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CHAPTER 2

Comprehensive Neurology,
edited by Roger N. Rosenberg,
Raven Press, Ltd., New York © 1991.

Genetic Neurological Diseases

Roger N. Rosenberg and Jay W. Pettegrew

The classic eponymic neurologic diseases discussed in this
chapter produce characteristic pathologic changes in spe-
cific nuclei and fiber tracts in brain, spinal cord, and periph-
eral nerve. The disorders are usually progressive and sym-
metrical in their pathologic and clinical expression, and
they often have a clear genetic basis of inheritance or have a
suggestion of familial involvement. The disorders involve
specific regions or systems of the nervous system such as
cerebellar nuclei and also involve fiber tracts of the cortico-
spinal or extrapyramidal motor system, resulting in specific
neurologic symptoms and signs referred to as system degen-
erations.

In 1902 Gowers referred to these inherited degenerative
diseases as abiotrophies—that is, inborn errors of metabo-
lism. This term implies the occurrence of neurologic disease
as a result of an impairment in the metabolic state of the
brain, spinal cord, or peripheral nerve. Recently (as will be
discussed), enzyme deficiencies (i.e., chromosomal breaks),
specific immunologic defects, abnormalities in nerve
growth factor, and slow, latent, viral-like infections of the
brain have been identified as specific etiologic bases for
some of these abiotrophies.

It is of great interest and importance that in most of the
inherited degenerative disorders to be discussed, the pri-
mary emphasis of disease involves the neuron, with changes
produced in astrocytes and oligodendrocytes being presum-
ably of a reactive and secondary nature. Intensive research
regarding most of the disorders mentioned here is currently
under way in many laboratories, and it is anticipated that
with a better understanding of the program of genetic molec-
ular differentiation involving the neuron (i.e., by utilizing
recombinant DNA techniques, by studying the altered gene
products present, or by studying defects in the regulation of
their synthesis in these various disorders), the mechanisms
for the pathogenesis of these diseases will become clearer
and specific therapy will become available.

We have witnessed in the past decade an exponential in-
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crease in our knowledge concerning the basic enzyme de-
fects and metabolic consequences of many autosomal re-
cessive disorders in the categories of the gangliosidoses,
leukodystrophies, mucopolysaccharidoses, glycogenoses,
and heavy metal storage disorders. When these autosomal
recessive diseases are used as models, it is hoped that the
basic molecular defect in several autosomal dominant sys-
tem degenerations discussed here, such as Huntington’s dis-
ease, Joseph’s disease, olivopontocerebellar atrophy, Alz-
heimer’s disease, myotonic muscular dystrophy, tuberous
sclerosis, and neurofibromatosis, will become clarified (1).

PROGRESSIVE DEMENTIA
Alzheimer’s Disease

Alzheimer’s disease was originally described in 1910 by
Alois Alzheimer (2), and it refers to the occurrence of a
presenile dementia with an associated diffuse atrophy and
resultant reduction in mass and weight of the brain. The
occurrence of the presenile dementia is insidious and pro-
gressive over many years, and it is usually not associated
with other significant neurologic abnormalities. It is impor-
tant to distinguish this disorder from a senile dementia that
similarly produces an insidious and progressive impairment
in intellectual functioning, but in an older population. A
convenient arbitrary division between a senile and presenile
dementia might be age 60 years, when the first symptom of
impairment occurs. Both senile dementia and Alzheimer-
type presenile dementia represent similar disorders both
neuropathologically and clinically, with the Alzheimer
form merely occurring earlier in age and sometimes pro-
gressing more rapidly.

Alzheimer’s disease may be familial. There is an in-
creased risk of occurrence if a patient’s parent or sibling was
affected. Down’s syndrome occurs more frequently in fami-
lies with Alzheimer’s disease than in the general population.
An autosomal dominant form of inheritance is present in
about 10% of affected families, and there is a wide range of
age of onset within a family (as reviewed in ref. 3). In one
series, reported by Breitner et al. (4), female relatives ap-
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peared to develop the disease earlier than males. An interest-
ing report by Bird et al. (5) described five families with
autopsy-proven disease with autosomal dominant inheri-
tance. All five families are descendants of a group of immi-
grants known as the Volga Germans, who came to the
United States between 1870 and 1920. The concordance
rate in one study by Nee et al. (6) for monozygotic twins was
41% and 40% for dizygotic twins. Their study supported the
view that Alzheimer’s disease cannot be entirely accounted
for by a single autosomal dominant gene, given the rather
low concordance rate for monozygotic twins.

Pathology

The characteristic gross appearance of the brain is a se-
vere, symmetrical, and diffuse atrophy with associated flat-
tening of gyri and widening of the sulci. The entire ventricu-
lar system is uniformly enlarged. The histologic findings in
general are a diffuse loss of neurons in the cerebral and
cerebellar cortices, the basal ganglia, the brainstem, and the
spinal cord. In particular, there is prominent neuronal loss
in the basal nucleus of Meynert (substantia innominata),
the septal nuclei, and the diagonal band of Broca. These
basal forebrain nuclei usually provide a diffuse cholinergic
input into the cerebral cortex, and their loss is the basis for
the significant reduction in- acetylcholine throughout the
cortex (7,8). Neuritic plaques and neurofibrillary tangles are

. additional features of Alzheimer’s disease brain. For further

details, see refs. 9-33.

Molecular Genetics

The most compelling evidence within the last few years is
that Alzheimer’s disease is the result of a genetic abnormal-
ity. The new genetic data are most convincing for a primary
pathogenetic mechanism of disease compared to other possi-
bilities, including an infectious etiology (34), toxins, au-
toimmune disease, heavy metals, a selective neurotransmit-
ter disorder, or a metabolic encephalopathy. Familial
Alzheimer’s disease is being defined in molecular terms for
the first time, and it is probable that nonfamilial or sporadic
Alzheimer’s disease will share a similar molecular basis.

A most exciting discovery by Glenner and Wong (35) has
been the genetic association between Down’s syndrome and
Alzheimer’s disease. The beta-amyloid protein of the neu-
ritic plaque of Alzheimer’s disease shares the same amino
acid sequence with the protein present in similar neuritic
plaques in the brain of patients with Down’s syndrome who
live past 35 years of age. These investigators surmised
correctly that the amyloid gene probably resides on chro-
maosome 21, since it is primarily involved in the pathogene-
sis of Down’s syndrome—which commonly has trisomy 21
as its cytogenetic hallmark. It was suggested that perhaps an
early or primary defect in the pathogenesis of Alzheimer’s
disease is a regulatory disorder involving the amyloid gene
on chromosome 21. ~

Great credit must be given to Selkoe et al. (36) for demon-
strating that the aging process of brain that is associated
with amyloid deposition in neuritic plaques and blood ves-

sels is not restricted to Alzheimer’s disease and Down’s syn-
drome. Rather, as they have shown, it is a biochemical and
pathologic feature of aged mammalian brain, including
monkey, dog, orangutan, and polar bear. Amyloid deposi-
tion is an event that spans millions of years of mammalian
evolution. It is a genetic event that is highly conserved, and
it represents an essential gene function which has become
abnormally regulated in the aged mammal (37,37a).

In 1987, Goldgaber et al. (37) reported the isolation and
characterization of complementary DNA (cDNA) clones
coding for the beta-amyloid peptide. They point out that
the gene is highly conserved in evolution and that it maps to
human chromosome 21.

Using unique sequence cDNA probes, St. George-Hyslop
et al. (38) have shown genetic linkage of a polymorphic
marker with the genetic locus for familial Alzheimer’s dis-
ease. Four large kindreds with histologically proven early-
age-of-onset Alzheimer’s disease were studied using banked
cell lines from affected, at-risk, and non-at-risk individuals
from several generations. Their results indicate that the fa-
milial Alzheimer’s disease gene from families with early-
age-onset disease does map to chromosome 21, but to the
ql1-12 region and not to the 21q22 region associated with
Down’s syndrome. Families with late-onset disease do not
mabp to this site, suggesting the possibility of genotypic heter-
ogeneity in this disease as reported by Schellenberg et al.
(39), Bird et al. (40) and St. George-Hyslop et al. (40a).

Another major step in this rapid cascade of molecular
insights into the basis of Alzheimer’s disease was the obser-
vation by Tanzi et al. (41) that the regional localization of
the beta-amyloid gene by both physical and genetic map-
ping is near the locus of the genetic defect responsible for
familial Alzheimer’s disease at q11-12 of chromosome 21.
They also measured amyloid mRNA levels on Northern
blots from a variety of brain regions and from various or-
gans. Amyloid mRNA is expressed widely, including
spleen, thymus, pancreas, muscle, kidney, liver, lung, and
heart. It was present in human brain cortex, thalamus, pu-
tamen, hipposcampus, and cerebellum. Amyloid mRNA
was expressed in organs and brain regions (i.e., cerebellum)
that are not associated with pathologic lesions of Alz-
heimer’s disease to a significant degree. The lack of an abso-
lute correlation between regional neuritic plaque density
and in situ hybridization of brain with 3*S-RNA probes to
amyloid mRNA 'was also made recently by Bahmanyar et
al. (42). These data imply that mRNA expression per se is
necessary but not sufficient to explain the pathogenesis of
Alzheimer’s disease.

Increased mRNA for amyloid in Down’s syndrome brain
suggests that the deposition of amyloid in this disorder is the
direct result of a dosage-related increase in the gene prod-
uct. It is not yet clear whether the amyloid plaques in Alz-
heimer’s disease are analogously due to gene overexpres-
sion. Tanzi et al. (43) and Van Broeckhoven et al. (44) have
independently addressed this point and have concluded
that the amyloid and familial Alzheimer’s disease loci are
separate and distinct and that the amyloid gene is not the
site of the inherited defect underlying this disorder.

Duplication of the q1 1-21 region of chromosome 21 by a
meiotic defect during embryogenesis was suggested by Del-
abar et al. (45) as the mechanism responsible for the molecu-




lar pathogenesis of Alzheimer’s disease. Specifically, they
cited data indicating a 50% increase in leukocyte DNA per
genome for the amyloid gene from patients with sporadic
Alzheimer’s disease. However, neither Tanzi et al. (41) nor
Van Broeckhoven et al. (44) could reproduce the evidence
for a gene duplication at the amyloid locus on Southern
blots.

Kang et al. (46) have isolated and sequenced an apparent
full-length cDNA clone which codes for the amyloid A4
polypeptide. This 43-amino-acid peptide is the major amy-
loid protein associated with neuritic plaques and blood ves-
sels. They have put forward the view that this peptide is a
cleavage product of a larger precursor protein which is 695
amino acids in length and which is characteristic of glycosy-
lated cell-surface receptors.

Recently, Tanzi et al. (47), Kitaguchi et al. (48), and
Ponte et al. (49) have independently reported the presence
of three separate mRNAs that encode for human brain
amyloid. These mRNAs encode for proteins that contain
695, 751, or 770 amino acid residues. Palmert et al. (50),
however, have reported that the 695-residue mRNA amy-
loid devoid of the protease inhibitor is preferentially ex-
pressed (twofold) in Alzheimer’s disease brain, nucleus ba-
salis, and locus ceruleus neurons, allowing full expression of
protease function and thus allowing cleavage of the A4 pep-
tide from the precursor protein. Schubert et al. (51) has
described the amyloid precursor protein as a heparan sul-
fate proteoglycan. The consensus view is that amyloid accu-
mulates as a result of a processing abnormality in the amy-
loid precursor protein. The methodologies exist to answer
these points, and there is an optimism pervading the field
that the important issues in Alzheimer’s disease will be re-
solved in the near future and that this devastating illness
affecting millions of persons world-wide will be able to be
prevented or be treatable (52).

Membrane Phospholipid Changes
in Alzheimer’s Disease

Recent in vitro *'P nuclear magnetic resonance (*'P-
NMR) studies have demonstrated alterations of membrane
phospholipid metabolism in Alzheimer’s disease (AD)
brain obtained at autopsy and biopsy (53-59). In particular,
AD brain contains elevated levels of phosphomonoesters
(PME), a class of molecules that are normally found in
abundance only in developing brain (54,56,60). It is remark-
able that a degenerative disease should bear such striking
molecular/metabolic resemblance to the normal develop-
ing brain. For further details, see refs. 61-98.

Clinical Manifestations

The disease is characterized by the progressive and insidi-
ous development of intellectual impairment, going on to a
profound dementia over several years’ time. The disease
begins usually in the fifth oF sixth decade of life and is
usually sporadic in its occurrence in a family. Familial in-
volvement is recorded in 25-40% of cases, and an autoso-
mal dominant mode of inheritance in 10% of families has
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been documented. The patient is usually aware of problems
in memory or judgment in the early stages of the disorder,
and as it becomes more advanced, he loses insight and ap-
preciation of his deficits. Marked swings in mood may oc-
cur, including difficulty in controlling manic behavior alter-
nating with depression. Judgment, insight, introspection,
and memory gradually become impaired, producing a total
dementia with dissociation from the environment and even-
tual virtual mutism. In the late stage of the disease, aphasic
syndromes and, rarely, signs of extrapyramidal involve-
ment (including bradykinesia and rigidity) may appear. Ro-
senberg et al. (154) have described a new syndrome with
Alzheimer-type dementia and parkinsonism in a family
having unusual non-Alzheimer-type plaques and no neuro-
fibrillary tangles in two examined brains. Seizures and myo-
clonus may also occur. There is no evidence for a difference
between early-onset and late-onset disease and the rate of
change on mental status testing (99).

In addition to the dementia, the neurologic examination
may indicate the presence of primitive reflexes inducing a
snout reflex, a palmomental reflex, and the presence of sym-
metrical mild hyperreflexia. The cerebrospinal fluid (CSF)
and routine blood chemistry studies are negative. The elec-
troencephalogram (EEG) during the advanced stages of the
disease will show diffuse and symmetrical slowing. A com-
puterized axial tomographic (CAT) brain scan shows both
ventricular enlargement and gyral atrophy, with increased
sulcal markings. This diffuse atrophy can be confirmed by
pneumoencephalography showing both ventricular enlarge-
ment and cortical atrophy. Brain blood-flow studies with
inhaled '**Xe often shows a biparietal symmetrical reduc-
tion in blood flow.

At the terminal stage, the patient appears dissociated, de-
mented, mute, and decorticate. Death is usually from pul-
monary or urinary tract infection. Unfortunately, no spe-
cific treatment is available. Oral treatment of patients with
lecithin, choline, or physostigmine has not been useful. Pre-
liminary reports regarding intrathecal or intraventricular
infusion of bethanechol, a cholimimetic, suggested some
mental improvement (100,101).

Pick’s Disease

Pick’s disease is a circumscribed brain atrophy with pre-
dilection for the frontal and temporal lobes. It spares the
more posteriorly located structures. In 1984 Morris et al.
(102) described an autosomal dominant disorder which
could be considered as part of a Pick—Alzheimer spectrum
of cortical neuronal degenerations. They referred to their
class of disorders as hereditary dysphasic dementia and the
Pick-Alzheimer spectrum. Clinical manifestations include
in late adulthood the occurrence of progressive dementia
and severe dysphasia. Neuropathological examination
shows (a) typical Pick’s disease or asymmetrical focal cere-
bral atrophy, (b) Alzheimer’s disease with typical plaques,
and (c) neuronal loss in the substantia nigra, indicative of
Parkinson’s disease. The disorder needs to be included in
the spectrum of the inherited dementias, and the precise
classification will require further cases to be studied.
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Pathology

The neuropathologic changes can be clearly seen by exam-
ining the gross brain, which shows prominent atrophy in-
volving the frontal and temporal lobes with preservation of
the posterior regions of the brain. The frontal and temporal
horns of the lateral ventricles are similarly focally enlarged.
The hippocampal formation in the medial ventral portion
of the temporal lobes is preserved, but there may be atro-
phic changes in basal ganglia, thalamus, and brainstem.
Neurons contain a large amorphous cytoplasmic basophilic
structure referred to as a Pick body.

Clinical Manifestations

It is difficult to differentiate Alzheimer’s disease from
Pick’s disease by neurologic examination. Alzheimer and
Pick patients both show a dementia, but the Pick patient
may have a better preservation of memory and insight.

Familial Amyotrophic Lateral Sclerosis, Parkinsonism,
and Dementia

Families have been described in which there occur pro-
gressive dementia, parkinsonism, and amyotrophic lateral
sclerosis inherited in an autosomal recessive manner. Neu-
ropathologic examination has found Alzheimer-type neuro-
fibrillary tangles in the substantia nigra, innominata, locus
ceruleus, and parahippocampal gyrus, as well as in the hip-
pocampus and cerebral cortex. Complex forms of dementia
involving these other neurologic features have been re-
ported in natives of Guam, New Guinea, Europe, and the
Kii peninsula of Japan (103,104).

BASAL GANGLIA DISEASES
Huntington’s Disease

In 1872 George Huntington, a physician living on Long
Island in New York, noted a family expressing a disorder
which included progressive dementia and chorea. Much has
been learned about this disorder in the past 118 years, but
yet the precise molecular defect remains unknown; how-
ever, a DNA polymorphism associated with the disease has
now been described, and the mutant gene has been mapped
to chromosome 4 (105). It is characterized by an autosomal
dominant mode of inheritance with almost uniformity of
clinical expression. An excellent review of the pathogenesis,
restriction fragment length polymorphism studies, and man-
agement aspects was published by Martin and Gusella (106)
in 1986. The most recent mortality rate study, performed
by Lanska et al. (107), indicated a rate of 2.27 per million
per year in the United States. Rates were similar for both
sexes and were higher in whites than in non-whites. The
leading causes of death were pneumonia and heart disease.
For further details, see refs. 108-121.
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Clinical Manifestations

The clinical manifestations are those of progressive de-
mentia, including impaired judgment and insight, bizarre
behavior, and a personality change. These behavioral
changes also may be present in other affected family
members in an autosomal dominant mode of expression. In
association with the mental change is the occurrence of in-
voluntary choreiform movements described as quick, ran-
dom, jerking movements. At times there may be more
rhythmic, twisting, and slow movements that are character-
istic of athetosis. If the disorder occurs in childhood, it may
present with progressive rigidity, especially if it is the pater-
nal gene that expresses the disease. As mentioned, the dis-
order begins in the fourth, fifth, or sixth decades of life and
runs a progressive and relentless course of dementia and
chorea. Late in the course, the occurrence of corticospinal
deficits, including hyperreflexia, clonus, Babinski’s signs,
and decortication, may result. The children of affected
women have significantly older mean ages of onset than do
offspring of affected men. The absence of increased father—
daughter similarity indicates that modification is not X-
linked (121). Autosomal dominant non-Huntington’s
chorea has been reported (122). Chorea in this family com-
menced in childhood and progressed up to the eighth de-
cade without intellectual impairment.

Molecular Genetics

A dramatic advance has been achieved by Gusella et al.
(105), who found a DNA polymorphism associated with the
disease. It was achieved by testing their eighth unique se-
quence cDNA probe with the restriction endonuclease
Hind III on genomic DNA obtained from large, informa-
tive kindreds from Indiana and Venezuela. A specific ge-
netic haplotype co-segregated with the presence of disease
in these two families, offering a means to identify the pres-
ence of disease in at-risk persons. It is a precise and powerful
approach and one which offers the means to eliminate this
disorder in families who utilize it along with careful genetic
counseling (105). Careful screening of additional families is
now underway to see if all families ascribe to the same poly-
morphism or if other allelic or nonallelic forms of the dis-
ease exist. The probe used would not be useful if nonallelic
forms exist, and great care must be taken to avoid false-
negative determinations. By somatic cell hybrid studies and
in situ hybridization, Gusella has been able to map the
Huntington’s disease gene to chromosome 4 near the locus
for the Wolf-Hirschhorn syndrome at 4pl6 to pter
(105,123,124). Of considerable interest is the recent report
of Folstein et al. (125), who found linkage of the HD locus
to the G8 probe, provided by Gusella, in two families with
differing clinical features. Wexler et al. (126) have identified
persons with a high probability of being homozygous, and
they do not differ in clinical expression or course from typi-
cal heterozygotes. Thus one mutant allele in the heterozy-
gote shows full penetrance of disease, with no additional
effect contributed by the second mutant allele found in the
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homozygote. Hayden et al. (127) has attempted prenatal
diagnosis with polymorphic DNA probes.

Treatment

There is no specific treatment to stop the progression of
the disease process, but the use of haloperidol (1-5 mg, 3-4
times daily) or chlorpromazine (20-100 mg, 2-3 times
daily) may be very effective in reducing the involuntary
movement and calming the patient. Perry et al. (128) re-
ported several patients in whom choreoathetosis resolved
with treatment of INH (isonicotinic acid hydrazide).

Wilson’s Disease: Hepatolenticular Degeneration

In 1861 Von Frericks probably described the first case of
Wilson’s disease when he reported on a young boy who had
severe liver disease, violent tremors, and convulsions and
who, at autopsy, exhibited cirrhosis of the liver (129). In
1902 Kayser (130) described a greenish ring at the limbus of
the cornea in a patient who was diagnosed as having multi-
ple sclerosis. In 1903 Fleischer (131) reported the corneal
ring as an integral part of a neural disease associated with
cirrhosis of the liver. In a series of papers between 1903 and
1912, Fleischer (131) proposed that the changes in the eye,
brain, and liver were all caused by a common metabolic
factor. In 1912 Wilson (132) published his monograph enti-
tled Progressive Lenticular Degeneration: A Familial Ner-
vous Disease Associated with Cirrhosis of the Liver. In 1913
Rumpel (133) was the first to demonstrate the increased
copper content in a patient with “pseudosclerosis,” and in
1922 Siemerling and Oloff (134) suggested that the pseudo-
sclerosis of Westphal and Strumpell was caused by copper
deposition in liver, eyes, and brain. In 1945 Glazebrook
(135) firmly established the role of copper in the pathogene-
sis of Wilson’s disease. In 1948 Cummings (136) first recom-
mended the use of the copper chelating agent dimercaprol
[also known as “British anti-lewisite” (BAL)] to remove ex-
cess copper from tissues. In 1952 Scheinberg and Gitlin
(137) and Bearn and Kunkel (138) independently reported
a deficiency of circulating ceruloplasmin in Wilson’s dis-
ease. Penicillamine was discovered by Walshe (139) in
1956, and in 1968 Sternlieb and Scheinberg (140) suggested
that presymptomatic diagnosis was possible, leading to
early therapy and thereby preventing organ damage (see
ref. 38).

Genetics

It is an autosomal recessively inherited disorder. It has
been linked to the esterase D locus on chromosome 13
(141). Two studies utilizing restriction fragment length
polymorphisms have confirmed the Wilson’s disease locus
to be at 13q(141,142). The locus for ceruloplasmin maps to
chromosome 3q. Thus the impairment in serum ceruloplas-
min is a secondary effect of the primary mutation at 13q.
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Clinical Features

Wilson’s disease presents with the triad of neurologic dete-
rioration (movement disorder and psychiatric symptoms),
cirrhosis of the liver, and Kayser—Fleischer rings of the cor-
nea. The age of onset is variable, with most patients exhibit-
ing signs and symptoms in adolescence or early in adult-
hood. The onset may be as early as 4 years or as late as the
fifth decade. It has an incidence of 1 in 10,000 and is in-
herited as an autosomal recessive disorder.

There are two neurologic forms of the disease, with clini-
cal intermediates. In one form, the major manifestations
are spasticity, rigidity, dysarthria, and dysphagia with
drooling of saliva. This form occurs predominantly in
young adults. The other neurologic form has flapping
tremors of the wrists and shoulders as the major feature,
with rigidity and spasticity much less marked. This form
occurs at any age in either sex.

Psychiatric manifestations are common, but they are vari-
able in type and degree. Behavioral changes include aggres-
siveness, childishness, or euphoria. In spite of these
changes, the intellect remains quite intact. Patients may
present with frank schizophrenia. For further details, see
refs. 143 and 144.

The diagnosis of Wilson’s disease can be accurately made
on clinical findings. Confirmatory laboratory findings in-
clude lowered serum ceruloplasmin levels, lowered total
serum copper, elevated urinary copper excretion, and ele-
vated liver copper content by needle per cutaneous biopsy.

Families that include a patient with Wilson’s disease
should be screened for ceruloplasmin levels in order to
identify asymptomatic patients. The identification of
asymptomatic patients is very important so that therapy
can be started to prevent organ damage.

Positron emission tomography (PET) has shown dif-
fusely reduced glucose metabolism in all brain regions com-
pared to controls, with the exception of the thalamus (144).

Therapy

Untreated Wilson’s disease is invariably fatal. Treatment
is aimed at restricting dietary copper and chelating the ex-
cess copper from tissues (145-148).

Parkinson’s Syndrome

Parkinson’s syndrome is usually thought of as a sporadic
disorder, but familial clustering of components of parkin-
sonism has been reported. It has been estimated that par-
kinsonism occurs as a familial disorder in 5-15% of pa-
tients. An autosomal dominant form of disease has been
reported in some of these families (149,150). Rarely, famil-
ial parkinsonism has been reported as an autosomal reces-
sive or X-linked recessive disorder. Martin et al. (149) re-
ported a multifactorial polygenic model of inheritance for
familial parkinsonism and suggested a genetic defect in tyro-
sine hydroxylase, the rate-limiting enzyme in the pathway
for dopamine synthesis. The risk for an individual to de-
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velop familial parkinsonism increases with the number of
affected individuals in the at-risk person’s family. The oc-
currence of dementia may be part of the parkinson syn-
drome, and in these families an increased risk of developing
parkinsonism will occur when the onset of the illness occurs
earlier in life (151). Nygaard and Duvoisin (152) reported
an interesting family with childhood onset of leg and trun-
cal dystonia followed by parkinsonism. There was minimal
progression in adult life, with a dramatic response to levo-
dopa therapy. The mode of inheritance was autosomal dom-
inant. Alonso et al. (153) believe a small subset of cases that
have an early onset may have an important genetic suscepti-
bility. Rosenberg et al. (154) described a family in which a
dominant form of inheritance, probably autosomal domi-
nant, expresses parkinsonism and severe Alzheimer-type
dementia as the major clinical features. Neuropathological
correlates in two autopsied members of this family con-
sisted of extracellular hyaline eosinophilic amyloid plaques
in decreasing order of frequency in the cerebral cortex, basal
ganglia, thalamus, and substantia nigra, along with atrophy
and gliosis of the basal ganglia and substantia nigra. The
brains examined showed no neuronal neurofibrillary tan-
gles. These plaques did not stain with antibody raised
against either the A4 peptide or the prion protein. The com-
bination of dominantly inherited dementia with parkinson-
ism and A4-peptide- and prion-protein-negative extracellu-
lar plaques in this distribution has not been previously
reported and thus may represent a new neurological dis-
order.

The Finish Twin Cohort study published in 1988 further
substantiated the low concordance for Parkinson’s disease
in monozygotic as well as in dizygotic twins and indicated
that the prevalence of Parkinson’s disease in twins com-
pares with the prevalence in the general population. The
Finnish study concluded that Parkinson’s disease is an ac-
quired disease and not a hereditary disorder (155).

Hallervorden-Spatz Disease
Clinical Fi indings

Hallervorden-Spatz disease (HSD) includes the develop-
ment of childhood rigidity and hypertonia resembling par-
kinsonism associated with dysarthria and dysphagia. Late
in the course of disease, dementia and corticospinal degen-
eration with spasticity and decerebrate posturing occur.
Pigmentary retinal degeneration, optic atrophy, and visual
loss also occur. Computerized tomography of the brain has
been reported to show high-density lesions in the globus
pallidus (156).

Pathology

As a result of the excessive deposition of iron, there is a
pigmentary degeneration of the pallidum and nigra. Neuro-
nal loss and demyelination in these regions also occur, asso-
ciated with axonal swellings referred to as spheroid bodies.

Genetics

The disease is inherited as an autosomal recessive dis-
order (157,158). In 1985 Jankovic et al. (159) described a
family with autosomal recessive HSD disease in which four
of five siblings developed the syndrome presenting as famil-
ial parkinsonism. This family presented with late-onset dis-
ease, with the propositus dying at 68 years after 13 years of
dementia and parkinsonian features rather than a dyskine-
sia. The disorder thus does not have to present in young
adulthood. The cause of the disorder is not known. Perry et
al. (160) have, however, reported that the content of cystine
and of glutathione-cysteine mixed disulfide were markedly
elevated in the globus pallidus in one 19-year-old patient.

Neuroaxonal Dystrophy of Seitelberger

This syndrome overlaps with HSD, and some consider
them to be variants of a common disorder. In general, this
disorder occurs earlier in life and is more aggressive than
HSD. Early dementia with extrapyramidal type of rigidity
and dystonia are typical features. The main difference from
HSD is the paucity of pigment accumulation. Axonal
spheroid bodies and demyelination occur throughout the
brain (not limited to the basal ganglia as in HSD) and pe-
ripheral nervous system. It is inherited as an autosomal
recessive disorder. The cause of the disease is not
known (161).

Gilles de la Tourette Syndrome
Clinical Findings

The onset of this syndrome occurs in childhood, with an
increased incidence in boys; it is characterized by motor tics
of the face, head, and extremities that resemble blinking,
facial grimacing, and other muscle twitching. These tics are
accompanied by vocal grunting, clearing of the throat, and
even spitting movements. Uncontrolled vocal expletives
without cause are a cardinal feature of the syndrome but are
not necessary for the diagnosis. Other findings include sleep
problems, echolalia, tremor, and depression. Stress exacer-
bates the syndrome (162).

Genetics

The syndrome is probably inherited as an autosomal
dominant disorder with variable penetrance, but the precise
type of inheritance is not clear (163). Comings and co-
workers (164-166) have presented data suggesting that
there is an X-linked modifier gene affecting the expression
and penetrance of the Tourette syndrome gene located on
an autosome to explain the male predominance. The gene
may be on the long arm of chromosome 18 (162,167).




Pathogenesis

The cause of the syndrome and its precise pathogenesis
are not known. A beneficial response to dopamine receptor
blockers such as haloperidol strongly suggests that a hyper-
sensitivity state of the dopamine system may be of primary
concern in this syndrome (168).

Therapy

Clonidine was helpful in reducing motor and phonic tics
(169). Haloperidol has been used for many years and has
been found to be effective in reducing tics and abnormal
behaviors. Haloperidol or pimozide are effective forms of
therapy for the tic manifestations (170).

Familial Choreoathetosis

A variety of familial syndromes involving progressive
choreoathetosis inherited as autosomal dominant traits
have been described. They are all essentially benign dis-
orders with late childhood onset of the involuntary move-
ment disorder and with preservation of intellect. Distinc-
tions have been made within this group according to
whether the syndrome is associated with (a) progressive or
nonprogressive choreoathetosis, (b) involuntary movement
induced with a voluntary act, (c) dystonia, (d) acanthocyto-
sis, or (e) the presence of basal ganglia calcifications. Famil-
ial Sydenham’s chorea associated with acute rheumatic
fever must be included in this spectrum as a familial entity
that requires antibiotic therapy for streptococcal disease.
Sydenham’s chorea can be the sole manifestation of an
acute rheumatic fever attack, and it may appear in a famil-
ial setting (171).

Familial amyotrophic chorea with acanthocytosis is a
rare multisystem disorder expressing buccolingual dyskine-
sia, seizures, facial tics, dysarthria, chorea, muscle atrophy,
and pes cavus. Acanthocytosis occurs with normal serum
lipids and an elevated serum level of MM-type creatine ki-
nase. Basal ganglia show a severe degeneration with muscle
atrophy due to denervation. The disorder is one that is pro-
gressive in midlife, and its type of inheritance is uncer-
tain (172).

Benign Essential Tremor

The occurrence of tremor without other neurologic defi-
cits has been reported as an autosomal dominant disorder.
There is wide variation in the age of onset in a family and in
the degree of severity of the tremor (173). The tremor may
be focal, involving only the head as a head-nod, the arms
and hands, the legs, or the muscles of speech and swallow-
ing, or it may become generalized, involving the trunk and
impairing walking.
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Torison Dystonic Syndromes

This group of disorders is characterized by slow involun-
tary twisting movements due to forceful muscle contrac-
tions. The resultant dystonic postures are the cardinal fea-
ture of the torsion dystonia. These dystonic postures or
muscle spasms may be local, as in writer’s cramp, or may
involve the neck muscle to produce torticollis of the pelvis
and hence tortipelvis. Oromandibular dystonia (Meige’s
syndrome), which involves spasms of jaw muscles, tongue
protrusion, and blinking, may also be a familial disorder.
The distribution may be generalized and is therefore known
as dystonia musculorum deformans (DMD). Recently, an
autosomal dominant mode of DMD inheritance was docu-
mented among Ashkenazic Jews (174). It has been shown to
map to chromosome 9q32-34 (175).

Dystonia Musculorum Deformans

This disorder is inherited as an autosomal dominant trait
with marked variation in clinical expression. Four genera-
tions of a family of 121 persons, 16 of whom were affected
as autosomal dominants, have been reported. It has been
described as concordant in twins as an autosomal recessive,
with onset in the twins being years apart. Clinical manifes-
tations include dystonia of cervical musculature (torticollis)
and dystonia of the trunk (tortipelvis). The disorder may be
severe, producing marked deformity of the neck, extremi-
ties, and trunk (176). Minor changes, including neuronal
loss and reactive gliosis, have been described, involving the
striatum, globus pallidus, and dentate nucleus of the cerebel-
lum. Larsen et al. (177) have described a family with domi-
nantly inherited dystonia and intracranial calcifications in
the basal ganglia, dentate nucleus of the cerebellum, and
frontal lobes. Hornykiewicz et al. (178) reported a markedly
reduced concentration of norepinephrine in the lateral and
posterior hypothalamus, mamillary body, subthalamic nu-
cleus, and locus ceruleus. Elevated norepinephrine concen-
trations were present in the septum, thalamus, coliculi, red
nucleus, and dorsal raphe nucleus. There were no impor-
tant histologic changes in the basal ganglia, cerebral cortex,
higher brainstem nuclei, locus ceruleus, or raphe nuclei. For
further details, see refs. 179-186.

SPINOCEREBELLAR DEGENERATIONS

The spinocerebellar degenerations represent a series of
clinical deficits, including ataxia and dysmetria resulting
from the predominant involvement of the cerebellum and
its afferent and efferent pathways. These disorders are sys-
tem degenerations, and many of them are specific entities
clearly inherited as genetic disease or as familial entities in
an autosomal dominant or autosomal recessive manner.
Although the clinical manifestations and neuropathologic
findings of cerebellar disease are the most predominant in
the spinocerebellar degeneration, there may also be charac-
teristic changes in the basal ganglia, optic atrophy, retinitis
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TABLE 1. Summary of the spinocerebellar degenerations

Type Age of Sensory
onset Development Reflexes change Cerebellar Other important clinical features
Spinal syndromes
Friedreich's syndrome 1st decade Slowly Absent Moderate Severe Dysarthria; nystagmus; moderate
progressive myotatic loss mental retardation; skeletal
deep tendon defects; defect in pyruvate
reflexes; dehydrogenase; defect in
extensor mitochondrial malic enzyme; |
plantar autosomal dominant or
1 response recessive or sporadic;
| cardiomegaly with fibrosis
| Hereditary spastic 1st or 2nd Slowly Hyperreflexia; Minimal None Paraplegia; impaired bowel and
i paraplegia decade progressive clonus; loss bladder function; autosomal
extensor dominant or recessive or may
plantar occur in families with typical
response Friedreich’'s syndrome or
olivopontocerebellar
degeneration
Roussy-Levy 1st or 2nd Slowly Absent Moderate Moderate Absence of dysarthria with
syndrome (included decade progressive myotatic loss peroneal muscular atrophy;
in types | and Il deep tendon intermediate between
hereditary motor reflexes; Friedreich’s and Charcot-
sensory neuropathy extensor Marie-Tooth diseases
of Dyck) plantar
response
Polyneuropathy 1st or 2nd Slowly Absent Moderate None Predominant peroneal muscle
Charcot-Marie-Tooth decade progressive loss atrophy; nerves may be
disease (types | and hypertrophic; usually
Il hereditary motor autosomal dominant; can be
sensory neuropathy autosomal recessive or X-
of Dyck) linked; optic-acoustic nerve
involvement occurs
Dejerine-Sottas (type 1st or 2nd Slowly Absent Moderate None Tremor; nystagmus; dysarthria;
Il hereditary motor decade progressive loss scoliosis; hypertrophic nerves;
sensory neuropathy usually sporadic or autosomal
of Dyck) recessive; elevated CSF
protein
Ataxia-telangiectasia 1st or 2nd Slowly Reduced Minimal Severe Telangiectatic lesions involving
decade progressive loss sclerae, face, pinna, and neck;
pulmonary infections;
increased incidence of
lymphoma; hypo-y-IgA;
autosomal recessive
Bassen-Kornzweig 1st decade Slowly Absent Moderate Severe May have mental retardation;
syndrome progressive loss acanthocytosis; steatorrhea;
pigmentary retinal
degeneration; a-f3-
. lipoproteinemia; autosomal
recessive
Tangier disease 1st decade Slowly Reduced Moderate None Enlarged yellowish-appearing
progressive loss tonsils; defect in high density
lipoproteins; autosomal
recessive
Refsum’s disease 1st decade Slowly Absent Severe Severe Nyctalopia; pigmentary retinal
progressive loss degeneration; ichthyosis;
cardiac conduction defects;
deafness; elevated serum
phytanate; defect in lipid a-
oxidase activity; autosomal
recessive
Cerebellar syndrome, 1st or 2nd Slowly Hyperreflexia; Moderate Severe Late development of optic
olivopontocerebellar decade progressive clonus; loss atrophy and muscle atrophy;
degeneration extensor may develop a moderate
plantar dementia; seizures are rare;
response may be autosomal dominant
or recessive; contrast studies
including CT scan show
~ pontine and cerebellar atrophy
Carcinomatosis Adult May be Reduced Moderate Truncal Truncal greater than extremity
cerebellar progressive loss ataxia; dysarthria and
degeneration nystagmus minimal; lung

carcinoma most common
association
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TABLE 1. Continued.

Age of Sensory
Type onset Development Reflexes change Cerebellar Other important clinical features
Alcoholic cerebellar Adult Slowly Reduced Moderate Severe Truncal greater than extremity
degeneration progressive loss truncal ataxia; dysarthria and
nystagmus minimal; peripheral
neuropathy present
Dyssynergia cerebellaris Adult Slowly Reduced Normal Moderate Diffuse myoclonic jerks;
of Ramsay Hunt progressive generalized seizures; sporadic
or recessive; mitochondrial
defects
Marinesco-Sjégren 1st decade Slowly Reduced Normal Moderate Associated with mental
syndrome progressive truncal retardation and cataracts in
early childhood

pigmentosa, and peripheral nerve disease (187). There are
many gradations in the spectrum, ranging from pure cere-
bellar involvement to mixed cerebellar and brainstem in-
volvement, cerebellar and basal ganglia involvement, or spi-
nal syndromes including associated peripheral nerve
disease. The clinical picture may be rather consistent in one
family, but examples do occur in which the disease assumes
a characteristic form in the majority of family members and
is entirely different in one or several members.

The typical clinical picture and the age of onset of symp-
toms and signs are used to classify these inherited spinocere-
bellar diseases. Major categories of disease are included in
this designation, but it should be pointed out that these
divisions are arbitrary and that gradations between the
various entities are encountered. The important and com-
mon inherited spinocerebellar degenerations include (a)
Friedreich’s syndrome, the spinal form of spinocerebellar
degeneration, (b) Roussy-Levy syndrome, (c) Refsum’s
syndrome, (d) Bassen-Kornzweig syndrome, (e) olivopon-
tocerebellar degeneration, (f) Joseph’s disease, (g) dyssyner-
gia cerebellaris myoclonica, (h) ataxia-telangiectasia, (i) Ma-
rinesco-Sjogren syndrome, (j) hereditary spactis paraplegia,
and (k) Charcot-Marie-Tooth disease (Table 1).

These entities, as classified by Greenfield (188), can be
grouped into predominantly spinal forms, spinocerebellar
forms, and pure cerebellar forms. The olivopontocerebellar
degenerations (OPCD) were subclassified by Konigsmark
and Weiner (189) into at least five subgroups with both
autosomal dominant and autosomal recessive forms of in-
heritance. The many minor variants of OPCD described—
for example, by Brown (190) in 1892, Marie (191) in 1893,
Dejerine and Thomas (192) in 1900, Holmes (193) in 1907,
and Schut (194) in 1950, as listed by Konigsmark and
Weiner (189)—might represent examples of genetic disease
in which all the phenotypic variability could theoretically
be explained by (a) a single gene mutation transmitted as an
autosomal recessive trait and (b) another single gene muta-
tion transmitted as an autosomal dominant trait in which
many other host genes modify expression and penetrance of
the mutant gene.

Insights into the molecular_causes of these diseases are
beginning to be described in some of the spinocerebellar
diseases, including Friedreich’s syndrome, Refsum’s dis-
ease, and Bassen-Kornzweig syndrome (Table 2). In the
remaining spinocerebellar degenerations, although the dis-

orders are well described both clinically and pathologically,
the specific cause of disease remains elusive. The spinocere-
bellar system is highly vulnerable to a series of molecular
abnormalities, as evidenced by very different molecular de-
fects such as Bassen-Kornzweig syndrome and Friedreich’s
syndrome, yet the system can respond only in a limited
manner and without a great deal of pathologic variation, as
evidenced by the similarity of neuropathologic findings in
these various disorders. Common neuropathologic features,
from the peripheral nerve through the spinal cord and up to
the cerebellum with its associated connections, are seen in
the broad spectrum of these spinocerebellar degenerations,
and the interesting aspect of these generalized and nonspe-
cific changes is that they represent specific clinical syn-
dromes caused by separate molecular defects inherited in a
characteristic autosomal recessive or autosomal dominant
manner.

Hereditary Spinal and Cerebellar Ataxia of Friedreich
(Friedreich’s Syndrome)

Friedreich’s syndrome is a collection of spinocerebellar
degenerations that occur in childhood as a familial disorder
or that may be clearly transmitted as a genetic autosomal
recessive or dominant disorder. Sporadic or isolated exam-
ples of the syndrome have been reported (195). Friedreich’s
syndrome represents a series of several specific entities that
share common clinical features and pathologic changes.
The syndrome includes a variety of inborn errors of metabo-
lism, including several disorders of lipids (phytanic acid
storage disease, a-g-lipoproteinemia, moderate $-galactosi-
dase deficiencies, and juvenile arylsulfatase deficiencies),
diseases of oxidative metabolism [deficiencies of the pyru-
vate dehydrogenase complex, defect of mitochondrial malic
enzyme, neuromuscular disorders with “ragged red” fibers,
and abnormalities of cytochrome b or of nicotinamide ade-
nine dinucleotide (NADH) oxidation], aminoaciduriase
(intermittent maple syrup urine disease, y-glutamyl-cys-
teinyl transferase deficiencies, and Hartnup disease), and
the partial deficiency of hypoxanthine guanine phosphori-
bosyl transferase (HGPRT) deficiency. The clinical expres-
sion of these inborn errors of metabolism includes involve-
ment of cerebellar functions and corticospinal functions
that are progressive and symmetrical, compatible with
Friedreich’s syndrome.
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TABLE 2. Biochemical disorders in the inherited ataxias

Biochemical disorder

Clinical type

Age of onset

Clinical features

Lipid disorders

Autosomal recessive
Storage of phytanate due to defect
in a-oxidase

a-f-Lipoproteinemia

Arylsulfatase A deficiency

Storage of GM, ganglioside due to
hexosaminidase A deficiency,
a-locus type

Storage of GM, ganglioside due to
hexosaminidase A deficiency,
p-locus type

Partial deficiency of
hexosaminidase A and B

Galactosylceramide lipidosis

X-linked recessive
Storage of long-chain (C24-30)
fatty acids

Carbohydrate disorders

Autosomal recessive
Pyruvate carboxylase or pyruvate
dehydrogenase deficiencies;
cytochrome oxidase defect
(complex IV of electron-transport
complex)

Biotin-responsive multiple
carboxylase deficiency

Lipoamide dehydrogenase
deficiency; .mitochondrial malic
enzyme

Oxidative metabolism with elevated
serum lactate and pyruvate;
cytochrome oxidase defect
(complex IV of electron-transport
complex)

Disorders of amino acid metabolism

Autosomal recessive
Deficiency in branched-chain keto
acid decarboxylase

Hyperglycinemia

5-Oxoprolinuria due to deficiency
of glutathione synthetase

Generalized amino aciduria due to
deficiency of y-glutamyl-cysteine
synthetase

Refsum’s disease

Bassen-Kornzweig syndrome

Juvenile onset metachromatic
leukodystrophy

Juvenile onset atypical
spinocerebellar ataxia

Juvenile onset atypical ataxia
with cherry-red spots

Adult onset spinocerebellar
degeneration

Late infantile to adult
progressive cerebellar
deficits

Adrenoleukomyeloneuropathy
(Nixon-Blaw disease)

Leigh’s disease (subacute
necrotizing
encephalopathy)

Neonatal or infantile
intermittent ataxia

Friedreich’s ataxia

Adult onset neuromyopathy
with ataxia, Kearns-Sayre
syndrome

Maple syrup urine disease
and variants

Spastic paraparesis with
muscular atrophy and arm
dysmetria

Ataxia and defect in the -
glutamyl cycle (1) (reduced
glutathione synthesis)

Ataxia and defect in the -
glutamyl cycle (ll) (reduced
glutathione synthesis)

20-80 yr
5-10 yr

5-20 yr

3y
2yr

20 yr

Late infantile

5-20 yr

birth-5 yr

birth—1 yr
5-15yr

20-50 yr

birth-5 yr

2-10yr

10 yr

20 yr

Ataxia; retinitis pigmentosa; deafness;
ichthyosis; cardiac arrhythmia;
polyneuropathy

Ataxia; acanthocytosis; retinitis
pigmentosa; polyneuropathy;
malabsorption of fat

Ataxia; mild mental retardation;
polyneuropathy

Progressive ataxia; spasticity;
dysarthria; muscle atrophy; pes
cavus; normal intelligence

Progressive ataxia and intention
tremor; macular cherry-red spots

Gait and limb ataxia; head titubation;
dysarthria; tremor grimacing; chorea

Multiple periventricular hypodense
lesions suggestive of
leukodystrophy; sural nerve shows
demyelination; reduced leukocyte
galactocerebrosidase activity

Cortical blindness and spasticity; skin
pigmentation; childhood onset of
adrenal cortical insufficiency; adult
onset with ataxia and
polyneuropathy

Acute episodic extraocular muscle
palsies; optic atrophy; hypotonia;
ataxia; mental retardation;
somnolence; hyperreflexia;
extensor plantar responses;
elevated serum pyruvate and lactate

Intermittent ataxia responsive to
biotin; ketosis; lactic acidosis;
infections; hyperammonemia;
hypotonia

Progressive gait and limb ataxia;
dysarthria; nystagmus; areflexia;
extensor plantar reflex; distal
sensory loss

Retinitis pigmentosa; neuromyopathy;
ophthalmoplegia; ataxia; cardiac
arrhythmias; muscle biopsy shows
ragged red fibers

Mental retardation; seizures; failure to
thrive; irritability; anorexia; ataxia;
maple syrup odor to urine; excretion
of branched-chain amino acids and
keto acids

Spastic paraparesis; peroneal muscle
atrophy; distal sensory loss; pes
cavus; optic atrophy; arm dysmetria

Progressive mental retardation;
spasticity; limb and gait ataxia;
tremor; hemolytic anemia with
intermittent jaundice

Hemolytic anemia; areflexia; gait and
limb ataxia; distal sensory loss;
staccato speech; acute psychosis
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TABLE 2. Continued.

Biochemical disorder Clinical type

Age of onset Clinical features

Defect in tryptophan absorption
from gut; aminoaciduria

Hartnup disease

Deficiency in glutamate

dehydrogenase in recessive type degeneration
only
Disorder or urea cycle metabolism
Autosomal recessive
Argininosuccinate synthetase Citrullinemia

deficiency

Disorder of immunologic function
Autosomal recessive
Reduced serum immunoglobulins

(IgA, IgG, and IgM); lymphopenia Barr syndrome)

Disorder of protein metabolism

(increased amount of glial
proteins)
Autosomal dominant
Increased glial acidic filamentous
protein and a complex of 40,000
MW proteins in cerebellum and
basal ganglia seen on 2-D gels
Disorder of endorphin enkephalin
metabolism
Increased endorphin and
enkephalin levels in brain and
CSF
Cytochrome oxidase defect
(complex IV defect of electron-
transport complex)

Joseph'’s disease

Olivopontocerebellar

Ataxia-telangiectasia (Louis—

Necrotizing encephalopathy
(Leigh’s syndrome)

5-25 yr Intermittent ataxia; episodic pellagra-
like skin rash; progressive mental
retardation; spasticity;
choreoathetosis

Progressive gait and limb ataxia;
spasticity; mild extrapyramidal
features; late distal amyotrophy and
sensory loss; rare mental changes

20-40 yr

Infancy Vomiting; somnolence; tremor; ataxia;
seizures; delay in mental and
physical development;

hyperammonemia

5-12 yr Telangiectasia of face and sclerae;
Friedreich’s phenotype with ataxia;
dysarthria; areflexia; extensor
plantar responses; oculomotor

apraxia

Gait ataxia often with either
corticospinal and extrapyramidal
findings or late onset
polyneuropathy

20-65 yr

1-2yr Attacks of coma; miosis; ptosis;
clumsiness; pallor; hyperhydrosis;
may respond to naloxone; 20-fold
increase in brain enkephalins and

CSF endorphins

In addition to those inborn errors producing spinocere-
bellar degeneration (already mentioned), deficiencies of en-
zymes of the pyruvate dehydrogenase complex that catalyze
the conversion of pyruvate to acetyl-CoA and carbon diox-
ide have also been identified in patients having ataxia and
peripheral neuropathy. Pyruvate oxidation defects have
also been described in patients with ataxia and peripheral
neuropathy caused by nongenetic acquired conditions such
as thiamine deficiency, alkylmercury poisoning, and ele-
mental mercury poisoning (196-198).

Stumpf et al. (199) have reported several patients in
whom mitochondrial malic enzyme of fibroblast cultures
has been reduced by at least 50%, but other patients re-
ported by Chamberlain and Lewis (200), Gray and Kumar
(201), and Fernandez et al. (202) had normal levels in fibro-
blast cultures. Patients in whom a defect in oxidative metab-
olism can be documented might be referred to as having
Friedreich’s disease, and those patients sharing the same
phenotype but not having the oxidative defect might be
referred to by the nonspecific designation Friedreich's syn-
drome. Linkage analysis with 36 polymorphic-blood-group
and protein markers gave negative LOD (logarithm of the

odds) scores and thus excluded at least 20% of the genome
for the genetic locus of this disease (203-205). In 1988
Chamberlain et al. (206), using the molecular genetic link-
age technique, mapped the gene mutation for this disorder
to chromosome 9p22-CEN. The probes used were for an
anonymous DNA market MCT112 and the B-interferon
gene. Both probes defined MsPI polymorphisms. Although
clinical variation is seen in this disorder, these investigators
did not observe genetic heterogeneity. The maximal LOD
score between the Friedreich’s ataxia locus and the locus
defined by MCT112, calculated for combined sexes, was
6.41 at a recombination fraction (# = 0). No recombina-
tions were observed between the Friedreich’s ataxia locus
and this probe.

Pathology

The primary area of pathology is the spinal cord and the
peripheral nerves. The spinocerebellar tracts, lateral corti-
cospinal tracts, and posterior columns are specifically and
selectively involved (207).
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Clinical Manifestations

Truncal ataxia, as manifested by a discoordination of
gait, frequent falling, and titubation, may be the earliest and
most severe aspect of this syndrome. Gait instability may be
the only manifestation of the disease for many years, but
eventually dysarthria of speech and incoordination of arm
and hand movements develop. By the second decade of life,
the progression in gait ataxia usually develops to the point
where assistance in walking becomes necessary (208-210).

The neurologic examination indicates the presence of
nystagmus, loss of fast saccadic eye movements, truncal ti-
tubation, cysarthria of speech, and dysmetria and ataxia of
extremity and truncal movement. Important findings in the
motor examination include extensor plantar responses with
normal tone in trunk and extremities and absent deep ten-
don reflexes (211). Weakness and extremity atrophy with
fasciculations may be noted. Cardiac disease involving car-
diomegaly, murmurs, bundle-branch block, T-wave inver-
sions, and complete heart block, as recorded on the electro-
cardiogram, may develop (212,213). Congestive heart
failure requiring diuretics and digitalis may develop. Car-
diomegaly with subsequent cardiopulmonary arrest has
been reported. Moderate mental retardation or psychiatric
syndromes may be present in a small percentage of patients
(214-218).

Hereditary Ataxia with Muscular Atrophy
(Roussy-Levy Syndrome)

Roussy-Levy syndrome, originally described in 1926
(219), is an example of an intermediate form between
Friedreich’s syndrome and Charcot-Marie-Tooth syn-
drome. It is placed in the intermediate category because it
represents a combination of minor cerebellar deficits with
atrophy of the muscles of the legs, especially in a peroneal
distribution (220,221). Harding and Thomas (220) include
it as a form of hereditary motor and sensory neuropathy
types | (slow conduction velocities) and 2 (normal conduc-
tion velogities).

Olivopontocerebellar Degenerations

" The olivopontocerebellar atrophy (OPCA) syndromes
represent a collection of disorders that produce progressive
involvement of cerebellar functions and that share a com-
mon impairment or reduction in neurons in the inferior
olivary nuclei of the medulla, in the basis pontis, in
the cerebellar cortex, and in the deep cerebellar nuclei
(222-225).

Clinical Manifestations

Progressive ataxia, dysarthria, dysmetria, dysadiodocho-
kinesia, nystagmus, loss of Tast saccadic eye movements,
and subsequent development of spasticity, optic nerve atro-
phy, distal sensory involvement, and late intellectual dys-
function represent the essential clinical features of the oli-

vopontocerebellar degenerations (189,226). As previously
mentioned, there may be modifications and new clinical
phenomena in different families expressing either an auto-
somal recessive or a dominant disease as classified by Kon-
igsmark and Weiner (189). It is important that the variants
previously described by Holmes, Sanger-Brown, and Marie,
among others [as cited by Konigsmark and Weiner (189)],
are quite similar as clinical entities and are separated by
arbitrary minor differences in clinical features (227). It can
be argued that the olivopontocerebellar degenerations in-
herited as autosomal dominant (189) or autosomal reces-
sive (228) genetic disorders represent a very small number
of unique clinical diseases and that the primary gene muta-
tion has its penetrance and expression altered clinically by
other modifying genes (229-234).

Gilman et al. (233) studied 30 patients with OPCA and
determined their localized cerebral metabolic rates for glu-
cose (LCMRy,) using ['*F]-2-fluoro-2-deoxy-D-glucose; the
results were compared with those of 30 control subjects. In
these patients, PET scans showed significant hypometabo-
lism in the cerebellar hemispheres, cerebellar vermis, and
brainstem compared to normal controls. Patients had nor-
mal LCMR,, for the thalamus and cerebral cortex, thus
indicating the selective regional hypometabolic defect pres-
ent in the cerebellum and its brainstem connections.

Biochemistry and Genetics

Glutamate dehydrogenase (GDH) activity in cerebellar
homogenates from dominantly inherited OPCA patients
compared to control subjects was normal. GDH has been

modestly reduced in leukocyte or platelet homogenates

from selected patients with an autosomal recessive form of
inheritance. In 1988 Mavrothalassitis et al. (235) reported
isolating cDNA clones for human liver GDH; this tech-
nique may allow careful mRNA Northern blot studies to be
carried out with OPCA brain tissue in order to study this
gene’s role in OPCA directly.

Benzodiazepine receptors were unchanged in cerebellar
cortex in OPCA, but they increased in the dentate nucleus.
Muscimol binding was reduced in the granule cell layer.
The density of muscarinic cholinergic receptors was re-
duced in molecular and granule cell layers and was in-
creased in the dendate as reported by Whitehouse et al.
(236). Kish et al. (237) reported that choline acetylase (CA)
and acetylcholinesterase (AChE) activities in postmortem
brain samples of seven patients from one family with domi-
nantly inherited OPCA (Schut-Swier family of Minnesota
and South Dakota) were significantly reduced in both cere-
bral and cerebellar cortices. The loss in cholinergic activity
was similar to that in Alzheimer’s disease, but OPCA pa-
tients had only minimal mental status changes (238,239).

In one black American family with autosomal dominant
disease, Zoghbi et al. (240) found linkage to the human
leukocyte antigen (HLA) loci on the short arm of chromo-
some 6. A maximum LOD score of 5.83 was found at a
recombination fraction of 0.12. Similarly, in the Schut-
Swier family with autosomal dominant disease, Rich et al.
(241) reported linkage to the HLA-A locus; this linkage was
about 15 ¢M telomeric to the probe site on the short arm of



chromosome 6. Jackson et al. (242) and Haines et al. (243),
studying the Schut-Swier kindred, have presented convinc-
ing evidence of linkage between the gene for ataxia and the
human lymphocyte antigen complex situated on chromo-
some 6. These data may become most helpful as a marker of
disease for purposes of genetic counseling.

In general, the spinocerebellar degenerations represent
syndromes producing progressive and symmetrical involve-
ment in their pathologic and clinical expression and often
have a clear genetic basis of inheritance or suggest familial
involvement. Rosenberg et al. (244) reported an abnormal
organic acid composition in urine from affected patients.
An increased incidence of echinocytes (245) and an abnor-
mally low aspartate concentration in the cerebrospinal fluid
(CSF) from patients (246) are also reported. Plaitakis et al.
(247,248) and Duvoisin et al. (249) reported a 50% reduc-
tion in GDH activity in nonneural tissues from recessively
inherited and dominantly inherited (with incomplete pene-
trance) patients, respectively, which could result in toxic
levels of glutamate in the cerebellum, producing potential
excitotoxic degeneration of cerebellar neurons. Recently,
dominantly inherited patients have been reported as having
low GDH activities in leukocyte and platelet homogenates
(250-252).

Grossman et al. (253) studied the activities of brain GDH
and malate dehydrogenase from patients with autosomal
dominant OPCA or Joseph’s disease. They found that the
activities of these two enzymes were the same in patient and
control samples. Thus in dominantly inherited OPCA dis-
ease as distinct from recessively inherited disease, GDH is
not involved in the pathogenesis of disease as judged by
measurement of this enzyme directly in brain tissue.

Other, more newly described syndromes resembling
OPCA include Joseph’s disease, hereditary branchial myo-
clonus with spastic paraparesis and cerebellar ataxia (254),
and myoclonus epilepsy with ragged red fibers (MERRF
syndrome); the latter is a mitochondrial encephalopathy re-
sembling the syndrome of Ramsay Hunt. An infantile
OPCA with a-lipoprotein disorder and cirrhosis associated
with a low cholesterol and elevated triglycerides has been
reported by Agamanolis et al. (255). OPCA has been re-
ported with abnormal sleep and rapid eye movement
(REM) activity without atonia (256).

Therapy

No specific therapy is available. It is important to be sure
that the patient does not either have (a) malabsorption of
vitamins A and E secondary to gastric surgery, which would
result in a blind loop syndrome and a spinocerebellar syn-
drome as a secondary event, or (b) other causes of malab-
sorption (257-260).

Joseph’s Disease

A nongenetic form of striatonigral degeneration was de-
scribed initially by van der Eecken et al. (261) in 1960. The
patients involved were diagnosed clinically as having Par-
kinson’s disease, but their symptoms differed neuropatho-
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logically in that they had bilateral degeneration of the cor-
pus striatum and substantia nigra, particular the zona
compacta portion. No cause has been found in any of these
cases.

In 1976 Rosenberg et al. (262) described a family of Por-
tuguese ancestry with autosomal dominant spinocerebellar
and striatonigral degeneration. This family numbered 329
persons in eight generations. Romanul et al. (263) described
another family of Portuguese-Azorean ancestry with stria-
tonigral degeneration (patient 2) in a clinical setting of par-
kinsonism and polyneuropathy. The two families are not
related and, in fact, are descended from persons from sepa-
rate and distant Azorean Islands. Joseph’s disease has also
recently been described [by Lima and Coutinho (264) in
Portugal and by Healton et al. (265) in the United States] in
two families that have no known relationship to any family
in the Azores. The first reports of similar disease were by
Nakano et al. (266) and by Woods and Schaumburg (267).
It was originally thought that the disorders described by
Nakano et al. (266), Woods and Schaumburg (267), and
Rosenberg et al. (268) were separate and distinct. After care-
ful epidemiologic studies and case analyses in the United
States, Portugal, the Azores, India, and Japan by Rosenberg
et al. (268), Coutinho and Andrade (269), Barbeau et al.
(270), and Romanul et al. (263), it is concluded these clini-
cal types represent variation in the expressivity and pene-
trance of the same mutant gene. Preliminary data suggest
that the Joseph’s disease gene is on chromosome | near the
amylase locus. A family with autosomal dominant Char-
cot-Marie-Tooth disease has also been mapped to chromo-
some | because of linkage with the Duffy locus (271).

Three reports also cite the presence of Joseph’s disease in
Japan (272-275). The clinical features are the same as in the
American and Portuguese families, and the neuropatholo-
gical features are quite similar but have an accentuation of a
dentatorubroluysian degeneration (274,276). Joseph’s dis-
ease has also been described in a family from India by Bhar-
ucha et al. (277). It is suggested that Joseph’s disease was
brought to India and Japan, possibly as early as the 16th
century, by Portuguese navigators and clergy who estab-
lished missionaries in the western Indian state of Goa and in
the southern Japanese island of Kyushu, where the disease
is found today. Suite et al. (278) reported a family of Sicil-
ian-American origin. The disease was elegantly reviewed in
1987 by a fine anthropologist, Marie Boutte (279). A com-
prehensive assessment of the natural history of the disease
was published by Barbeau et al. (270) in 1984, and current
concepts of pathogenesis were published by Rosenberg and
Grossman in 1989 (280; also see refs. 281-289).

Ataxia Telangiectasia

Syllaba and Henner (290) in 1926 and Louis-Barr (291)
in 1941 described a neurocutaneous disorder that begins in
the first decade of life with permanent telangiectatic lesions
involving the conjunctivae, malar eminences, ear lobes, and
occasionally the upper neck regions; it is associated with
cerebellar deficits and nystagmus (292). Although the dis-
order usually is sporadic in occurrence and isolated in fami-
lies, it may present in families with a pattern consistent with
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an autosomal recessive genetic disorder. A chromosome
translocation involving chromosomes 7 and 14, a marked
reduction in lymphocyte response to phytohemagglutinin,
and increased chromosome breakage have been noted in
some patients (293).

Fiorilli et al. (294) have indicated that spontaneous break-
ages at chromosome bands 7p14 and 14q32 in patient lym-
phocytes are caused by faulty rearrangements of the T- and
B-cell receptor genes, as well as by the immunoglobulin
heavy-chain locus which also maps there (294), thus ex-
plaining the immunologic defects in this disorder. These
breaks could result in an increased occurrence of oncogene
translocation and activation, producing T-cell or B-cell
neoplasia. There is an increased incidence in lymphomas,
Hodgkin’s disease, and acute leukemias. The acute leuke-
mias are of T-cell type, in contrast to B-cell neoplasia in
other immunodeficiencies; these were reviewed in a New
England Journal of Medicine Clinical Pathological Confer-
ence in 1987 (295). There is also an increased occurrence of
breast cancer in women who are also heterozygous for
ataxia-telangiectasia, as reported by Swift et al. (296) in
1987. Increased sensitivity of patient G1 chromosomes in
stationary fibroblast cultures exposed to x-irradiation has
been quantitated. There is a fivefold increase in breaks that
do not rejoin in patient cultures compared with control cul-
tures (297). Based on incidence data of Swift et al. (298) in
1986, the minimum frequency of a single hypothetical
ataxia-telangiectasia gene in the United States white popula-
tion was estimated to be 0.0017.

Genetics

Ataxia-telangiectasia is inherited as an autosomal reces-
sive disorder. Genetic characteristics of the disorder in-
clude: loss of Purkinje cells; chromosomal rearrangements
in lymphocytes; premature aging; insulin-resistant diabetes
mellitus; increased incidence of cancer; increased sensitiv-
ity of fibroblasts and lymphocytes to ionizing radiation; and
thymic hypoplasia with a reduction in serum IgA and IgG.
Genetic linkage analysis of 31 families was carried out to
identify the genetic defect responsible for this disorder,
which was mapped to chromosomal region 11q22-23.

Clinical Manifestations

In the first decade of life there is the onset of progressive
telangiectatic lesions associated with progressive deficits in
cerebellar function and early nystagmus. The neurologic
manifestations correspond to those seen in Friedreich’s syn-
drome, and this entity should be included in that differen-
tial diagnostic category. Truncal ataxia, extremity ataxia,
dysarthria of speech, extensor plantar responses, myoclonic
jerks, areflexia, and distal sensory deficits may develop.
There is a high incidence of fEcurrent pulmonary infections
and neoplasms of the lymphatic-reticuloendothelial system
in these patients, as reviewed by McFarlin et al. in 1972
(299; also see refs. 300-303).

Parenchymal Cerebellar Degeneration

The syndrome of intrinsic cerebellar degeneration begins
with symmetrical cerebellar deficits primarily involving
truncal and leg functions in the fifth to seventh decades of
life, with males being more frequently involved than fe-
males; it is slowly progressive. It may be inherited in a reces-
sive pattern (304), but usually it is sporadic. For detailed
reading on this subject and related disorders, see refs.
305-312.

Bassen-Kornzweig Syndrome

Bassen-Kornzweig syndrome, initially described in 1950
(313), was the first entity with specific diagnostic features
associated with the typical picture of Friedreich’s syndrome
(314). Acanthocytosis, steatorrhea, impaired chylomicron
formation, and retinitis pigmentosa are the diagnostic fea-
tures (313,315,316). Furthermore, the electrophoretic pat-
tern of the serum proteins is grossly abnormal because of
the absence of S-lipoproteins. Children with this syndrome
develop progressive truncal and extremity ataxia, dysar-
thria, nystagmus, and muscle atrophy and weakness in a
peroneal distribution with distal sensory involvement.
Mental retardation is rare; when it does occur, however, it is
usually mild. Cardiomegaly and progressive cardiac failure
may develop. The disease is a rare one and must be consid-
ered in a child presenting with a progressive cerebellar defi-
cit (317). An adult onset may be associated with malabsorp-
tion of vitamins A and E, resulting in nyctalopia, optic
atrophy, and cerebellar deficits, all of which are improved
with vitamin A and E therapy.

Marinesco-Sjogren Syndrome

Marinesco-Sjogren syndrome is a rare disorder in which
progressive cerebellar deficits begin in early childhood. It is
associated with bilateral cataracts and mental retardation,
and it is another rare example in which the general Fried-
reich’s syndrome is associated with additional specific fea-
tures—in this case, cataracts and mental retardation. Using
electron microscopy, Walker et al. (318) studied four pa-
tients’ skin fibroblasts and found numerous enlarged lyso-
somes that contained whorled lamellar or amorphous in-
clusion bodies, indicating that this syndrome is probably a
lysosomal storage disorder caused by an enzyme defect.

Muscle biopsy specimens from three patients reported by
Sewry et al. (319) were abnormal, showing vacuolation and
membranous whorls and, in particular, a unique dense
membranous structure associated with nuclei by electron
Mmicroscopy.

Cockayne’s Syndrome

Cockayne’s syndrome, first described in 1936, is a most
rare autosomal recessive disorder associated with multiple
features. Mental retardation, optic atrophy, dwarfism,
neural deafness, cataracts, and retinal pigmentary degener-




ation are the major findings. Cerebellar, pyramidal, and ex-
trapyramidal deficits and peripheral neuropathy may occur
with bird-headed facies and normal-pressure hydroceph-
alus.

Demyelination, perivascular microcalcification, and
gliosis are the neuropathologic findings. In 1980 Kennedy
etal. (320) reported a patient with late onset of disease at the
age of 19 years, associated with completion of a successful
pregnancy. This syndrome must be considered in the evalu-
ation of (a) mental retardation and (b) syndromes with pro-
gressive cerebellar or pyramidal degenerations.

In 1985 Lehmann et al. (321) diagnosed the syndrome
prenatally. This was accomplished by examining amniotic
cells in vitro. RNA synthesis following irradiation with ultra-
violet light was abnormal in cells from a fetus with the syn-
drome, but not in cells from a normal fetus.

MOTOR NEURON DISEASES
Amyotrophic Lateral Sclerosis

Amyotrophic lateral sclerosis (ALS) represents a spec-
trum of motor system degenerations involving the cortico-
spinal and corticobulbar pathways and motor neurons asso-
ciated with the cranial nerves and anterior horn cells of the
spinal cord. It is inherited in about 10% of instances, usually
as an autosomal dominant with variable penetrance and
expressivity (322). Dysfunctions of motor neurons produce
clinical manifestations of spasticity and muscular atrophy,
either singly or in combination. The presence of diffuse atro-
phy, weakness, fasciculations, and reduced myotatic re-
flexes indicates a variant of the system degeneration known
as progressive spinal muscular atrophy. Progressive weak-
ness and atrophy of muscles innervated by cranial nerves
indicate the development of another variant referred to as
progressive bulbar palsy (322). A pure expression of cortico-
bulbar and corticospinal involvement (i.e., with signs of up-
per motor neuron deficits—including weakness and spastic-
ity with hyperreflexia, clonus, and extensor plantar
responses, but without evidence of muscular atrophy)
corresponds to another variant known as primary lateral
sclerosis (323,324). For more detailed discussions, see refs.
325-350.

Infantile Progressive Spinal Muscular Atrophy
(Werdnig-Hoffman Syndrome)

Werdnig-Hoffman syndrome is to a generalized neuro-
genic muscular atrophy beginning in the first year of life
and progressing to death within the first 2 years of life. The
syndrome with onset in the first year of life, characterized
* by aslower progression and prolonged survival into adoles-
_cence or early adulthood, is known as Wohlfart-Kugel-

berg-Welander syndrome and probably represents a benign
form of Werdnig-Hoffman syndrome. Epidemiologic stud-
les have suggested an autosomal recessive mode of inheri-
tance (351). Neuropathologic findings include loss of ante-
rior horn cell motor neurons and bundles of focal glial
hyperplasia in relation to the anterior spinal roots (352-
354). There is also a predilection for involvement of type |
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muscle fibers. The cause of disease and effective therapy are
not known (355).

Fleury and Hageman (356) reported an autosomal domi-
nantly inherited lower motor neuron disorder presenting at
birth with arthrogryposis. Walsh et al. (357) found the ex-
pression of the cell adhesion molecule N-CAM present in
all myofibers in Werdnig-Hoffman patients; in contrast,
only the atrophic fibers were positive in the Kugelberg-We-
lander juvenile-onset patients. Dicarboxylic aciduria was
reported in one infant with classic Werdnig-Hoffman dis-
ease (358). Patients with either acute or chronic spinal mus-
cular atrophy have recently been mapped by linkage analy-
sis to chromosome Eq 11.2-13.3 by Gilliam et al in 1990
(358a).

Juvenile Progressive Spinal Muscular Atrophy
(Wohlfart-Kugelberg—Welander Syndrome)

Wohlfart-Kugelberg-Welander syndrome has its onset
in childhood or adolescence and develops as a progressive,
usually proximal neurogenic muscular atrophy that may be
confused with Werdnig-Hoffman disease or limb girdle
muscular dystrophy (359). Since the original descriptions
by Wohlfart et al. (360) and by Kugelberg and Welander
(361), other investigators have reported (a) over 200 cases
with infantile onset of disease beginning at less than 2 years
of age and (b) about 133 cases with onset in the juvenile
years between 3 and 18 years of age (362). A family history
is positive in most cases, and the disease is inherited in an
autosomal recessive manner, but several families have been
reported as having an autosomal dominant mode of inheri-
tance. In 1970 Namba et al. (363) reported a sex ratio of
about one to one for infantile onset of disease. The disease
produces weakness and muscular wasting in the proximal
muscles of the extremities, usually sparing ocular, facial,
and other bulbar musculature. Corticospinal and sensory
pathways of the spinal cord are not involved. Fasciculations
may be prominent in weak or atrophied muscles. This syn-
drome is distinguished from Werdnig-Hoffman disease by
the later onset and benign course; it is also distinguished
from ALS similarly because of the slow progression of dis-
ease and the absence of any involvement of corticospinal
tracts. The limb girdle form of muscular dystrophy can be
distinguished from this syndrome by findings on electromy-
ography and muscle biopsy. The Charcot-Marie-Tooth
form of neuropathy is distinguished by the presence of a
predominantly distal muscular atrophy and sensory loss,
neither of which are characteristic of Wohlfart-Kugelberg—
Welander disease.

Fischbeck et al. (364) studied genetic linkage in seven
families with X-linked adult-onset spinal muscular atro-
phy. They found significant linkage to the marker DXYSI
on the proximal X-chromosome long arm, but they found
loose linkage or nonlinkage to markers elsewhere. The adult
form issimilar to the juvenile type, characterized by progres-
sive weakness, atrophy, and fasciculations. In the X-linked
recessive form, only men are affected; women who are
asymptomatic carriers pass the disease on to their sons.

An interesting and important variant are patients with
juvenile-onset spinal muscular atrophy with hexosamini-
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dase A deficiency. These syndromes are discussed in more
detail in the sections on GM2 gangliosidosis and on hexosa-
minidase variants and neuromuscular syndromes. In 1988
Karni et al. (365) reported an adult patient with late-onset
denervating spinal muscular atrophy who had a deficiency
of hexosaminidase A. This patient had clinical and electro-
myographic evidence of denervation and no clinical cere-
bellar deficits, but computed tomography of the brain dem-
onstrated cerebellar atrophy. Indeed, some patients do
show evidence of both spinal muscular atrophy and clinical
cerebellar deficits. There is a wide spectrum of manifesta-
tions, including familial psychosis, fasciculations, ataxia,
dysmetria, and dysarthria.

Fazio-Londe Disease

Progressive bulbar paralysis in childhood is the hallmark
of Fazio-Londe disease, as emphasized by Gomez et al.
(366) in 1962. It is a rare syndrome beginning in childhood
and resulting in progressive bulbar palsies; there is mini-
mum involvement of extremity musculature, however. It
may be inherited in an autosomal recessive manner, and it
results in progressive paralysis of the masticatory muscles,
facial muscles, and pharyngeal and lingual muscles.

Familial Spastic Paraplegia

Familial spastic paraplegia is characterized by the occur-
rence, in the first two decades of life, of progressive spastic
paraparesis leading to paraplegia. The syndrome is in-
herited as an autosomal recessive, sex-linked recessive, or
familial trait (367). It occurs more frequently in males than
in females, and its onset may rarely be delayed so that it
occurs in adult life (368). It may be related to the spinocere-
bellar degenerations, since this familial syndrome may be
encountered in large families with other forms of spinocere-
bellar disease (369-375). Familial spastic paraparesis and
deafness inherited in an X-linked manner was reported by
Wells and Jankovic (376). Preliminary genetic linkage data
regarding an autosomal dominant family with “pure” famil-
ial spastic paraplegia was reported by Boustany et al. (377).
Recently it has been associated with HTLV-1 infection as a
genetic predisposition (377a).

" Syringomyelia

Syringomyelia, or cavitation of the spinal cord, was de-
scribed by Esteinne in 1546 in his treatise entitled “La Dis-
section du Corps Humain.” The precise term “‘syringomye-
lia,” referring to a cavitation of the spinal cord, is attributed
to Charles P. Ollivier D’Angers, who, in 1827, attributed the
abnormal dilation of the central canal to a developmental
anomaly. Since that time, “‘syringomyelia’ has referred to a
chronic and progressive disorder with amyotrophy, pain
and temperature sense loss (although position and stereog-
nostic functions are relatively well preserved), paraparesis,
skeletal defects including scoliosis, and associated neuro-
genic arthropathies (378). Syringomyelia occurs more fre-
quently in males than in females, and the first sign of dis-
ease begins in the second or third decade of life; it rarely
begins in childhood or late adulthood (379). Because of the

developmental abnormalities in the cord and its predomi-
nance in males, predisposing genetic factors may be in-
volved in the cause of this disorder. Sisters with syringo-
myelia were reported by Busis and Hochberg (380). For
more details, see refs. 381-394.

Hereditary Myasthenic Syndromes

A sporadic case of a congenital myasthenic syndrome as-
sociated with acetylcholinesterase (AChE) deficiency was
described in 1977 by Engel et al. (395). A defect in acetyl-
choline (ACh) resynthesis or mobilization was reported as
an autosomal recessive myasthenic syndrome in 1979 by
Hart et al. (396). In 1982 Engel et al. (397) described an
autosomal dominant myasthenic syndrome and suggested
that it was associated with an abnormally prolonged open
time in the ACh-induced ion channel. Symptoms occurred
in the latter syndrome in infancy or later life. There was
involvement of cervical, scapular, and finger extensor mus-
cles with ophthalmoparesis. Although there is atrophy of
the neuromuscular junction (as detected by electron micros-
copy), there are no immune complexes at the end-plate.

PERIPHERAL NERVE DISEASES
Peroneal Muscular Atrophy

Charcot—Marie-Tooth disease, or peroneal muscular at-
rophy, is a genetic disorder of the peripheral nervous system
primarily involving the peroneal musculature and other
distal muscles of both the upper and the lower extremities.
It is most often inherited as an autosomal dominant dis-
order and less frequently as an autosomal recessive and X-
linked dominant or recessive disease (398,399). The specific
molecular defect remains unknown.

Pathology

The peripheral nerves in the lower extremities, and subse-
quently in the upper extremities, undergo degenerative
changes that include demyelination and dissolution of the
axon. The occurrence of recurrent demyelination and re-
myelination with the formation of so-called onion-bulb
changes in the peripheral nerve may result in a hypertro-
phied nerve as a variant; this nerve may be palpated on
physical examination. Examination of biopsied skeletal
muscle may indicate the occurrence of group atrophy indic-
ative of neurogenic denervation (400). Pathologic changes
have been described in the dorsal root ganglion cells, motor
neurons of the spinal cord, and posterior columns of the
spinal cord.

Incidence

Peroneal muscular atrophy is a rare disorder most com-
monly seen as an autosomal dominant inherited genetic
disease in large families in which atrophy of the peroneal
musculature is the dominant expression. It may also be seen
in the spectrum of the spinocerebellar degenerations. It
usually begins in the first or second decade of life, but de-
layed onset has been reported. Dyck and Lambert in 1968
(401), Dyck in more detail in 1975 (402), and Harding and
Thomas in 1980 (220) described an autosomal dominant
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variant (type I, dominantly inherited hypertrophic neuropa-
thy) in which slow motor nerve conduction velocities were
associated with a hypertrophic form of disease resulting
from recurrent demyelination and remyelination. A second
form (type II, neuronal form of peroneal muscular atrophy)
of autosomal dominant disease was not associated with hy-
pertrophy or with slow conduction velocities but rather
with denervation, as evidenced by fasciculations and im-
paired interference patterns on electromyography
(401,403). A minor variant was a form of peroneal atrophy
without sensory involvement.

Ouvrier et al. (403) reported clinical and histopathologi-
cal features in sural nerve biopsies from 10 cases of domi-
nantly inherited type I disease and from six cases of Dejer-
ine-Sottas disease (type III disease). They found a
significantly higher incidence of ataxia, areflexia, and nerve
hypertrophy in type III. Of note, the functional severity of
type III cases was not markedly worse than that of type I
patients. Berciano et al. (404) described a large family with
type Il disease in which 10 affected and 17 unaffected
members in three generations were examined. Their view is
that type II disease represents a primary neuronopathy af-
fecting motor and sensory neurons (405).

Genetics

Charcot-Marie-Tooth disease type IB has been mapped
to chromosome 1 by demonstrating linkage to the Duffy
blood group locus (406,407). The Duffy locus is linked to
the uncoiler locus (1gh) on the proximal long arm of chro-
mosome | and is, in turn, loosely linked to the antithrom-
bin III locus (AT3). A cDNA for AT3 has been isolated and
assigned to 1q23-q25, and a restriction fragment length
polymorphism (RFLP) has been identified for AT3. Using a
DNA RFLP for AT3, Chance et al. (408) investigated the
genetic linkage relationship of all three markers (type 1B
disease presence, Duffy, and AT3) in two affected families.
They could not show that type IB disease was tightly linked
to AT3. The loci for both type I disease and Duffy must be
close to the centromere on chromosome 1, and its precise
localization and gene order will require additional probe
sites and more families. Ionasescu et al. (409) studied 169
members of 15 families which were autosomal dominant.
Four families were informative for linkage to apolipopro-
tein A2 on chromosome 1 (1q21-23), with an overall LOD
score of 2.45 at a recombination of 0.001. Apolipoprotein
A2 has been localized to the q21-23 region of chromosome
1 and is thus the approximate locus for the gene for type 1B
patients. An excellent review of the genetics of this disorder
was published by Bird (410) in 1989. For more detailed
reading, see refs. 411-416. Recently, Vance et al. (416a)
mapped the mutation in patients with neuropathy type la

* to chromosome 17. Recently, eight families were also
mapped to the centrometric region of chromosome 17
"(416b). Families that map either to chromosome 1 or 17 are
phenotypically identical.

Hypertrophic Interstitial Net?ropathy
(Dejerine-Sottas Disease)

Dejerine-Sottas disease (417), or hypertrophic interstitial
neuropathy (type III hypertrophic neuropathy of Dyck), is a
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recessively inherited genetic neurologic disorder producing
symmetrical and severe involvement of the peripheral
nerves; it is associated with impressive hypertrophy begin-
ning in infancy or early childhood (418-423).

Hereditary Sensory Neuropathy

Hereditary sensory neuropathy is a genetic disease in-
volving the sensory fibers of the peripheral nervous system
(424,425). 1t is inherited as an autosomal dominant trait,
and it produces progressive sensory deficits beginning in the
first or second decade of life (426-431). There is a progres-
sive loss of sensations of pain, heat, and light touch, accom-
panied by a loss of proprioceptive functions with associated
absence of the deep tendon reflexes and occasional light-
ning pains. Characteristic painless ulcerations develop in
the feet and the digits of the hands.

Familial Dysautonomia (Riley-Day Syndrome)

Riley-Day syndrome presents in early childhood and is
inherited in an autosomal recessive manner (432). It occurs
almost entirely in Jewish children. It was originally de-
scribed by Engel and Aring (433) in 1945 and again in 1949
by Riley et al. (434). Smith et al. (435) in 1963, Dancis and
Smith (436) in 1966, and Smith and Dancis (437) in 1967
suggested that the disorder was caused by a defect in cate-
chol metabolism, since patients demonstrated (a) an in-
creased concentration in urine of homovanillic acid, which
is a metabolic product of dopamine metabolism, and (b) an
associated decrease in the concentration of vanillylmande-
lic acid, which is a metabolic product of norepinephrine.
These abnormalities in the urinary excretion of these metab-
olites suggested a defect in the enzyme dopamine-g-hydrox-
ylase. In 1971 Weinshilboum and Axelrod (438) reported a
marked reduction in serum dopamine-3-hydroxylase activ-
ity in some (but not all) patients with this syndrome. Ziegler
et al. (439) reported on the norepinephrine concentration in
serum and the dopamine-g-hydroxylase plasma activity in
dysautonomic patients when reclining or after standing as
compared with normal control subjects. Dysautonomic pa-
tients, after standing, did not have a normal increase in their
levels of norepinephrine and dopamine-g-hydroxylase; fur-
thermore, they became hypotensive. Their data supported
the view that hypotension and hypertension in dysautono-
mia were related to abnormal rates of norepinephrine re-
lease. Siggers et al. (440) found a threefold increase in serum
antigen levels of the biologically active S-subunit of nerve
growth factor (NGF) in dysautonomic persons as compared
with normal subjects. The beta-subunit of NGF from dys-
autonomic persons was functionally abnormal as measured
by binding assays and radioimmunoassays. Thus it is sug-
gested that the -subunit of NGF is qualitatively, as well as
quantitatively, abnormal in dysautonomia. Such abnormal-
ities might provide the molecular explanation of neuro-
pathologic changes in the peripheral nervous system, the
autonomic nervous system, and the central nervous system.
Breakefield et al. (441) identified some copies of the 3-NGF
gene (alleles) in six affected families. Alleles differed in the
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length of restriction fragments that hybridized to DNA
probes for the NGF gene. They found that in two families
the affected children did not inherit the same two alleles at
the B-NGF locus. They pointed out that since this disease is
inherited as an autosomal recessive, the affected children
must share the same alleles at the locus causing the disease,
and thus their study excludes the 3-NGF gene locus as the
cause of the disorder. For more detailed reading, see refs.
442-449,

The important laboratory findings are (a) an increased
homovanillic acid-vanillylmandelic acid ratio in the urine,
(b) low serum dopamine-g3-hydroxylase activity, and (c) im-
paired norepinephrine release. Characteristic findings on
physical examination include the absence of fungiform and
circumvallate papillae of the tongue, absence of the deep
tendon reflexes, and impairment in normal lacrimation.
The intravenous administration of edrophonium chloride
under carefully controlled circumstances may demonstrate
a transient return of taste and lacrimation accompanied by
decrease in dysphagia, indicating that the disorder is, in
part, related to an alteration in ACh metabolism (449).

Hereditary Amyloid Neuropathy

Peripheral neuropathy may be a component of general-
ized primary amyloidosis in about one-fifth of patients.
There are two major hereditary forms that have been docu-
mented where neuropathy is an important clinical fea-
ture (450).

Andrade (451) reported several families from northern
Portugal with autosomal dominant amyloid neuropathy.
The disease process begins in the third or fourth decade, and
there is subsequent development of a progressive and sym-
metrical impairment in both sensory and motor functions
associated with marked autonomic involvement. Typical
findings include hyperpathia of the distal lower extremities
with an impairment in temperature and pain sensations. A
steppage gait caused by a bilateral footdrop subsequently
occurs along with areflexia. Evidence for autonomic neurop-
athy includes distal ulcerations of the lower extremities,
sphincter impairment, impotence, pupillary changes, and
diarrhea or constipation. The neuropathologic changes in-
clude direct deposition of amyloid into the peripheral
nerves and also into other organs such as the skin, gastroin-
testinal tract, tongue, heart, and kidneys. Several patients
- with primary hereditary amyloid neuropathy inherited as
an autosomal dominant have been treated with colchicine,
which has resulted in clinical improvement, reduced amy-
loid on repeated peripheral nerve biopsies, and an improve-
ment in nerve conduction velocities.

A similar form of autosomal dominant amyloid polyneu-
-ropathy has been described in the United States. These pa-
tients appear to have a milder form of the disease, with an
onset occurring as late as the sixth decade. It begins with a
slow progression of motor and sensory deficits in the upper
extremities, and it may present initially as a carpal tunnel
syndrome. The Finnish-type neuropathy is characterized by
slowly progressive cranial heuropathy, corneal lattice dys-
trophy, and distal sensorimotor neuropathy without auto-
nomic dysfunction. In 1986 Darras et al. (452) reported a

.

typical patient with Finnish-type neuropathy in the United )
States.

In the Japanese-type of autosomal dominant familial
amyloid polyneuropathy, as reviewed in 1987 by Ikeda et
al. (453), there is also a prealbumin variant with a single
amino acid replacement of valine by methionine at position
30, and this mutant protein leads to amyloid fibril forma-
tion. Sasaki et al. (454) have cloned and sequence-analyzed
the cDNA for normal human prealbumin transthyretin
(TTR) and have detected the mutation in the TTR gene for
this dominant form of amyloid polyneuropathy. The mu-
tant gene maps to chromosome 18. The presymptomatic
diagnosis of disease was made in two sons of an affected
mother in one family and in a daughter of an affected father
in a second family. The demonstration of two abnormal
hybridization signals in the first family at 5.0 and 1.4 kb
with Nsil restriction enzyme, indicating unique restriction
fragment polymorphism, was sufficient to establish a diag-
nosis of presymptomatic disease. Similarly, in the second
family the signals at 5.0 and 1.4 kb indicated a restriction
fragment polymorphism pattern associated with the mu-
tant genotype, although presymptomatic. Both families
thus had the same mutation, and the probe was highly effec-
tive in diagnosing disease in the at-risk person. These molec-
ular findings originally reported in 1984 were confirmed
and extended by Araki and co-workers (455) at Kumamoto
University in 1986; this group found a mutation resulting in
an adenine for a guanine in the first portion of the codon
coding at portion 30 of the TTR molecule. This mutation
resulted in the incorporation of a methionine instead of a
valine. Recently, Tanaka et al. (456) reported a 47-year-old
woman with familial amyloid polyneuropathy without fa-
milial occurrence of the disease. Her 81-year-old mother
and 53-year-old sister were shown (by radioimmunoassay)
to be asymptomatic carriers for variant TTR. Similar fami-
lies were reported by Nakazato et al. (457) and Saraiva et al.
(458) in 1987 and 1986, respectively. It is suggested that
unknown factors may play a role in preventing or delaying
the onset of the disease. As these investigators pointed out,
to establish the diagnosis of nonhereditary primary amyloi-
dotic polyneuropathy, it must be confirmed that variant
TTR is absent in the serum of relatives. Surely this ap-
proach will be a powerful tool to eliminate this disorder not
only in Japan but also in Sweden, Portugal, the United
States, and Finland, where it is endemic.

Tangier Disease

Inhabitants of Tangier Island in Chesapeake Bay develop
a progressive polyneuropathy in the second or third decade
of life that involves distal motor and sensory functions of
the extremities (459). A deficiency in high-density serum
lipoproteins (a-a-lipoproteinemia) in the serum of these pa-
tients has been a consistent feature associated with lipid
deposits within lymphoreticular deposits of the tonsillar
fossae of the oropharynx. The primary molecular defect has
not been determined, but it appears that high-density lipo-
proteins are abnormally targeted for lysosomes and de-
graded. The disorder is inherited as an autosomal recessive
trait.
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Porphyric Polyneuropathy

Acute polyneuropathy may be an important component
in the acute intermittent Swedish-type porphyria that is in-
herited as an autosomal dominant trait. The phenotypic
neurologic features include episodes of personality change,
depression, psychosis, abdominal pain, and severe general-
ized polyneuropathy. Skin manifestations do not occur in
this form of porphyria. Episodes of polyneuropathy may be
precipitated by barbiturates or phenytoin. A characteristic
syndrome may occur in individual families, and the varia-
tion and severity of disease also differ from family to family.
Urinary excretion of porphobilinogen is uniformly present.
The enzyme uroporphyrinogen synthetase (porphobilino-
gen deaminase) has been reported to be deficient in liver
and erythrocytes from affected patients. Enzyme activities
are reduced by 40-60% of normal, which apparently is suf-
ficient to alter the rate of metabolism of the porphyrin path-
way. Thus porphyria is a most rare example of a domi-
nantly inherited disorder resulting from an enzyme
deficiency state. As a result of this enzyme deficiency and
the reduced synthesis of its product, uroporphyrin-1, there
is a release induction of the activity of the rate-limiting en-
zyme in the pathway, é-aminolevulinic acid synthetase.
This induction, in turn, results in an increase in urinary
d-aminolevulinic acid and porphobilinogen. Several pa-
tients have been treated with hematin, which corrects the
metabolic defects of é-aminolevulinic acid and porphobi-
linogen and leads to a striking improvement in clinical find-
ings, including polyneuropathy. A high-carbohydrate diet
may also prevent attacks and reduce morbidity. Hematin is
unstable, and its value to reverse the course of disease is
dependent on fresh material (460).

The occurrence of acute polyneuropathy is sudden and
often without any apparent cause. Drugs, hormones, or in-
fection may trigger an attack. Severe polyneuropathy may
develop with predominantly motor findings in an ascend-
ing distribution, with proximal accentuation resembling the
Guillain-Barré syndrome. In fact, facial diplegia and bulbar
paralysis may also occur in an ascending fashion. Patients
may also demonstrate an encephalopathy with delirium
and seizures. Hyponatremia resulting from the inappropri-
ate secretion of the antidiuretic hormone (ADH) has been
reported. Rarely, the presentation of a mononeuritis multi-
plex syndrome occurs, with random, asymmetric involve-
ment of individual nerves resembling a sacral plexus syn-
drome with severe pain and weakness. Phenothiazines,
glucose, and intravenous infusion of hematin are therapeuti-
cally effective. Coproporphyria and variegate porphyria are
two other autosomal dominant forms of porphyria that re-
sult in acute neurologic deficits. Llewellyn et al. (461) inves-
tigated a common two-allele Mspl RFLP of the human ery-
throid porphobilinogen (PBG)-deaminase gene in 33

_unrelated patients with acute intermittent porphyria (AIP)

and 20 controls. The polymorphism was tightly linked
(LOD score 3.14; no recombinants) to the AIP locus as
identified by activity of erythrocyte PBG-deaminase. In
suitable families, Mspl polymo?phism provides a more cer-
tain way of identifying carriers of the AIP gene than do
current enzymatic methods.
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Giant Axonal Neuropathy

Giant axonal neuropathy is a rare autosomal recessive
disorder described in 1972 by Asbury et al. (462); it is char-
acterized by a symmetrical distal neuropathy, mental retar-
dation, and frizzy, kinky hair. The peripheral nerve axons
are dilated segmentally because of the accumulation of 10-
nm neurofilaments as seen on nerve biopsies. Similar ax-
onal pathology is seen in the central nervous system (CNS).

Thomas et al. (463) reported on the autopsy findings of
an 18-year-old man who had the onset of disease at age 4
years. Histological examination of the brain and spinal cord
showed numerous Rosenthal fibers, a distal axonopathy
that most severely affected the corticospinal tracts, middle
cerebellar peduncles, posterior columns, and olivocerebel-
lar degeneration.

Donaghy et al. (464) reported a S-year-old patient who
had abnormalities within the cerebellar and cerebral white
matter on magnetic resonance brain imaging. Myelinated
nerve fiber density in the sural nerve was reduced to
6790/mm? at age 8 years and had fallen to 3812/mm? 16
months later, indicating that progressive axonal loss occurs.
2,5-Hexanedione is a toxin that produces an experimental
model of giant axonal neuropathy. Using this model sys-
tem, Monaco et al. (465) reported that the transport of neu-
rofilamentous protein and two other polypeptides was selec-
tively increased. Thus the genetic disorder may result from
a similar defect, but the precise biochemical defect is un-
known.

PHAKOMATOSES OR NEUROCUTANEOUS
SYNDROMES

Neurofibromatosis (von Recklinghausen’s Disease)

Neurofibromatosis, or von Recklinghausen’s disease, is a
genetic disorder inherited as an autosomal dominant trait;
it is characterized by the occurrence of pigmented skin le-
sions, multiple tumors of spinal or cranial nerves, tumors of
the skin, and associated gliomas and intracranial meningio-
mas. There is an increased association with pheochromocy-
tomas, cystic lung disease, renal vascular lesions causing
hypertension, fibrous dysplasia of bone, gastrointestinal
neurofibromas with chronic blood loss, and medullary thy-
roid carcinoma and other tumors of the endocrine glands.

A long-term follow-up of 212 affected patients in Den-
mark was reported by Sorensen et al. (466). Compared with
the general population, male relatives with neurofibroma-
tosis had the same rate of neoplasms, whereas female rela-
tives had a nearly twofold higher rate. The malignant tu-
mors in 212 patients with neurofibromatosis according to
tissue type, as reported by Sorensen et al. (466), are listed in
Table 3. Riccardi (467) and Riccardi and Lewis (468) re-
viewed the concepts of penetrance and expressivity present
in this disorder.

Von Recklinghausen’s neurofibromatosis is also referred
to as “‘neurofibromatosis I (NFI); it is a separate entity
from ‘‘neurofibromatosis II"” (NFII), which is bilateral
familial acoustic neurofibromatosis. NFII produces bilat-
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TABLE 3. Malignant tumors in 212 patients with
neurofibromatosis according to tissue type®

Number of tumors

Type of tumor reported

Central nervous system
Gliomas 16
Meningiomas 2
Malignant neurilemoma 1
No histopathology 2
Total 21

Peripheral nervous system
Neurosarcomas
Neuromyxoma
Acoustic neuroma

Total

® == h

Other

Sarcoma fusciellulare
Fibrosarcoma
Fibromyxosarcoma
Osteosarcoma, maxillary bone
Pheochromocytoma
Squamous-cell carcinoma, lung
Carcinoma

Adrenal

Bile duct

Colon

Ovary

Breast

Uterus

Conjunctiva

Left eyelid
Nevocarcinoma, skin
Cancer

Stomach

Liver

Pancreas

Kidney

Mediastinum

Prostate
Multiple myeloma
Chronic lymphatic leukemia
Lymphosarcoma :
Reticulosarcoma
Unspecified gluteal region
Primary site undetermined

Total

2 From ref. 466, with permission.
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eral eighth nerve tumors as an autosomal dominant dis-
order and may have the other central and peripheral ner-
vous system manifestations of NFI. In NFII patients,
meningiomas—ependymomas were more common among
" the younger patients, and those who initially presented with
‘acoustic neuromas were nearly a decade older (469).

Genetics

The gene responsible for NFI is located near the centro-
mere on the long arm of chromosome 17 (17q11.2), as re-
ported in 1987 by Barker et al. (470); this was determined
by linkage analysis of 15 Utah kindreds. In 1987 Rouleau et
al. (471) reported (using linkage analysis) that the gene for

NFII is on chromosome 22 and that it is therefore distinct
from the NFI gene locus. More precisely, Wertelecki et al.
(472) and Martuza and Eldridge (473) reported that the
locus for NF2 is near the center of the long arm of chromo-
some 22 at 22ql1.1 to 22q13.1. Deletions of chromosome
22 have been associated with NFII and meningiomas, sug-
gesting that the disease locus encodes a tumor suppressor
gene. A transgenic mouse model for NFI has been reported
utilizing the tat gene of HTLV-1, which results in tumors
resembling human NFI. At the rate of current progress [as
reviewed by Collins et al. (474) in 1989], the NFI gene will
be cloned in the next few years. For more details, see refs.
475-80. Infact recently, two groups headed by Collins
(480a) and White (480b) have sequenced the NF1 gene and
believe its normal product is an anti-oncogene suppressing
the ras oncogene. The mutation results in abnormal activa-
tion of the ras oncogene resulting in tumor production.

Tubulerous Sclerosis (Bourneville’s Disease)

Tuberous sclerosis (Bourneville’s disease or epiloia) is a
neurocutaneous disorder inherited as an autosomal domi-
nant trait. Its triad of findings includes (a) facial nevi (ade-
noma sebaceum), (b) epilepsy, and (c) mental retardation.
Although the clinical and neuropathologic features are well
described, the basic biochemical defect remains unknown.
Rarely, an astrocytoma may occur in a child; for example, a
computerized tomographic (CT) scan will demonstrate an
astrocytoma located in the head of the caudate nucleus of a
young child.

Clinical Manifestations

The clinical appearance of the patient is characteristic.
Patients develop mental retardation and epilepsy during the
first decade of life. The first manifestation of disease is
usually focal or generalized major motor seizures without
other focal neurologic deficits. The occurrence of mental
retardation is not evident until age 6 years. Several years
after the development of seizures, the characteristic cutane-
ous facial lesions first develop. The facial nevi or sebaceous
adenomas occur in a symmetrical distribution on the malar
and nasal regions, and they appear yellow or orange-red in
color, varying from several millimeters to a centimeter in
size. Areas of roughening of the skin (shagreen patches) in
the shape of small spheres caused by fibrous hyperplasia,
cafe au lait spots, areas of depigmented nevi, and, rarely,
subungual neurofibromas are characteristic of tuberous scle-
rosis and are evidence for its being genetically related to von
Recklinghausen’s disease.

Neoplasms of the kidneys are common but usually not
clinically evident. Tumors of endocrine organs and the liver
occur rarely, and true rhabdomyomas occur in a small per-
centage of patients. Papilledema and other focal neurologic
deficits signal the presence of a large intracranial tumor.

The electroencephalogram (EEG) may show facial slow-
ing and multifocal spikes resulting from associated cerebral
phakomas. Hypsarrhythmia has been reported in a small
number of patients. Roentgenograms of the skull may indi-
cate the presence of calcifications in a periventricular distri-
bution.
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Genetics

This disorder is inherited as an autosomal dominant with
a high degree of penetrance. Linkage analysis was per-
formed by Fryeret al. (481)in 19 families using 26 polymor-
phic markers. Maximum LOD scores were 1.20 for adenyl-
ate kinase at zero recombination and 3.85 for the ABO
blood group at zero recombination. These data indicate
that the gene for tuberous sclerosis is on the distal long arm
of chromosome 9. There may be heterogeneity as some fam-
ilies apparently map to 11q 23 (481a).

Sturge-Weber Disease

Sturge-Weber disease is a neurocutaneous disorder that
produces a port-wine-colored capillary hemangioma on the
face; this is accompanied by a similar vascular malforma-
tion of the underlying meninges and cerebral cortex. The
etiology is unknown, although the defect has been reported
in more than one family member, which indicates a genetic
predisposition.

Clinical Manifestations

The diagnosis is easily made by the presence of a port-
wine facial nevus following the sensory dermatomal distri-
bution of the first, second, or third portion of the trigeminal
nerve. Generalized or focal motor seizures may also occur
and may be associated with mental retardation. The patient
may develop hemiplegic atrophy with shortening of the ex-
tremities, which occurs contralateral to the atrophic hemi-
sphere with calcification. Exophthalmos, glaucoma,
buphthalmos, optic atrophy, and other cutaneous port-
wine nevi and retinal angiomas may also be present.

In the differential diagnosis, Sturge-Weber disease must
be distinguished from von Hippel-Lindau (VHL) disease.
The latter disorder is autosomal dominant with an inherited
susceptibility to various forms of cancer, including heman-
gioblastomas on the central nervous system, pheochromo-
cytomas, pancreatic neoplasms and renal cell carcinomas.
Seizinger et al. (482) reported in 1988 that the VHL gene is
linked to the locus encoding the human homologue of the
RAF 1 oncogene mapping to chromosome 3p25. It is sug-
gested that sporadic and VHL-associated forms of renal cell
carcinoma might both result from alterations causing loss
of function of the same “tumor suppressor’’ gene on chro-
mosome 3p.

Incontinentia Pigmenti

Incontinentia pigmenti, recognized as early as 1906 by
‘Garrod (483), is a rare neurocutaneous disorder inherited in
"an X-linked dominant manner. It must be differentiated
from neurofibromatosis, which is a more common neuro-
cutaneous disorder but which is inherited as an autosomal
dominant. Pigmented skin I€sions begin in the first 6
months of life and initially appear as vesicular or bullous
eruptions. The skin lesions then become pigmented, form-
ing brown linear patterns or whorls on the face, extremities,
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and abdomen. There may be mental retardation, seizures,
dystrophy of the fingernails, and alopecia, in addition to the
skin hyperpigmented lesions. Microcephaly, hydrocephaly,
microphthalmia, chorioretinitis, and spastic or flaccid qua-
driparesis may also be associated features of the disease.
The spectrum of findings was recorded by Sulzberger et al.
(484) in 1938 and Carney (485) in 1976. Miller and Parker
(486) reported a depigmented form of incontinentia pig-
menti achromians (hypomelanosis of Ito) with a chromo-
some defect. A 6-month-old girl had seizures, the Wolf-
Parkinson-White cardiac conduction defect, and a whorled
pattern of hypopigmentation over the trunk and limbs. The
patient had a balanced translocation between chromo-
somes 2 and 8. Parental karyotypes were normal. The pa-
tient was 46.

Xeroderma Pigmentosum

Xeroderma pigmentosum is a rare but severe disorder of
the skin and nervous system. Patients have extreme sensitiv-
ity to sunlight or ultraviolet light, resulting in skin freckling,
atrophy, and telangiectasia. The nervous system involve-
ment can result in microcephaly, chorea, athetosis, ataxia,
deafness, and mental retardation (487,488,488a). Recently,
peripheral neuropathy has been described in several pa-
tients in 1990. Patients readily develop skin cancers, includ-
ing basal cell malignancies and melanomas. Medulloblasto-
mas and neuromas also occur. The basic defect involves an
impairment in DNA repair. This defect involves the re-
moval of pyrimidine dimers because of deficient endonucle-
ase activity. The patients whose cells in culture show the
highest percentage of defect in DNA repair are the ones that
develop neurologic disease. The patients with neurologic
abnormalities (DeSanctis—Cacchione syndrome) have neu-
ronal death of the pyramidal cells, Purkinje cells, and basal
ganglia neurons. It is inherited as an autosomal recessive
disorder with an incidence of between 1 per 65,000 and [
per 250,000 births (489).

DISORDERS OF PURINE METABOLISM
Lesch-Nyhan Syndrome

Historical Perspective

In 1964 Lesch and Nyhan (490) described a familial dis-
order of uric acid metabolism with CNS dysfunction, and in
1966 Shapiro et al. (491) reported an X-linked recessive
inherited syndrome of mental retardation and hyperurice-
mia. In 1967 Seegmiller et al. (492) reported an enzyme
defect associated with an X-linked human neurologic dis-
order (Lesch-Nyhan syndrome) with excessive purine syn-
thesis in erythrocyte lysates and cultured skin fibroblasts. In
1968 the first in utero diagnosis of a heterozygous individ-
ual was achieved.

Incidence and Prevalence

The true incidence and prevalence are not known at this
time, but this is a rare entity.
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This disorder is transmitted in an X-linked recessive
fashion.

Clinical

Patients with Lesch-Nyhan syndrome are usually nor-
mal for the first 1-3 months of life, although some exhibit
recurrent vomiting, feeding difficulties, and hypotonia. By
3-4 months the infants show signs of slowed motor develop-
ment, and by 8-12 months they develop extrapyramidal
signs. The extrapyramidal signs usually consist of combina-
tions of chorea, athetosis, and dystonia of the extremities.
These signs, however, are not specific for Lesch-Nyhan
syndrome. At around 12 months of age, the patient begins
to develop signs of pyramidal tract involvement such as
hypertonia, hyperreflexia, and extensor plantar responses.
The extrapyramidal and pyramidal signs become more
prominent with the passage of time. Between 2 and 6 years
of age, many patients develop a striking compulsive, self-
destructive type of behavior, consisting of biting their lips,
buccal mucosa, and accessible parts of their extremities,
such as fingers and toes. These patients also exhibit head-
banging and place their extremities in dangerous places.
The urge to perform self-mutilation can be strikingly asym-
metrical. Patients also exhibit unusual aggressiveness to-
ward others, and the aggressiveness and self-mutilation can
be quite varable from day to day. It has been suggested that
the aggressiveness is similar to “sham rage.” The aggressive-
ness, agitation, episodes of opisthotonic posturing, and self-
mutilation are all increased by placing the patients in stress-
ful situations.

Approximately 50% of patients with Lesch-Nyhan syn-
drome have been reported to have seizures. Routine 1.Q.
testing methods have revealed 1.Q. scores in the 39-65
range. When trying to assess intelligence of these patients,
one has to take into consideration their dystonia and move-
ment disorders.

Routine neurologic laboratory studies, including CSF
studies,” electromyography, and nerve conduction veloci-
ties, are normal. EEGs can either be normal or reveal dif-
fuse slowing.

All patients exhibit excessive uric acid production, with

- excretion ranging from 25 to 143 mg/kg/day, compared
with an upper limit of 18 mg/kg/day in normal children.
The serum urate concentration ranges from 7 to 18 mg/dl
in the absence of renal insufficiency. Because of this variabil-
ity, determination of serum uric acid concentration is not a
reliable screening test. The uric acid/creatinine ratio in
urine is a nonspecific but valuable screening test. The nor-
mal uric acid/creatinine ratio in urine is up to 2.8 under 1
year of age and less than 1.0 for ages greater than 10 years.
In Lesch—-Nyhan syndrome the ratio may be greater than
5.0 for patients less than 10 years old and is usually in the
range of 2.0 to 3.0 for patients older than 10 years. Other
disorders that are associatedtwith excessive uric acid produc-
tion include type I glycogen storage disease and lymphopro-
liferative disorders.

Because of increased urinary uric acid excretion, uric acid
cystalluria usually develops at some time in most patients
and can lead to the finding of orange crystals on an infant’s
diaper. The excessive uric acid excretion can also lead to
symptomatic uric acid nephrolithiasis and obstructive
uropathy. Elevated serum uric acid can lead to gouty arthri-
tis and tophaceous deposits of monosodium urate. The
diagnosis is confirmed by finding virtual absence of activity
of HGPRT in tissues, erythrocyte lysates, leukocytes, or
cultured skin fibroblasts (493,494). For further details, see
refs. 495-504.

Adenosine Deaminase Deficiency

An infantile syndrome caused by a deficiency of the pu-
rine salvage enzyme adenosine deaminase (ADA) has been
clearly recognized, which includes severe combined immu-
nodeficiency and severe motor and mental retardation. It is
inherited as an autosomal recessive disorder. Pendular nys-
tagmus, headlag, increased extensor muscle tone, dystonic
and athetoid movements, absent deep tendon reflexes, and
mental retardation are some clinical features. Profound
lymphopenia, the absence of a thymic shadow, rib con-
cavity, and flattened acetabula are other features. Serum
IgA and IgM can be absent, and IgG is very low. Peripheral
blood lymphocytes do not respond to in vitro stimulation
with phytohemagglutinin, and T and B cells may be absent.
Delayed skin tests for reactivity to dinitrochlorobenzene
(DNCB) are nonreactive. ADA deficiency is confirmed by
measurement of the enzyme in red blood cells. Neurologic
abnormalities have been reported in three of 23 ADA-defi-
cient patients. Importantly, neurologic abnormalities dis-
appeared in one patient during treatment with multiple
partial-exchange transfusions of irradiated normal erythro-
cytes, thus providing enzyme replacement (505). A child
with this disorder was the first patient to be treated with
gene therapy, but as of yet, no formal publication in a scien-
tific journal has yet appeared.

Familial Pyrimidinemia and Pyrimidinuria Associated
with Fluorouracil Toxicity

Recently, an autosomal recessive disorder has been de-
scribed in which patients manifest pyrimidinemia or py-
rimidinuria with impairment in level of consciousness pro-
gressing to coma and associated with cerebellar deficits
when treated with fluorouracil. A 27-year-old woman with
a breast malignancy was treated with modest doses of fluoro-
uracil and rapidly developed a severe leukopenia, thrombo-
cytopenia, stomatitis, hair loss, diarrhea, fever, weight loss,
dysarthria, cerebellar ataxia progressing to confusion, and
semicoma. Her neurological symptoms gradually improved
when the drug was stopped, but she continued to excrete
high amounts of uracil and thymine. Plasma levels of uracil
and thymine were also elevated. Her normal brother also
had pyrimidinemia, indicating that the patient just de-
scribed had a genetic defect in pyrimidine metabolism
which was made clinically manifest when treated with fluo-
rouracil. A defect in the degradation of uracil and thymine




is postulated in these individuals and was responsible for an
impairment in the degradation of fluorouracil as well. Di-
hydropyrimidine dehydrogenase, the rate-limiting enzyme
in pyrimidine metabolism, is postulated as being defective
in this patient and her brother, as described by Tuchman et
al. (506).

Hereditary Cerebral Angiopathy with Cerebral
Hemorrhage and Amyloidosis

Hereditary cerebral hemorrhage due to an angiopathy as-
sociated with amyloidosis is an uncommon event com-
pared with hypertension-induced cerebral hemorrhage. In
1935 Arnason (507) published a report showing 10 families
with a high incidence of cerebral hemorrhage. More re-
cently, the fibrillar components of the amyloid deposits in
cerebral arteries were isolated and were found to consist of
large fragments of the alkaline microprotein gamma-trace
(508). For more details, see refs. 509-511.

DISORDERS OF AMINO ACID METABOLISM
Phenylketonuria

Phenylketonuria is the most common disorder of amino
acid metabolism in our society; the incidence of this disease
in the United States is 1 in 14,000 births, and fortunately it
is treatable. It was originally described by Folling (512) in
patients who were retarded and who excreted urinary phe-
nylpyruvic acid. Based on this excretion product, Penrose
and Quastel (513) called it “phenylketonuria” (PKU). The
enzyme defect for this autosomal recessive disorder in-
volves hepatic phenylalanine hydroxylase (514). The thera-
peutic value of diet restricted in phenylalanine was reported
by Bickel et al. (515), and heterozygote identification with a
phenylalanine challenge was reported by Hsia et al. (516).

Clinical F_eatures

In general, children at birth are normal, although neona-
tal disorders, especially vomiting and eczema, have been
cited as being increased in incidence. A characteristic odor
due to elevated phenylacetic acid in perspiration has been
emphasized. During the first 12 months of life, progressive
mental retardation and hypopigmentation of hair, skin, and
the ocular iris occur. It has been suggested that this hypopig-
mentation is due to inhibition of tyrosine by the high titers
of phenylalanine in tissues. If patients are not treated early,
a very high percentage of them will be severely mentally

* retarded.

A simple diagnostic test is the ferric chloride test, which
produces a vivid green color in the presence of phenylpyru-
vic acid. A more reliable test is the Guthrie test (517), which
gives a more quantitative assgssment of blood phenylala-
nine levels and avoids the false-negative assessment of the
ferric chloride test in some patients. An abnormal serum
phenylalanine level is that above 20 mg% in a child who is
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older than | week and who is on an average protein and
calorie diet.

An adult form occurs in which patients have mental re-
tardation, chorcoatretosis, spasticism ataxia and show
white matter changes on brain scan (517a).

Genetics

A major advance occurred in 1983 when Woo et al. (518)
cloned the gene for phenylalanine hydroxylase and demon-
strated its usefulness in diagnosing affected persons, car-
riers, and noncarriers by showing distinctive patterns of hy-
bridization signals on Southern blots.

In 1985 DilLella et al. (519) observed two variations of
PKU at the mRNA level. The liver from one PKU patient
contained abundant phenylalanine hydroxylase mRNA,
whose size was identical to that of normal mRNA. Thus the
low levels of enzyme activity in this patient were the result
of defective or unstable enzyme rather than that of a tran-
scriptional error from the gene level into its mRNA. An-
other patient had rarely detectable liver levels of phenylala-
nine hydroxylase mRNA. Thus this patient has a
transcriptional error, and minimal enzyme protein would
be synthesized. Hence there is now evidence for molecular
variability for the clinical expression of this disorder. In
1985 a full-length cDNA clone of human phenylalanine
hydroxylase was inserted into a eukaryotic expression vec-
tor and transferred into mouse NIH3T3 cells, which usually
do not express this enzyme. The transformed mouse cells
expressed enzyme mRNA. Thus a single gene contains all
of the necessary genetic information to code for functional
enzyme (520).

Lidsky et al. (521) reported diagnosing classic PKU prena-
tally in two at-risk families by means of a cloned phenylala-
nine hydroxylase gene probe that was used to analyze DNA
isolated from cultured amniotic cells. The diagnoses of a
PKU fetus in one family and a heterozygous fetus in an-
other family were confirmed after birth.

In 1988 DiLella et al. (522) identified single base substitu-
tions in two mutant phenylalanine hydroxylase alleles that
cause PKU. Amplification (via polymerase chain reaction)
of a subgenomic DNA fragment containing both mutation
sites was used to identify carriers of the mutant alleles. See
refs. 523 and 524 for further details.

Homocystinuria

Homocystinuria is a common aminoacidopathy, with an
incidence of 1 in 200,000 births in the United States. It was
described in patients who were retarded and who excreted
homocystine (525). Mudd et al. (526) described the enzyme
defect to be cystathionine 3-synthase for this autosomal re-
cessive disorder. Holowell et al. (527) demonstrated that
pyridoxine (vitamin By) could increase enzyme activity and
lower excretion of homocystine in selected patients.

Clinical Features

Patients develop a characteristic clinical picture that in-
cludes mental retardation, ectopia lentis, scoliosis, genu val-
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gum, pectus carinatum or excavatum, a high arched palate,
pes cavus, thromboembolism, a malar flush, and promi-
nent livido reticularis. Seizures may be present in a small
percentage of patients, and about 10% of patients are men-
tally normal.

. Several hereditary disorders of intracellular cobalamin
metabolism—usually noted because of homocystinuria (co-
balamin E and G mutations) or methylmalonic aciduria
(cobalamin A, B, and F mutations), or both (cobalamin C
and D mutations)—have been reported. Homocystinuria
occurs when methylcobalamin and its cofactor, S-methyl-
tetrahydrofolate, cannot be used in the methylation of ho-
mocysteine to methionine (methionine regeneration shut-
tle), mediated by methionine synthase. Cystathionine
B-synthase activity is normal. Neurological symptoms and
megaloblastic anemia may develop in late childhood or in
adulthood and may be misdiagnosed as multiple sclerosis.
Screening must be done for homocystinuria and methylma-
lonic aciduria. Carmel et al. (528) reported a 21-year-old
woman who had myelopathy and neuropathy due to methi-
onine synthase deficiency. In this disorder, 5-methyltetra-
hydrofolate, which acts as a methyl donor to cobalamin to
generate methyl cobalamin, cannot be used. A few patients
present in childhood or early adulthood with a schizo-
phrenic-like behavior, homocystinuria, and hypomethio-
ninuria. Their cystathionine 8-synthase activity is normal,
and they have a methionine regeneration shuttle that is de-
fective because of vitamin B,, or folic acid synthesis or re-
ductase enzyme defects. See refs. 529 and 530 for further
details.

Methylmalonic Aciduria

Patients with methylmalonic aciduria have a marked
motor and mental retardation, often with generalized sei-
zures and ketoacidosis (531,532). Adult patients with a pro-
gressive myelopathy should be screened for methylmalonic
aciduria caused by an inborn error of cobalmin metabolism
(cobalamin A, B, and F mutations). Methylmalonic aci-
duria results when the conversion of methylmalonyl-CoA
to succinyl-CoA by methylmalonyl-CoA mutase, mediated
by 5'-deoxyadenosylcobalamin, becomes impaired. Pa-
tients may improve biochemically and clinically with high
doses of vitamin B,, (5§32). Defects in the enzymes methyl-

“malonyl-CoA synthase and mutase as well as in vitamin B,,

synthetic enzymes have been reported as being associated
with this syndrome. It is presumed to be inherited as an
autosomal recessive disorder. Another subset of patients
consists of those in which methylmalonic aciduria was also
present with homocystinuria, cystathioninuria, and hypo-
methioninemia, and these patients were not ketoacidotic. A
19-month-old child with vitamin B,, responsive disease was
noted to have low-density lucencies in the globus pallidi as
shown by CT (533).

Treatment consists of a low-protein diet and high doses of
vitamin B,, for those who respond biochemically with re-
duced methylmalonic acid excretion and improved mental
status. L-Carnitine oral therapy has been advocated in a
loading dose of 100 mg/kg, followed by 100 mg/kg/day di-
vided into three or four doses (534,535).

Propionic Acidemia

During the neonatal period, patients with propionic aci-
demia present with obtundation, coma, dehydration, and
ketoacidosis. Propionic acidemia and aciduria with a defi-
ciency of the enzyme propionyl-CoA carboxylase in fibro-
blasts or leukocytes are diagnostic of the syndrome, which is
inherited as'an autosomal recessive disorder. Therapy in-
cludes a low-protein diet, vigorous rehydration, and correc-
tion of acidosis with bicarbonate. Biotin, a cofactor of pro-
pionyl-CoA carboxylase, is given to patients whose
response is both biochemically and clinically favorable. L-
Carnitine oral therapy has been advocated in a loading dose
of 100 mg/kg, followed by 100 mg/kg/day divided into
three or four doses (534,535).

Hyperglycinemia

Hyperglycinemia is an autosomal recessive disorder
whose clinical features include neonatal to early childhood
onset of episodic ketoacidosis with motor and mental retar-
dation and with hyperglycinemia and hyperglycinuria.
During acute episodes, urinary excretion of a-methyl-3-hy-
droxybutyrate, a-methyl acetoacetate, and butanone in-
creases. If the disorder is diagnosed promptly and proper
therapy of protein restriction and correction of acute at-
tacks of acidosis is implemented, it is possible for relatively
normal development to occur in patients (536,537).

Glutaric Acidemia

Glutaric acidemia is an autosomal recessive disorder that
presents as infantile (type 1)- or childhood (type 2)-onset
mental and motor retardation with glutaric acidemia and
aciduria. There may be clinical hypotonia, dystonic postur-
ing, and choreoathetosis. The enzyme defect involves glu-
taryl-CoA dehydrogenase (538). Minor improvement has
been reported with a diet low in lysine and tryptophan,
which produces a significant reduction in serum and uri-
nary levels of glutaric acid. Siblings who have absent en-
zyme activity in both but who exhibit clinical disease in
only one have been reported. Unidentified mechanisms
must spare or delay the onset of disease. Low plasma carni-
tine levels have been reported. Riboflavin therapy and a
fat-restricted, carbohydrate-enriched diet resulted in dra-
matic improvement in one 17-year-old girl with a lipid stor-
age myopathy and glutaric aciduria type 2 (539-541).

Maple Syrup Urine Disease

In 1954 Menkes et al. (542) described a family in which
four of six siblings in early neonatal life presented with a
syndrome of vomiting, hypertonia, and a urinary odor re-
sembling that of maple syrup. In 1957 Westall et al. (543)
described a child with elevated serum and urine levels of
leucine, isoleucine, and valine. A late-onset form of the dis-
order was described by Morris et al. (544) in 1961. The




-

incidence of disease is about 1 in 290,000 births. It is an
autosomal recessive disorder caused by a defect in the en-
zyme branched-chain amino acid decarboxylase as mea-
sured in leukocytes or fibroblasts. Clinical features include
neonatal failure to thrive, vomiting, lethargy, and maple
syrup odor of the urine. Patients may also develop hypoto-
nicity and seizures. Occasionally, hypoglycemia will de-
velop that is probably secondary to elevated serum leucine,
isoleucine, and valine. There is considerable heterogeneity
in clinical severity (545).

Treatment consists of a diet reduced in branched-chain
amino acids with careful monitoring of serum leucine, iso-
leucine, and valine to maintain them within a normal
range.

Hypervalinemia

To date, a single patient has been reported who presented
with vomiting and failure to thrive. The child, who was of
Japanese extraction, was mentally retarded, had hypervali-
nemia (546), and had a disorder of valine transamination
(545). The child improved with a low-valine diet. This is an
autosomal recessive disorder caused by a defect in the trans-
amination reaction converting valine to a a-keto-isovaleric
acid.

Isovaleric Acidemia

Isovaleric acidemia is an autosomal recessive disorder in
which young children present with mental retardation, a
body odor resembling sweaty feet or cheese, and increased
levels of isovaleric acid in serum and urine. Such a syn-
drome was originally reported by Tanaka et al. (547) in
1966 in siblings who were 2.5 and 4 years of age. The initial
presentation is similar to that of maple syrup urine disease,
with a severe acidosis, failure to thrive neonatally, neuro-
logic deterioration leading to coma, and a high mortality in
the first 3 months of life. The abrupt onset of acidosis and
neurologic deterioration is often induced by acute infec-
tions.

It is presumed that the enzyme defect is isovaleryl-CoA
déehydrogenase.

Therapy includes a diet low in leucine enriched with
lipid, carbohydrate, and vitamins until the isovaleric acid
levels achieve a normal value. With acute therapeutic inter-
vention the outcome is significantly improved.

The differential diagnosis for this entity and maple syrup
urine disease includes (a) multiple carboxylase deficiency
due to a deficiency in the neonatal-onset form of holocar-
~ boxylase synthetase and (b) a later-onset form due to biotin-
" idase deficiency. Patients with the biotinidase deficiency
form develop life-threatening episodes of acidosis and keto-
sis leading to coma. Alopecia and lesions of the skin and
mucous membranes may alsd occur. Treatment with oral
biotin in moderate doses results in significant and sustained
improvement. Basal ganglia calcifications have been re-
ported in a case of biotinidase deficiency (548-550).
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Methylcrotonylglycinuria

Methylcrotonylglycinuria is an autosomal recessive dis-
order first reported by Eldjarn et al. (551) in a 4+-month-old
girl whose parents were first cousins. The child presented a
clinical picture of spinal muscular atrophy and excreted ex-
cessive levels of B-hydroxyisovaleric acid and g-methylcro-
tonylglycine. Subsequently, Gompertz et al. (552) reported
a second case in a 5S-month-old infant with acidosis, rash,
and vomiting who also had increased urine excretory levels
of B-methylcrotonylglycine and diglyglycine. The child im-
proved clinically and biochemically when treated with bio-
tin at 10 mg/day.

Therapy consists of leucine restriction in the diet and
biotin administration, and when treatment is begun early in
the course, the prognosis is favorable.

Glutamyl-Ribose-5-Phosphate Storage
Historical Perspective

Williams et al. (553) described a 6-year-old boy with sei-
zures, neurologic deterioration, and proteinuria.

Genetics

This is presumably an X-linked recessive disorder with
storage of glutamyl-ribose-5-phosphate caused by a postu-
lated defect of an ADP-ribose protein hydrolase.

Clinical Presentation

A 2-year-old boy developed normally, but then his speech
and language deteriorated. He developed seizures at 3 years
of age and was microcephalic. He developed proteinuria,
and a renal biopsy showed focal segmental and global glo-
merulosclerosis. There was progressive deterioration in neu-
rologic and renal function, and he died at 8 years of age. A
maternal uncle had a similar clinical presentation and died
at 7 years of age after having suffered from seizures, mental
retardation, nephrotic syndrome, optic atrophy, hyperten-
sion, and hyporeflexia (553).

Pathology

The brain of the 8-year-old boy described by Williams et
al. (553) was atrophied, weighing 860 g (normal weight for
age: 1273 g). The cerebral cortex, basal ganglia, cerebellum,
dentate nucleus, and pontine and roof nuclei had moderate-
to-marked neuronal loss affecting all layers. There was end-
stage renal disease. Electron microscopy of connective tis-
sue cells in a conjunctival biopsy showed lysosomes
containing granular and multilamellar material.
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Biochemistry

The activities of enzymes in leukocytes and cultured skin
fibroblasts known to be responsible for lysosomal storage
disease were normal. Chromatography of an acetic acid ex-
tract of brain and kidney showed an abnormal carbohy-
drate-containing peak. The structure of the stored material
was shown to be glutamyl-ribose-5-phosphate. The postu-
lated enzyme defect is ADP-ribose protein hydrolase.

Diagnosis

This disorder is identified by the early childhood progres-
sive deterioration of neurologic and renal functions, normal
lysosomal enzymes for the common storage disorders, and
identification of glutamyl-ribose-5-phosphate on a renal
biopsy.

Treatment

No specific therapy is available.

Histidinemia (Histidase Deficiency)

Histidinemia is rare autosomal recessive aminoacidopa-
thy characterized by elevated histidine in serum and urine,
along with reduced activity of the enzyme histidase. Clinical
features include partial deafness, delayed speech develop-
ment, and moderately severe mental retardation. The meta-
bolic defect is an inability to convert histidine to urocanic
acid because of a deficient activity of histidase. A positive
urine ferric chloride test is caused by elevated levels of imid-
azole pyruvic acid. It has an incidence in the United States
of about 1 in 18,000 newborns. Some patients have shown
some histidase activity in skin, suggesting a heterogeneous
syndrome. A dominant pedigree has also been reported. For
practical purposes, therapy is limited to a diet low in histi-
dine (554,555).

Triosephosphate Isomerase Deficiency

Triosephosphate isomerase (TPI) (E.C. 5.3.1.1) defi-
ciency results in a syndrome characterized by chronic hemo-
lytic anemia with progressive neurological dysfunction. It
may also be associated with an increased susceptibility to
infection. TPI catalyzes the interconversion of glyceralde-
hyde phosphate and dehydroxyacetone phosphate in the
glycolytic pathway. This disease was first described as an
enzyme deficiency disorder in 1965 by Schneider et al.
(556), and its inheritance is autosomal recessive. About 18
cases have now been reported. Clinical features include dys-
tonia, tremor, corticospinal deficits, and muscle atrophy
due to anterior horn cell disease. Optic disk pallor may be
present. Intelligence is usually maintained. These neurologi-
cal deficits begin at about 2 years of age and continue on a
progressive basis throughout childhood (557). No treat-
ment is available.

Hartnup’s Disease

Hartnup’s disease is an autosomal recessive disorder
caused by an intestinal transport defect for tryptophan that
results in ataxia, mental retardation, and a pellagra-like skin
rash. It was named after the first patient with this disease,
reported by Baron et al. (558). It has as its characteristic
amino acid pattern the excretion of increased amounts of
neutral amino acids. It occurs in about 1 in 16,000 new-
borns, thus indicating that the mutation is not a rare one.
Treatment with nicotinamide (50-30 mg/day) has resulted
in improvement in the skin rash and neurological deficits.

Lowe’s Syndrome (Oculocerebrorenal Syndrome)

Lowe et al. (559) described an X-linked recessive syn-
drome associated with mental retardation, hypotonia, cata-
ract, corneal lesions, glaucoma, and rickets. Renal hypo-
phosphatemic rickets with low normal or decreased serum
phosphate and elevated alkaline phosphatase, accompanied
by normal serum calcium with metabolic acidosis, are typi-
cal features. Life span is limited to the late childhood years,
and death results from renal insufficiency, metabolic acido-
sis, or infection.

UREA CYCLE ENZYME DEFECTS

Overview

For each of the five enzymes of the urea cycle, an in-
herited deficiency has been described. The overall preva-
lence of these combined diseases is 1 in 30,000 live births. A
child who is born with an absolute deficiency of one urea
cycle enzyme appears normal at 24 hr of life, but the symp-
toms of hyperammonemia begin in about 1 week. These
include feeding difficulties, impaired level of consciousness,
vomiting, and seizures.

Msall et al. (560) studied the neurologic outcome in 26
children with inborn errors of urea synthesis. There was a
92% survival rate at 1 year with nitrogen restriction therapy
and stimulation of alternative pathways of waste nitrogen
excretion. Seventy-nine percent of the children had one or
several developmental disabilities between 12 and 74
months of age, and their mean [.Q. was 43 + 6. These inves-
tigators also found (a) a direct negative linear correlation
between duration of stage 3 or 4 neonatal hyperammone-
mic coma and I.Q. at 1 year and (b) a significant correlation
between CT abnormalities and duration of hyperammone-
mic coma. There was also a good correlation between CT
abnormalities and concurrent 1.Q. They concluded that a
poor outcome for children can be prevented by early diag-
nosis and aggressive therapy.

The urea cycle was described by H. A. Krebs and K. Hen-
seleit in 1932, and a 20-year perspective on it was repub-
lished by Krebs (561) in 1951. In summary, the ammonia
nitrogen of the body is generated by aspartate, glutamate,
glutamine, and asparagine, and the amino derivatives are
generated by the purines adenine and guanine. In general,




the cycle includes five separate enzyme steps and converts
two amino nitrogen moieties and one mole of carbon diox-
ide to yield one molecule of urea. For practical purposes, it
is a hepatic cycle since only the liver has a significant urea
production rate. Brain does possess carbamyl phosphate
synthetase, ornithine transcarbamylase, and arginase, but
in general their activities are too low for practical clinical
purposes.

Carbamyl phosphate synthetase and ornithine transcar-
bamylase are associated with mitochondrial membrane,
and the last three cycle enzymes are present in the cell’s
cytoplasm. Energy-specific transport systems are utilized
for ornithine transport into the mitochondria and for citrul-
line transport from it. Shih and Efron (562) reported that
acetylglutamate synthesis may be regulatory for ammonia
entry into the urea cycle initially. This subject was recently
reviewed by Brusilow and Horwich (563).

Carbamyl Phosphate Synthetase Deficiency

It was relatively recently that Freeman et al. (564) re-
ported the first case of carbamyl phosphate synthetase
(CPS) deficiency in a patient who at 5 weeks of age had an
elevated blood ammonia of 480 pg/dl and CSF ammonia of
550 pg/dl and who clinically by the second week of life was
hypotonic, obtunded, and dehydrated. This is a rare syn-
drome, with fewer than 10 patients reported.

It is inherited as an autosomal recessive disorder.

Ornithine Transcarbamylase Deficiency

Ornithine transcarbamylase (OTC) deficiency is more
common than CPS deficiency, since 38 patients in 33 fami-
lies had been described by 1972 (562).

Clinical Features

Patients appear normal at birth, but rapidly a syndrome
of obtundation, failure to thrive, seizures, and altered mus-
cle tone develops. Coma and neurologic deterioration to
death may rapidly ensue in the first week of life. It is in-
herited as an X-linked dominant disorder, with a severe

-clinical expression and total absence of OTC activities in

males and a variation in clinical severity and enzyme activ-
ity in heterozygous women. Short et al. (565) described two
populations of hepatic cells in a heterozygous female; one of
these did not have OTC activity, and the other had normal
OTC activity. Presumably the variation in clinical severity
in heterozygous women is related to random inactivation of
the X chromosome by the Lyon hypothesis, which, in turn,
determines cell population distributions for normal and
OTC-deficient cells. Reports on the natural history of symp-
tomatic partial OTC deficiency in female patients have em-
phasized early protein restriction to prevent neurologic im-
pairment.
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Neuropathology

Two brains have been reported by Brutton et al. (566) in
which there was ventricular enlargement associated with
cerebral cortical neuronal loss, white matter loss, and in-
creased numbers of Alzheimer type II astrocytes, which are
a reflection of hyperammonemia.

Biochemistry and Genetics

The mammalian hepatic enzyme OTC (E.C. 2.1.3.3)is a
nuclear-coded mitochondrial protein. It is synthesized on
cytosolic ribosomes as a precursor molecule (40 kD) and is
then transported into the mitochondria and processed into
its final, active form (36 kD). It is a trimer of identical sub-
units and catalyzes the second step of the urea cycle,
namely, the condensation of carbamyl phosphate with or-
nithine to form citrulline. The structural gene is located on
the X chromosome in human and mouse. The transport of
precursor OTC is energy-dependent, and cleavage of the
leader sequence is catalyzed by a Zn**-dependent matrix
protease (567). For further details, see refs. 568-576.

Argininosuccinic Acid Synthetase Deficiency
(Citrullinemia)

Clinical Features

Citrullinemia is an autosomal recessive disorder caused
by the deficiency of the enzyme argininosuccinic acid syn-
thetase (ASA). The clinical syndrome which emphasized
severe vomiting and mental retardation was described ini-
tially by McMurray et al. (577) in 1962, and the enzyme
abnormality was described by Tedesco and Mellman (578)
in 1967.

The clinical manifestations include neonatal-, late-infan-
tile-, childhood-, and early-adult-onset forms. The onset of
the neonatal form occurs in the first few days of life and is
characterized by lethargy, tachypnea, vomiting, irritability,
and failure to thrive; these symptoms eventually lead to
seizures, coma, and death. Citrulline is significantly ele-
vated in serum, urine, and CSF. Hyperammonemia is also
an important feature. Associated laboratory findings in-
clude metabolic acidosis, hypocalcemia, hypoglycemia, ele-
vated serum glutamic-oxaloacetic transaminase, and hyper-
ammonemia. Episodes of lethargy, acidosis, and
hyperammonemia may be severe and carry a high mortal-
ity. Similar presentations have been reported in the late in-
fantile period. A 4-year-old child with normal development
was detected by a routine screening program. A 2 1-year-old
patient with ASA deficiency and hyperammonemia was
evaluated for episodes of dysarthria, irritability, insomnia,
visual defects, and delirium. Mental evaluation indicated a
normal intelligence and a minor hand tremor. He devel-
oped a spastic paraparesis but no episodic neurologic dys-
function while being treated with a protein-restricted diet
along with neomycin and L-arginine.
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ASA was reduced in activity and had an altered Michaelis
constant, K,,. The enzyme has been mapped to chromo-
some 9. A cDNA probe for ASA (579) was developed, and
10 gene copies have been found per haploid genome, spread
over eight chromosomes, including the X and the Y.

Argininosuccinase Deficiency
Clinical Features

Argininosuccinase deficiency is an autosomal recessive
disorder caused by argininosuccinase deficiency with asso-
ciated argininosuccinic aciduria (580,58 1). It has been diag-
nosed antenatally (582), and normal brain and kidney en-
zyme activity have been reported, along with absent liver
enzyme activity (583).

Neonatal, subacute, and late-onset forms have been re-
ported. The neonatal type begins in the first few weeks of
life, and its features include failure to thrive, lethargy, sei-
zures, coma, hepatomegaly, and dry brittle hair, referred to
as trichorrhexis nodosa. The hair disorder may be related
more directly to the low-protein diet. Older children de-
velop delayed motor and mental milestones, with 1.Q.
scores usually in the 30-60 range. Ataxia of gait and sei-
zures develop in one-third of patients.

Patients have hyperammonemia with elevated amounts
of argininosuccinic acid in serum, urine, and CSF. Argini-
nosuccinase is deficient in liver, fibroblasts, and amniotic
fluid cells.

Therapy

The conventional therapy for acidosis, dehydration, and
hyperammonemia is employed. Use of arginine has been
successful to aid in the formation of argininosuccinic acid.

Genetics

“The several clinical forms are probably caused by allelic

_modifications of the enzyme. The enzyme locus has been

assigned to chromosome 7 by Naylor et al. (584).

Arginase Deficiency (Argininemia)
Clinical Features

' Argininemia is an autosomal recessive disorder, and pa-
tients present with seizures, vomiting, and failure to thrive;
these symptoms eventually lead to mental retardation, spas-
tic paraplegia, ataxia, and hepatomegaly. The syndrome
was reported initially by Terheggen et al. (585), who de-
scribed two sisters with hyperargininemia and arginase defi-
ciency. Arginine values were intermediate in both parents
and in two normal siblings. Arginase activity was also inter-
mediate in the parents.

Therapy

The fact that research workers using the Shope virus had
low blood arginine levels led to the use of the Shope virus as

. a means of therapy (586). Although Shope virus can induce

arginase activity in patient fibroblast cultures, its practical
value apparently is limited, and the mainstay of therapy is
to treat hyperammonemia in the conventional manner.

GLYCOGEN STORAGE DISEASES

A series of enzyme defects involving glycogen degrada-
tion have been described in a group of autosomal recessive
or X-linked recessive disorders. As a result of these enzyme
abnormalities, glycogen accumulates in liver to values
much in excess of the normal 5-7 g/100 g wet weight, or it
accumulates in muscle to values greater than 2 g/100 g wet
weight. The human fetus begins to store some glycogen in
liver in the last trimester of pregnancy, and adult glycogen
values are achieved by 1 month of age (587-589). Hers et al.
(588) have recently reviewed this subject in detail.

Type I Glycogen Storage Disease (Glucose-6-
phosphatase Deficiency; von Gierke’s Disease)

In 1929 von Gierke (590) described a rare autosomal re-
cessive disorder (von Gierke’s disease) caused by a defect in
the enzyme glucose-6-phosphatase. The incidence of this
disease is 1 in 50,000.

Clinical Features

During the newborn period, patients present with severe
hepatomegaly, hypoglycemia, seizures, and failure to
thrive. Older children are short in stature and tend to ap-
pear slightly obese with muscle hypotonia. Yellow-appear-
ing, paramacular retinal lesions are noted in some patients.
Some patients have a bleeding disorder caused by reduced
platelet adhesiveness and prolonged bleeding time. Patients
have significant hypoglycemia that is nonresponsive to epi-
nephrine and glucagon but that results in elevations in
blood lactate, pyruvate, triglycerides, phospholipids, cho-
lesterol, and uric acid. Hyperlipidemia is a significant find-
ing in the disorder. Glycogen deposition in the renal tubules
can also result in a Fanconi’s syndrome of glucosuria, ami-
noaciduria, and phosphaturia.

A diabetic type of glucose tolerance test, with reduced
basal plasma insulin levels and reduced output of insulin to
stimuli of glucose or arginine, is reported. Hyperuricemia
with attendant gouty arthritis and gouty nephropathy is de-
scribed in older children.

Genetics

This is an autosomal recessive disorder caused by a defect
in the activity of the enzyme glucose-6-phosphatase, as con-
firmed by liver biopsy.




Therapy

Frequent feedings to avoid hypoglycemia are recom-
mended. Diazoxide has been useful to increase glycogenoly-
sis, depress insulin release, and inhibit glucose uptake by the
liver. A surgical approach may be necessary in some pa-
tients to produce a portacaval shunt to reduce variceal
bleeding, reduce liver size, and reduce serum lipids and uric
acid. Some patients have had a meaningful improvement in
growth postsurgically (591). Schwenk and Haymond (592)
concluded that the minimal nocturnal nasogastric infusion
rate of carbohydrate needed to maintain plasma glucose
concentrations and minimize organic acidemia is approxi-
mately 8-9 mg/kg/min.

Type II Glycogen Storage Disease (a-1,4-Glucosidase
Deficiency, Acid Maltase Deficiency; Pompe’s Disease)

Pompe’s disease is an autosomal recessive disorder
caused by a defect in the enzyme «-1,4-glucosidase; the inci-
dence of this disease is 1 in 50,000.

Clinical Features

The disease has been described in infantile, early child-
hood, and adult forms. The infantile type begins in the first
year of life with muscular atrophy, hypotonia, hyporeflexia,
cardiomegaly, and heart failure. An early childhood type
progresses more slowly, and muscle atrophy and weakness
are less severe, but eventually all patients expire by age 20
from severe atrophy and weakness leading to aspiration
pneumonia. The adult variety presents with a slowly evolv-
ing proximal myopathy with weakness and atrophy. Glyco-
gen storage occurs in skeletal muscle, heart, tongue, and
liver. Motor neurons present in cranial nuclei and anterior
horn cells of the spinal cord are also involved in storage of
glycogen; this results in the dysfunction and demise of these
motor neurons, producing a denervating neurogenic pro-
cess. .

Danon et al. (594) reported two brothers with a gait dis-
order due to acid maltase (AM) deficiency. Their asymp-
tomatic mother had AM activity in the homozygote range.
The asymptomatic mother may be homozygous for the
adult-onset variant by AM disease. Alternatively, either the
mother or the children may be genetic compounds for both
the childhood and adult form of disease.

Genetics

This is an autosomal recessive disorder with glycogen
storage resulting from reduced activity of the enzyme «a-1,4-
glucosidase. Fibroblasts obtained from amniocentesis can
be cultured and assayed for enzyme activity and can pro-
vide a prenatal diagnosis (595). Miranda et al. (596) exam-
ined immunocytochemically infantile- and adult-onset
muscle cells for AM enzyme activity. Adult muscle cultures
showed normal intracellular localization of enzyme activ-
ity, and infantile patient cultures showed no activity. Adult-
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type patients show about 20% enzyme activity compared
with controls.

Therapy

There is no specific therapy available; however, two re-
ports have found clinical improvement in two adult pa-
tients on a high-protein diet (597,598).

Type III Glycogen Storage Disease (Amylo-1,6-
glucosidase or Debrancher Deficiency; Cori’s Disease)

Cori’s disease is an autosomal recessive disorder with an
incidence of 1 in 50,000, caused by a defect in the enzyme
amylo-1,6-glucosidase or debrancher enzyme. It was Cori
(599) in 1954 who showed that the form of glycogen stored
was an abnormal type with very short outer branches.

A 42-year-old man with adult-onset type 3 glycogenosis
developed a gradually progressive polyneuropathy with
markedly reduced activity of muscle amylo-1,6-glucosidase
and glycogen accumulation within all elements of biopsied
sural nerve, including axons, as demonstrated by electron
microscopy (600).

Clinical Features

Patients develop hepatomegaly early in life; eventually
(in early adulthood), muscle atrophy and weakness develop,
along with cardiomegaly due to glycogen storage. Occasion-
ally, hypoglycemia and seizures develop. Serum lipids may
become elevated, but serum urate levels are usually nor-
mal (601).

Genetics

This is an autosomal recessive disorder in which glycogen
is significantly stored in skeletal muscle, heart, and liver.
Glycogen is of an abnormal form, having short outer
branches because .of a deficiency in the activity of amylo-
1,6-glucosidase as measured in liver.

Type IV Glycogen Storage Disease (a-1,4-Glucan-6-
glucosyl Transferase or Brancher Deficiency;
Anderson’s Disease)

Anderson’s disease is an autosomal recessive disorder
with an incidence of 1 in 50,000. The disease process is
caused by the storage of an abnormal form of glycogen,
which has long outer chains as a result of a deficiency in
a-1,4-glucan-6-glucosyl transferase (brancher) enzyme in
liver. Alternatively, this disease has been referred to as amy-
lopectinosis (602,603). A defect in the activity of this en-
zyme has been found and measured in fibroblasts, thereby
making prenatal detection of disease feasible (604).
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Clinical Features

During infancy, patients present with hepatosplenomeg-
aly, failure to thrive, and hypotonia. Cirrhosis, portal hyper-
tension, and liver failure occur, with death resulting in the
first few years of life.

Genetics

This is an autosomal recessive disorder caused by the
storage of an abnormal form of glycogen, which has long
outer chains because of a deficiency in brancher enzyme,
amylo-(1,4 to 1,6)-transglucosidase.

Therapy

Therapy is directed at improvement of liver failure and
ascites.

Type V Glycogen Storage Disease (Muscle
Phosphorylase Deficiency; McArdle’s Disease)

McArdle’s disease is an autosomal recessive disorder with
an incidence of 1 in 50,000, caused by a deficiency in the
enzyme muscle phosphorylase (604-607).

Clinical Features

Patients begin to have symptoms of easy fatigability in
childhood, followed by muscle cramps and myoglobinuria
with exercise in the second to fourth decades. Thereafter,
progressive muscle weakness and atrophy occur. Ischemic
exercises, such as forearm and hand exercises with an in-
flated cuff on the upper arm, characteristically produce an
electrically silent contracture in which no lactate rise occurs
in sampled venous blood. Normal exercising muscle re-
leases alanine, but these patients take up alanine. probably
so that it can be a substrate for the tricarboxylic acid cycle.
An increase in muscle phosphoenol-pyruvate supports such
a view (608).

It is interesting that phosphorylase activity is present in

.muscle cultures from patients with McArdle’s disease and

also in biopsied samples containing regenerating fibers. It is
felt that this enzyme activity is due to a fetal isoenzyme
under different regulatory control than the adult species
(609,610).

Clinical features of this disorder are virtually identical
with those of phosphofructokinase deficiency.

_Basilar artery aneurysm formation occurred in three sib-
lings with AM deficiency, perhaps due to glycogen deposi-
tion in vascular smooth muscle (611).

Muscle carnitine levels may be abnormally low in the
infantile form.

Genetics

This is an autosomal recessive disorder caused by a defect
in muscle phosphorylase assigned to chromosome 11 (612).

Muscle glycogen levels are significantly increased. Schmidt
et al. (613) reported a family in which the mother with an
affected son had myalgia and weakness after exercise; she
also had 20% of normal muscle phosphorylase activity.
Thus she was a manifesting heterozygote.

In 1987 Mineo et al. (614) studied the mechanism of
hyperuricemia that is present in the glycogenoses (types 3,
5, and 7). They found that the plasma concentrations of
ammonia, inosine, and hypoxanthine increased markedly
in all the patients after mild exercise. Plasma urate concen-
trations also increased. Urinary excretion of inosine, hypo-
xanthine, and urate increased significantly after exercise.
These investigators concluded that the excessive increases
in blood ammonia, inosine, and hypoxanthine were due to
an accelerated degradation of muscle purine nucleotides
and that these purine metabolites served as substrates for
the synthesis of uric acid and thus hyperuricemia.

Argov et al. (615) studied muscle energy metabolism in
vivo by analyzing 3'P-NMR spectra of exercising arm mus-
cle. 2,4-Dinitrophenol (DNP) has been used as a means to
simulate exercise in muscle biopsy preparations. DNP prov-
ocation in a muscle biopsy sample from a patient with
McArdle’s disease showed an absence of lactate and high
levels of inosine monophosphate correlating with clinical
findings (616). :

Therapy

In 1985 Slonim and Goans (617) hypothesized that the
myopathy in this syndrome was caused, in part, by an in-
creased demand (by muscles) for amino acids as fuel,
thereby precluding the availability of these amino acids for
normal synthesis of muscle protein. Thus a decrease in syn-
thesis of muscle protein with a normal rate of muscle pro-
tein degradation produces muscle weakness and atrophy.
These investigators postulated that a high-protein diet
would provide adequate amounts of amino acids for both
energy and protein synthesis. They fed a patient a high-pro-
tein diet and compared the result with that of diets high in
carbohydrate or fat. On the high-protein diet the patient
had a marked increase in muscle endurance. If this observa-
tion by Slonim and Goans on a single McArdle’s patient
can be extended to others, it will be a significant advance in
providing the first effective treatment for this rare metabolic
myopathy, and it may open the way to provide therapy for
other disorders of muscle carbohydrate metabolism.

Type VI Glycogen Storage Disease (Hepatic
Phosphorylase Deficiency; Hers’ Disease)

Hers’ disease is an autosomal recessive disorder with gly-
cogen storage in liver, caused by a deficiency of liver phos-
phorylase (604,618). It has an incidence of about 1 in
50,000.

Clinical Features

[t presents in a manner similar to that of type I glycogeno-
sis, but in a milder form.




Genetics

It is inherited as an autosomal recessive disorder caused
by a defect in hepatic phosphorylase with an increase in
liver glycogen.

Type VII Glycogen Storage Disease (Muscle
Phosphofructokinase Deficiency; Tarui’s Disease,
Layzer’s Disease)

Layzer’s disease is an autosomal recessive disorder with
an estimated incidence of 1 in 50,000, caused by a defect in
the muscle enzyme phosphofructokinase (619-621).

Clinical Features

The presenting symptoms are identical to those of McAr-
dle’s disease, with childhood onset of easy fatigability fol-
lowed by muscle cramps and myoglobinuria. In the early
adult years, muscle weakness and atrophy develop. Servidei
et al. (622) reported a fatal infantile form in a girl who died
of respiratory failure at the age of 7 months. 3'P-NMR spec-
troscopy shows that ATP levels are lower than normal and
continue to decline during exercise. Exercise increases
plasma uric acid (623,624).

Genetics

This is an autosomal recessive disorder caused by a defect
in muscle phosphofructokinase. The enzyme defect causes
(a) an increase in muscle glucose-6-phosphate and fructose-
6-phosphate and (b) a marked reduction in fructose-1,6-di-
phosphate. Muscle glycogen is increased. Phosphofructo-
kinase is absent in activity in muscle, has 50% of normal
activity in red blood cells, and is normal in activity in leuko-
cytes. It is thought that the muscle enzyme is composed of
identical muscle type (M) subunits, whereas the red blood
cell isoenzyme is composed of both muscle and red blood
cell type (R) subunits. Thus the absence of enzyme activity
in muscle is caused by a defect in the M subunit and a
partial loss of activity in erythrocytes. A late-onset adult
form of the disease has also been recently described (625).

Type VIII Glycogen Storage Disease (Hepatic
Phosphorylase Kinase Deficiency)

Hepatic phosphorylase kinase deficiency is an X-linked
recessive disorder in which glycogen is stored in liver be-
- cause of a 90% deficiency in phosphorylase b kinase activ-
ity; this disease has an incidence of 1 in 50,000 (604,626).

Clinical Features

Patients present with an asymptomatic hepatomegaly.
The diagnosis depends on finding low activity of phosphor-
ylase b kinase in liver.
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Genetics

This is an X-linked recessive disorder caused by a defi-
ciency in the activity of phosphorylase b kinase in liver,
with resultant glycogen storage of normal structure in liver.

Clinically, adult muscle phosphorylase b kinase defi-
ciency is identical to muscle phosphorylase deficiency.
Their muscle phosphorylase activity is normal, but the ac-
tive form “a” is markedly reduced in activity as a result of
low phosphorylase kinase activity. A typical patient was de-
scribed in detail by Abarbanel et al. (627).

Phosphoglucomutase Deficiency

Thomsom et al. (628) reported the first case of possible
phosphoglucomutase (PGM) deficiency in a 4-year-old boy
with toe-walking. Illingworth and Brown (629) and Brown
and Brown (630) reported the second case of PGM defi-
ciency in a 17-month-old boy with hepatomegaly. Liver
and muscle PGM activities were markedly reduced. In 1988
Sugie etal. (631) reported a 5S-month-old boy with recurrent
vomiting, lethargy, and failure to thrive. He had severe met-
abolic acidosis and nonketotic dicarboxylic aciduria. Of
note, this patient had low muscle and serum carnitine levels
and showed some improvement with oral carnitine therapy.
A quadriceps muscle biopsy showed intrafiber lipid droplets
and a mild increase in glycogen. An anaerobic glycolysis in
vitro study showed a block after glucose-1-phosphate and
before glucose-6-phosphate. PGM in muscle was 13% of the
control mean. PGM deficiency is a newly recognized cause
of secondary systemic carnitine deficiency.

PGM has three isozyme types as detected by starch gel
electrophoresis. PGM-1 maps to chromosome 1, PGM-2
maps to chromosome 4, and PGM-3 maps to chromo-
some 6.

Galactosemia (Galactose-1-phosphate
Uridyltransferase Deficiency)

Galactosemia is an autosomal recessive disorder caused
by a deficiency of the enzyme galactose-1-phosphate uridyl-
transferase. Its incidence varies between 1 in 35,000 and 1
in 190,000. It was described clinically in 1935 (632), and the
increase in erythrocyte galactose-1-phosphate was reported
in 1956 (633). The enzyme defect was first reported by Issel-
bacher et al. (634) in 1956, and an erythrocyte uridine di-
phosphate glucose consumption test was described by An-
derson et al. (635) in 1957. This test made it possible to
identify heterozygotes for carrier detection purposes, in ad-
dition to identifying homozygotes. Variation in clinical and
biochemical features of the disorder has been noted
(636,637).

Clinical Features

The disease presents early in infancy with jaundice, hepa-
tomegaly, ascites, vomiting, diarrhea, and failure to thrive.
These clinical features have their onset shortly after mild
ingestion occurs. Nascent cataracts can be detected in the
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neonatal period, and progressive mental retardation is
noted in the first few months of life. Associated clinical
chemical abnormalities include galactosemia, galactosuria,
hyperchloremic acidosis, albuminuria, and, occasionally,
aminoaciduria; other routine liver chemical studies may be
abnormal.

Genetics

This is an autosomal recessive disorder caused by a defi-
ciency in the activity of the enzyme galactose-1-phosphate
uridyltransferase. It has been mapped to chromosome
9p12-p13. Cataract formation occurs because of accumula-
tion (in the lens) of dulcitol, which is the product of aldose
reductase (in the lens) and the substrate galactose. Dulcitol
and galactose- 1-phosphate are stored in liver, kidney, and
brain as well. The neural toxicity of galactose feeding has
been described by Wells and Wells (638), and effects in-
clude decreased brain ATP, glucose, and glycolytic meta-
bolic intermediates and a decrease in fast axoplasmic trans-
port.

Therapy

This is one neurogenetic disorder that responds to spe-
cific therapy—in this instance, the elimination of dietary

galactose. The casein hydrolysate nutramigen and soybean

milks are used early in life to avoid the development of
mental retardation and cataracts. Dietary galactose should
also be eliminated by women who already have one galactos-
emic child, so that fetal toxicity can be eliminated. The
earlier the onset of the galactose dietary restriction, the bet-
ter the clinical outcome.

Galactokinase Deficiency

This is an autosomal recessive disorder with an incidence
of 1 in 40,000, caused by a deficiency in the enzyme galac-
tokinase.

Clinical Features

The main feature is juvenile cataract formation without
mental retardation and liver disease. The absence of liver
and gastrointestinal disease separates it from the transferase
deficiency. Elevated galactose levels in serum and urine,
normal activity of galactose-1-phosphate uridyltransferase,
and absence of galactokinase activity in erythrocytes or fi-
broblasts establish the diagnosis. The formation of cataracts
is caused by dulcitol, and the absence of mental retardation
is probably caused by the lack of galactose-1-phosphate pro-
duction.

Genetics

This is an autosomal recessive disorder caused by galacto-
kinase deficiency and the resultant presence of elevated

amounts of galactose in body tissue. The enzyme has been
mapped to chromosome 17 near the thymidine kinase
locus.

Therapy

As with the transferase deficiency, dietary elimination of
galactose is effective to reduce tissue levels of galactose and
prevent cataract formation.

Glucokinase Deficiency

In 1988 Poulton and Nightingale (639) reported a 34-
year-old man with intermittent sharp pains in his knees
exacerbated with exercise. Brisk walking in a cold environ-
ment produced leg muscle tightness. A severe defect in glu-
cose phosphorylation of his skeletal muscle was found to be
associated with an electrophoretically abnormal hexoki-
nase: The block in glucose metabolism was bypassed via an
enhanced phosphorylation of fructose by the abnormal
hexokinase. This is a most unique biochemical abnormal-
ity, and it remains to be seen if its presence is more wide-
spread; what also needs to be determined is the precise mo-
lecular defect.

Unverricht-Lundborg Syndrome (Myoclonus Epilepsy)

This is a rare glycoprotein-mucopolysaccharide storage
disease described as an autosomal recessive disorder. Clini-
cal features include myoclonus epilepsy, mental retarda-
tion, spasticity, extrapyramidal rigidity, and ataxia. Life
span is usually limited to the second decade of life. Inclu-
sion bodies are abundant in apocrine sweat gland duct cells
of the axillary skin (640,64 1). The neuronal inclusions are
referred to as Lafora bodies. A Hartung variety has been
inherited as an autosomal dominant trait. It has also been
referred to as Lafora’s disease when the inclusions are pres-
ent. In 1986 Logigian et al. (642) reported two brothers with
myoclonus epilepsy, supranuclear ophthalmoplegia, pro-
gressive visual loss, and embolic strokes due possibly to car-
diac valvulopathy. It is a rare autosomal recessive form of
progressive myoclonus epilepsy of unclear etiology. There is
no known biochemical defect described, and no specific
metabolic therapy is available (643,644).

Mannosidosis

Mannosidosis is a very rare autosomal recessive disorder
caused by an enzyme defect in mannosidase. Wenger et al.
(645) reported a well-studied 46-month-old boy who had an
impairment in neurological development at 16 months. He
developed coarsening of facial features, mild bone disease,
delayed development of speech, hyperactivity, mental re-
tardation, and a deficiency of f-mannosidase activity. This
patient also had a low level of heparin sulfamidase activity
in cultured skin fibroblasts. The exact relation between
these two enzyme defects remains unknown. The defect in
B-mannosidase results in tissue storage and urinary excre-




tion of incompletely catabolized oligosaccharide chains.
The effects of the disease have been reported to vary accord-
ing to time of onset: The infantile-onset form is usually
fatal, whereas the adult-onset form is usually mild. Noll et
al. (646) reported three brothers with very low enzyme activ-
ity but with only mild mental deficits that were stable dur-
ing a 2-year period. Also, Cooper et al. (647) reported a
44-year-old man with mental retardation but with no other
neurological abnormalities.

Dominantly Inherited Cardioskeletal Myopathy with
Lysosomal Glycogen Storage and Normal Acid Maltase
Levels

Byrne et al. (648) described a family in which there were
seven persons in three generations that were affected with a
cardioskeletal myopathy. These patients had a vacuolar my-
opathy with increased free and lysosomal glycogen in both
skeletal and cardiac striated muscle. These patients had
normal enzyme activities for acid maltase, phosphorylase,
debrancher, and lysosomal glycolytic enzymes. It is an inter-
esting and unique syndrome, being dominantly inherited
among the glycogenoses.

DISORDERS OF LIPID METABOLISM

For a detailed discussion on the disorders of lipid metabo-
lism, see ref. 649.

LIPID STORAGE DISORDERS
GM, Gangliosidosis

This is an autosomal recessive disorder caused by a defi-
ciency of the enzyme p-galactosidase, resulting in the stor-
age of the lipid GM, ganglioside. Norman et al. (650) first
described it clinically as a variant of Tay-Sachs disease with
visceral involvement. Infantile, juvenile, and adult forms
have been described (651-653).

Infantile Form (Type I Disease)
Clinical Features

The disorder has as its main features severe mental retar-
dation, seizures, early hypotonia, and hepatosplenomegaly.
Hurler-like features also occur, both clinically and roentgen-
ographically. The newborn is hypoactive, hypotonic, and
has coarse facial features. These facial abnormalities in-

. clude hirsutism, macroglossia, prominent maxilla, frontal

bossing, depressed nasal bridge, long philtrum, and hyper-
trophied alveolar ridges.

The infant gradually develops motor and mental retarda-
tion. Gradually increased tone, increased deep tendon re-
flexes, and Babinski signs develop, indicating impairment
of the corticospinal tract. Seizures occur early in develop-
ment as well. By 12 months of age the child is severely
retarded, has optic atrophy and blindness, may be deaf, and
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shows spasticity, quadriparesis, and often decortication or
decerebration. Hepatosplenomegaly and skeletal defects are
also present. Malformations of the wrist and ankles occur,
and a progressive dorsolumbar kyphosis also develops.

Roentgenographic findings are those of a dysostosis mul-
tiplex. The long tubular bones are shortened and widened
in the midshaft area and tapered at the proximal and distal
ends. The lumbar vertebrae are hypoplastic and beaked an-
teriorly. The ribs are spatula-like and thickened. The ilea
are flared and the sella turcica is elongated and shallow,
giving it a shoe-shaped appearance.

Laboratory findings include vacuolated lyphocytes in the
peripheral blood, foam cells in the bone marrow, and a
normal or slightly elevated quantity of mucopolysaccha-
rides in the urine.

The deteriorating clinical course continues until death,
which occurs at about 2 years of age.

Genetics and Biochemistry

GM, gangliosidosis is an autosomal recessive disorder in
which a deficiency of the enzyme (-galactosidase occurs,
resulting in the storage of GM, ganglioside in neurons and
glia of the brain, brainstem, and spinal cord. In addition, all
organs contain foam cells. Their cytoplasm is filled with
periodic acid-Schiff- and Alcian blue-positive metachro-
matic granules, which are probably keratin sulfate. Ganglio-
sides are glycolipids that contain sialic acid moieties at-
tached to their oligosaccharide chains. Gangliosides are
localized primarily in neuronal synaptic membranes (654),
although they are found in most cell types.

The biosynthesis of GM, gangliosides is by a multiglyco-
syltransferase system, which has highest activity in synapto-
somal membranes. On the catabolic side, all the glycosi-
dases appear to be localized in lysosomes, except for some
sialidases, which are extralysosomal (655,656).

The stored material in brain is identical to normal GM,
ganglioside and is elevated to 10 times normal in the gray
matter in types I and II and to 20-50 times normal in the
liver of type I patients. The asialo-derivative of GM, accu-
mulates to 10 times normal in the brain, and galactose-con-
taining glycoproteins accumulate in viscera of both types I
and IL

There are two acid $-galactosidase isoenzymes: A and B.
Both are sialoglycoproteins with an acid pH optimum (4.2-
4.4), and both are heat-labile and stimulated by chloride.
The enzyme is mapped to chromosome 22q13-22qter.

In 1981 Farrell and Ochs (657) suggested more precisely
that the phenotypic variation found in GM, gangliosidosis
resulted from different allelic mutations affecting the GM,
ganglioside (3-galactosidase locus, and that different combi-
nations of these mutations determined the clinical heteroge-
neity of this illness. They reported a family in which both
the infantile and juvenile forms of GM, gangliosidosis were
found, thus supporting their heterogeneity hypothesis.
They reported that acid B-galactosidase activity could be
separated into multiple molecular forms by isoelectric fo-
cusing on cellulose acetate membranes. The residual acid
B-galactosidase in the juvenile form of GM, gangliosidosis
had three bands of enzyme activity with an apparent isoelec-
tric pH (pl) range from 4.9 to 5.2. The infantile form of the
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enzyme had a single band with an apparent pl of 5.2. Thus
they were able to show that separation of residual acid 8-ga-
lactosidase into multiple molecular forms by isoelectric fo-
cusing demonstrated that enzymatic differences can be
correlated with the allelic mutations that affect the GM,
ganglioside (-galactosidase locus (658).

Therapy

There is no specific therapy that has been useful.

Late Infantile-Juvenile Form (Type 11 Disease)

This is similar to type I disease, but it is less aggressive and
less severe, beginning at about | year of age and progressing
to death at about age 5 years or even extending one to two
decades in some patients. Motor and mental retardation
occur associated with mild Hurler-like features of facial
coarsening. Seizures, spasticity, and mental retardation
complete the clinical picture. The biochemical, enzymatic,
and pathologic features are similar to those of type I disease.

Adult Dystonic Form (Type 111 Disease)

An adult type of disease presenting as dystonia was re-
ported by Goldman et al. (659) in 1983. In 1988 Guazzi et
al. (660) reported a family with autosomal recessive type III
GM, gangliosidosis presenting with choreoathetotic de-
mentia. They reported three sisters with progressive neuro-
logical disease characterized by athetoid movements, spas-
tic tetraparesis, and dementia without seizures. Their
biochemical studies showed abnormal urinary oligosaccha-
ride excretion and B-D-galactosidase deficiency in serum,
leukocytes, and cultured fibroblasts. It is of note that these
patients also had a deficiency of B-D-fucosidase. The com-
bined deficiency of 8-D-fucosidase and 3-D-galactosidase in-
dicates that there may be a genetic linkage between these
two enzymes. Guazzi et al. (660) also suggest another possi-
ble interpretation in that §-D-galactosidase also possesses
B-D-fucosidase activity against artificial substrates. Thus
they are not separate enzymes, but rather a single enzyme
having both 8-D-galactosidase and B-D-fucosidase activities.

Ohta et al. (661) reported a 51-year-old Japanese man
presenting with dementia, dysarthria, gait defect, and limb
rigidity. Similarly, Mutoh et al. (662) reported three adult
patients in a single family with severe myoclonus, ataxia,
and pyramidal signs. A dog model of GM, gangliosidosis
with B-galactosidase deficiency has been reported (663).

Tay-Sachs Disease (GM, Gangliosidosis Type I)

This is an autosomal recessive disorder first described as a
clinical entity by Tay (664), who reported the retinal degen-
eration, and by Sachs (665), who described the neurologic
and neuropathologic findings in an affected infant having
blindness and dementia. It was Klenk (666,667) who first
showed increased concentrations of gangliosides in brain

tissue from patients, and in 1961 Svennerholm and Raal
(668) found that the stored ganglioside was a monosialo-
ganglioside. Hexosaminidase A was first reported as being
the specific molecular defect in this disorder almost simulta-
neously by Sandhoff et al. (669) in 1968, Sandhoff (670) in
1969, Hultberg (671) in 1969, and Kolodny et al. (672) in
1969. There have been other, similar reports. Further char-
acterization of the enzyme defect was provided by Sandhoff
and Jatzkewitz (673) in 1972. The mutant gene has a fre-
quency of 0.016 in the New York City Jewish population,
with a carrier rate of 1:30 in the Jewish population and
1:300 in the non-Jewish population.

Clinical Features

Seizures, blindness, and motor and mental retardation

_ are cardinal features. These features begin within the first 6

months of life, and the child gradually loses interest in vi-
sual stimuli, moves less, and startles easily to sound. Mile-
stones for sitting and standing are delayed, and the child
usually never learns to walk. Optic atrophy and macular
degeneration, with the generation of a cherry-red spot when
increased vascularity becomes visible as the ganglion retinal
cells are lost, appear early. Seizures, which are absence, frag-

.mentary motor, myoclonic, or generalized major-motor,

occur in the first year of life. By 1 year, spasticity with decor-
tication or decerebration may develop. Because of progres-
sive lipid storage, megalencephaly develops but hepato-
splenomegaly does not occur.

Neuropathology

Neurons are characterized by the lysosomal storage of
ganglioside. The presence of a lipidosis is evident in all neu-
rons of the central and peripheral nervous system, but the
degree of storage is most evident in Ammon’s horn of the
temporal lobe.

Neuronal loss, gliosis, demyelination, and brain atrophy
are features of the disorder. Elevated levels of gangliosides
are present in liver.

Genetics and Biochemistry

GM, monosialoganglioside is increased in brain between
100 and 300 times normal. Asialo-GM, is elevated about 20
times normal. Hexosaminidases A and B are isoenzymes
possessing both §-p-N-acetylglucosaminidase and $-D-N-
acetyl-galactosaminidase activity. Both isoenzymes are
found in all normal human tissues except erythrocytes.
Hexosaminidase A is more heat-labile and more negatively
charged than hexosaminidase B. These hexosaminidase
isoenzymes act on the widely used artificial fluorogenic and
chromogenic substrates and on all of the natural substrates
except GM, ganglioside. GM, ganglioside is cleaved rapidly
only by hexosaminidase A in the presence of a heat-stable
cofactor protein or activator protein. The activator protein
binds to GM, ganglioside in such a way that it can be rap-
idly cleaved by hexosaminidase A (674). In GM, gangliosi-




dosis type I, hexosaminidase A activity is nearly absent, but
activity of hexosaminidase B in brain is increased 10 times
normal, possibly because of lysosomal stimulation second-
ary to ganglioside storage. A heat-denatured serum assay for
hexosaminidase A is 96% accurate in detecting homozy-
gotes as well as heterozygotes. False positives in the hetero-
zygote range may occur in patients with diabetes mellitus,
myocardial infarction, hepatitis, and pancreatitis. False pos-
itives also occur in normal pregnant women as well as in
women taking birth control pills. Leukocyte hexosamini-
dase A activity, however, remains unaltered in these dis-
orders and is accurate in more than 99% of patients tested.
For the most reliable results, and especially for some of the
variants, the natural GM, ganglioside should be used as
substrate. Hexosaminidases A and B both cleave asialo-
GM, and globoside (Cer-Glc-Gal-Gal-Gal) (NAc), but ki-
netic studies indicate that only hexosaminidase A cleaves
GM, ganglioside. Hexosaminidase A has a molecular
weight of 100,000 daltons, and hexosaminidase B has a mo-
lecular weight of 108,000 daltons. Both isoenzymes may be
dissociated into four subunits with hexosaminidase A (com-
posed of two a and two 8 polypeptide chains) and hexosa-
minidase B (four 8 chains). At this time it appears that the «
chain is coded by chromosome 15 and that the 8 chain is
coded by chromosome 5. This would indicate the genetic
defect is on chromosome 15 for GM, gangliosidosis type I
and on chromosome 5 for GM, gangliosidosis type II.

Cashman et al. (675) reported a patient with partial defi-
ciency of N-acetyl-8-hexosaminidase who developed a pro-
gressive motor neuron syndrome at age 7 years. Hexosa-
minidase B activity in serum, leukocytes, and fibroblasts
was nearly absent, and there was partial hexosaminidase A
activity in serum and leukocytes and low normal hexosa-
minidase A activity in fibroblasts. These data are consistent
with a B-locus defect. Kotagal et al. (676) reported a child
with AB variant GM, storage. Hexosaminidase A and B
activities were normal in this child, but soluble activator
protein responsible for initiating GM, gangliosidosis degra-
dation was deficient. Two unique adult sisters with severe
spinocerebellar degeneration were deficient in hexosamini-
dase A and B. Data suggested a destabilizing mutation in
the 8 locus preventing precursor 8 chains from forming ma-
ture 8 chains (677).

Apaia et al. (678) identified a single base mutation in a
cloned fragment of the Hex A gene from an Ashkenazic
Jewish patient. By virtue of this change, the substitution of a
C for G in the first nucleotide of intron 12 resulted in a
defective splicing of the messenger RNA. This case and two
others cited by Apaia et al. (678) indicated that the infantile
form of Tay-Sachs disease is heterozygous for at least two
different mutations.

Treatment

At the present time, no definitive treatment is available.
Enzyme infusion intravenously. intracisternally, and intra-
thecally has produced no clinical improvement (652).
Screening for heterozygotes and genetic counseling is the
most logical approach. Since the enzyme deficiency is man-
ifest in amniotic fluid cells, therapeutic abortion is possible.
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Supportive care is all that is presently available for the af-
fected homozygote.

GM, Gangliosidosis Type II (Sandhoff’s Disease)

Sandhoff et al. (679) described a form of GM, gangliosi-
dosis in 1968 in a non-Jewish infant in which the clinical
features and natural history of disease were almost identical
to GM, gangliosidosis type I, or Tay-Sachs disease. The one
clinical difference between the two syndromes is that some
GM, type II patients may have hepatosplenomegaly. The
enzyme defect is characterized by decreased activity of both
hexosaminidase A and B in serum, fibroblasts in culture,
white blood cells, and amniotic fluid cells.

GM, Gangliosidosis Type III

This is a rare clinical entity first reported by Bernheimer
and Seitelberger (680) in 1968. Children, all of whom are
reported to be non-Jewish, begin with cerebellar ataxia be-
tween 3 and 7 years of age with slowly progressive psycho-
motor retardation, spasticity, and seizures. These children
develop optic atrophy, retinitis pigmentosa, and clinical
blindness. The course is progressive with decortication, de-
cerebration, and death within the first decade of life. Hex-
osaminidase A activity is about 25% of normal, and serum
levels are severely reduced.

Hexosaminidase Variants and Neuromuscular
Syndromes

In recent years, Johnson (68 1) has described disorders of
the neuromuscular system in association with deficiencies
of B-D-N-acetylhexosaminidase and -methylcrotonylgly-
cinuria I. Hexosaminidase deficiencies have been
associated with recognized clinical phenotypes, including
infantile encephalopathy, late infantile or juvenile encepha-
lopathy, cerebellar or spinocerebellar ataxia, Kugelberg—
Welander syndrome, a disorder similar to ALS, and even an
adult-onset type of dementia. Johnson pointed out that mo-
tor neuron syndromes are encountered mainly in «a-locus
defects of hexosaminidase rather than in 8-locus or protein
activator disorders. However, he pointed out that a-locus
disorders are more common than - or activator-locus de-
fects.

A patient reported by Johnson (68 1) as having the Kugel-
berg—Welander disease phenotype was in actuality a true
genetic compound, since the patient had a severe deficiency
in hexosaminidase A and a partial deficiency in both par-
ents. The father of this patient carried the Hex «, allele,
since a paternal relative had classic infantile Tay-Sachs dis-
ease and the mother carried a milder hexosaminidase a-lo-
cus allele (681). Rectal ganglion cells from the patient con-
tained classic membranous cytoplasmic bodies seen in the
other GM, gangliosidoses, and most likely spinal cord ante-
rior horn neurons were similarly affected to explain the
denervating clinical syndrome.

Another patient reported by Johnson (681) had an ALS-
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like syndrome with hexosaminidase A deficiency. He was a
22-year-old man with a 20-year history of progressive weak-
ness and proximal muscle-wasting with increased reflexes
and bilateral Babinski signs. Electromyographic studies and
a muscle biopsy were consistent with the diagnosis. He had
a severe deficiency of hexosaminidase A, and partial defi-
ciencies were present in his parents. Thus he had upper and
lower neuron involvement clinically and a rectal ganglion
cell disorder caused by inclusions of membranous cytoplas-
mic bodies typical of GM, gangliosidoses, and presumably
his motor neurons were similarly affected. It is important to
point out that most patients with motor neuron disease do
not have a hexosaminidase A deficiency, especially those
who have rapidly advancing disease and who are over 40
years of age. It should be considered in younger patients
with a slowly progressive form of disease and a recessive
pattern of inheritance.

A cerebellar ataxia syndrome has been associated with an
a-locus defect of hexosaminidase A, and a juvenile cerebel-
lar ataxia form (a Ramsay Hunt phenocopy) and an adult-
onset spinocerebellar ataxia syndrome have been associated
with a -locus defect. A protein activator-locus defect has
been described with adult GM, gangliosidosis with demen-
tia, seizures, and normal pressure hydrocephalus.

Mitsumoto et al. (682) have recently described two fami-
lies that have an adult hexosaminidase A deficiency syn-
drome with a multisystem degeneration. The clinical pic-
ture included mild dementia, ataxia, and an axonal
motor-sensory peripheral neuropathy associated with a ju-
venile ALS syndrome. Marked cerebellar atrophy was de-
tected by head scans in all patients.

Navon and Proia (683) described a point mutation in the
a-chain gene that resulted in the substitution of Gly** with
serine in eight adult GM, patients from five different fami-
lies.

Thus the clinical spectrum seen in various hexosamini-
dase deficiencies has widened considerably in recent years,
and the story has become more complex. About two dozen
hexosaminidase deficiency types now exist, and the number
is bound to increase. Similar allelic mutations, activator
defects, and genetic compounds exist for other lysosomal
enzymes as well; thus Johnson (68 1), by making us aware of
the multiple genotypes and associated phenotypes for this
enzyme (in particular, as a model approach to other lyso-
somal enzymes), has made an extremely important contri-
bution that has moved molecular neurogenetics forward in
a most elegant fashion.

One interesting clinical note along these lines is the report
by Johnson et al. (684) regarding a child who developed
classic late infantile GM, gangliosidosis; the biological fa-
ther was a donor for artificial insemination, and both he
and the mother were carriers of an a-locus hexosaminidase
deficiency. Thus here is another gene product for which
insemination screening is needed to avoid a lethal genetic
disease.

Gaucher’s Disease (GlucoSyl Ceramidase Deficiency)

Gaucher (685) published a description of a chronic, pro-
gressive disorder characterized by hepatosplenomegaly that
he believed was caused by an epithelioma of the spleen.

Tuchman et al. (686) reported elevation of serum acid
phosphatase in patients with Gaucher’s disease. Brady et al.
(687) demonstrated glucocerebrosidase deficiency in
Gaucher’s disease, and later they demonstrated that both
the heterozygote carrier and the intrauterine presence of
Gaucher’s disease could be diagnosed. The adult form of
the disease is approximately 30 times more frequent in Ash-
kenzic Jews, and the incidence in this population has been
reported to be as high as 1 in 2500, with a reported fre-
quency in Ashkenazic Jews ranging from 1 in 100 to 1 in 20.
It is an autosomal recessive disorder.

Clinical Features

Gaucher’s disease has been divided into three clinical
forms: type I (chronic, nonneuronopathic), type II (acute

neuronopathic), and type III (subacute neuronopathic).

Type I Disorder

The type I disorder usually presents late in the first de-
cade or early in the second decade, frequently with the onset
of episodic pains in the legs, arms, or back, which may be
accentuated by fever or by a minor illness. There is also
abdominal distention with hepatosplenomegaly, hypotonic
colon, respiratory difficulties, and the beginning of yellow
pallor and a diffuse yellow-brown discoloration of the face
and legs. A mild microcytic anemia with thrombocytopenia
may occur. The hematologic abnormalities - may be severe
at times. Bone marrow examination reveals many
Gaucher’s cells. The course is one of frequent painful and
hemorrhagic episodes that progress in severity over the
years. The hepatosplenomegaly increases but is usually as-
sociated with normal liver function tests. There is worsen-
ing of pulmonary function and appearance of bony
changes, including rarefaction of the bony cortex, patho-
logic fractures of the femur, and compression fractures of
the vertebral bodies. The brain of a 17-month-old boy with
infantile Gaucher’s disease showed (by electron micros-
copy) intraneuronal cytoplasmic inclusions containing
twisted tubules in both the oculomotor nucleus and cere-
bral cortex.

Type II Disorder

Type Il infants are usually normal up to 6 or 7 months of
age, after which they develop hepatosplenomegaly, pulmo-
nary deterioration, and marked brain degenerative find-
ings. It involves the brainstem neurons and clinically is
manifested by strabismus, retroflexion of the head, dyspha-
gia, and laryngeal stridor. Hypertonicity, hyperreflexia, Ba-
binski signs, and seizures occur. The course is progressively
downhill, with death usually occurring at 9-12 months
of age.

Type I1I Disorder

The type III disorder includes a small number of patients
who have been described with hepatosplenomegaly and
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Gaucher’s cells in their bone marrow and in whom the on-
set of brain deterioration occurs in the childhood years.

The diagnosis is suspected in the presence of the constel-
lation of hepatosplenomegaly, brain degenerative findings,
hemorrhagic tendencies, a marked increase in the serum
non-tartrate-inhibitable acid phosphatase, and the presence
of Gaucher’s cells in the bone marrow.

The diagnosis is supported by the finding of increased
glucocerebroside levels in tissues and markedly decreased
glucocerebrosidase activity in leukocytes, skin fibroblasts,
and amniotic fluid cells. Heterozygotes may be identified by
enzymatic assay of either skin fibroblasts or leukocytes, and
intrauterine diagnosis is possible.

Molecular Genetics

Tsuji et al. (688) reported in 1988 that the nucleotide
sequence of a genomic clone from an Ashkenazic Jewish
patient with type I Gaucher’s disease had a single base mu-
tation (adenosine-to-guanosine transition) in exon 9 of the
glucocerebrosidase gene. This change results in the amino
acid substitution of serine for asparagine. Allele-specific hy-
bridization with oligonucleotide probes demonstrated that
this mutation was found exclusively in the type I pheno-
type. None of the six type II patients, 11 type III patients, or
12 normal controls had this allele. Furthermore, these in-
vestigators found that there are multiple allelic mutations
responsible for type I Gaucher disease in both the Jewish
and non-Jewish populations. They have concluded that
RFLP studies are now able to determine (at about an 80%
level of accuracy) the at-risk status of patients to be affected
or the status carriers (689).

Gaucher’s Cells

A Gaucher cell is an enlarged, lipid-laden histiocyte that
stains positively with periodic acid-Schiff stain, indicating
the presence of glycolipid. The cells range from 20 to 100
pm in diameter, with an eccentrically placed nucleus. The
cytoplasm has the appearance of crinkled tissue paper. The
cells react readily with phenylphosphate, demonstrating the
presence of acid phosphatase. Gaucher’s cells contain spin-
dles or rod-shaped membrane-bound inclusions, which in
cross section appear to be tubules with a diameter of be-
tween 130 and 150 A (690).

Therapy

Patients with Gaucher’s disease need careful follow-up
and supportive care of any hematologic difficulties that
may arise. Splenectomy may become necessary for hyper-
splenism, but it is usually postponed as long as possible
because of the danger of accelerating bone and liver involve-
ment after splenectomy. Corréctive orthopedic surgery may
be indicated in certain cases.

Enzyme replacement therapy has been shown to be in-
consistently effective in ameliorating the nonneurologic
signs and symptoms in patients with type I disease. In the
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first two patients there was a 26% reduction in the quantity
of glucocerebroside in liver, and serum concentrations re-
turned to normal in 3 days in both patients. By modifying
glucocerebrosidase through deglycosylation, it has been pos-
sible to increase the amount of enzyme delivery to
Kupffer’s cells fivefold and thus more effectively mobilize
substrate (652). Preliminary evidence in one patient using
modified enzyme again shows significant clinical improve-
ment in patients in terms of reduction of the glucocerebro-
side burden of hepatic Kupffer’s cells, normalization of
serum concentrations of glucocerebroside, and improve-
ment in the patients’ hematologic status (Dr. Robin Ely
Berman, personal communication).

As reviewed by Brady (652), most Gaucher’s patients
have type I disease, in which the nervous system is mini-
mally, if at all, involved. There is extensive brain damage in
types II and III Gaucher’s patients, and thus special consid-
erations must be employed to possibly mobilize substrate
on the brain side of the blood-brain barrier. As has been
mentioned previously for Tay-Sachs disease, intravenous,
intrathecal, and intracisternal administration of enzyme is
not effective for this purpose. Brady (652) approached this
problem by attempting to open the blood-brain barrier
with hyperosmolar solutions of mannitol or arabinose just
prior to enzyme infusion. This approach is being attempted
for both Tay-Sachs and Gaucher’s patients (types II and
III), and the results, although preliminary, are probably not
going to indicate meaningful clinical improvement. Addi-
tional new approaches, such as plasmapheresis and bone
marrow transplantation with recombinant DNA tech-
niques that transfect the normal gene into patient cells, will
be necessary for therapy to be effective. There is no evi-
dence that replacement enzyme crosses the blood-brain
barrier, and therefore replacement therapy is not effective
against the neurologic manifestations (691).

Niemann-Pick Disease (Sphingomyelinase Deficiency)

Niemann, a German pediatrician, described an 18-
month-old infant of Jewish extraction with hepatospleno-
megaly, lymphadenopathy, edema, pigmentation of the
face, and brain impairment (692). The infant died before 2
years of age. Pathologic examination revealed yellow de-
posits in the liver, spleen, lymph nodes, kidneys, and adre-
nals, and large sudanophilic cells were seen throughout
these organs. Between 1922 and 1927, Pick (693) provided
histologic evidence that differences existed between this dis-
ease and Gaucher’s disease. Brady et al. (694) presented
evidence that the deficient enzyme was sphingomyelinase.
The incidence of this disorder is high for Ashkenazic Jews,
but the disorder has been described in other ethnic groups.
It is an autosomal recessive disorder.

Clinical Features

Five clinical types of Niemann-Pick disease are now rec-
ognized: type A (acute neuronopathic), type B (chronic
nonneuronopathic), type C (chronic neuropathic), type D
(Nova Scotia variant), and type E (adult nonneurono-
pathic) (695).
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Type A Variant

The type A patient presents with visceral and brain in-
volvement in early infancy, with rapid deterioration. Hepa-
tosplenomegaly is usually recognized by 6 months of age
with concomitant feeding difficulties and failure to thrive.
A brownish-yellow discoloration of the skin may be ob-
served, and approximately 50% of the patients have a
cherry-red spot in the macula. Neurologically, there is a
rapidly progressive deterioration with loss of motor and in-
tellectual functions.

Type B Variant

In the type B variant, visceromegaly may appear as early
as in type A, but there is no brain involvement. Spleno-
megaly is usually apparent first, followed by hepatomegaly,
with little or no impairment in liver function tests. There is
often a diffuse infiltration of the lung fields with secondarily
increased susceptibility to pneumonia.

Type C Variant

The patient with type C variant is usually normal for the
first 1-2 years of life. There is then a gradual onset of neuro-
logic degeneration originally manifested by moderate
ataxia, grand mal seizures, and loss of language. The hepato-
splenomegaly is less striking than in the type A or B vari-
ants. There is progressive gray matter deterioration fol-
lowed by the onset and progression of white matter
deterioration.

Type D Variant

The patients with the type D variant share a common
ancestry and live in a coastal area in western Nova Scotia.
Clinically, they have the onset of a neurologic gray matter
deterioration between 2 and 4 years of age which resembles
that of type C. Progressive hepatosplenomegaly occurs with
progression of neurologic degeneration.

Type E Variant

The type E variant is represented by adults with moderate
hepatosplenomegaly without brain abnormalities. These pa-
tients also have foamy lipid-laden cells in their bone
marrow.

Type C-E Hybrid

This variant is represented by adults with minimal hepa-
tosplenomegaly but with foam cells in their bone marrow,
cerebellar ataxia, and cherry-red spots in the macula. The
presumptive diagnosis can be made on the basis of clinical
presentation and presence of lipid-laden cells with foamy
cytoplasm in the bone marrow. The diagnosis is supported
by finding increased levels of sphingomyelin in tissues.

Niemann-Pick Cell

The Niemann-Pick cell is a large, foamy, lipid-laden cell
found throughout the reticuloendothelial system. Brain neu-
rons undergo similar changes. Niemann-Pick cells range
from 20 to 90 um in diameter, with an eccentric nucleus
and cytoplasm filled with many droplets, giving these cells a
“mulberry” appearance.

Neuropathology

The brain is usually reduced to 50-90% of its normal
weight, and there is marked firmness in its consistency. Neu-
rons in the brain are swollen with foamy cytoplasm, within
which are found membrane-bound inclusions. These may
appear loosely arranged or in concentric lamellar struc-
tures. With neuronal cell loss there is disorganization of the
cerebral and cerebellar architecture. The neuronal cell loss
is followed by gliosis and secondary demyelination.

Genetics and Biochemistry

This is an autosomal recessive disorder. The predomi-
nant lipid accumulating throughout the reticuloendothelial
system and the CNS is sphingomyelin. There is also a sub-
stantial increase in unesterified cholesterol and lyso-bis-
phosphatidic acid. The latter two lipids may be derived
from uncatabolized membrane fragments.

The underlying biochemical abnormality is a result of
sphingomyelinase deficiency. At the present time, on the
basis of isoelectric focusing studies, there appear to be two
sphingomyelinase isoenzymes. Further studies have re-
vealed a virtual absence of both isoenzymes (I and II) in
type A, a marked decrease in both I and II in type B, and
absence of isoenzyme II in type C. Additional studies are
needed to confirm and further clarify this point. However,
if different isoenzyme preponderances are found in differ-
ent organ systems, one can begin to understand the variety
of clinical presentations in Niemann-Pick disease.

Therapy

At the present time there is no specific treatment avail-
able for Niemann-Pick disease. Splenectomy is occasion-
ally performed for the rare Niemann-Pick patient with
symptomatic hypersplenism.

Cerebrotendinous Xanthomatosis

Cerebrotendinous xanthomatosis is a rare familial auto-
somal recessive disease characterized by elevated plasma
cholestanol and accumulation of cholestanol in xanthomas
of the tendons, lungs, and brain in spite of a normal or low
plasma cholesterol level. The neurologic manifestations in-
clude subnormal intelligence, progressive cerebellar ataxia,
dementia, paresis, and cataracts. Schneider (696) described
xanthomatous lesions in the nervous system of a mentally
retarded and epileptic patient. Menkes et al. (697) reported




greatly increased cholestanol levels in the cerebellum and
cerebrum of two patients with cerebrotendinous xanthoma-
tosis. Since then, cholestanol has been found in the blood
and tissues in greatly increased amounts in several patients.

Clinical Features

Cerebrotendinous xanthomatosis has an insidious onset
and unpredictable course and was arbitrarily divided into
three stages by van Bogaert et al. (698). For more details, see
refs. 699-704.

Therapy

Specific treatment for cerebrotendinous xanthomatosis
was recently described by Berginer et al. (701), who re-
ported that after 1 year of treatment with oral chenodeoxy-
cholic acid (750 mg/day), dementia cleared in 10 of 13 pa-
tients and pyramidal and cerebellar signs resolved in five
and improved in another eight of a total of 17 patients stud-
ied. Cerebral CT scans improved in seven patients. Thus, as
commented on by Grundy (702) in an accompanying edito-
rial, Berginer et al. have provided evidence that therapeutic
intervention can reverse the entire process by changing the
course of sterol deposition in the nervous system. Cataract
extraction may partially relieve the visual symptoms, and
surgical removal of tendon xanthomas may help relieve
pain and discomfort. Chenodeoxycholic acid also reduced
CSF cholesterol by 34% and reduced cholestanol three-
fold (703).

This disease has a deteriorating course that eventually
leads to death, usually between the fourth and sixth de-
cades, unless long-term therapy with chenodeoxycholic
acid is instituted. This therapy may correct, and even possi-
bly reverse, the progression of disease (704).

Acid Cholesterol Ester Hydrolase Deficiency
(Wolman’s Disease) and Cholesterol Ester
Storage Disease

Wolman’s disease and cholesterol ester storage disease
are two disorders in which there is tremendous storage of
cholesterol esters (and often triglycerides) in lysosomes sec-
ondary to a deficiency of an acid lipase or acid esterase
enzyme. Wolman’s disease is the more severe of these dis-
orders; cholesterol ester storage disease follows a more be-
nign protracted course.

Wolman’s disease is an abnormality of lipid metabolism
that usually becomes clinically evident in the first weeks of
life and is characterized by gastrointestinal symptoms, fail-
ure to thrive, hepatosplenomegaly, steatorrhea, and adrenal
" enlargement and calcification. It is inherited as an autoso-
mal recessive disorder. This disease is invariably fatal,
usually by 6 months of age. Nearly every organ contains
cells loaded with neutral lipids, particularly cholesterol es-
ters and glycerides. The presence of calcified adrenals asso-
ciated with tissue lipid storage in a seriously ill infant is
nearly pathognomonic of Wolman’s disease. For more de-
tails see refs. 705-707.
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Cholesterol Ester Storage Disease

Cholesterol ester storage disease is a rare familial autoso-
mal recessive disease characterized by hepatomegaly and
accumulation of cholesterol esters and triglycerides mainly
in lysosomes in liver, spleen, intestinal mucosa, lymph
nodes, and other tissues. Cholesterol ester storage disease is
believed to be an allelic disorder related to Wolman’s dis-
ease. The distinction between Wolman’s disease and cho-
lesterol ester storage disease is that the latter has a much
more benign course because of a lesser defect in lysosomal
acid lipase. In 1972 it was reported that patients with cho-
lesterol ester storage disease were severely deficient in acid
lipase or cholesterol ester hydrolase activity (708).

Clinical Features

Of the cases reported to date, hepatomegaly appears to be
a common early clinical finding that may not manifest until
the adult years, although it may be discovered within the
first decade of life. Hypercholesterolemia is common, and
premature arteriosclerosis may be severe. A child with
marked hepatomegaly and hyperlipidemia without splenic
enlargement, with otherwise normal mental and physical
development, should be considered a possible candidate for
cholesterol ester storage disease.

Mevalonic Aciduria

In 1986 Hoffman et al. (709) described a family in which
one child had mevalonic aciduria due to an inherited defi-
ciency of mevalonate kinase. They were able to diagnose
prenatally an affected fetus in a subsequent pregnancy in
this same family. They studied a 2-year old boy with mental
retardation, cataracts, failure to thrive, anemia, hepato-
splenomegaly, and dysmorphic features. He had a massive
excretion of mevalonic acid, a metabolic precursor of cho-
lesterol and nonsterol isoprenes. The mevalonic acid con-
centration in plasma was increased to 440 umol per liter
(normal value < 0.05). The activity of mevalonate kinase,
the enzyme that catalyzes the first step in mevalonate metab-
olism, was generally deficient in the patient’s fibroblasts,
lymphocytes, and lymphoblasts.

Neuronal Ceroid Lipofuscinoses

Neuronal ceroid lipofuscinoses present with progressive
mental retardation, blindness, and seizures. This class of
disease was first recognized by Batten (710) in 1903 and was
reclassified and established as separate and distinct from the
gangliosidoses by Zeman (711) in 1976. This is a group of
heterogeneous genetic diseases inherited as autosomal re-
cessive disease, although autosomal dominant inheritance
has been reported in the late-onset form (712).

Clinical Features

Santavuori or Finish Form

This form begins as an autosomal recessive disease be-
tween 6 months and 2 years of age with insidious mental
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retardation, hypotonia, and ataxia. Seizures eventually oc-
cur with early-onset amaurosis. Optic atrophy and vascular
discoloration occur. The course is one of rapid deteriora-
tion with severe brain atrophy.

Jansky-Bielschowsky Form

This form is also inherited as an autosomal recessive dis-
ease with onset between 2 and 4 years. Seizures, blindness,
and mental retardation with associated optic atrophy, retini-
tis pigmentosa, and a rapid deterioration in neurologic
function characterize the disorder.

Spielmeyer-Vogt-Sjogren Form

This form has a later onset, with a range between 2 and 10
years. Seizures and blindness with subsequent mental retar-
dation occur, with associated vascular degeneration and
pigmentary retinal degeneration. This form of disease is
more slowly progressive, and patients survive to puberty.-

Kufs Form

This form presents in young adulthood as an autosomal
recessive or dominant disorder with mental retardation and
seizures. The optic fundus usually is normal, and blindness
does not occur. The course is slowly progressive and com-

patible with life until about age 40 years. The main clinical

deficits are those of a progressive dementing disorder with
seizures. In 1988 a thorough comprehensive review regard-
ing 50 patients was published by Berkovic et al. (713). Their
hypothesis is that this disorder is due to a defect in the intra-
cellular processing of lysosomal and related membranes. -

Biochemical Findings

All of these forms have in common the presence of auto-
fluorescent lipopigments in neurons, glia, and endothelial
cells of cerebral cortex, cerebellum, and hypothalamus.
Liver and kidney also contain lipopigments. These two pig-
ments, ceroid and lipofuscin, have different chemical prop-
erties and probably represent peroxides of cross-linked poly-
mers of polyunsaturated fatty acids. The basic biochemical
defect in these disorders that results in the deposition of the
lipid peroxides remains unknown. In 1984 Ivy et al. (714)
reported that injections of leupeptin (a thiol proteinase in-
hibitor) or chloroquine (a general lysosomal enzyme inhibi-
tor) into the brains of young rats induced the formation of
lysosome-associated granular aggregates or dense bodies
that closely resembled the ceroid lipofuscin that accumu-
lates in the ceroid lipofuscinoses. These observations pro-
vide insights into the origin of these syndromes and a means
to study them experimentally. Perhaps endogenous inhibi-
tors of lysosomal enzymes “or processing defects that pre-
vent their lysosomal addressing might be areas for future
research based on these findings. Wolfe et al. (715) reported
that long-chain polyisoprenol alcohol (dolichols) levels are
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significantly increased in the urinary sedient of patients
with infantile, late-infantile, and juvenile forms of neuronal
ceroid lipofuscinosis. Antioxidant treatment of patients
with juvenile neuronal ceroid lipofuscinosis has no effect on
dolichol values.

Neuropathology

The neuropathology is characterized by neuronal loss,
spongiform change of the brain, and the cytoplasmic inclu-
sion of lipopigments. By electron microscopy the lipopig-
ments appear as lamellar aggregates referred to as curvilin-
ear bodies, and others appear as fingerprint bodies. Often a
limiting membrane suggestive of tertiary lysosomes can be
identified around these bodies. Several reports have de-
scribed that the lipopigment bodies have acid phosphatase
activity.

Lymphocytes can be of diagnostic value, since they may
contain cytoplasmic lipopigment inclusions. Three patients
with juvenile disease reported by Goebel (716) had finger-
print lipopigments in the absence of vacuoles in their lym-
phocytes. Similarly, as shown by Farrell and Sumi (717),
epithelial cells in the urinary sediment, peripheral nerve,
skin, and muscle biopsies may contain cells with lipopig-
ment inclusions.

Phytanic Acid Storage Disease (Refsum’s Syndrome)

In 1946 Sigvald Refsum published a monograph (re-
viewed in ref. 718) identifying a new familial neurologic
syndrome that he designated heredopathia atactica poly-
neuritiformis, and in 1963 the postmortem tissues from a
7-year-old girl diagnosed with Refsum’s syndrome were bio-
chemically analyzed. The liver and kidneys were grossly
infiltrated with lipid, mostly neutral lipid. Gas chromato-
graphic analysis revealed a 20-carbon branched-chain fatty
acid that was fully characterized as phytanic acid. Whereas
normal human plasma contains only traces of phytanic acid
(less than 0.3 mg/dl), patients with Refsum’s syndrome
have 5-30% of their total plasma fatty acids present as phy-
tanic acid. A series of studies has pointed to an exogenous
origin for the accumulated phytanic acid and has also
pointed to a defect in its catabolism as a basis for its accu-
mulation. Steinberg and co-workers (cited in ref. 718), in a
series of studies, established that the major pathway for
phytanic oxidation in human subjects and experimental an-
imals involved the unusual initial a-oxidation to yield a-hy-
droxyphytanic acid and then the (N — 1) fatty acid pristanic
acid. Through a series of successive B-oxidation steps, pris-
tanic acid is further degraded. Evidence from clinical obser-
vation and cell culture studies now indicates that the pri-
mary enzyme defect lies at the first step in this metabolic
pathway, the a-oxidase. It is inherited as an autosomal re-
cessive disorder (718).

Clinical Features

Refsum’s disease presents with the tetrad of retinitis pig-
mentosa, peripheral polyneuropathy, cerebellar ataxia, and




high CSF protein concentration in the absence of pleocy-
tosis.

The onset of the disease has been detected in early child-
hood in some, but not until the fifth decade in others. The
most frequent initial manifestation is night blindness. This
is followed by decreased vision, signs of peripheral polyneu-
ropathy, and cerebellar ataxia.

The course of the disease is one of gradually progressive
deterioration, interrupted in approximately half of the pa-
tients by unexplained and sometimes lengthy periods of re-
mission. Dramatic exacerbation associated with an ill-de-
fined febrile illness, a surgical procedure, or pregnancy has
been noted. Gradual recovery of function following such
episodes is the rule, but residual neurologic deficits may
remain.

At the present time, the diagnosis is based on the constel-
lation of clinical findings, demonstrated accumulation of
phytanic acid in serum and tissue, or demonstrated reduc-
tion in capacity to oxidize phytanic acid. The carrier state
can be diagnosed using the fibroblast cell culture methods.
Normal amniotic cells have the capacity to oxidize phytanic
acid, so intrauterine diagnosis is possible.

Genetics and Biochemistry

Thisisan autosomal recessive disorder. Biochemical stud-
ies to date have revealed that there is little or no endogenous
biosynthesis of phytanic acid and that phytol and phytanic
acid are potential dietary precursors, since the metabolic
error in Refsum’s disease lies in a degradative pathway of
phytanic acid. It has also been shown that the defect in
phytanic acid storage disease persists in cultured fibroblasts.
Normal human fibroblasts derived from skin biopsies oxi-
dize added phytanate at rates comparable to those for added
palmitate. Cells derived from patients with phytanic acid
storage disease, however, oxidize palmitate at a normal rate
but oxidize phytanate at only approximately 1% of the nor-
mal rate. Further biochemical studies have shown that the
metabolic defect is localized to the initial a-oxidation of
phytanate and probably to the a-hydroxylation step itself.
The a-hydroxylation step has been shown to occur in mito-
chondria. The reaction is stimulated by NADPH and re-
quires molecular oxygen. The reaction shows a marked
stimulation by added ferric iron, whereas ferrous iron in-
hibits this reaction. This further distinguishes the phytanate
oxidizing system in the liver from the straight-chain «-oxi-
dation system in the brain, since the latter is primarily a
microsomal enzyme and is stimulated by ferrous iron.

Recently, Skjeldal et al. (719) have reviewed the literature
indicating that phytanic acid has also been found to accu-
mulate in the peroxisomal disorders (Zellweger’s syndrome,
neonatal adrenoleukodystrophy, infantile Refsum’s syn-

_ drome, rhizomelic chondrodysplasia punctata). Alpha-oxi-
dation of phytanic acid in skin fibroblast cultures showed a

defective capacity in all groups mentioned above, with a
residual activity similar to that of Refsum’s disease. The
distinction between Refsum’s disease and the peroxisomal
disorders can easily be determined on a clinical basis.

At the present time it is not known how the accumulation
of phytanic acid leads to clinical manifestations of the dis-
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ease. Indeed, it is not firmly established whether or not phy-
tanic acid accumulation per se is necessary and sufficient
for the clinical manifestations.

Therapy

If it is true that stored phytanate is exclusively of exoge-
nous origin, then elimination of phytanate and its potential
precursors from the diet should prevent further accumula-
tion. Patients adhering well to a rigorous diet have brought
plasma phytanate levels down to 10% of pretreatment val-
ues and even normalized them in some instances. In those
patients responding with a good fall in plasma phytanate,
there has been an arrest in the progress of the peripheral
neuropathy. Improvement in nerve conduction velocity has
been documented in five patients followed in three different
clinics. Cranial nerve functions have not shown improve-
ment. Two patients have been studied whose symptoms
and ulnar nerve conduction velocities improved on the diet,
worsened when they went off the diet, and again improved
when they went back on the diet.

Lundberg et al. (720) called attention to a potential haz-
ard in dietary management. They followed two patients
whose plasma phytanate levels paradoxically increased and
whose neurologic status deteriorated markedly over a pe-
riod of 1-2 months on a reduced caloric and reduced phy-
tanate diet. This was attributed to the marked rise in plasma
phytanate secondary to mobilization of tissue storage dur-
ing rapid weight loss. At this time, the evidence available
indicates that any patient with a diagnosis of phytanic acid
storage disease deserves an intensive trial of dietary treat-
ment.

The untreated disease has a progressive course, with pe-
riods of exacerbation followed by improvement. The extent
to which dietary management will alter the progression of
this disease is not clear at the present time, but hopefully it
will slow the long-term deterioration.

N-Acetyl Neuraminidase Deficiency [The Cherry-Red
Spot-Myoclonus Syndrome (CRSM)]

The presence of action myoclonus is a disabling symp-
tom as part of the CRSM or sialidosis type I, as described by
Gonatasetal. (721) in 1963. N-Acetyl-neuraminidase (E.C.
3.2.1.1.8) shows low levels of activity in patient tissues and
is the basis for the disease. When used in combination, 5-
hydroxytryptophan (5-HTP) and dantrolene have been ef-
fective in reducing the degree of action myoclonus
(721,722).

LEUKODYSTROPHIES

Krabbe’s Disease (Galactosyl Ceramidase Deficiency,
Globoid Cell Leukodystrophy)

Krabbe (723) described clinical and histologic findings in
two siblings who presented with early onset of spasticity
culminating in a rapidly fatal course. He also described the
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globoid cells that are a hallmark of the disease. In 1970
Suzuki and Suzuki (724) demonstrated that galactocerebro-
side B-galactosidase is deficient in this disorder and that it is
autosomal recessive. In 1971 Suzuki et al. (725) made the
first intrauterine diagnosis and were subsequently able to
detect the heterozygous condition by enzymatic assay. Hag-
berg et al. (726) reported 32 Swedish cases during the period
from 1953 to 1967 and calculated the incidence for that
series as 1.9 per 100,000 births. Although the geographic
distribution of the cases is widespread, the incidence in
Scandinavian countries appears to be higher than in the rest
of the world.

Kobayashi et al. (727) recently reported that galactosyl
sphingosine (psychosine) in somatic organs from a patient
and from the twitcher mouse, an animal model, was in-
creased as in the nervous system, but to a lesser degree.
Their findings indicate that globoid cell leukodystrophy is a
generalized galactosyl sphingosine storage disease.

Clinical Features

In the majority of patients, this disorder manifests be-
tween 3 and 6 months of age and presents as a degenerative
disease involving predominantly the CNS. Hagberg et al.
(726) have divided the disease into three arbitrary stages:

Stage 1. A child who has been normal for the first few
months of life develops hyperirritability, hypertonia, and
hypersensitivity to tactile, visual, and auditory stimuli.
There are episodes of fever of unknown origin. Psychomo-
tor delay becomes apparent, with feeding difficulties ap-
pearing and seizures occasionally being manifested. The
CSF protein level is elevated without pleocytosis, even at
this early stage.

Stage 2. There is an acceleration of the brain degenera-
tion with marked hypertonia, hyperreflexia, and optic atro-
phy. Minor motor seizures may occur.

Stage 3. This stage is characterized by decerebration,
blindness, and, sometimes, complete deafness. Patients
rarely survive for more than 2 years. The head is usually
microcephalic, reflecting the destruction of brain myelin,
although macrocephaly may occasionally occur.

Peripheral nerve involvement may be demonstrated elec-
trophysiologically by diminished nerve conduction veloci-
ties and findings of denervation on electromyography. The
peripheral neuropathy is almost always completely over-
shadowed clinically by the prominent brain white matter
degeneration. There is no visceral involvement in this dis-
order.

A later-onset form of the disease has been described in
more than 10 patients, who also have a slow progression of
this disorder. Again, the clinical manifestations are those of
a white matter degeneration, with the brain manifestations
being visual impairment secondary to optic atrophy and/or
cortical blindness, hypertonia, hyperreflexia, and patho-
logic plantar responses. A peripheral neuropathy may be
demonstrated by nerve conduction velocity studies but is
clinically almost always overshadowed by the brain white
matter degenerative findings. The CSF protein level is
usually normal. The diagnosis is confirmed by finding de-
creased galactosyl ceramide-f-galactosidase activity in

serum, leukocytes, cultured fibroblasts, or cultured amni-
otic fluid cells.

Computerized tomographic and magnetic resonance
brain scans have been reported as showing rather specific
findings in three patients (727=729).

Neuropathology

All the important pathologic findings are limited to the
nervous system, both central and peripheral. Peripheral
nerve lesions consist of minimal-to-severe axonal degenera-
tion, myelin breakdown associated with endoneural fibro-
sis, and accumulation of foamy histiocytes around endo-
neural blood vessels and endoneural trabeculae. Although
typical globoid cells are not seen, straight or curved tubular
inclusions are ultrastructurally seen within histiocytes.

Two types of globoid cells occur in the brain: mononu-
clear and multinuclear. At the present time, available evi-
dence strongly suggests that globoid cells originate from
nonneural mesodermal cells, which is in keeping with their
predominantly perivascular location and numerous fine
tortuous cytoplasmic processes.

Genetics and Biochemistry

The disease is inherited as an autosomal recessive dis-
order. The most consistent finding in the white matter is an
increased ratio of galactocerebroside to sulfatide, although
both are much lower than normal. This is because there is
more of an increase in galactocerebroside than a decrease in
sulfatide. Another important observation has been the pres-
ence of 10-100 times the normal amount of galactosyl
sphingosine (psychosine), which is galactosyl ceramide
minus the fatty acid. Galactosyl sphingosine has been
shown to be highly cytotoxic. Further studies have shown
that the myelin formed in globoid cell leukodystrophy is
normal ultrastructurally and biochemically.

Galactocerebroside is characteristically a lipid of the ner-
vous system. The kidney is the only extraneuronal organ
with significant amounts of this glycolipid. In brain, galac-
tocerebroside is almost exclusively localized in oligoden-
droglial cell membranes and therefore in myelin. It is now
postulated that during the period of active myelination,
both galactosyl ceramide and galactosyl sphingosine accu-
mulate owing to the deficiency of galactocerebroside §-ga-
lactosidase. Galactosyl sphingosine is highly cytotoxic and
leads to oligodendroglial cell death, since the oligodendro-
glia are predominantly exposed to this toxic glycolipid.

Kobayashi et al. (730) assayed galactosyl ceramide and
galactosyl sphingosine in tissues from patients. They found
that galactosyl sphingosine, but not galactosyl ceramide, ac-
cumulates in tissue of patients as a result of the fact that
galactosyl ceramide, but not galactosyl sphingosine, is
readily hydrolyzed by an intact galactosyl ceramidase II.

Therapy

At this time there is no effective treatment for this dis-
order.
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Metachromatic Leukodystrophy (Sulfatide Lipidosis)

In 1910 Alzheimer (731) reported a patient with diffuse
sclerosis and metachromatic staining of the tissues, Austin
(732) and Austin et al. (733) demonstrated a large excess of
sulfatides in the tissues of patients with metachromatic leu-
kodystrophy. Austin et al. (733) demonstrated markedly
low activity of arylsulfatase A and cerebroside sulfatase in
the tissue of patients with metachromatic leukodystrophy.
It is inherited as an autosomal recessive disorder.

Gustavson and Hagberg (734) reported an incidence of
approximately 1 in 40,000, and in the juvenile form they
reported an incidence between | in 160,000 and I in
200,000.

Clinical Features
Late-Infantile Form

This form of metachromatic leukodystrophy presents as
a peripheral and central white matter degenerative disorder
with onset usually between 12 and 18 months of age. Hag-
berg (735) has divided the clinical course into four stages:

Stage 1. This stage is represented by weakness, hypo-
tonia, and hyporeflexia, which may involve all four extremi-
ties. Corticospinal tract and cerebellar findings may occa-
sionally be present at this time. The mean duration of this
stage is about | year.

Stage 2. This stage is characterized by further progres-
sion of white matter degeneration, resulting in dysarthria,
ataxia, and onset of hypertonia. The deep tendon reflexes
remain diminished to absent. Mental deterioration be-
comes apparent. Intermittent pain in the arms and legs is a
frequent feature that may be a manifestation of peripheral
nerve root involvement. This stage usually lasts from 3 to 6
months.

Stage 3. At this stage the child is usually bedridden and
quadriplegic, with decorticate, decerebrate, or dystonic pos-
turing. Bulbar and/or pseudobulbar palsies are present, and
the mental deficiency is severe. The deep tendon reflexes
are almost always absent, and optic atrophy may occur. The
optic atrophy appears as a gray macula with a red center.
This stage lasts from 3 months to 3.5 years in Hagberg’s
series.

Stage 4. The patients in this final stage are characterized
by loss of contact with their surroundings. They must be fed
through a nasogastric or gastrostomy tube.

Juvenile Form

This form of metachromatic leukodystrophy has onset
between 3 and 21 years of age, usually between 5 and 10
years. The initial symptom usually involves difficulties in
mental functioning, such as school problems or emotional
lability, or the disorder may appear initially as a gait dis-
order. Extrapyramidal dysfunction and cerebellar findings
are fairly common.
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Adult Form

The clinical manifestations of this form have their onset
between 19 and 46 years of age in the cases described to
date. The earliest symptoms are usually in the intellectual
or emotional areas. Corticospinal and extrapyramidal
symptoms develop and outweigh the peripheral nerve find-
ings. Cerebellar findings of truncal ataxia, intention tremor,
and nystagmus are also common. Seizures may occur dur-
ing the later stages. An excellent review of the subject is
available (736).

The diagnosis of metachromatic leukodystrophy is sus-
pected on the basis of the clinical presentation of the three
forms as outlined above. The diagnosis is greatly strength-
ened by finding decreased activity (almost undetectable in
homozygotes and 50% reduced in heterozygotes) of arylsu-
fatase A in serum, urine, leukocytes, cultured skin fibro-
blasts, or cultured amniotic fluid cells. Because arylsulfatase
activity has been found to be either normal or only slightly
diminished in two patients with definite clinical symptoms,
and has been found to be in the homozygous range in two
other clinically normal individuals, one cannot rely entirely
on arylsulfatase A activity to make the diagnosis. Therefore,
it has been suggested that before the diagnosis is firmly es-
tablished, one or more of the following confirmatory assays
must be positive: (a) nonspecific abnormalities such as de-
creased peripheral nerve conduction velocity, impaired gall-
bladder function, or elevated CSF protein; (b) above-nor-
mal sulfatide excretion in the urine; or (c) the accumulation
of glycolipid with metachromatic properties in tissues, pref-
erably in peripheral nerve obtained by sural nerve biopsy.
Magnetic resonance imaging showed an increased T2
weighted signal of periventricular white matter adjacent to
frontal and occipital horns (737).

Adult Metachromatic Leukodystrophy

Our patient is a 23-year-old man with a 6-year history of
poor coordination, gait impairment, and mild mental re-
gression. He had ankle hyperreflexia with clonus and exten-
sor plantar responses.

He had ataxia on finger-to-nose and heel-to-shin maneu-
vers and also had a broad-based ataxic gait. He could not
tandem-walk. A -T2 weighted magnetic resonance scan
showed a bilateral homogeneous increase in the white mat-
ter signal intensity at the frontal and occipital poles. His
serum arylsulfatase A was 0.40 units/liter (normal value:
0.4-1.29 units/liter). A 24-hr urine arylsulfatase was 0.39
units/liter, which is very low (normal value: 1-20 units/
liter). Frozen sections of the sural nerve biopsy stained with
cresyl violet showed metachromatic material in the endo-
neurium. Plastic embedded sections stained with toluidine
blue showed red metachromatic globular cytoplasmic in-
clusions within Schwann cells (738). Electron micrographs
of sural nerve showed general myelinated fibers undergoing
active demyelination.

Genetics and Biochemistry

This is an autosomal recessive disorder caused by a defi-
ciency of arylsulfatase A. This enzyme has been mapped to
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chromosome 22q13. The chemical pathology of metachro-
matic leukodystrophy caused by this enzymatic defect is the
accumulation of sulfatide up to 3-10 times normal in the
late infantile form, with other myelin lipids, such as choles-
terol and sphingomyelin, decreased by 30-50%. Cerebro-
side levels in white matter are decreased by 10-50% of nor-
mal, and this gives rise to an abnormal cerebroside/sulfatide
ratio. In normal white matter the ratio is approximately 4.
In the late-infantile form of metachromatic leukodys-
trophy, the cerebroside/sulfatide ratio may be decreased to
0.5. All evidence indicates that the chemical structure of
sulfatide is normal in metachromatic leukodystrophy
(739,740).

The adult form of metachromatic leukodystrophy shows
chemical abnormalities similar to, but less severe than,
those of the late-infantile form. The one exception is that in
the adult form of the disease, the gray matter sulfatide levels
are increased to a greater extent than in the late-infantile
form. This is interesting in light of the more prominent
intellectual and emotional findings (noted above) in the
adult form of the disease.

Immunoassay techniques have revealed slight but signifi-
cant antigenic differences between normal arylsulfatase A
and the mutant enzyme found in metachromatic leukodys-
trophy.

Porter et al. (741) and Farrell et al. (742), using intact
fibroblasts in culture, showed that the amount of arylsulfa-
tase activity in cells from patients with metachromatic leu-
kodystrophy was directly correlated with the age of onset of
clinical symptoms and severity of disease. Fibroblasts from
patients with the late-infantile form of metachromatic leu-
kodystrophy had no detectable cerebroside sulfatase activ-
ity, whereas fibroblasts from patients manifesting the dis-
ease later in life had appreciable amounts of enzyme
activity. One explanation of this finding is that the residual
arylsulfatase A may be structurally different in the various
clinical forms of the disease, so that in the adult.form of the
disease the arylsulfatase A may either be physically more
stable or possess greater substrate affinity.

In 1983 Hizeidarsson et al. (743) reported low arylsulfa-
tase A levels in two siblings. One sibling had a neurologic
disabilify not typical for metachromatic leukodystrophy,
and the other was a healthy 18-year-old woman with a nor-
mal developmental history. In both siblings, arylsulfatase A
levels in white blood cells were 7-8% of control values.
-Other family members had enzyme levels consistent with
heterozygote or normal status. Hizeidarsson et al. (743)
concluded that the neurologic abnormalities in the one sib-
ling were not the result of the low enzyme activity and that
both persons represent examples of “pseudo-arylsulfatase
A’ deficiency (arylsulfatase A deficiency without metachro-
matic leukodystrophy). This is an unusual disorder caused
by a mutation allelic to the mutation responsible for true
metachromatic leukodystrophy.

Therapy

-~

At the present time there is no specific therapy for this
disorder. Bone marrow transplantation to provide donor
cells capable of enzyme production has not been of clinical
value.

Adrenoleukodystrophy
Historical Perspective

Adrenoleukodystrophy (ALD) was first described in 1923
by Siemerling and Creutzfeldt (744), who pointed out that
skin pigmentation and a progressive leukodystrophy were
central features of the disorder. Blaw (745), Schaumburg et
al. (746-748), and Moser et al. (749) have provided the
important clinical and pathological features.

Genetics

This is an X-linked disease (Xq28) with expression begin-
ning in early childhood, teenage years, or early adulthood.
Males are principally affected, but carrier females may also
show clinical evidence of disease.

Clinical Features

Several phenotypes of ALD are reported. Progressive cere-
bral degeneration with cortical blindness, spinal cord in-
volvement with spastic quadriparesis, and cutaneous hyper-
pigmentation in young males are typical features. Variants
of the ALD syndrome include (a) X-linked Addison’s dis-
ease without any neurologic involvement and (b) spasticity
and weakness caused by spinal involvement in female car-
riers (750). In the adrenomyeloneuropathy variant, symp-
toms begin later in the second and third decades and the
disease process develops slowly over more than two de-
cades. A peripheral neuropathy, azoospermia, and hypotes-
tosteronemia complete the picture. A neonatal ALD vari-
ant has also recently been described that shows the same
biochemical defect as in typical ALD but that involves girls
as frequently and as severely as boys; it is suggested that it is
inherited as an autosomal recessive trait (751,752). Cellular
peroxisomes in X-linked ALD are normal in number and
size, and the peroxisomes have a characteristic coarsely fi-
brillar, moderately electron-opaque matrix and are often in
clusters. In neonatal autosomal recessively inherited ALD,
the peroxisomes are sparse, scattered, and small in size
compared with normals. There was a 10-fold decrease in the
number and mean volume of hepatocellular peroxisomes in
a patient with neonatal ALD. Thus the basis for impaired
long-chain fatty acid oxidation in ALD, whether it be X-
linked or autosomally recessively inherited, is a defect in
peroxisomal availability or function (753). Predilection for
parietal lobe and occipital lobe white matter is the basis for
early-onset cortical blindness. The CT brain scan shows de-
creased density of cerebral white matter. Clinical and labora-
tory evidence of hypoadrenalism can be demonstrated at
some time during the illness (745) and can precede by many
years the onset of neurologic symptoms (754).

O’Neill and Moser (755) reported one family having X-
linked recessively inherited Addison’s disease in men with
no other neurologic disease. Carrier heterozygous females
may have mild-to-severe myelopathic findings of a spastic
paraparesis without cerebral manifestations (755). Presum-
ably, the presence of clinical disease in female carriers is
explained by the Lyon hypothesis of random inactivation of
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the X chromosome (756). A female heterozygote presented
with a chronic nonprogressive spinal cord syndrome second-
ary to the ALD heterozygote state. The disease is inexorably
progressive and uniformly fatal. Excellent reviews are of-
fered by Blaw (745), O’Neill and Moser (755), and Goto et
al. (759).

Moser et al. (749,757) reported on 303 patients with ALS
in 217 kindreds. Their patients showed a broad spectrum of
phenotypic variation. Sixty percent of patients had child-
hood ALD and 17% had adrenomyeloneuropathy, a form
showing progressive leg spasticity, paralysis, and polyneu-
ropathy without mental status changes. Both ALD and
adrenomyeloneuropathy are X-linked recessive and map to
Xp27-28. Linkage has been reported between the ALD lo-
cus at Xq27-28 and a cloned DNA fragment (St14). The
LOD score is 13.766 at a recombination of 0.0 (758). These
investigators found that neonatal ALD, a distinct entity
with autosomal recessive inheritance and a resemblance to
Zellweger syndrome, was present in 7% of the cases. They
concluded that ALD and Zellweger’s cerebrohepatorenal
syndrome belong to a newly formed category of peroxiso-
mal disorders, since in both syndromes the peroxisomal abil-
ity to degrade C26:0 very-long-chain lipids is defective
(ALD) or absent (Zellweger’s). Goto et al. (759) reported
that the increase in saturated very-long-chain fatty acids
was found not only in sphingomyelin but also in phosphati-
dylcholine and phosphatidylserine and in erythrocyte
membrane phospholipids. Sakai et al. (760) found a defi-
ciency in plasmalogen in cultured skin fibroblasts from neo-
natal ALD patients. Suzuki et al. (761) treated two patients
with a diet low in very-long-chain fatty acids. There was
biochemical improvement in one patient, with a lowering
of very-long-chain fatty acids in erythrocyte membranes
and plasma; however, there was no clinical improvement.
Sakai et al. (762) reported an accurate method of carrier
detection by measuring total fatty acids with acetonitrile-
HCl extracted from cultured skin fibroblasts using high-per-
formance liquid chromatography.

Pathology

The cerebral hemispheres undergo a diffuse, symmetrical
loss of myelin in the white matter pathways and especially
in the posterior quadrants of the hemispheres. There is a
sparing of the subcortical U fibers. Similar demyelination
affects the thoracic spinal cord. There is an associated peri-
vascular mononuclear cell infiltration (747,748,763). La-
mellar lipid profiles are found in adrenal cortical cells and
macrophages in brain white matter, indicating a lipid stor-
age disorder. The adrenal cortices are atrophic with relative
preservation of the zona glomerulosa.

Biochemistry

Brain white matter and adrenal cortex from patients have
cytoplasmic inclusions that contain cholesterol esters of sat-
urated very-long-chain fatty acids with a carbon chain
length of C23 and longer (764,765). Hexacosanoic acid
(C26:0) is the most significantly elevated. Cultured fibro-
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blasts accumulate very-long-chain fatty acids as well (766-
768). O’Neill et al. (769) studied 21 women from four ALD
kinships, nine of whom had a spastic paraparesis, including
two with peripheral neuropathy. Fifteen women were as-
signed heterozygote status based on abnormal very-long-
chain fatty acid elevations in plasma, fibroblasts, or both.
Singh et al. (770) concluded that ALD patients have a defect
in the oxidation of very-long-chain fatty acids (C24:0 and
longer), but not in the degradation of fatty acids with a
chain length of 18 carbons or less. Lazo et al. (771) reported
that the enzymatic basis of the accumulation of very-long-
chain fatty acids in ALD is due to a deficiency of peroxiso-
mal very-long-chain (lignoceric acid) acyl-CoA ligase.

Therapy

Patients have been treated unsuccessfully by (a) dietary
restriction of very-long-chain fatty acids, (b) use of carnitine
and clofibrate, (¢) immunosuppression, and (d) plasma ex-
change (772). Adrenal steroid therapy has no effect on neu-
rologic progression. One 13-year-old boy was treated with
an allogeneic bone marrow transplant from a normal HLA-
identical sibling donor. Complete hematologic recovery oc-
curred, but neurologic deterioration continued (766). At
present, no specific form of therapy exists to treat the pro-
gressive neurologic deterioration. Although the excess
C26:0 in the brain of patients with ALD is partially of di-
etary origin, dietary C26:0 restriction did not produce clear
benefit (772,773).

Cerebrohepatorenal Syndrome (Zellweger’s Syndrome)

Cerebrohepatorenal syndrome (CHRS) has clinical fea-
tures similar to those of ALD. The two disorders affect the
same general age group, both involve cerebral cortex and
white matter, both have similar eye lesions, and peroxi-
somes are absent in CHRS and defective in ALD (753,774).
CHRS includes craniofacial abnormalities, severe hypo-
tonia, mental retardation, cerebral dysgenesis, cortical renal
cysts, and hepatomegaly. It is inherited in an autosomal
recessive manner. In 1984 Moser et al. (775) reported that
CHRS patients also have abnormalities of very-long-chain
fatty acids similar to those of ADL. They found a fivefold
increase of C26:0 in plasma, cultured skin fibroblasts, or
postmortem brain tissues of 20 CHRS patients. In 1984
Datta et al. (776) reported a marked reduction in the activ-
ity of dihydroxyacetone phosphate acyltransferase, a perox-
isomal enzyme, in fibroblasts and leukocytes from CHRS
patients. Thus the role of peroxisomes in the metabolism of
very-long-chain fatty acids is an important one and depends
on the integrity of the acyltransferase pathway. Both ALD
and CHRS are the result of defects in peroxisomal oxida-
tion of very-long-chain fatty acids (753,777).

In 1988 Santos et al. (778) indicated that the peroxisomal
membranes could be assembled in Zellweger’s syndrome
but that the importation of matrix proteins is defective.
This defect would result in empty (or nearly empty) mem-
brane ghosts, which would not be recognizable by electron
microscopy or cytochemistry.
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Fabry’s Disease (a-Galactosidase A Deficiency)

Anderson (779) in England and Fabry (780) in Germany
independently described patients with angiokeratoma cor-
pus diffusum. In 1947 Pompen et al. (781) described the
pathologic findings in two patients known to have angioker-
atoma corpus diffusum. The most consistent finding was
the presence of vacuoles in the media of abnormal blood
vessels throughout the body, along with the presence of simi-
lar vacuoles about the nuclei of hypertrophied myocardial
fibers.

After a number of reports of a more limited form of the
disease in heterozygous females, Opitz et al. (782) studied
the kindred of 21 carrier females and affected males and
confirmed the X-linked transmission of the disease.

On renal autopsy of hemizygote patients, two neutral gly-
cosphingolipids—galactosyl-galactosyl-glucosyl ceramide
(Gal-Gal-Gluc-Cer) and digalactosyl ceramide (Gal-Gal-
Cer)—have been isolated and characterized. Other studies
have shown increased levels of Gal-Gal-Gluc-Cer in brain,
plasma, urinary sediment, cultured skin fibroblasts, and
most viscera in these patients.

Brady et al. (783) demonstrated that the enzymatic defect
was absence of a-galactosidase A, which can be assayed for
in plasma, urinary sediment, cultured skin fibroblasts, and
cultured amniotic fluid. The disease has an incidence of 1 in
40,000.

The disease is inherited in an X-linked recessive manner.
This mode of transmission is supported by the absence of
parental consanguinity, absence of male-to-male transmis-
sion, occurrence of female-to-male transmission, measur-
able linkage between the a-galactosidase loci and the X3
blood-group antigen, the absence of any sign of the disease
in more than 35 known sons of affected fathers, and the
presence of three pedigrees in which two affected sons were
born to the same mother by different fathers.

Clinical Features
Male Hemizygote

The clinical manifestations are (a) periodic episodes of
fever and severe distal extremity pain, with associated vascu-
lar lesions of the skin, conjunctiva, and oral mucosa, and
“(b) crystalline deposits in the conjunctiva. The onset is from
childhood to adolescence.

Pain is often the initial symptom and may have an excru-
ciating burning or lightning character. The pain most com-
monly involves the fingers and toes and is accompanied by
paresthesias; with time it spreads proximally. Fever,
changes in environmental temperature, and physical exer-
cise may all initiate the painful episodes. Since many of the
painful episodes are associated with fever and an elevated
erythrocyte sedimentation rate, the children are often erro-
neously diagnosed as having rheumatic fever.

Telangiectases (angiokeratomas) may be one of the initial
signs; classically, these are clusters of dark red angiectasias
in the superficial layers of the skin. The skin lesions are
usually bilaterally symmetrical in their placement and show
a predilection for the hips, buttocks, back, thighs, penis, and

scrotum. The oral mucosa and conjunctiva are also com-
monly involved. With progressive accumulation of glyco-
sphingolipids in the kidneys, progressive renal failure is
manifested by azotemia.

Diffuse deposits of glycosphingolipids in the vascular sys-
tem and myocardium may manifest as hypertension, car-
diomegaly, myocardial ischemia or infarction, and brain
signs and symptoms of ischemia and/or infarction. The
brain manifestations may be seizures, motor or sensory im-
pairment, aphasia, various brainstem syndromes, or intra-
cranial mass lesions secondary to intracranial hemorrhage.
The characteristic ocular lesions are aneurysmal dilation of
veins in the conjunctiva and retina. Corneal opacities are
also commonly found. Progressive vascular disease of the
brain, heart, and kidneys usually leads to death in the fourth
or fifth decades of life.

Female Heterozygote

In general, all the clinical manifestations found in the
hemizygous male are also found in the heterozygous female
but are less severe and have a later onset in the heterozygote.
However, the disease becomes more severe in middle life in
the heterozygous female, and death can usually be attrib-
uted to renal or cardiac complications of the disease. In
1988 a 21-year-old woman who was a carrier of Fabry’s
disease was reported presenting with dysfunction of the au-
tonomic nervous system as expressed by severe orthostatic
hypotension (784).

The diagnosis is based on the clinical presentation of wide-
spread small-vessel pathology and is confirmed by the ab-
sence of activity of «-galactosidase A in plasma, leukocytes,
fibroblasts, and tissues of these patients. The diagnosis may
also be made in utero from enzymatic analysis of amniotic
fluid cells.

Genetics and Biochemistry

The disease is inherited as an X-linked recessive disorder,
and the pathology results from an accumulation of cerebro-
side trihexoside caused by a-galactosidase deficiency. Af-
fected hemizygous individuals have 10-25% of the normal
a-galactosidase A activity. The enzyme deficiency in hemi-
zygous individuals appears to be limited to the thermally
labile a-galactosidase A, whereas any residual a-galactosi-
dase activity appears to be caused by a-galactosidase B.
Most heterozygous females have intermediate levels of a-
galactosidase A activity. The complete nucleotide sequence
has been determined for a cDNA clone containing the full-
length coding region for the mature lysosomal form of hu-
man «a-galactosidase A (785).

This circulating cerebroside trihexoside is thought to gain
access to vascular endothelial cells and to endothelial and
adjacent epithelial cells in the renal glomeruli by receptor-
mediated uptake. This accumulation within blood vessels
gives rise to narrowing, dilatation, instability, and motor
unresponsiveness of the blood vessels. These are major phys-
1ologic features of the disorder (786).




Therapy

Fabry’s disease is characterized by a chronic debilitating
course that extends over many years. The single most debili-
tating aspect is the excruciating pain.

Various drugs have been tried for relief of the pain, in-
cluding the a-adrenergic blocking agent phenoxybenza-
mine to increase peripheral vascular flow. In one patient,
phenoxybenzamine did appear to provide pain relief on sev-
eral occasions, but epistasis and priapism were early com-
plications in two other patients. The combination of diphe-
nylhydantoin and carbamazepine can significantly reduce
the pain.

Because renal insufficiency is a very common late com-
plication, chronic hemodialysis and renal transplantation
may be lifesaving. So far, the use of renal allografts to alter
the progression of the disease remains controversial.

In the future, enzyme replacement therapy may hold
promise in this disorder. Studies of fibroblasts in tissue cul-
ture from hemizygous subjects have shown that a-galactosi-
dase A exogenously supplied to the media is capable of gain-
ing access to fibroblasts and catabolizing the accumulated
Gal-Gal-Gluc-Cer. Furthermore, it was demonstrated that
less than 5% of exogenous enzyme was capable of causing
substantial substrate metabolism.

Brady et al. (787) administered a-galactosidase (purified
from human placenta) to two hemizygous individuals. It
was shown that the enzyme was rapidly cleared from the
blood, was taken up by the liver, and caused a decrease in
the circulating level of Gal-Gal-Gluc-Cer.

Canavan’s Disease

This syndrome is characterized by megalocephaly in in-
fancy, mental retardation, seizures, cortical blindness, flac-
cidity, and failure of neurologic development because of
abnormal cerebral edema inherited as an autosomal reces-
sive trait. It is sometimes referred to as spongy sclerosis.
There is extensive demyelination and astrocytic edema
throughout the white matter. The life span of affected chil-
dren is usually less than 5 years. There is no specific ther-
apy.

A CAT brain scan of a 6-year-old girl with Canavan’s
disease demonstrated bilateral low-density lesions in the
globus pallidae suggestive of a degenerative process. There
was also diffuse white matter disease present by virtue of the
clinical signs of early-onset mental retardation with cortico-
spinal deficit associated with hypodensity of the white mat-
ter pathways seen on her CAT scan.

Alexander’s Disease

Megalocephaly in the first year of life, failure of neuro-
logic development, spasticity, and decerebration are the fea-
tures of this poorly characterized disorder. Impaired myeli-
nation, presence of Rosenthal fibers within astrocytes, and
eosinophilic hyaline bodies are the characteristic features.
The mode of inheritance is not clear, since most cases are
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sporadic. There is no specific therapy, and patients live only
a few years.

Pelizaeus—Merzbacher Disease

Pelizaeus-Merzbacher disease is a rare disorder charac-
terized by spasticity, ataxia, coarse ocular nystagmus, optic
atrophy, and head tremor. It is thought to be X-linked when
it presents in early childhood, but it is believed to be autoso-
mal dominant when it presents in early adulthood. There is
moderate-to-severe demyelination of central white matter
with an impairment in the formation of compact myelin.

It has been suggested that the mutation for this disease
has many features of an inborn error of myelination analo-
gous to the murine jimpy mutation. A cDNA to one of the
two major myelin proteins, myelin proteolipid protein (also
referred to as lipophilin), has been used with Southern blot
analysis of somatic cell hybrid DNA to map the human
proteolipid protein to the middle of the long arm of the
human X chromosome (Xq13-22). Comparison of the gene
maps of the human and mouse X chromosomes suggests
that myelin proteolipid protein may be involved in X-
linked mutations at the mouse jimpy locus. In support of
this view, Koeppen et al. (790) reported on the proteolipid
protein (lipophilin) content of an 18-year-old patient and
found it to be absent in brain but normal in the peripheral
nervous system by immunocytochemistry and enzyme-
linked immunosorbent assay (788-790).

Hereditary Adult-Onset Leukodystrophy Simulating
Chronic Progressive Multiple Sclerosis

In 1984 Eldridge et al. (791) reported a large kindred with
a chronic progressive neurologic disorder affecting 10 men
and 11 women in four generations in an autosomal domi-
nant pattern of inheritance. In examining an individual pa-
tient without access to family history or CAT findings, one
would conclude that the disease process was multiple sclero-
sis. Patients present in the fourth or fifth decades with pro-
gressive cerebellar, pyramidal, and autonomic abnormali-
ties. The CAT scan shows symmetrical reductions in white
matter density involving all cerebral lobes as well as cerebel-
lar white matter. On pathologic examination, the white
matter shows severe degeneration with microscopic vacuo-
lation, preserved subcortical U fibers, and no inflammatory
changes or reactive gliosis. The primary genetic defect is
unknown, and there is no specific therapy.

DISORDERS OF MUCOPOLYSACCHARIDE
METABOLISM

The mucopolysaccharides are a diverse set of compounds
containing polysaccharide, alternating amino sugars, and
uronic acids (Table 4). Dermatan sulfate and heparan sul-
fate are two major mucopolysaccharides that increase, are
stored, and are excreted in the mucopolysaccharidoses. The
compounds are sequentially degraded by specific lysosomal
enzymes (exoglycosidases or exosulfatases), and an enzyme
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TABLE 4. Mucopolysaccharides of connective tissue®

Linkage
Amino Uronic Amino Uronide Linkage to
Name sugar acid Sulfate substitution hexosaminidic protein Occurrence
Dermatan sulfate D-GalN L-IdUA 0-SO, N-Ac al — 381 - 4 Gal-Gal-Xyl-Ser Skin, lung
D-GIcUA
Heparan sulfate  D-GIcN D-GIcUA N-SO, N-Ac By —> 4 Gal-Gal-Zyl-Ser Lung, spleen, liver, muscle
L-IdUA 0-S0O, N-SO, al > 4al1 > 4
Keratin sulfate| D-GIcN Gal(mann) O-SO, N-Ac p1 = 481 - 3 GalcNAc-AspNH, Cornea, nucleus pulposus,
(cornea) cartilage
Keratin sulfate I D-GIcN Gal(mann) O-SO, N-Ac p1 — 4p1 - 3 GalNAc-Ser
(skeletal) D-GalN GalNAc-Thr

@ From Rosenberg and Pettegrew in Rosenberg, RN, ed: Neurology, New York, Grune and Stratton, 1980 with permission.

deficiency results in an increased degree of cellular lyso-
somal storage of mucopolysaccharide.

The first clinical description of Hurler’s syndrome was
probably provided in 1900 by John Thompson from the
Royal Infirmary, Edinburgh. In 1917 Hunter’s syndrome
(792) was reported in two brothers, and in 1920 Hurler
(793) reported two boys having the stigmata of the disorder
associated with that eponym. The first organized nosologic
classification was provided in 1952 by Brandt (794), who
used the term “mucopolysaccharidosis” (MPS) for the first
time. Excessive urinary excretion of these compounds was
reported by Dorfman and Lorinez (795), Brown (796), and
Meyer et al. (797). The concept of an MPS caused by an
enzyme defect resulting in a lysosomal storage disorder was
put forth initially in 1964 by van Hoff and Hers (798), and
the in vitro accumulation of mucopolysaccharide by fibro-
blasts in culture was reported by Danes and Bearn (799)
using cells from MPS patients. The McKusick classification
of MPS was published in 1965 (800).

It was Elizabeth Neufeld (801) who made a brilliant series
of enzymatic observations in the early 1970s showing that
MPS was caused by specific catabolic enzyme defects result-
ing in accumulation of substrate, not by increased synthetic
rates. She and her colleagues demonstrated that [3S]-
mucopdlysaccharide accumulated in fibroblasts from MPS
patients in cell culture and that a corrective factor, which
later was shown to be normal lysosomal enzyme, could pre-
vent [**S]mucopolysaccharide storage; this study led to the

-identification of the enzyme defects involved. Fratantoni et
al. (802-804) demonstrated that cocultured fibroblasts
from Hurler and Hunter patients did cross-correct and pre-
vented [**S]mucopolysaccharide storage. This corrective ef-
fect was due to complementary enzymatic replacement by
the MPS cell line from the Hurler patient on the Hunter
patient cells, and vice versa. These disorders have been re-
viewed by McKusick and Neufeld (805).

Alpha-L-Iduronidase Deficiency

This enzyme deficiency has been associated with Hurler’s
syndrome (MPS I H), Scheie’s syndrome (MPS I S), and a
genetic compound form, Hurler-Scheie syndrome (MPS
[ H/S).

Hurler’s Syndrome (MPS I H)

This autosomal recessive disorder was first described in
1920 by Gertrud Hurler (806); it has an incidence of approx-
imately 1 in 100,000 and an estimated carrier rate of 1
in 150.

Clinical Features

Children develop an unrelenting, progressive syndrome
caused by mucopolysaccharide storage in the CNS, cornea,
bone, heart, liver, and spleen. Severe mental retardation,
corneal clouding, hepatosplenomegaly, and skeletal defor-
mities progressively occur, with death occurring before the
first decade of life. Characteristic facial coarsening occurs
associated with hypertelorism, hirsutism, shallow orbits
producing proptosis, and scaphocephaly caused by early sag-
ittal suture closing. Other skeletal defects include a J-shaped
sella turcica, joint malformations, chest defects, lumbar lor-
dosis, a widened medial end of the clavicle, vertebral hypo-
plasia with a hooked appearance to the apical dorsal verte-
brae, iliac wing flaring, claw-hand deformities, hip flexion,
contractures, and dwarfism.

The clinical diagnosis is established by the increased uri-
nary excretion of dermatan and heparan sulfate (2:1), in
association with the typical skeletal deformities, mental re-
tardation, corneal clouding, and hepatosplenomegaly. The
enzyme defect is a-L-iduronidase, which can be measured
in fibroblast cultures (807).

Therapy

Enzyme replacement therapy has not been useful, and at
present there is no specific therapy (808).

Scheie’s Syndrome (MPS I S)

This is an autosomal recessive disorder described by
Scheie et al. (809) in 1962; it has an estimated incidence of 1
in 500,000.
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Clinical Features

These patients present in adulthood with hirsutism, joint
stiffening, claw hand, genu valgum, pes cavus, aortic valve
disease, and prominent corneal clouding. The syndrome
resembles a mild, incomplete presentation of Hurler’s syn-
drome. It is an allelic disorder of Hurler’s syndrome, since it
is caused by a milder degree of deficiency of a-L-iduroni-
dase. :

Therapy

Corneal transplantation and the surgical repair of nerve
entrapments are the principal forms of therapy. There is no
specific therapy for the underlying disease.

Hurler-Scheie Genetic Compound (MPS I H/S)

Since McKusick et al.’s (810) report in 1972, a series of
patients have been reported who are deficient in a-L-id-
uronidase and who phenotypically are intermediate be-
tween Hurler and Scheie patients. We also have reported
one such interesting genetic compound patient (811). These
patients inherit 50% of their enzyme from one parent,
which represents the Hurler allelic defect, and inherit the
other 50% from the other parent, which represents the
Scheie allelic defect.

Clinical Features

In early adulthood these patients develop progressive
mental retardation, skeletal defects, and cardiac and he-
patic disease. Associated corneal clouding, joint stiffening,
and cardiac valvular disease occur.

Our report described for the first time the storage of muco-
polysaccharide material in neurons of the brain and spinal
cord, with their characteristic lysosomal storage pattern as
demonstrated by electron microscopy (811).

Therapy

No specific therapy is available.

Hunter’s Syndrome (Iduronate Sulfatase Deficiency,
MPS 1I)

Hunter’s syndrome is an X-linked recessive disorder with
an unknown incidence. Hunter (812) first described the
syndrome, and Wolff (813) and Njaa (814) suggested the
X-linked mode of inheritance.

Clinical Features

~

The disease presents with a spectrum of severity, which
may be caused by allelic defects at the iduronate sulfatase
locus on the X chromosome.
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It bears a strong resemblance to MPS IH, but it is sepa-
rated clinically from MPS IH by the absence of corneal
clouding, perhaps a more placid personality, and a longer
life span. Patients are identified by the typical clinical phe-
notype, the excretion of equal amounts of dermatan sulfate
and heparan sulfate, and a deficiency of iduronate sulfatase
in serum and cultured fibroblasts.

Iduronate sulfatase increases in the serum of pregnant
women, reaching a three- to fourfold increase from pre-
pregnancy levels toward the end of pregnancy. In pregnan-
cies with Hunter-affected fetuses, enzyme levels did not
change in the serum of heterozygous mothers. Thus, a pre-
natal diagnosis of Hunter syndrome might be made in ma-
ternal serum in the early phase of pregnancy (815).

Therapy

There is no specific therapy.

Sanfilippo’s Syndrome (Heparan Sulfatase Deficiency,
MPS III Type A; N-Acetyl-a-glucosaminidase
Deficiency, MPS III Type B; Acetyl-CoA:a-
Glucosaminide N-Acetyltransferase Deficiency, MPS
III Type C; N-Acetylglucosamine-6-sulfate Sulfatase
Deficiency, MPS III Type D)

Sanfilippo’s syndrome (816) is inherited as an autosomal
recessive disorder, and the different enzyme defects are in-
distinguishable clinically. It was Harris (817) who first de-
scribed this new form of MPS, which subsequently turned
out to be type B disease (818). Type A disease was shown to
be caused by a deficiency of heparan sulfatase (819,820).

Clinical Features

During childhood, patients develop a severe form of
mental retardation with minimal skeletal defects and hepa-
tosplenomegaly. Corneal clouding does not occur. Epilepsy
may occur. The diagnosis is established by the increased
excretion of heparan sulfate and a deficiency of heparan
sulfatase or N-acetyl-a-glucosaminidase in cultured fibro-
blasts or amniotic fluid cells for types A and B, respectively.
Types C and D are identified by finding a deficiency in the
two enzymes reported for them as listed in the main head-
ing of this section. A first-trimester diagnosis was made by
chorionic biopsy along with assay of heparan sulfatase
which was markedly deficient in activity as reported by
Kleijer et al. (821) in 1986.

Therapy

There is no specific therapy.
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Morquio’s Syndrome (Galactosamine-6-sulfatase
Deficiency Type A; B-Galactosidase Deficiency,
Type B) (MPS 1IV)

Morquio’s syndrome is an autosomal recessive disorder
that was described initially in 1935 by Morquio (822), who
reported the disorder in four Swedish children whose par-
ents were first cousins.

Clinical Features

Patients have serious skeletal defects and coarsening of
facial features but normal intelligence. Chest deformities
with a pectus carinatum occur. The odontoid process of the
axis is malformed, hypoplastic, or absent, which results in
atlantoaxial subluxation and cervical cord compression in
many patients (823). Joint instability, deafness, and corneal
clouding occur.

The diagnosis is based on the severe, characteristic skele-
tal defects, normal intelligence, and increased excretion of
keratan sulfate. Deficiency of one of the two enzymes men-
tioned firmly establishes the type, since types A and B are
clinically indistinguishable.

Therapy

The one form of therapy that must be emphasized is iden-
tification and correction of the unstable atlantoaxial joint,
which may produce cervical cord compression and thus sig-
nificant morbidity.

Maroteaux-Lamy Syndrome (Arylsulfatase B or
Galactosamine-4-sulfatase Deficiency) (MPS VI)

Maroteaux-Lamy syndrome is an autosomal recessive
disorder described initially by Maroteaux and Lamy
(824,825) as a Hurler’s variant in which intellect is pre-
served and in which there is increased urinary excretion of
dermatan sulfate.

Clinical Features

Thisis a highly variable disorder, with a spectrum of sever-
ity resembling Hurler’s at one end and Scheie’s disorder at
the other. McKusick et al. (810) pointed out that these pa-
tients are uniformly short but that Scheie’s syndrome pa-
tients (MPS I S) are in the normal range for height, and it is
this feature that has differentiating value. Intelligence is pre-
served, which is also an important separating point.

Patients excrete high levels of dermatan sulfate exclu-
sively, and assays of leukocytes, fibroblasts, and amniotic
cells in culture show very [ow levels of arylsulfatase B (V-
acetylgalactosamine-4-sulfatase) activity.

This enzyme has been mapped to a locus on chromo-
some 5.

Therapy

An encouraging report in 1984 by Gasper et al. (826)
demonstrated that a bone marrow transplant corrected the
hereditary enzyme deficiency in a 2-year-old male Siamese
cat with advanced MPS VI. Leukocyte arylsulfatase B activ-
ity increased 30-fold by 232 days after transplantation. Cor-
neal clouding, mobility, and demeanor all improved, sug-
gesting that similar therapy for a child with this syndrome
might be useful. In fact, in 1984 Krivit et al. (827) reported a
13-year-old girl with a severe form of Maroteaux-Lamy
syndrome who underwent a successful bone marrow trans-
plant. Arylsulfatase B activity increased to normal levels in
peripheral lymphocytes and granulocytes, and it increased
from 3% to 16% of the mean normal level at 680 days post-
transplant in a liver biopsy sample. Hepatosplenomegaly
was substantially decreased, and cardiopulmonary function
was normal. Visual acuity and joint mobility also im-
proved, and she returned to school. Thus a bone marrow
transplant did provide a source of enzymatically normal
cells, which significantly improved this single patient. This
therapy will be attempted in future children because of
this very positive, exciting result. Clearing of the corneal
opacity following keratoplasty was reported in 1985 by
Naumann (828).

Sly’s Syndrome (8-Glucuronidase Deficiency, MPS VII)

Sly’s syndrome is an autosomal recessive disorder with
considerable clinical variation between reported patients. It
was described by Sly et al. (829) in 1973, and Hall et al.
(830) described B-glucuronidase in patient fibroblast cul-
tures as being deficient. In 1975 it was mapped to a locus on
chromosome 7 by Grzeschik (831) and Lalley et al. (832)
using somatic cell hybrid techniques.

Clinical Features

Patients may develop severe skeletal defects and progres-
sive mental retardation. In their index case, Sly et al. (829)
reported a child who at 7 weeks had dysmorphic facies,
hepatosplenomegaly, umbilical hernia, a thoracolumbar
gibbus, and puffy hands and feet. An anterior chest defect
subsequently developed, and bilateral inguinal hernias re-
quired surgical reduction. By age 3 years there was obvious
mental retardation.

The diagnosis is made on the basis of this clinical pheno-
type along with minimal increases of dermatan and hepa-
ran sulfate in urine. It is confirmed by finding reduced activ-
ity of B-glucuronidase in cultured patient fibroblasts or in
leukocytes or serum.

Therapy

There is no specific therapy.



DiFerrante’s Syndrome (MPS VIII, Glucosamine-6-
sulfate Sulfatase Deficiency)

DiFerrante’s syndrome is a rare entity that resembles
Morquio’s and Sanfilippo’s syndromes, both clinically and
biochemically. The one reported patient was a 5-year-old
mentally retarded boy who was short in stature and who
had hepatomegaly, mild dysostosis multiplex, odontoid hy-
poplasia, and a clear cornea (833). He excreted keratan and
heparan sulfate. The enzyme glucosamine-6-sulfate sulfa-
tase was deficient in the patient and partially so in both
parents, thus showing it was inherited as an autosomal re-
cessive disorder (833).

Mucolipidoses

There are three principal mucolipidoses (designated
types I, I, and III) with a spectrum of clinical forms. Their
characteristic feature is the storage of mucopolysaccharide,
but without the occurrence of mucopolysacchariduria. Mul-
tiple catabolic, degradative mucopolysaccharide enzymes
are deficient within their normal lysosomal site in types II
and III because of a loss of a lysosomal recognition signal by
lysosomal enzymes, but there is a significant increase in the
acidity of these enzymes in extracellular fluid spaces
(serum). They are inherited as autosomal recessive dis-
orders.

Clinical Features
Mucolipidosis I (Lipomucopolysaccharidosis)

Mucolipidosis I is characterized by mild Hurler features,
moderate mental retardation without mucopolysacchari-
duria, and fibroblast inclusions. Levels of fibroblast lyso-
somal enzymes are normal rather than the low values re-
ported in mucolipidosis II. Patients develop moderate
dwarfism, coarse facies, pectus carinatum, thoracic kypho-
sis, mental retardation, muscle atrophy, hypotonia,
choreoathetosis, inability to walk at puberty, and death in
early adulthood.

Mucolipidosis II (I Cell Disease)

Mucolipidosis II has a phenotype similar to that of classic
MPS I H, Hurler’s disease, but differs from it by an earlier
age of onset (in fact, it can be present at birth), by the ab-
sence of corneal clouding, and by the lack of mucopolysac-
chariduria. A severe psychomotor retardation develops,
and patients usually die by age 6 years.

_ N-Acetylglucosamine-1-phosphotransferase is absent in

type II patient fibroblast lysosomal fractions and reduced in
type III patients. It is an enzyme that phosphorylates man-
nose residues of glycoprotein-lysosomal enzymes, thereby
providing a needed signal to récognize binding sites on the
lysosome. Absence or deficiency of it would explain the low
lysosomal enzyme activities and high serum levels simply as
a result of lack of lysosomal uptake of these degradative
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enzymes. Apparently, types II and III mucolipidoses are
allelic disorders. Electron microscopy shows that fibroblast
inclusions are dilated lysosomes filled with mucopolysac-
charide and membrane; this occurs because the lysosomes
lack the enzymes needed to degrade mucopolysaccharide.

Mucolipidosis III (Pseudo-Hurler’s Polydystrophy)

In most respects, mucolipidosis III is similar to mucolipi-
dosis II but is less aggressive and less severe in its manifesta-
tions.

Patients manifest disease between 2 and 4 years of age,
presenting with stiffness of hands and shoulders suggestive
of juvenile rheumatoid arthritis. Subsequently, a claw hand,
dwarfism, facial coarsening, corneal clouding, and aortic or
mitral valve lesions with valve murmurs occur. Progressive
mental retardation develops in the early elementary school
years. There are characteristic roentgenographic changes of
the hips. The disorder is similar to MPS I S or mild forms of
MPS VI.

This disorder exhibits the clinical features of an MPS, no
mucopolysacchariduria, and increased levels of activity of
lysosomal enzyme hydrolases in extracellular fluid spaces
(serum), with deficiencies of these same enzymes in lyso-
somal fractions of fibroblasts in cultures. A partial defi-
ciency in N-acetylglucosamine-1-phosphotransferase is
present in cellular lysosomal fractions, resulting in storage
of mucopolysaccharide, as explained under mucolipidosis
type II. McKusick (833) has suggested that types II and III
represent homozygosity for different mutant genes at the
same locus, one that is responsible for a lysosomal recogni-
tion marker or receptor for multiple lysosomal enzyme up-
take.

Lysosomal enzymes that are reduced within the lysosome
and increased in serum include a-L-iduronidase, iduroni-
date sulfatase, 8-glucuronidase, N-acetyl-8-hexosamini-
dase, arylsulfatase A, B-galactosidase, a-mannosidase, and
a-L-fucosidase. Activities of acid phosphatase and -gluco-
sidase are normal. It has been suggested that a two- or three-
fold increase in N-acetyl-B-hexosaminidase or arylsulfatase
A activity in serum is a useful screening procedure for both
mucolipidosis II and III.

Fibroblasts from mucolipidosis I and II patients contain
inclusions which, under the electron microscope, appear to
be enlarged lysosomes containing mucopolysaccharide and
membranous whorls.

Therapy

There is no specific therapy. Orthopedic correction of
skeletal defects may be useful in selected patients.

FUCOSIDOSIS

The fucosidoses are a group of disorders caused by a de-
fect in the lysosomal enzyme a-L-fucosidase resulting in the
storage of glycolipids, glycoproteins, and mucopolysaccha-
rides containing fucose. These disorders are inherited as au-
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tosomal recessives, and at least three forms are described
clinically. Type I disease begins in early infancy and pro-
duces severe mental retardation, occasional hepatospleno-
megaly, and a rapidly fatal course. Type II disease begins in
the late infantile period and produces mental and motor
retardation, skeletal malformations typical of gargoylism,
and prominent skin lesions of angiokeratoma corporis dif-
fusum. Type III disease is less aggressive and can continue
into adulthood. Severe mental retardation with spasticity
and skeletal defects was present in three young adult pa-
tients reported by Ikeda et al. (834) in 1984. Rectal biopsy
has been used to show neuronal storage material, which is
rather specific for the fucosidoses.

a-L-Fucosidase (E.C. 3.2.1.51) is encoded by a single lo-
cus on the short arm of chromosome 1 (1p34). In 1985, it
was reported that a cDNA was obtained that coded for at
least 80% of the mature enzyme (835).

MULTIPLE SULFATASE DEFICIENCY

Multiple sulfatase deficiency (MSD) is a rare genetic dis-
order inherited as an autosomal recessive trait which causes
a reduction in the activity of several lysosomal sulfatases,
including: arylsulfatase A, B, and C; iduronate-2-sulfate sul-
fatase; heparan N-sulfatase; N-acetylgalactosamine-6-sul-
fate sulfatase; and N-acetylglucosamine-6-sulfate sulfatase.

- These patients also accumulate sulfatides, glycosaminogly-
cans, sphingolipids, and steroid sulfates in tissues and body
fluids. Patients express features of two diseases: late infan-
tile metachromatic leukodystrophy and mucopolysacchari-
dosis. At least 20 patients have been reported. In 1988,
Soong et al. (836) recorded in detail a 94-year-old girl with
short stature, microcephaly, mild facial dysmorphism, dys-
phagia, retinal degeneration, developmental arrest, and
ataxia. Her cultured skin fibroblasts after several passages
had a marked reduction in multiple sulfatases (837).

MUSCLE DISEASES

Genetic muscle diseases (i.e., the muscular dystrophies)
have been a vigorous area of investigation in recent years.
The biochemical genetics of many specific disorders have
~ been solved, and a meaningful start into the molecular ge-

netics of these disorders using recombinant DNA methods
has already begun. See refs. 838-895 for more details; also
see Chapter 13 in this volume.

Mitochondrial Encephalomyopathies

. Rowland (896), Rowland et al. (897), Pavlakis et al.
(898), Zeviani et al. (899), and DiMauro et al. (901) have
reviewed a controversial, complex, and recently emerging
literature and have defined several new inherited syn-
dromes associated with mitochondrial metabolic defects
(Table 5). G

Petty et al. (901) described the clinical features and bio-
chemical defects in 66 patients with histologically defined
mitochondrial myopathies. There was a broad range of

TABLE 5. Inherited mitochondrial encephalomyopathies

Alper’s syndrome (cerebral poliodystrophy)

Canavan'’s disease (spongy degeneration of white matter)

Carnitine deficiency syndrome or carnitine
palmityltransferase deficiency (long-chain fatty acid
oxidation defect)

Kearns—Sayre syndrome (ophthalmoplegia plus ragged red

_fibers)

Leber’'s optic atrophy

Leigh’s disease (subacute necrotizing encephalopathy)

Mitochondrial encephalomyopathy with lactic acidosis and
stroke (MELAS syndrome)

Myoclonus epilepsy with ragged red fibers (Ramsay Hunt
syndrome variant) (MERRF syndrome or Fukuhara
syndrome)

Menkes’ kinky hair disease (trichopoliodystrophy)

Refsum’s disease (lipid a-oxidase defect)

Zellweger's syndrome (cerebrohepatorenal syndrome)

symptoms from birth to 68 years, but over 60% had the
onset of disease before 20 years of age. Only 19 patients had
affected relatives. These investigators defined three separate
clinical groups: (i) Fifty-five percent had a combination of
progressive external ophthalmoplegia and weakness of their
extremities which was produced or exacerbated by exercise;
(ii) 18% had only extremity weakness; and (iii) 27% exhib-
ited symptoms of CNS disease, including ataxia, deafness,
involuntary movements and seizures, and dementia. Bio-
chemical studies of mitochondrial metabolism was carried
out in 33 patients, and defects most commonly involved the
mitochondrial respiratory chain localized to complex I
(NADH-CoQ reductase) (18 patients) or complex III (ubi-
quinol-cytochrome ¢ reductase) (nine patients). Of impor-
tance is that no clinical syndrome was characteristic of any
of the defined mitochondrial biochemical defects. Holt et
al. (902) studied muscle mitochondrial DNA in-25 patients,
nine of whom had defined deletions of restriction fragments
up to 7 kb in length. Leukocyte mitochondrial DNA in
these same patients did not show these deletions. They
showed that mitochondrial DNA defects can be tissue-spe-
cific (heteroplasmy) in humans and are associated with hu-
man diseases.

Cytochrome c oxidize deficiency (complex IV) has been
associated with several syndromes: (i) fatal infantile mito-
chondrial myopathy with severe limb weakness, hypotonia,
hyporeflexia, lactic acidosis, de Toni-Fanconi-Debre syn-
drome, and respiratory failure; (ii) a fatal infantile myopa-
thy and hepatopathy in second cousins; (iii) a benign infan-
tile mitochondrial myopathy in a 2-week-old boy with
weakness of extremities, hyporeflexia, macroglossia, and
lactic acidosis or a benign limb myopathy in adult years; (iv)
a Leigh’s disease complex characterized by respiratory fail-
ure, impaired vision and hearing, ataxia, hypotonia, and
psychomotor retardation, along with focal, bilateral, sym-
metric necrotic lesions extending from thalamus to pons as
often seen on CT scans; and (v) Menkes’ disease (trichopo-
liodystrophy), which consists of infantile seizures, psycho-
motor delay, abnormal hair, fragile bones, and temperature
instability with low serum copper and ceruloplasmin levels.
3IP-NMR spectroscopy of exercising muscle has been able
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to detect high-energy phosphate defects, including an ab-
normally low phosphocreatine/inorganic phosphate ratio
in selected patients (903-907).

Mitochondrial Encephalomyopathy with Lactic
Acidosis and Stroke (Melas Syndrome)

At least 11 patients with a syndrome consisting of normal
development in early life, with symptoms starting between
ages 3 and 11 years, were described by Rowland et al. (897)
and Pavlakis et al. (898). These patients were short and had
seizures. All patients except one had a stroke-like illness
with hemiparesis, hemianopia, or cortical blindness. Nine
had hemiparesis or hemianopsia, and six had episodes of
cortical blindness. Nine patients developed dementia. Vom-
iting and sensory neural hearing loss were present in several.
Two pairs of siblings were affected. Prominent in their ab-
sence were cerebellar deficits, interictal myoclonus, heart
block, ophthalmoplegia, and retinal changes. This clinical
complex is referred to as “MELAS syndrome,” as defined
in the section heading above. In 1984, NADH-CoQ reduc-
tase (complex I) deficiency was found in one patient with
this syndrome. Oxygen uptake by isolated mitochondria
with NAD-linked substrate such as pyruvate is low, whereas
flavin-linked substrates such as succinate and ascorbate
support normal respiration (908).

In 1988 Ichiki et al. (909) measured enzymatic activities
of the respiratory chain, as well as the content of immuno-
chemically detectable subunits in NADH-ubiquinone oxi-
doreductase (complex I), in mitochondria from the skeletal
muscles of four patients with the MELAS syndrome. The
rotenone-sensitive NADH-cytochrome ¢ reductase activity
was extremely reduced, ranging from 0% to 27% of the con-
trol value. Montagna et al. (910) emphasized that severe
prolonged migrainous symptoms and prolonged status epi-
lepticus are characteristic features of the MELAS syn-
drome.

A 22-year-old man with the MELAS syndrome and cy-
tochrome c oxidase deficiency was treated with CoQ10 (90
mg/day). There was a reduction of previously elevated
plasma lactate, but cerebrospinal fluid lactate did not
change (911).

Mpyoclonus Epilepsy with Ragged Red Fibers
(MERRF Syndrome)

Fukuhara et al. (912,913) described a syndrome that was
different from the MELAS complex of Rowland et al. (897),
but there are similarities. At least 16 patients have now been
described with normal early development, myoclonus, and
a cerebellar syndrome. Eleven patients had seizures, 11 be-
came demented, and six had hearing loss. Ten of the 16
* patients had a positive family history. All patients had myo-

clonus and ataxia, and none had hemiparesis, hemianopia,
" or cortical blindness, as did MELAS patients. Twelve pa-
tients had an intention tremor. Optic nerve atrophy was
present in eight patients. No patient in this group had
ophthalmoplegia, pigmentary retinal degeneration, or heart
block. The acronym MERRF (myoclonus epilepsy with
ragged red fibers) was applied to this group of patients. This
syndrome resembles the one described by Ramsay Hunt
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(914), which consists of dyssynergia cerebellaris myoclonica
with myoclonus, tremor, and a cerebellar syndrome. A defi-
ciency of the enzyme CoQ-cytochrome ¢ reductase (com-
plex III) was reported in a single patient with proximal
weakness, ataxia, myoclonus, and dementia, presumably a
MERREF syndrome patient. The patient had a low oxygen
uptake with NADH and flavin-linked substrates but had
normal oxygen uptake with ascorbate (915). In 1985 Rosing
et al. (916) described a family with familial myoclonic epi-
lepsy associated with a mitochondrial myopathy. The dis-
order followed a maternal inheritance pattern consistent
with a mitochondrial DNA mutation.

In several cases a muscle biopsy has shown (a) ragged red
fibers (under the light microscope) and (b) the presence of
mitochondrial proliferation of cristae with paracrystalline
inclusions (under the electron microscope) (917). Feit et al.
(918) reported a patient with progressive myoclonus, ataxia,
mild mental retardation, abnormal muscle mitochondria,
and exquisite hypersensitivity to anticonvulsant medica-
tion with respiratory insufficiency. Both hypoventilation
and myoclonus responded favorably to L-5-hydroxytrypto-
phan for a limited period.

A novel 0.4-kb deletion in mitochondrial DNA of a pa-
tient with the MERRF syndrome was reported by Noer et
al. (919) in 1988. The patient had an identical twin, and
both were affected by a similar disorder. Electrophoresis of
DNA fragments produced by digestion with BamHI-Hpal
or Aval showed that the deletion was 0.4 kb and was in the
NDS5 gene, which codes for a protein subunit of the mito-
chondrial respiratory complex I (NADH-CoQ reductase). A
marked mitochondrial respiratory complex I deficiency was
found in the skeletal muscle of this patient. Most recently,
Shoffner et al demonstrated in 1990 a tRNA mutation in
mitochondria which subsequently resulted in a deficiency
of the enzyme extochrome oxidase, complex A, (919a).

Kearns-Sayre Syndrome

This entity is usually an acquired disorder, although a
positive family history was reported twice (898). Clinical
features include ragged red fibers on muscle biopsy, oph-
thalmoplegia, pigmentary retinal degeneration, heart con-
ductive block, elevated CSF protein (100 mg/dl), and a cer-
ebellar syndrome.

As pointed out by Rowland et al. (897), all three syn-
dromes—MELA, MERREF, and Kearns-Sayre syndrome
—have spongy degeneration of the brain, giving them some
basis of neuropathologic commonality.

The cause of these syndromes is not clear. Nonmendelian
maternal inheritance or an X-linked recessive mendelian
trait may be the mode of heredity. All have abnormal
ragged red fibers, morphologic mitochondrial abnormali-
ties, and an elevated blood lactate concentration. Thus ma-
jor biochemical defects in muscle and brain mitochondria
are postulated. Several biochemical abnormalities have
been associated with (a) ragged red fibers and mitochondrial
morphologic defects (including defects in cytochrome c oxi-
dase, cytochrome b and aa,, cytochrome b-NADH-CoQ
reductase complex, or ATPase) and (b) loose coupling of
oxidative phosphorylation. A defect in succinate-cy-
tochrome ¢ reductase was found in two siblings with the
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MERREF syndrome, and one patient with the MELAS com-
plex had deficiencies of cytochrome c oxidase and pyruvate
dehydrogenase (898).

Both X-linked and nonmendelian maternal modes of in-
heritance may be present in the MELAS syndrome, since
both sets of twins reported with it may have had a mother
partially affected with the syndrome. One mother is said to
have had neurosensory hearing loss and diabetes mellitus,
and the other is reported to have had night blindness and an
abnormal electrocardiogram. Mendelian inheritance in-
volves the transmission (to successive generations) of DNA
contained in genes in the nucleus, but DNA is also con-
tained in mitochondria, where it is responsible for the en-
coding of certain mitochondrial enzymes. Because almost
all mitochondrial DNA is maternally transmitted, a non-
mendelian pattern of inheritance is possible in a mitochon-
drial disorder. These disorders may include a structural
membrane mitochondrial defect or an enzyme defect that is
coded in the nucleus or by mitochondrial DNA. The latter
is becoming better understood because some studies have
provided evidence that subunits of respiratory enzyme
complexes are encoded solely by mitochondrial DNA
(920-922).

In recent years, several types of treatment have been
used, including: (a) vitamins K; and C for a 19-year-old
woman who had muscle weakness since late childhood and
who experienced several attacks of lactic acidosis due to a
complex III deficiency; and (b) CoQ10 (i.e., ubidecarenone
plus CoQ10) therapy (120-150 mg/day) in 12 patients (in
two separate reports) with Kearns-Sayre syndrome, causing
improvement in strength and a reduction of serum lactate
and pyruvate levels (924-926).

Zeviani et al. (927,928) identified large-scale deletions in
muscle mitochondrial DNA (mtDNA) in seven of seven
patients with Kearns-Sayre syndrome. Moraes et al. (929)
reported similar patients in 1989. The reported deletions
ranged in size from 2.0 to 7.0 kb and were not restricted to
any single region of the mitochondrial genome. In each pa-
tient the proportion of mutated genomes ranged from 45%
to 75% of total mtDNA. Of the six mitochondrial enzyme
activities studied, only cytochrome c oxidase was decreased.
Based on their results, these investigators concluded that
the Kearn-Sayre syndrome is not an autosomal dominant
mutation, but rather a genetically lethal mitochondrial mu-
tation. Their data support the view that this syndrome is a

“unique disorder that is genetic in origin. Rowland et al.

(930) reported an interesting set of twin brothers who met
all the diagnostic criteria for the syndrome. This cohort
raises the issue that the condition can be inherited as a lethal
dominant trait, thus explaining why there is an observed
small number of familial cases. They hastened to mention
that these twin cases do not exclude the possibility of an
acquired cause such as a persistent viral injection of the
brain.

Alper’s Syndrome (Cerebral Poliodystrophy)

~

Alper’s syndrome occurs in children and is associated
with seizures, myoclonus, optic atrophy, and motor and
mental retardation with spasticity. There is severe brain at-
rophy with impressive cortical neuronal loss. There is also

4

neuronal loss in thalamus, basal ganglia, brainstem, and
cerebellum (931).

Hemispheric demyelination is prominent, and there may
be a spongiform change in white matter because of glial
vacuolation. Lactic acid may be elevated in concentration
in the CSF and serum. Serum pyruvate dehydrogenase in
brain has been reported to be low in some patients
(932,933). The presence of large mitochondria in neurons
of some patients provides linkage of this syndrome with
other described mitochondrial encephalopathies. The
mode of inheritance is not clear and could be either X-
linked recessive or nonmendelian maternal for the mito-
chondrial genome. No effective therapy is available, and the
syndrome inexorably progresses.

Leigh’s Disease (Necrotizing Encephalomyelopathy and
Lactic Acidosis)

The clinical features are those of an acute encephalopa-
thy in infants or young children, with loss of mental and
motor development, extraocular muscle palsies, nystag-
mus, ataxia, hypotonia and quadriparesis, seizures, and
feeding and breathing difficulties. Acute attacks or the insid-
ious development of the above symptom complex may oc-
cur. The spectrum of these features has been widened in
recent years to include older children and even adults (934-
937). A hallmark of the syndrome is an elevated lactate and
pyruvate in CSF and serum, indicating a defect in pyruvate
metabolism. The CT brain scan sometimes shows lucent
areas in the basal ganglia or thalamus. The neuropathology
resembles Wernicke’s disease, with necrosis present in (a)
the periaqueductal regions of the midbrain, (b) the pons,
and (c) the periventricular regions of the pons and medulla.
Neuronal loss, necrosis, demyelination, and blood vessel
proliferation are prominent in the brainstem, with sparing
of the hypothalamus and mamillary bodies; this distin-
guishes Leigh’s disease from Wernicke’s disease, in which
necrosis is prominent in hypothalamus and mamillary
bodies.

Defects in the enzymes pyruvate carboxylase, succinate-
cytochrome c reductase, and cytochrome ¢ oxidase (com-
plex IV) have been reported in some patients (938). An
inhibitor of the enzyme ATP-thiamine triphosphate trans-
ferase has been reported in some Leigh’s disease patients,
and low levels of thiamine triphosphate in patient brain—
but not liver—have been found. The precise defect or fam-
ily of oxidative disorders for pyruvate metabolism has not
been completely described for each of the clinical forms of
this syndrome. It is probably inherited as an autosomal re-
cessive disorder and may overlap with other mitochondrial
encephalopathies such as Alper’s disease, Kearns-Sayre
syndrome, and the MELAS and MERRF syndromes
(939-945).

Dystonia, Optic Atrophy, Putaminal Atrophy, and
Maternal Inheritance Syndrome

In 1985 Novotny et al. (946) described a kindred with
features of dystonia, mild mental retardation, short stature,
optic atrophy, and myopathic findings. CT brain scans



showed putaminal atrophy. The mode of inheritance was
compatible with maternal transmission or cytoplasmic in-
heritance. Preliminary DNA polymorphism studies of mi-
tochondrial DNA indicated that segregation of patterns on
Southern blots was appropriate for those affected.

Menkes’ Disease

In 1962 Menkes et al. (947) first recognized and charac-
terized this disease. In 1972 Danks (948) demonstrated that
these patients were unable to absorb copper, leading to a
severe copper deficiency state.

Danks (948) has estimated the incidence to be as high as |
in 35,000. This disorder is inherited in an X-linked reces-
sive fashion.

Clinical Features

Many patients are premature, with a birth weight appro-
priate for gestational age. As neonates they demonstrate
poor feeding, poor weight gain, transient jaundice, and in-
stability of body temperature. Seizures, usually myoclonic,
developearly, and a progressive delay in psychomotor devel-
opment occurs.

The hair is normal at birth, but the secondary hair growth
lacks luster, is somewhat depigmented, and breaks off eas-
ily. Microscopic examination reveals pili torti (trichopolio-
dystrophy).

Arteriography reveals the vessels to be elongated and
tortuous with irregularity of the lumen and sometimes arte-
rial occlusion. Radiologic examination reveals spurs on the
metaphyses of long bones and subperiosteal calcifications.
Wormian bones appear in the posterior sagittal and lamb-
doidal sutures. The clinical course is one of progressive neu-
rologic deterioration, with death usually between 6 months
and 3 years of age.

The diagnosis is suspected on the basis of the clinical
findings and confirmed by the demonstration of low total
serum copper and even lower liver copper. Cytochrome ox-
idase deficiency has been reported in a few patients. This is
a copper-dependent enzyme, and reduced activity may be
secondary to the copper transport defect.

Pathology

It appears that the absorptive defect is not in the uptake of
copper by mucosal cells, but rather in the mucosal intracel-
lular transport or in the transport of copper across the mu-
cosal cell serosal membrane.

The main pathologic findings are in the brain and consist
of extensive neuronal degeneration and gliosis. The arteries
are fragmented, with splitting of the internal elastic lamina
and intimal proliferation; narrowing and occlusion also oc-
cur. Structurally abnormal mitochondria are found on
muscle biopsy, along with decreased activity of cy-
tochromes a and a; in brain, muscle, and liver. The disease
is thus a member of the mitochondrial encephalomyopa-
thies related to copper metabolism.
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Therapy

The present treatment regimen is parenteral copper ad-
ministration, which must be started early to prevent organ
damage. Although this may help the nonneurologic aspects

of the disease, it is not clear if the neurologic findings are’

altered.

Leber’s Disease

This neuroretinal disorder was initially described by
Leber in 1871. A loss of vision occurs in males during early
adult years, accompanied by associated optic neuropathy
and optic atrophy. The mode of inheritance is not clear, but
an X-linked recessive disorder or a maternal form of inheri-
tance has been suggested. Putaminal lesions have been re-
ported in patients with dystonia. Novotny et al. (949) have
reported eight members of a family with Leber’s disease.
Fourteen persons had a progressive, generalized dystonia
thought to be the result of striatal degeneration as shown on
CT scans. Novotny et al. (949) and Holt et al. (950) sug-
gested the mode of inheritance to be maternal, with a mito-
chondrial DNA transfer of disease from carrier mothers to
their sons. Novotny et al. (949) and Holt et al. (950) studied
RFLPs of mitochondrial DNA from these affected persons
and could not detect an associated linkage of a fragment
pattern with presence of disease. It has been theorized that
the disease is due to an inborn error of cyanide metabolism,
and therefore the mitochondrial matrix enzyme
thiosulfate:cyanide sulfurtransferase (Rhodanese) was stud-
ied. This enzyme detoxifies cyanide by converting it to thio-
cyanate. Pallini et al. (951) found no difference in enzyme
activity in leukocytes from control subjects and patients
with Leber’s disease. Wallace et al. (952) identified a mito-
chondrial DNA replacement mutation that correlated with
this disease in multiple families. This mutation converted a
highly conserved arginine to a histidine at codon 340 in the
NADH dehydrogenase subunit 4 gene and eliminated an
SFani restriction enzyme site, thereby providing a diagnos-
tic test. Thus Leber’s optic atrophy is due to a mitochon-
drial gene defect maternally inherited in these families.

In 1989 Singh et al. (953) reported that a specific point
mutation in mitochondrial DNA is the cause of Leber’s
optic atrophy.

Fumarase Deficiency

In 1986 Zinn et al. (954) reported that fumarase defi-
ciency is a cause of mitochondrial encephalopathy. They
described a male infant with failure to thrive, developmen-
tal delay, hypotonia, and cerebral atrophy with lactic and
pyruvic acidemia and fumaric aciduria. The patient died at
8 months of age. Skeletal muscle mitochondria had selec-
tive defects in the oxidation of glutamate and succinate, and
liver mitochondria oxidized these and other substrates nor-
mally. Fumarase (E.C. 4.2.1.2) activity was almost entirely
absent in both liver and skeletal muscle mitochondria. Fu-
marase activity was also very low in homogenates of liver
tissue and skeletal muscle, indicating a deficiency of both
mitochondrial and cytosolic fumarases. Organ differences
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in the intramitochondrial accumulation of furamate may
have been responsible for the selective oxidative defects in
skeletal muscle mitochondria but not in liver mitochon-
dria.

ACKNOWLEDGMENTS

Portions of this chapter have been modified, expanded,
and updated from chapters published previously by R. N.
Rosenberg and J. W. Pettegrew in Neurology, Vol. 5, in
Science and Practice of Clinical Medicine (J. Dietschy, ed.,
Grune & Stratton, N.Y.), and in The Clinical Neuro-
sciences, Vol. 2—Neurology (R. N. Rosenberg, ed., Chur-
chill Livingstone, N.Y.), as well as by R. N. Rosenberg in
Neurogenetics—Principles and Practice (Raven Press,
N.Y.), with permission.

REFERENCES

.-Brady RO, Rosenberg RN. Autosomal dominant neurological

disorders. Ann Neurol 1978;4:548-552.

. Alzheimer A. Beitrage zu Kenntnis der pathologischen Neuroglia

und iher Beziehung zu den Abbauvorgangen im Nervengewebe
nissle. Alzheimers Histol Histopathol Arb 1910;3:493.

. Fitch N, Becker R, Heller A. The inheritance of Alzheimer’s dis-

ease: a new interpretation. Ann Neurol 1988;23:14-19.

. Breitner J, Silverman J, Mohs R, Davis K. Familial aggregation in

Alzheimer’s disease. Neurology 1988;38:207-212.

. Bird T, Lampe T, Nemens E, Miner G, Sumi S, Schellenberg G.

Familial Alzheimer’s disease in American descendants of the
Volga Germans. Ann Neurol 1988;23:25-31.

. Nee E, Eldridge R, Sunderland T, Thomas C, Katz D, Thompson

K, Weingartner H, Weiss H, Julian C, Cohen R. Dementia of the
Alzheimer type. Clinical and family study of 22 twin pairs. Neurol-
ogy 1987,37:359-363.

. CoyleJT, Price DL, DeLong M. Alzheimer’s disease: a disorder of

cortical cholinergic innervation. Science 1983;219:1184-1190.

. Whitehouse PJ, Price DL, Struble RG, Clark AW, Coyle JT, De-

Long MR. Alzheimer’s diseases and senile dementia: loss of neu-
rons in the basal forebrain. Science 1982;215:1237-1239.

. Tomlinson BE, Irving D, Blessed G. Cell loss in the locus coeru-

leus in senile dementia of the Alzheimer type. J Neurol Sci
1981;49:419-428.

. Sajdel-Sulkowska EM, Marotta CA. Alzheimer’s disease brain:-

alterations in RNA levels in a ribonuclease-inhibitor complex.
Science 1984:225:947-949.

. Roberts G, Crow T, Polak J. Location of neuronal tangles in

somatostain  neurons in  Alzheimer’s disease. Nature

1985:314:92-94.

. Tabaton M, Whitehouse P, Perry G, Davies P, Autilio-Gambetti

L, Gambetti P. Alz 50 recognizes abnormal filaments in Alz-
heimer’s disease and progressive supranuclear palsy. Ann Neurol
1988:24:407-13.

. Hyman BT, Van Hoesen GW, Damasio AR, Barnes CL. Alz-

heimer’s disease: cell specific pathology isolates the hippocampal
formation. Science 1984;225:1168-1170.

. Feldman RG, Chandler K, Levy L, Glaser G. Familial Alz-

heimer’s disease. Neurology 1963;13:811-824.

. Cook RH, Schneck SA et al. Twins with Alzheimer’s disease.

Arch Neurol 1985:38:300-301.

. Kilpatrick C, Burns R, Blumbergs PC. Identical twins with Alz-

heimer’s disease. J Neurol Neurosurg Psychiatry 1983:46:421-
425. ~

. Kuzuhara S, Kanazawa I, Sasaki H, Nakanishi T, Shimamura K.

Gerstmann-Straussler-Scheinker’s disease. Ann Neurol 1983;
14:216-225.

. Masters CL, Gajdusek DC, Gibbs CJ Jr. The familial occurrence

of Creutzfeldt-Jakob disease and Alzheimer’s disease. Brain
1981:104:535-558.

20.

21

22,

23.
24,

25

26.

27.

28.

29.

30.
31.

32.

33.

34.

35,

36.

37.

37a.

38.

39.

40.

40a.

41.

. Masters CL, Gajdusek DC, Gibbs CJ Jr. Creuzfeldt-Jakob disease

virus isolations from the Gerstmann-Straussler syndrome with
an analysis of the various forms of amyloid plagye deposition of
the virus-induced spongiform encephalopathies. Brain 1981;
104:559-588.

Bockman JM, Kingsbury DT, McKinley MP, Bendheim PE, Pru-
siner SB. Creutzfeldt-Jakob disease prion proteins in human
brains. N Engl J Med 1985;312:73-78.

Prusiner SB, McKinley MP, Bowman KA, Bolton DC, Bendheim
PE, Groth DF, Glenner GB. Scrapie prions aggregate to form
amyloid-like birefringent rods. Cell 1983;35:349-358.

Oesch B, Westaway D, Walchli M, Kent S, Aebersold R, Barry R,
Tempst P, Teplow D, Hood L, Prusiner S, Weissman C. A cellu-
lar gene encodes scrapie PrP 27-30 protein. Cell 1985;40:735-
746.

Fields B. Powerful prions? N Engl J Med 1987;317:1597-98.
Prusiner S. Prions and neurodegenerative disease. N Engl J Med
1987;317:1571-1581.

Sparkes R, Simon M, Cohn V, Fournier R, Lem J, et al. Assign-
ment of the human and mouse prion protein genes to homolo-
gous chromosomes. Proc Natl Acad Sci USA 1986;83:7358-
7362.

Narang H, Asher D, Gajdusek D. Evidence that DNA is present
in abnormal tubule filamentous structures found in scrapie. Proc
Natl Acad Sci USA 1988;85:3575-3579.

Rosenberg R, White C, Brown P, Gajdusek D, Volpe J, Posner J,
Dyck P. Precautions in handling tissue, fluids, and other contami-
nated materials from patients with documented or suspected
Creutzfeldt-Jakob disease. Ann Neurol 1986;19:75-77.
Cartier L, Galvez S, Gajdusek D. Familial clustering of the ataxic
form of Creutzfeldt-Jakob disease with Hirano bodies. J Neurol
Neurosurg Psychiatry 1985;48:234-238.

Little BW, Brown P, Rodgers-Johnson P, Perl D, Gajdusek D.
Familial myoclonic dementia masquerading as Creutzfeldt-Ja-
kob disease. Ann Neurol 1986;20:231-239.

Weinreb HJ. Fingerprint:patterns in Alzheimer’s disease. Arch
Neurol 1985;42:50-54.

Schaumann B, Alter B. Dermatoglycphics in medical disorders.
New York: Springer, 1976.

Robison SH, Munzer JS, Tandan R, et al. Repair of alkylated
DNA is impaired in Alzheimer’s disease cells. Neurology
1985;35(Suppl 1):217.

Morrison M. Alzheimer’s disease—progress report, neurology
grand rounds. University of Texas Health Science Center at Dal-
las, January 23, 1985. .

Manuelidis E, DeFigueiredo J, Kim J, Fritch W, Manuelidis L.
Transmission studies from blood of Alzheimer disease patients
and healthy relatives. Proc Natl Acad Sci USA 1988;85:4898-
4901.

Glenner GG, Wong CW. Alzheimer’s disease and Down’s syn-
drome: sharing of a unique cerebrovascular amyloid fibril pro-
tein. Biochem Biophys Res Commun 1984;122:1131-1135.
Selkoe D, Poslisny M, Price D, Cork L. Conservation of brain
amyloid - proteins in aged mammals and humans with Alz-
heimer’s disease. Science 1987;235:873-877.

Goldgaber D, Lerman M, McBride O, Saffiotti U, Gajdusek D.
Characterization and chromosomal localization of a cDNA en-
coding brain amyloid of Alzheimer’s disease. Science
1987;235:877-880.

Selkoe, D. Deciphering Alzheimer’s Disease: The amyloid pre-
cursor protein yields new clues. Science 1990;248:1058-1060.
St. George-Hyslop P, Tanzi R, Polinsky R, et al. The genetic
defect causing familial Alzheimer’s disease maps on chromosome
21. Science 1987;235:885-890.

Schellenberg G, Bird T, Wijsman E, Moore D, et al. Absence of
linkage of chromosome 2121 markers to familial Alzheimer’s
disease. Science 1988:;241:1507-1510.

Bird T, Sumi S, Nemens E, Nochlin D, Schellenber G, et al. Phe-
notypic heterogeneity in familial Alzheimer’s disease: a study of
24 kindreds. Ann Neurol 1989;25:12-25.

St.George-Hyslops P, Haines JL, Farrer L et al. Genetic linkage
studies suggest that Alzheimer’s disease is not a single homoge-
neous disorder. Nature 1990;347:194-197.

Tanzi R, Gusella J, Watkins P, et al. Amyloid beta protein gene:
cDNA, mRNA distribution, and genetic linkage near the Alz-
heimer locus. Science 1987;235:880-884.




42.

43.

44.

45.

46.

47.

48.

49.

50.

5L

52.
53.

54.

55.

56.

57.

58

59.

60.

6l

62.

63.

Bahmanyar S, Higgins G, Goldgaber D, Lewis D, et al. Localiza-
tion of amyloid beta protein mRNA in brains from patients with
Alzheimer’s disease. Science 1987;237:77-80.

Tanzi R, St George-Hyslop P, Haines J, Polinsky R, et al. The
genetic defect in familial Alzheimer’s disease is not tightly linked
to the amyloid beta-protein gene. Nature 1987;329:156-157.
Van Broeckhoven C, Genthe A, Vandenberghe A, Horsthemke
B, et al. Failure of familial Alzheimer’s disease to segregate with
the Ad4-amyloid beta-protein gene in several European families.
Nature 1987,329:153-155.

Delabar J-M, Goldgaber D, Lamour Y, Nicole A, et al. Beta amy-
loid gene duplication in Alzheimer’s disease and karyotypically
normal Down syndrome. Science 1987;235:1390-1392.

Kang J, Lemaire H-G, Unterbeck A, Salbaum J, et al. The precur-
sor of Alzheimer’s disease amyloid A4 protein resembles a cell-
surface receptor. Nature 1987;325:733-736.

Tanzi RE, McClatchey A, Lamperti E, Villa-Komaroff L, Gusella
J, Neve R. Protease inhibitor domain encoded by an amyloid
protein precursor mRNA associated with Alzheimer’s disease.
Nature 1988;331:528-530.

Kitaguchi N, Takahashi Y, Tokushima Y, Shiojiri S, Ito H. Novel
precursor of Alzheimer’s disease amyloid protein shows protease
inhibitory activity. Nature 1988;331:530-532.

Ponte P, Gonzalez-DeWhitt P, Schilling J, Miller J, Hsu D,
Greenberg B, Davis K, Wallace W, Lieberburg I, Fuller F, Cordell
B. A new A4 amyloid mRNA contains a domain homologous to
serine proteinase inhibitors. Nature 1988;331:525-527.

Palmert M, Golde T, Cohen M, Kovacs D, Tanzi R, Gusella J,
Usiak M, Younkin L, Younkin S. Amyloid protein precursor
mRNAs; differential expression in Alzheimer’s disease. Science
1988;241:1080-1084.

Schubert D, Schroeder R, LaCorbiere M, Saitoh T, et al. Amyloid
beta protein precursor is possibly a heparan sulfate proteoglycan
core protein. Science 1988;241:223-226.

Rosenberg RN. Neurogenetics, principles, and practice. In: A/z-
heimer’s disease. New York: Raven Press, 1986;95-99.
Pettegrew JW, Minshew NJ, Cohen MM, Kopp SJ, Glonek T.
P-31 NMR changes in Alzheimer’s and Huntington’s disease
brain [Abstract]. Neurology 1984;34(Suppl 1):281.

Pettegrew JW, Kopp SJ, Minshew NJ, Glonek T, Feliksik JM,
Tow JP, Cohen MM. *'P NMR studies of phospholipid metabo-
lism in developing and degenerating brain [Abstract]. Neurology
1985;35(Suppl 1):257.

Miotto O, Gonzalez RG, Buonanno F, Growdon J. In vitro 31P
NMR spectroscopy detects altered phospholipid metabolism in
Alzheimer’s disease. Can J Neurol Sci 1986;13(Suppl):535-539.
Pettegrew JW, Kopp SJ, Minshew NJ, Glonek T, Feliksik JM,
Tow JP, Cohen MM. 3'P nuclear magnetic resonance studies of
phosphoglyceride metabolism in developing and degenerating
brain: preliminary observations. J Neuropathol Exp Neurol
1987;46:419-430.

Pettegrew JW, Withers G, Panchalingam K, Post JF. >'P nuclear
magnetic resonance (NMR) spectroscopy of brain in aging and
Alzheimer’s disease. J Neural Transm [Suppl] 1987;24:261-268.
Pettegrew JW, Moossy J, Withers G, McKeag D, Panchalingam
K. 31P Nuclear Magnetic Resonance study of the brain in Alz-
heimer’s disease. J Neuropathol Exp Neurol 1988;47:235-248.
Pettegrew JW, Panchalingam K, Moossy J, Martinez J, Rao G,
Boller F. Correlation of phosphorus-31 magnetic resonance spec-
troscopy and morphologic findings in Alzheimer’s disease. Arch
Neurol 1988;45:1093-1096.

Cohen MM, Lin S. Acid soluble phosphates in the developing

‘rabbit brain. J Neurochem 1962;9:345-352.

Cutler NR, Haxby JV, Duara R, Grady CL, Moore AM, Parisi
JE, White J, Heston L, Margolin R, Rapoport S. Brain metabo-
lism as measured with positron emission tomography: serial as-
sessment in a patient with familial Alzheimer’s disease. Neurol-
ogy 1985:35:1556-1561.

Duara R, Grady C, Haxby J, Sundaram M, Cutler NR, Heston L,
Moore A, Schlageter N, Larson S, Rapoport SI. Positron emission
tomography in Alzheimer’s disease ['®F]-2-fluoro-2-deoxy-p-glu-
cose study in the resting state. Neurology 1986;36:879-887.
Jagust WJ, Friedland RP, Koss E, Ober BA, Mathis CA, Hues-
man RH, Budinger TF. Progression of regional cerebral glucose

64.

65.

66.

67.

68.

69.

70.
.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

GENETIC NEUROLOGICAL DISEASES / 79

metabolic abnormalities in Alzheimer’s disease [Abstract]. Neu-
rology 1987;37(Suppl 1):156.

HaxbyJV, Grady CL, Ross E, Friedland RP, Rapoport SI. Hetero-
geneous metabolic and neuropsychological patterns in dementia
of the Alzheimer type: cross-sectional and longitudinal studies
[Abstract]. Neurology 1987,37(Suppl 1):159.

Beradi A, Haxby JV, Grady CL, Rapoport SI. Asymmetrics of
brain glucose consumption and memory performance in mild
dementia of the Alzheimer type and in healthy aging. Neurology
1987:37(Suppl 1):160.

Berent S, Foster NL, Gilman S, Hichwa R, Lehtinen S. Patterns
of cortical '"®F-FDG metabolism in Alzheimer’s and progressive
supranuclear palsy patients are related to the types of cognitive
impairments [Abstract]. Neurology 1987;37(Suppl 1):172.
Friedland RP, Jagust WJ, Budinger TF, Koss E, Ober BA. Consis-
tency of temporal parietal cortex hypometabolism in probable
Alzheimer’s disease (AD): relationships to cognitive decline [Ab-
stract]. Neurology 1987;37(Suppl 1):224-224.

Horwitz B, Grady CL, Schlageter NL, Duara R, Rapoport SI.
Intercorrelations of regional cerebral glucose metabolic rates in
Alzheimer’s disease. Brain Res 1987;407:294-306.
Rapoport SI, Horwitz B, Haxby J, Grady CL. Alzheimer’s dis-
ease: metabolic uncoupling of associative brain regions. Can J
Neurol Sci 1986;13:540-545.

Fletcher WA, Sharpe JA. Saccadic eye movements dysfunction in
Alzheimer’s disease. Ann Neurol 1986;20:464-471.

Fletcher WA, Sharpe JA. Smooth pursuit dysfunction in Alz-
heimer’s disease. Neurology 1988;38(Suppl 2):272-276.
Gdowski JW, Brown GG, Levine SR, Smith M, Helpern J, Bueri
J, Gorell J, Welch KMA. Patterns of phospholipid metabolism
differ between Alzheimer and multi-infarct dementia [Abstract].
Neurology 1988;38(Suppl 1):268.

Pettegrew JW, Moosy J, Strychor S, McKeag D, Boller F. Mem-
brane phospholipid alterations in Alzheimer’s brain [Abstract].
Neurology 1988;38(Suppl 1):267.

Pettegrew JW. Molecular insights into Alzheimer’ disease. Paper
presented at the Colloques medecine et recherche, April 1989,
Toulouse.

Pettegrew JW. Molecular insights into Alzheimer’s disease. NY
Acad Sci 1989;568:5-28.

Bartus RT, Dean RL, Beer B, Lippa S. The cholinergic hypothesis
of geriatric memory dysfunction. Science 1982;217:408-417.
Kanfer JN, McCartney DG. Phosphatase and phospholipase ac-
tivity in Alzheimer brain tissues. In: Wurtman RJ, Corkin S,
Growden JH, eds. Topics in the basic and clinical science of de-
mentia. New York: Springer-Verlag, 1987;183-188.

Nishizuka Y. Studies and perspectives of protein kinase C.
Science 1986;233:305-312.

Lacal JC, Moscat J, Aaronson S. Novel source of 1,2-diacyl-
glycerol elevated in cells transformed by Ha-ras oncogene. Nature
1987;330:19:269-271.

Pettegrew JW, Post JFM, Withers G, Panchalingam K. *'P NMR
studies of brain development [Abstract]. Ann Neurol
1986:20:400-401.

Scheibel AB. Dendritic changes in senile and presenile dementias.
In: Katzman R, ed. Congenital and acquired cognitive disorders.
Proceedings of the 57th annual meeting of association for research
in nervous and mental diseases, December 2-3, 1977. New York:
Raven Press, 1979:107-124.

Geddes JW, Monaghan DT, Cotman CW, Lott IT, Kim RC,
Chui HC. Plasticity of hippocampal circuitry in Alzheimer’s dis-
ease. Science 1985:230:1179-1181.

Buell SJ, Coleman PD. Dendritic growth in the aged human brain
and failure of growth in senile dementia. Science 1979;206:854-
856.

Buell SJ, Coleman PD. Quantitative evidence for selective den-
dritic growth in normal human aging but not in senile dementia.
Brain Res 1981;241:23-41.

Graveland GA, Williams RS, DeFiglia M. Evidence for degenera-
tive and regenerative changes in neostriatal spiny neurons in
Huntington’s disease. Science 1985:227:770-773.

Flood DG, Buell SJ. Horwitz GJ, Coleman P. Dendritic extent in
human dentate gyrus granule cells in normal aging and senile
dementia. Can J Neurol Sci 1986;402(Suppl 2):205-216.




80 / CHAPTER 2

87.
88.
89.

90.

91,

92

93.

94.

95.

96.

97.
98.

99.

100.
101.
102.
103.

104.

105.

106.
107.

108.

109.

Flood D, Coleman PD. Failed compensatory dendritic growth as
a pathophysiological process in Alzheimer’s disease. Can J Neurol
Sci 1986;13:475-479.

Hinds JW, McNelly NA. Aging of the rat olfactory bulb: growth
atrophy of constituent layers and changes in size and number of
mitral cells. J Comp Neurol 1977;171:345-368.

Connor JR, Diamond MC, Johnson RE. Occipital cortical mor-
phology of the rat: alterations with age and environment. Exp
Neurol 1980,68:158-170.

Connor JR, Beban SE, Hopper PA, Hansen B, Diamond MC. A
golgi study of the superficial pyramidal cells in the somatosensory
cortex of socially reared old adult rats. Exp Neurol 1982;76:35-
45.

Hinds JW, McNelly NA. Aging in the rat olfactory system: corre-

lation of changes in the olfactory epithelium and olfactory bulb. J

Comp Neurol 1981;203:441-453.

Rogers J, Zornetzer SF, Bloom FE, Mervis RE. Senescent micro-
structural changes in rat cerebellum. Brain Res 1984;292:23-32.
Zubenko GS, Cohen BM, Reynolds CF, Boller F, Malinakova I,
Keefe MA. Platelet membrane fluidity in Alzheimer’s disease and
major depression. Am J Psychiatry 1987;144:860-868.

Weiner SJ, Kollman PA, Case CA, Singh UC, Ghio C, Alagona
G, Profeta S Jr, Weiner P. A new force field for molecular me-
chanical simulation of nucleic acids and proteins. J Am Chem
Soc 1984;106:765-784.

McClure RJ, Pettegrew JW. Computer molecular modeling of
L-glutamate agonists and antagonists [Abstract]. Neurology
1989;39(Suppl 1):398.

Pettegrew JW, Moossy J, Panchalingam K, Martinez J, Strychor
S, McKeag D, Branthoover G, Boller F. Correlation of phospho-
lipids and senile plaques in Alzheimer’s brain [Abstract]. Neurol-
ogy 1989;39(Suppl 1):396.

Barrionuevo G, Bradler JE, Pettegrew JW. Electrophysiological
effects of phosphomonoesters on hippocampal brain slices [Ab-
stract]. Neurology 1988;38:1:336.

Pettegrew JW, Panchalingam K, McKeag D, Barrionuevo G. Met-
abolic effects of phosphomonoesters on hippocampal brain slices
[Abstract]. Neurology 1988;38(Suppl 1):323.

Katzman R, Brown T, Thal L, Fuld P, Aronson M, et al. Compari-
son of annual change of mental status score in four independent
studies of patients with Alzheimer’s disease. Ann Neurol
1988;24:384-389.

Penn R, Martin E, Wilson R, Fox J, Savoy S. Intraventricular
bethanechol infusion for Alzheimer’s disease. Neurology
1988;38:219-222.

Summers W, Majovski L, Marsh G, Tachiki K, Kling A. Oral
tetrahydroaminoacridine in long term treatment of senile demen-
tia, Alzheimer type. N Engl J Med 1986;315:1241-1245.
Morris JC, Cole M, Banker B, Wright D. Hereditary dysplasic
dementia and the Pick-Alzheimer spectrum. Ann Neurol
1984;16:455-466.

Schmitt HP, Emser W, Heimes C. Familial occurrence of amyo-
trophic lateral sclerosis, parkinsonism, and dementia. Ann Neurol
1984;16:642-648.

Harbaugh RE, Roberts DW, Coombs DW, Saunders RL, Reeder
TM. Preliminary report: intracranial cholinergic drug infusion in
patients with Alzheimer’s disease. Neurosurgery 1984;15:514-
518.

Gusella JF, Wexler NS, Conneally PM, Naylor SL, Anderson
MA, Tanzi RE, Watkins PC, Ottina K, Wallace MR, Sakaguchi
AY, Young AB, Shoulson I, Bonilla E, Martin JB. A polymorphic
DNA marker genetically linked to Huntington’s disease. Nature
1983;306:234-238.

Martin J, Gusella J. Huntington’s disease. N Engl J Med
1986;315:1267-1276.

Lanska D, Lavine L, Lanska M, Schoenberg B. Huntington’s dis-
ease mortality in the United States. Newrology 1988;38:769-772.
Enna S, Bird E, Bennett J Jr, Bylund D, Yanamura H, Iversen L,
Synder S. Huntington’s chorea: changes in neurotransmitter re-
ceptors in brain. N Engl J Med 1976:;294:1305-1309.
Nemeroft C, Youngblood W, Manberg P, Prange A, Kizer J. Re-
gional brain concentrations of neuropepticles in Huntington’s
chorea and schizophrenia. Science 1983;221:972-974.

110.
11,

2.

113.

114.

115.

116.

H7.

118.

119.

120.

121,

122.

123.

124,

125,

126.

127.

128.

129.

130.
131.

132.

133,

134.

Martin JB. Huntington’s disease: new approaches to an old prob-
lem. Neurology 1984;34:1059-1072.

Comings DE. The ups and downs of Huntington disease [Re-
search editorial]. Am J Hum Genet 1981;33:314-317.
Seto-Ohshima A, Lawson E, Emson P, Mountjoy C, Carrasco L.
Loss of matrix calcium binding protein containing neurons in
Huntington’s disease. Lancet 1988;June 4:1252-1255.

Beal MF, Mazurek M, Ellison D, Swartz K, McGarvey U, Bird E,
Martin J. Somatostatin and neuropeptide Y concentrations in
pathologically graded cases of Huntington’s disease. Ann Neurol
1988:;23:562-569.

Young A, Shoulson I, Penney J, Starusta-Rubinstein S, Gomez F,
et al. Huntington’s discase in Venezuela. Neurology
1986;36:244-249.

Brandt J, Folstein S, Folstein M. Differential cognitive impair-
ment in Alzheimer’s disease and Huntington’s disease. Ann
Neurol 1988;23:555-561.

Myers R, Vonsattel J, Stevens T, Cupples L, Richardson E, Mar-
tin J, Bird E. Clinical and neuropathologic assessment of severity
in Huntington’s disease. Neurology 1988;38:341-347.

Hayden MR, Martin W, Stoessl A, Clark C, Hollenberg S, Adam
M, et al. Positron emission tomography in the early diagnosis of
Huntington’s disease. Neurology 1986;36:888-894.

Hayden M, Hewitt J, Stoessl A, Clark C, Amman W, Martin W.
The combined use of positron emission tomography and DNA
polymorphisms for preclinical detection of Huntington’s disease.
Neurology 1987;37:1441-1447.

Berent S, Giordani B, Lehtinen S, Markel D, Penney J, et al.
Positron emission tomographic scan investigations of Hunting-
ton’s disease: cerebral metabolic correlates of cognitive function.
Ann Neurol 1988;23:541-546.

Young A, Penney J, Starusta-Rubinsteins S, Markel D, et al. Nor-
mal caudate glucose metabolism in persons at risk for Hunting-
ton’s disease. Arch Neurol 1987;44:254-257.

Myers R, Cupples L, Schoenfeld M, D’Agostino R, Terrin N,
Goldmakher N, Wolf P. Maternal factors in onset of Huntington
disease. Am J Hum Genet 1985;37:511-523.

Schady W, Meara R. Hereditary progressive chorea without de-
mentia. J Neurol Neurosurg Psychiatry 1988;51:295-297.
McKeown C, Read A, Dodge A, Stecko O, Mercer A, Harris R.
Woff-Hirschhorn locus is distal to D4S10 on short arm of chro-
mosome 4. J Med Genet 1987;24:410-412.

Gusella JF. Genetic linkage of the Huntington’s disease gene to a
DNA marker. Can J Neurol Sci 1984;11:421-425.

Folstein S, Phillips J, Meyers D, Chase G, Abbott M, Franz M,
Waber P, Kazazian H, Conneally P, Hobbs W, Tanzio R, Faryn-
iary A, Gibbons K, Gusella J. Huntington’s disease: two families
with different clinical features show linkage to the G8 probe.
Science 1985;229:776-779.

Wexler N, Young A, Tanzi R, Travers H, et al. Homozygotes for
Huntington’s disease. Nature 1987;326:194-197.

Hayden M, Kastelein J, Wilson R, Hilbert C, Hewitt J, et al. First
trimester prenatal diagnosis for Huntington’s disease with DNA
probes. Lancet 1987;June 6:1284-1285.

Perry T, Wright J, Hanse S, MacLeod P. Isoniazid therapy of
Huntington disease. Neurology 1979;29:370-375.

Danks DM. Wilson’s disease. In: Scriver CR, Beaudet AL, Sly
WS, Valle D, eds. The metabolic basis of inherited disease, 6th ed.
New York: McGraw-Hill, 1989;1416-1422.

Kayser B. Uber einen Fall von angeborener grunlicher Verfar-
bung der Kornea. Klin Monatsbl Augenheilkd 1902;40(2):22-25.
Fleischer B. Zwei weitere Falle von grunlicher Verfarbung der
Kornia. Klin Monatsbl Augenheilkd 1903;41:489-491.

Wilson SAK. Progressive lenticular degeneration: a familial ner-
vous disease associated with cirrhosis of the liver. Brain
1912;34:295-509.

Rumpel A. Uber das Wesen und die Bedeutung der Lebeveran-
derungen und der Pigmentierungen bei den damit verbunden
Faalen von Pseudosklerose, Zugleich ein Beitrage zur Lehre von
der Pseudosklerose (Westphal-Striimpell). Dtsch Z Nervenheilkd
1913;49:54-73.

Siemerling E, Oloft H. Pseudosklerose (Westphal-Striimpell) mit
Cornealring (Kayser-Fleischer) und doppelseitiger Scheinkatar-




135.
136.

137,

138.
139.
140.

141.
142.
143.
144.

145.

146.

147.
148.

149.

150.

151.
152.
153.

154.

155.

156.

157.

158.

akt, die nur bei seitlicher Beleuchtung sichtbar ist und die der
nach Verletzung durch Kupfersplitter entstehenden Katarakt
ahnlich ist. Klin Wochenschr 1922;1:1087-1089.

Glazebrook AJ. Wilson’s disease. Edinb Med J 52:83-87.
Cummings JN. The copper and iron content of brain and liver in
the normal and in hepato-lenticular degeneration. Brain
1948;71:410-415.

Scheinberg IH, Gitlin D. Deficiency of ceruloplasmin in patients’
hepatolenticular degeneration (Wilson’s disease). Science
1952;116:484-485.

Bearn AG, Kunkel HG. Biochemical abnormalities in Wilson’s
disease [Abstract]. J Clin Invest 1952;31:616.

Walshe JM. Wilson’s disease: new oral therapy. Lancet
1956;1:25-26.

Sternlieb I, Scheinberg IH. Prevention of Wilson’s disease in
asymptomatic patients. N Engl J Med 1968;278:352-359.
Frydman M, Bonne-Tamir B, Farrer L, Conneally P, et al. As-
signment of the gene for Wilson disease to chromosome 13: link-
age to the esterase D locus. Proc Natl Acad Sci USA
1985:;82:1819-1821.

Y uzbasiyan-Gurkan V, Brewer G, Boerwinkle E, Venta P. Link-
age of the Wilson disease gene to chromosome 13 in North Ameri-
can pedigrees. Am J Hum Genet 1988;42:825-829.

Bowcock A, Farrer L, Cavalli-Sforza L, Hebert J, Kidd K, Fryd-
man M, Bonne-Tamir B. Mapping the Wilson disease locus to a
cluster of linked polymorphic markers on chromosome 13. Am J
Hum Genet 1987;41:27-35.

Sternlieb I, Scheinberg IH. Chronic hepatitis as a first manifesta-
tion of Wilson’s disease. Ann Intern Med 1972;76:59-64.
Hawkins R, Mazziotta J, Phelps M. Wilson’s disease studied with
FDG and positron emission tomography. Neurology
1987;37:1707-1711.

Peisach J, Aisen P, Blumberg WE, eds. The biochemistry of cop-
per. New York: Academic Press, 1966.

Brewer G, Terry C, Aisen A, Hill G. Worsening of neurologic
syndrome in patients with Wilson’s disease with initial penicilla-
mine therapy. Arch Neurol 1987;44:490-493.

Scheinberg I, Jaffe M, Sternlieb I. The use of Trientine in prevent-
ing the effects of interrupting penicillamine therapy in Wilson’s
disease. N Engl J Med 1987;317:209-213.

Martin WE, Young WI, Anderson VE. Parkinson’s disease, a
genetic study. Brain 1973;96:495-506.

Spellmann GG. Report of familial cases of parkinsonism: evi-
dence of a dominant trait in a patient’s family. JAMA
1962;179:372.

Heston LL. Dementia associated with Parkinson’s disease: a ge-
netic study. J Neurol Neurosurg Psychiatry 1980;43:846-848.
Nygaard T, Duvoisin R. Hereditary dystonia—parkinsonism syn-
drome of juvenile onset. Neurology 1986;36:1424-1428.

Alonso M, Otero E, D’Regules R, Figueroa H. Parkinson’s dis-
ease: a genetic study. Can J Neurol Sci 1986;13:248-251.
Rosenberg R, Green J, White C III, Sparkman D, DeArmond S,
Kepes J. Dominantly inherited dementia and parkinsonism, with
non-Alzheimer amyloid plaques. Ann Neurol 1989;25:152-158.
Marttila R, Kaprio J, Koskenvuo M, Rinne U. Parkinson’s dis-
ease in a nationwide twin cohort. Neurology 1988;38:1217-1219.
Tennison M, Bouldin T, Whaley R. Mineralization of the basal
ganglia detected by CT in Hallervorden-Spatz syndrome. Neurol-
ogy 1988;38:154-155.

Dooling EC, Richardson EP, Davis KR. Computed tomography
in Hallevorden—Spatz disease. Neurology 1980;30:1128-1130.
Wigboldus JM, Bruyn GW. Hallervorden-Spatz disease. In: Vin-

“ken PJ, Bruyn GW, eds. Handbook of clinical neurology, vol 6.

159.

160.

161.

Amsterdam: North-Holland, 1968;604-631.

Jankovic J, Kirkpatrick JB, Blomquist K, Langlais P, Bird E.
Late-onset Hallervorden—Spatz disease presenting as familial par-
kinsonism. Neurology 1985;35:227-234.

Perry T, Norman M, Yong V, Whiting S, Crichton J, Hansen S,
Kish S. Hallervorden-Spatz disease: cysteine accumulation and
cysteine dioxygenase deficiengy in the globus pallidus. Ann
Neurol 1985;18:482-489.

Cowen D, Olmstead EV. Infantile neuroaxonal dystrophy. J
Neuropathol Exp Neurol 1963:22:175-236.

162.
163.

164.

165.

166.
167.

168.

169.

170.
171.
172.
173.

174.

175.

176.
177.

178.

179.
180.

181.

182.

183.

184.

185.

186.

187.
188.
189.

190.

GENETIC NEUROLOGICAL DISEASES / 81

Comings D, Comings B. Tourette syndrome: clinical and psycho-
logical aspects of 250 cases. Am J Hum Genet 1985;37:435-450.
Caine E. Gilles de la Tourette’s syndrome. Arch Neurol
1985;42:393-397.

Comings D, Comings B. Evidence for an X-linked modifier gene
affecting the expression of Tourette syndrome and its relevance to
the increased frequency of speech, cognitive and behavioral dis-
orders in males. Proc Natl Acad Sci USA 1986;83:2551-2555.
Comings DE, Comings B. Diez G, et al. Evidence the Tourette
syndrome gene is at 18q22.1 [Abstract]. 7th Int Cong Hum Genet
(Berlin) 1986(Part 11):620.

Comings D, Comings B. A controlled study of Tourette syn-
drome. Am J Hum Genet 1987;41:701-741.

Comings DE, Comings B. Diez G, et al. Gene location in Tour-
ette syndrome. Lancet 1987;March 14:627.

Eldridge R, Sweet R, Lake CR, Ziegler M, Shapiro AK. Gilles de
la Tourette’s syndrome: clinical, genetic, psychologic, and bio-
chemical aspects in 21 selected families. Neurology 1977;27:115-
124.

Leckman J, Detlor J. Harcherik D, Ort S, Shaywitz B, Cohen D.
Short- and long-term treatment of Tourette’s syndrome with clo-
nidine: a clinical perspective. Neurology 1985;35:343-351.
Mesulam M, Petersen R. Treatment of Gilles de la Tourette’s
syndrome. Neurology 1987:37:1828-1833.

Nausieda PA, Grossman BJ, Koller WC, Weiner WJ, Klawans
HL. Sydenham chorea: an update. Neurology 1980;30:331-334.
Gross K, Skrivanek J. Carlson K, Kaufman D. Familial amyotro-
phic chorea with acanthocytosis. Arch Neurol 1985:42:753-756.
Critchley E. Clinical manifestations of essential tremor. J Neurol
Neurosurg Psychiatry 1972:35:365-372.

Bressman S, deLeon D, Brin M, et al. Idiopathic dystonia among
Ashkenazi Jews: evidence for autosomal dominant inheritance.
Ann Neurol 1989;26:612-620.

Kramer PL, deLeon D, Ozelius L, et al. Dystonia gene in Ashke-
nazi Jewish population is located on chromosome 9q32-34. Ann
Neurol 1990;27:114-120.

Johnson W, Schwartz G, Barbeau A. Studies on dystonia muscu-
lorum deformans. Arch Neurol 1962;7:301-313.

Larsen T, Dunn H, Jan J. Calne D. Dystonia and calcification of
the basal ganglia. Neurology 1985;35:533-537.

Hornykiewicz O, Kish S. Becker S, Farley I, Shannak K. Brain
neurotransmitters in dystonia musculorum deformans. N Engl J
Med 1986;315:347-353.

Zeman W, Scarpelli DG. The non-specific lesions of Hallervor-
den-Spatz disease. J Neuropathol Exp Neurol 1958;17:622-630.
Martin WE, Young WI. Anderson VE. Parkinson’s disease, a
genetic study. Brain 1973:96:495-506.

Purdy A, Hahn A, Barnett HIM, Bratty P, Ahmad D, Lloyd KG,
McGeer E, Perry TL. Familial fatal parkinsonism with alveolar
hypoventilation and mental depression. Ann Neurol 1979:6:523-
531.

Spellmann GG. Report of familial cases of parkinsonism: Evi-
dence of a dominant trait in a patient’s family. JAMA
1962:179:372.

Romanul F, Fowler H. Radvany J, et al. Azorean disease of the
nervous system. N Engl J Med 1977;296:1505-1508.

Aicardi J, Goutieres F. A progressive familial encephalopathy in
infancy with calcifications of the basal ganglia and chronic cere-
brospinal fluid lymphocytosis. Ann Neurol 1984;15:49-54.
Segawa M, Ohmi K. Itoh S, Aoyama M, Hayakawa H. Childhood
basal ganglia disease with remarkable response to L-dopa; heredi-
tary basal ganglia disease with marked diurnal fluctuation.
Shinryo 1971;24:667-672.

Segawa M, Nomura Y, Kase M. Diurnally fluctuating hereditary
progressive dystonia. Handbook of clinical neurology, vol 5. Am-
sterdam: Elsevier, 1986:529-539.

Siekert RG, et al. Symposium on ataxia in childhood. Proc Mayo
Clin 1959:34:659.

Greenfield JG. The spino-cerebellar degenerations. Springfield,
IL: Charles C Thomas. 1954.

Konigsmark BW, Weiner LP. The olivopontocerebellar atro-
phies: a review. Medicine 1970:49:227-241.

Brown S. Hereditary ataxia. Brain 1892:15:250.




82 / CHAPTER 2

191.
192.
193.
194.

195.
196.
197.

198.

199.
200.
201.
202.

203.

204.

205.

206.
207.
208.

209.

210.
211.

212,
=213
214.
2135,
216.

217.

218.

219,

Marie P. Sur I’heredoataxie cerebelleuse. Semin Med (Paris)
1893;13:444-447.

Dejerine J, Thomas A. L’atrophie olivo-ponto-cerebelleuse. N
Iconog Salpetriere 1900;12:330.

Holmes G. A form of familial degeneration of cerebellum. Brain
1907;30:466.

Schut J. Hereditary ataxia: clinical study through six generations.
Arch Neurol Psychiatry 1950;63:535-568.

Siller WG. Friedreich’s ataxia. J Nerv Ment Dis 1910;37:411.
Blass JP. Disorders of pyruvate metabolism. Neurology
1979;29:280-286.

Blass JP, Kark RAP, Menon NK. Low activities of the pyruvate
and oxoglutarate dehydrogenase complexes in five patients with
Friedreich’s ataxia. N Engl J Med 1976;295:62-76.

Toshima K, Kuroda Y, Naito E, Yokota I, Ito M, Watanabe T,
Takeda E, Miyao M, Nonaka I. Diagnosis of partial deficiency of
the pyruvate dehydrogenase complex in biopsied muscle. Neurol-
ogy 1985;35:1670-1672.

Stumpf D, Sokol R, Bettis D, Neville H, Ringel S, Angelini C, Bell
R. Friedreich’s disease. V. Variant form with vitamin E defi-
ciency and normal fat absorption. Neurology 1987,37:68-74.
Chamberlain S, Lewis PD. Normal mitochondrial malic enzyme
levels in Friedreich’s ataxia fibroblasts. J Neurol Neurosurg Psy-
chiatry 1983:46:1050-1051.

Gray R, Kumar D. Mitochondrial malic enzyme in Friedreich’s
ataxia: failure to demonstrate reduced activity in cultured fibro-
blasts. J Neurol Neurosurg Psychiatry 1985;48:70-74.
Fernandez R, Civantos F, Tress E, Maltese W, DeVivo D. Nor-
mal fibroblast mitochondrial malic enzyme activity in Fried-
reich’s ataxia. Neurology 1986;36:869-872.

Keats B, Ward L, Lu M, Krieger S, Wilensky M, Forster-Gibson
C, et al. Linkage studies of Friedreich ataxia by means of blood-
group and protein markers. Am J Neurol Genet 1987;41:627-
634.

Muller D; Matthews S, Harding A. Serum vitamin E concentra-
tions are normal in Friedreich’s ataxia. J Neurol Neurosurg Psy-
chiatry 1987:50:625-627.

Schmidley J, Levinsoh M, Manetto V. Infantile X-linked ataxia
and deafness. Neurology 1987;37:1344-1349.

Chamberlain S, Shaw J, Rowland A, Chow L, et al. Genetic homo-
geneity at the Friedreich ataxia locus on chromosome 9. Am J
Hum Genet 1989;44:518-521.

Said G, Marion M-H, Selva J, Janet C. Hypotrophic and dying-
back nerve fibers in Friedreich’s ataxia. Neurology 1986;36:1292~
1299.

van Bogaert L. Sur ces formes d’heredoataxie de I’enfant et de
I'adolescent qui comportent une atteinte grave des noyaux mo-
teurs spino-bulbo-mesencephaliques. Rev Neurol 1951;84:121.
Hewer RL. Study of fatal cases of Friedreich’s ataxia. Br Med J
1968:3:649-652.

Sillér WG. Friedreich’s ataxia. J Nerv Ment Dis 1910;37:411,
Urich H, Norman RM, Lloyd OC. Suprasegmental lesions in
Friedreich’s ataxia. Confin Neurol Separatum 1957;17:360.
Boyer SH, Chisholm AW, McKusick VA. Cardiac aspects of
Friedreich’s ataxia. Circulation 1962:25:493-305.

Thilenius OG, Grossman BJ. Friedreich’s ataxia with heart dis-
ease in children. Pediatrics 1961;27:246-254.

Davies DL. Psychiatric changes associated with Friedreich’s
ataxia. J Neurol Neurosurg Psychiatry 1949;12:246-250.

Hart R, Kwentus J, Leshner R, Frazier R. Information processing
speed in Friedreich’s ataxia. Ann Neurol 1985;17:612-614.
Kark R, Blass J, Spence A. Physostigomine in patients with famil-
ial ataxias. Neurology 1975;27:70-72.

Sander J, Malamud N, Cowan M, Packoran S, Amman A, Wara
D. Intermittent ataxia and immunodeficiency with multiple car-
boxylase deficiencies: biotin-responsive disorder. 4nn Neurol
1980:8:544-547.

Griggs R, Moxley R, LaFrance R, et al. Hereditary paroxysmal
ataxia: response to acetazolamide. Newurology 1978:28:1259-
1264.

Roussy G. Levy G. Sept cas d’une maladie familiale particuliere:
troubles de la marche, pieds bots et areflexie tendineuse generali-
see, avec accessoirement legere maladresse des mains. Rev Newrol
1926:33:427.

220.

221.

222,

223.

224,

225.

226.

2217.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239

240.

241.

.

Harding AE, Thomas PK. The clinical features of hereditary mo-
tor and sensory neuropathy; type I and II. Brain 1980;103:259-
280.

Oelschlager R, White HH, Schinike RN. Levy-Roussy syn-

drome: report of a kindred and discussion of the nosology. Acta

Neurol Scand 1971:;47:80.

Geary JF, Earle KM, Rose AS. Olivopontocerebellar atrophy.

Neurology (Minneap) 1956;6:218-224.

Francois J, Descamps L. Heredo-ataxie par degenerescence spi-

nopontocerebelleuse avec manifestations tapetoretiniennes et

cochleovestibulaires. Monatsschr Psychiatr Neurol 1951;121:23.

Smith JK, Gonda VE, Malamud N. Unusual form of cerebellar

ataxia: combined dentato-rubral and pallido-luysian degenera-

tion. Neurology 1958;8:205-209.

Landis DM, Rosenberg RN, Landis SC, Schut L, Nyhan WL.

Olivopontocerebellar degeneration. Clinical and ultrastructural

abnormalities. Arch Neurol 1974;31:295-307.

Hassin GB, Harris TH. Olivopontocerebellar atrophy. Arch

Neurol Psychiatry 1936;35:43-63.

Woodworth JA, Bockett RS, Netsky MG. A composite of heredi-

tary ataxias. Arch Intern Med 1959;104:594-606.

Harding AE, Diengdoh JV, Lees AJ. Autosomal recessive late

onset multisystem disorder with cerebellar cortical atrophy at nec-

ropsy: report of a family. J Neurol Neurosurg Psychiatry
1984;47:853-856.

Carter HR, Sukavajana C. Familial cerebello-olivary degenera-

tion with late development of rigidity-and dementia. Neurology

1956;6:876-884.

Conry J, Prensky A, Woody R, Clark H. Olivopontocerebellar

atrophy with retinal regeneration: different presentations in a sin-

gle family. Neurology 1985;35(Suppl 1):95.

Hunt JR. Dyssynergia cerebellaris myoclonica. Brain -1921;

44:490-538.

Skre H, Loken AC. Mycoclonus epilepsy and subacute presenile

dementia in heredo-ataxia. Acta Neurol Scand 1970;46:42.

Gilman S, Markel D, Koeppe R, Junck L, Kluin K, Gebarski S,

Hichwa R. Cerebellar and brainstem hypometabolism in olivo-

pontocerebellaratrophy detected with positron emission tomogra-

phy. Ann Neurol 1988;23:223-230.

Rosenthal G, Gilman S, Koeppe R, Kluin K, Markel D, Junck L,

Gebarski S. Motor dysfunction in olivopontocerebellar atrophy is

related to cerebral metabolic rate studied with positron emission

tomography. Ann Neurol 1988:;24:414-419.

Mavrothalassitis G, Tzimagiorgis G, Mitsialis A, Zannis V, Plai-

takis A, et al. Isolation and characterization of cDNA clones en-

coding human liver glutamate dehydrogenase. Proc Natl Acad Sci

USA 1988:85:3494-3498.

Whitehouse P, Muramoto O, Troncoso J, Kanazawa 1. Neuro-

transmitter receptors in olivopontocerebellar atrophy. Neurology

1986:36:193-197.

Kish S, Schut L, Simmons J, Gilbert J, Chang L, Rebbetoy M.

Brain acetylcholinesterase activity is markedly reduced in domi-

nantly-inherited olivopontocerebellar atrophy. J Neurol Neuro-

surg Psychiatry 1988:;51:544-548.

Kish S, Currier R, Schut L, et.al. Brain choline acetyltransferase

reduction in dominantly inherited olivopontocerebellar atrophy.

Ann Neurol 1987;22:272-275.

Kish S, EI-Awar M, Schut L, Leach L, Oscar-Berman M, Freed-

man M. Cognitive deficits in olivopontocerebellar atrophy: im-

plications for the cholinergic hypothesis of Alzheimer’s dementia.

Ann Neurol 1988;24:200-206.

Zoghbi H, Pollack M, Lyons L, Ferrell R, Daiger S, Beaudet A.

Spinocerebellar ataxia. 4nn Neurol 1988;23:580-584.

Rich S, Wilkie P, Schut L, Vance G, Orr H. Spinocerebellar

ataxia: localization of an autosomal dominant locus between two

markers on human chromosomes 6. Am J Hum Genet
1987:41:524-531.

. Jackson J, Currier R, Terasaki P, Morton N. Spinocerebellar
ataxia and HLA linkage: risk predictions by HLA typing. N Eng/
J Med 1977:296:1138-1141.

. Haines J, Schut L, Weitkam PL, Thayer M. Spinocerebellar
ataxia in a large kindred: age at onset, reproduction and genetics
linkage studies. Newurology 1984:34:1542-1548.

. Rosenberg RN, Robinson AB, Partridge D. Urine vapor pattern




245.
246.
247.
248.
249.
250.

251.
252.

253.

254.

255.
256.
257.
258.
259.
260.
261.
26‘2.

263.

264.

for olivopontocerebellar degeneration. Clin Biochem 1975;
8:365-368.

Yasuda Y, Akiguchi I, Shio H, Kameyama M. Scanning electron
microscopy studies of erythrocytes in spinocerebellar degenera-
tion. J Neurol Neurosurg Psychiatry 1984;47:269-274.

Perry T, Currier R, Hansen S, MacLean J. Aspartate-taurine im-
balance in dominantly inherited olivopontocerebellar atrophy.
Neurology 1977;27:257-261.

Plaitakis A. Abnormal metabolism of neuroexcitatory amino
acids. In: Duvoisin RC, Plaitakis A, eds. Olivopontocerebellar
atrophies. New York: Raven Press, 1984;225-243.

Plaitakis A, Whetsell WO Jr, Cooper JR, Yahr MD. Chronic
Leigh disease: a genetic and biochemical study. 4nn Neurol
1980;7:304-310.

Duvoisin RC, Chokroverty S, Lepore F, Nicklas W. Glutamate
dehydrogenase deficiency in patients with olivopontocerebellar
atrophy. Neurology 1983;33:1322-1326.

Finocchiaro G, Taroni F, DiDonato S. Glutamate dehydrogenase
in olivopontocerebellar atrophies: leukocytes, fibroblasts and
muscle mitochondria. Neurology 1986;36:550-553.

Aubby D, Sagger H, Jenner P, Guinn N, Harding A, Marsden D.
Leukocyte glutamate dehydrogenase activity in patients with de-
generative neurological disorders. J Neurol Neurosurg Psychiatry
1988;51:893-902.

Sorbi S, Tonini S, Giannini E, Piacentini S, Marini P, Amaducci
L. Abnormal platelet glutamate dehydrogenase activity and acti-
vation in dominant and nondominant olivopontocerebellar atro-
phy. Ann Neurol 1986;19:239-245.

Grossman A, Rosenberg R, Warmoth L. Glutamate and malate
dehydrogenase activities in Joseph disease and olivopontocere-
bellar atrophy. Neurology 1987;37:106-111.

deYebenes J, Vazquez A, Rabano J, deSeijas E, Urra D, et al.
Hereditary branchial myoclonus with spastic paraparesis and cer-
ebellar ataxia: a-new autosomal dominant disorder. Neurology
1988;38:569-572.

Agamanolis D, Potter J, Naito H, Robinson H, Kulasekaran T.
Lipoprotein disorder, cirrhosis, and olivopontocerebellar degen-
eration in two siblings. Neurology 1986;36:674-681.

Salva M, Guilleminault C. Olivopontocerebellar regeneration,

abnormal sleep, and REM sleep without atonia. Neurology

1986;36:576-5717.

Brin MF, Fetsell M, Green P, Kayden H, Hays A, Behrens M,
Baker H. Blind loop syndrome, vitamin E malabsorption, and
spinocerebellar degeneration. Neurology 1985;35:338-342.
Harding A, Matthews S, Jones S, Ellis C, Booth I, Muller D.
Spinocerebellar degeneration associated with a selective defect of
vitamin E absorption. N Engl J Med 1985;313:32-35.

Yokota T, Wada Y, Furukawa T, Tsukagoshi H, Uchihara T,
Watabiki S. Adult onset spinocerebellar syndrome with idio-
pathic vitamin E deficiency. Ann Neurol 1987;22:84-87.
Gutmann L, Shockcor W, Gutmann L, Kien C. Vitamin E defi-
cient spinocerebellar syndrome due to intestinal lymphangiecta-
sia. Neurology 1986;36:554-556.

van der Eecken H, Adams R, van Bogaert L. Striopallidal-nigral
degeneration. An hitherto undescribed lesion in paralysis agitans.
J Neuropathol Exp Neurol 1960;19:159-161.

Rosenberg RN, Nyhan WL, Bay C, Shore P. Autosomal domi-
nant striatonigral degeneration. Neurology (Minneap) 1976;
26:703-714.

Romanul F, Fowler H, Radvany J, et al. Azorean disease of the
nervous system. N Engl J Med 1977;296:1505-1508.

Lima L, Coutinho P. Clinical criteria for diagnosis of Machado-
Joseph disease: report of a non-Azorean Portuguese family. Neu-

" rology 1980;30:319-322.

265,
266.

267.

268.

Healton E, Brust J, Kerr D, Resor S, Penn A. Presumably Azor-
ean disease in a presumably non-Portuguese family. Neurology
1980:30:1084-1089.

Nakano K, Dawson D, Spence A. Machado disease; a hereditary
ataxia in Portuguese immigrants to Massachusetts. Neurology

Woods BT, Schaumburg H. Nigro-spino-dentatal degeneration
with nuclear ophthalmoplegia. J Neurol Sci 1972;17:149-166.

Rosenberg RN, Nyhan WL, Coutinho P, Bay C. Joseph disease:
an autosomal dominant neurological disease in the Portuguese of

269.

270.

271.

272.

273.

274.

275.

276.

271.
278.
279.

280.

281.

282.

283.

284.

285.

286.

287.
288.

289.

290.

291.

292.

293;

294.

GENETIC NEUROLOGICAL DISEASES / 83

the United States and the Azores Islands. In: Kark P, Rosenberg
RN, Schut L, eds. The inherited ataxias. New Y ork: Raven Press,
1978;33-57.

Coutinho P, Andrade C. Autosomal dominant system degenera-
tion in Portuguese families of the Azores Islands. Neurology
1978;28:703-709.

Barbeau A, Roy M, Cunha L, deVincente AN, Rosenberg RN,
Nyhan WL, MacLeod PL, Chazot G, Langston LO, Dawson DM,
Coutinho P. The natural history of Machado-Joseph disease.
Can J Neurol Sci 1984;11:510-525.

Bird T, Oh J, Giblett E. Evidence for linkage of Charcot-Marie-
Tooth neuropathy to the Duffy locus on chromosome 1. Am J
Hum Genet 1982;34:388-394.

Goto I, Tobimatsu S, Ohta M, Hosokawa S, Shibasaki H, Ku-
roiwa Y. Dentatorubropallidoluysian degeneration: clinical,
neuro-ophthalmologic biochemical, and pathologic studies on
autosomal dominant form. Neurology 1982;32:1395-1399.
Sakai T, Ohta M, Ishino H. Joseph disease in a non-Portuguese
family. Neurology 1983;33:74-80.

Yuasa T, Ohama E, Harayama H, et al. Joseph’s disease: clinical
and pathological studies in a Japanese family. Ann Neurol
1986;19:152-157.

Kitamura J, Kubuki Y, Tsuruta K, et al. A new family with Jo-
seph disease in Japan. Arch Neurol 1989;46:425-428.
Takahashi H, Ohama E, Naito H, Takeda S, Nakashima S, Maki-
tuchi T, Ikuta F. Hereditary Dentatorubral-pallidoluysian atro-
phy. Neurology 1988;38:1065-1070.

Bharucha N, Bharucha E, Bhabha S. Machado-Joseph Azorean
disease in India. Arch Neurol 1986;43:142-144.

Suite N, Sequeiros J, McKhann G. Machado-Joseph disease in a
Sicilian American family. J Neurogenet 1986;3:177-182.
Boutte M. The stumbling disease: a case study of stigma among
Azorean-Portuguese. Soc Sci Med 1987;24:209-217.

Rosenberg RN, Grossman A. Hereditary ataxias. In: Rowland
LP, et al., eds. Molecular genetics in diseases of brain, nerve and
muscle. New York: Oxford University Press, 1989;356-369.
Forster-Gibson C, Myers S, Simpson N, Rosenberg R, Sequeiros
J, MacLeod P. Investigation of linkage in 12 kindreds with Ma-
chado-Joseph disease. Am J Hum Genet 1984;36:9S.

Myers S, MacLeod P, Forse R, Forster-Gibson C, Simpson N.
Machado-Joseph disease: linkage analysis between the loci for
the disease and 18 protein markers. Cytogenet Cell Genet
1986:43:226-228.

Rosenberg R, Grossman A. Molecular genetics of Joseph disease.
In: The molecular biology of neurological disease. Rosenberg RN
and Harding AE, eds. London: Butterworths, 1988;153-162.
Coutinho P, Guimaraes A, Scaravilli F. The pathology of Ma-
chado-Joseph disease. Acta Neuropathol 1982;58:48-54.
Rosenberg RN, Ivy N, Kirkpatrick J, Bay C, Nyhan WL, Baskin
F. Joseph disease and Huntington disease, protein patterns in
fibroblasts and brain. II. Neurology 1981;31:1003-1014.
Rosenberg RN, Thomas L, Bay C, Baskin F, Nyhan WL. Joseph
disease. Fibroblast and brain proteins on acrylamide gels. Neurol-
ogy 1979;29:917-926.

Comings DE. Two-dimensional gel electrophoresis of human
brain proteins. Clin Chem 1982;28:798-804.

Morrison M, Rosenberg RN. Specific mRNA changes in Joseph
disease cerebella. Ann Neurol 1983;14:73-79.

Dawson DM, Feudo P, Zubick HH, Rosenberg RN, Fowler H.
Electrooculographic findings in Machado-Joseph disease. Neurol-
ogy 1982;32:1272-1276.

Syllaba L, Henner K. Contribution a I'independane de I’athetose
double idiopathique et congenitale. Rev Neurol 1926;1:541-562.
Louis-Barr M. Sur un syndrome progressif comprenant des telan-
giectasies capillaires cutanees et conjunctivalis symmetriques, a
disposition naevoide et des troubles cerebelleux. Confin Neurol
1941;4:32.

Harley RD, et al. Ataxia telangiectasia: report of seven cases. Arch
Ophthalmol 1967;77:582-592.

Hecht F, McCaw B, Koler RD. Ataxia-telangiectasia: clonal
growth of translocation lymphocytes. N Engl J Med
1973;289:286-297.

Fiorilli M, Carbonari M, Crescenzi M, Russo G, Aiuti F. T cell
receptor genes and ataxia telangiectasia. Nature 1985;313:186.




84 / CHAPTER 2

295.

296.
291.
298.

299.
300.

301.

302.
303.

304.

305.

306.
307.

308.

309.
310.

311.

312.
313.
314.

3i5.
316.

317.

318.
319:

320.
321.

322.

323,

324.

Harris N. Clinical pathological conference: ataxia-telangiectasia.
N Engl J Med 1987:316:91-100.

Swift M, Reitnauer P, Morrell D, Chase C. Breast and other
cancers in families with ataxia telangiectasia. N Engl J Med
1987;316:1289-1294.

Cornforth M, Bedford J. On the nature of a defect in cells from
individuals with ataxia-telangiectasia. Science 1985;227:1589-
1591.

Swift M, Morrell D, Cromartie E, Chamberlin A, Skolnick M,
Bishop D. The incidence and gene frequency of ataxia-telangiec-
tasia in the United States. Am J Hum Genet 1986:;39:573-583.
McFarlin D, Strober W, Waldmann T. Ataxia telangiectasia.
Medicine 1972:51:281-314.

Aguilar MJ, et al. Pathological observations in ataxia-telangiecta-
sia. J Neuropathol Exp Neurol 1968;27:659-676.

Perry TL, Kish SJ, Hinton D, Hanse S, Becerk LE, Gelfand EW.
Neurochemical abnormalities in a patient with ataxia-telangiecta-
sia. Neurology 1984;34:187-191.

Ammann MD, etal. Immunoglobin E deficiency in ataxia telangi-
ectasia. N Engl J Med 1969;281:469-472.

Aicardi J, Barbosa C, Andermann E, Morcos R, Ghanem Q, et al.
Ataxia-ocular motor apraxia: a syndrome mimicking ataxia-
telangiectasia. Ann Neurol 1988;24:497-502.

Harding AE, Thomas PK. Peroneal muscular atrophy with pyra-
midal features. J Neurol Neurosurg Psychiatry 1984;47:168-172.
Parker HL, Kernohan JW. Parenchymatous cortical cerebellar
atrophy (chronic atrophy of Purkinje cells). Brain 1933;56:191-
212.

Romano J, Michael M Jr, Merritt HH. Alcoholic cerebellar de-
generation. Arch Neurol Psychiatry 1940;44:1230-1236.
Skillicorn SA. Presenile cerebellar ataxia in chronic alcoholics.
Neurology 1955;5:527-534.

Victor M, Adams RD, Mancall EL. A restricted form of cerebel-
lar cortical degeneration occurring in alcoholic patients. Arch
Neurol 1959;1:579-688.

Brain WR, Wilkinson M. Subacute cerebellar degeneration asso-
ciated with neoplasm. Brain 1965;88:465-478.

McDonald WI. Cortical cerebellar degeneration with ovarian car-
cinoma. Neurology (Minneap) 1961:11:328-334.

Ellenberger C Jr, Campa JF, Netsky MD. Opsoclonus and paren-
chymatous degeneration of cerebellum. Neurology (Minneap)
1968;18:1041-1046.

Weiss S, Carter S. Course and prognosis of acute cerebellar ataxia
in children. Neurology 1959;9:711-721.

Bassen FA, Kornzweig AL. Malformation of erythrocytes in a
case of atypical retinitis pigmentosa. Blood 1950;5:381-387.
Schwartz JF, et al. Bassen-Kornzweig syndrome. Arch Neurol
1963:8:438-454.

Hagen PB, Noad KB, Latham O. Syndrome of lamellar cerebellar
degeneration associated with retinitis pigmentosa, heterotopias,
and mental deficiency. Med J Aust 1951;1:217-223.

Meir M, et al. Acanthrocytosis, pigmentary degeneration of the
retina and ataxic neuropathy: a genetically determined syndrome
and associated metabolic disorder. Blood 1960;16:1586-1608.
Kornzweig AL. Bassen-Kornzweig syndrome: present status. J
Med Genet 1970;7:271-276.

Walker PD, Blitzer M, Shapira E. Marinesco-Sjogren syndrome:
evidence for a lysosomal storage disorder. Neurology
1985:35:415-419.

Sewry C, Voit T, Dubowitz V. Myopathy with unique ultrastruc-
tural feature in Marinesco-Sjogren syndrome. Ann Neurol
1988;24:576-580.

Kennedy RM, Rowe V, Kepes J. Cockayne syndrome: an atypi-
cal case. Neurology 1980;30:1268-1272.

Lehmann AR, Francis A, Giannelli F. Prenatal diagnosis of
Cockayne’s syndrome. Lancet 1985:1:486-488.

Rosenberg RN. Amyotrophy. In: Rowland LP. ed. Multisystem
genetic disease: human motor neuron diseases. New York: Raven
Press, 1982;36:149-158.

Arnold A, Edgren DC, Paltedino VS. Amyotrophic lateral sclero-
sis. J Nerv Ment Dis 1953;117:135-139.

Barranquer-Ferre L, Barraquer-Bordas L. Contribution a la con-
naissance de I'etiologie de la sclerose laterale amyotrophique.
Acta Neurol Psychiatr Belg 1951;51:264.

325.
326,
327.

328.

329.
330.
331,
332.
333

334.

33s.
336.

337.

338.
339,
340.
341.

342.
343.
344.

345.
346.

347.

348.

349.
350.
351.
352.

353.

+

Bobowick AR, Brody JA. Epidemiology of motor neuron dis-
eases. N Engl J Med 1973;288:1047-1055.

Thomas PK, Lascalles RG. Hypertrophic neuropathy. Q J Med
1967;36:223-238.

Bowman K, Meurman T. Prognosis of amyotrophic lateral sclero-
sis. Acta Neurol Scand 1967:43:489.

Hirano A, Malamud N, Elizan TS, Kurland LT. Amyotrophic
lateral sclerosis and parkinsonism-dementia complex on Guam:
further pathologic studies. Arch Neurol 1966;15:35-51.

Sobue G, Hashizume Y, Mukai E, Hirayama M, et al. X-linked
recessive bulbospinal neuropathy. Brain 1989;112:209-232.
Vejjajiva A, Foster JB, Miller H. Motor neuron disease: a clinical
study. J Neurol Sci 1967;4:299-314.

Mulder DW, Howard FM. Patient resistance and prognosis in
amyotrophic lateral sclerosis. Mayo Clin Proc 1976;51:537-541.
Horton WA, Eldridge R, Brody J. Familial motor neuron disease.
Neurology (Minneap) 1976;26:460-465.

Oldstone MBA, Perrin LH, Wilson CV, Norris FH Jr. Evidence
forimmune-complex formation in patients with amyotrophic lat-
eral sclerosis. Lancet 1976;1:169-172.

Elizan TS, Chen K, Matmai KV, Dunn D, Kurland LT, et al.
Amyotrophic lateral sclerosis and parkinsonism-dementia com-
plex: a study of non-Chamorros of the Mariana and Caroline
Islands. Arch Neurol 1966;14:347-355.

Elizan TS, et al. Amyotrophic lateral sclerosis and parkinsonism-
dementia complex of Guam. Arch Neurol 1966;14:356-368.
Charcot JM, Joffory A. Deux cas d’atrophie musculaire progres-
sive avec lesions de la substance frise et des faisceaux anterolater-
aux de la moelle spinere. Arch de la moelle spinere. Arch Physiol
Norm Pathol Paris 1869;2:354:629-744.

Charcot JM, Marie P. Sur une forme particuliere d’atrophie
musculaire progressive, souvent familiale debutant par les pieds
et les jambes, et atteignant plus tard les mains. Rev Med Paris
1886;6:97.

Smith M. Nerve fibre degeneration in the brain in amyotrophic
lateral sclerosis. J Neurol Neurosurg Psychiatry 1960;23:269-
282.

Munch-Peterson CJ. Studien uber erbliche Erkrankungen des
Zentralnervensystems: die familiare, amyotrophische Latral-
sclerose. Acta Psychiatr Neurol 1931;6:55.

Brody JA, Hirano A, Scott RM. Recent neuropathological obser-
vations in amyotrophic lateral sclerosis and Parkinson dementia
of Guam. Neurology 1971;21:528-536.

Forster FM, Borkowski WJ, Alpers BJ. Effects of denervation on
fasciculations in human muscle: relation of fibrillations to fascicu-
lations. Neurol Psychiatry 1946;56:276.

Bassoe P. The coincidence of cervical ribs and syringomyelia.
Arch Neurol Psychiatry 1920;4:542.

Friedman AP, Freedman D. Amyotrophic lateral sclerosis. J Nerv
Ment Dis 1950;111:1.

Magee KR. Familial progressive bulbar-spinal muscular atrophy.
Neurology (Minneap) 1960;10:295-305.

Wechsler IS, Brock S, Weil A. Amyotrophic lateral sclerosis with
objective and subjective (neuritic) sensory disturbances. Arch
Neurol Psychiatry 1929;21:299-310.

Plaitakis A, Mandeli J, Smith J, Yahr M. Pilot study of branched-
chain aminoacids in amyotrophic lateral sclerosis. Lancet
1988;May 7:1015-1018.

Relkkin R. Arthrogryposis multiplex congenita: report of two
cases; review of literature. Am J Med 1965;39:871.

Drachman DB, Banker BQ. Arthrogryposis multiplex congenita:
case due to disease of the anterior horn cells. Arch Neurol
1961;5:77.

Vestermark B. Arthrogryposis multiplex congenita: a case of
neurogenic origin. Acta Paediatr Scand 1966;55:117-120.
Pedreira FA, Long RE. Arthrogryposis multiplex congenita in
one of congenital twins. 4m J Dis Child 1971;121:64-66.
Zellweger H, et al. Heritable spinal muscular atrophies. Helv Pe-
diatr Acta 1969;24:92-105.

Byers RK, Banker BQ. Infantile muscular atrophy. Arch Neurol
1961;5:140-164.

Greenfield JG, Stern RO. The anatomical identity of the Werd-
nig-Hoffman and Oppenheim forms of infantile muscular atro-
phy. Brain 1973;50:652-686.




354.
355.

356.

357.

358.

Norman RN. Cerebellar hypoplasia in Werdnig-Hoffman dis-
ease. Arch Dis Child 1961;36:96-101.

Bradt S. Course and symptoms of progressive infantile muscular
atrophy. Arch Neurol Psychiatry 1950;63:218-228.

Fleury P, Hageman G. A dominantly inherited lower motor neu-
ron disorder presenting at birth with associated arthrogryposis. J
Neurol Neurosurg Psychiatry 1985;48:1037-1048.

Walsh F, Moore S, Lake B. Cell adhesion molecule N-CAM is
expressed by denervated myofibers in Werdnig-Huffman & Ku-
gelberg-Welander type spinal muscular atrophies. J Neurol Neu-
rosurg Psychiatry 1987;50:439-442.

Kelley R, Sladky J. Dicarboxylic aciduria in an infant with spinal
muscular atrophy. Ann Neurol 1986;20:734-736.

358a.Gilliam TC, Brzustowicz L, Castilla L et al. Genetic homogeneity

359.

360.

361.

362.
363.

364.

365.

366.

367.
368.
369.

370.

371

372,
373.
3174.
37s.
376.

377.

between acute and chronic forms of Spinal muscular atrophy.
Nature 1990;345:823-825.

Furukawa T, et al. Neurogenic muscular atrophy simulating fas-
cioscapulohumeral muscular dystrophy. J Neurol Sci 1969;
9:389-397.

Wohlfart G, Jorgen F, Eliasson S. Hereditary proximal spinal
muscular atrophy—a clinical entity simulating progressive mus-
cular dystrophy. Acta Psychiatr Neurol Scand 1955;30:395-406.
Kugelberg F, Welander L. Familial neurogenic (spinal?) muscu-
lar atrophy simulating ordinary proximal dystrophy. Acta Psy-
chiatr Scand 1954;29:42-43.

Gardner-Medwin D, et al. Benign spinal muscular atrophy aris-
ing in childhood and adolescence. J Neurol Sci 1967;5:121-158.
Namba T, Aberfeld DC, Grob D. Chronic proximal spinal muscu-
lar atrophy. J Neurol Sci 1970;11:401-423.

Fischbeck K, Ionasescu V, Ritter A, Ionasescu R, Davies K, et al.
Localization of the gene for X-linked spinal muscular atrophy.
Neurology 1986;36:1595-1598.

Karni A, Navon R, Sadeh M. Hexosaminidase A deficiency man-
ifesting as spinal muscular atrophy of late onset. Ann Neurol
1988;24:451-453.

Gomez M, Clermont V, Bernstein J. Progressive bulbar paralysis
in childhood (Fazio-Londe’s disease). Arch Neurol 1962;6:317-
323.

Donath A. Etude genetique de la famille Ku, atteinte de paralysie
spinal spastique familiale. J Genet Hum 1959;8:169.

Bicherstaff ER. Hereditary spastic paraplegia. J Neurol Neurosurg
Psychiatry 1950;13:134-145.

Appel L, van Bogaert L. Etudes sur la paraplegia spasmodique
famille Ameil: Formes tres precoces et congenitales; contribution
histopathologique. Acta Neurol Psychiatr Belg 1951;51:129.
Garland HG, Astley CD. Hereditary spastic paraplegia with
amyotrophy and pes cavus. J Neurol Neurosurg Psychiatry
1950;13:130-133.

Landau WM, Gitt JJ. Hereditary spastic paraplegia and heredi-
tary ataxia. A family demonstrating a variety of phenotypic mani-
festatiens. Arch Neurol Psychiatry 1951;66:346-354.

Mahloudji M, Chuke PO. Familial spastic paraplegia with retinal
degeneration. Johns Hopkins Med J 1968;123:142-144.

Roe PF. Hereditary spastic paraplegia. J Neurol Neurosurg Psychi-
atry 1963;26:516-519.

Schwarz GA. Hereditary (familial) spastic paraplegia. Arch
Neurol Psychiatry 1952;68:655-682.

Silver JR. Familial spastic paraplegia with amyotrophy of the
hands. Ann Hum Genet 1966;30:69-76.

Wells C, Jankovic J. Familial spastic paraparesis and deafness.
Arch Neurol 1986:43:943-946.

Boustany R-M, Fleischnick E, Alper C, Marazita M, Spence M,
Martin J, Kolodny E. The autosomal dominant form of “pure”
familial spastic paraplegia. Neurology 1987;37:910-915.

377a Salazar-Grueso E, Holzer T, Gutierrez R. Familial Spastic para-

378.
379.
380.

381.

paresis syndrome associated with HTLV-1 infection. New Eng J
Med 1990;323:732-737.

Hausman L. Macrosoma in a case of syringomyelia. 4rch Neurol
Psychiatry 1929;21:227.

Bermann EJ. Die Syringomyelie in Kindsalter. Monatsschr Kin-
derheilkd 1927:37:1. =

Busis N, Hochberg F. Familial syringomyelia. J Neurol Neuro-
surg Psychiatry 1985:48:936-938.

Mcllroy WJ, Richardson JC. Syringomyelia: a clinical review of
75 cases. Can Med Assoc J 1965:93:731-734.

382.
383.
384.

385.

386.
387.

388.

389.
390.

391.
392,
393.
394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

408.

GENETIC NEUROLOGICAL DISEASES / 85

Netsky MG. Syringomyelia: a clinicopathologic study. Arch
Neurol Psychiatry 1953;70:741-777.

Alpers BJ, Conroe BI. Syringomyelia with choked disc. J Nerv
Ment Dis 1931;73:557-586.

Sackellares JC, Swift TR. Shoulder enlargement as the presenting
sign in syringomyelia. JAMA 1976;236:2878-2879.

Greenfield JG. Syringomyelia and syringobulbia. In: Blackwood
W, et al., ed. Greenfield'’s neuropathology, 2nd ed. London: Wil-
liams & Wilkins, 1963;331-335.

Hassin GB. Histopathology and histogenesis of syringomyelia.
Arch Neurol Psychiatry 1920;3:130.

Wells CEC, Spillane JD, Bligh AS. The cervical spinal canal in
syringomyelia. Brain 1959;82:23-40.

Lichtenstein BW. Cervical syringomyelia and syringomyelia-like
states associated with Arnold-Chiari deformity and platybasia.
Arch Neurol Psychiatry 1943;49:881-894.

Poser CM. The relationship between syringomyelia and neo-
plasm. Springfield, IL: Charles C Thomas, 1956.

Gardner WJ. Hydrodynamic mechanism of syringomyelia: its
relationship to myelocoel. J Neurol Neurosurg Psychiatry
1965;28:247-259.

van Epps C, Kerr HD. Familial lumbosacral syringomyelia. Radi-
ology 1940;35:160-173.

Merritt H, Fremont-Smith F. The cerebrospinal fluid. In: Syrin-
gomyelia. Philadelphia: WB Saunders, 1937;173-175.
Rosenberg RN. Syringomyelia. In: Merritt HH, ed. 4 textbook of
neurology, 6th ed. New York: Lea & Febiger, 1979;564-569.
Love JG, Olafson RA. Syringomyelia: a look at surgical therapy. J
Neurosurg 1966;24:714-718.

Engel AG, Lambert EH, Gomez MR. A new myasthenic syn-
drome with end plate acetylcholinesterase deficiency, small nerve
terminals and reduced acetylcholine release. Ann Neurol
1977;1:315-330.

Hart Z, Sahashi K, Lambert EH, et al. A congential, familial
myasthenic syndrome caused by a presynaptic defect of transmit-
ter resynthesis or mobilization [Abstract]. Neurology (NY)
1979;29:556.

Engel AG, Lambert EH, Mulder DM, Torres CF, Sahashi K,
Bertorini TE, Whitaker JN. A newly recognized congenital
myasthenic syndrome attributed to a prolonged open time of the
acetylcholine induced ion channel. Ann Neurol 1982;11:553-
569.

Phillips L, Kelly T, Schnatterly P, Parker D. Hereditary motor-
sensory neuropathy (HMSN): possible X-linked dominant inher-
itance. Neurology 1985;35:498-502.

Tooth HH. The peroneal type of progressive muscular atrophy.
London: HK Lewis, 1886.

Haase FR, Shy M. Pathological changes in muscle biopsies from
patients with peroneal muscular atrophy. Brain 1960:;83:631-
637.

Dyck PJ, Lambert EH. Lower motor and primary sensory neuron
disease with peroneal muscular atrophy. I. Neurologic, genetic,
and electrophysiological findings in hereditary polyneuropathies.
Arch Neurol 1968;18:603-618.

Dyck PJ. Inherited neuronal degeneration and atrophy affecting
peripheral motor, sensory, and autonomic neurons. In: Dyck PJ,
Thomas DK, Lambert E, eds. Peripheral neuropathy, vol I1. Phila-
delphia: WB Saunders, 1975;825-867.

Ouvrier R, McLeod J, Conchin T. The hypertrophic forms of
hereditary motor and sensory neuropathy. Brain 1987;110:121-
148.

Berciano J, Combarros O, Figols J, Calleja J, Cabello A, Silos I,
Coria F. Hereditary motor and sensory neuropathy type Il. Brain
1986;109:897-914.

Schwartz AR. Charcot-Marie-Tooth disease: a 45-year follow-
up. Arch Neurol 1963;9:623-634.

Bird T, Ott J, Giblett E. Evidence for linkage of Charcot-Marie-
Tooth neuropathy to the Duffy locus on chromosome 1. Am J
Hum Genet 1982;34:388-394.

Bird T, Ott J, Goblett E, Chance P, Sumi S, Kraft G. Genetic
linkage evidence for heterogeneity in Charcot-Marie-Tooth neu-
ropathy (HSM type 1) Ann Neurol 1983;14:679-684.

Chance P, Murray J, Bird T, Kochin R. Genetic linkage relation-
ships of Charcot-Marie-Tooth disease to chromosome |
markers. Neurology 1987;37:325-329.




86

409.

410.

411.

412.

413.

414.

415.

416.

/ CHAPTER 2

Ionasescu V, Burns T, Scarby C, lonasescu R, Whitehead A. Link-
age between the loci for autosomal dominant neuropathy (CMT)
and serum amyloid P component (APCS) on human chromo-
some 1. Cytogenet Cell Genet 1988;47:175-176.

Bird TD. In: Johnson W, ed. Hereditary motor-sensory neuropa-
thies in neurogenetic disease. Philadelphia: WB Saunders,
1989;9-23.

Magee KR, DeJong RN. Hereditary distal myopathy with onset
in infancy. Arch Neurol 1965;13:387-390.

Rosenberg RN, Chutorian A. Familial opticoacoustic nerve de-
generation and  polyneuropathy.  Neurology (Minneap)
1967;17:827-832.

Ozawa K, Saida K, Saida T, Imoto K, Nishitani H. Familial neu-
ropathy with dementia, retinitis pigmentosa, and dysautonomia.
Neurology 1985;35:1184-1187.

Ronen G, Lowry N, Wedge J, Sarnat H, Hill A. Hereditary motor
sensory neuropathy type I presenting as scapuloperoneal atrophy.
Can J Neurol Sci 1986;13:264-266.

Rozear M, Pericak-Vance M, Fischbeck K, Stajich J, etal. Heredi-
tary Motor-Sensory Neuropathy, X-linked: a half century follow-
up. Neurology 1987;37:1460-1465.

MacDermot K, Walker R. Autosomal recessive hereditary motor
and sensory neuropathy with mental retardation, optic atrophy
and pyramidal signs. J Neurol Neurosurg Psychiatry 1987,
50:1342-1347.

416a.Vance J, Nicholson G, Yamaoka L et al. Linkage of charcot-

marie-tooth neuropathy type la to chromosome 17. Exp Neural
1989;104:186-189.

416b.Middleton-Price H, Harding A, Monteiro C et al. Linkage of

417.

hereditary motor and sensory neurapathy types to the pericentro-
metric region of chromosome 17. Amer J Hum Genet 1990;
46:92-94.

Dejerine J, Sottas J. Sur la névrité interstitielle, hypertrophique et
progressie de Penfance; affection souvent familiale et a debut in-

- fantile caractérisée par une atrophie musculaire des extremities,

418.
419.

420.

421.

422.
423.
424.
425.

426.
427.

428.

429.

430.

431.

avec troubles marues de la sensibilité et ataxie des mouvements et
relevant d’une névrité interstitielle hypertrophique a marche
asendante, avec lesions medullaires consecutives. CR Soc Biol
Paris 1893;5:63.

Austin JH. Observations on the syndrome of hypertrophic neuri-
tis. Medicine 1956;35:187-237.

Thomas PK, Lascalles RG. Hypertrophic neuropathy. Q J Med
1967;36:223-238.

Weller RO. Electron microscopic study of hypertrophic neuropa-
thy of Dejerine and Sottas. J Neurol Neurosurg Psychiatry
1967;30:111-125.

Symonds CP, Blackwood W. Spinal cord compression in hyper-
trophic neuritis. Brain 1962;85:251-259.

Gilroy J, et al. Chemical, biochemical, and neurophysiological
studies of chronic interstitial hypertrophic polyneuropathy. Am J
Med-1966;40:368-383.

Dyck PJ, et al. Histologic and lipid studies of sural nerves in
inherited hypertrophic neuropathy: preliminary report of a lipid
abnormality in nerve and liver in Dejerne-Lottas disease. Mayo
Clin Proc 1970;45:286-327.

Denny-Brown D. Hereditary sensory radicular neuropathy. J
Neurol Neurosurg Psychiatry 1951;14:237-252.

Reimann HA, McKechnie WG, Stanisavljevic S. Hereditary sen-
sory radicular neuropathy and other defects in a large family. Am
J Med 1958;25:573-579.

Johnson RH, Spalding JMK. Progressive sensory neuropathy in
children. J Neurol Neurosurg Psychiatry 1964;27:125-130.
Schoene WC, Asbury A, Astrom K, Masters R. Hereditary sen-
sory neuropathy. J Neurol Sci 1970;11:463-487.

Dyck P, Ohta M. Neuronal atrophy and degeneration predomi-
nantly affecting peripheral sensory neurons. In: Dyck PJ, Thomas
DK, Lambert E, eds. Peripheral neuropathy, vol. 11. Philadelphia:
Saunders, 1975;791-824.

Smith AA, Farbman A, Dancis J. Tongue in familial dysautono-
mia. Am J Dis Child 1965;110:152.

Linarelli LG, Prichard JW. Congenital sensory neuropathy: com-
plete absence of superficial sensations. Am J Dis Child
1970;119:513-520.

Donaghy M, Hakin R, Bamford J, Garner A, Kirkby G, Noble B,
Tazir-Melboucy M, King R, Thomas PK. Hereditary sensory neu-
ropathy with neurotrophic keratitis. Brain 1987:110:563-583.

432.
433.

434.
435.

436.
437.

438.
439.

440.
441.

442.
443,
444..

445.

446.

447.
448.

449.

450.

451.
452.
453
454,
455.

456.

457.

v

McKusick VA, et al. The Riley-Day syndrome. Observations ge-
netics and survivorship. Isr J Med Sci 1967;3:372-379.

Engel GL, Aring CD. Hypothalamic attacks with thalamic le-
sions. Arch Neurol Psychiatry 1945;54:37-43.

Riley CM, Day RL, Greely DM, Langford NS. Central auto-
nomic dysfunction with defective lacrimation. 1. Report of five
cases. Pediatrics 1949;3:468-478.

Smith AA, Taylor T, Wortis SB. Abnormal catechol amine metab-
olism in familial dysautonomia. N Engl J Med 1963;268:705-
707.

Dancis J, Smith AA. Familial dysautonomia. N Engl J Med
1966;274:207-209.

Smith AA, Dancis J. Catecholamine release in familial dysauton-
omia. N Engl J Med 1967;277:61-64.

Weinshilboum R, Axelrod J. Reduced plasma dopamine-beta-
hydroxylase activity in familial dysautonomia. N Engl J Med
1971;285:938-942.

Ziegler MG, Lake CR, Kopin 1J. Deficient sympathetic nervous
response in familial dysautonomia. N Engl J Med 1976;294:630-
633.

Siggers DC, Rogers JC, Boyer SH, Margolet L, Dorkin H, Baner-
jee SP, Shooter EM. Increased nerve-growth factor beta chain
cross-reacting material in familial dysautonomia. N Engl J Med
1976;295:629-634.

Breakefield XO, Orloff G, Castiglione C, Coussens L, Axelrod
FB, Ullrich A. Structural gene for beta-nerve growth factor not
defective in familial dysautonomia. Proc Natl Acad Sci USA
1984;81:4213-4216.

Solitare GB, Cohen GS. Peripheral autonomic nervous system
lesions in congenital or familial dysautonomia. Neurology
1965;15:321-327.

Brown WJ, Beauchemin JA, Linde LM. A neuropathological
study of familial dysautonomia (Riley-Day syndrome)-in sib-
lings. J Neurol Neurosurg Psychiatry 1964;27:131-139.

Yatsu F, Zussman W. Familial dysautonomia (Riley-Day syn-
drome). Case report with postmortem findings of a patient at age
31. Arch Neurol 1964;10:459-463.

Goldberg MF, Payne JW, Brunt PW. Ophthalmologic studies of
familial dysautonomia. Arch Ophthalmol 1968;80:732-743.
Pearson J, Finegold MJ, et al. The tongue and taste in familial
dysautonomia. Ophthalmologic studies. of familial dysautono-
mia. Pediatrics 1970;45:739-745.

Goldberg MF, Payne JW, Brunt PW. Ophthalmologic studies of
familial dysautonomia. Arch Ophthalmol 1968;80:732-743.
Goldstein-Nieviazhski C, Wallis K. Riley-Day syndrome: survey
of 27 cases. Ann Pediatr 1966;206:188.

Riley CM, Moore RH. Familial dysautonomia differentiated
from related disorders: case reports and discussion of current con-
cepts. Pediatrics 1966;37:435.

Rukavina JG, Block WD, Jackson CE, Falls HF, Carey JH, Curtis
AC. Primary systemic amyloidosis: a review and an experimen-
tal, genetic, and clinical study of 29 cases with particular empha-
sis on the familial form. Medicine (Baltimore) 1956;35:239-334.
Andrade C. A peculiar form of peripheral neuropathy: familial
atypical generalized amyloidosis with special involvement of pe-
ripheral nerves. Brain 1952;75:408-427.

Darras B, Adelman L, Mora J, Bodziner R, Munsat T. Familial
amyloidosis with cranial neuropathy and corneal lattice dys-
trophy. Neurology 1986;36:432-435.

Ikeda S, Hanyu N, Hongo M, Yoshioka J, Oguchi H, et al. Heredi-
tary generalized amyloidosis with polyneuropathy. Brain
1987;11:315-337.

Sasaki H, Sakaki Y, Takagi Y, Sahashi K, et al. Presymptomatic
diagnosis of heterozygosity for familial amyloidotic polyneuropa-
thy by recombinant DNA techniques. Lancet 1985;1:100.

Mita S, Haeda S, Ide M, Tsuzuki T, Shimada K, Araki S. Familial
amyloidotic polyneuropathy diagnoses by cloned human pre-al-
bumin cDNA. Neurology 1986:36:298-301.

Tanaka M, Hirai S, Matsubara E, Okamoto K, Morimatsu M,
Nakazato M. Familial amyloidotic polyneuropathy without fa-
milial occurrence: carrier detection by the radioimmunoassay of
variant  transthyretin. J Neurol Neurosurg Psychiatry
1988;51:576-578.

Nakazato M, Tanaka M, Yamamura Y, Kurihara T, Matsukura
S, Kangawa K, Matsuo H. Abnormal transthyretin in asymptom-



458.

459.

460.

461.

462.

463.

464.

465.

466.

467.
468.

469.

470.

471.

472.

473.

474.

475.

476.

4717.

478.

atic relatives in familial amyloidotic polyneuropathy. Arch
Neurol 1987;44:1275-1278.

Saraiva M, Costa D, Goodman D. Genetic expression of a
transthyretin mutation in typical and later-onset Portuguese fami-
lies with familial amyloidotic polyneuropathy. Neurology
1986:36:1413-1417.

Engel WK, Dorman JD, Levy RI, Fredrickson DS. Neuropathy
in Tangier disease. Arch Neurol 1967;17:1-9.

Goetsch C, Bissell D. Instability of hematic used in the treatment
of acute hepatic porphyria. N Engl J Med 1986;315:235-238.
Llewellyn D, Kalsheker N, Harrison P, Picat C, Romeo P, Elder
G, et al. DNA polymorphism of human porphobilinogen deami-
nase gene in acute intermittent porphyria: Lancet 1987;Sept.
26:706-708.

Asbury AK, Gale MK, Cox SC, et al. Giant axonal neuropathy: a
unique case with segmental neurofilamentous masses. Acta Neu-
ropathol 1972:;20:237-247.

Thomas C, Love S, Powell H, Schultz P, Lampert P. Giant axonal
neuropathy: correlation of clinical findings with post-mortem
neuropathology. Ann Neurol 1987,22:79-84.

Donaghy M, Brett E, Ormerod I, King R. Giant axonal neuropa-
thy: observations on a further patient. J Neurol Neurosurg Psychi-
atry 1988;51:991-994.

Monaco S, Autilio-Gambetti L, Zabel D, Gambetti P. Giant ax-
onal neuropathy: acceleration of neurofilament transport in optic
axons. Proc Natl Acad Sci USA 1985;82:920-924.

Sorensen S, Mulvihill J, Neilsen A. Long-term follow-up of von
Recklinghausen neurofibromatosis. N Engl J Med 1986;
314:1010-1015.

Riccardi V. Von Recklinghausen neurofibromatosis. N Engl J
Med 1981;305:1617-1627.

Riccardi V, Lewis R. Penetrance of von Recklinghausen neurofi-
bromatosis. Am J Hum Genet 1988;42:284-289.

Riccardi V, Eichner J. Neurofibromatosis: phenotype, natural his-
tory, and pathogenesis. Baltimore: John Hopkins University
Press, 1986.

Barker D, Wright E, Nguyen K, Cannon L, Fain P, et al. Gene for
von Recklinghausen neurofibromatosis is in the pericentromeric
region of chromosome 17. Science 1987;236:1100-1102.
Rouleau G, Wertelecki W, Haines J, Hobbs W, et al. Genetic
linkage of bilateral acoustic neurofibromatosis to a DNA marker
on chromosome 22. Nature 1987:329:246-248.

Wertelecki W, Rouleau G, Superneau D, Forehand L, Williams
J. Haines J, Gusella J. Neurofibromatosis 2: clinical and DNA
linkage studies of a large kindred. N Engl J Med 1988;319:278-
283.

Martuza R, Eldridge R. Neurofibromatosis 2. N Engl J Med
1988:318:684-688.

Collins F, Ponder B, Seizinger B, Epstein C. The von Reckling-
hausen neurofibromatosis region on chromosome 17—genetic
and physical maps come into focus [Editorial]. Am J Hum Genet
1989:44:1-5.

Hinrichs S, Nerenberg M, Reynolds R, Khoury G, Jay G. A trans-
genic mouse model for human neurofibromatosis. Science
1987:237:1340-1343.

Schenkein I, Bucker E, Helson L, Axelrod R, Dancis J. Increased
nerve-growth stimulating activity in disseminated neurofibroma-
tosis. N Engl J Med 1974:290:613-614.

Fabricant R, Todaro G, Eldridge R. Increased levels of a nerve-
growth factor cross-reacting protein in “central” neurofibroma-
tosis. Lancet 1979:1:4-6.

Seizinger B, Martuza R, Gusella J. Loss of genes on chromosome
22 in tumorigenesis of acoustic neuromas. Nature 1986:322:644-

" 647,

479.

480.

Fialkow P, Sagebiel R, Gartle S, Rimoin D. Multiple cell origin of
hereditary neurofibromas. N Engl J Med 1971:284:298-300.
Collins F, Ponder B, Seizinger B, Epstein C. The von Reckling-
hausen neurofibromatosis region on Chromosome |7—genetic
and physical maps come into focus [Editonial]. 4m J Hum Genet
1989:44:1-5. ~

480a.Wallace M, Marchuk D, Andersen L, et al. Type | Neurofibro-

matosis gene Science 1990;249:181-186.

480b.Xu G. O’Connell P, Viskochil D et al. The neurofibromatosis

type | gene encodes a protein related to GAP Cell 1990:62:599-
608.

481.

GENETIC NEUROLOGICAL DISEASES / 87

Fryer A, Connor J, Povey S, Yates J, Chalmers A, Fraser I, Yates
A, Osborne J. Evidence that the gene for tuberous sclerosis is on
chromosome 9. Lancet 1987;March 21:659-661.

481a.Smith M, Smalley S, Cantor R, et al. Mapping of a gene determin-

482.

483.

484.

485.

486.

487.

488.

ing tuberous sclerosis to human chromosome 11q14-11q23 Ge-
nomics 1990;6:105-114.

Seizinger B, Rouleau G, Ozelius L, Lane A, Farmer G, et al. Von
Hippel-Lindau disease maps to the region of chromosome 3 asso-
ciated with renal cell carcinoma. Nature 1988;332:268-269.
Garrod AE. Peculiar pigmentation of the skin in an infant. Trans
Clin Soc Lond 1906:39:216.

Sulzberger RM, Frazer J, Hutner L. Incontinentia pigmenti
(Bloch—-Sulzberger): report of an additional case with comment
on possible relation to a new syndrome of familial and congenital
anomalies. Arch Dermatol Syphilol 1938;38:57.

Carney RG. Incontinentia pigmenti: a world of statistical analy-
sis. Arch Dermatol 1976;112:535-542.

Miller C, Parker W. Hypomelanosis of Ito: association with a
chromosomal abnormality. Neurology 1985;35:607-610.
Mimaki T, Itoh N, Abe J, Tagawa T, Sato K, Yabuuchi H, Ta-
kebe H. Neurological manifestations in xeroderma pigmento-
sum. Ann Neurol 1986;20:70-75.

Kenyon G, Broth J, Prasher D, Rudge P. Neuro-otological abnor-
malities in xeroderma pigmentosum with particular reference to
deafness. Brain 1985;108:771-784.

488a.Kanda T, Oda M, Yonezawa M. Peripheral neuropathy in xero-

489.

490.

491.

492.

493.

494,

495.

496.

497.

498.

499.

500.

504.

505.

derma pigmentosum. Brain 1990;113:1025-1044.

Giannelli F. DNA repair in human disease. Clin Exp Dermatol
1980:5:119-138.

Lesch M, Nyhan W. A familial disorder of uric acid metabolism
and central nervous system function. Am J Med 1964;36:561-

570.

Shapiro SL, Sheppard GL Jr, Dreifuss FE, Newcombe OS. X-
linked recessive inheritance of a syndrome of mental retardation
with hyperuricemia. Proc Soc Exp Biol Med 1966;122:609-611.
Seegmiller J, Rosenbloom F, Kelly W. An enzyme defect asso-
ciated with a sex-linked human neurological disorder and exces-
sive purine synthesis. Science 1967;155:1682.

Stout JT, Caskey CT. Hypoxanthine-guanine phosphoribosyl-
transferase deficiency. In: Scriver CR, Beaudet AL, Sly WS, Valle
D, eds. The metabolic basis of inherited disease, 6th ed. New
York: McGraw-Hill, 1989;1007-1028.

Kelly WN, Meade JC. Studies on hypoxanthine-guanine phos-
phoribosyltransferase in fibroblasts from patients with the Lesch-
Nyhan syndrome. J Biol Chem 1971:;246:2953-2958.

Wilson JM, Young AB, Kelly WN. Hypoxanthine-guanine phos-
phoribosyl transferase deficiency. N Engl J Med 1983;309:900-
910.

Yang TP, Patel PI, Chinault AC, Stout JT, Jackson LG, Hilde-
brand BM, Caskey CT. Molecular evidence for new mutation at
the HGPRT locus in Lesch-Nyhan patients. Nature
1984:310:412-414.

Haldane JBS. Rate of spontaneous mutation of human gene. J
Genet 1935:31:317-326.

Gottlieb RP, Koppel MM, Nyhand WL, Bakay B, Nissinen E,
Borden M, Page T. Hyperuricemia and choreoathetosis in a child
without mental retardation or self-mutilation—a new HGPRT
variant. J Inherited Metab Dis 1982:5:183-186.

Jolly DJ, Okayama H, Berg P, et al. Isolation and characteriza-
tion of a full length expressible cDNA for human HGPRT. Proc
Natl Acad Sci USA 1983:80:477-481.

Miller AD, Jolly DJ, Friedman T, Verma IM. A transmissible
retrovirus expressing human HGPRT: gene transfer cells ob-
tained from humans deficient in HGPRT. Proc Natl Acad Sci
USA 1983:80:4709-4713.

. Stein S, Morrison M. The molecular biology of Lesch-Nyhan

syndrome. Trends Neurosci 1985;8:148-150.

. Stout J, Caskey C. The Lesch-Nyhan syndrome: clinical, molecu-

lar and genetic aspects. Trends Genet 1988:4:175-178.

. Nyhan WL, Johnson HG, Kaufman IA, Jones KL. Serotonergic

approaches to the modification of behavior in the Lesch-Nyhan
syndrome. Appl Res Ment Retard 1980;1:25-40.

Nyhan WL, Sakati NO. Genetic and malformation syndromes in
clinical medicine. Chicago: Year Book, 1976.

Hirschhorn R, Papgeorgiou P, Kesarwala H, Taft L. Ameliora-
tion of neurologic abnormalities after “‘enzyme replacement” in




88 / CHAPTER 2

506.

507.

508.

509.

510.

SILL.

512,

513.
514.

515.

516.

517.

adenosine deaminase deficiency. N Engl J Med 1980;303:377-
380.

Tuchman M, Stoeckler J, Kiang D, O’Dea R, Ramnaraine M,
Mirkin B. Familial pyrimidinemia and pyrimidinuria associated
with severe flurouracil toxicity. N Engl J Med 1985;313:245-249.
Arnason A. Apoplexi und ihre Vererbung. Acta Psychiatr Neurol
[Suppl] 1935;7:1-180.

Grubb A, Jensson O, Gudmundsson G, Arnason A, Lofberg H,
Malm J. Abnormal metabolism of gamma trace alkaline micro-
protein. N Engl J Med 1984;311:1547-1549.

Ghiso J, Jensson O, Frangione B. Amyloid fibrils in hereditary
cerebral hemorrhage with amyloidosis of Icelandic type is a vari-
ant of gamma-trace basic protein (cystatin C). Proc Natl Acad Sci
USA 1986:83:2974-2978.

Palsdottir A, Thorsteinsson L, Olafsson I, et al. Mutation in cysta-
tin C gene causes hereditary brain hemorrhage. Lancet 1988;Sept
10:603-604.

Uitti R, Donat J, Rozdilsky B, Schnieder R, Koeppen A. Familial
oculoleptomeningeal amyloidosis. Arch Neurol 1988;45:1118-
1122,

Folling A. Uber Ausscheidung von Phenylbrenztraubenaure in
den Harn als Stoffwechselanomalie in Verbindung mit Imbezzil-
litat. Z Physiol Chem 1934;227:169.

Penrose L, Quastel J. Metabolic studies in phenylketonuria. Bio-
chem J 1937;31:266-274.

Jervis G. Phenylpyruvic oligophrenia deficiency of phenylala-
nine-oxidizing system. Proc Soc Exp Biol Med 1953;82:514-515.
Bickel H, Gerrard J, Hickmans E. Influence of phenylalanine
intake on the chemistry and behavior of a phenylketonuric child.
Acta Pediatr 1954:43:64.

HsiaDY'Y, Driscoll K, Troll W, Knox W. Detection by phenylala-
nine tolerance tests of heterozygous carriers of phenylketonuria.
Nature 1956;178:1239-1240.

Guthrie R, Susi A. A simple phenylalanine method for detecting
phenylketonuria in large populations of newborn infants. Pediat-
rics 1963;32:338-343.

517a.Thompson AJ, Smith I, Brenton D et al. Neurological deteriora-

518.

518,

520.

521.

522.

tion in young adults with phenilketonuria. Lancet, Sept 8, 1990.
Woo S, Lidsky A, Guttler F, Chandra T, Robson K. Cloned hu-
man phenylalanine hydroxylase gene allows prenatal diagnosis
and carrier detection of classical phenylketonuria. Nature
1983;306:151-155.

DiLella AG, Ledleg FD, Rey F, Munnich A, Woo SLC. Detection
of phenylalanine hydroxylase messenger RNA in liver biopsy sam-
ples from patients with phenylketonuria. Lancet 1985;1:160-
161.

Ledley FD, Grenett H, DiLella A, Kwok S, Woo S. Gene transfer
and expression of human phenylalanine hydroxylase. Science
1985:228:77-79.

Lidsky AS, Guttler F, Woo S. Prenatal diagnosis of classic phenyl-
ketorturia by DNA analysis. Lancer 1985;1:549-555.

DiLella A, Huang W, Woo S. Screening for phenylketonuria mu-
tations by DNA amplification with the polymerase chain reac-
tion. Lancet 1988;March 5:497-499.

. Drogari I, Beasley M, Smith J, Lloyd J. Timing of strict diet in

relation to fetal damage in maternal phenylketonuria. Lancet
1987:0ct 24:927-930.

. Mabry C. Maternal PKU: a cause of mental retardation in chil-

dren without the metabolic defect. N Engl J Med 1963;269:1404.

. Carson N, Neill D. Metabolic abnormalities detected in a survey

of mentally backward individuals in Northern Ireland. Arch Dis
Child 1962;37:505-513.

. Mudd S, Finkelstein J, Irreverre F, Laster L. Homocystinuria: an

enzymatic defect. Science 1964;143:1443-1445.

. Holowell J, Coryell M, Hall W, Findley J, Thevoas T. Homocys-

tinuria as affected by pyridoxine, folic acid, and vitamin B12.
Proc Soc Exp Biol Med 1968;129:327-333.

. Carmel R, Watkins D, Goodman S, Rosenblatt D. Hereditary

defect of cobalamin metabolism (cbl G mutation) presenting as a
neurologic disorder in adulthood. N Engl J Med 1988:;318:1738-
1741.

. Wilcken DEL, Wilcken B, Dudman NPB, Yreell PA. Homocys-

tinuria—the effects of betaine in the treatment of patients not
responsive to pyridoxine. N Engl J Med 1983:309:448-453.

. Schuh S, Rosenblatt DS, Cooper BA, Schroeder M-L, Bishop AJ,

Seargeant LE, Haworth JC. Homocystinuria and megaloblastic

532.

533.

534.
535.

536.

537.

538.

539.

540.

541.

542.

543.

544.

545.

546.

547.

548.

549.

550.

554.

555.

anemia responsive to vitamin B12 therapy. N Engl J Med
1984:310:686-690.

. Oberholzer V, Levin B, Burgess E, Young W. Methylmalonic

aciduria: an inborn error of metabolism leading to chronic meta-
bolic acidosis. Arch Dis Child 1967;42:492-504.

Rosenberg L, Lilljeqvist A, Hsia J. Methylmalonic aciduria: meta-
bolic block localization and vitamin B12 deficiency. Science
1968;162:805-807.

Korf B, Wallman J, Levy H. Bilateral lucency of the globus palli-
dus complicating methylmalonic acidemia. Ann Neurol
1986;20:364-366.

Angelini C. Carnitine deficiency. Lancet 1975;2:554.

Stumpf DA, Parker WD Jr, Angelini C. Carnitine deficiency, or-
ganic acidemias, and Reye’s syndrome. Neurology 1985;
35:1041-1045.

Daum R, Scriver C, Mamer B, Delvin E, Lamm P, Goldman H.
An inherited disorder of isoleucine catabolism causing accumula-
tion of a-methyl-g-hydroxybutyrate and intermittent metabolic
acidosis. Pediatr Res 1973;7:149-160.

Nyhan WL, ed. Heritable disorders of amino acid metabolism.
New York: Wiley, 1974.

Leibel R, Shih V, Goodman S, Bauman M, McCabe E, Zerdling
R, Bergman I, Costello C. Glutaric acidemia: a metabolic dis-
order causing progressive choreoathetosis. Neurology 1980;30:
1163-1168.

Amir N, El-Peleg O, Shalev R, Christensen E. Glutaric aciduria
type 1: clinical heterogeneity and neuroradiologic features. Neu-
rology 1987;37:1654-1657.

de Visser M, Scholte H, Schutgens R, Bolhuis P, Luyt-Houwen I,
Vaandrager-Verduin M, Veder H, Oey P. Riboflavin-responsive
lipid-storage myopathy and glutaric aciduria type 2 of early adult
onset. Neurology 1986;36:367-372.

Secombe D, James L, Booth F. L-Carnitine treatment in glutaric
aciduria type 1. Neurology 1986;36:264-267.

Menkes JH, Hurst PL, Craig JM. A new syndrome: progressive
familial infantile cerebral dysfunction associated with an unusual
urinary substance. Pediatrics 1954;14:462-466.

Westall R, Dancis J, Miller S. Maple sugar urine disease. Am J
Dis Child 1957;94:571-572.

Morris M, Lewis B, Doolan P, Harper H. Clinical and biochemi-
cal observations on an apparently nonfatal variant of branched
chain ketoaciduria (maple syrup urine disease). Pediatrics
1961;28:918-923.

Dancis J, Hutzler J, Rokkonest T. Intermittent branched chain
ketonuria. Variant of maple-syrup urine disease. N Engl J Med
1967:;276:84-89.

Wada Y, Taka K, Minagawa A, Yoshida T, Morikawa T, Ka-
mura T. Idiopathic hypervalinemia: probably a new entity of in-
born error of valine metabolism. Tohoku J Exp Med 1963;81:46.
Tanaka K, Budd M, Efron M, Isselbacher K. Isovaleric acidemia:
a new genetic defect of leucine metabolism. Proc Natl Acad Sci
USA 1966;56:236-242.

Thuy L, Zielinska B, Zammarchi E, Pavari E, Vierucci A, Sweet-
man F, Sweetman L, Nyham W. Multiple carboxylase deficiency
due to deficiency of biotinidase. J Neurogenet 1986;3:357-363.
Diamantopoulos N, Painter M, Wolf B, Heard G, Roe C. Biotini-
dase deficiency: accumulation of lactate is the brain and response
to physiologic doses of biotin. Neurology 1986;36:1107-1109.
Schulz P, Weiner S, Belmont J, Fishman M. Basal ganglia calcifi-
cations in a case of biotinidase deficiency. Neurology
1988;38:1326-1328.

. Eldjarn L, Jellum E, Stokke O, Pande H, Waaler P. Beta-hydrox-

yisovaleric aciduria and beta-methylcrotonylglycinuria: a new in-
born error of metabolism. Lancet 1970;11:521.

. Gompertz D, Draffan G, Watts J, Hull D. Biotin-responsive beta-

methyl-crotonyl-glycinuria. Lancet 1971;2:22-24.

. Williams JC, Butler 1J, Rosenberg HS, Verani R, Scott CI, Conley

SB. Progressive neurologic deterioration and renal failure due to
storage of glutamyl-ribose-5-phosphate. N Engl J Med
1984;311:152-155.

Bruckman C, Berry HK, Dasenbrock RJ. Histidinemia in two
successive generations. Am J Dis Child 1970;119:221-227.
LaDue B, Howell R, Jacoby G, Seegmiller J, Sober E, Zannon V,
Canby J, Ziegler L. Clinical and biochemical studies on two cases
of hisstidinemia. Pediatrics 1963;32:216-227.

-




556.

357,

558.

559.

560.

561.

562.

563.

564.

565.

566.

567.

568.

569.

570.

571.

572.

573.

574.

575.

Schneider AS, Valentine WN, Hattori M, et al. Hereditary hemo-
lytic anemia with triosephosphate isomerase deficiency. N Engl J
Med 1965,272:229-235.

Poll-The BT, Aicardi J, Girot R, Rosa R. Neurological findings in
triosephosphate isomerase deficiency. Ann Neurol 1985;17:439-
443,

Baron DN, Rent CE, Harris H, Hart EW, Jepson JB. Hereditary
pellagra-like skin rash with temporary cerebellar ataxia. Constant
renal amino-aciduria, and other bizarre biochemical features.
Lancet 1956;2:421-428.

Lowe CU, Terrey M, MacLachlan EA. Organic-aciduria de-
creased renal ammonia production, hydrophthalmos, and men-
tal retardation. Am J Dis Child 1952;83:164-184.

Msall M, Batshaw ML, Sus R, Brusilow SW, Mellits ED. Neuro-
logic outcome in children with inborn errors of urea synthesis. N
Engl J Med 1984;310:1500-1505.

Krebs H. Urea synthesis. In: Sumner JB, Myrback K, eds. The
enzymes, vol 2, Part 2. New York: Academic Press, 1951;866.
Shih V, Efron M. Urea cycle disorders. In: Stanbury J, Wyngaar-
den J, Fredrickson D, eds. The metabolic basis of inherited dis-
ease, 3rd ed. New York: McGraw-Hill, 1972;370-392.
Brusilow S, Horwich A. Urea cycle enzymes. In: Scriver CR, ed.
The metabolic basis of inherited diseases, 6th ed. New York:
McGraw-Hill, 1989;629-663.

Freeman JM, Nicholson JF, Masland WS, Rowland LP, Carter S.
Ammonia intoxication due to.a congenital defect in urea synthe-
sis. J Pediatr 1964;65:1039-1040.

Short E, Conn H, Snodgrass P, Campbell A, Rosenberg L. Evi-
dence for X-linked dominant inheritance of ornithine transcarba-
mylase deficiency. N Engl J Med 1973;288:7-12.

Brutton C, Corsellis J, Russel A. Hereditary hyperammonemia.
Brain 1970;93:423-434.

Horwich AL, Fenton WA, Williams KR, Kalousek F, Kraus JP,
Doolittle RF, Konigsberg W, Rosenberg LE. Structure and ex-
pression of a complementary DNA for the nuclear coded precur-
sor of human mitochondrial ornithine transcarbamylase. Science
1984;224:1068-1074.

Lindgren V, de Martinville B, Horwich AL, Rosenberg LE,
Francke U. Human ornithine transcarbamylase locus mapped to
band Xp2l.l near the Duchenne muscular dystrophy locus.
Science 1984;226:698-700.

Old JM, Purvis-Smith S, Wilcken B, Pearson P, Williamson R, et
al. Prenatal exclusion of ornithine transcarbamylase deficiency
by direct gene analysis. Lancet 1985;1:73-75.

Rozen R, Fox J, Fenton W, Horwich A, Rosenberg L. Gene dele-
tion and restriction fragment length polymorphisms at the hu-
man ornithine transcarbamylase locus. Nature 1985;313:815-
817.

Nussbaum R, Boggs B, Beaudet A, Doyle S, Potter J, O’Brien W.
New mutation and prenatal diagnosis in ornithine transcarbamy-
lase deficiency. Am J Hum Genet 1986;38:149-158.

Fox J, Hack A, Fenton W, Golbus M, Kalousek F, Rozen R,
Brusilow S, Rosenberg L. Prenatal diagnosis of ornithine trans-
carbamylase deficiency with use of DNA polymorphisms. N Eng/
J Med 1986:315:1205-1208.

Koike R, Fujimori K, Yuasa T, Miyatake T, Inoue I, Saheki T.
Hyperornithinemia, hyperammonemia, and homocitrullinuria.
Neurology 1987,37:1813-1815.

DiMagno E, Lowe J, Snodgrass P, Jones J. Ornithine transcarba-
mylase deficiency a cause of bizarre behavior in a man. N Engl J
Med 1986:315:744-747.

Maddalena A, Sosnoski D, Berry G, Nussbaum R. Mosaicism for

~ an intragenic deletion in a boy with mild ornithine transcarbamy-

576.

571.

578.

579.

lase deficiency. N Engl J Med 1988;319:999-1003.

Rowe P, Newman S, Brusilow S. Natural history of symptomatic
partial ornithine transcarbamylase deficiency. N Engl J Med
1986:;314:541-547.

McMurray W, Mohyuddin F, Rossiter R, Rathbun J, Valenitne
G, Koegler S, Zarfas D. Citrullinuria: a new aminoaciduria asso-
ciated with mental retardation. Lancet 1962;1:138.

Tedesco T, Mellman W. Argininosuccinate synthetase activity
and citrulline metabolism in cells cultured from a citrullinemic
subject. Proc Natl Acad Sci USA 1967;57:829-834.

Beaudet AL, Su T-S, Bock H-G, D’Eustachio P, Ruddle FH,
O’Brien WE. Use of a cloned cDNA to study human argininosuc-
cinate synthetase [Abstract]. Am J Hum Genet 1981;33:364.

580.

582.

583.

584.

585.

586.

587.

588.

589.

590.

591.

592.

393.

594.

595.

596.

597.

598.

599.

600.

601.

602.

603.

604.

605.

GENETIC NEUROLOGICAL DISEASES / 89

Allan J, Cusworth D, Dent C, Wilson V. A disease, probably
hereditary, characterized by severe mental deficiency and a con-

stant gross abnormality of amino acid metabolism. Lancet
1958;1:182.

. Tomlinson S, Westall R. Argininosuccinic aciduria, argininosuc-

cinase, and arginase in human blood cells. Clin Sci 1964;26:261-
269.

Goodman S. Antenatal diagnosis of argininosuccinic aciduria.
Clin Genet 1973;4:236-240.

Glick N, Snodgrass P, Schafer 1. Neonatal argininosuccinic aci-
duria with normal brain and kidney but absent liver argininosuc-
cinate lyase activity. Am J Hum Genet 1976;28:22-30.

Naylor SL, Klebe RJ, Shows TB. Argininosuccinic aciduria: As-
signment of the argininosuccinate lyase genet to the pter-q22 re-
gion of human chromosome 7 by bioautography. Proc Natl Acad
Sci USA 1978;75:6159-6162.

Terheggen HG, Schwenk A, Lowenthal A, Van Sande M, Co-
lombo JP. Arginineaemia with arginase deficiency. Lancet
1969;2:748-749.

Rogers S, Lowenthal A, Terheggen HG, Columbo JP. Induction
of arginase activity with the slope papilloma virus in tissue culture
cells from an argininemic patient. J Exp Med 1973;137:1091-
1096. 2

Dickens F, Randle PJ, Shelen WJ, eds. Carbohydrate metabolism
and its disorders, vol 11. New York: Academic Press, 1968.
Hers HG, VanHoof F, deBarsy T. The glycogen storage diseases.
In: Scriver CR, et al., eds. The metabolic basis of inherited dis-
ease. New York: McGraw-Hill, 1959;425-452.

Illingworth B, Cori GT. Structure of glycogens and amylopectins.
III. Normal and abnormal human glycogen. J Biol Chem
1952;199:653-660.

von Gierke E. Hepato-nephromegalia glykogenia (Glykogenspei-
cherkrankheit der Leber und Nieren). Beitr Pathol 1929;82:497.
Spencer-Peet J, Norman M, Lake B, McNamara PA. Hepatic
glycogen storage disease: clinical and laboratory findings in 23
cases. Q J Med 1971;40:95-114.

Schwenk W, Haymond M. Optimal rate of enteral glucose admin-
istration in children with glycogen storage disease Type I. N Eng/
J Med 1986;314:682-685.

Pompe JC. Ober idopatische hypertrophie van het hart. Ned
Tijdschr Geneeskd 1932;76:304.

Danon M, DiMauro S, Shanske S, Archer F, Miranda A. Juve-
nile-onset acid maltase deficiency with unusual familial features.
Neurology 1986;36:818-822.

Angelini C, Engel A, Titus J. Adult acid maltase deficiency abnor-
malities in fibroblasts from patients. N Engl J Med
1972;287:948-951.

Miranda A, Shanske S, Hays A, DiMauro S. Immunocytochemi-
cal analysis of normal and acid maltase-deficient muscle cultures.
Arch Neurol 1985:42:371-373.

Umpleby A, Wiles C, Trend P, Scobie I, MacLeod A, Spencer G,
Sonksen P. Protein turnover in acid maltase deficiency before
and after treatment and with a high protein diet. J Neurol Neuro-
surg Psychiatry 1987;50:587-592.

Isaacs H, Savage N, Badenhorst M, Whistler T. Acid maltase
deficiency: a case study and review of the pathophysiological
changes and proposed therapeutic measures. J Neurol Neurosurg
Psychiatry 1986:;49:1011-1018.

Cori GT. Glycogen structure and enzyme deficiencies in glycogen
storage disease. Harvey Lect 1954;48:145.

Ugawa Y, Inoue K, Takemura T, Iwamasa T. Accumulation of
glycogen in sural nerve axons in adult-onset Type 3 glycogenosis.
Ann Neurol 1986;19:294-297.

Waaler P, Garatun-Tjeldsto O, Moe P. Genetic studies in glyco-
gen storage disease type III. Acta Paediatr Scand 1970;59:529-
535.

Anderson DH. Familial cirrhosis of the liver with storage of ab-
normal glycogen. Lab Invest 1956;5:11-20.

Brown BI, Brown DH. Lack of an a-1,4-glucan: a-1,4 glucan-6-
glucosyl transferase in a case of type IV glycogenosis. Proc Natl
Acad Sci USA 1966:56:725-729.

Howell RR, Kaback MM, Brown BI. Branching enzyme defi-
ciency in skin fibroblasts and possible heterozygote detection:
type IV glycogen storage disease. J Pediatr 1971:78:638-642.
McArdle B. Myopathy due to a defect in muscle glycogen break-
down. Clin Sci 1951;10:13-35.




90 / CHAPTER 2

606.

607.

608.

609.

610.

612.

613.

614.

615.

616.
617.
618.
619.

620.

621.

622.

623.

624.

625.

626.

627.

628.

629.

630.

Mommaerts WFHM, Illingworth B, Pearson CM, Guilory PJ,
Seraydarian K. A functional disorder of muscle associated with
the absence of phosphorylase. Proc Natl Acad Sci USA
1959;45:791-797.

Schmid R, Mahler R. Chronic progressive myopathy with myo-
globinuria: demonstration of a glycogenolytic defect in the mus-
cle. J Clin Invest 1959;38:2044-2058.

Rowland L, Lovelace R, Schotland D, Araki S, Carmel P. The
clinical diagnosis of McArdle’s disease. Identification of another
family with deficiency of muscle phosphorylase. Neurology
1966;16:93-100.

DiMauro S, Arnold A, Miranda A, et al. McArdle’s disease: the
mystery of reappearing phosphorylase activity in muscle culture
—a fetal isoenzyme. Ann Neurol 1978;3:60-66.

Meienhofer MC, Askanvas V, Proux-Daegelen J, et al. Muscle-
type phosphorylase activity present in muscle cells cultured from
three patients with myophosphorylase deficiency. Arch Neurol
1977;34:779-781.

. Makos M, McComb R, Hart M, Bennett D. Alpha-glycosidase

deficiency and Basilar artery aneurysm: report of a sibship. Ann
Neurol 1987;22:629-633.

Lebo RV, Gorin F, Fletterick RJ, Kao F-T, Cheung M-C, Bruce
BD, Kay VW. High resolution chromosome sorting and DNA
spot-blot analysis assign McArdle’s syndrome to chromosome II.
Science 1984;225:57-59.

Schmidt B, Servidei S, Gabbai A, Silva A, DeOliveira A, Di-
Mauro S. McArdle’s disease in two generations: autosomal reces-
sive transmission with manifesting heterozygote. Neurology
1987;37:1558-1561.

Mineo I, Kono N, Hara N, Shimizu T, Yamada Y, Kawachi M,
Kiyokawa H, Wang Y, Tarui S. Myogenic Hyperuricemia. N
Engl J Med 1987;317:75-80.

Argov Z, Bank W, Maris J, Chance B. Muscle energy metabolism
in McArdle’s syndrome by in vivo phosphorus magnetic reso-
nance spectroscopy. Neurology 1987;37:1720-1724.

Heller A, Brooke M, Kaiser K, Choski R. 2,4- Dlmtrophcnol
muscle biopsy, and McArdle’s disease. Neurology 1988;38:15-19.
Slonim A, Goans P. Myopathy in McArdle’s syndrome: improve-
ment with a high-protein diet. N Engl J Med 1985;312:355-359.
Hers HG. Etudes enzymatiques sur fragments hepatiques. Rev
Int Hepatol 1959:9:35.

Layzer R, Rowland L, Ranney H. Muscle phosphofructokinase
deficiency. Arch Neurol 1967;17:512-523.

Tarui S, Okuno G, Ikura Y, Tanaka T, Suda M, lehlkawa M.
Phosphofructokinase deficiency in skeletal muscle: a new type of
glucogenesis. Biochem Biophys Res Commun 1965;19:517-523.
Tarui S, Mineo I, Shimizu T, Sumi S, Kono N. In: Serratrice G, et
al., eds. Muscle phosphofructokinase deficiency and related dis-
orders; neuromuscular diseases. New York: Raven Press,
1984,71-77.

Servndel S, Bonilla E, Diedrich R, Kornfeld M, et al. Fatal infan-
tile form of muscle phosphofructokinase deficiency. Neurology
1986;36:1465-1470.

Kono N, Mineo I, Shimizu T, Hara N, Yamada Y, Nonaka K,
Tarui S. Increased plasma uric acid after exercise in muscle phos-
phofructokinase deficiency. Neurology 1986;36:106-108.

Argov Z, Bank W, Maris J, Leigh J, Chance B. Muscle energy
metabolism in human phosphofructokinase deficiency as re-
corded by *'P nuclear magnetic resonance spectroscopy. Ann
Neurol 1987;22:46-51.

Danon M, Servideis S, DiMauro S, Vora S. Late-onset muscle
phosphofructokinase deficiency. Neurology 1988;38:956-960.
Hug G, Schubert WK, Chuck G. Deficient activity of phosphory-
lase kinase and accumulation of glycogen in the liver. J Clin In-
vest 1969;48:704-715.

Abarbanel J, Bashan N, Potashnik R, Osimani A, Moses S, Heri-
shanu Y. Adult muscle phosphorylase ‘b’ kinase deficiency. Neu-
rology 1986;36:560-562.

Thomsom W, MacLaurin J, Prineas J. Skeletal muscle glycogen-
osis: an investigation of twoudissimilar cases. J Neurol Neurosurg
Psychiatry 1963;26:60-68.

Illingworth B, Brown D. Glycogen storage disease, type 3, 4, and
6. In: Whelan W, ed. Control of glycogen metabolism. Ciba Foun-
dation Symposium. London: Churchill, 1964;336-353.

Brown B, Brown D. Glycogen storage disease, type 1, 3,4, 5, 7.
and unclassified glycogenosis. In: Dickens I, Randle P, Whelan

631.

632.

633.

634.

635.

636.
637.

638.

639.

640.

641.

642.

643.

644.

645.

646.

647.

648.

649.

650.

653.

654.

655.

656.

N, eds. Carbohydrate metabolism and its disorders, vol 2. Lon-
don: Academic Press, 1968;123-150.

Sugie H, Kobayashi J, Sugie Y, Ichimura M, Miyamoto R, Ito T,
Shimizu K, Igarashi Y. Infantile muscle glycogen storage disease:
phosphoglucomutase deficiency with decreased muscle and
serum carnitine levels. Neurology 1988;38:602-605.

Mason HH, Turner ME. Chronic galactemia. Am J Dis Child
1935;50:359-374.

Komrower GM, Schwarz B, Holzel A, Goldberg L. A clinical and
biochemical study of galactosemia. Arch Dis Child 1956;31:254-
264.

Isselbacher KJ, Anderson EP, Kurahashi K, Kalchar HM. Con-
genital galactosemia, a single enzymatic block in galactose metab-
olism. Science 1956;123:635-646.

Anderson EP, Kalckar HM, Kurahashi K, Isselbacher KJ. A spe-
cific enzymatic assay for the diagnosis of congenital galactosemia.
J Lab Clin Med 1957;50:469-4717.

Hsia DYY, Walker FA. Variability in the clinical manifestations
of galactosemia. J Pediatr 1961;59:872-883.

Segal S. Disorders of galactose metabolism. In: Scriver CR, et al.,
eds. The metabolic basis of inherited disease, 6th ed. New York:
McGraw-Hill, 1989;453-480.

Wells H, Wells W. Galactose toxicity and myoinositol metabo-
lism in the developing rat brain. Biochemistry 1967;6:1168-
1173.

Poulton K, Nightingale S. A new metabolic muscle disease. Due
to abnormal hexokinase activity. J Neurol Neurosurg Psychiatry
1988;51:250-255.

Busard B, Renier W, Gabreels F, Jaspar H, van Haelst U, SlouffJ.
Lafora’s disease. Arch Neurol 1986;43:296-299.

Busard H, Gabreels-Festen A, Renier W, Gabreels F, Stad-
houders A. Axilla skin biopsy: a reliable test for the diagnosis of
Lafora’s disease. Ann Neurol 1987;21:599-601.

Logigian E, Kolodny E, Griffith J, Filipek P, Richardson EP.
Myoclonus epilepsy in two brothers. Brain 1986;109:411-429.
Buscaino GA, Guazzi GC, Barhieri FA. Ricerche ultrastrutturali
ed isoochimuche sulla sindrome di Unverricht-Lundborg. Pre-
sentazione di una famiglia del mezzogimo d’stalier. Acta Neurol
1978;28:291-322.

Schwarz GA, Yanoff M. Lafora’s disease. Arch Neurol
1965;12:172-188.

Wenger D, Sujansky E, Fennessey P, Thompson J. Human beta-
mannosidase deficiency. N Engl J Med 1986;315:1201-1205.
Noll R, Kulkarni R, Netzloff M. Follow-up of language and cog-
nitive development in patients with mannosidosis. Arch Neurol
1986;43:157-159.

Cooper A, Sardharwalla I, Roberts M. Human beta-mannosidase
deficiency. N Engl J Med 1986;315:1231.

Byrne E, Dennett X, Crotty B, Trounce I, Sands J, Hawkins R,
Hammond J, Anderson S, Haan E, Pollard A. Dominantly in-
herited cardioskeletal myopathy with lysosomal glycogen storage
and normal acid maltase levels. Brain 1986;109:523-536.
Rosenberg RN, Pettegrew JW. Genetic neurological disease. In:
Rosenberg RN, ed. The clinical neurosciences, vol 1. New York:
Churchill Livingstone, 1983;33-165.

Norman R, Urich H, Tingey A, Goodbody R. Tay-Sachs disease
with visceral involvement and its relationship to Niemann-Pick’s
disease. J Pathol Bacteriol 1959;78:409-421.

. Brady RO. Inherited metabolic diseases of the nervous system.

Science 1976;193:733-739.

. Brady RO. Genetic errors and enzyme replacement strategies. In:

Kety S, Rowland LP, Sigman RL, Matthysse SW, eds. Genetics of
neurological and psychiatric disorders. New York: Raven Press,
1983:;181-193.

Derry D, Fawcett J, Anderman F, Wolf L. Late infantile systemic
lipidosis: major monosialogangliosidosis, delineation of two
types. Neurology 1968;18:340-348.

Svennerholm L, Raal A. Composition of brain gangliosides. Bio-
chem Biophys Acta 1961;53:422-424.

Aronson SM, Volk BS, eds. Inborn disorders of sphingolipid me-
tabolism. Proceedings of the.third international symposium on the
cerebral sphingolipidoses. New York: Pergamon, 1967.
Bernsohn J, Brossman HJ, eds. Lipid storage diseases: enzymatic
defect and clinical implications. New York: Academic Press,
1971.




657.
658.
659.

660.

661.

662.

663.

664.
665.

666.

667.

668.

669.

670.
671.

672.

673.

674.

675.

676.

677.

678.
. Identification of an altered splice site in Ashkenazi Tay-Sachs

679.

680.

681.

Farrell DF, Ochs U. GMI gangliosidosis: phenotypic variation in
a single family. Ann Neurol 1981;9:225-231.

Farrell DF, MacMartin MP. GMI gangliosidosis: enzymatic varia-
tion in a single family. Ann Neurol 1981;9:232-236.

Goldman JE, Katz D, Rapin L, Purpura D, Suzuki K. Chronic
GM | gangliosidosis presenting as dystonia. 1. Clinical and patho-
logical features. Ann Neurol 1981;9:465-475.

Guazzi G, D’Amore I, Van Hoof F, Fruschelli C, Alessandrini C,
Palmeri S, Federico A. Type 3 (chronic) GM 1 gangliosidosis pre-
senting as infanto-choreo-athetotic dementia, without epilepsy,
in three sisters. Neurology 1988;38:1124-1127.

Ohta K, Tsuji S, Mizuno Y, Atsumi T, Yahagi T, Miyatake T.
Type 3 (adult) GM1 gangliosidosis: case report. Neurology
1985;35:1490-1494.

Mutoh T, Sobue I, Naoi M, Matsuoka Y, Kiuchi K, Sugimura K.
A family with beta-galactosidase deficiency; three adults with
atypical clinical patterns. Neurology 1986;36:54-59.

Alroy J, Orgad U, Ucci A, Schelling S, et al. Neurovisceral and
skeletal GM 1 gangliosidosis in dogs with beta-galactosidase defi-
ciency. Science 1985;229:470-472.

Tay W. Symmetrical changes in the region of the yellow spot in
each eye of an infant. Trans Ophthalmol Soc UK 1881;1:155.
Sachs B. A family form of idiocy, generally fatal, associated with
early blindness (amaurotic family idiocy). J Nerv Ment Dis
1896;23:475-479.

Klenk E. Niemann-Picksche Krankheit und amaurotische Idio-
tie. Hoppe Seylers Z Physiol Chem 1939;262:128-143.

Klenk E. Uber die Ganglioside des Gehirns bei der infantilen
amaurotischen Idiotie vom Typ Tay-Sachs. Ber Dtsch Chem Ges
1942;75:1632-1636.

Svennerholm L, Raal A. Composition of brain gangliosides. Bio-
chem Biophys Acta 1961;53:422-424.

Sandhoff K, Andreae U, Jatzkewitz H. Deficient hexosaminidase
activity in an exceptional case of Tay-Sachs disease with addi-
tional storage of kidney globoside in visceral organs. Life Sci
1968;7:283-288.

Sandhoff K. Variation of beta-N-acetylkexosaminidase pattern in
Tay-Sachs disease. FEBS Lett 1969;4:351.

Hultberg B. N-Acetylhexosaminidase activities in Tay-Sachs dis-
ease. Lancet 1969;2:1195.

Kolodny E, Brady R, Volk B. Demonstration of an alteration of
ganglioside metabolism in Tay-Sachs disease. Biochem Biophys
Res Commun 1969;37:526-531.

Sandhoff K, Jatzkewitz H. The chemical pathology of Tay-Sachs
disease. In: Volk BW, Aronson SM, eds. Sphingolipids, sphingo-
lipidoses, and allied disorders. New York: Plenum Press,
1972;305.

Johnson WG. Hexosaminidase deficiency: a cause of recessively
inherited motor neuron diseases. In: Rowland LP, ed. Human
motorneuron disease. New York: Raven Press, 1982;159-164.
Cashman N, Antel J, Hancock L, Dawson G, Horwitz A, John-
son W, Huttenlocher P, Wollmann R. N-Acetyl-beta-hexosamin-
idase beta locus defect and juvenile motor neuron disease: a case
study. Ann Neurol 1986;19:568-572.

Kotagal S, Wenger D, Alcala H, Gomez C, Horenstein S. AB
Variant GM2 gangliosidosis: CSF and neuropathologic charac-
teristics. Neurology 1986;36:438-440.

Bolhuis P, Oonk J, Kamp P, Ris A, Michalski J, Overdijk B,
Reuser A. Ganglioside storage, hexosaminidase lability, and uri-
nary oligosaccharides in adult Sandhoff’s disease. Neurology
1987;37:75-81.

Apaia E, Dumbrille-Ross A, Maler T, Neote K, Tropak M, et al.

disease. Nature 1988:;333:85-86.

Sandhoff K, Andreae U, Jatzkewitz H. Deficient hexosaminidase
activity in an exceptional case of Tay-Sachs disease with addi-
tional storage of kidney globoside in visceral organs. Life Sci
1968;7:283-288.

Bernheimer H, Seitelberger F~ Uber das Berhalten der Ganglio-
side im Gehirn bie 2 Fallen von spatinfantiler amaurotischer
Idiotie. Wien Klin Wochenschr 1968:80:163.

Johnson WG. Hexosaminidase deficiency: a cause of recessively
inherited motor neuron diseases. In: Rowland LP, ed. Human
motor neuron disease. New York: Raven Press, 1982;159-164.

682.

683.

684.

685.
686.

687.

688.

689.

690.

691.

692.

693.

694.

695.

696.

697.

698.

699.

700.

701.

702.

703.

704.

705.

706.

707.

708.

GENETIC NEUROLOGICAL DISEASES / 91

Mitsumoto H, Sliman R, Schafer I, Sternick C, Kaufman B, Wil-
bourn A, Horwitz S. Motor neuron disease and adult hexosamini-
dase: a deficiency in two families. Ann Neurol 1985;17:378-385.
Navon R, Proia R. The mutations in Ashkenazi Jews with adult
GM2 gangliosidosis—the adult form of Tay-Sachs disease.
Science 1989;243:1471-1474.

Johnson WG, Schwartz RC, Chutorian AM. Artificial insemina-
tion by donors: the need for genetic screening. N Engl J Med
1981:304:755-757.

Gaucher PCE. De I'epitheliome primitif de la rate. Thése, Uni-
versité de Paris, 1882.

Tuchman L, Suma H, Cori J. Elevation of serum acid phospha-
tase in Gaucher’s disease. J Mt Sinai Hosp 1956;23:277.

Brady R, Kanfer J, Mock M, Fredrickson D. The metabolism of
sphingomyelin. II. Evidence of an enzyme deficiency in Nie-
mann-Pick disease. Proc Natl Acad Sci USA 1966;55:366-369.
Tsuji S, Choudary P, Martin B, Stubblefield B, Mayor J,
Barranger J, Ginns E. A mutation in the human glucocerebrosi-
dase gene in neuronopathic Gaucher’s disease. N Engl J Med
1987:316:570-575.

Tsuji S, Martin B, Barranger J, Stubblefield B, LaMarca M,
Ginns E. Genetic heterogeneity in type | gaucher diseases: multi-
ple genotypes in Ashkenazic and non-Ashkenazic individuals.
Proc Natl Acad Sci USA 1988:;85:2349-2352.

Grafe M, Thomas C, Schneider J, Katz B, Wiley C. Infantile
Gaucher’s disease: a case with neuronal storage. Ann Neurol
1988;23:300-303.

Barranger JA, Pentchev PG, Rapoport SI, Brady RO. Augmenta-
tion of a brain lysosomal enzyme activity following enzyme infu-
sion with concomitant alteration of the blood-brain barrier.
Trans Am Neurol Assoc 1977;102:10-12.

Niemann A. Ein unbekanntes Krankheitsbild. Jahrb Kinder-
heilkd 1914;79:1.

Pick L. Zur pathologischen Anatomie des Morbus. Gaucher Med
Klin 1922;18:1408.

Brady R, Kanfer J, Bradley R, Shapiro D. Demonstration of a
deficiency of glucocerebroside-cleaving enzyme in Gaucher’s dis-
ease. J Clin Invest 1966:45:1112-1115.

Crocker AC, Farber S. Niemann-Pick disease: a review of eigh-
teen patients. Medicine 1958;37:1-95.

Schneider C. Uber eine eigenartige Hirnerkrankung (Vaskulare
Lipoidose). Allg Z Psychiatr 1936;104:144.

Menkes J, Schimschock J, Swanson P. Cerebrotendinous xantho-
matosi: the storage of cholestanol within the nervous system.
Arch Neurol 1968;19:47-53.

van Bogaert I, Schere HJ. Epstein E. Une Forme Cerebrale de la
Cholesterinose Generalisee. Paris: Masson, 1937.

Philippart M, van Bogaert L. Cholestanolosis (cerebrotendinous
xanthomatosis). A follow-up study of the original family. Arch
Neurol 1969;21:603-610.

Swanson P, Cromwell L. Magnetic resonance imaging in cerebro-
tendinous xanthomatosis. Neurology 1986;36:124-126.
Berginer VM, Salen G, Shefer S. Long term treatment of cerebro-
tendinous xanthomatosis with chenodeoxycholic acid. N Engl J
Med 1984;311:1649-1652.

Grundy SM. Cerebrotendinous xanthomatosis. N Engl J Med
1984:311:1694-1695.

Salen G, Berginer V, Shore V, Horak I, et al. Increased concentra-
tions of cholestanol and apolipoprotein B in the cerebrospinal
fluid of patients with cerebrotendinous xanthomatosis. N Engl J
Med 1987;316:1233-1238.

Pedley T, Emerson R, Warner P, Rowland L, Salen G. Treatment
of cerebrotendinous xanthomatosis with chenodeoxycholic acid.
Ann Neurol 1985:18:517-518.

Abramov A, Schorr S, Wolman M. Generalized xanthomatosis
with calcified adrenals. Am J Dis Child 1956:91:282.

Patrick A, Lake B. An acid lipase deficiency in Wolman’s disease.
Biochem J 1969;112:29p.

Burton BK, Remy WT, Rayman L. Cholesterol ester and triglyc-
eride metabolism in intact fibroblasts from patients with Wol-
man'’s disease and cholesterol ester storage disease. Pediatr Res
1984;18:1242-1245.

Schmitz G, Assmann G. Acid lipase deficiency. In: Scriver CR, et




92 / CHAPTER 2

709.
710.
1,

1712,
T3

714.
715.
716.

717.

718.

719,
720.

121,

726.

727.

730.

732.

al., eds. The metabolic basis of inherited disease, 6th ed. New
York: McGraw-Hill, 1989;1623-1644.

Hoffman G, Gibson K, Brandt I, Bader P, Wappner R, Sweetman
L. Mevalonic aciduria—an inborn error of cholesterol and non-
sterol isoprene biosynthesis. N Engl J Med 1986;314:1610-1614.
Batten FE. Cerebral degeneration with symmetrical changes in
the macula in two members of a family. Trans Ophthalmol Soc
UK 1903;23:386.

Zeman W. The neuronal ceroid-lipofuscinoses. In: Zimmerman
HM, ed. Progress in neuropathology, vol I11. New York: Grune &
Stratton, 1976;203-223.

MacLeod PM, Dolman CL. Neuronal ceroid-lipofuscinosis. Arch
Neurol 1977;34:199.

Berkovic S, Carpenter S, Andermann F, Andermann E, Wolfe L.
Kuf’s disease: a critical reappraisal. Brain 1988;111:27-62.

Ivy GO, Schottler F, Wenzel J, Baudry M, Lynch G. Inhibitors of
lysosomal enzymes: accumulation of lipofuscin-like dense bodies
in the brain. Science 1984;226:985-987.

Wolfe L, Palo J, Santavuori P, Andermann F, Andermann E,
Jacob J, Kolodny E. Urinary sediment dolichols in the diagnosis
of neuronal ceroid-lipofuscinosis. Ann Neurol 1986;19:270-274.
Goebel H. Fingerprint inclusions in non-vacuolated lymphocytes
in juvenile neuronal ceroid-lipofuscinosis. Clin Neuropathol
1985:4:210-213.

Farrell DF, Sumi M. Skin punch biopsy in the diagnosis of juve-
nile neuronal ceroid-lipofuscinoses. Arch Neurol 1977;34:39-44.
Refsum S, Stokke O, Eldjarn L, Tardeu M. Heredopathia atactica
polyneuritisformis (Refsum’s disease). In: Dyck PJ, Thomas PK,
Lambert EM, eds. Peripheral neuropathy. Philadelphia: WB
Saunders, 1975;868-890.

Skjeldal O, Stokke O, Refsum S, Norseth J, Petit H. Clinical and
biochemical heterogeneity in conditions with phytanic acid accu-
mulation. J Neurol Sci 1987;77:87-96.

Lundberg A, Lilja L, Lundberg PO, Try K. Heredopathia atactica
polyneuritiformis (Refsum’s disease): experiences of dietary
treatment and plasmapheresis. Eur Neurol 1972:8:309-324.
Gonatas N, Terry R, Winkler R, et al. A case of juvenile lipidosis:
the significance of electronmicroscopic and biochemical observa-
tions of cerebral biopsy. J Neuropathol Exp Neurol 1963;22:557-
580.

. Gascon G, Wallenberg B, Daif A, Ozand P. Successful treatment

of cherry red spot—myoclonus syndrome with 5-hydroxytrypto-
phan. Ann Neurol 1988:24:453-455.

. Krabbe K. Bassen-Kornzweig syndrome: present status. J Med

Genet 1916:7:271-276.

. Suzuki K, Suzuki Y. Globoid cell leucodystrophy (Krabbe's dis-

ease): deficiency of galactocerebroside beta-galactosidase. Proc
Natl Acad Sci USA 1970:66:302-309.

. Suzuki K, Schneider E, Epstein C. In utero diagnosis of globoid

cell deukodystrophy (Krabge's disease). Biochem Biophys Res
Commun 1971;45:1363-1366.

Hagberg B, Kollberg H, Sourander P, Akesson HO. Infantile glo-
boid cell leucodystrophy (Krabbe’s disease). A clinical and ge-
netic study of 32 Swedish cases 1953-1967. Neuropadiatrie
1970:1:74.

Kobayashi T, Shinoda H, Goto I, Yamanaka T, Suzuki Y. Glo-
boid cell leukodystrophy is a generalized galactosylsphingosine
(psychosine) storage disease. Biochem Biophys Res Commun
1987:144:41-46.

. Baram T, Goldman A, Percy A. Krabbe disease: specific MRI and

CT findings. Neurology 1986:36:111-115.

. Kobayashi T, Shinnoh N, Kuroiwa Y. Metabolism of galactosyl-

ceramide in the twitcher mouse, an animal model of human glo-
boid cell leukodystrophy. Biochim Biophys Acta 1986;879:215-
220.

Kobayashai T, Goto I, Yamanaka T, Suzuki Y. Nakano T, Su-
zuki K. Infantile and fetal globoid cell leukodystrophy: analysis of
galactosylceramide and galactosylsphingosine. Ann Neurol
1988:24:517-522. ~

. Alzheimer A. Beitrage zu Kenntnis der pathologischen Neuroglia
und iher Beziehung zu den Abbauvorgangen im Nervengewebe
nissle. Alzheimers Histol Histopathol Arb 1910:3:493.

Austin JH. Metachromatic sulfatides in cerebral white matter
and kidney. Proc Soc Exp Biol Med 1959:100:361-364.

733,

734.

7385.

736.

737.

738.

739.

740.

741.

742.

743.

744.

745.

746.

747.

748.

749.

750.

¥53:

754.

135,

756.

-

Austin JH, Armstrong D, Shearer L. Metachromatic form of dif-
fuse cerebral sclerosis. V. Nature and significance of low sulfatase
activity: a controlled study of brain, liver, and kidney in four
patients with metachromatic leukodystrophy (MLD). Arch
Neurol 1965;13:593-614.

Gustavson K-H, Hagberg B. The incidence and genetics of meta-
chromatic leukodystrophy in northern Sweden. Acta Paediatr
Scand 1971:60:585-590.

Hagberg B. Clinical symptoms, signs and tests in metachromatic
leucodystrophy. In: Folch-Pi J, Bauer H, eds. Brain lipids and
lipoproteins and the leukodystrophies. Amsterdam: Elsevier,
1963;134-146.

Case Records of the Massachusetts General Hospital. N Engl J
Med 1984:310:445-455.

Waltz G, Harik S, Kaufman B. Adult metachromatic leukodys-
trophy. Arch Neurol 1987:44:225-227.

Bergeron JA, Singer M. Metachromasia: an experimental and
theoretical reevaluation. J Biophys Biochem Cytol 1958;4:433.
Bardosi A, Friede R, Ropte S, Goebel H. A morphometric study
on sural nerves in metachromatic leukodystrophy. Brain
1987:110:683-694.

Folch-Pi J, Bauer H, eds. Brain lipids and lipoproteins and the
leukodystrophies. Amsterdam: Elsevier, 1963.

Porter M, Fluharty A, Kihara H. Correction of abnormal cerebro-
side sulfate metabolism in cultured metachromatic leukodys-
trophy fibroblasts. Science 1971;172:1263-1265.

Farrell D, MacMartin M, Clark A. Multiple molecular forms of
arylsulfatase A in different forms of metachromatic leukodys-
trophy. Neurology 1979:;29:16-20.

Hizeidarsson SJ, Thomas GH, Kihara H, Fluharty AL, Kolodny
EH, Moser HW, Reynolds LW. Impaired cerebroside sulfate hy-
drolysis in fibroblasts of sibs with “pseudo” arylsulfatase A defi-
ciency without metachromatic leukodystrophy. Pediatr Res
1983:17:701-704.

Siemerling E, Creutzfeldt HG. Bronzekrankheit und sklerosier-
ende Encephalomyelitis (diffuse Sklerose). Arch Psychiatr Ner-
venkr 1923:68:217-244.

Blaw ME. Melanodermic type of leukodystrophy (adrenoleuko-
dystrophy). In: Vinken PJ, Bruyn GW, eds. Handbook of clinical
neurology. Amsterdam: North-Holland, 1970;128-133.
Schaumburg HH, Powers JM, Raine CS, Spencer PS, Griffin JW,
Prineas JW, Boehmen DM. Adrenomyeloneuropathy: a probable
variant of adrenoleukodystrophy. Neurology 1977;37:1114-
1119.

Schaumburg HH, Powers JM, Raine CS, Suzuki K, Richardson
EP. Adrenoleukodystrophy: a clinical and pathological study of
17 cases. Arch Neurol 1975:32:577-591.

Schaumburg HH, Richardson EP, Johnson PC, Cohen RB,
Powers JM, Raine CS. Schilder’s disease: sex linked recessive
transmission with specific adrenal changes. Arch Neurol
1972:27:458-460.

Moser HW, Tutschka PJ, Brown FR, Moser AE, Yeager AM,
Singh I, Mark SA, Kumar AAJ, McDonnell JM, White CL, Mau-
menee IH, Green WR, Powers JM, Santos GW. Bone marrow
transplant in adrenoleukodystrophy. Neurology 1984;34:1410-
1417.

Noetzel M, Landau W, Moser H. Adrenoleukodystrophy carrier
state presenting as a chronic nonprogressive spinal cord disorder.
Arch Neurol 1987,44:566-567.

. Haas JE, Johnson ES, Farrell DL. Neonatal-onset adrenoleuko-

dystrophy in a girl. Ann Neurol 1982:12:449-457.

. Jaffe R, Crumrine P, Hashiday Y, Moser HW. Neonatal adreno-

leukodystrophy. Clinical, pathological and biochemical delinea-
tion of a syndrome affecting both males and females. Am J Pathol
1982:108:100-111.

Goldfischer S, Collins J, Rapin I, et al. Peroxisomal defects in
neonatal-onset and X-linked adrenoleukodystrophies. Science
1985:227:67-70.

Sadeghi-Nejad A, Senior B. Adrenomyeloneuropathy presenting
Addison’s disease in childhood New Eng J Med 1990;322:13-16.
O’Neill BP, Moser HW. Adrenoleukodystrophy. Can J Neurol
Sci 1982:9:449-452.

Lyon MF. Gene action in the X chromosome of the mouse (Mus
musculus L.). Nature 1961:190:372-373.

el




" 751.
758.
759.
760.

761.

762.

763.

764.
765.
766.
767.
768.
769.

770.
771.

772,

713.
774.
775.
776.
777,
‘ 778.

779.
780.

781.

Moser H, Moser A, Frayer K, et al. Adrenoleukodystrophy: in-
creased plasma content of saturated very long chain fatty acids.
Neurology 1981;31:1241-1249.

Aubourg P, Sack G, Meyers D, Lease J, Moser H. Linkage of
adrenoleukodystrophy to a polymorphic DNA probe. Ann Neurol
1987;21:349-525.

Goto I, Kobayaski T, Antodu Y, Tobinatsu S, Kuroiwa Y.
Adrenoleukodystrophy and variants. J Neurol Sci 1986;72:103-
1

Sakai T, Antoku Y, Goto I. Plasmalogen deficiency in cultured
skin fibroblasts from neonatal adrenoleukodystrophy. Exp
Neurol 1986;94:149-154.

Suzuki S, Kobayashi T, Goto I, Kuroiwa Y. Dietary treatment of
adrenoleukodystrophy. Neurology 1986;36:104-106.

Sakai T, Antoku Y, Tsukamoto K, Imanishi K, Iwashita H, Goto
I. Carrier detection for adrenoleukodystrophy by high-perfor-
mance liquid chromatography. Exp Neurol 1988;100:556-562.
Schaumburg HH, Powers JM, Raine CS, Johnson AR, Kolodny
EH, Kishimoto Y, Igarashi M, Suzuki K. Adrenoleukodystrophy:
a clinical pathological and biochemical study. Adv Exp Med Biol
1976;68:379-387.

Igarashi M, Schaumburg HH, Powers J, Kishimoto V, Kolodny
E, Suzuki K. Fatty acid abnormality in adrenoleukodystrophy. J
Neurochem 1976;26:851-860.

Menkes JH, Corbo LM. Adrenoleukodystrophy: accumulation of
cholesterol esters with very long chain fatty acids. Neurology
1977;27:928-932.

Moser HW, Moser AE, Singh I, O’Neill BP. Adrenoleukodys-
trophy: survey of 303 cases—biochemistry, diagnosis and ther-
apy. Ann Neurol 1984;16:628-641.

Rizzo WB, Avigan J, Chemke J, Schulman JD. Adrenoleukodys-
trophy: very long chain fatty acid metabolism in fibroblasts. Newu-
rology 1984;34:163-169.

Tonshoff B, Lehnert W, Ropers HH. Adrenoleukodystrophy:
diagnosis and carrier detection by determination of long chain
fatty acids in cultured fibroblasts. Clin Genet 1982;22:25-59.
O’Neill BP, Moser HW, Saxena KM, Marmion LC. Adrenoleu-
kodystrophy: clinical and biochemical manifestations in carriers.
Neurology 1984;34:798-801.

Singh I, Moser AE, Moser HW, Kishimoto Y. Adrenoleukodys-
trophy: impaired oxidation of very long chain fatty acids in white
blood cells, cultured skin fibroblasts and amniocytes. Pediatr Res
1984;18:286-290.

Lazo O, Contereras M, Hashni M, Stanley W, Irazu C, Singh I.
Peroxisomal lignoceroyl-CoA ligase deficiency in childhood
adrenoleukodystrophy and adrenomyeloneuropathy. Proc Natl
Acad Sci USA 1988:85:7647-7651.

Brown FR, VanDuyn MA, Moser AB, et al. Adrenoleukodys-
trophy: effects of dietary restriction of very long chain fatty acids
and of the administration of carmitine and clofibrate on clinical
status of plasma fatty acids. Johns Hopkins Med J 1982;151:164-
172.

Murphy J, Malquardt K, Moser H, VanDuyn M. Treatment of
adrenoleukodystrophy by diet and plasma-pheresis. Ann Neurol
1982:12:220.

Goldfisher S. Peroxisomes in disease. J Histochem Cytochem
1979;27:1371-1373.

Moser AE, Singh I, Brown FR, Solish GI, Kelly RI, Benke PJ,
Burton BK, Moser HW. The cerebro-hepato-renal (Zellweger)
syndrome and neonatal adrenoleukodystrophy. N Engl J Med
1984:310:1141-1146.

Datta NS, Wilson GM, Hajra AK. Deficiency of enzymes catalyz-
ing the biosynthesis of glycerol-ether lipids in Zellweger syn-

 drome. N Engl J Med 1984;311:1080-1083.
*Goldfisher S, Moore C, Johnson A, et al. Peroxisomal and mito-

chondrial defects in the cerebro-hepato-renal syndrome. Science
1973:182:62-64.

Santos M. Imanaka T, Shio H, Small G, Lazarow P. Peroxisomal
membrane ghosts in Zellweger syndrome—aberrant organelle as-
sembly. Science 1988:239:1536-1539.

Anderson W. A case of angiokeratoma. Br J Dermatol
1898:10:113.

Fabry J. Ein Beitrag zur Kenntnis der Purpura hemorrhagica He-
brae. Arch Dermatol Syphilol 1898:43:187.

Pompen A. Ruiter M, Wyers H. Angiokeratoma corporis diffu-

782.

783.

784.

785.

786.

787.

788.

789.

790.

791.

792.

793.

794.

795.

796.

791.

798.

799.

800.
801.

802.

803.

804.

805.

GENETIC NEUROLOGICAL DISEASES / 93

sum (universlae) Fabry, as a sign of an unknown internal disease;
two autopsy reports. Acta Med Scand 1947;128:234-255.

Opitz J, Stiles F, Wisc D, von Gemmingen G, Rice R, Sander R,
Cross E, deGroot W. The genetics of angiokeratoma corporis dif-
fusum (Fabry’s disease) and its linkage with Xg(a) locus. Am J
Hum Genet 1965;17:325-342.

Brady R, Gial A, Bradley R, Martensson E, Warshaw A, Laster L.
Enzymatic defect in Fabry’s disease. Ceramide trihexosidase defi-
ciency. N Engl J Med 1967;276:1163-1167.

Mutoh T, Senda Y, Sugimura K, Koike Y, Matsuoka Y, Sobue I,
Takahashi A, Naoi M. Severe orthostatic hypotension in a female
carrier of Fabry’s disease. Arch Neurol 1988;45:468-472.
Bishop D, Calhoun D, Bernstein H, Hantzopoulos P, Quinn J,
Desnick R. Human alpha galactosidase A: nucleotide sequence of
a cDNA clone encoding the mature enzyme. Proc Nat Acad Sci
USA 1986:83:4859-4863.

Desnick RJ, Bishop DF. Fabry’s disease (alpha-galactosidase A
deficiency). In: Scriver CR, et al., eds. The metabolic basis of
inherited disease, 6th ed. New York: McGraw-Hill, 1989;1751-
1796.

Brady RO, Tallman JF, Johnson WG, et al. Replacement therapy
for inherited enzyme deficiency: use of purified ceramidetrihexo-
sidase in Fabry’s disease. N Engl J Med 1973;289:9-14.

Willard H, Riordan J. Assignment of the gene for myelin proteo-
lipid protein to the X chromosome: implications for X-linked
myelin disorders. Science 1985;230:940-942.

Dautigny A, Mattei M, Morello D, Alliel P, Pham-Dinh D, et al.
The structural gene coding for myelin associated proteolipid pro-
tein is mutated in jimpy mice. Nature 1986;321:867-869.
Koeppen A, Ronca N, Greenfield E, Hans M. Defective biosyn-
thesis of proteolipid protein in Pelizacus—Merzbacher disease.
Ann Neurol 1987;21:159-170.

Eldridge R, Anayiotos C, Schlesinger S, Cowen D, et al. Heredi-
tary adult onset leukodystrophy simulating chronic progressive
multiple sclerosis. N Engl J Med 1984;311:948-953.

Hunter C. A rare disease in two brothers. Proc R Soc Med
1917;10:104-116.

Hurler G. Ueber einen Typ multiplier Abartungen, vorwiegend
am Skelettsystem. Z Kinderheilkd 1920;24:220.

Brandt G. Gargoylism: a mucopolysaccharidosis. Scand J Clin
Lab Invest 1952:4:43-46.

Dorfman A, Lorinez AE. Occurrence of urinary acid mucopoly-
saccharide in the Hurler syndrome. Proc Natl Acad Sci USA
1957;43:443-446.

Brown DH. Tissue storage of mucopolysaccharides in Hurler-
Pfaundler’s disease. Proc Natl Acad Sci USA 1957;43:783-790.
Meyer K, Hoffman P, Linker A, Grumbach M, Sampson P. Sul-
fated mucopolysaccharides of urine and organs in gargoylism
(Hurler’s syndrome). II. Additional studies. Proc Soc Exp Biol
Med 1959;102:587-590.

van Hoff F, Hers HG. L'ultrastructure des cellules hepatiques
dans la malade de Hurler (gargoylism). CR Acad Sci Paris (D)
1964;259:1281.

Danes BS, Bearn AG. Hurler’s syndrome: demonstration of an
inherited disorder of connective tissue in cell culture. Science
1965;149:987-989.

McKusick VA, Kaplan D, Wise D, et al. The genetic mucopoly-
saccharidoses. Medicine 1965;44:445-483.

Neufeld EF. The biochemical basis for mucopolysaccharidoses
and mucolipidoses. Prog Med Genet 1974;10:81-101.
Fratantoni JC, Hall CW, Neufeld EF. The defect in Hurler’s and
Hunter’s syndromes: faulty degradation of mucopolysaccharide.
Proc Natl Acad Sci USA 1968:60:699-706.

Fratantoni JC, Hall CW. Neufeld EF. Hurler and Hunter’s syn-
dromes; mutual correction of the defect in cultured fibroblasts.
Science 1969;162:570-572.

Fratantoni JC, Hall CW. Neufeld EF. The defect in Hurler and
Hunter syndromes. II. Deficiency of specific factors involved in
mucopolysaccharide degradation. Proc Natl Acad Sci USA
1969:64:360-366.

McKusick VA, Neufeld EF. The mucopolysaccharide storage dis-
eases. In: Stanbury J, Wyngaarden J, Fredrickson D, Goldstein J,
Brown M, eds. The metabolic basis of inherited diseases, Sth ed.
New York: McGraw-Hill, 1983: 751-777.




94 / CHAPTER 2

806.

807.

808.

809.
810.
811.

812.
813.

814.
815.
816.
817.
818.
819.
820.

821.

822.

823.

824.

825.

826.

827.
828.
829.

830.

831.

Hurler G. Ueber einen Typ multiplier Abartungen, vorwiegend
am Skelettsystem. Z Kinderheilkd 1920;24:220.

Matalon R, Dorfman A. Hurler’s syndrome, an alpha-L-iduroni-
dase deficiency. Biochem Biophys Res Commun 1972;47:959-
964.

Crocker AC. Plasma infusion therapy for Hurler’s syndrome. Pe-
diatrics 1972;50:683-686.

Scheie HG, Hambrick GW Jr, Barnes LA. A newly recognized
forme fruste of Hurler’s disease (gargoylism). Am J Ophthalmol
1962;53:753-769.

McKusick VA, Howell RR, Hussels IE, Neufeld EF, Stevenson
R. Allelism, non-allelism and genetic compounds among the mu-
copolysaccharidoses. Lancet 1972;1:993-996.

Winters P, Harrod M, Molenich S, Kirkpatrick J, Rosenberg R.
Gamma-L-Iduronidase deficiency and possible Hurler-Scheie ge-
netic compound. Neurology 1976;26:1003-1007.

Hunter C. A rare disease in two brothers. Proc R Soc Med
1917;10:104-116.

Wolff D. Microscopic study of temporal bones in dysostosis mul-
tiplex (gargoylism). Laryngoscope 1942;52:218-223.

Njaa A. Sex-linked type of gargoylism. Acta Pediatr 1946;33:267.
Zlotogora J, Bach G. Hunter syndrome: prenatal diagnosis in
maternal serum. Am J Hum Genet 1986;35:253-260.
Sanfilippo SJ, Podosin R, Langer LO Jr, Good RA. Mental retar-
dation associated with acid mucopolysacchariduria (heparitin
sulfate type). J Pediatr 1963;63:837-838.

Harris RC. Mucopolysaccharide disorder: a possible new geno-
type of Hurler's: syndrome [Abstractl. Am J Dis Child
1961;102:741.

Neufeld E, Muenzer J. The mucopolysaccharidoses. In: Scriver
CR, et al., eds. The metabolic basis of inherited disease. 6th ed.
New York: McGraw-Hill, 1989;1565-1587.

Kresse H. Mucopolysaccharidosis 11l A (Sanfilippo A disease):
deficiency of a heparin sulfamidase in skin fibroblasts and leuko-
cytes. Biochem Biophys Res Commun 1974;54:1111-1118.
Matalon R, Dorfman A. Sanfilippo A syndrome: sulfamidase de-
ficiency in cultured skin fibroblasts and liver. J Clin Invest
1974;54:907-912.

Kleijer W, Janse H, Vosters R, Niermeijer M, Van de Kamp J.

First-trimester diagnosis of mucopoly-sacchardosis III A (Sanfi- -

lippo A disease). N Engl J Med 1986;314:185-186.

Morquio L. Sur une forme de dystrophie osseuse familial. Arch
Med Enf1935;38:5.

Kopits S, Perovic MN, McKusick VA, Robinson RA, Bailey JA
[II. Congenital atlantoaxial dislocation in various forms of
dwarfism [Abstract]. J Bone Joint Surg 1972;54A:1349-1350.
Maroteaux P, Lamy M. La pseudo-polydystrophie de Hurler.
Presse Med 1966;74:2889-2892.

Maroteaux P, Leveque B, Marie J, Lamy M. Une nouvelle dysos-
tose avec elimination urinaire de chondroitine-sulfate B. Presse
Med 1963;71:1849-1852.

Gasper PW, Thrall MA, Wenger DA, Macy DW, Ham L, Dorn-
sife RE, McBiles K, Quackenbush SL, Kesel ML, Gillette EL,
Hoover EA. Correction of feline arylsulphatase B deficiency (mu-
copolysaccharidosis VI) by bone marrow transplantation. Nature
1984;312:467-469.

Krivit W, Pierpont ME, Ayaz K, Tsai M, et al. Bone marrow
transplantation in the Maroteaux-Lamy syndrome. N Engl J
Med 1984;311:1606-1611.

Naumann G. Clearing of cornea after perforating keratoplasty in
mucopolysaccharidosis Type VI (Maroteaux-Lamy syndrome).
N Engl J Med 1985;312:995.

Sly WS, Quinton BA, McAllister WH, Rimoin DL. Beta-Gluc-
uronidase deficiency: report of clinical, radiologic, and biochemi-
cal features of a new mucopolysaccharidosis. J Pediatr
1973;82:249-257.

Hall CW, Cantz M, Neufeld EF. Rate of spontaneous mutation of
human gene. J Genet 1973;31:317-326.

Grzeschik K-H. Assignment of human genes: beta-glucuronidase
to chromosome 7, adenylate kinase-1 to 9, a second enzyme with
enolase activity to 12, and mitochondrial IDH to 15. Gene Map-
ping Conf (Baltimore) 1975;3:142-148.

. Lalley PA, Brown JA, Eddy RL, Haley LL. Shows TB. Assign-

ment of the gene for beta-glucuronidase (BGUS) to chromosome
7 in man. Gene Mapping Conf (Baltimore) 1975;3:184-187.

833.
834.

835.
836.
837.

838.
839.

840.
841.

842.
843.

844,

845.

846.

847.

- 848.
849.

850.

851.

852.

853.

854.
855.
856.

857.
858.

859.

860.

”

McKusick VA. Mendelian inheritance in man, 6th ed. Baltimore?
Johns Hopkins University Press, 1983;183.

Ikeda S, Kondo K, Oguchi K, Yanagisawa N, Horigome R, Mu-
rata F. Adult fucosidosis. Neurology 1984;34:451-456.
Fukushima H, deWet J, O’Brien J. Molecular cloning of a cDNA
for human alpha-L-fucosidase. Proc Natl Acad Sci USA
1985;82:1262-1265.

Soong B-W, Casamassima A, Fink J, Constantopomlos G, Hor-
witz A. Multiple sulfatase deficiency. Neurology 1988;38:1273-
1275.

Kolodny E. Multiple sulfatase deficiency. In: Scriver CR, et al.,
eds. The metabolic basis of inherited diseases, 6th ed. New York:
McGraw-Hill, 1989;1721-1750.

DiMauro S, DiMauro P. Muscle carnitine palmityltransferase de-
ficiency and myoglobinuria. Science 1973;182:929-931.
DiMauro S. Metabolic myopathies. In: Vinken PJ, Bruyn GW,
eds. Handbook of clinical neurology: diseases of muscle, vol 41,
Part II. Amsterdam: North-Holland, 1979;175-234.

Bank WJ, DiMauro S, Bonilla E, et al. A disorder of muscle lipid
metabolism and myoglobinuria. N Engl J Med 1975;292:443-
449.

Chad D, Munsat T, Adelman LS. Diseases of muscle. In: Rosen-
berg RN, ed. The clinical neurosciences, vol 1. New York: Chur-
chill Livingstone, 1983;569-608.

Ross N, Hoppel C. Partial muscle carnitine palmityltransferase-A
deficiency. JAMA 1987;257:62-65.

Engel AG, Siekert RG. Lipid storage myopathy responsive’ to
prednisone. Arch Neurol 1972;27:174-181.

Engel AG, Angelini C. Carnitine deficiency of human skeletal
muscle with associated lipid storage myopathy: A new syndrome.
Science 1973;179:899-902.

Sharar E, Brand N, Shapira Y, Barash V, Gutman A. Familial
carnitine deficiency: further evidence for autosomal recessive
transmission with variable expression. J Neurol Neurosurg Psychi-
atry 1988;51:298-300.

DiMauro S, Nicholson JF, Hays AP, et al. Benign infantile mito-
chondrial myopathy due to reversible cytochrome c oxidase defi-
ciency. Ann Neurol 1983;14:226-234.

Karpati G, Carpenter S, Engel A, et al. The syndrome of systemic
carnitine deficiency. Neurology 1975;25:16-24.

Stumpf DA, McAfee J, Parks JK, Eguren L. Propionate inhibi-
tion of succinate: CoA ligase (GDP) and the citric acid cycle in
mitochondria. Pediatr Res 1980;14:1127-1131.

Stumpf DA, Parker WD Jr, Angelini C. Carnitine deficiency, or-
ganic acidemias, and Reye’s syndrome. Neurology 1985;
35:1041-1045.

Askanas V, Engel WK, Kwan HA, Reddy NB, et al. Autosomal
dominant syndrome of lipid neuromyopathy with normal carni-
tine: successful treatment with long-chain fatty-acid-free diet.
Neurology 1985;35:66-72.

Turnbull D, Shepherd 1, Ashworth B, Bartlett K, Johnson M,
Cullen M, Jackson S, Sherratt H. Lipid storage myopathy asso-
ciated with low acyl-Co-A dehydrogenase activities. Brain
1988;111:815-828.

Fishbein WN, Armbrustmacher VW, Griffin JL. Myoadenylate
deaminase deficiency. Science 1978;200:545-548.

Hogan EL, Lo HS, Power JM, et al. Genetic deficiency of myo-
adenylate deaminase [Abstract). IV International congress on neu-
romuscular disease, 1978;517.

Denborough MA, Lovell RRH. Anaesthetic deaths in a family.
Lancet 1960;1:45.

Gronert GA. Malignant hyperthermia. Anesthesiology
1980;53:395-423.

Brooke MH. Congenital fibertype disproportion. In: Kakulas BA,
ed. Clinical studies in myology. Amsterdam: Excerpta Medica,
1973;147-159.

Shy GM, Engel WK, Somers JE, et al. Nemaline myopathy, a
new congenital myopathy. Brain 1963;86:793-810.

Shy GM, Magee KR. A new congenital nonprogressive myopa-
thy. Brain 1956;79:610-621.

Spiro AJ, Shy GM, Gonatas NK. Myotubular myopathy, persis-
tence of fetal muscle in an adolescent boy. Arch Neurol
1966;14:1-14.

Engel AG. Hypokalemia and hyperkalemia periodic paralyses.




861.

862.
863.
864.

865.

866.

867.

868.

869.

870.

871.

872.

873.

874.

875.

876.

877.

878.

In: Goldensohn ES, Appel SH, eds. Scientific approaches to clini-
cal neurology. Philadelphia: Lea & Febiger, 1977;1742-1765.
Griggs RC. The myotonic disorders and the periodic paralyses.
In: Griggs RC, Moxley RT, eds. Advances in neurology, vol 17.
New York: Raven Press, 1977;143-159.

Buruma OJS, Bots GTAM, Went LN. Familial hypokolemia peri-
odic paralysis. Arch Neurol 1985;42:28-31.

Layzer R, Lovelace R, Rowland L. Hyperkalemie periodic paraly-
sis. Arch Neurol 1967;16:455-472.

Streeten D, Dalakos T, Fellerman H. Studies on hyperkalemic
periodic paralysis. J Clin Invest 1971;50:142-155.

Harper P. Myotonic dystrophy and related disorders. In: Emergy
A, Rimoin D, eds. Principles and practice of medical genetics.
New York: Churchill Livingstone, 1983;426-441.
Pericak-Vance M, Yamaoka L, Assinder R, Hung W-Y, Bartlett
R, et al. Tight linkage of apolipoprotein C, to myotonic dys-
trophy on chromosome 19. Neurology 1986;36:1418-1423.
Bird T, Boehnke M, Schellenberg G, Deeb S, Lipe H. The use of
apolipoprotein C, as a genetic marker for myotonic dystrophy.
Arch Neurol 1987;44:273-275.

Glantz R, Wright R, Huckman M, Garron D, Siegel I. Central
nervous system magnetic resonance imaging findings in myo-
tonic dystrophy. Arch Neurol 1988;45:36-37.

Sakai T, Antoku Y. Decreased plasmalogen ratios in cultured
skin fibroblasts from myotonic dystrophy. Muscle Nerve
1987;10:626-628.

Schwartz O, Jampel R. Congenital blepharophimosis associated
with a unique generalized myopathy. Arch Ophthalmol
1962;68:52-57.

Danon MJ, Festoff BW, Smith G. Female Duchenne muscular
dystrophy with plasma membrane defect and mosaicism for
chromosome 9 trisomy. Neurology 1985;35(Suppl 1):192.
Haldane JBS. Rate of spontaneous mutation of human gene. J
Genet 1935;31:317-326.

Davies KE, Pearson PL, Harper PS, Murray JM, O’Brien T, Sar-
farazi M, Williamson R. Linkage analysis of two cloned DNA
sequences flanking the Duchenne muscular dystrophy locus on
the short arm of the human X chromosome. Nucleic Acids Res
1983;11:2302-2312.

Murray JM, Davies KE, Harper PS, Meredith L, Mueller CR,
Williamson R. Linkage relationship of a cloned DNA sequence
on the short arm of the X chromosome to Duchenne muscular
dystrophy. Nature 1982;300:69-71.

Bakker E, Goor M, Wrogemann K, Kunkel L, et al. Prenatal
diagnosis and carrier detection of Duchenne muscular dystrophy
with closely linked RFLP’s. Lancet 1985;1:655-658.

Fischbeck KH, Ar-Rushdi N. Duchenne carrier detection with
DNA probes. Neurology 1985:35(Suppl 1):260.

Griggs RC, Doherty RA, Mendell JR, et al. Combined use of
serum creatine kinase and pyruvate kinase and genetic linkage for
carrier « detection in Duchenne dystrophy. Neurology
1985;35(Suppl 1):260.

Murray JM, Davies KE, Harper PS, Meredith L, Mueller CR,
Williamson R. Linkage relationship of a cloned DNA sequence
on the short arm of the X chromosome to Duchenne muscular

- dystrophy. Nature 1982;300:69-71.

879.

880.

882.

883.

884.

Koenig M, Hoffman E, Bertelson C, Monaco A, Freener C, Kun-
kel L. Complete cloning of the Duchenne muscular dystrophy
¢DNA and preliminary genomic organization of the DMD gene
in normal and affected individuals. Cell 1987;50:509-517.
Hoffman E, Brown R, Kunkel L. Dystrophin: the protein product
of the Duchenne muscular dystrophy locus. Cell 1987;51:919-
928.

. Hoffman E, Fischbeck K, Brown R, Johnson M, Medori R, Loike

J, Harris J, Waterston R, et al. Characterization of dystrophin in
muscle-biopsy specimens from patients with Duchenne’s or
Becker’s muscular dystrophy. N Engl J Med 1988;318:1363-
1368.

Rowland LP. Clinical concepts of Duchenne muscular dys-
trophy. Brain 1988;111:479-495.

Cooper B, Winand N, Stedman H, Valentine B, Hoffman E,
Kunkel L, et al. The homologue of the Duchenne locus is defec-
tive in X-linked muscular dystrophy of dogs. Nature
1988;334:154-156.

Watkins S, Hoffman E, Slayter H, Kunkel L. Immunoelectron

885.

886.

887.

888.

889.

890.

891.

892.

893.

894.

895.

896.

897.

898.

899.

900.
901.
902.

903.

904.

905.

906.

907.

908.

GENETIC NEUROLOGICAL DISEASES / 9H

microscopic localization of dystrophin in myofibers. Nature
1988;333:863-866.

Darras B, Francke U. Myopathy in complex glycerol kinase defi-
ciency patients is due to 3’ deletions of the dystrophin gene. Am J
Hum Genet 1988;43:126-130.

Emery AEH, Dreifuss FE. Unusual type of benign X-linked mus-
cular dystrophy. J Neurol Neurosurg Psychiatry 1966;29:338-
342.

Fenichel GM, Sul YC, Kilroy AW, et al. An autosomal-dominant
dystrophy with humeropelvic distribution and cardiomyopathy.
Neurology 1982;32:1399-1404.

Hopkins SLC, Jackson JA, Elsas LJ. Emery-Dreifuss humeroper-
oneal muscular dystrophy: an X-linked myopathy with unusual
contractures and bradycardia. Ann Neurol 1982;10:230-237.
Goto I, Ishimoto S, Yamada T, Hara H, Kuroiwa Y. The rigid
spine syndrome and Emery-Dreifuss muscular dystrophy. Clin
Neurol Neurosurg 1986;88:293-298.

Becker PE, Kiener F. Eine neue X-chromosomale Muskel dystro-
phie. Arch Psychiatr Nervenkr 1955;193:427.

Cole A, Kuzniecky R, Karpati G, Carpenter S, Andermann E,
Andermann I. Familial myopathy with changes resembling inclu-
sion body myositis and periventricular leucoencephalopathy.
Brain 1988;111:1025-1037.

Chutkow J, Heffner R, Kramer A, Edwards J. Adult-onset auto-
somal dominant limb-girdle muscular dystrophy. Ann Neurol
1986;20:240-248.

Gilchrist J, Pericak-Vance M, Silverman L, Roses A. Clinical and
genetic investigations in autosomal dominant limb-girdle muscu-
lar dystrophy. Neurology 1988;38:5-9.

Mohire M, Tandan R, Fries T, Little B, Pendlebury W, Bradley
W. Early-inset benign autosomal dominant limb-girdle myopa-
thy with contractures (bethlem myopathy). Neurology 1988;
38:573-580.

Fitzsimons R, Gurwin E, Bird A. Retinal vascular abnormalities
in facioscapulohumeral muscular dystrophy. Brain 1987;
110:631-648.

Rowland LP. Molecular genetics, pseudogenetics and clinical neu-
rology. Neurology 1983;33:1179-1195.

Rowland LP, Hays AP, DiMauro S, DeVivo D, Behrens M. Di-
verse clinical disorders associated with morphological abnormali-
ties of mitochondria. In: Scarlato G, Cerri CG, eds. Mitochon-
drial pathology in muscle disease. Padua: Piccin, 1983;141-158.
Pavlakis SG, Phillips PC, DiMauro S, DeVivo D, Rowland LP.
Mitochondrial myopathy, encephalopathy, lactic acidosis, and
stroke like episodes. Ann Neurol 1984;16:481-488.

Zeviani M, Bonilla E, DeVivo D, DiMauro S. Mitochondrial dis-
eases. In: Johnson WG, ed. Neurologic clinics; neurogenetic dis-
eases. Philadelphia: WB Saunders, 1989;123-156.

DiMauro S, Bonilla E, Zeviani M, Nakagawa M, DeVivo D. Mi-
tochondrial myopathies. Ann Neurol 1985;17:521-538.

Petty R, Harding A, Morgan-Hughes J. The clinical feature of
mitochondrial myopathy. Brain 1986;109:915-938.

Holt I, Harding A, Morgan-Hughes J. Deletions of muscle mito-
chondrial DNA in patients with mitochondrial myopathies. Na-
ture 1988;331:717-719.

Angelini C, Bresolin N, Pegolo G, Bet L, Rinaldo P, Trevisan C,
Vergani L. Childhood encephalomyopathy with cytochrome C
oxidase deficiency, ataxia, muscle wasting and mental impair-
ment. Neurology 1986;36:1048-1052.

Zeviani-Servidei S, Bonilla E, DiMauro S. Benign reversible mus-
cle cytochrome oxidase deficiency. Neurology 1987;37:64-67.
Argov Z, Bank W, Maris J, Peterson P, Chance B. Bioenergetic
heterogeneity of human mitochondrial myopathies: phosphorus
magnetic resonance spectroscopy study. Neurology 1987;37:257-
262.

Servidei S, Lazaro R, Bonilla E, Barron K, Zeviani M, DiMatro
S. Mitochondrial encephalomyopathy and partial cytochrome C
oxidase deficiency. Neurology 1987;37:58-63.

VanErven P, Gabreels F, Ruitenbeek W, Renier W, Laak H,
Stadhouders A. A mitochondrial encephalomyopathy with a par-
tial cytochrome ¢ oxidase deficiency of muscle. J Neurol Neuro-
surg Psychiatry 1988:51:704-708.

Moreadith RW, Batchaw ML, Ohnishi T, et al. Deficiency of the
iron-sulfur clusters of mitochondrial NADH-ubiquinone oxido-




96 / CHAPTER 2

909.

910.

9L,

912,

o13.

914.

915.

916.

913.

918.

919.

reductase (complex 1) in an infant with congenital lactic acidosis.
J Clin Invest 1984;74:685-697.

Ichiki T, Tanaka M, Nishikimi M, Suzuki H, Ozawa T, Kobaya-
shi M, Wada Y. Deficiency of subunits of complex I and mito-
chondrial encephalomyopathy. Ann Neurol 1988;23:287-294.
Montagna P, Gallassi R, Medori R, Govoni E, Zeviani M, Di-
Mauro S, Lugaresi E, Andermann F. MELAS syndrome. Neurol-
ogy 1988;38:751-754.

Yamamoto M, Sato T, Anno M, Ujike H, Takemoto M. Mito-
chondrial myopathy, encepalopathy, lactic acidosis, and stroke-
like episodes with recurrent abdominal symptoms and coenzyme
Q10 administration. J Neurol Neurosurg Psychiatry 1987,
50:1475-1481.

Fukuhara N. Myoclonus epilepsy and mitochondrial myopathy.
In: Cerri C, Scarlato G, eds. Mitochondrial pathology in muscle
disease. Padua: Piccin, 1983;87-111.

Fukuhara N, Tokiguchi S, Shirakawa K, Tsubaki T. Myoclonus
epilepsy associated with ragged-red fibers disease entity in a syn-
drome. J Neurol Sci 1980;47:117-133.

Hunt JR. Dyssynergia cerebellaris myoclonica. Brain
1921;44:490-538.

Kennaway NB, Buist NRM, Darlen-Usmar VM, et al. Lactic aci-
dosis and mitochondrial myopathy associated with deficiency of
several components of complex III of the respiratory chain. Pe-
diatr Res 1984;18:991-999.

Rosing H, Hopkins L, Wallace D, Epstein C, Weidenheim K.
Maternally inherited mitochondrial myopathy and myoclonic ep-
ilepsy. Ann Neurol 1985;17:228-237.

Fukuhara N, Tokiguchi S, Shirakawa K, Tsubaki T. Myoclonus
epilepsy associated with ragged-red fibers disease entity in a syn-
drome. J Neurol Sci 1980;47:117-133.

Feit H, Kirkpatrick J, Van Worert MH, Pandian G, et al. Myo-
clonus, ataxia, and hypoventilation: response to L-5-hydroxy-
tryptophan. Neurology 1983;33:109-112.

Noer A, Marzuki S, Trounce I, Bryne E. Mitochondrial DNA
deletion in encephalomyopathy. Lancet 1988;Nov 26:1253-
1254.

919a.Schoffner J, Lott M, Lezz A et al. Myoclonic epilepsy and ragged

920.
921,

922.
923,

924.
925.
926.

927.
928.
929

930.

red fiber disease (MERRF) is associated with a mitocondrial
DNA tRNA mutation Cell 1990:61:931-971.

Egger J, Wilson J. Mitochondrial inheritance in a mitochon-
drially mediated disease. N Engl J Med 1983;309:142-146.
Shapira Y, Harel S, Russell A. Mitochondrial encephalomy-
opathies. Isr J Med Sci 1977;13:161-164.

Morgan-Hughes JA, Hayes D, Clark J, Landon DN, Swash M,
Stark R, Rudge P. Mitochondrial encephalomyopathies. Brain
1982;105:553-582.

Morgan-Hughes JA, Hayes D, Clark J, Landon DN, Swash M,
Stark R, Rudge P. Mitochondrial encephalomyopathies. Brain
1982;105:553-582.

Argev Z, Bank W, Maris J, Eleff S, Kennaway N, Olson R,
Chance B. Treatment of mitochondrial myopathy due to com-
plex III deficiency with vitamins K and C: a *'P-NMR follow-up
study. Ann Neurol 1986;19:598-602.

Bresolin N, Bet L, Binda A, Moggio M, Comi G, Nador I,
Ferrante C, Carenzi A, Scarlato G. Clinical and biochemical
correlations in mitochondrial myopathies treated with coenzyme
Q10. Neurology 1988;38:892-899.

Nishikawa Y, Takahashi M, Yorifuji S, et al. Long term coen-
zyme Q therapy for a mitochondrial encephalomyopathy with
cytochrome c oxidase deficiency: a *’PNMR study. Neurology
1989;39:399-403.

Zeviani M, Moraes C, DiMauro S, Nakase H, Bonilla E, Schon E,
Rowland L. Deletions of mitochondrial DNA in Kearns-Sayre
syndrome. Neurology 1988;38:1339-1346.

Zeviani M, Nakagawa M, Herbert J, et al. Isolation of a cDNA
clone encoding subunit IV of human cytochrome ¢ oxidase. Gene
1987;55:205.

Moraes C, DiMauro S, Zeviani M, Lombes A, et al. Mitochon-
drial DNA deletions in progressive external ophthalmoplagia and
Kearns-Sayre syndrome. N"Engl J Med 1989;320:1295-1299.
Rowland L, Hausmanowa-Petrusewicz I, Bardurska B, et al.
Kearns-Sayre syndrome in twins: lethal dominant mutation or
acquired disease. Neurology 1988:38:1399-1402.

930

932.

933.

934.

935.

936.

937,

938.

939.

940.

941.

942.

943.

944.

945.

946.

947.

948.
949.

950.

951.

952,

953.

954.

1 4

Alpers B. Progressive cerebral degeneration in infancy. J Nent

Ment Dis 1960;130:442-448.

Prick M, Gareels F, Renier W, Trijbels F, Jaspar H, Lamars K,
Kok J. Pyruvate dehydrogenase deficiency restricted to brain.
Neurology 1981;31:398-404.

Shapira Y, Cederbaum SD, Cancilla P, Nielsen D, Lippe BM.
Familial poliodystrophy, mitochondrial myopathy and lactate
acidemia. Neurology 1975;25:614-626.

Feigin I, Wolf A. A disease in infants resembling chronic Wer-
nicke’s encephalopathy. J Pediatr 1954,45:243-263.

Gray F, Louarn F, Gherardi R, Eizenbaum J, Marsault C. Adult
form of Leigh’s disease: a clinical-pathological case with CT scan
examination. J Neurol Neurosurg Psychiatry 1984;47:1211-
1215,

Leigh D. Subacute necrotizing encephalomyelopathy in an in-
fant. J Neurol Neurosurg 1951;14:216-221.

Sipe JC. Leigh’s syndrome: the adult form of subacute necrotiz-
ing encephalomyelopathy with predilection for the brain stem.
Neurology 1973:;23:1030-1038.

Bresolin N, Zeviani M, Bonilla E, Miller R, Leech R, Shanske S,
Nakagawa M, DiMauro S. Fatal infantile cytochrome C oxidase
deficiency. Neurology 1985;35:802-812.

Blass JP. Disorders of pyruvate metabolism. Neurology
1979;29:280-286.

Blass JP, Kark RAP, Menon NK. Low activities of the pyruvate
and oxoglutarate dehydrogenase complexes in five patients with
Friedreich’s ataxia. N Engl J Med 1976;295:62-76.

DeVivo DC, Haymond MW, Leckie MP, Bussman YL, McDou-
gal DB Jr, Pagliara AS. The clinical and biochemical implications
of pyruvate carboxylase deficiency. J Clin Endocrinol Metab
1977;45:1281-1296.

DeVivo DC, Haymond MW, Obert K, Nelson JS, Pagliara AS.
Detective activation of the pyruvate dehydrogenase complex in
subacute necrotizing encephalo-myelopathy (Leigh disease). Ann
Neurol 1979;6:483-494.

DiMauro S, Nicholson JF, Hays AP, et al. Benign infantile mito-
chondrial myopathy due to reversible cytochrome ¢ oxidase defi-
ciency. Ann Neurol 1983;14:226-234.

Pincus JH. Subacute necrotizing encephalomyelopathy (Leigh’s
disease): a consideration of clinical features and etiology. Dev
Med Child Neurol 1972;14:87-101.

Riggs JE, Schochet S Jr, Fadkadej A, Papadimitriou A, DiMauro
S, Crosby T, Gutmann L, Moxley RT. Mitochondrial encephalo-
myopathy with decreased succinate-cytochrome c reductase activ-
ity. Neurology 1984;34:48-53.

Novotny E, Dorfman L, Louis A, Sogg R, Steinman L. A neuro-
degenerative disorder with generalized dystonia: a new mitochon-
driopathy. Neurology 1985;35(Suppl 1):273.

Menkes JH, Alter M, Steigleder GK, Weakley DR, Sung JH. A
sex-linked recessive disorder with retardation of growth, peculiar
hair, and focal cerebral and cerebellar degeneration. Pediatrics
1962;29:764-779.

Danks DM. Menkes’ kinky-hair syndrome. Lancet 1972;1:1100.
Novotny E, Singh G, Wallace D, Dorfman L, Louis A, Sogg R,
Steinman L. Leber’s disease and dystonia: a mitochondrial dis-
ease. Neurology 1986:36:1053-1060.

Holt I, Miller D, Harding A. Restriction endonuclease analysis of
leukocyte mitochondrial DNA in Leber’s optic atrophy. J Neurol
Neurosurg Psychiatry 1988;51:1075-1077.

Pallini R, Martelli P, Bardelli A, Guazzi G, Federico A. Normal
rhodanese activity in leukcocytes from Leber patients: enzyme
characterization and activity levels. Neurology 1987;37:1878-
1880.

Wallace DC, Singh G, Lott M, Hodge J, Schurr T, Lezza A, Elsas
L, Nikskelainen E. Mitochondrial DNA mutation associated
with Leber's hereditary optic neuropathy. Science 1988;
242:1427-1430.

Singh G, Lott M, Wallace D. A mitochondrial DNA mutation as
a cause of Leber’s hereditary optic neuropathy. N Engl J Med
1989;320:1300-1305.

Zinn A, Kerr D, Hoppel C. Fumarase deficiency: a new cause of
mitochondrial encephalopathy. N Engl J Med 1986;315:469-
475.

»




THE WHITE HOUSE

WASHINGTON

September 9, 1991

£oger
Dear D/r,Rnanf)erg:

|

i Thank you for sending a copy of your chapter on genetic neurological diseases from your

| new book. I did indeed find the chapter interesting and have passed it along to my
staff in OSTP's Life Sciences office for their review.

I appreciate your thinking of me. My best wishes,

Sincerely,

Pirce—
D. Allan Bromley
The Assistant to the President
for

Science and Technology

Roger N. Rosenberg, M.D.
Department of Neurology
Southwestern Medical School
The University of Texas at Dallas
5323 Harry Hines Blvd.

Dallas, Texas 75235-9036
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20 August 1991

The Honorable Allan Bromley

Chairman

Office of Science and Technology Policy
for the President

The White House

Washington, D.C. 20500

Dear Alan,

Thank you so much for your kind and important letter
regarding the oil fires in Kuwait. I appreciate it very
much, having received it, and also enjoy your delightfully
constructed letter in itself. With regard to a minor item,
I, too, hope very much that it may be possible to achieve a
reunion of the Dissenters in Washington during the fall and
winter season. The last one that I attempted to attend,
briefly, was organized in connection with a visit
of Bart Giamatti, to the Four Seasons Hotel, and it was a
delight to have a brief glimpse of old friends.

Regarding the oil fires, I can state that the Darwin
Scientific Foundation, of which I am Chairman, has just
played host to an interesting group of mostly Arab
participants in Boston, on this subject. Delegates came from
Japan and France as well as the Middle East, and the general
consensus appeared to be somewhat more pessimistic and
different from that expressed in your letter. Perhaps we (A\tg&(igq
have underestimated the long-term Chernobyl-like effects of
such a monumental event. I know that everyone is very
worried about the recent volcanic eruption in the
Philippines, which, of course, hits a bit more close to home
to us with our important investments and history of
participation in Philippine affiars. However, it is high
time that we made ourselves aware of the extraordinarily
different situation in the Middle East, where pressures of
the o0il in itself are so severe - rather like a huge
multiple of Artesian well pressures, so that oil erupted in
flames or burning, achieves an aerosol-like spray effect,
covering everything with minute quantities of high pressure
fragments of oil.

People’s innards, lungs and other ingested sources,




will surely be heavily contaminated over the long run, with
innumerable side effects, I suspect. I do hope that this
is all being taken into account at the present time,
although it may be of less interest to the Administration in
contrast to the immense pressures generated in politics and
other human events at the moment. So, we shall see, but it
is wise to be alerted and to keep tabs on matters once we
can anticipate that they will have achieved such a mega-
effect. If I can be of any assistance or otherwise, through

my personal experience, I, of course, would be glad to at
least be on your back list.

With warm regards, I am,

Always sincerely yours,

e

S. Dillon Ripley
Secretary Emeritus
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American Association
for the Advancement of Science = V50

SECTION ON PHYSICS—B N orn o PHYSICS DIVISION

ROLF M. SINCLAIR, Secretary “Peli 0 P2 55 NATIONAL SCIENCE FOUNDATION
WASHINGTON, D.C. 20550

(202) 357-7997

I‘_ .4\(

August)i3e; 1991

Dr. D. Allan Bromley

Assistant to the President
for Science and Technology

Room 358,

0l1ld Executive Office Building

Washington, DC 20506

Dear Allan:

There is a proposal afoot that would eliminate the participation
by government-employed scientists in the affairs of their

professional societies. [Federal Register 56, #141 (Tuesday,
July 23, 1991), pp. 33778-33815; I enclose Section 2635.806, pp.
33811-12].

I find this short-sighted in the extreme. This would reduce our
effectiveness in the scientific community, and discourage us from
both accepting professional recognition and doing our share of
the work in the societies. I myself have accepted from time to
time tasks within the American Physical Society and the American
Association for the Advancement of Science when asked. I feel it
would have been arrogant of me to refuse to do my share of the
work.

My colleagues and I spend, on the average, very little time
serving on society committees or as officers. But by doing so we
improve our credibility with other scientists. They see us as
not "just administrators", but also as working scientists. The
next time we call them on NSF business, our task is easier.

These tasks we do for professional societies cannot be done
"after hours". By their nature they can only be done effectively
from our offices. It would be counterproductive for the
Government to decide that this is inappropriate. Also, we do
bring to the societies unique experiences and viewpoints that
help the societies in their task.



Page 2

Consider the use by the government of scientists in academia,
national laboratories, and industry. We ask them to serve on
committees and panels with only nominal recompense, and to supply
us with detailed reviews, and we get close to 100% cooperation.
This is a tremendous use of their time. The scientists and
institutions involved see this as a normal responsibility, and in
their interest to accept these tasks. How would the government
operate if they all refused these duties on narrow grounds of
"inappropriateness"? The Government should similarly allow its
office hours to be used in the reverse direction.

I am sure that customary participation in the affairs of
professional societies can be considered a normal activity for
government scientists, without requiring extraordinary
justification for each case. It is easy to guard against
occasional misuse and abuse and real (or virtual) conflicts-of-
interest.

Sincerely yours,

=

Rolf/ﬁ; Sinclair
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Schedule under 5 U.S.C. 5313, asin.". .
effect on January 1 of such calendar
year. Employees should consult the
regulations implementing this limitation,
which are contained in §§ 2636.301
through 2636.304 of this subchapter.

Note: In addition to the 15 percent
limitation on outside earned income, covered
noncareer employees are prohibited from
receiving any compensation for: practicing a
profession which involves a fiduciary
relationship; affiliating with or being
employed by a firm or other entity which
provides professional services involving a
fiduciary relationship; serving as an officer or
member of the board of any association,
corporation or other entity; or teaching
without prior approval. Implementing
regulations are contained in §§ 2636.305
through 2838.307 of this subchapter.

(c) Definitions. For purpose of this
section: J

(1) Outside earned income has the
meaning set forth in § 2636.303(b) of this
subchapter, except that paragraph (b)(8)
of that section shall not apply.

(2) Presidential appointee to a full-
time noncareer position means any
employee who is appointed by the
President to a full-time position
described in 5 U.S.C. 5312 through 5317
or to a position that, by statute or as a
matter of practice, is filled by
presidential appointment, other than:

(i) A position filed under the authority
of 3 U.S.C. 105 or 3 U.S.C. 107(a) for
which the rate of basic pay is less than
that for GS-9, step 1 of the General
Schedule;

(ii) A position, within a White House
operating unit, that is designated as not
normally subject to change as a result of
a Presidential transition;

(iii) A position within the uniformed
services; or

(iv) A position held by a member of
the foreign service which does not
require advice and consent of the
Senate.

Example 1: A career Department of Justice
employee who is detailed to a policymaking
position in the White House Office that is
ordinarily filled by a noncareer employee is
not a Presidential appointee to a fuli-time
noncareer position.

Example 2: A Department of Energy
employee appointed under § 213.3301 of this
title to a Schedule C position is appointed by
the agency and, thus, is not a presidential
appointee to a full-time noncareer position.

§ 2635.805 Service as an expert witness.
(a) Restriction. An employee shall not
serve as an expert witness, with or
without compensation,.in any
proceeding before a court or agency of
the United States in which the United
States is a party or has a direct and
substantial interest, unless the
employee's participation is authorized

by the agency under paragraph (c) of
this section as in the interest of the
Government. Except as provided in
paragraph (b) of this section, this
restriction shall only apply to a special
Government employee if he has
participated as an employee or special
Government employee in the particular
proceeding or in the particular matter -
that is the subject of the proceeding.

(b) Additional restriction applicable
in certain special Government
employees. (1) In addition to the
restriction described in paragraph (a) of
this section, a special Government
employee described in paragraph (b)(2)
of this section shall not serve as an
expert witness, with or without
compensation, in any proceeding before
a court or agency of the United States in
which his employing agency is a party
or has a direct and substantial interest.
unless the employee's participation is
authorized by the agency under
paragraph (c) of this section as in the
interest of the Government.

(2) The restriction in paragraph (b)(1)
of this section shall apply to a special
Government employee who:

(i) Is appointed by the President:

_ (ii) Serves on a commission
established by statute; or

(iii) has served or is expected to serve
for more than 60 days in a period of 365
consecutive days.

(c) Authorization to serve as an expert
witness. Authorization to serve as an
expert witness may be given by the
designated agency ethics official of the
agency in which the employee serves
when, after consultation with the agency
representing the Government in the -
proceeding or, if the Government is not
a party, with the agency with the most
direct and substantial interest in the
matter, the designated agency ethics
official determines that the employee's
service as an expert witness is in the
interest of the Government.

§ 2635.806 Participation in professional
assoclations.

Employees are encouraged to
participate in the activities of
professional associations and similar
entities organized to enhance the skills
and abilities of their members.
Employees may participate through
membership in, and may serve as
officers of, such organizations subject to
the limitations contained in this part and
consistent with paragraphs (a) through
(c) of this section. Nothing in this section
prohibits an agency from designating an
employee to serve in his official
capacity as its official liaison to a
particular organization in which the
agency has a specific interest.

(a) Participation in substantive
programs. An employee may use official
time to attend or otherwise to
participate in a substantive program
sponsored by a professional association
or similar organization when authorized
by his supervisor on the basis of a
determination that the substantive
content of the program relates to the -
performance of the employee’s official
duties and that the employee's
participation is in the interest of the
Government.

(b) Participation in internal or
business affairs. Unless an employee is
specifically authorized by statute,
executive order or regulation ta serve in
an official capacity as an officer of a
professional association or similar
organization, he may not use official
time to administer the internal affairs of
any such organization or to carry out its
business affairs, or to attend or to
participate in meetings or events that
primarily serve those purposes. Nothing
in this paragraph prohibits an employee
from using official time to participate in
a substantive program that he is
authorized to attend under paragraph (a)
of this section if only a small portion of
the program is devoted to the internal or
business affairs of the organization, or
from occasionally using a Government
telephone for the conduct of
organizational affairs if such use is
consistent with the requirements of 41
CFR 201.38.007-1.

(c) Conflict of interest considerations.
An employee who is not simply a
member but who serves, other than in
his official capacity, as an officer,
director, trustee or employee of a
professional association or similar
organization is prohibited, in
accordance with 18 U.S.C. 208(a) and
the standards set forth in subpart D of
this part, from participating in his
official capacity in any particular matter
that has a direct and predictable effect
on a financial interest of that
organization.

Example 1: An attorney with the Defense
Logistics Agency is treasurer of the Federal
Bar Association and serves on the
association's election committee. She may
not use DLA wordprocessing or photocopy
equipment nor the Government mails to
produce and mail bills for association dues or
ballots for the election of officers,

Example 2: An accountant employed by the
Defense Contract Audit Agency is a member
of the Association of Government
Accountants. She has been directed by her
supervisor to participate in a panel
discussion of cost accounting principles to
take place at a seminar sponsored by the
association. Because she is authorized to
participate in her official capacity, she may
participate on official time and use her title in
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. .,connection with the panel presentation. In

addition, she may use her office word
“‘member. _

** - Example 3: An attorney employed by the.
-"Department of Housing'and Urban

-Development serves as an officer of her local

* processor to prepare her remarks as a panel

-bar association. While she must take annual -

leave to attend a meeting of the association’s
officers or to run the internal affairs of the .
association, she may be authorized to use
official time to attend an association meeting
on problems of the homeless where her
participation is determined to be rélated to
her official duties and in the interest of the
-Gavernment. To improve her professional

- skills, she may also be authorized to use

- official time to attend a seminar on E
professional conduct sponsered by the e
association. In the absence of a waiver "
issued under 18 U.S.C. 208(b), however, she
‘may not direct a subordinate to speak at a
seminar sponsored by the association for
which an attendance fee is to be charged nor
could she sign a training form obligating HUD
funds to pay the fee for a subordinate to
attend the seminar.

§ 2635.807 - Teaching, speaking, and
writing. - st

- (a) Compensation for teaching,
speaking or writing. Except as permitted
‘by paragraph (a)(2) of this section, an
employee, including a special
Government employee, shall not receive
compensation from any source other
than the Government for teaching,
speaking, or writing that relates to the
employee’s official duties.

(1) Definitions. For purposes of this
paragraph:

(i) Teaching, speaking, or writing
r;]ates to the employee’s official duties
if:

(A) The activity is undertaken as part
of the employee’s official duties:

(B) The invitation to engage in the
activity was extended to the employee
because of his official position;

(C) The invitation to engage in the
activity was extended to the employee,
directly or indirectly, by a person who
has interests that may be substantially
affected by performance or
nonperformance of the employee’s -
official duties;

(D) The information conveyed through
the activity draws substantially on ideas
or official data that are nonpublic
information as defined in § 2635.703(b)
of this part; or

(E) The subject matter focuses
specifically on the employee’s official
duties or on the responsibilities,
programs, or operations of the
employee's agency. A subject matter
focuses specifically on agency
responsibilities, programs, or operations
if:

(1) In the case of a noncareer

employee as defined in § 2636.303(a) of
 this subchapter, it deals in significant

part with the general subject matter
area, industry, or economic sector -
primarily affected by the programs and .
operations of his agency; . . .

(2) In the case of a special - .« :
Government employee, it deals in -
significant part with particular matters
to which he is or has been assigned as a
special Government employee; or

(3] In the case of any other employee,
it deals in significant part with ..
particular matters to which he is or has
been assigned as an employee of the
agency, or with any planned or
announced policy of the agency, or with
any program or operation of the agency.

Any component of a department
designated as a separate agency under
§ 2635.203(a) of this part shall be
considered a separate agency for
purposes of this paragraph. No such
designation shall be effective as to the
head of any such separate agency or as
to department-level employees.

Example 1: On his own time, a National
Highway Traffic Safety Administration
employee prepares a consumer’s guide to
purchasing a safe automobile that focuses on
automobile crash worthiness statistics )
gathered and made public by NHTSA. He
may not receive royalties or any other form
of compensation for the guide. The guide
focuses specifically on responsibilities and
programs of NHTSA.

Example 2: A consultant is employed as a
special Government employee by the
Department of State for the purpose of
providing advice and assistance in .
multilateral treaty negotiations relating to
scientific research on the continent of
Antarctica. A speech given by the special
Government employee on the subject of
scientific advances stemming from research
in the Antarctic is not related to his official
duties. However, a speech on the status of
the treaty negotiations would be related to
his official duties. He may receive s
compensation for the former, but not for the
latter. (Note that special Government
employees are not subject to the honorarium
prohibition on receipt of compensation for
speeches, which is implemented in
§§ 2636.201 through 2636.205 of this
subchapter).

Example 3: A philosophical article on
theories of sentencing in felony cases written
by a noncareer Senior Executive Service
employee of the Department of Justice would
be related to his official duties.

(i1) Compensation includes any form
of consideration, remuneration or
income, including royalties, given for or
in connection with the employee’s
teaching, speaking or writing activities.
Unless accepted under specific statutory
authority, such as 31 U.S.C. 1353, 5
U.S.C. 4111, or an agency gift acceptance
statute, it includes transportation,
lodgings and meals, whether provided in
kind, by purchase of a ticket, by
payment in advance or by

reimbursement after the expense has. =
been incurred. It does not include: -

- (A) Items offered by any source that -
could be.accepted from a prohibited
source under subpart B of this subpart;

(B) Meals or other incidents of " -
attendance such as waiver of
attendance fees or course materials
furnished as part of the event at which
the teaching or speaking takes place; or

(C) Copies of books or of publications
containing articles, reprints of articles,
tapes of speeches, and similar items that

.. provide a record of the teaching, .

speaking, or writing activity. . - - -

(iii) Receive means that there is actual
or constructive receipt of the
compensation by the employee so that -
the employee has the right to exercisé °
dominion and control over the
compensation and to direct its
subsequent use. Compensation received
by an employee includes compensation
which is: ,

(A) Paid to another person, including
a charitable organization, on the basis of
designation, recommendation, or other
specification by the employee; or

(B) Paid with the employee’s
knowledge and acquiescence to his
parent, sibling, spouse, child, or
dependent relative.

(2) Exception for teaching certain
courses. Notwithstanding that the
activity would relate to his official
duties under paragraphs (a)(1)(i) (B) or
(E) of this section, an employee may -
accept compensation for teaching a
course requiring multiple presentions by
the employee if the course is offered as
part of: :

(i) The regularly established
curriculum of:

(A) An institution of higher education
as defined at 20 U.S.C. 1141(a);

(B) An elementary school as defined
at 20 U.S.C. 2891(8); or

(C) A secondary school as defined at
20 U.S.C. 2891(21); or

(ii) A program of education or training
sponsored and funded by the Federal
government or by a State or local
government which is not offered by an
entity described in paragraph (a)(2)(i) of
this section.

Example 1: An employee of the Cost
Accounting Standards Board who teaches an
advanced accounting course as part of the
regular business school curriculum of an
accredited university may receive
compensation for teaching the course even
though one or more of the twenty classes
comprising the course deals with cost
accounting principles applicable to contracts
with the Government. Moreover, his receipt
of a salary or other compensation for
teaching this course does not violate the
honorarium prohibition on receipt of
compensation for any speech, which is
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August 20, 1991

Dr. Louis W. Sullivan
Secretary, Department of Health and Human Services
200 Independence Avenue, SW

‘ Washington, D.C. 20201

Dear Secretary Sullivan:

[ am writing to strongly object to your decision to cancel the American
Teenage Study and to ask that you reconsider this decision. The need for this study
has never been questioned on either scientific or public health grounds. On the
contrary, this study had been peer reviewed, approved and recommended at all
levels of the Public Health Service, including the NICHD Advisory Council, the
Director of NIH, and the Assistant Secretary for Health. What has happened to the
assurances that were reportedly given to the new director, Bernadine Healy,
concerning the preservation of the independence of NIH from political pressures?

Experts from the biomedical, science, and public health fields agree that new
social and behavioral research on sexual behavior is necessary for addressing
prevention strategies for unplanned teenage pregnancies and sexually transmitted
diseases, including AIDS. Numerous scientific panels have called for the very kind
of research reflected in the American Teenage Study. Opponents of this research
choose to ignore the nation’s public health interest (and accumulated research
experience) when they argue that sex is too controversial to study.

As essential as I think the American Teenage Study is, your cancellation of
this study raises even graver concerns about the integrity of the scientific funding
process and, in turn, the health of the nation’s scientific infrastructure. If political
interests are going to be allowed to overrule good science, we are in serious trouble
indeed. It is certain that there will be other pressure groups—from animal rights
activists to those opposed to the frontiers of biotechnology. Are vocal minorities to
be given a veto over properly reviewed science?



Dr. Louis W. Sullivan
August 20, 1991
Page 2

I currently serve on an NIH peer review committee, and have chaired other such
NIH committees in the past. As you know, morale in the scientific community is
already impaired. Those of us who conduct NIH funded research, and who devote
costly time to the peer review process, feel doubly threatened by this dangerous
precedent. I implore you to take the lead in nipping this process in the bud by
reversing your decision and preserving the integrity of the scientific funding process.

Sincerely,

g e

arry”Bumpass
“B. Ryder Professor of Sociology

copy:
D. Allan Bromley, Assistant to the President for Science and Technology
Bernadine P. Healy, Director, National Institutes of Health




EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

September 16, 1991

MEMORANDUM FOR ALLAN BROMLEY

FROM:

SUBJECT: TEENAGE STUDY

Cancellation of this project is to be greatly deplored. As you may know, both Healy
and Mason had reviewed its content, designs and provisions with care before agreeing
to its funding. I have since talked informally with Mason about it. He is as
chagrined as anyone. Basically, the genesis was a question about it to Sullivan (on a
talk show, I believe), worded in such a way as to cast it in a poor light. Sullivan
indicated he would look into it and implied he would stop it. This he did.

Mason had previously briefed Sullivan on the study during their trip to Africa and
thought it had the Secretary’s blessing. Whether the Secretary misunderstood or
forgot about it or had second thoughts is unclear. The bottom line, however, is that
no one sees a way to alter the decision now absent an even more major stir.
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Dallas, Texas 75235
(214) 688-3703

D. Allan Bromley, Ph. D.
Assistant to the President
for Science and Technology
Director, Office of Science
and Technology Policy
The White House
Washington, D.C.

Dear Dr. Bromley:

Thank you for your recent letter and for your kind words about the
Rosenbergs and medicine. It was a great pleasure to meet you at the
American Academy of Neurology meeting in Boston last April and thank you
for your encouraging words about moving forward with the Decade of the
Brain. Your book Maximizing the Human Potential is an inspiring document
as to what we can now do in the neurosciences for all mankind. | hope it
will be possible for OSTP to move ahead with an agenda and recommend
funding in the President’s Budget so these goals can be realized. | hope
what you have been able to accomplish for physics with the
superconducting supercollider and for basic biomedical science with the
human genome project, you can now do for the neurosciences with a major
initiative encompassing basic neuroscience and the major neurological
diseases. | enclose a recent chapter | authored which | hope will stimulate
you along these lines.

Again, many thanks for your kind letter and all good wishes to you. |
remain

Sincerely yours,

ppe . 8ty

Roger N. Rosenberg, M.D.

RNR:ns
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e Mr. Jan Kolehmainen
Jack P. Whisnant, M.D.

Sid Gilman, M.D.
Robert B. Daroff, M.D.

EXECUTIVE OFFICE
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CHAPTER 1
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edited by Roger N. Rosenberg,
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Raven Press, Ltd., New York © 1991.

Teratology of the Central Nervous System

Robert C. Woody and Michael E. Blaw

The purpose of this chapter is to develop an organized pic-
ture of central nervous system development in both normal
and abnormal conditions. To accomplish this, three major
topics are presented. The first describes the basic principles
of organogenesis. The second discusses normal and abnor-
mal morphogenesis of the central nervous system. Factors
which govern normal neurogenesis as well as the major mor-
phologic and histologic processes are emphasized. A de-
scription of the most common or illustrative disturbances
of central nervous system formation is included. In the final
section we describe the role of environmental teratogens; in
addition, we discuss general principles of teratology and spe-
cific chemical, viral, and other environmental agents which
have a strong association with abnormal brain formation.

Recognizing the complexity of normal central nervous
system formation and its risk for environmentally induced
disruptions, the science of teratology has expanded dramati-
cally. Molecular biology has provided elegant tools for ex-
ploring these topics. In addition to this, an increasing aware-
ness that gross neurologic malformations probably
represent only a small portion of total errors in neurogene-
sis in humans provides an unending challenge for research
into the teratology of the nervous system (40,41).

DEVELOPMENTAL NEUROBIOLOGY

In keeping with the pronounced shift of science toward
molecular and cellular biology, the study of neuroembry-
ology now revolves around sophisticated scientific method-
ologies of molecular genetics and neurophysiology. These
approaches have permitted the unraveling of some of the
most basic processes of normal and abnormal formation of
the nervous system. Victor Hamburger (79) recently wrote
that modern developmental neurobiology is the result of
the convergence of two different conceptual and methodo-

R. C. Woody: Departments of Pediatrics, Neurology, and
Psychiatry, University of Maryland School of Medicine, Balti-
more, Maryland 21201.

M. E. Blaw: Departments of Pediatrics and Neurology, Uni-
versity of Texas, Southwestern Medical Center, Dallas, Texas
75235.

logic frames of reference: *“. . . the histogenetic tradition,
was descriptive and became sophisticated through refined
technology. The other, experimental neurobiology, was
cross-analytical and experimental . . .” Whereas detailed
histologic studies of His, Ramon y Cajal, and others in the
distant past provided the foundation for the extended inves-
tigations of Spemann (220), Sauer (202), and others in the
first half of this century, the study of developmental aspects
of oncogenes, neuropeptides, and other neuronal and glial
growth factors dominate neuroembryology today. The im-
pact of this evolution was predicted by Roth (191):

. . .theenormous importance of finding a true biochem-
istry for form cannot be overstated. Even the first trickle
of such knowledge would transform the entire field of
teratogenesis from purely empirical to predictive. Subse-
quent information would have important ramifications
for neurobiology, neuron circuitry, and ultimately, em-
bryonic morphogenesis in its entirety. Only when such
information becomes available will the development of
form be explicable in terms of gene activity.

This chapter stresses the recent and concerted shift in
neuroscience toward the molecular biologic basis for nor-
mal and abnormal formation of the nervous system, and it
also stresses the way in which environmental teratogens ad-
versely influence neurogenesis.

Concepts of Cellular Behavior

The concept of cellular behavior, both in the individual
cell and in aggregate cells, is fundamental to neuroembry-
ology. It has become increasingly apparent that the behav-
ior of cells derives in part from the permissions and limita-
tions established by cell membranes. Through the cell
membrane, complex intracellular interactions develop,
eventually translating into division, growth, tissue recogni-
tion, and, ultimately, morphogenesis. Despite the number
of complex interactions eventually required, a simple con-
cept proposed by Bernfield (14) is useful: “All morphogene-
sis involves a limited repertoire of cellular behavior.” These
behaviors include changes in cell shape, cell recognition and
adhesion, cell differentiation and proliferation, and cell




Therapy

Frequent feedings to avoid hypoglycemia are recom-
mended. Diazoxide has been useful to increase glycogenoly-
sis, depress insulin release, and inhibit glucose uptake by the
liver. A surgical approach may be necessary in some pa-
tients to produce a portacaval shunt to reduce variceal
bleeding, reduce liver size, and reduce serum lipids and uric
acid. Some patients have had a meaningful improvement in
growth postsurgically (591). Schwenk and Haymond (592)
concluded that the minimal nocturnal nasogastric infusion
rate of carbohydrate needed to maintain plasma glucose
concentrations and minimize organic acidemia is approxi-
mately 8-9 mg/kg/min.

Type II Glycogen Storage Disease (a-1,4-Glucosidase
Deficiency, Acid Maltase Deficiency; Pompe’s Disease)

Pompe’s disease is an autosomal recessive disorder
caused by a defect in the enzyme «a-1.4-glucosidase; the inci-
dence of this disease is 1 in 50,000.

Clinical Features

The disease has been described in infantile, early child-
hood, and adult forms. The infantile type begins in the first
year of life with muscular atrophy, hypotonia, hyporeflexia,
cardiomegaly, and heart failure. An early childhood type
progresses more slowly, and muscle atrophy and weakness
are less severe, but eventually all patients expire by age 20
from severe atrophy and weakness leading to aspiration
pneumonia. The adult variety presents with a slowly evolv-
ing proximal myopathy with weakness and atrophy. Glyco-
gen storage occurs in skeletal muscle, heart, tongue, and
liver. Motor neurons present in cranial nuclei and anterior
horn cells of the spinal cord are also involved in storage of
glycogen; this results in the dysfunction and demise of these
motor neurons, producing a denervating neurogenic pro-
cess.

Danon et al. (594) reported two brothers with a gait dis-
order due to acid maltase (AM) deficiency. Their asymp-
tomatic mother had AM activity in the homozygote range.
The asymptomatic mother may be homozygous for the
adult-onset variant by AM disease. Alternatively, either the
mother or the children may be genetic compounds for both
the childhood and adult form of disease.

Genetics

This is an autosomal recessive disorder with glycogen
storage resulting from reduced activity of the enzyme a-1.4-
glucosidase. Fibroblasts obtained from amniocentesis can
be cultured and assayed for enzyme activity and can pro-
vide a prenatal diagnosis (595). Miranda et al. (596) exam-
ined immunocytochemically infantile- and adult-onset
muscle cells for AM enzyme activity. Adult muscle cultures
showed normal intracellular localization of enzyme activ-
ity, and infantile patient cultures showed no activity. Adult-

GENETIC NEUROLOGICAL DISEASES / 51

type patients show about 20% enzyme activity compared
with controls.

Therapy

There 1s no specific therapy available; however, two re-
ports have found clinical improvement in two adult pa-
tients on a high-protein diet (597,598).

Type III Glycogen Storage Disease (Amylo-1,6-
glucosidase or Debrancher Deficiency; Cori’s Disease)

Cori’s disease is an autosomal recessive disorder with an
incidence of 1 in 50,000, caused by a defect in the enzyme
amylo-1.6-glucosidase or debrancher enzyme. It was Cori
(599) in 1954 who showed that the form of glycogen stored
was an abnormal type with very short outer branches.

A 42-year-old man with adult-onset type 3 glycogenosis
developed a gradually progressive polyneuropathy with
markedly reduced activity of muscle amylo-1,6-glucosidase
and glycogen accumulation within all elements of biopsied
sural nerve, including axons, as demonstrated by electron
microscopy (600).

Clinical Features

Patients develop hepatomegaly early in life; eventually
(in early adulthood), muscle atrophy and weakness develop,
along with cardiomegaly due to glycogen storage. Occasion-
ally, hypoglycemia and seizures develop. Serum lipids may
become elevated, but serum urate levels are usually nor-
mal (601).

Genetics

This is an autosomal recessive disorder in which glycogen
is significantly stored in skeletal muscle, heart, and liver.
Glycogen is of an abnormal form, having short outer
branches because of a deficiency in the activity of amylo-
1,6-glucosidase as measured in liver.

Type IV Glycogen Storage Disease (a-1,4-Glucan-6-
glucosyl Transferase or Brancher Deficiency;
Anderson’s Disease)

Anderson’s disease is an autosomal recessive disorder
with an incidence of 1 in 50,000. The disease process is
caused by the storage of an abnormal form of glycogen,
which has long outer chains as a result of a deficiency in
a-1.4-glucan-6-glucosyl transferase (brancher) enzyme in
liver. Alternatively, this disease has been referred to as amy-
lopectinosis (602,603). A defect in the activity of this en-
zyme has been found and measured in fibroblasts, thereby
making prenatal detection of disease feasible (604).
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Washington, D.C. 20506

Dear Allan:

Thank you for taking time from your busy schedule to attend the
July 25 Committee on Life Sciences and Health (CLSH) meeting.
The committee found your vision for FCCSET inspiring. Your
leadership and enthusiam have achieved a new level of interagency
cooperation and are clearly responsible for the success of the
FCCSET crosscuts. Additionally, your supportive and thoughtful
comments, regarding the activities of our many subcommittees,
were encouraging and most appreciated. We were sorry to hear
that Mary Anne Bach, who carried the FCCSET process through its
period of revitalization, will be leaving. We wish her well in
her new position and look forward to working with her
replacement, Dr. Sutton.

As you heard during my presentation at the CLSH meeting, there is
a crisis in the availability of stable and radioisotopes in this

country. The crisis not only affects biomedical research, health
treatment and diagnostics, but will also have a serious effect on
other public and private sectors. The issue is most complex and

so may be the solutions.

The members of the Committee on Life Sciences and Health
recommend that this issue be taken to the full FCCSET for
discussion. As you know, several prestigious groups have
addressed past crises in isotope availability and while they
found solutions--those solutions were temporary and have not
stabilized the situation. The CLSH encourages the formation of a
committee, representing the full spectrum of users of stable and
radioisotopes, to address the problem, to determine the demand
for these products, and to arrive at long-lasting solutions.



Page 2 - Dr. D. Allan Bromley

I appreciate your willingness to fully examine this critical
issue. Please let me know how I can assist with this important

issue.

Sincerely yours,

at-o
mes 0. Mason,  -M.Dy, Dr¢P:H,
ssistant Secretary for Health and
CLSH Chairman
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Governor Lawton Chiles (FL)

William S. Woodside

Chairman Chairman of the Board
National Commission to Institute for Educational

Prevent Infant Mortality R —— Leadership
| CONSORTI UM |

July 17, 1991

The Honorable D. Allan Bromley

Assistant to the President for Science and Technology
01d Executive Office Building

17th Street and Pennsylvania Ave., NW

Suite 358

Washington, DC 20506

Dear Dr. Bromley:

Enclosed are the materials which were inadvertently left out of
the letter sent to you on July 8, 1991. I am also sending a copy
of the letter you must have received about a week ago. I am sure
the letter will make much more sense with the accompanying
reading material.

}éicerely,;
a

e K. Grad
‘ Co-Director
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National Commission to Prevent Infant Mortality
Switzer Building, Room 2014 ¢330 C Street, SW ® Washington, DC 20201 * Tel (202) 472-1364 © Fax (202) 755-0462

Institute for Educational Leadership
Suite 310 ¢ 1001 Connecticut Avenue, NW © Washington, DC 20036 * Tel (202) 822-8405 © Fax (202) 872-4050
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William S. Woodside

Chairman Chairman of the Board
National Commission to Institute for Educational

Prevent Infant Mortality T —— Leadership
L O N 5 OoR T F UM

Governor Lawton Chiles (FL)

July 8, 1991

The Honorable D. Allan Bromley

Assistant to the President for Science and Technology
0ld Executive Office Building

17th Street and Pennsylvania Ave., NW

Suite 358

Washington, DC 20506

Dear Dr. Bromley:

I have recently learned of your efforts to foster research
relating to brain and behavioral disorders. I would greatly
appreciate the opportunity to meet with you to discuss a project
of the National Commission to Prevent Infant Mortality, a
congressional commission chaired by Governor Lawton Chiles of
Florida. I believe this project is right in line with the "Decade
of the Brain" initiative.

The National Commission to Prevent Infant Mortality has recently
joined hands with the Institute for Educational Leadership to
convene a consortium of 46 national health and education
organizations (including the Society for Neuroscience). The
premise of the National Health/Education Consortium is that
children must be healthy in order to learn and they must be
educated to ensure optimal health. The goal of the consortium
parallels the 1989 President's and Governors' National Education
goal #1: By the year 2000, all children will begin school ready
to learn.

The initial meeting of the National Health/Education Consortium
was a symposium of health and education experts who convened in
May 1990 at the National Academy of Science (see enclosed
booklet, Crossing the Boundaries Between Health and Education).
United States Secretary of Health and Human Services Louis
Sullivan and former U.S. Secretary of Education Lauro Cavazos
attended the meeting and voiced strong support for health and
education linkages.

Clinical specialists who presented evidence at the May meeting
about circumstances which put children at risk for learning
disabilities, emphasized the need to better understand the
biocology of normal and abnormal brain development, how prenatal
and early childhood processes influence later learning, what can
be done to support basic research in this area, how to tie
developmental research to clinical interventions and ultimately
what policy changes will be required.

National Commission to Prevent Infant Mortality
Switzer Building, Room 2014 ¢330 C Street, SW ® Washington, DC 20201 * Tel (202) 472-1364 * Fax (202) 755-0462

Institute for Educational Leadership
Suite 310 * 1001 Connecticut Avenue, NW ® Washington, DC 20036 * Tel (202) 822-8405 © Fax (202) 872-4050




Page Two

To explore these critical facets of the health/education
connection, on December 6, 1990 a meeting of leading
neurodevelopmental scientists from across the country was
convened by Dr. Joseph Coyle (see Healthy Brain Development:
Precursor to Learning). The neuroscientists were asked to define
the neurobiologic components of learning and to identify factors
that may adversely affect the learning process. Their discussion
provided a rare opportunity to move basic research knowledge into
the public policy arena.

I would welcome the opportunity to meet with you to discuss how
to facilitate a closer working relationship between the
scientists doing front-line brain research and the public policy
community on the issue of maximizing the health and learning
potential of our nation's children. I would be happy to meet
with you at your convenience.

Voo Hod

Rae K. Grad
Co-Director
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“#*V forum unites forces

that-help children

“The educétion of
deals with,

_ a 'ct.lild‘ that a teacher
1s the justice problem that

the judge deals with, is the health

problem that the

county deals with .-’

Seoe o

— Maureen Di Marco, state child development
: ang educaa‘onsecretary

~ RN BTN
- WATIONVILLE — Financiaily
strapped bealth care agencies, edo-
cation and social services that
« pérve e Pagero Valley Unified
.School District (PYUSD) found
- frisads in each other at a forum
Ssturday that was Amded by a2 new
eansortium.

; 'Amtiona!

to be the first of six sites across the
aation ¥ hodd a conference,

Pajave Valley is the orly site
chosen in California.

¥ .
. . Gary Bloom. assistant saperin-
_fendert of persenca’ %or PVUSD,
_said fhat there are literally hun-

dreds of agencies, educators and
professionals who are commitred
to helping children and Exmilies
but don’t speak to each other.
“The first step soday is commu-
mication,” said Bloom. “But ulti-
mately we're looking forward to
S=veloping a more cooperative re-
sagonship between these individo-
als and schools, and to g from co-
operzror: to s>llaboratica.”

With funding streams drying wp,
the agemcies and schools are
}ocking t0 wark together to stretch
the few dollars left. However, the
conference is not just Jecking for
money-saving solutions, bt how o
better serve childéren ‘I:ms n-
clades children who — more often
<ban realized — 1all through the
gaps betwsen providers' services.

An ezriy prognosis of tbe fcram

was very positive at d'ifnoon-time
canference

ress A -

Although no policy changes were
conilrmed, the forum was viewed
as a catalyst for kolistic reforms in
education, health care apd social
services -

“The education of s child that a
teacher deals with, & the justice
problem that the judge deals with,
is the health problem that the
county deals wikh, etc.,” said Mau
reen Di Marco, state child devetop-
ment amid education secretary.

“And it may be the same child ”

In the Paparo Valley, 38 pexcent
of the children are Bving m er-,
ty. according to PYUSD rin-
tendent Memrill Grant. .

Brocwares from vartous organi-
zations on display ranged from
Planned Parenthocd ancé <he
Campfire Council, 1> a panmphlet
titled “Working with Fomeless
Families,” disibu:ed by che state
Department of Ediccation.

Rae Grad, director of the Nation-
al HealthjEducation Consortiwmn,
said that her organization is trying
10 effect change o» national, state
and local levels.

“We are bringing together majot’
national organizatioss to say, ‘We
can talk together, we will talk, and
we must talk. "

Some of te groups that belong
10 the umbrella crganization are
the Nariona! PTA, the Healthy
Mothers, Healthy Babes Coalitiom
and the National Coalition of His-
panic Health and Human Services
Organizations.

Nationa! funding is provided by
the Department of Health and Hu-
man Services, the Departrment of
Educztion amd the Prudential
Foundation, Grad said.

Diane Sir;j, county superinten
dent oi educatics, 2aid thgte char 2
€s in how all threz Jelds function
-— and how they are funded -- are
meviable. “The cu-rent federa)l

and state Gscal crisis 1a0't goig to
give us the chaoice of continwng to
do business 23 usual’ she sawd

Martin Gerry of the Department
of Health arxd Human Services in
Washington, PO described how
federal finding for smy changes
that come out of the comference
will work differently.

“Rather than doing the Wragdition-
al jederal role, which s to say.
JHere's the money and you Mgure
ot how to get it,’ what we're try.
ing to say %, 'You tell us what you
want to do and we’ll figure out 2
way to get it,’ ” sabd Gerry.

: "It's a matter of reversing the

two, starting with the vision and
then finding how to pay for it."
Gary Bleom said that tae confer-
ence will cefiritely produce chang-
€S COwn the road.
_ "I thick you'will be able 1¢ xcme
3ack in three months, six months,
and see where this conference Xas
:aken us,"” pe said.



>onference-goers omlle.at remarks made by one of the speakers at Saturday’s meeting.

Health care needs streamlining

8y EMILID ALVARADO
STAFF WRITER

While there are dozens of
agencies dealing in hoalth care
in Santa Cruz County, often they
dack a system of coordinaling
thelr services and being more
accessible to the community,
said organizers of 2 health.
service conference in Watson-
ville Saturday.

The conference, sponsored by
the Natlona! Health-Education
Consortium, attracted nearly
300 people. It brought county,
state and national health-care
specialists to Starlight Elemen-
tary School to discuss ways of
coordinsting services that some-
times overlap or don't make
themselves readily available to
the public.

Most of thoso services are de-
signed to asaist childron and
their families, sald Gary Bloom,
Pajaro Valley school district as-

sistant superintondent of per
sonnel.

Bloon), one of the organizers
of the conforence, seic there are
sbout 200 health-care agencles
in the county sponsored by fed-
eral, state, county anc non-profit
o.-anirations. The problem s
the. many agencies get tangled
in their own bureaucrstic web
and many operate in isolation,
onc agency not kmowing what
the other s doing. In somo
cases, agenciex don't markoet
themselves effectively and the
public doesn't know they are
there.

In the Pajaro Valicy, 38 per-
cent of familics are :iving in
poverty, Bloom said. The plight
of these familica could bo eased,
bocruse they are likoly to be
eliglble for nssistonce from one
or more of the agenclces, he raid.

In the end, children are the
mes who suffer, he said, be-

causc health problems st home
could prevent them from getting
the most out of their education.

“‘Many kids and thelr families
erc in trouble,” he sald. “Kids
have to be hoalthy. We can't be
meeting our goals if wn don'
look al the whole child.”

Saturday's conference, which
was the first of slx 10 be spon-
sored by the NHEC nationally,
sought not only o bring health-
scrvice agencies together but to
incorporate schools in & net.
working plan. 8ince schools are
A central place whore parents,
children and schnol officials
moet, tho idea is (o use schouls
as & bridge that connects
health-care agencics and the
community,

While Bloom would not dis.
cusn detalls, he sald there is n
tentative plan under waoy (o sc-
tect one of the district schools
as 2 "“one-stop shopping mall” of

health services for parents and
children. From this school, rep-
rosontativas from a collection of
agencics would assist children
and their fomilics. Bloom said
the plan could be put into action
by 1902,

As the run of rinte and fed-
cral funding slows to a trickie,
health-service agencics must be
more enterprising with their
budgets. Diane Sir, superinien-
dent of the Santa Cruz County
Office of Education, said agen-
cles must communienln with
cach othcr and eoordinate their
scrvices to save money. She
&ald theso agoncier cannot con.
tinue with & “business as usual”
mindset,

But changes could be difficult
beeause they must be made on
a2 fundamenta! level, arid Sid
Gnrdner, professor of human
development at California State

See HEALTH page 8 »

The Watsonville Register
Pajaronian
6/5/91
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"Measures urged to prevent defects

By JEFF NESMITH
Cox News Servi '

WASHINGTON ™ “Some kids
start dropping out of school long

before the first day of the first

| .grade.

Prenatal exposure to drugs or
lead, nutritional deficiencies that
stunt brain cell development and
early childhood stress leading to
permanent alterations in thought
circuits all are precursors to lowered
1Q’s and learning disabilities.

However, a disconnect between
science and education keeps a
growing understanding of the brain
and its development from being
translated into better ways to teach
America’s youngsters, a private
corumission reported Wednesday. .

“A child’s ability to learn and
succeed in school is determined well
before he or she walks in the school
doors," said the National Health/E-

A

ducation Consortium. “‘It begins
with the development of the most
basic elements of the brain.’”’

The failure of the health system to

prevent early damage to the brain
and the failure of the education
system to discover and adjust to
their special needs condemns many
youngsters to failure ‘‘through no
fa}gt of their own,”’ the consortium
said.
The group, which was organized
by the National Commission to
Prevent Infant Mortality and the
Institute” Tor "Educational’ Leader-
ship, is made up of 43 national
medical and education
organizations.

Officials said the report would be
the first of a series of studies of ways
to apply health research to the
classroom.

The consortium recommended:

» Expanded maternity and infant
care, so that society might avoid the
cost of ‘“‘the care and treatment nf

unhealthy children who, through no

fault of their own, grow up with

long-term disabilities...’

» More early childhood screen-
ing, along with intervention to deal
with learning disabilities.

Rep. Roy Rowland, D-Ga., a
member of the National Commis-
sion to Prevent Infant Mortality,
said he did not know when federal
funds for the recommendations
would be available.

—_—
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Robbing
baby Peter-

to pay
aging Paul

Entitlements for elderly
raise equity questions
By Chris Black
espite deep dissatisfaction with the
governmental status quo, state and
federal officials are struggling might-
ily to maintain status-quo social
spending that tilts public benefits to
the elderly in the face of rising rates of poverty
among children.

While the tilt is more pronounced at the feder-
al level, where one-third of the federal budget
goes to the elderly and three-fifths of all entitle-
ments go to those over 65, the item threatening to
bumeveqmmdgnsted:mdmdt.hehxgh
cost of nursing-home care.

As state and federal legislators begin to grap-
ple with budgets for the upcoming fiscal year, this
lopsided allocation of resources raises questions of
equity and fairness, cost-effectiveness, and even
wisdom, given the high correlation between child-
hood poverty and costly social problems later in
Life. Although there is growing pressure to limit
public subsidies to those in need, that imperative
i pulled up short by 25 years of public-policy de-
asions to provide benefits, including tax breaks,
on the basis of age instead.

lnr.hevunmerorlderHummn
two-thirds of the nation’s senior citizens lan-
guished below the poverty line. In response, the
federal government dramatically expanded entis
tiement programs for the elderly in the late 19605
and 70s. The creation of Medicare and Medicald,
major increases in Social Security benefits along
with guaranteed annual increases to keep pace
with the cost of living lifted the nation’s elderly.
out of poverty. The Census Bureau has estimated
that the poverty rate for the old would be more
maopemmwda\-mumtforfodenlm-
tlements.

“Social Security is by far the nation's
most effective antipoverty program.” says
Robert Greenstein, director of the Center on
Budget and Policy, s Washington think tank.

As a result of this massive transfer of
money, the poverty rate for those over 65
dropped from 24.6 percent in 1970 to 114
percent in 1989, the lowest of any age group.

“The term ‘elderly poor’ has gone from
being a redundancy to an oxymoron in the
space of 20 years,” says Paul Hewitt, vice
president of the Nationa! Taxpayers Union
Feundation and a founder of Americans for
Generational Equity.

dva: doBY o0

Safety met for the edgerty

. While Social Security and Medicare wove
an economic safety net for millions of older
Amenicans, the quality of life for poor chil-
dren deteriorated. Most advocates for chil-
dren and the elderly dismiss out of hand the
suggestion that the children are getting
stiffed at the expense of their grandparents.
Byt government entitlement programs for
poor families, which include a disproportion-
lumumber of young children, have steadily
dedlined at the same time entitlements for
the elderly have soared.

" The median benefit level for Aid to Fam-

* iligs with Dependent Children, the nation's

latgest entitlement program for poor fam-
ilies. has fallen by 40 percent in the last 20
vears when adjusted for inflation. In prac-
tice, the AFDC grant has become the sort of
inceme supplement that the architects of So-
cidl Security originally envisioned for that
ment.

1dn the United States today, a child under
€ hhs a one in four chance of being in pover-
ty1 As many as one-third of the nation's chil-
drmlrvempoorfnmbes The poverty rate
for children under 18 increased from 14.9
pereent in 1970 to 19.6 percent in 1989, In
rejfl numbers, that means 12% million chil-
drn are living in poverty compared with 3.3
miflion senior citizens.

pAccording to the National Taxpayers
Unjon Foundation, federal benefits for the
elderly metmmles&thanSpcmmofthe
Gross Nationa! Product in 1965 to nearly 7
percent in 1889. The average benefit per el-
derly American grew from roughly $3.000 in
the eariy 1960s to $11.000 in inflation-adjust-
ed 1989 dollars. This means that the federal
government spends about $10923 for each
rhedrl_\' person compared with $744 for each

While there is growing awareness and
concern about poor children, there is no indi-
cation that spending priorities will change.
The Urban Institute estimates that Social
Security and Medicare will account for all of
the projected real growth in federal domes-
tic spending in the 1990s. Looked at another
way, if the defense budget were cut in half,
the growth in Social Security and Medicare

would absorb all of the savings.
New badget comstraints

Malkang Social Security and Medicare in-
surance programs that benefit everyone
rather than handouts for the needy has
guaranteed both political support and
program quality. Many recipients cling W
the myth that they are simply collecting
money they paid into the system during
their working years. In practice, Social Secu-
rity is now a direct transfer from current
workers' FICA taxes to the elderly, and the
typical recipient collects far more in benefits
than he or she ever contributed.

Yet budgetary constraints are making
the practice of subsidizing the affluent elder-
Iy more questionable. The federal govern-
ment will spend about $2.6 trillion on Social
Security and Medicare over the next five
years, and about 15 percent of that amount,

Chris Black is the Globe's Focus wniter.



or $400 billion, will be spent on people with
current-dollar incomes of more than $50.000,
says Hewitt. Three-fourths of all entilement
dollars are disbursed without regard to fi-
nancial need and. because payment levels
are tied to past earnings. Social Security
pays most to families that have the most.

Constraints upon state and federal
spending have led Gov. William Weld and
President George Bush to cut and paste in
an sttempt to shift program monies while
keeping a lid on spending. Weld has target-
ed so-called middie-class entitlements and
Pproposed increases in MBTA fares, public
college and university tuitions and restric-
tions on Medicaid eligibility. President
-Bush's proposed $1.45 trillion federal budget
includes modest proposals to limit subsidies
that the more affluent get for Medicare. stu-
dent aid, farm price supports, school lunches
and payments to veterans' survivors.

inkering, however, has not changad the
essential thrust of public spending. The po-
fitical elout of today's senior citizens rules
out radical change.

“This is a generation that
entitled to virtually everything.” says
Hewitt. “At every stage in their lives, gov-
ernment was their friend. Nothing was
means-tested. They had a unique relation-
ship to government. All of those programs
that benefited the GI generation throughout
it.tlifeltrophiedtstheclsmovedonton
new stage of life. Student loans started get-
ting means-tested, moriguge subsidies de-
clined. The government tended to focus on
that generation as it moved through life, so
it made all the sense in the world for all
these programs to narrow down into elderly
programs.”

Advocates for the elderly and for chil-
dren ukegmtpninsmwoideventhesug~
gestion of intergenerational competition for
scarce federal dollars.

Three years ago, about 120 national
Eroups organized into an ad hoc coalition
called Generations United to avoid a budget-
ary dispute. David S. Liederman, director of
the Child Welfare League of America. is co-
chairman of the group.

we believe ought to

intergenerational war-

felt uniquely

“The problem isn't that
the elderly too much, it is that
ing children oo lkitte” gaid James Weill,
:_enenl counsel for the Childrens’ Defense

und.

In fact. massive changes in Social Securi-
ty might backfire.

“It does not make sense to talk about
cutting benefits

because if you

Budgetary constraints
are leading some to
quwgon the fairness of
benefit programs.
Three-fourths of all
entitlement dollars are
disbursed without
regard to financial j
need and, because ‘
payment levels are tied
to

past earnings,
Social Security pays
most to families that
have the most.

fo el e

poverty rates for the elderly,” said Patricia
Ruggles, a senior researcher at the Urban
Insutute.

On the other hand. poor children who
ETow up without enough to eat, without ade-
quate health care or sufficient education im-
Ppose not only a heavy social burden but also
undermine national competitiveness and
productivity when they reach adulthood.

“If we allow as many as one-third of
American kids to grow up in poverty,” said
Rugples.“it really says bad things about
what our future is going to be like."
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Learning,
prenatal
health linked

By Jefl Kleinhuizen
USA TODAY

Education reforms will fail
many US. children unless pre-
natal and infant health care
improves, a report released
Wednesday suggests.

The report, by the 41-group
National Health/Education
Consortium, links prenatal
health with learning ability.

“Educational reforms —
magnet schools, longer days,
more science and math, — are
inconsequential if you don't
consider the child,” says Rae
Grad, National Commission to
Prevent Infant Mortality.

The report cites poor nutri-
tion, prenatal exposure to co-
caine and lead. At greatest risk:
the poor, says the consortium’s
Robert Mehl, a school nurse.
Half of poor black children
have toxic lead in their blood.

“It's an outrage and totally

preventable,” says Dr. Herbert
Needleman, School of Medi-
cine, University of Pittsburgh.
Among recommendations:
» Preventive care for every
mother and baby.
» Early screening to find
and treat learning disabilities.
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Health and education
inseparable

Excerpted from Crossing the Boundaries
Between Health and Education
A Publication of the National
Health/Education Consortium
Washington, D.C., August 1990

When pediatrician Frank Loda,
director of the Center for Early Adoles-
cence at the University of North
Carolina, was growing up in southern
Arkansas, he remembers hearing the old
maxim, “Societies grow great when old
men plant trees under whose shade they
will never sit.” Those are societies that
look to the future.

Loda has also worked in Africa. There
he experienced the opposite: a society
that compromised its future when, dur-
g a terrible drought, they found
‘hemselves “‘eating their seed corn.”’

That, he warned a ium con-
ened by the National Commission to
revent Infant Mortality and the In-
titute for Educational Leadership, is
xactly what we are doing. By not
esponding to the crises faced by our
hildren, we are “eating our seed corn”
nd putting national survival at risk.
hat theme resonated throughout the
vo-day symposium, capturing the sense
“urgency felt by many participants.

This sense of urgency was heightened
y participants’ belief that two critical
ystems of great importance to children,
ealth and education, need each other to
e effective and yet often work in isola-
on from one another.

A second, more optimistic theme also
»unded throughout the two days: avail-
ale knowledge makes it possible for us

ensure a better future for our children.

Putting that knowledge to use will
require fresh new approaches and a
greatly expanded ievel of collaboration
between the health and education com-
munities. Both the 25-year-old Head Start
program and the relatively new col-
laborative initiatives under way through
Part H of the Education of the Handi-
capped Act have demonstrated the merit
of joining the health and education
sectors on behalf of children. Likewise, a
number of community and national pro-
jects such as teachers working with
nurses to help pregnant teens, the
establishment of school-based health
clinics, and the collaborative effort of the
National Association of State Boards of
Education and the American Medical
Association to examine how learning is
affected by health, are also under way —
but much more is needed.

The creation of the National
Health/Education Consortium repre-
sents an important next step, and from
the initial symposium came six key
points of agreement:

© Health Affects Education. Teachers
know that learning comes easier to a
healthy child. Any health problem —
hunger, poor vision or hearing, increased
blood lead levels, dental caries and child
abuse — can interfere with learning.
Physical and mental health problems

cause children to miss school, lack
energy, be distracted, or have other
problems that impair their ability to
learn.

Current research supports this notion.
For example, as University of Maryland
psychologist Stephen Porges pointed out
to the symposium, in the past, learning
problems were often assumed to be
“behavior” problems. New information
enables us to know when the underlying
cause may be biological and may be
treatable.

e Education Affects Health. By the
same token, health professionals know
that education can promote good health.
If pregnant women know not to smoke or
drink, if children learn the value of good
nutrition and exercise, and if parents
know how important it is to get their
children immunized, the chances for a
healthy life improve. The reverse is also
true: ignorance can put even a healthy
child at risk.

This is not just folk wisdom. San
Francisco’s Superintendent of Schools
Ramon Cortines reviewed the evidence,
highlighting examples where educaton is
changing attitudes and behavior related
to health. Health instruction doesn’t just
inform young people about which
practices to avoid (e.g., drinking, smok-
ing, careless sexual behavior), it slows
the rate at which they engage in un-
healthy practices.

o Technological Advances Are Not

Enough. Medical technology can help
babies survive, and computers can help
children learn, but neither can com-
pensate for growing up homeless or poor
in violent neighborhoods or over-
crowded schools — all of which affect a
child’s development.

Even to symposium participants
engaged in state-of-the-art research, new
knowledge was seen as having limita-
tions. Very similar at-risk children may
develop in very dissimilar ways for
reasons that have more to do with family
and environment (e.g., divorce, separa-
tion, poverty, homelessness) than new
technology. Technology doesn’t de-
termine why a sickly child thrives in a
supportive environment, and a healthy
child sickens in an unsupportive one.



amflies Have a Critical Role.
He.altf and education professionals are
essential, but they are no substitute fgr
families. The projects most successful in
helping at-risk children are those In-
volving their families. When parents
know how to help their ill or learning-
disabled children, tangible bgr_xefx?s
follow. The same is true for families in
crisis, abusing drugs or alcohol, or
struggling just to survive.

Involmvi;\ig families can take many
forms. Dr. Marilyn Segal of NOVA Uni-
versity’s Family and _School Center re-
ported effective family-based projects
(Family Connections ax_ld Even Start)
that include home visits. Dr. Rafael
Valdivieso of the Hispanic Policy [‘)‘evel-
opment Project spoke of a “‘two-

generation approach” in which services
are provided to both the preschool child
and parent at the same site. Dr. Byron
Egeland of the University of Minnesota
described the STEEP Program, a pre-
ventive intervention program designed
to promote healthy parent-infant in-
teraction, and Dr. Margot Kaplan-Sanoff
cited three such projects at Boston City
Hospital — the Child Development Pro-
ject, Project Visit, and Women and
Infants Program. Another example,
Head Start, has successfully integrated
parents as everything from teacher aides
to board members. Overall, involving
families in efforts to help at-risk children
makes a significant difference.

e ‘“‘At Risk’’ Does Not Mean
“Doomed”. This is the best news. New
research has revealed possibilities that
were not even contemplated a few years
ago. Exciting new research promises a
new world of opportunities for very
troubled children. Degrees of risk can be
changed; 1.Q.'s can be raised; school
performance, learning ability, and basic
functioning can be improved, even for
very high-risk children.

Early intervention makes a difference, -
but research shows that help must be
made available as soon as possible after
an insult has occurred. That means
bhealth professionals need to involve edu-
cators and developmental specialists
long before school age, and educators
need to bring in health professionals as
soon as learning disabilities are sus-
pected.
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Schools bear weight of
dealing with poor health

Reprinted with permission
From the National
Health/Education Consortium

Most of the development of the
human brain occurs during pre-
gnancy and the first year of life. If a
fetus does not develop normally — if
a baby is born prematurely, or at risk
because of poor nutrition or maternal
substance abuse and if the mother
does not get help — the odds of
learning difficulties increase sub-
stantially. That is why educators and
schools have such a major stake in
the health care available to pregnant
women and infants.

A growing body of research in-
volving both animal and human
subjects now makes clear that taking
some simple but critical steps can
improve the chances for healthy
child development and later learn-
ing. Three points stand out :

o Low birthweight is an important
predictor of future learning dif-
ficulties. A baby weighing less than
five and a half pounds at birth is
considered a low birthweight baby. A
baby weighing less than three and
one-quarter pounds is regarded as
very low birthweight. Not all heavier
babies are automatically healthy,
and not all small babies are
automatically troubled, but the evi-
dence leaves no doubt: being born at
low birthweight puts a baby at
greater risk.

Pediatrician Marie McCormick,
Director of the Infant Follow-up
Program at Harvard Medical School,
gave symposium participants a
quick overview of the facts. Com-
pared to babies of normal
birthweight, low and very low

babies have seven to 10
times the risk of severe develop-

mental problems (e.g. severe cere-
bral palsy, blindness, deafness, re-
tardation) and two to three times the
risk for school problems. In addition,
low birthweight babies are more
likely to have chronic health pro-
blems necessitating absence from
school.

When low birthweight is combined
with poverty, the child faces what
several symposium participants re-
ferred to as double jeopardy. A frail,
irritable baby poses problems in any
family; however, for a baby bornto a
mother with a low 1.Q. or into a

‘family without steady income, ade-

quate housing, or access to health
care, the risks are much greater.

e Most low birthweight and high-
risk births can be prevented by
means that are well-known. As the
National Commission to prevent In-
fant Mortality has documented,
much of the low birthweight occur-
ring in the U.S. is preventable. The
most effective deterrent is simple:
early and regular prenatal care.
Women who get prenatal care are
more likely to have full-term full-
weight babies with less likelihood of
learning-related impairments. De-
spite what is known about its
benefits, however, one-third of
womnen in the United States do not get
early, regular prenatal care.

e Health problems affect schools.
In a 1988 national survey of teachers,
two-thirds of the ing teachers
reported ‘‘poor health” among
children as a problem. Children who
frequently miss school, use drugs, or
have trouble seeing or hearing need
special attention and often do not do
as well as healthy children.
Mmh:’l g’)e proble:en of children in
“‘poor " may be increasing as
medical science is able to save more

and more tiny babies and seriously ill
children. Symposium participants
agreed that we place an unfair
burden on teachers when we send so
many children into the classroom
with health and developmental pro-
blems that could have been re-
mediated with early treatment.
Furthermore, many teachers lack
the training and experience needed
to cope with this influx of learning
impaired children.

Just as there are effective and
available measures that can lower
the incidence of low birthweight,
there are equally well-known
measures that can improve the
health of children entering school.
Immunizing children saves lives,
avoids days lost from school, and
prevents a host of debilitating condi-
tions. Failure to immunize children
can result in epidemics, school
closings, and life-long learning pro-
blems that could have been easily
prevented. Although most schools
recognize the threat and require
proof of immunization, many states
do not have blanket immunization
requirements for preschoolers.
Therefore, preschoolers remain
particularly vulnerable to outbreaks
of measles, mumps, and whooping
cough, diseases that can cause long
term impairment.

Lead poisoning is another preven-
table cause of death, mental illness,
cognitive and behavioral problems,
and other disabilities in children. Yet
three to four million children have
dangerously high blood lead levels.
Many of the children affected by high
blood lead levels will never be
diagnosed and treated.
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Group says health care
way to better education

Coatinued frem Coanecticut Page

o Every dollar spent in quality
m-acbool education saves nearly $5
special education, welfare and
costs. .
® Head Start, the federal pre-
school program for disadvantaged
children, leads to improved school
performance but reaches only about
onesixth of the children eligible.
Educators and bealth officials in
Connecticut were encouraged by the
formation of the consortium, agree-
ing that schools and bealth agencies

' have to work together more closely.

“It’s critical, absolutely eritical.
It's amazing to me that they bhave
remained so separate when the prob-
lems have crossed paths,” said Leah
Fichtner, assistant coordinator of
bealth education and health services
for Hartford public schools.

Hupdreds of teenage girls give
birth each year in Hartford, and
their children often suffer from poor
putrition, lack of sensory stimula-
Uo}‘;’ and other problems, Fichtner
m .

“You see them into school\

alréady at remedial els,” she
said 4 '

Nearly 12 percent of the women
who gave birth in Hartford between
1985 and 1987 had babies below 5%
pounds, a rate nearly twice the state

care in the city. The study found that
Hartford babies die at a rate twice
as high as that for other children in
the state, that the pregnancy rate is
$0 percent higher in other cities
that alcobol and cocaine abuse.
by pregnant women lead to pumer-
ous cases of children’s having learn-
ing disabilities, speech disorders and
stunted psycbological growth.
“In some respects, some of our
cities look worse than Third World

countries,” state Education Com-

missioner Gerald N. Tirozzi said.
“There is an inextricable connec-
tion between the bealth of children

and their ability to Jearn,” said Ti-

rozzi, whose state Department of

. Education is leading a state and fed-

:r;l ject to identify children un-

age of 8 whose development
is slower than pormal.

The project is operated in Greater
Hartford by the Windsor-based Capi-
tol Region Education Council, but
there is not enough money to expand
to dot.her parts of the state, Tirozzi

William S. Woodside, chairman of
the board of the Institute for Educa-
tional Leadership in Washington,
D.C., a co-sponsor of the new nation-
al consortium, said financial prob-
Jems have cut short other efforts to

poor bealth care and poor

and national averages, the state De- ' 8chool preparation.

partment of Health Services says. °

A recently released. study by a
consultant assessing the need for a
pew children’s bospital in Hartford

painted a bleak picture of bealth

.“What I find most disturbing is
that we have programs that we know
are working, and yet we are reluc-
tant to spend adequate amounts of
mooey on them,” be said.
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Education and Health Sectors Are Urged
To Cooperate To Ensure Child’s Success

By Ellen Flax
L8t

WasHincron—Even though it is
well known that the state of a child’s
bealth will affect his ability to learn,
the education and health-care sys-
tems in this country seldom work to-
gether to develop fully a child’s po-
tential for learning, experts
gathered at a conference here said
last week.

The meeting, which brought to-
gether more than 50 health profes-
sionals, educators, and business
leaders, was sponsored by the Na-
tional Health/Education Consor-
tium. The group was formed jointly
last month by the National Commis-
sion to Prevent Infant Mortality and
the Institute for Educational Lead-
ership to examine the relationship
between health and education.

Health researchers at the meet-
ing said that a variety of factors, in-
cluding materna! drug abuse, pre-
maturity, and poor prenatal care
can cause babies to be born with
physical impairments that place
them at high risk for later school
failure.

But given the right circum-
stances, they added, these babies
can thrive and attain a normal aca-
demic career.

The factors that cause these high-
risk babies and young children to
thrive, as well as family and social
situations that may cause physical-
ly bealthy children to do poorly in
echool, will be the consortium’s ma-
Jjor focus.

Using information provided by
prepare a “white paper” on what is
known about the link between
Jearning and health, as well as infor-
mation about successful interven-
tion programs for at-risk young-
sters. No time has been set for the
paper’s completion.

The consortium is planning after-
ward, however, to bring together re-
presentatives from national associ-
ations and agencies in health and
education in an effort to identify
what can be done at the local, state,
and national levels to implement

the report’s recommendations.
‘Never Catch Up’

At the conference, both health re-
searchers and educators stressed the
need to begin intervention programs
for at-risk children long before they
enter school By creating mare pre-
vention-based bealth programs for
the young—and for young women be-
fore they become pregnant—the ex-
perts said, many firture educational
and health problems can be avoided.

Children who suffer from develop-
mental problems or physical or neu-
rological handicaps, they said, have
a greater chance of succeeding if
they are treated early.

“If children fall behind in the ear-
ly years, they may never catch up,”
said former Senator Lawton Chiles
of Florida, chairman of the infant-

affect a child’s ability to learn. Just as
a child with an uncorrected vision
problem cannot see the blackboard, a
child with a chronic middle-ear infec-

“tion may be stymied by an inability to

master language skills, they said.
To a large extent, participants
agreed, children will be able to over-
come a host of physical problems if
they live in a stable family environ-

ment. Dr. Marie McCarmick, associ-
ate professor of pediatrics at Harvard
Medical School, said that though low-
birthweight babies are two to three
times mare likely to have academic
problems than are normal-weight ba-
bies, two-thirds of these “at-risk” ba-
bies have narmal academic careers.

But many young children—often
those with the most severe phys-
ical and developmental difficul-
ties—are in “double jeopardy,” said
Dr. Judy Howard, professor of
clinical pediatrics at the Universi-
ty of California at Los Angeles, be-
cause they live in chaotic environ-
ments. Even if they were born with
no physical impairments, many of
the children she sees “would still
be in trouble,” she said.

‘New Alliances’

Dr. Jack P. Shonkoff, professor of
pediatrics at the University of Mas-
sachusetts Medical School, said
there should be “pew alliances” be-
tween health-care providers and

; educators. Cultural and economic
: differences have prevented the two
¢ fields from cooperating more closely

in the past, he said

Medicine, Dr. Shonkoff said, is
perceived as a high-status, male-
dominated field that provides ser-
vices in both the public and private
sectors, whereas education is pri-
marily administered by the public
sector and is considered a lower-sta-
tus field. But the two have to begin
cooperating, he said, because “both
are in crigis.”

Secretary of Education Lauro F.
Cavazos said at the meeting that the
consortium’s work dovetails nicely
with the national education goals
developed by the President and the
governors. The consortium’s empha-
8is on providing high-quality prena-
tal and early-childhood care, he
said, will help the nation realize the
goal of having all young children
who enter schoo! by the year 2000
ready to learn.

“Your topic of crossing the bound-
aries between health and education
is certainly very timely,” the Secre-
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8y EMILIO ALVARADO
STAFF WRITER

While there asrc dozens of
agencies dealing in hoalth care
in Santa Cruz County, often they
lack a system of coordinaling
thelr services and being more
accessible to the community,
sald organizers of & health-
service conference in Watson-
ville Saturday.

The conforonce, sponsored by
the Nationa! Health-Education
Consortium, sttracted nearly
300 people. It brought county,
state and national health-care
specialists to Starlight Elemen-
tary Schoo!l to discuss ways of
coordinating scrvices that some-
times overlap or don't make
themselves readily available to
the public.

Most of thoso services are de-
signed to assist childron and
thelr families, said Gary Bloom,
Pajaro Valley xchool district as-

sistant superiniondent of per
sonnel.

Bloom, one of the organizers
of the conference, seid (here are
ebout 200 health-care agencies
in the county sponsored by fed-
era], state, county and non-profit
o.-anirations. The problem is
the. many agencies get tangled
in their own buresucratic web
and many operate in isolation,
onc agency not kmowing what
the olher i& doing. In somc
cases, agenciex don't markot
themselves effectively nand the
public doesn't know they arc
therc.

In the Pajaro Valicy, 38 per-
cent of families are :iving in
poverty, Bloom said. The plight
of these familica could bo eased,
bocause they are likely to he
eliglble for assistance from onc
or more of the agencics, he aaid.

In the end, children are the
ones who suffer, he ssid, be-

causc health problems at home
could prevent them from getting
the most out of their education.

“Many kids and thelr families
are in trouble,” he sald. “Kids
have to be hoalthy. We can’t be
meeting our goals if wn don'
look ai the whole child."

Saturday's conference, which
was the first of slx to be spon-
sored by the NHEC nationally,
sought not only (o bring health-
scrvice agencles together but to
incorporate schools in a net-
working plan. Since schools are
a central place whore parcnts,
children and schnol officials
moet, tho idea is (o use schools
as a bridge that connects
health-care agencics and the
community.

While Bloom would not dis-
cuse detalls, he sald there is n
tentative plan under way (o sc-
tect one of the district schools
as a “one-stop shopping mall” of

health services for parcnts and
children. From this school, rep-
rosontatives from a colloction of
agencies would assist children
and their familics. Bloomn said
the plan could be put into action
by 1902

As the run of rinte and fed-
cral funding xlows to a trickle,
health-service agencics must be
more enlerpriting with thelr
budgets. Diane Sirl, superinien-
dent of the Santa Cruz County
OfMce of Education, said agen-
cles must communicain with.
cach other and coordinste their
services to save money. She
sald theso agoncies cannot con-
tinue with & “business as usual”
mindset,

Butl changes could be difficult
because they must he made on
a fundamental level, snid Sid
Gardner, professor of human
development at California State

See HEALTH page 8 »

Cohhun&o—yoou smile at remarks made by one of the speakers at Saturday’s meeting.

'Health care needs streamlining

The Watsonville Register
Pajaronian
6/5/91
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“The educat:ion of

deals with, is the justice problem that

a-child that a teacher

the judge deals with, is the health

problem that th

€ county deals with .-’

beow o

— Maureen Dj Marco, state child development
. angd ea‘umtiarrsecretary
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- WATIONVILLE — Financiaily
strapped bealth care agencies, edo-
cation and social services that
« pérve- 1 Pagero Valley Unified
.School District (PYUSD) feund
- friends in each other at a forum
Saturday that was funded by a8 new
national eansortium.
> ‘The National Health/Education
+* Corsortinm, nade up of 41 nation:
"« ¢l groups from the three fields, se-
Jected Starfight Elementary School
to be the first of six sites across the
aation 16 hold a conference,
Pajave Valley is the orly site
<hosen in California.
Federal stave and becal officials
jouned i discussion with nearly
,. 300 peupi to cross boundaries be-
. ol een sducation, health care ang
. family support services.
. . Gary Bloom, assistant superin-
' gendert of persenca! %r PVUSD,
~ .said fthat there are litarally bun-

greds of agencies, educators and
professionals who are committed
to helping children and families
but don’t speak to each other.
“The [irst step today is commu-
mication,”” said Bloom. “But ulti-
mately »2're looking forwsard to
Seveloping a more cooperative re-
iagonship between these indivdo-
als and schools, and to gr trom co-
operarur: to >cllaboratica.”

With funding streams drying wp,
the agencies and schools are
Jocking 0 wark together to stretch
the few dollars left. However, the
conference is not just Jeoking for
money-saving sotutions, but how to
better serve chiléren. 'l:ns in-
clades children who — more often
<ban realized — fall through the
gaps between providers™ services.

An ezrly prognosis of tbe fcrum

was very positive at d.noan-time
conference

gress 4 -

Although no policy changes were
conilrmed, the forum was viewed
as a catalyst for kolistic Teforms in
education, health care and social
services -

“The education of s chili that a
teacher deals with, s the justice
problem that the judge deals with,
is the health problem that the
county deals with, etc.,” said Mau-
reen Di Marco, state child devetop-
ment and education secretary.

“Anrd it may be the same child ”

In the Pajro Valley, 38 percent
of the children are Bving in er-,
ty. according to PYUSD rin-
tendent Memnill Grant. -

Brockamres from vartous organi-
zations on display ranged from
Planned Parenthocd anc <:he
Camplire Council, t5 a2 panphlet
titled “Working with FEomeless
Familles " disibuted by he state
Department of Edication.

Rae Grad, director of the Nation-
al HealthjEdwucation Consortiwmn,
said that her organization is trying
10 effect change an national, state
and local levels.

“We are bringing together majot
national organizatiogs to say, ‘We
can talk together, we will talk. and
we must talk."'

Some of the groups that belong
10 the umbdrella arganization are
the Nazional PTA, the Healthy
and the National Coahtion of His-
panic Health and Human Services
Organizations.

National s provided by

funding
the Department of Health and Hu-
man Services, the Departrment of
Educztion amd the Prudential
Foundarion, Grad said.

Dian= Sirj, county siperinte
de-m oi educatics, said t;.at char.:-
€ in how all thrz: Jelds function
-- and how they are funded -~ are
mevitable. “'The cuwcrent federa)

and state Giscal crisis jsn't going to
give us the chaoice of continwng to
do business as usual’ she said

Martin Gerry of the Department
of Health.and Human Services in
Washington, "BQ1' descrided how
federal funding for smy changes
that eome out of the comference
will work differently.

“Rather than doing the wragition-
al federal role, which #s to say,
JHere's the money and you fgure
oet how to get it,” what we're try-
ing to say %, 'You tell us what you
want to do and we'R fgure out 2
way to get it,"” sald Gerry.

; “It's a2 matter of reversing the
then finding how o pay for it"

Gary Bloom said that Line confer-

ence will cefiritely prodace chang
€S COWwn the road.
_ ™I thick you'will be able 10 xcme
3ack in three months, six months.
and see where this conference Xas
zaken us,” pe said.



Forum addresses children’s health issues

By Q-Q«u.— Fincher Between Health w_ﬁ. Education.”

e D R Children’s health concerns

both frustration and hope lation

The following is a roundup of eNetworks: * Educators and
concerns about school children's health professionals should
” health as it affects their ability 0 make better use of community

leam: resources and network their

L ]

go to

“The best way to address this cri- board, said school-based clinics a
sis concerning our children ... isto  could help keep pregnant teen-agers
5.%@:5&8: and social SE..E?NB tecting fuf,

, education i — prof . % -
services field” U.S. Rep. J. Roy M»ﬁ%ﬂa&ﬁv&ﬁ.ﬁ% Qeaﬁhgo..gg. w:nih §§=§§gi

gathering g —  prev - peed nurses. And then you try education, Rowland reminded the
Wm.t%hﬂ%ﬁns Vi i ﬁﬁ?ﬁ%:ﬁﬂﬁ.ﬁ urses into the school, and the audience that the symposium was
Rowland was part of a series of inroads into the school system. - ﬁ::ﬁx—z_ﬁ?gim: mﬂghm EEE&S.% !nu_..ﬂg-nhuh
symposiums sponsored by the Na-  “We have a lot of programs in 5 stimulate dialogue between
tional Health Education Consor- - place” at the Macon-Bibb County

. i g
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Health care needs streamlining
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While thero arc dozens of
agencies dealing in hoalth care
in Santa Cruz County, often they
lack & system of coordinaling
thelr services and being more
accessible to the community,
sald organizers of & health.
service conference in Watson-
ville Saturday.

The conforence, sponsored by
the Natlonal Health-Education
Comorunm. sttracted nearly

00 people. It brought county,
lune and national health-care
specialists to Starlight Elemen-
tary School to discuss ways of
coordinating services that some-
times overlap or don't make
themselves readily available to
the public.

Most of theso services are de-
signed to assist childron and
thelr families, said Gary Bloom,
Pajaro Vallcy schoo] district &s-

sistant superintondent of per
sonncl.

Bloom, one of the organizers
of the conference, said there are
about 200 health-care agencles
in the county sponsored by fed-
eral, stale, county and non-profit
o.Zanirations. The problem fs
thz. many agencies get tangled
in their own buresucratic web
and many operate {n isolation,
onc agency not knowing whatl
the other is doing. In somo
cases, agencies don't markot
themselves effectively and the
public doesn't know thecy arc
therc.

In the Pajaro Valicv, 38 per-
cent of famities are :iving In
poverty, Bloom sald. The plight
of these familica eould bo eased,
bocause they are likoly to be
eligible for assistonce from one
or more of the agenclcs, he raid.

In the end, children are the
ones who suffer, he said, be-

causc health problems st home
could prevent them from getting
the most out of their education.

“Many kids and thelr families
are in trouble,” he sald. “Kids
have to be hoalthy. We can't be
meeting our goals if wa don'l
look al the whole child.”

Saturday's conference, which
was the first of slx to be spon-
sored by the NHEC nationally,
sought not only Lo bring health-
scrvice agencles together but to
incorporate schools in & net.
working plan. Since schools arc
a central place whore parents,
children and schnol officials
moet, tho idea Is (o use schools
ar a bridge that connects
health-care ogenclcn and the
community.

While Bloom would not dis.
cuse dotalls, he sald there is a
fentative plan under way (o sc-
fect one of the district schools
as a “one-stop shopping mall” of

health services for parents and
chitdren. From this school, rep-
rosontativas from a colloction of
agencies would assist children
and their famlilicr. Bloomn said
the plan could be put into action
by 1902.

As the run of rinte and fed-
cral funding slows to a trickle,
health-service agencics must be
more enterprising with thelr
budgets. Diane Sirl, superinten-
dent of the Santa Cruz County
OfMce of Education, said agen-
cles must communicain with
cach othcr and coordinate their
scrvices to save money. She
sald thoso agoncies cannot con-
tinue with & “business as usual”
mindset,

But changes could be difficull
because they must he made on
a fundamental level, mald Sid
Gardner, professor of human
development at California State

See HEALTH page 8 »

conference, he sai ’
— said, was “a good
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- WATIONVILLE — Financially
strappéd bealth care agencies, edo-
cation and social services that
* porve- 19 Pagero Valley Unified
.School District (PYUSD) found
- friends in each other at a forum
Saturday that was funded by a new
national consortium.

~-d

A

> The Mational Health/Edecation

- Consortinm, nade up of 41 nation-

- " 2 groups from the three fields, se-

Jected Starfight Elementary Sehool
to be the first of six sites across the
aation 16 hold a conference,
Pujares Valley is the orly site
chosen in California.
Federal. stare and bocal officials
jouned i discussion with nearly
. 300 peupie to cross boundaries be-
s eam education, aealth care ang
- amily support services.
Gary Bloom. assistant superin-

__'nid that there are litarally hun-

greds of agencies, educators and
professionals who are committed
to helping children and Emilies
but don’t speak to each other.
“The first step soday is commnu-
nmication,”” said Bloom. “But ulti-
mately w2're looking forward to
Zeveloping a more cooperative re-
iagonship between these individo-
als and schools, and to ge trom co-
operarur: to ollaboraticn.”

With funding streams drying wp,
the agencies and schools are
locking to wark together to stretch
the few dollars keft. However, the
conference is not just Jeoking for
money-saving solutions, bt how o
better serve chiléren 1"1'-.’.5 in-
cludes children who — more often
<ban realized — 1all through the
gaps between providers” services.

An ezriy prognosic of tke fcram

was very positive at i.fhoun-time
conference -

fress :

Although no policy changes were
confirmed, the forum was viewed
as a catalyst for kohistic reforms in
education, health care and social
services "

“The education of s chilf that a
teacher deals with, % the justice
problem that the judge deals with,
is the health problem that the
county deals wikh, etc.,” saidd Mauv
reen Di Marco, state child devetop-
ment and education secretary.

“Ard it may be the same child ”

In the Pajaro Valley, 38 percent
of the children are Bving i er-,
ty. according to PYUSD rin-
tendent Memrill Grant. :

Brochares from vartous organi-
zations on display ranged from
Planned Parenthocd ancé <he
Campfire Council, 15 a panmphlet
titled “Working with FEomeless
Families,” disubu:ed by he state
Department of Edizcation.

Rae Grad, director eof the Nation-
al HealthjEdwcation Consortiwm,
said that her organization is trying
10 effect change on national, state
and local levels.

“We are bringing together majof’
national organizatioss to say, ‘We
can talk together, we will talk, and
we must talk.”

Some of the groups that belong
10 the umbrefla organization are
the Narzional! PTA, the Healthy
Mothers, Healthy Babies Coalition
and the Nationa! Coalition of His-
panic Health and Human Services
Organizations.

National funding i provided by
the Department of Health and Hu:
man Services, the Departrment of
Educztion amd the Prudential
Foundéation, Grad said

Diane Sirij, county siperint
deqt oi educatics, said thgte cha?:
es in how all thre: Jelds fum:tjo';w
-— and how they are funded -- are
mevitable. “The cu-rent federa)

and state Gscal crisis jn't goirg to
give us the choice of continuing to
de business as usual’ she satd

Martin Gerry of the Department
of Health-and Human Services in
Washington, "\BQ' described how
federal funding for amy changes
that come out of the comference
will work differently.

“Rather than doing the Wragition.
al federal role, which s to say,
Here's the money and you gure
owt how ¢o get it,’ what we're try-
ing to say %, 'You tell us what you
want to do and wel figure out 2
way to get it,’” sabd Gerry.

“It's a2 matter of reversing the

‘two, starting with the vision and

then finding how to pay for ir.”

Gary Bloom said that Une confer-

ence will cefiritely prodace chang-
€5 COwn the rpad.
. “I thick y0u'will be able 1¢ xcme
3ack in three months, six monzhs,
and see where this conferenss Xas
:aken us,"” pe said.
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‘Symposium seeks ways to
.1mprove children's

¢297L

A symposium will be held
in Macon to explore ways to
improve the learning capabili-
ties of school children through
better health. - S

The forum, sponsored by U.
S. rep. J. Roy Rowland with
assistance from the Washing-
ton-based National Health/
.Education Consortium, is
‘scheduled for 2 p.m. on Mon-
,mmw. June 17, at the Macon
College Auditorium.

The Eighth Distriet” Con-
.mu.m.m.mnmmb said the purpose of
“the symposium is to identify
the health problems of school
children and discuss strate-

health

gies for addressing those prob-
lems. He explained that the
program s planned for all com-
munities within the Eighth
District. ‘

He said health, education
and social welfare profession-
als will join with community,
business and religious lead-
ers- for the discussion. Par-

ents and the public at large

are invited, he noted.

“Children must be healthy

bo'learnyand they must- be

v

educated tokeep thamselyes .

healthy,” Rowland said.
“Teachers and school offictals

have learned that children '
tend to do much better in

- school when their health needs
' are met.”

The Macon symposium is

one of a number planned

around the country by the

National Health/Education
Consortium, which wasjointly
formed by the National Com-
mission to Prevent Infant Mor-
tality and the Institute for
Educational Leadership.

The Congressman said the |

‘goal is to bring about better
coordination and cooperation

- between health, education and |

social services professionals,
and sources in the private
sector, in providing health
services to school children.
When school children are
healthier, he said, they can
better concentrate on school
work. This, he added, can
lower the school drop-out rate
and increase the graduation
. rate. .

Rowland said former U. S.
Surgeon General C. Everett
Koop is helping inform the.
public about the relationship
between good health and the

- ability of young vmoim to
learn, telling .communities
they should incorporate

- health into education rather
than makingit asatellite that
skirts around education. He
said he agrees with Koop that
the country’s future economy
can be seriously undermined
if a generation of teenagers
drops out of school in large
numbers because of health
problems.
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Scientific Information
Research Center

Dr. D. Allan Bromley

Assistant to the President for Science and Technology
Executive Office of the President

Washington, D. C., 20500

Dear Allan,

Since leaving the EOP, I have been enjoying learning the facts of life as the head of
a scientific library. One issue is of common concern across the field and may be of interest
to national science policy.

The past five years have seen an increasing copyright of United States scientific
information by foreign firms: the bulk of formal scientific publication is now held in this
manner. The same period has seen a yearly 15% escalation in the cost of information and a
yearly reduction of scientific library holdings by 5%. Data that are of specialized interest
cannot be communicated and newer methods for rapid, widespread, scientific
communication are inhibited.

Although current results are transmitted informally or at meetings, the problems of
formal communication may be important in the long run. They make it difficult to assemble
larger bodies of data from published findings, to disseminate large bodies of data widely,
to bring scholars into new fields, and to support interdisciplinary work. These issues are
particularly germane to larger initiatives, such as the human genome project, that involve
many investigators working over a long period.

It does not add up. Publicly supported authors are required to pay publishers to
print their work -- and the public must buy it back again. At the same time, technology has
radically lowered the cost of distribution and printing. It may be that copyright laws are
being used to support a system that is no longer essential, does not benefit the authors, and
may be inhibiting research.

It would be helpful for the Office of Science and Technology Policy to consider
policies for communicating federally sponsored research.

Yo?L; truly,
;

David L. Stonehill
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

August 13, 1991

Dear Roger:

Enclosed please find an article sent to me by Dr. Roger Rosenberg, President
of the American Academy of Neurology, which may be of interest to the Subcommittee
on Brain and Behavioral Sciences (SBBS).

Sincerely,

/Da\a/\
D. Allan Bromley
Director

Enclosure

Roger J. Porter, M.D.

Deputy Director

National Institute for Neurological
Disorders and Stroke

Building 31, Room 8A-52

National Institutes of Health

Bethesda, MD 20892



EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

August 13, 1991

Dear Dr. Rosenberg:

Thank you for the words of encouragement in your letter of July 22, 1991, as well as
the article by Drs. Woody and Blaw on the Teratology of the Central Nervous System,
which I will pass along to Dr. Roger Porter, chairman of the Federal Coordinating
Council for Science, Engineering and Technology (FCCSET) subcommittee responsible
for developing the implementation plan for Federal activities related to the Decade of
the Brain.

Sincerely,

D Allan Bromley I

Director

cc: Dr. Roger Porter

Roger N. Rosenberg, M.D.
President

American Academy of Neurology
University of Texas

Health Sciences Center

5323 Harry Hines Blvd., J3 102
Dallas, Texas 75235




