienna, Berlin and Breslau
(1876-1877). He knew Rokitansky and
bad informed Cohnheim how to stain tissues
with haematoxylin and eosin: at Ludwig’s
laboratory he discovered the bipolar ganglia
in the frog’s heart, but Ludwig had not en-
couraged him to publish the observations.
He knew Roy and attempted with him to
establish an Anglo-American journal of ex-
perimental pathology. There seemed no end
during these days of fascinating reminiscen-
ces, but H.C., even more than Welch, for-
med the centre of attention. He was besie-
ged by his old friends, many of them by
now dignified matrons. and also his lodging-
housekeepers of 1900 and 1901, booksellers.
reporiers and foreign physicians.

A wealthy family made a pilgrimage
from Hungary with a child that had an
odd-shaped head. They camped on his door-
step until he had to see them. As the baby
was the son and heir he was never allowed
out of his mother’s sight. H.C. sized up the
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Fig. 2.

Dr. Cushing, his teachers and his pupils,
Above: Drs. Armitage, Petit-Dutailles, Bremer,
Schreiber, Bagdazar Olicecrona, Morelle, Schaltenbrand,

September 1st, 1931.

From left to righi,
Martin, Oljenick, Bailey, Penfield,
Ingraham; Middle: Drs.

Franeis Grant, Arnold Klebs, William Welch, Harvey Cusring, Charles Sherrington,

Thierry de Martel, Geoffrey Jefferson, Tracy Putnam;

Below: Drs, De Coppet,

Meagher, Fulton, Dott, Cairns, Fremont-Smith,

situation in a flash, saying: “You need not
come to Boston: you have only to let your
child run and play with other children.”
Whereupon he took the child down the
hotel corridor, making him chase a ball.
The mother, the sisters, the cousins and
aunts remained in the room aghast and
wide-eyed; presently the docile infant erept
back and startled them all with a vociferous
‘Boo!” In five minutes H.C. had thus cured
the family as well as the child. The aston-
ished but obviously delighted father enquir-
ed what his fee would be: H.C. said there
would be none, whereupon the father pro-
tested. H.C. then asked, “Do you know Je-
remiah Smith?” Their faces all brightened.
They had known him well. “He is one of
my best friends,” said H.C. I feel towards
Hungary as he does.” At this they all made
a low bow and retired.

Dr. CUSHING’S DINNER *

% From a diary kept during the Congress,
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“ On the spur of the moment this morn.
ing, H.C. decided to invite all of his for-
mer pupils to dinner to meet his ‘masters.’
Welch, Sherrington, de Martel and Klebs
I had to dash around and find them in the
course of the morning and everyone accep
ted—28 in all—and it proved a memorablec
cccasion. The seating, which H.C. slaved
over for nearly two hours (writing all the
cards himself), was as follows (Fig. 2):

HC.
Thierry de Martel (Paris)
Paul Martin (Brussels)
Danie! Peatit-Dutailles (Paris)
Tracy Putnam (Bosion)
Jean Morelle (Louvain)
John Fulton (New Haven)
Dr. WELcH (Baltimore)
Richard Meagher (Boston)
Francis Grant (Philadelphia)
Norman Dott (Edinburgh)
Frank Freemont-Smith (Boston)
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Frédéric Bremer (Brussels)

Sir Charles Sherrington (Oxford)
Dimitri Bagdazar (Bucharest)
Percival Bailey (Chicago)
Georges Schaltenbrand (Hamburg)
Frederie Schreiber (Detroit)
Richard Light (Boston)

Herbert Olivecrona (Stockholm)
Dr. KLEBs (Nyon)

Hugh Cairns (London)

[gnaz Oljenick (Amsterdam)
George Armitage (Leeds)

Gaston DeCoppet (Berne)

Franc Ingraham (Boston)
Geoffrey Jefferson (Manchester)
Otfrid Foerster (Breslau)

Wiider Penfield (Meontreal)

*“1 had the good fortune to sit beside
‘Popsy,” who remarked in a quiet way that
the gathering had a far.reaching significan-

even greater abroad than at home. The
followers of Cushing were fired with much
the same enthusiasm that had fired the
students of Ludwig nearly a century before.
There was much in this vein and many
reminiscences. ‘Popsy’ never repeats him-
self and he has never told a dull anecdote.

* As the dinner was drawing to an end,
‘Popsy’ suggested that I propose the health
of ‘The Chief’—who had meanwhile moved
ic the end of the table, exchanging places
with Penfield. His response was moving.
witty and very simple, and began as mosl
of his speeches do, with a humorous twist:

Child :
Papa :
Child :
Mama:
Child :

Meme:

Papa, where were you born?’
‘In Berlin.’

‘Mama, where were you born?’
‘In Paris, my dear.’

‘Where was I born?’

‘In Baltimore. Don’t you re-

Fig. 3.

Arnold Klebs, William Welch, Harvey Cushing and Charles Sherrington,
September lst, 1931,

ce since it meant that someone in America
had at last founded a ‘school,” and that the
‘school’ was exerting an influence perhaps
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member?’
Child : *Isn’t it funny how we all got
together!’
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Then he went on somewhat as follows:

* Everything has a small beginning. Hen-
ry Head once said that there would have
been no Great War had he not once looked
through a peep-hole in a girl’s school. We
could not be sitting here had a Baltimore
saloonkeeper not shot his wife in the neck
in a moment of extreme emotion in Sep-
tember 1896. She by chance was a patient
of mine and had haematomyelia with some
of her dermatomes knocked out. This led
me to Kocher’s book and I decided to come
to work under him. In 1900 I sailed with
the desire to work with three people: the
man at my left (Sherrington, Fig. 3), which
explains his being here; with Horsley, who
unhappily has joined his fathers; and with
Kocher of Berne. The only note of intro-
duction was a letter to Horsley which Dr.
Welch (Fig. 3) had given me the night
before I left. Then as now, Welch spent
his life seeing how he can make the way
easy for other people (burst of applause).
Horsley was delightful, but was running for
Parliament and I decided to return when
he had either gotten in or gotten out! I
went to Paris and then to Berne, but waited
a month for Kocher to give me an Arbeit.
Then I found myself in Kronecker’s labo-
ratory. This brief story accounts for every-
one here except Jefferson, de Martel and
Olivecrona. who speak for themselves. So

it is natural that we should foregather here
in Berne. I hope we shall go out to see
De Coppet operate on Friday; if things go
well, we shall rejoice with him if not, we
shall all know that each of us has done a
much worse job himself.

“ Funny how we all got together!

“ Hold together. Keep up your friend-
ships—form societies where you can meet
together frequently to exchange ideas, and
to criticize one another’s technique. Keep
your finger on neurology, but don’t get lost
in scientific minutiae—a meduloblastoma
or a perineurial fibroblastoma by any other
name is just as sweet! Don’t let neuro-
logical surgery get too far away from gen-
eral surgery. It is the greatest possible
compliment that we have been adopted by
the neurologists and accepted as one of
them. Be this as it may, we did not grow
whelly out of neurology, for our roots are
in the fertile soil of general surgery. I like
to think that our specialty is perhaps the
richest in the field of Medicine, and it will
be if you make it so.”

THURSDAY, SEPTEMBER 3rd

Wednesday, the 2nd, had been devoted
to excursions and nothing worthy of special
record took place except that a good many
of us were glad of the opportunity to reco

Fig. 4.

Dr. Cushing speaking beside the monument of Theodor Kocher. September 3rd, 1931.
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ver from the excitement of the previous
two days. On Thursday, at noon, after ihe
morning session, a group of some thirty
people went out to the Berne Cemetery for
an unforgetable ceremony.

111
THE LAYING OF THE WREATHS

In the pouring rain, Welch, Sherrington.
Cushing and Arnold Klebs, along with se-
veral Swiss physicians (de Quervain, De
Coppet and Fischer) went out with a num-
ber of the younger American physicians io
lay wreaths on the graves of Kocher, Kro-
necker and Edwin Klebs. The ceremony
resulted from Dr. Cushing’s inspiration and
nothing could have been more iouching ic
the hearts of the people at Berne. The
group first went to the tomb of Theoder
Kocher which lies at the far end of the
cemetery. The rain continued and H.C.
picking up a large wreath went slowly up
to the tablet and laid it at its foot. He came
back to the plot and spoke for about ten
minutes, coatless, his head bared (Fig. 4)
and the rain soaking him, as follows:

Dr. CUSHING ON KOCHER

*In my younger days I had the good
fortune to come under the influence of iwe
men who were outstanding surgeons of their
generation—William S. Halsted and Theo-
dor Kocher. I may couple their names to
gether for they had much in common. They
were engaged in similar problems; they
were friends and correspondents; they were
equally fastidious in their operative crafts-
manship and al the same time, by precep!
and example, exerted a profound influence
as investigators on the scientific aspects of
their art. They represented the European
and American surgery of their day at its
very best.

*So in placing this wreath, in loving
tribut2, on the grave of one of these mas-
ters, I feel that I am merely the agent of
the other, his admiring friend, whose me
mory I hold in equal affection and gratitude.

* The most precious heritage of our pro-
fession lies in its noble traditions. What
has been accomplished does not die, but too
often, alas, the personality of those whe
have handed the torch from one generation
to another soon fades into oblivion. So for
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those of you—his spiritual grandchildren—
who have gathered here and to whom Theo-
dor Kocher is little more than the name of
a street which you have frequently traver-
sed the past few days, I would like to give
at least an impression of what he was in
life—a slight, spare man of personal neat-
ness, of quick step and alert bearing, of un-
failing courtesy and dignity, precise and
scrupulous in all his dealings professional.
public and personal—a man to trust.

* His clinic at the Inselspital had long
been a surgical Mecca and when in 1900
I came here hoping to find an opportunity
to work under his guidance he finally gave
me a problem which took me away from ihe
clinic to the physiological laboratory. When
sometime later on he chided me for my fai-
lure longer to appear in his operating room
I awkwardly replied that after witnessing a
few of them, to learn his methods, I found
kis operations singularly uninteresting; but
I hastened to add that for this very reason
I would unhesitatingly and with perfect con-
fidence put myself in his hands, should 1
at any time happen to be in need of an
operation myself. For a moment he looked
mystified and then said: ‘I shall interpret
your absence then as a compliment. Sur-
geons who take unnecessary risks and ope-
vate by the clock are exciting from the on-
lookers” standpoint but they are not neces-
sarily those in whose hands you would by
preference choose to place yourself.’

“ We think of America as the land where
young men are given their chance: but in
1872, at the unusual age of 30, Kocher
succeeded Liicke in the Chair of Surgery
hiere. And here to the end. a loyal Berner
Burgher, he remained in spite of tempting
calls to posts in other universities possibly
of greater renown. It is given to few sur-
geons continuously and actively with ever
increasing reputation to hold a professional
chair for so long a time as forty-five years.
I last saw him on his seventieth birthday
when in 1912, shortly after he had been
made a Nobel laureate for his contributions
tc our knowledge of the thyroid gland. a
Jubeleum was held here in his honour and
at this great festival tributes from every
part of the world poured in upon him.
From hard work and responsibility surgeons
are prone to burn themselves out compara-
tively voung, but Kocher had been blessed
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with an imperturbability of spirit or had
cultivated these habits of self-control which
enabled him to bear his professional labours,
bis years, and his honours with equal com-
posure to the very end. The current of his
long and active life was as steady, cool and
uninterrupted as that of the Aare encircling
his beloved Berne.”

Hugo Kronecker. From Kocher’s tomb
we came slowly to Kronecker’s and that of
Edwin Klebs, which are together in an en-
closure. Sir Cherles laid the wreath on Kro-
necker’s monument and reminisced most fe-
licitously about him (Fig. 5). Just as he
started, however, there was a loud clap of
thunder which caused him to look quizzi-
cally at the sky as if annoyed with the Al-
mighty. He told the story of Kronecker’s
habit of being late and of Holmgren’s ce
lebrated remark when awaiting him at &
committee: “Der kronische Verspatung!™
Sir Charles spoke as follows:

SHERRINGTON ON KRONECKER

“ We, coming, some of us from homes
far distant, offer here together our token
of respect and affection to memories inti-
mately with us in this place. Our thoughts
turn to three names which, in their time—
the generation immediately preceding our

own,—contributed to adorn Berne as a sour-
ce of medical culture; the names of three
men who lived te ennoble medicine both as
art and science by their work and their
example. Of them at this spot where we
now stand lie two; and for one of them.
Hugo Kronecker, the tributary wreath we
bring to him, now rests against his grave.

“ His name was early familiar to the
young physiologists of my generation becau-
se so often was it on the lips of our teachers:
and always with a note of special warmth
of admiration. Later I had. through many
good years, the privilege and pleasure of
personal contact with him. So it came that
I experienced myself the charm of his gifts
and character. To know him was to under-
stand the universal regard in which he was
held. A circumstance which favoured our
friendship was the organizing of the Inter-
national Congresses of Physiology. Those
meetings could not have found a more de-
voted or unselfish collaborator than he. At
Berne, in the “Hallerianum.’ as he loved to
style the laboratory, he presided over the
Congress of 1895: to its outstanding success
his own personality contributed no small
share.

* As for his services to his science, they
were many. Research, in which the action
of cardiac muscle was perhaps his favourite

Fig. 5.

Sir Charles Sherrington speaking at the grave of Hugo Kronecker. September 3rd, 1931
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tkeme; apparatus, his ingenious instruments
made his name a household word in many
laboratory outside his own and thirdly,
he typified a fine tradition of laboratory
comradeship, and so genially and happily
that he stood as its very embodiment for
us all. He had a genius for friendship, with
old and young alike—even with children.
I can still see him in a schoolboy’s room.
during a visit to England, standing on a
chair fixing to the roomwall a clock brought
with him from Berne and pieced togeher
by him to delight the young friend with its
jubilant ‘cuckoo.” His silvered head will be
remembered with affection not only by
those many who recognized him as an hon-
oured master of our science, but by many
who, apart from all that, knew and loved
kim for his nature as a man.”

Dr. WELCH ON EDWIN KLERS

Dr. Welch, standing before the tomb of
Edwin Klebs—utterly oblivious of the
drenching rain spattering on his bald head
—spoke for fifteen minutes extemporane-
ously of Klebs’s life and his achievements
(Fig. 6). No one, alas, was there to take
it down and he had no notes—just the re-
sources of a memory which seemed never
to fail. He recalled Klebs’s full name:

Theodor Allbrecht Edwin, and that he had
been born 97 years earlier, i. e., on February
6, 1834. “Popsy” described him as a rest-
less man of profound prescience, whose ma-
ny peregrinations entitled him to be called
a “wandering scholar.” For he had lived
successively in Konigsberg, Berne, Prague,
Ziirich, Karlsruhe, Asheville (North Caro-
lina), Chicago, Hannover, Berlin, Lausan-
ne; and finally he returned to Berne to
spend his declining years. Of his achieve-
ments he mentioned the joint discovery with
Loeffler of the diphtheria bacillus, his des-
cription of acromegaly in 1884, and that
fifteen years before Metchnikoff’s studies
he had inoculated monkeys with the exu-
date of syphilitic lesions. Mention was also
made of his introduction of solid culture
media before Koch, and of his isolation,
prior to Eberth, of typhoid bacilli from ca-
ses of typhoid fever.

Much else was said, but words left less
of an impression than vivid memory of an
occasion so unique—everyone was deeply
moved, Arnold Klebs perhaps more than
anyone else and certainly more than he ever
confessed.

Otfrid Foerster who, during his rich and
productive life, has always profoundly ad-
mired Kronecker, Kocher and Klebs, re-
marked: “Harvey Cushing was inspired to

Fig. 6.
Tdwin Klebs.

Dr., Welch speaking before the grave of
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think of this, and to have been present was
the greatest privilege 1 have ever had.”

v

The Congress went on for another day.
After the ceremony at the cemetery Profes-
sor and Mrs. Asher gave a memorable lun-
cheon party, to which many went direct
from the cemetery. There were present:

Dr. Graham Brown (Cardiff)
Dr. von Weizsacker (Heidelberg)
Prof. Pavlov (Leningrad)

Frau Asher

Dr. Cushing (Boston)

Dr. Springer (Berlin)

Dr. Pavlov (son of Prof. P.)
Dr. Sachs (Pres. of Congress)
Prof. Asher (Berne)

Sir Chas. Sherrington (Oxford)
Dr. Welch (Baltimore)

J. F. F. (New Haven)

Pavlov and “Popsy”™ were the chief cen-
tres of attention. Dr. Welch took an active
part in the conversation about journals—a
topic which had been brought up by Dr.
Ferdinand Springer of Berlin—and he told
of his early experiences with the Journal
of Experimental Medicine. They founded
it in 1896 in order to give a channel of
publication for experimental work in the
broad field of the medical sciences (See his
preface to the first volume). In the early
volumes he used English spelling entirely:
later, spelling preferences were allowed:
since it has been taken over by the Rocke-
feller Foundation the conventions adopted
have been rather vigorously standardized,
but the grotesque A. M. A. spelling conven-
tions have not been adopted. The American
Journal of Physiology was an offshoot of
Dr. Weleh’s journal.

PAVLOV’S PAPER *

* Pavlov had been a little uneasy during
lunch as his paper was obviously on his
mind. The session was held in the ‘Aula’
at the University. He was called on at 3:00
and the whole room was thronged; as soon
ac he mounted the platform they all stood
and cheered for several minutes. As usual
he looked pleased, but not in the least sur-

4+ From a diary kept during the Congress.
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prised! He spoke in German on neuroses
in animals, briefly and quite effectively.
Sir Charles, who has never seen quite eye-
to-eye with Pavlov remarked afterwards:
‘He has accumulated an enormous body of
significant experimental data, but his at-
tempts at interpreting it are infantile!!” 1
had had no idea that he felt so strongly.

“The Hallerianum. After Pavlov’s pa-
per Asher took me to his laboratory which
was built about 1890 by Kronecker and is
known as the Hallerianum in honour of the
great 18th Century physiologist. It is a
yellow brick structure about the shape of
the old Sterling Hall of Medicine at Yale,
and it has been very little changed since it
was erected. He took me into his office
and showed me first the conventional en-
graving of Ludwig. “That,” he said, ‘was
the Ludwig who taught Bowditch; and this.’
pointing to a bust in profile over his desk.
‘is the Ludwig who taught me!” And the
spirit of Ludwig somehow permeates the
laboratory, and it is very refreshing; Asher
is almost the last of those who can call
themselves Ludwig pupils. The laboratory
is fairly well equipped with apparatus, but
Asher talks poverty constantly: despite this
a surprising amount of work is going on.
and each year he has pupils collaborating
with him from all over the world. He show-
ed me with considerable emotion the corner
room in which Dr. Cushing had worked in
1900-1901.”

In the evening of September 3rd came
the official dinner of the Congress with,
alas, speakers from every country. H.C.
and “Popsy” both spoke but unfortunately
they were scarcely audible. Foerster, how-
ever, male a brief but most eloquent and
audible plea for the recognition of Neuro-
logy as a separate discipline. and as far as
formal utterances were concerned it was the
high point of the entire Congress. Since
it has not previously been published I ven-
ture to give it here in full.

Herr Prisident!
Meine Damen und Herrn!

Als vor 2 Jahren der Aufruf zur Teil-
nahme an den Internationalen Neurologen-
Congress auch an Deutschland erging, da
haben alle deutschen Neurologen diesem
Rufe begeistert zugestimmt. Und wenn
trotzdem heute die Gesellschaft Deutscher
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Nervenarzte leider nur durch eine verhalt-
nismassig geringe Zahl ihrer Mitglieder hier
vertreten ist, so wollen Sie darin bitte nichi
einen Mangel an Interesse an diesem Con-
gress erblicken, der durch die grossziigige
Initiative der American Neurological Asso-
ciation inauguriert worden und bisher so
gliicklich verlaufen ist. Nicht Mangel an
Interesse, nur die bittere Not der Zeit ist
es, die so viele Deutsche Neurologen heute
von hier ferne halt. Aber im Geiste weilen
sie alle hier und mit den herzlischsten Wiin-
schen begleiten sie den Verlauf dieses Con-
gresses vom ersten bis zum letzten Augen-

blicke.

Und in der Tat! kann es denn fur uns
ein schioneres, ein erhabeneres Ziel geben.
als wenn wir, die Erben eines Romberg.
eines Leyden, eines Wilhelm Erb, Hermann
Oppenheim, eines Hitzig, Flechsig, Wer-
nicke. uns zusammenfinden mit den Erben
des unsterblichen Hughlings Jackson, mit
den Erben eines Sir William Gowers, Sir
Victor Horsley, Sir David Ferrier, Sir By-
rom Bramwell, eines Bastian; als wenn wir
zusammenkommen mit dem Mann, der wie
ein Zauberkiinstler in die geheimnisvollen
Zusammenhange des nervosen Geschehens
hinein geleuchtet hat wie kein anderer, mit
dessen Namen die Physiologie des Nerven-
systems steht und féllt, Sir Charles Sherri-
gton, als uns zusammenzufinden mit den
Erben eines Brown-Séquard, eines Duchen-
ne de Boulogne, des grossen Charcot, eines
Brissaud, eines Dejerine, eines Sicard, eines
Foix, eines van Gehuchten, eines Wertheim-
Salomonson, eines Bolk, eines Retzius, Sa-
lomon Eberhard Henschen. Carl Petrén,
eines Ernst Alexander Homén, eines Kor-
sakow, Kojewnikow, eines Roth, eines Jen-
drassik, eines Pilez, eines Golgi, Mingazzini,
Camillo Negro: als zusammenzukommen
mit den Jiingern des greisen Titanen, der
den Ariadnefaden, der in das Labyrinth des
Nerven-systems hineinfiihrt und wieder da-
raus hinausfiihrt, an silberner Spindel auf-
und abgesponnen hat, Ramon y Cajal, als
zusammenzukommen mit den Erben eines
Dubois, eines Monakow, eines Forel, als
einzuschlagen in die Bruderhand der Erben
eines Meynert, eines Nothnagel, eines Hein-
rich Obersteiner, eines Emil Redlich, als
uns zusammenzufinden mit den Erben der
grossen Neurologen aus der Neuen Welt,
eines Weir Mitchell, eines Dercum., eines
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Charles Mills, eines Sir William Osler. Und
kann es fiir uns deutsche Neurologen iiber-
haupt ein schioneres, ein erhabeneres Ziel
geben, als dass auch wir, voll aufrichtigster
Dankharkeit und feuriger Inbrunst, zusam-
men mit allen anderen Neurologen, dem
Manne begeistert zujubeln, welcher der pro-
minenteste Eckpfeiler unserer Wissenschaft
ist, dem unser Sonderfach, die Neurologie.
itherhaupt erst die Stellung einer eigenen
selbstindigen Disziplin verdankt, dem gros-
sen Forscher, dem gesegneten Helier der
Mensehheit, “der die Blinden sehend und
die Lahmen gehend macht,” der wunder-
vollen Personlischkeit Harvey Cushings!!!

Meine Damen und Herrn! Wenn wir
uns hier zusammenfinden und wenn wir,
vom Geiste dieser grossen Manner einen
Hauch verspiirend, hier in diesem gottbeg-
nadeten Lande, der Schweiz, dem Lande, da
einst der Freiheit Wiege stand, dem Lande
das Hort und Hiiter hochster Kulturgiiter
stets war, noch ist, und immer sein wird,
am Fusse der gewaltigen Bergriesen. die.
vor Aconen von Jahren erstanden, noch im-
mer ihr schnee- und firnbedecktes Haupt
zum Himmel emporheben, wenn wir uns
hier gleichsam einen “Riitlischwur™ einan-
der in die Hand leisten, dass wir das Erbe,
das wir von unseren Vitern iibernommen
haben, getreu bewahren und vermehren
wollen und dass wir diese heilige Pflicht
auch unseren Schiilern und Nach- folgern
ins Herz legen wollen, ich meine, dann er-
scheinen wir als Teile eines grossen Organ-
ismus, der ewigen Bestand hat, und dann
erleben wir zugleich einen jener seltenen
und grossen Augenblicke, in denen Zeit und
Ewigkeit sich paart.

Meine Damen und Herrn! Die medizin-
ische Wissenschaft gehort zu den Kulturgii-
tcrn, die Gemeingut aller Nationen sind.
Sie ist mit an erster Stelle dazu berufen,
ein gemeinsames Band um alle Volker zu
schlingen. Sie ist der Boden, auf welchem
Angehorige der verschiedensten Rassen,
mogen ihre Charaktere und Anschauungen
auch noch so verschieden sein, mogen ihre
sonstigen Ziele und Wiinsche auch noch so
weit divergieren, zu einer grossen Synergie
zusammentreten. Es will mir scheinen, dass
unter den Vertretern unseres Sonderfaches,
der Neurologie, von jeher ein besonders gu-
tes Einvernehmen geherrscht hat, ein bes-
seres gegenseitiges Verstehen gewaltet hat
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als in anderen Sonderdisziplinen der Medi-
zin. Ich glaub deshalb, weil das Fach der
Neurologie von jeher ein besonders exaktes
gewesen ist, weil die Forschung sich immer
und iiberall auf den gleichen grossen Lin-
ien bewegt hat. Ich bin iiberzeugt, dass
dies immer so bleiben wird, so lange die
Neurologie den festen Boden der Tatsachen
nich unter den Fiissen verliert, so lange die
anatomische und die physiologisch-analyt-
ische Beobachtungsweise das Feld beherr-
scht, so lange die Vertreter unseres Faches
sich nicht in die Gefilde der Mystik verlie-
ren, nicht abschweifen in die nebligen
Sphiren einer nach freiem Belieben inter-
pretierenden Symbolik, sich nicht an Wor-
ten einer oft schwer verstindlichen Termin.
ologie berauschen, uneingedenk eines der
vielen tiefsinnigen Worte des grossten Neu-
rologen aler Zeiten, Hughlings Jackson:
“Words fetter our thoughts as well as define
them.”

Meine Damen und Herrn! Wenn wir
einen Riuckblick werfen auf den bisherigen
Verlauf dieses Congresses, so diirfen wir
wohl ohne Ueberhebung sagen: Dieser erste
Internationale Neurologische Congress ist
ein grandioser Erfolg! Er ist eine geradezu
imposante Demonstration der grossen Be-
deutung und des riesigen Umfanges, den
die Neurologie heute erlangt hat. Aber wir
haben nicht nur unsere Anschauungen und
Kenntnisse tiber die wichtigsten schweben-
den Probleme und Fragen gegenseitig aus-
getauscht. Wir sind uns auch menschlich
einander niher getreten, haben neue Bek-
anntschaften geschlossen und alte Freund-
schaften erneuert. Wir haben Minner, de-
ren Werk und Namen uns seit langem
bekannt, von Angesicht zu Angesicht gesch-
aut, von Mund zu Ohr vernommen. Ich
glaube das bedeutet viel. Befruchtend ist
und segenvoll der Regenstrom, der aus der
dunklen Wolke niedergeht. doch zieht der

Vol. 14. — Number 1. -— 1980.

Wanderer. der nach der Wahrheit lechzt.
den hellen Quell ihm vor, der aus der aus
des Felses scharf umrissener Spalte stiirzt!

Dieser Congress, ich wiederhole es, ist ein
beispielloser Erfolg. Trotz des schier baby-
lonischen Sprachengewirrs, das hier herr-
scht, stehen wir doch alle hier, als ein einig
Volk von Briidern, zu unserer Alma Mater
Neurologica! Mochte dies immer so blei-
ben! Hoffen wir, dass dieser erste Interna-
tionale Neurologische Congress bald von
weiteren gefolgt sei, auf denen die Grund-
lagen, die hier gelegt wurden, weiter aus-
gebaut werden, zum Heile und Segen der
Wissenschaft, der wir alle mit gleicher.
heisser Liebe dienen!

Zum Angenblicke mocht ich sagen:
“Verweile doch, du bist so schon!” “‘Dann
wird die Spur von unsren Erdentagen nicht
in Aconen untergehn!”

\'

And so the Neurological Congress of Ber-
ne drew to a close. Arnold Klebs, through
his warm affection for Harvey Cushing and
his unusual capacity for brinding people
together, had made it an event with few
parallels in the history of such gatherings.
A new “school” in the ranks of Medicine
had come suddenly to have international
recognition; and the esprit de corps which
this has fostered in the group itself has
found substantial expression in countless
ways—but in none more poignantly than
in the elaborate organization in all Euro-
pean countries now at war for dealing with
head injuries. In each country those re-
sponsible for these services have been train-
ed by Dr. Cushing or by the pupils which
they in turn have inspired; but Harvey
Cushing’s influence has touched nearly
every sphere of modern Medicine.
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The Bahamas | On Oacation

THE BAHAMAS. — It is known that some ancient kind of glass, after
it is buried for a certain length of tiine, acquires a rainbow-like iridiscence that
transforms it into a real gem, and its value increases.

The same happens with our experiences. | cannot write a diary while on
vacation: its nearness blockades our inner vision. We are functioning at a dif-
ferent level. collecting, feeling, sensing, hiding in our memory treasures to be
recounted afterwards in solitude. Some months have passed since we went to
Nassau. Winter is bitter cold and the wind’s glacial embrace makes us shud-
der; then. memories of these experiences return, beautiful, iridiscent and with
all the nuisances that accompany a trip erased.

Then came to our mind the word of Bliss Carman, the poet who best ex-

pressed the charm of these Islands.

“Where I can buy the magic charm
Of the Bahamian sea

That fills mankind with peace of mind
And soul’s felicity™.

NASSAU. — The minute we arrived we were enveloped by a soothing at-
mosprere. It was as if someone took a heavy overcoat off our shoulders bur-
dened with preccupations and cares, and with its pockets loaded with undone
tasks. Then suddenly we felt light, free. skin to skin with Nature.

It was a deliverance from the complicated womb of civilization, to a won-
derful environment.

A band in the airport gave us a gay welcome: among the passengers were
newly weds who were elated.

The people of Nassau are friendly, and proud of their heritage.

A recent proclamation of Independence and the booming of their wonder-
ful Summer resort make their faces beam with justified pride.

A wonderful place in which to rest. On the sand, under the sun, or in
the sea, the frontiers that separate man end nature are in a peaceful calm smelt-
ed, until man is restored to his true environment. As Walt Whiteman statess

“Man and Nature shall be disjoin’d and diffused no more
The true Son of God shall absolutely fuse them.”

To rest is to change to break a repetitious pattern. And the Bahamas gave
us two choices: the simplicity of nature with its soothing atmosphere and warm
embrace, and man’s sophisticated way of enjoying life.

Nassau has the traditional charm of an old city with its Government build-
ings, colonnial style and shops with goods from different countries in the world.
which are displayed on Bay Street.

Nassau honors the name of William III. formerly William of Orange -
Nassau. Strolling along its streets is like turning the pages of a history book.
Surrounded by Parliament Buildings there stands the statue of Queen Victoria,
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whose marble frozen countenance stares with absent eyes the flood of people
that go back and forth along Bay Streei, while dressed like tropical Bobbies,
the policemen reflect the English influence, and direct in their garb the unend-
ing traffic stream of tourists and islanders. Queen Vicioria is loved for her
gesture to abolish slavery.

Not far from there stands a statue full of dynamic and aggressive move-
mentss one hand presses the handle of a pistol while the other threatens with
a sword. It represents Woedes Rogers, the Bahama’s First Royal Governor, who
in 1718 drove out the pirates who for more than 70 years infested the islands
that were a place of choice for burglars and pirates.

You can also find their traces in Nassau, where the Famous Blackbeard
inflicted terror in the Bahamian waters in the Blackbeard Tower, a site now
in ruins which it is claimed to have been used by the pirate to peer the ho-
rizon to detect coming ships that may give them a rich aftermath.

The tiny winding streets, the time-enduring forts, with rusty cannons, and
many still beautiful chaleis dating [rom 1800 coupled with the once famous
Royal Victoria Hotel built in 1862, which is mentioned in the beautiful novel,
“Gone with the wind”, in its historical aspect as being used during the Civil
War to give shelter to the blockade-runners once caroused, brings a nostalgic
feeling for old times.

The Royal Hotel is now closed; it must hold many happy remenbrances
to Miss Lorraine Onderdonck, regarded as the first lady of the Bahamas Hotel,
who was running it in 1937 when Nassau was a humble fishing village.

The present is omnipotent; like an unconquerable avalanche it fills all
the paths and crevises of the past.

Tourists invade everything; they are particularly attracted by a stroll through
the Wocdes Rogers Walk. The beauties and fruit of the sea are there.

The most dazzling shells and corals are displayed, while open booths offer
different kinds of fish. There are also boats selling fish, specially a mollusk
that hides its flabby and gellatinous nature in the most beautiful and big sea
shell. Customers standing on the border of the walk deal with the fishermen.
Once the shells are sold, he kills the animal with a stab and extracts it from
its enclosure. A soft pink mass, that he wraps up and hands to his customer.
The shells are thrown into the sea. Under the clear waters thousands of shells
demonstrate the fruitfulness of the business.

Wood carving is performed on the street and the craftsman displays his
interesting work. More popular and numerous are the straw markets, where
hats, dolls, mats and baskets are displayed with beautiful colours and designs
all along Bay Street and Rawson Square.

Tourist’s children love to wear straw hats with the name of Nassau embroi-
dered on them. Some ladies buy dolls for presents, and wait while the stitches
of the vendor are inscribing the name of John, Ann. or whoever the destinatary
may be.

Shopping is a big lure for the vacationists the more you see, the more you

want. Bay Street will satisfy all the needs.
There is also shopping at night, but the most rewarding spectacle is the
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once a week Goombay Parade that invades the streets of Nassau.

Man horrows the most beautiful feathers from the birds and from the flow-
ers, their most exciting colours.

Trembling muscles echo the drumming, the players’ hands beat the parch
with dexterity, first in the center, afterwards on the side: the void glottis grunts:
“Goom! ... Bah!” which gives this festival its name.

The Bahamian Concertina is added to this leading sound and the vibrations
of the scraping of saws with long nails. Beautiful Bahamian girls move grace-
fully like exotic tropical birds. The fever of music is contagious. Nerves tune
rhythms, muscles vibrate and everybody is happy. Some tourists join the joyful
stream of dancing people.

A little coloured girl is attracted by the music and enters into the parade
instinctively moving and twisting to the sound of music, her beautiful round
eyes wide open, shine with excitement and the mouth is open in an ecstatic smile.
She was the most authentic example of the magic power at the Goombay elating
mustcal rhythm.

PARADISE ISLAND. — The glow of Paradise Island induces many vi-
sitors to cross the bridge over the harbor that separates it from the center of
Nassau to enjoy a vacation that may be quite restful or full of excitement. o1
alternating, as ‘his mood requires.

Nature’s attractions are counterbalanced by man’s sophisticated way of se-
eking exciting experiences. The most luxurious new hotels, a wonderful Casino
and a Night Club represent an investment of $ 600 millions dollars.

In one of these fabulous hotels, the Britanie¢ Beach Hotel, where the elusive
Howard Hughes hides from the world, there is a passage which connects directly
with the Casino and also with five restaurants.

Our main purpose in going to the Bahamas was to rest, but we found the
people’s different ways of life very interesting to watch.

Besides, the Bahamians make gaiety bubble in the air. Hotel hostesses are
very charming and encouraging. Music never ends: at the airport. on the terrace
where you are eating, or in the Hotel Hall, where a fascinating fashion show
is taking place. Elegance. originality in the beautiful afro prints, is displayed
by the elegant models who with dancing steps and graceful movements charm
the public. .

For a short period the model freezes in a beautiful movement to allow some
of the audience to perpetuate in a picture its exolic beauty.

Resting near the sea side is really like feeling the calmness of the tropics,
our perceptions become keener, every sense is sucking from nature like a bee
the nectar of life. Enjoying the soft caress of the trade winds, while feeling the
sun on our skin, warm and compassionate, patiently washing away the whitish
tint of winter. Looking at the sea whose brilliance end peacefulness is invaded
by yachts of colorful sails swelled by the wind, and inflated platforms that offer
private decks where they are happily rocked by the waves.

Men, women and children, all feel the joy of the sea. Life returns to ils
ancient dwellings.

Vol 14, — Number 1. — 1980.
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Like a bronze statue with all its muscles tightened, firmly pressing the [eet
en the water, the skier rushes past pulled by a tense cable tied onto a speeding
motor boat, while the sea puts brilliant transparent wings at the side of his feel
making him an Olympic God like Mercury.

The morning is crystal clear. The Atlantic waters like a wrinkled silver
foil shimmers to the sun. Several tourists are getting ready to explore the sub-
marine wonders which in these regions compete in splendour with those that
adorn the surface of the earth. It is a jolly group:; laughing and joking they
adjust their plastic shoes which seem like the lower extremities of a batracian.
transforming them into “frog-men”. On this excursion they take a sort of knap-
sack something that is more valuable than feod - the air tank.

Adjusting their round, transparent visors, there they go! one after the other.
carrying their personal port-hole through which to peer at the marvelous sub-
merged gardens whose magnificence reach the highest at the Bahamas.

Coming from the beach salted and summed. how rewarding it is to find
a huge punch bowl courtesy of the Hotel, for its customers. It was not only
refreshing, but a delicious Bahamian mixture. The night was hanging its twi-
light decor before enveloping us in a silvery blue darkness. The moon began to
shimmer on the placid waters.

Seated in the hall of the hotel. after a long day, divided between shopping
in Nassau and swimming in Paradise Island we were comfortably resting and
listening to an orchestra whose contagious rhythms made us unconsciously tap
the floor.

Two middle-aged couples from New [ersey began to talle to us. One of the
ladies urged her reluctant husband and all of us to go to the Casino. She was
the nervous type, blonde with glasses and of medium height. Under her insist-
ence we relinquished to her wishes. Just to see I explained, it is fun! The bus
is free.

A green little bus was waiting at the hotel door.

It goes back and forth all the day long to the Casino open round the clock.
but the major games start at 1 p.m. and ends at 5 a.m.

It was one of the most luxurious casinos 1 have ever seen (I must confess
that I have seen few of them) but I suspect that not too many of them can
boast of having an immense red carpetted saloon, lighted with dazzling chandel-
liers, six scarp tables, six roulette wheels, and nearly 300 slot machines of dif-
ferent values from 25 cents to a dollar.

The little lady from New Jersey stopped in front of one of them with «a
bunch of nickels in her hand. The rest of us just watched. She placed the nickel
into the slot and pressed some buttons. In a line of quadrantal different kinds
of fruit appeared. I did not understand the game but it seems to be that she ought
to obtain four of the same kind. Strawberries, strawberries, next a pear and an
orange, signaled her defeat. Several times the machine swallowed the nickel and
mocked at her. She was getting nervous. and looked angrily at the machine. At
her side a colored lady, tall, and physically generously equipped. was playing,
disdainfully looking at the machine and chewing gum; she seemed to master
her mechanical opponent. And it paid! A cascade of nickels like an exorcism
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was thrown out of the machine’s entrails.

The lady from New Jersey felt humiliated. affronted. She told us she was
going to change to another machine. She eagerly went to another one with a
more amiable look, followed by us. Then a peach appears, another peach. and
another —she was trembling with anticipated joy. A Nut! And this was re-
ally driving her nuts!

She cast us a suspicious look. We understood what she meant. Somebody
ought to be guilty of her bad luck. Then she said goodbye, and went to a dif-
ferent machine in another corner of the Casino.

We began to wander about and it was for us a surprise to learn that they
have a roulette table especially for ladies. Two of them were playing at that time.

One of the ladies was about thirty years old, round faced, with a plump
body loosely seated and wrinkling her satin dress. At her side a young man
was standing, a f[ew years older than her. She seemed to be morally unsure.
like one that is recovering from some mental maladjustment. She took the chips
hesitantly and looked at him with an almost pleading look. asking for a decision.
He affectionately encouraged her to choose a number.

The other lady was just the opposite. Thin, sophisticated, with artificial
lashes that hid an incisive look. Self controlled, she circled her glass of whiskey
with tightened: fingers, with the same grasp with which a parrot holds its bal-
ancing stick. In the other hand she held a cigarette with a long cigarette hold-
er, and did not leave it when with almost surgical sureness, with the available
fingers, she placed the chips. Sipping from the tall tumbler of whiskey, she fol-
lowed the whirling of the wheel with the corner of her eye under the long lashes.
Lady Luck does not like defiant people. She lost. Just an imperceptible con-
traction of the corner of her mouth revealed that she felt the stoccade.

Prof. Dr. VICTOR SORIANO

Vol. 14. — Number 1. — 1980.



e News

TOURETTE SYNDROME ASSOCIATION

NEWSLETTER
MEMBERSHIP MEETING HELD

OCTOBER 25, 1980

DISCUSSION OF “TOURETTE SYNDROME IN
YCUNG ADULTHOGD

Elaine Shapiro, Ph.D., moderated a panel
of six young adults who have Tourette Syn-
drome. The panelists introduced themsel-
ves, and Dr. Shapiro them posed questions
to the group.

Pat has had T.S. since the age of ten,
and was diagnosed when she was twenty-
eight years old. Phyllis is now twenty years
old. She has had T.S. since the age of nine.
and was diagnosed at nineteen. Currently a
junior in college, the hopes to be a special
education teacher, and is doing well on Hal-
dol. (One other panelist was using Haldol.
two were on Clonidine, and one did not use
any medication.)

Kathy, a young woman of twenty-two, is
working at present after having attended
college for a time. She expects to return to
school to prepare for a career in social wel-
fare. Although her symptoms began at the
age of seven, she was not diagnosed until
she was fifteen.

Orrin just received his Bachelor’s Degree.
He is working part-time and applying for
entrance to medical school. Orrin has had
Tourette’s all of his life, and has not been
helped by any medication. At twenty-seven.
Marco is married and works full time. His
symptoms started in childhood but it was
not until two years ago that he learned the
name of his affliction. Twenty-three year
old Mark works full time, and has known
he had T.S. since the age of sixteen.

Dr. Shapiro noted the lengthy time which
had elapsed between the onset of T.S. and
proper diagnosis. She asked the panelists
how they felt when they were growing up
and did not know that they had T.S.

Mark responded that he was constanily
teassed by other children. His parents had
taken him to many physicians who all said
he was a normal, healthy, “hyperactive”
child who had ““tics.” Many doctors assured
the family that the tics would go away,
Mark wondered at times if he was “crazy,”

Vol. 14. — Number 1. — 1980.

and found his parents support and assuran-
ces very helpful.

Phyllis was also taken to many physi-
cans to no avail. When her peers teased her
she reacied by becoming reculsive. She of-
ten locked herself in her room, and when
she joined the family to watch T.V. she
consciously sat behind the people in the
room in order not to disturg them.

Kathy reported that growing up was a
devastating experience. She was taken to
many doctors because her family thought
that seeking advice of physicians was ihe
best thing to do. However, one doctor ad-
vised her parents to punish and imitate her
because tics were part of a “stupid child-
hood game.” She became withdrawn, but
this began to change in high school when
she finally began to find some acceptance.

When asked by Dr. Shapiro how to deal
with the negative experiences of childhood.
Pat recalled that a teacher had labelled her
an “‘animal.” and she advised parents of
T.S. children to inform the teacher of their
child’s illness. She regretted that she was
always “left out” as a child because her
peers thought of her as “different.” An
informed teacher could aid the T.S. child.
Phyllis agreed that an understanding teach-
er was most important in order to help al-
leviate the problems of these youngters.

Marco reported that gangs of children
would beat him and call him “retar d” dur-
ing his school years, One teacher had tied
him to a chair and put a gag in his mouth
because of his bizarre behavior. He could
not turn to his family for help during this
time because they too believed he was a be-
havior problem and would punish him for
his symptoms. Even the teachers would
make fun of him in school and eventually
he learned to pretend that he was sick so
that he could stay home. At times he would
have a tuter come to his home and he re-
calls this as the happiest time because he
didn’t have to endure the ridicule of peers
and teachers. Marco’s problems, which are
due to T.S., still persist. As a newlywed
in his first apartment he found that neigh-
bors misunderstood his noises and thought
he was violent. He had to move into an
apartment with thick walls,

Dr. Shapiro asked, “Who should tell the
class about T.S.?” Phyllis thought the child
who has T.S. should tell the class. Mark
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felt that children are disposed to tease other
children if they are fat, short, wear glasses.
etc., and only a teacher who is informed
about the illness can minimize the hurt.
Orrin stressed the importance of educating
everyone in the school, teachers, administra-
tors, nurses, etc. If a child is teased by his
peers, at least the professionals, who know
about the illness, will be able to help.

Recalling school experiences, Orrin said
that, when he was young, nobody beat him
up, but neither would anyone be his friend.
During college his circumstances were im-
proved. He told his teachers about his con-
dition before the term began, so that they
would understand. He reported that his big-
gest problem involved studying. He began
using recorded books from the Library for
the Blind and Physically Handicapped
This, coupled with extended time on exams,
has helped him to do well. Orrin feels at-
tending school in a large city has advant-
ages because “in the city everyone is crazy
and used to bizarre behavior.” and so it is
easier to cope. .

Kathy disagreed. She went to a smal
college in a rural area and found her pro-
fessors very sympathetic, and encountered
few problems.

Mark spoke about the loneliness of grow-
ing up mith T.S. He felt isolated and has
always wanted to be treated like the other
kids. He thought each patient should de-
cide for himself whether to ask for special
arrangements in school.

Kathy felt that the most important factor
is growing up with T.S. is having under-
standing parents. She reported that she still
has problems with middle age adults in
stores or on the street. They do not tolerate
echolalia or coprolalia which is also hard
for parents to accept. She advised parents
to ignore symptoms and avoid asking if
there is any way they can help. Offers of
concern or assistance from parents only
make it worse, she said. She also spoke
about her inability to control her temper
and how she seems to get angry over incon-
sequential things. She advised parents to
ignore tantrums because one must have an
outlet for anxiety.

Marco said he worked with 40 and 50
year old employees who teased him. He
was forced to speak to his boss about them
and the boss approached the employees tel-
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ling them if they persisted in making fun
of him they would be fired. Even his par-
ents, who try to understand, cannot cope
with his symptoms when he makes loud
noises.

One panelist stated that at times his par-
ents would tell him that they understood
that he had to say those words but pleaded
lo “try not to say it so loud.” He said it
was not possible to modify the symptoms
and he advised parents to act as if they
didn’t notice them.

Mark felt that people with T.S. needed
a friend (this might be parents or a doctor)
to whom they could express their feelings,
Kathy felt that she did not understand why
she loses her temper so often, and it’s nice
to know there is someone nearby to help
out. But she questioned how pecple are to
know when she does or doesn’t want help.

Dr. Shapiro asked how the panelists dealt
with job seeking problems? Pat said she
told her first employer, “I jump and twitch
but it doesn’t interfere with my work.” She
was employed there for 5 years. Later she
did run into employment problems. Large
companies required a medical check-up, so
she decided to put T.S. on ber employment
records. It hasn’t harmed ber chances for
a job, she feels, because most doctors don’t
know what T.S. is. She advises people with
T.S. to ““play it by ear,” tell some employers
and not others.

Mark got his first job through a local
agency which helps handicapped youth. His
first employer knew he had T.S. and what
T.S. is. When he was hired for his present
job he did not tell his employer about T.S.
but, a week later, when his ties got worse,
he did tell him. His employer has heen
very accepting.

Dr. Shapiro asked how T.S. has weaken-
ed or strengthened each panelist? Kathy
felt she was weakened socially and acade-
mically, but it has helped her now that she
understands Tourette Syndrome. She feels
that she has tremendous insight due to T.S.
and is going into the field of social weifare
as a result of her experiences. She feels that
she has a “sixth sense” and can tell im.
mediately whether a person she meets wili
accept her or reject her. Her suffering has
made her want to help others.

Phyllis feels that she is no longer out-
going. Although she understands and ac-
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cepts much more than when she was young-
er, her social life in college is limited. But
T.S. has helped her to decide that she
should be a special education teacher be-
cause she can accept children for what they
are, not for what they could be.

Pat said that as a child she was made
to feel as if she was ““bad.” She also has
a “sixth sense”” and can judge people’s ac-
ceptance immediately. She, too, has a lim-
ited social life.

Mark believes he’s socially ““behind™ his
peers and does not have as many friends,
as he would like to. He feels he has more
compassion for other people’s feelings than
the average person.

The audience asked about the panelists
dating experience. “Do you tell your date
you have T.S. or wait awhil?” Kathy re-
marked that she dated a lot, but could not
bring herself to tell a special boyfriend
about T.S. Finally, when she did, he felt
this information was trivial and didn’t mat-
ter. She feels that the person with T.S.
should understand and accept himself/her-
self. If you are not ashamed, she advised,
other people will accept it.

Orrin sometimes waits several dates be-
fore he brings up the subject of T.S., but
most girls he dates know him because they
are classmates. He also feels the more the
person with T.S. accepts T.S., the more
the people around him will accept it.

Another question asked was: “Do both of
your parents accept T.S. or does one parent
accept it more than the other?” One pan-
elist said while she was growing up her
symptoms were considered as bad behavior.
Her mother would get angry which in turn
made her father angry. When she was
diagnosed her mother cried, and she could
perceive her parents’ anger at physicians as
well as their guilt for not having accepted
T.S. Today they both accept it and have
become active in the Association. Another
panelist reported that her father supported
her but her mother could not accept it. A
third panelist admitted that both parents
can’t cope with T.S. even though it is now
diagnosed.

A question probing the panelists’ feelings
about parenting, now that there is a sus-
pected genetic component in T.S., brought
forth the response that, having experienced
the illness, they would expect to be compas
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sionate parents. VWhether or not to have
children was a difficult decision, not yel
resolved.

An audience participant asked if any of
the panclists had relatives with T.S. Two
panelists reported that their grandmothers
had unusual movements and one girl stat-
ed that all of her grandmother’s sisters were
diagnosed as having “St. Vitus dance.”

Panelists were asked about the value of
psychotherapy in accepting the diagnosis of
T.S. Mark felt that it was important io
have a good friend who is unbiased. An-
other panelist felt that it is important to
have someone around to talk to and help
build up your confidence.

One member of the audience suggested
that patients and parents get involved with
their regional chapters so that we all have
someone to talk to, people who understand
because they've had similar experiences.

Dr. Shapiro felt that we could all agree
that there is a lot of hope. The enthusiasm
and accomplishments of the panelists are
very impressive and they deserve our thanks
and admiration.

Abbey Mevers

THE PHARMACOTHERAPY OF
TOURETTE SYNDROME
Eric D. Caine, M.D.

With the exception of the initial descrip-
tion of Tourette Syndrome, the documen-
tation of haloperidol’s effectiveness in treat-
ing many T.S. patients may be the most
significant contribution thus far to under-
sianding this ill-defined disorder. Clarifi-
cation of the role of this potent compound
has had profound therapeutic and investi.
gative impact.

Despite the effectiveness of haloperidol
for many individuals, it can be a difficult
medication to use. I will briefly consider
my approach to treating Tourette patients,
where haloperidol is no doubt the mainstay.
and discuss in general terms my philosophy
for employing pharmacotherapeutic agents.
Ideally, patients with mild cases of Tourette
Syndrome, who have made a good adapta-
tion in their lives, can avoid the use of any
medications for their symptomatology.

I cannot stress forcefully enough my bias
toward the view that medication must be
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an integral part of a thoughtfully consider-
ed approach to managing the personal dif-
ficulties which occur with Tourette Syndro-
me. The symptoms, which are often view-
ed as bizarre, provide a seed for the develop-
ment of additional difficulties, such as low
self-esteem, social isolation, self-demeaning
behavior, or misdirected anger, which may
present complex therapeutic issues. Alth-
cugh suppression of motor and vocal ties
may prove effective in reducing these un-
wanted consequences, ‘behavioral fall-out’
can take on a ‘life of its own.” Although I
view these problems from my vautage point
as a neurcpsychiatrist, I have found them
to be most remediable by taking a common
sense, ‘physicianly’ approach, utilizing infor-
mal counseling and education rather than
structured psychotherapy. Occasionally pa-
tients have been referred for more extensive
psychological treatment, but this has been
necessary rarely.

I begin haloperidol therapy with a bed-
time dose of 0.25-0.50 mg. At these low
doses, I have not often encountered side
effects warranting the use of other medicin-
es such as benztropine (Cogentin), alth-
ough I discuss the use of additional medi-
cations with patients and parents. It has
been possible to avoid the use of benztropine
in most individuals treated with haloperidol,
if the dosage is increased slowly. I raiso
the dose by 0.25-0.50 mg every 4-7 days;
patients and parents must be thoroughly
educated about how to judge the severity
of symptoms, the effectiveness of medica-
tion, and the appearance of side effects.
(Early in the course of treatment is a time
for frequent telephone calls!)

The maximum dose utilized depends on
achieving a * tolerable ” suppression of
symptoms. Many respond to 2-4 mg daily.
8-10 mg is generally the most I give! “Tel-
erable” is determined by the nature of the
symptoms (for example, coprolalia is usual-
ly less tolerable than eye tics) and the abil-
ity of an individual to exercise voluntary
modulation of his/her sounds and move-
ments. Some youngsters may have relativ-
ely few manifestations in school but a great
many at home (in my view, home ts a ha-
ven where one doesn’t have to hold sympt-
oms in check), thus allowing less overall
use of medication.

It is also essential that patients and fa-
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mily understand the ever changing nature
of T.S., as medication must be adjusted in
many individuals, increasing with symptom
upsurge and decreasing during periods of
relative remission. It is essential for effec-
tive dose adjustment that ““indicator sympi-
oms” be present at all times. If an indivi-
dual is treated with enough haloperidol 1o
suppress all movements, one can never know
when tics decrease spontaneously. In the
long run, my goal is to use as little medic-
ation as possible. (I have been accused of
repeating “‘less is best” like a broken re-
cord).

Many individuals are aware of the side
effects of haloperidol, but I will briefly re-
view them and my approach of dealing with
each. The motor side effects to haloperidol
can be distressing. These motor symptoms
can be divided into acute or short-term pro-
blems, intermediate difficulties, and long-
lerm abnormalities. The acute dystonic re-
action is not uncommon in psychiatric pa-
tients who use high doses of haloperidol;
the powerful muscle contractions which
characteriz these involuntary movements
are frightening bui completely reversible.
They cause no lasting ill effects. (Intra-
venous or intramuscular treatment with
benztropine is a commonly available therapy
which can be sought at any emergency
room.) Symptoms which resemble Parkin
son’s disease (tremor, slowed movements,
masked face, increased muscle tone, abnor-
mal gait, drooling, etc.) are caused by hal-
operidol and other similar compounds. They
begin after several days to a few weeks of
therapy. They too are treated with ‘“‘anti-
Parkinson™ drugs such as benztropine, tri-
hexphenidyl (Artane), etc.; at the low do-
ses of haloperidol utilized by T.S. patients,
Parkinsonian symptoms are relatively un-
common. A slowness of movement and a
decrease in facial expression may occur,
however, requiring either a lowering of hal-
operidol or the institution of counteractive
therapy. Another movement disorder which
can develop is akathisie, a motor restles-
sness which may be evident on observation
and extremely distressing subjectively. (One
patient described it as if, “My legs are
going to run away with me.”) This can be
alleviated with anti-Parkinson agents in
some instances, although I have encounter-
ed several individuals who found no relief
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beyond discontinuing haloperidol

.. Tardive dyskineswa, or late abnormal mo-
vement, is a concern of many. While I was
at NIMH, my colleagues and 1 observed
one adolescent with a full blown disorder.
His medication was discontinued initially
but later required reinstitution because of
psychotic symptoms. Two other youngsters
were observe with abnormal movements typ-
ical of tardive dyskinesia; these became ap-
parent while they were taking maintenance
haloperidol therapy. One had been on a
dose of 6 mg per day for 6 months, while
the other had been taking 5-7 mg per day
for 2 years. In both instances. discontinu-
ation of medication led eventually to a total
remission of symptoms. These abnormal
movements were distinctly different from
Tourette symptoms and they did not wax
and wane in the same manner as T.S. tics.
As a precaution for detecting tardive dysk-
inesia, 1 see patients at regular intervals.
usually 3-4 times per year; whenever pos-
sible, they reduce their medication or dis-
continue it completely 4.5 days before com-
ing for an evaluation.

A common unwanted side effect is drow-
siness. This can be countered somewhat
by taking a once daily dose near bedtime.
Coffee, tea, or cocoa in the morning may
provide a sufficient counteracting stimulant
effect (if it is necessary at all). In line
with a “less is best” philosophy. I make
every attempt to avoid utilizing other med-
ications for preventing drowsiness. If a
bedtime regimen fails, it has proved pos-
sible most often to lessen this problem by
decreasing the haloperidol dose, or by divid-
ing the dose (in late afternoon and even-
ing), or by using an alternating regimen,
with more one day and less another. QOe-
casionally, drowsiness is accompanied by an
irritable disposition. For this, a decrease in
the dose of haloperidol has proved most
effective.

A distinetly different side effect has been
reported by Dr. Ronald Polinsky on NIMH
and myself. We have treated several indivi-
duals (three with a definite disorder and
three ‘probables’) who developed a dose-
related depression, deseribed by one as “a
shade comming down.” This was a most
unmistakable syndrome, where individuals
developed tearfulness, unaccountable sad-
ness, decreased energy, loss of joy, and other
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signs of a depressive disorder. Symptoms
disappeared after medication was decreas
ed, often with the maintenance of substan-
tial therapeutic effectiveness at a lower
dose. Interestingly, there was no evidence
of other side effects, including subtle Park-
insonian symptoms such as slowness and
masked face, or drowsiness and mental dul-
ling.

Several youngsters have noted a robust
increase in appetite with haloperidol treat-
ment, leading to excessive food intake and
significant weight gain. It may be neces-
sary to establish a strong dietary regimen
for an affected individual, as well as pro-
moting a vigorous daily exercise routine.
Its significance cannot be underrated, as
there may be numerous aftereffects of gain-
ing 56-60 unwanted pounds.

There are other medications which have
been described as effective for treating some
T.S. patients (e.g., clonidine, fluphenazine
HCI, pimozide). There is increasing support
for the idea that T.S. is a heterogeneous
syndrome, where the ultimate expression of
symptoms may be a “final common path-
way”’ for different disorders in the brain.
Clearly, haloperido! seems almost magically
effective for some patients and frustratingly
ineffective for others. It is quite probable
that new medications will be found to more
effectively treat some or many T.S. patients.

The ability of a medication to help one
individual but not another may reflect dif-
ferences in drug metabolism. With new
technology, it is often possible to measure
how much drug is available in a person’s
blood. There may be differences between
individuals in the way they absorb a com-
pound froin the gastrointestinal tract or
break it down in the liver. Whenever pos-
sible, measurement of blood drug levels
should be a part of a new investigation.
Differences in response may actually reflect
differences in the amount of drug available
in the brain; this may be indicated by the
blood level. Inereasingly rigorous standards
will be necessary to evaluate the effective:
ness of new agents for combating T.S.
symptoms. This effort should move forward
in a systematic and sophisticated fashion.
in combination with studies to discern the
fundamental disorders which lead to the
expression of T.S.

Clinicians experienced in the treatment
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of T.S. are not readily available throughout
the country. Less experienced doctors may
nonetheless provide valuable therapeutic as-
sistance. The administration of haloperidol
is not in itself complex. Rather, it is the
overall therapeutic effort which requires
most time and attention, evaluating effecti-
veness and side effects, and blending the
use of pharmacotherapy into a thorough
program of management, education, and
gradual personal adjustment.

Dr. Caine is Assistant Professor of Psychiatry, Neurology
Pharmacology and Toxicology at the University of Rochester
Medical Center, Rochester, New York 14642

NINCDS Notes

National MS Survey
Reports Preliminary Data

A national survey of the incidence, pre-
valence, and cost of multiple sclerosis, con-
ducted by the NINCDS Office of Biometry
and Field Studies, is nearing completion.
Preliminary findings indicate that there
were 122, 873 cases of multiple sclerosis
in the conterminous United States as of Jan-
uary 1, 1976. This is equivalent to a rate
of 57.8 cases per 100.000 population.

These findings are similar to preliminary
data reported from the 1978 Health Inter-
view Survey conducted by the National Cen-
ter for Health Statistics, after these latter
results were adjusted for individuals who
were unaware that they have multiple
sclerosis.

According to the NINCDS study, the es-
timated average annual incidence of mul-
tiple sclerosis for the period 1970-1975 was
8,793 cases, or 4.2 cases per 100,000 popul-
ation. Both prevalence and incidence rates
were higher among females than males and
higher among whites than nonwhites. Rates
for individuals whose residence was above
the 37th parallel were higher than the rates
for those residing below the 37th parallel.

A series of articles presenting detailed in-
formation on the results of the NINCDS
survey will be forthcoming.

* kK

Otitis Media
Research Center Funded

NINCDS is stepping up efforts to im-
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prove recognition and treatment of otitis
media. Latest in a series of actions toward
this end is a 5-year grant to the University
Health Center of Pittsburgh for an otitis
media research center. To be headed by
Dr. Charles D. Bluestone, Professor of Oto-
laryngology at the University of Pittsburgh.
the center will conduct basic and clinical
research into every aspect of Middle ear in-
fections, the most common childhood ill-
ness diagnosed by physicians in the United
States.

Studies that center scientists will under-
take include comparing the effectiveness of
different treatments of otitis media, such
as myringotomy and removal of tonsils and
adenoids.

Over 50 percent of all children at some
time experience middle ear infections, and
20 percent of school age children show evi-
dence of having had significant middle ear
disease. Left untreated, middle ear infec-
tions can have extremely serious sequellae
and impact. Among these are:

® hearing loss

s physical morbidity (ear drum perfor-

ation, ossicular destruction or fixa-

tion, chronic tympanomastoiditis,
cholesteatoma, labyrinthitis, and me-
ningilis )

language dysfunction

cognitive dysfunction

compensatory behavior

aberrant social interactions

reduction in educational achievement
Even when diagnosed and controlled be-

fore any of these consequences occur, otitis

media costs the Nation some $ 1.5 billion

in yearly medical bills. The new center is

expected to make important contributions

toward settling some of the controversies

surrounding treatment of otitis media, ul-

timately reducing its human and economic

cosls.

* k k

Reye's Syndrome
Conference Set For March

“The Diagnosis and Treatment of Reye’s
Syndrome™ will be the subject of an NIH
Consensus Development Conference March

2-4, 1981, at NIH.
NINCDS is the lead Institute for the con-

ference: other sponsors are the National In-
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stitute of Allergy and Infectious Diseases,
the National Institute of Arthritis, Metabol-
ism and Digestive Diseases, the National
Institute of Child Health and Human De-
velopment, the National Institute of Envir-
onmental Health Sciences, and the NIH
Division of Research Resources. Collabor-
ating agencies are the Center for Disease
Control and the National Center for Health
Statistics.

The purpose of the conference is to reach
agreement on criteria for diagnosis and
treatment of Reye’s Syndrome. Key ques-
tions to be addressed include:

e What is Reye's syndrome?

e What symptoms should alert parents?

e What other conditions may cause

similar symptoms?

e When should parents seek medical

help?

e Which tests are helpful in diagnosis?

e What early treatments are useful for

non-comatose patients?

e What are the indications for and

risks of intensive care.

e What are the indications for

nitoring intracranial pressure?

e Is barbiturate coma useful?

For information, contact:

Dr. Joseph S. Drage, Chief

Developmental Neurology Branch,
NINCDS

Rm 816 Federal Bldg.

Bethesda, Md. 20205

(301) 496-6701

mo-

* ok ok

Criteria Set for Spinal Cord
Regeneration Experiments

To facilitate research and minimize mis-
leading claims, an NINCDS Advisory Task
Force has developed five criteria for evaluat-
ing spinal cord regeneration experiments.
The Task Force recomends that the criteria
must all be fulfilled before an investigator
can conclude that functional regeneration
of spinal neurites has occurred in an exper-
imental or test situation.

The five criteria are:

e The experimental lesion must cause

disconnection of nerve processes;

e Processes of central nervous system

neurons must bridge the level of in-
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jury;
e The regenerated fibers must make
junctional contacts;
e The regenerated fibers must generate
postjunctional responses;
e Changes in function must
from regenerated connections.
The criteria, with commentary, appear
in Experimental Neurology, 69, 1-3 (1980).
Reprints are available from NINCDS.

derive

% %k %

Tentative Consensus Reached
On Brain Dissection Issues

An NINCDS-NIMH sponsored workshop
on human brain dissection was held in Cam-
bridge, England, September 4-6, as part of
a continuing effort to develop international
standards for the collection, dissection, and
chemical analysis of human nervous system
specimens. Methods currently used are ex-
tremely diverse, complicating comparisons
of data between laboratories and impeding
attempts to map transmitter systems in the
brain.

Scientists reached a tentative consensus
in several controversial areas such as the
boundaries of the nucleus accumben and
use of GABA or tryptophan levels as indi-
cators of the degree of postmortem change.
Necessary future tasks were outlined. A
formal report of the workshop will be pu-
blished.

* * %

'Centers Without
Walls’ Established

The National Institute of Neurological
and Communicative Disorders and Stroke
has awarded initial grants of $ 1,367,000
to establish two ‘““Centers Without Walls”
for research on Huntington’s disease and
related neurological disorders.

Grant recipients are The Johns Hopkins
University School of Medicine and a con-
sortium of medical institutions in Boston,
headed by Harvard University Medical
School.

Unlike the traditional idea of specialized
disease center consolidated under one roof,
Centers Without Walls do not emphasize a
central location for research. Instead, a
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Center Without Walls consists of investiga-
tors engaged in basic or clinical research in
different departments within a university,
or at different universities and medical
centers. Patients and their families may be
seen in clinical research facilities at any of
the institutions comprising the center.

In Boston, a first-year award of $ 782,198
will support investigators in various depart-
ments within Massachusetts General Hos-
pital, McLean Hospital, Boston University
Tufts New England Medical School, the
Boston Veterans Administration Hospital,
and the University of Massachusetts.

This Center Without Walls will support
10 research investigations, including sever-
alal projects to map and measure levels of
brain neuroendocrines and neuropeptides.
Other investigations focus on developing bet
ter methods for analyzing brain tissues to
detect changes characteristic of degenerative
brain disorders.

As part of the Boston center’s studies, a
team of molecular geneticists at Massach-
usetts General Hospital - will be using re-
combinant DNA techniques to pinpoint the
chromosomal location of the Huntington’s
disease gene and pursue mapping of ihe
human genome.

Dr. Joseph B. Martin of Massachusetts
General Hospital, a Harvard affiliate, is the
Boston center’s director.

The Johns Hopkins University will rve-
ceive a first-year award of % 585.110 for a
center to be directed by Dr. Marshal F. Fol-
stein. This center will oversee nine basic
and clinical research projects, including
efforts to identify and examine all Hunt-
ington’s disease patients in Maryland and
support of research on genetic counseling
techniques. Among other projects, investi-
gators will study abnormal eye movements
and swallowing difficulties in Huntington’s
disease patients and will seek more detailed
understanding of the role of the basal gan-
glia in the pathophysiclogy of Huntington’s
disease and other motor disorders.

The Johns Hopkins Center Without
Walls will invelve a number of departments
and programs within the university-among
them, psychiatry, neurology, genetics, epi-
demiology, and public health. Patients will
enter the center’s programs through the J.
Earle Moore Medical Genetics Clinic at
Johns Hopkins.
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Establishment of Centers Without Walls
fulfills a major recommendation of the
Commision for the Control of Huntington’s
Disease and Its Consequences. The commis.
sion reported its findings to Congress and

the President in October 1977.

K

Director Named for
Stroke and Trauma Program

Dr. Michael D. Walker has been named
director of the Stroke and Trauma Pro-
gram, National Institute of Neurological
and Communicative Disorders and Stroke.
In this position he will oversee a $ 41 mil-
lion program of extramural grants and con-
tracts supporting research on stroke, cere-
brovascular disorders, brain tumors, brain
and spinal cord trauma, and regeneration.

Dr. Walker has served as acting director
of the Strcke and Trauma Program since
1979. He came te NINCDS from the Na-
tional Cancer Institute, where he had been
an associate director of the Division of Can-
cer Treatment since 1973. Prior to that,
at NCI's Baltimore Cancer Research Cen-
ter, he established the Section of Neurolo-
gical Surgery and subsequently served as
the center’s deputy chief, acting chief, then
chief and director.

Dr. Walker received his B.A. degree in
psychology from Yale University in 1956
and his M.D. degree from Boston University
School of Medicine in 1960. After complet-
ing an internship at Massachusetts Me-
morial Hospital, he took a neurosurgical
residency at Boston City Hospital, which
included a year’s fellowship in neurosur-
gery at the Lahey Clinic. He also served
as a clinical instructor in neurosurgery at

Harvard Medical School.

The author of more than a hundred
scientific publications, Dr. Walker has had
a long-standing interest in the diagnosis and
treatment of malignant brain tumors. He
has carried out research on the blood-brain
barrier, the pharmacodynamics of drug de-
livery to the brain, and the design and ana-
lysis of controlled clinical trials, and has
served as chairman of the National Cancer
Institute’s Brain Tumor Study Croup for
the past 10 years.

Dr. Walker holds memberships in a num-
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ber of professional societies, among them
the Congress of Neurological Surgeons, the
American Association for cancer Research,
the American Academy of Neurology, the
Research Society of Neurological Surgeons,
the American Society of Clinical Oncology.
and the Electron Micreoscopic Society of
America. He is a fellow of the Royal Socie-
ty of Health.

Dr. Walker holds an appointment as as-
sistant professor of neurological surgery at
The Johns Hopkins University School of
Medicine and has served on numerous ad-
visory boards and committees.

In 1974 he received the Superior Service
Honor Award of the U.S. Department of
Health, Education and Welfare.

x x K

Huntington’s Disease Focus
in Venezuela Under Study

Under a new contract between NINCDS
and the University of Zulia, Venezuela, stu-
dies have begun on a focus of Huntington’s
disease patients and their relatives living in
several small fishing villages along the
shore of Lake Maracaibo. The population
under research scrutiny is thought to be
one of the largest concentrations of Hunt-
ington’s disease families in the world.

The Lake Maracaibo HD focus holds
unique research potential. The affected fa-
milies trace their ancestry to a single in-
dividual, which greatly enhances the pros-
pects for informative genetic linkage stu-
dies. Moreover, the HD patients, because
of social ostracism and proximity to other
affected individuals, sometimes marry each
other and have children, some of whom can
be expected to be homozygous for the Hunt-
ington’s disease gene. If such homozygotes
have survived, they may be ideal subjects
to reveal the exact manner in which the
genetic defect manifests itself.

The new collaborative research project
has four major objects:

(1) Ascertainment of the Huntington's
disease ‘population and identification of po-
tential homozygotes as well as families in
which two and three generations of choreics
are living.

(2) Intensive study of families identifi-
ed as most potentially informative subjects
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for research.

(3) Collection of tissue samples for usc
by Venezuelan and U.S. investigators and
donation tc tissue banks,

(4) Pursuit of genetic linkage studies.

The contract for the collaborative project
was signed in Venezuela in July by Dr. F.
J. Brinley, director of the NINCDS Neuro-
logical Disorders Program, and Dr. Hum-
berto J. La Roche, rector of the University
of Zulia. Launching of the project fulfills
a major recommendation of the Commission
for the Control of Huntington’s Disease and
Its Consequences, which reported its find-
ings to Congress and the President in Oc-

tober 1977.
s O S ¢

Urban Epilepsy
Program Launched

The National Institute of Neurological
and Communicative Disorders and Stroke
has awarded a three-year contract, totaling
nearly $ 4 million, for establishment of a
comprehensive epilepsy program serving a
large urban area with a high proportion of
minorities among the population.

The new program will be carried out by
the University of California at Los Angeles
for Los Angeles Country, which includes
the Watts-Compton and Torrance areas.

The UCLA investigators will undertake
a number of advanced clinical and labora-
tory research projects on diagnosis, progno-
sis, prevention, and treatment of epilepsy.
They will develop accurate epidemiological
and vital statistics data on epilepsy in the
Los Angeles Country area, and will assure
that medical, social. educational, and re-
habilitative services for patients are inte-
grated into the program.

A Human Neurospecimen Bank for brain
tissue from epilepsy patients will be deve-
loped under the program. Other important
projects include demonstration of the La-
test research and treatment advances to
physicians and other health professionals
and development of a broad program of pu-
blic education about epilepsy.

Principal investigator for the UCLA pro-
gram is Dr. A. V. Delgado-Escueta. Co-
mvwhgalors are Drs. Richard D. Walter.

Paul Crandall, and Jerome Engel, Jr.

Other medical institutions in the Los An-
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geles County area that will be involved in
the UCLA program include the University
of Southern California School of Medicine.
the Harbor General Hospital in Torrance,
and the Charles Drew-Martin Luther King,
Jr., Medical Center.

In addition to its support of the new
program for Los Angeles County, NINCDS
has for several years funded comprehensive
epilepsy research programs at the Univer-
sity of Minnesota, Minneapolis; the Good
Samaritan Hospital, Portland, Oregon; the
University of Virginia, Charlottesville; the
University of Washington School of Medi-
cine, Seattle; and the Medical College of
Georgia, Augusta. These programs bring
together physicians and patients, conduct
clinical and epidemiological research, and
offer intensive diagnostic treatment and re-
habilitative help to patients in the research
setting.

This information is prepared monthly by the Office of

Scientific and Health Reports, National Institute of Neuro-

logical and Communicative Disorders and Stroke, National

Institutes of Health, Bldg. 31, “Rm 8A06, Bethesda, MD
20205; tel: (301) 496-5751.

NATIONAL SOCIETY

FOR AUTISTIC CHILDREN
SUITE 1017

1234 MASSACHUSETTS AVENUE, N.W.
WASHINGTON, D.C. 20005 (202) 783-0125

Dedicated to the education and welfare of
children and adults with severe disorders of
communication and behavior

Call For Papers
“Hope Through Research and Educa-

tion,” an International Symposium on Aut-
ism and Related Disorders of Communic-
ation and Behavior, will be held on July
14 and 15, 1981, at the Park Plaza Hotel,
Boston, Massachusetts. The symposium is
a part of the 13th Annual Meeting and
Conference of the National Society for Aut-

istic Children, U.S.A.

EMPHASIS:
Day One: Recent findings in applied
(behavior/social /educational )
research.
Day Two: Recent findings in basic

(medical /physiological) research.
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CRITERIA:

Submissions may include individual
papers, coordinated sets of papers or
complete symposia. Each submission
must include an abstract of not more
than 400 words, typed, double spaced:
a cover letter which includes the name
and affiliations of the principal inves-
tigator, the names and affiliations of
co-investigators, and full addresses of
each potential presentor.

Findings must be directly applicable
to children and adults with autism and
related disorders of communication and
behavior, and must not have been pu-
blished previously in any scientific
journal.

DEADLINE:
December 1, 1980
SUBMIT ABSTRACTS TO:

International Symposium on Autism
National Society for Autistic Children
1234 Massachusetts Avenue, N.W.
Suite 1017

Washington, D.C. 20007

Attn: Frank Warren

Phone: (202) 783-0125

PROCEEDINGS:

Manuscripts of not more than 30 pa-
ges, typed, double spaced, will be re-
quired of those accepted by the scien-
tific panel. A monograph of the pro-
ceedings will be published for distri-
bution within the scientific community
and among interested lay people.

MIGRAINE SYMPOSIUM
AT
INTERNATIONAL CONGRESS
OF NEUROLOGY
KYOTO, JAPAN
22nd September, 1981

Abstracts (less than 100 words) not later
than 31st March to
Dr. F. Clifford Rose
Princess Margaret Migraine Clinic
Charing Cross Hospital
London W6 8RF
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12th WORLD CONGRESS OF
NEUROLOGY

The Japanese Society of Neurology takes
peasure in announcing the 12th Congress
of the World Federation of Neurology, 1981,
in the scenic and historical city of Japan.
Kyoto.

The National Organizing Committe wel-
comes al of you to Kyoto.

General Information
Dates:

September 20 (Sun.) - 25 (Fri.), 1981

Congress Site:
Kyoto International Conference Hall
Takara-ike, Sakyo-ku
Kyoto 606, Japan
Telephone: (077) 791-3111

Scientific Program
A. Main Themes

The fou main themes below were selec-
ted at a cerent meeting of National Deega-
tes of the World Federation of Neurology.

1. Cerebral vascular diseases

Chairman:
Prof. Masakuni Kameyama
Department of Geriatrics and
Neurology
Kyoto University, School of
Medicine,
Kyoto, Japan
2. Hemispheric specialization in man
Chairman:
Prof. Frangois Lhermitte
Clinique de Neurologie et de
Neuropsychologie,
Hépital de la Salpétriere
Paris, France
3. Neurotransmitter and neuropeptide
dysfunction in relation to neurological
disease
Chairman:
Prof. André Barbeau
Department of Neurobiology
Clinical Research Institute of
Montreal
Montreal, Canada
4. Viral infections of the nervous
system
Chairman:
Prof. Richard T. Johnson
Department of Neurology

Vol. 14. — Number 1. — 1980.

Johns Hopkins University
School of Medicine
Baltimore, U.S.A.

The chairmen of each main theme will
seect and invite internationaly acknowled-
ged experts in these fields to present a mo-
saic of pertinent contributions. These will

be published in the Congress Proceedings.

B. Free Communications

The Organizing Committee welcomes
your submission of Free Paper abstracts.

You wil be notified of the method of
preparation and submission in the next an-
nouncement. A Poster session will be or-
ganized concurrently with patform presen-
tations.

Languages

The official languages of the Congress
wil be English, French, German, and Span-
ish. Simulaanenus interpretation in these
languages will be provided during the main

Exhibitions
During the Congress, the folowing exhi-
— A scientific exhibition

bitions wil be held.

— A technical exhibition of medical
equipment, books, and pharmaceuti-
cals.

You wil be notified of the details con-

cerning the preparation and submission of
exhibits in the next announcement.

Social Program

There will be an informal welcome gath-
erin, a Ladies” Program, a Theater Event
(a visit to see the Miyako Odort or Kabukt).
and a Banquet.

Preliminary Registration

If you are interested in attending this
Congress, please complete and return the
enclosed postcard to the Secretariat by June
30, 1980. The next annoncement, together
with the official registration form will be
mailed in June, 1980 to anyone who re-
turns the provisional registration form.

Travel Arrangements

Japan Travel Bureau (JTB) has been
appointed the official travel agency. Arran-
gements are being made for special all in-
clusive tours to the Congress. Details will
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be announced in the next announcement.

We are planning to provide the Congress
participants with reduced air fares and
hotel accommeodations at a reasonable cost.

Transportation

Japan Air Lines (JAL) has been appoint-
ed the official carrier of the Congress. For
information concerning your air-transporta-

tion to Kyoto, please contact your nearest
JAL office.

Meetings During the Congress

The folowing satellite symposia of the
WFN Research Committees will be accom-
modated during the Congress.

Extrapyramidad diseases
Migraine and headache
Neuropharmacolegy
Cerebrospinal fluid
Neurotoxicology
Neurcepidemiology
Multiple Sclerosis

FULTON SOCIETY:
Developmental Neurobiology

Related Information

® Tenth International Congress of Elee-
troencephalography and Clinical Neu-
rophysiology.
Kyoto, Japan
12-18 September, 1981
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@ [Epilepsy International Congress 1981.
Kyoto, Japan
17-21 September, 1981

National Organizing Committee

President:
Prof. S. KATSUKI
Vice-Presidents:
Prof. E. SATOYOSHI
Prof. 1. SOBUE
Prof. K. ITAHARA

Seeretary General:

Prof. T. TSUBAKI

Vice-Secretary General:

Prof. Y. KUROIWA

Treasurer:

Prof. Y. TOYOKURA

Vice-Treasurer:
Prof. H. NARABAYASHI

Kyoto Officer:
Prof. M. KAMEYAMA

The symbol of The 12th World Congress
of Neurology is a design made out of the
Japanese term ‘(shin-kei: nerve)”. The
term shin-kei was first introduced in 1774
by Genpaku Sugita (1733-1817), a pioneer
of modern medicine in Japan, when he
joined togeher tre first letters of (shin-ki:
spirit) and (kei-myaku: paths).

VI International Symposium on Posturo-
graphy, Kyoto.

16 - 20 September 1981.
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e Book Reviews

MEDICAL NEUROLOGY

Prof. John Gilroy-Prof. John Stirling Me-
yer-Third Edition-Macmillan Publishing Co.
Inc. New York-1979, vol. 787 pages.

A beauaiful, very well impressed book
that brings up to date the stuly of Neurolo-
gy-

We will reproduce part of the preface of
the authors in which is very well expressed
the purpose of this new edition of the book
of to describe up to date all the advances
in neurological sciences which are remarka-
ble for developing the knowledge of the mul.
tiple topics that integrate the normal and
pathological conditions of the Nervouss
System.

However such rapid increase in knowled-
ge and publications places considerable de-
mands on the authors of a textbook of cli-
nical neurologs in an effort to maintain a
practical and equitable balance of the con-
tents. This has been the prime considera-
tion in the preparaation o the third edition
of Medical Neurology which remains a prag-
matic textbook for the clinical practice of
neurology, placing particular emphasis in
newer diagnostic and therapeutic develop-
ments in the specialty.

The neurologic history and clinical exa-
mination still remain the keystone to the
practice of neurology.

Many recent changes in pediatric neuro-
logy are reflectad in the addition of much
new material. The section on mental retar-
dation has been expanded. The develop-
mental defects and metabolic disorders ha-
ve been extensively revised in light of the
many advances made in these areas in the
last few years.

There have alzo been mayor advances in
the understanding of the childhood ence-
phalopathies.

The demyelinating diseases have been
reclassified to correlate the hereditary leu-
kodystrophies and lipidoses with underlying
biochemical abnormalities. Newer techni-
ques of diagnosis in the demyelinating di-
seases are now available and the role of
computed tomography and evoked potentials
is illustrated.
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The sugestion that a multidisciplinary
approach to diagnosis and treatment of the
dementia is desirable.

New and improved concepts of disor-
ders such as hepatic coma, hepatic ence-
phalopathy, uremic encephalopathy and
dialysis encephalopaathy and their treatment
have now been defined, improvement in
the understanding of the mechanisms in-
volved in the varions types of headache and
migraine has produced a more rational the-
rapeutic approach to these diorders.

The treatment of sezures has been revi-
sed, imcorporating a more rational approach
to therapy that utilises determinations of
serum levels of anticonvulsant druge to en-
sure adequate dosage.

Chapter 7 has been revised to conform
to modern practice in the treatment of bac-
lerial infection and its complications inclu-
ding brain abscess, edema and bacterial ime-
ningitis. Advance in the diagnosis and treat-
ment of the viral encephalitides have also
been added in this chapter.

The recognition of diffuse brain damage
offers a logical and useful concept of brain
injury followinghead travma. New ideas and
newer techniques including computed tomo-
graphy, have radically altered the diagnos-
approach to the head injured. patient and
are described in logical order.

The problem of cerebro vascular disease
has been revised with emphasis on the pro-
filaxis of cerebro vascular insufficiency.
Much can be done for the patient with tran-
sient ischemic attacks by treating those
conditions that contribute to acelerated athe-
rosclerosis.

There is an established place for surgical
treatment in cerebro vascular insuficiency
and both conventional and newer innova-
tions in surgical techniques have been in-
duced in the chapter.

The advent of computed tomography has
resulted in a profund change in the early
diagnosis of brain tumours.

A number of additions have been made
to reflect better understanding of entrapment
neuropthies. The classification of some of
the familial neuropathies adds to the un-
derstanding of these conditions.

Chapter 12 has been extensively rewritten
to cover the many advances in the diagno-
is and treatment of muscle diseases.

The new emphasis on modern techni-
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ques, coupled with continued emphasis on
traditional neurologique practice on care in
history taking and precision in examination,
has been stressed throughout this edition,
reflecting a modern approach to neurology.

This is a book that in a clear and con-
cise way expound all the topies that appro-
aches, up dating them in a clear and preci-
se way providing the readers all the extraor-
dinary contributions done in the last years
to the knowbedge of the nervous System in
its normal and pathological aspects.

It is a very useful book for the neurolo-
gists and for all those interested in the com-
prehension of the ways and doing of the
nervous System.

Prof. Dr. VICTOR SORIANO

CURRENT NEUROLOGY

Editions H. Richard Tyler M. D., David
M. Dawson, M. D. - Houghton Mifflin Pro-
fessional Publishers - Medical Division - Bos-
ton.

VOLUMEN 1 — 1978
Contents - | NEUROMUSCULAR
DISORDERS:

1) MYOPATHIES: Richard M. Moxley.

2) MYASTHENIA GRAVIS: Bernard M.
Patten - Editor’s Notes - H. Richard
Tyler and David M. Dawson.

I1 — DEMYELINATING DISEASES:
3) MULTIPLESCIEROSIS: Howard L.

Weiner.
111 — DEGENERATIVE DISORDERS:

4) FRIEDREICH'S AND OTHER HE-
REDITARAY ATAXIAS: David A.
Stumpf - Editor’s Notes - H.. Richard
Tyler and David M. Dawson.

IV — EXTRAPYRAMIDAL . AND MO-
VEMENT DISORDERS:

5) HUNTINGTON’S DISEASE: Kenneth
L. Tyler and H. Richard Tyler.

6) PARKINSON’S DISEASE: H. Richard
Tyler and Kenneth L. Tyler.

V — VASCULAR DISORDERS:

7) TRANSIENT ISCHEMIC ATTACKS:
0. M. Reinmuth.

8) HYPERTENSION AND THE CEN-
TRAL NERVOUS SYSTEM: H. B.
Dinsdale.
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9) INTRACRANIAL ANEURYSMS: Ro-
berto C. Heros and Nicholas T. Zer-
vas,

VI — SEIZURE DISORDERS:

10) EPILEPSY: Gail E. Solomon
Henn Kutt.

11) BASIC MECHANISMS OF PHENY-
TOIN ACTION: Jonathan H. Pincus.

VII — NEOPLASTIC DISEASES:

12) BRAIN TUMORS: Alexander M.
Spence Editor’s Notes - H. Richard Ty-
ler and David M. Dawson.

13) NEUROLOGIC ASPECTS OF THE
TREATMENT OF CANCER: Joanna
Sawicka - David M, Dawson and Ro-
nald Blum.

VIII — DISORDERS OF HIGHER COR-

TICAL FUNCTION:

APPROACHES TO HEMISPHERIC
ASYMMETRIES: H. Harris Funkens-
tein.

CEREBRAL AGING AND DEMEN-
TIA: Dennis J. Selkoe - Editor’s No-
tes H. Richard Tyler and David M.

Dawson.
IX — BASIC NEUROSCIENCES:

16) NEUROTRANSMITTERS AND DI-
SEASES OF THE NERVOUS SYS-
TEM: Michael A. Moskowitz - Hille!
J. Chiel and Loy D. Lytle.

X — DIAGNOSTIC PROCEDURES:

17) COMPUTED TOMOGRAPHY OF
THE CENTRAL NERVOUS SYS-
TEM: David O. Davis.

XI — SHORTER REVIEWS:
18) SPECIAL TOPICS: H. Richard Tyler
and David M. Dawson.
CURRENT NEUROLOGY
VOLUMEN 2 — 1979
CONTENTS:

I — NEUROMUSCULAR DISORDERS:

1) MYOPATHIES UPDATE: Richard T.
Moxley.

2) MYASTHENIA GRAVIS UPDATE:
Bernard M. Patten.

3) MYASTHENIA SYNDROMES: Ber-
nerd M. Patten.

4) PERIPHERAL NEUROPATHY UP-
DATE: David M. Dawson.

5) NERVE ROOT AND UPPER LIMB
PERIPHERAL NERVE SYNDRO-
MES: Keneth K. Nakano.

6) AMYOTROPHIE LATERAL SCLE-

and

14)

15)
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ROSIS: Thsodore L. Munsat and Wal-
ter G. Bradley.

II — DEMYELINATING DISEASE:

) MULTIPLE SCLEROSIS UPDATE:
David M. Dawson.

111 — DEGENERATIVE DISEASES:

8) MITOCHONDRIAL MULTISYSTEM
DISORDERS: Clinical, Biochemical
and Morphologic Features - David A.
Stumpf.

9) HEREDITARY ATAXIAS UPDATE:
David A. Stumpf.

IV —EXTRAPYRAMIDAL DISORDER:

10) HUNTINGTON’S DISEASE UPDA-
TE: Kenneth L. Tyler.

11) PARKINSON’S DISEASE UPDATE:
Kenneth L. Tyler.

V — VASCULAR DISEASE:

12) INTRACEREBRAL HEMORRHAGE:
Louis R. Caplan.

13) CEREBROVASCULAR DISEASE UP-
DATE: H. Richard Tyler.

14) ANEURYSMS AND SUBARACH
NOID HEMORRHAKGE UPDATE:
Nicholas T. Zervas and Thomas H.

Jones.

VI — SEIZURE DISORDERS:

15) EPILEPSY UPDATE: Shahram
Khoshbin and David M. Dawson.

16) VALPROATE AND THE MANA-
GEMENT OF SEIZURES: Richard H.
Mattson.

VII — NEOPLASTIC DISEASE:
17) BRAIN TUMORS: gliomas, Mening-

mas and Metastatic Tumors. Alexan-

der M. Spence.
18) THE MANAGEMENT OF PAIN OF

MALIGNANT ORIGEN: Kathleen M.
Foley.
VII—HIGHER CORTICAL FUNC-
TION: :
19) NEUROPSYCHOLOGIC  ASPECTS
OF APHASIA: Oscar S. Marin and
Barry Gorddon.
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20) CEREBRAL AGING AND DEMEN-
TIA UPDATE: Dennis D. Selkoe.

IX — BASIC NEUROSCIENCE:

21) — Physiology and Pathophysiology of
Voluntary Movement. Mark Hallett.
NEUROTRANSMITTERS:  Altera-
tions With Aging and Precursor Avai-
lability Michael A. Moskowitz. Hillel
J. Chiel and Loy D. Lytle.

X -—— DIAGNOSTIC STUDIES:

23) EVOKED FOTENTIALS: Charlotte
B. Me Cutchen and Vicente J. Iraqui
Madoz.

XI — NEUROLOGIC ASPECTS OF ME-

DICAL DISEASE:
24) VIRAL DISEASES OF THE NER-
VOUS SYSTEM: J. Richard Baringer.
25) THE HEART AND NEUROLOGIC
DISORDERS: Martin A. Samwels.
26) METABOLIC ENCEPHALOPATHY:
Richard Satran and Robert C. Griggs.

The Editors outstandings Professors of
Neurology from Harvard Medical School,
have reunited in this book the contribution
of a brilliant group of personalities each one
of them an authority in the different topics
integrated in this Neurology. The fast pa-
ce of progress in science is successfully co-
vered by the authors which offer to the rea-
ders the latest news in each subject with
a deeper knowledge gathered in novel in-
vestigations. These books are in themselves
“A continuing education” and the specia-
lists may easely follow through them the
advancement of science.

This means a better knowledge that may
be applied in understanding the Patient’s
problem, in giving a lecture, or further fu-
ture investigations.

Summarizing, this a collection of books
that maintain up to the Specialist knowled.
ge in varioous aspects of medical Neurology.

22)

Prof. Dr. Victor Soriano
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