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Foreword

‘Reading maketh a full man, conference a ready man, and writing an exact

b

man.
Francis Bacon

Because of its extreme complexity it is not surprising that so many of the
disorders which affect the nervous system should have a genetic basis. The
establishment of a precise diagnosis is all important and often calls for
considerable skill and experience both in neurology and genetics. Though
developments in biochemistry, and more recently in recombinant DNA
technology, are beginning to provide precise and objective diagnostic tools
for some of these disorders, clinical acumen still remains of paramount
importance. Few are better qualified than Dr Sarah Bundey to review this
complicated field for she is not only a practising medical geneticist but has
also researched widely in neurology over many years. The result is a scholarly
yet compact work which should be especially useful to medical geneticists
and neurologists in training as well as to others who, from time to time, may
be required to give genetic counselling in one of these disorders.

1985 . AE.H.E.



Preface

I have directed this book to clinical geneticists and to registrars in paediatrics,
neurology and genetics, and have assumed that they have a basic knowledge
of genetics. The book is meant to provide practical information regarding
clinical delineation of different entities, their genetic mechanisms, and the
recurrence risks useful for genetic counselling. I have aimed to interest
neurologists in some of the intricacies and fascination of genetics and I have
tried to simplify for clinical geneticists and paediatricians the clinical
distinctions between different neurological diseases. In some instances the
genetics of a particular disorder are unclear, and where this is so I have given
my own assessment and interpretation of existing data rather than present
every controversial aspect. Although the book is largely intended for doctors
in training 1 hope that consultant neurologists, to whom the clinical
descriptions of diseases will appear superficial, will find the risks of
recurrence useful. '

I have not attempted to enumerate the many neurological genetic disorders
that have been described in single families. unless there is a particular interest
in their biochemistry or natural history, or to the differential diagnosis from
another somewhat similar disorder. The exception is that I have attempted to
list all X-linked disorders in Appendix 3. This is because in advising female
relatives of an isolated male patient it is important to consider whether or not
his condition could be X-linked.

Neurological genetics is a diffuse subject and not all aspects can be covered
in a book of this size. I have chosen to omit the amino-acid disorders; the
organic acid ‘disorders; multiple malformation syndromes; psychiatry (apart
from dementia) and mental deficiency since these are well covered in other
books. Most of the methodology relating to practical clinical genetics is to be
found in Emery’s Methodology in Medical Genetics, an earlier book in this
series, published in 1976. However I have discussed two further aspects of
genetic methodology in Appendices 1 and 2.

I am very pleased that Dr E. M. Brett was able to contribute: his wide
experience of degenerative disorders in children will make his chapter very
valuable.



viii PREFACE

Finally, I must record my gratitude to the late Professor C. O. Carter,
who taught me the importance of precision in genetics, how to carry out
genetic studies and how to assess critically the studies of others.

1985 S. B.



Acknowledgements

I am very grateful to the following colleagues who criticized individual
chapters of the book: Dr David Gardner-Medwin, Dr Anita Harding, Dr
Jack Insley, Dr John Pearn, Professor Derek Roberts, Dr Malcolm Taylor,
Dr Adrian Williams.

I am grateful to Mr Dee and his staff of the Depariment of Medical
Illustration, Queen Elizabeth Hospital for their patience and- skill in
preparing art work and I am very grateful for the help of the staff of the
Barnes Medical Library, Birmingham Medical School.

Individual acknowledgements for illustrations

I also thank the many colleagues who helped me in prov1dmg clinical
photographs;. they are listed forthwith:

Dr M. Anderson for Fig. 6.1; Professor P. E. Becker for Figs. 6.3 and 6.4;
Professor R. J. Berry for Fig. 12.1; Dr G. Boddie for Fig. 6.2; Dr E. M.
Brett and Dr B. D. Lake for Figs. 3.1, 3.2, 3.3 and 3.4; Dr Sue Brown for
Figs. 2.3 and 4.4; Dr A Chutorian for Figs. 7.2, 7.3 and 7.4; Dr D. A.S.
Compston for Fig. 12.3; Dr J. R. Heron for Fig. 5.4; Dr J. Insley for
Figs. 1.5 and 1.6; Dr M. J. Kendall for Fig. 2.1; Dr R. Libman for
Figs. 5.5 and 5.6; Dr R. E. Lovelace for Figs. 7.2, 7.3 and 7.4; Professor
C. D. Marsden for Fig. 4.1; Dr B. G. P. McNamara for Figs. 5.1 and 10.1;
Professor H. W. Mossman for Fig. 1.1; Professor J. Newsom-Davis for
Figs. 6.5 and 6.6; Dr Paul Preston for Fig. 1.4; Dr Ian Rushton for Figs. 1.2
and 1.3; Dr D. C. Siggers for Fig. 8.8; Dr Michael Small for Fig. 8.2, Dr
A. M. R. Taylor for Figs. 11.1; 11.2 and 11.3; Professor P. K. Thomas for
Figs. 2.2, 2.4 and 2.5; Dr Adrian Williams for Figs. 4.5, 8.1 and 8.3; Dr
A. D. Wright for Figs. 5.5 and 5.6.

I am also grateful to the following photographers and Departments of
Photograpay for their help:

Mrs Rita Flint for Figs. 5.5, 5.6 and 10.2; Mrs Deneys Stone for Figs. 8.4
and 8.5; Mrs Susan Williams for Figs. 11.1, 11.2 and 11.3; Department of



X ACKNOWLEDGEMENTS

Medical Illustration, The Children’s Hospital, Birmingham for Fig. 6.1;
Department of Medical Photography, Coventry and Warwickshire Hospital
for Figs. 2.3, 4.4, 5.1 and 10.1; Department of Medical Illustration, Institute
of Neurology, Queen Square for Figs. 2.2, 2.4, 2.5, 4.2, 4.3, 6.5 and 6.6;
Department of Medical Illustration, Queen Elizabeth Hospital for Figs. 2.1,
4.5,5.2,5.3,5.7, 8.1 and 8.2; Department of Medical Photography, North
Staffordshire Royal Infirmary for Figs. 5.4 and 6.2.

I also acknowledge permission to publish from the Editor of Brain for
Fig. 12.3; the Editor of the Journal of Medical Genetics for Figs. 4.6 and 4.8;
Cambridge University Press for Figs. 1.7 and 1.8; MacMillan Press Ltd for
Fig. 1.1; Munksgaard International Publishers Ltd, Copenhagen for
Fig. 12.1; The National Foundation — The March of Dimes for Fig. 7.1;
Oxford University Press for Fig. 12.3; Raven Press, New York for Fig. 4.1;
Georg Thieme Verlag, Stuttgart for Figs. 6.3 and 6.4.



Contents

1. Malformations of the central nervous system 1
Abnormalities of closure of neural tube 2
Abnormalities of cleavage 4
Malformations of the corpus callosum and neighbouring structures - S
Malformations of structures in posterior fossa 11
Megalencephaly or macrocephaly 15
Microephaly 16
Abnormalities of gyri formation 20

2. Phacomatoses and tumours 27
Multiple neurofibromatosis 27
Tuberous sclerosis (Bournville disease; Epiloia) 32
Von Hippel-Lindau disease 37
Incontinentia pigmenti (Bloch-Sulzberger syndrome) : 39
Basal cell naevus syndrome 40
Linear sebaceous naevus with convulsions and mentai retardation 41
Encephalofacial anglomatosxs (Sturge-Weber syndrome) 42
Leptomeningeal angiomatosis 43
Tumours of the nervous system 43

3. Cerebral degenerative disorders of childhood 49
Neuronal storage diseases 51
Batten’s disease 56
Niemann-Pick disease and related disorders 60
Gaucher’s disease 62
Progressive myoclonic epilepsy (PME) and Laf:ra body disease 63
Leucodystrophies 63
Metachromatic leucodystrophy (MLD) or sulphatide lipidosis 64
Krabbe’s globoid body leucodystrophy 67
Adrenal leucodystrophy (ALD) (Addison-Schilder’s disease) 68
Spongiform leucodystrophy (spongy degeneration of the brain: Canavan’s disease) 70
Alexander’s leucodystrophy 71
Other cerebral degenerative disorders of children 73

4. Extrapyramidal disorders and dyskmesnas 79
Parkinsonism 79
Tremor and tics ' 83
Disorders displaying dystonia or athetosis . 84

Huntington’s chorea 95



10.

CONTENTS

Other disorders with chorea
Myoclonic disorders

Muscle disorders I

Congenital muscular dystrophies

X-linked pseudohypertrophic muscular dystrophies
Facioscapulohumeral muscular dystrophy
Scapulo-peroneal syndrome

Limb-girdle muscular dystrophics

Distal myopathy

Ocular myopathies (progressive external ophthalmoplegia)
Myopathies with structural abnormalities

Disorders of lipid metabolism

Muscle disorders I

Myotonic dystrophy (dystrophia myotonica, Smnert s muscular dymophy)
Other myotonic disorders

Glyogen storage discases

The periodic paralyses

Malignant hyperthermia (MH)

Spinal muscular atrophies (SMAs)

Acute infantile spinal muscular atrophy (acute SMA, Type I SMA)

Chronic SMA of infancy and early childhood (Type Il SMA)

Chronic spinal muscular atrophy of childhood with onset at or after the age of
three years (Kugelberg-Welander disease: Type III SMA)

Other forms of childhood-onset SMA

Spinal muscular atrophy with distinctive features

Arthrogryposis multiplex congenits (AMC)

Hereditary neuropathies
Hereditary motor and sensory neuropathy Type I (HMSN I)

'Hereditary motor and sensory neuropathy Type II (HMSN II)
“‘Hereditary motor and sensory neuropathies of infancy and early childhood

Other hereditary motor and sensory neuropathies
Hereditary sensory neuropathies

Other types of neuropathies that are primarily sensory
Peripheral neuropathies and lipid disorders
Porphyrias

Amyloid neuropathy

Cerebellar and spinocerebellar ataxias

Congenital cerebeliar ataxias
Childhood-onset ataxias
Adult-onset ataxias

Spastic paraplegias :

‘Pure’ spastic paraplegia

Spastic paraplegias with associated features
Genetic syndromes resembling cerebral palsy
Motor neurone disease (MND)

101
104

112

12

115
123
124
126
129
130
133
139

149

149
154
159
162
163

172

172
174

178

180
182
186

194

195
198
199
201
201
205
208
212
215

223

223
226
230

241

241
244
251
253



11.

12.

13.

CONTENTS

Neurological diseases in which there are defects in DNA repair
of synthesis

Xeroderma pigmentosum (XP)

Cockayne’s syndrome

Ataxia-telangiectasia (A-T)

Multifactorial inheritance and neurological diseases

Multiple sclerosis (MS)

Myasthenia gravis

Acquired myasthenia gravis

Other disorders with an HLLA association

Dementia, epilepsy and miscellaneous disorders

Presenile dementia

Senile dementia )

Other genetic causes of dementia

Vascular disorders

Disorders showing intracerebral calcification

Epilepsy

Risks of recurrence of epilepsy in sibs of epileptic children

Risks for epilepsy in offspring of epileptic patients

Anti-convulsarit therapy during pregnancy and congenital malformauans

Appendix 1

Frequency of consanguineous matings among parents of’ pancms with autosomal
recessive

Appendix 2

Calculation of risks based on ped)grcc for being a carrier for an X-lmked
disorder

Appendix 3

Neurologzml disorders that are inherited in an X-linked fashion

Index |

262

263
265
267

276

276
283
283
287

293

293
297
297
300
302
305

310
311

318

318
320

320

325

325

333



Malformations of the central nervous
system

k}

Introduction

Malformations of the central nervous system are relatively common, occur-
ring in 3 to 4 % of early spontaneous abortuses (Creasy & Alberman 1976)
and in about 0.6% of births in the U.K. (Leck 1974). Congenital malfor-
mations of the brain are found at autopsy in between 20 and 30% of
mentally retarded patients (Freytag & Lindenberg 1967).

The gross malformations have started to appear by the end of the third
month of gestation and must therefore be caused by factors acting early in
pregnancy. The first embryological landmark is the development and then
the closure of the neural tube which occurs between 18 and 28 days after
ovulation. Posterior defects in the neural tube give rise to anencephaly,
spina bifida and related malformations; while anterior defects produce the
holotelencephaly group of malformations. The cerebral and optic vesicles
and the choroid plexus start to form at four to five weeks’ gestation and soon
afterwards the.primordia of the cerebellum appear. The ventricles are well
formed by about eight weeks and the corpus callosum develops at about 10
weeks. From about five to 25 weeks’ gestation there is cellular migration and
proliferation; abnormalities in these processes lead to the formation of
abnormal gyri, to ectopic positioning of nervous tissue (cortical and cere-
bellar heterotopias) and to the development of phakomas and other cerebral
tumours. From 25 weeks of gestation until one to two years of postnatal life,
there is cellular maturation, the formation of synapses, the development of
specific cellular patterns in different parts of the brain, and myelination.
Noxious influences at this time produce defects in cellular architecture and
in myelination, and from about seven to nine months of gestation will cause
destructive or degenerative changes rather than developmental abnormali-
ties. For reviews of the embryology of the nervous system see Hamilton et
al (1972) and Gabriel (1974).

Many malformations of the nervous system carry no-recurrence risks.
Attention will primarily be given in this chapter to those conditions where
there is a risk of the same malformation occurring again in relatives. For
more comprehensive reviews on congenital malformations see Warkany et

1



2 GENETICS AND NEUROLOGY

al (1981) and Bergsma (1973). Multiple malformation syndromes will not
be covered in this section, for they also have been adequately reviewed else-
where (Holmes et al 1972; Smith 1982).

ABNORMALITIES OF CLOSURE OF NEURAL TUBE

These malformations include anencephaly, iniencephaly, encephalocoele,
myelomemngocoe!e and meningocoele but not isolated hydrocephalus. They
arise as a result of failure of the neural groove to form a tube and close at
each end, a procedure which normally occurs between 18 and 26 days after
ovulation (Hamilton et al 1972). Thus, any teratogens which may cause
neural tube malformations must act during this short period. Epidemio-
logical and genetic studies have shown that the malformations are aetiologi-
cally related, in that an increased incidence of one is accompanied by a
similar increase in the others, and that the increased risk that occurs for
relatives of patients with one of these malformations is for any of the other
malformations as well as for the same one. Therefore they are usually
grouped together as neural tube defects, or NTD.

It has been shown that spinal dysraphism (Carter et al 1976) and multiple
congenital vertebral anomalies (Wynne-Davies 1975) should also. be
included as neural tube defects, since the incidence of anencephaly and
spina bifida in first degree relatives is as high in these conditions as if the
index patient had anencephaly or spina bifida. However, they have not been
included in earlier epidemiological studies.

The incidence of neural tube defects varies from one area to another and
also from one race to another (Table 1.1). It is interesting that on mxgrauon,
races tend to keep the incidence of their country of origin.

Genetics
The pattern of recurrence of neural tube defects in the families of index
patients demonstrates that this group of malformations is polygenically

Table 1.1 Some incidences of neural tube malformations per 1000 Births (‘'ata from Carter
et al 1968; Leck 1972; Carter & Evans 1973)

South-East England (London) 29
Wales ) 7.6
Northern Ireland 8.9
Northern India 6.0
Egypt (Alexandria) 5.4
Africa <l.0

Japan <l.
"English in Birmingham .

Irish in Birmingham

Indians in Birmingham

Negroes in Birmingham
Whites in U.S.A cities

Blacks in U.S.A. cities

PRy
Vhrowaruo




MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM 3

Table 1.2 Incidences of neural tube malformations ini relatives (data from studies in South-
East England: Carter & Evans 1973; Carter 1976)

Full sibs 1in 22
Half sibs 1 in 50
Children 1in 22
Aunts, uncles, nephews, nieces 1 in70
Cousins* 1 in 148
Incidence in population from which index patients came 1 in 340

* in fact, mothers® sisters’ children

inherited (Carter et al 1968; Carter & Evans 1973). For example, in South-
East England (Table 1.2) the incidence in first-degree relatives is about 1 in
22, that is, about 15 rimes the population incidence; the incidence in second-
degree relatives is about five times the population incidence and the inci-
dence in third-degree relatives is about twice that of the population.

The family studies show that, on average, 60 to 70% of the causation of
neural tube defects is genetic, leaving about 20 to 30%, which on average is
due to environmental factors. It is now clear that one of the environmental
factors that can cause the development of a neural tube defect in a fetus which
is genetically predisposed is poor nutrition. Periconceptional dietary
supplementation by vitamins has been shown to prevent the recutrence of

_neural tube defects in the offspring of women at high risk, that is, those
women who have previously had an affected child (Smithells et al 1980,
1983). However, different environmental factors may be important for
different individuals and different races.

Prenatal detection of babies with neural tube defects is now largely poss-
ible through the measurement of amniotic fluid alpha-fetoprotein in women
at increased risk, through measurement of serum alpha-fetoprotein in all
pregnant women, and through ultrasound examination of the fetal head and
spine.

Meckel syndrome

This is a condition, fatal at or soon after birth, in which polycystic kidneys
are present, together with microcephaly or anencephaly, usually an occipital
encephalocoele, and sometimes premature fusion of some cranial sutures.
Other variable features include eye anomalies (microphthalmia, colo-
bomata), cleft palate, post axial polydactyly, congenital heart disease and
abnormalities of genitalia. Necropsy also reveals hypoplasia or dysgenesis
of the cerebral cortex and cerebellum and sometimes absence of olfactory
bulbs or optic nerves or absence of the corpus collosum (Fried et al 1971;
Hsia et al 1971; Meckel & Passarge 1971).

The condition is inherited as an autosomal recessive wth a 1 in 4 recur-
rence risk for sibs. Parental consanguinity has been reported in some families
and the condition is perhaps commoner in Jews. Observations from Seller
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(1979) suggest that Meckel syndrome may be commoner than previously
thought, accounting for 5 to 10% of abnormal fetuses who are aborted
because of raised levels of alpha-fetoprotein. She emphasized the need for
autopsy of a fetus or infant with a neural tube defect, in order to determine
whether other stigmata of Meckel syndrome are present, as the occurrence
risk of Meckel syndromie is appreciably higher than the 1 in 20 risk given
for uncomplicated neural tube defects. Prenatal diagnosis of the Meckel
syndrome is possible, through ultrasonic detection of polycystic kidneys
and/or raised levels of alpha-fetoprotein in the amniotic fluid.

ABNORMALITIES OF CLEAVAGE
Holotelencephaly and related malformations

These form a heterogenous group of malformations where the common
factor is failure of cleavage of the forebrain. The cerebral anomalies, of
which at least one must be present, include: one cerebral hemisphere and
ventricle; poorly developed or absent frontal lobes; defective formation of
olfactory and optic nerves; and abnormalities of the corpus callosum,
hippocampus, basal ganglia, pituitary and hypophysis. Manifestations of -
theése cerebral malformations in the few patients who survive are mental and
physical retardation, epilepsy and spasticity. Most patients usually die from
complications of associated facial malformations. The most severe of these
is the cyclops deformity where there is a single midline eye, and a blindly
ending proboscis above this, instead of a nose. The next severe facial
abnormality is ethmocephaly where there are two separate orbits, close
together, and above them a blindly ending proboscis. Cebocephaly is the
condition where there is orbital hypotelorism, a nose in its normal position,
but with a single nostril which does not communicate with the nasopharynx.
In some patients orbital hypotelorism and trigonocephaly, with or without
a cleft lip, may be the only facial malformation; and in the family reported
by Khan et al (1970), there were no facial abnormalities, fusion of the

cerebral hemispheres and associated malformations being discovered at post
mortem. -

Genetics

These brain malformations, together with facial and other malformations,
have been described in association with trisomy of chromosome 13 or of 18,
and the 18p- syndrome. Chromosome studies should be performed in all
patients. ,

Familial occurrence in sibs with normal parents has been occasionally
observed when the malformation has been associated with a normal karyo-
type; for example, holotelencephaly with the cyclops malformation (Cohen
& Gorlin 1969); with cebocephaly (James & Van Leecuwen 1970; Holmes
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et al 1974); with orbital hypotelorism and a blind ending nose (DeMyer
et al 1963; Hintz et al 1968); or without any facial abnormalities (Khan et
al 1970). In these familial cases there were no structural abnormalities
outside the face and brain. In the absence however of a large series, it is
difficult to know what recurrence risk to give for an isolated case with
normal chromosomes; probably the recurrence risk is low. In lambs this
group of malformations may be environmentally caused (Babbott et al 1962)
and teratogenic agents might be responsible for some human cases (Mollica
et al 1979).

Septo-optic dysplasia

A related malformation is that of septo-optic dysplasia, in which are present
hypoplastic optic nerves, agenesis of the septum lucidum, and secondary
hypopituitarism. Reported cases have been isolated but Smith (1982) advises
examining clese relatives for hypoplastic optic discs.

MALFORMATIONS OF THE CORPUS CALLOSUM AND
NEIGHBOURING STRUCTURES

The commissures bearing fibres connecting the two halves of the brain arise
from the lamina terminalis, which is the thickened plate at the site of the
closed anterior neuropore. The first commissure to be formed (the anterior
commissure) connects the two olfactory bulbs. Caudal to this develops a
separate hippocampal commissure, which connects the hippocampal areas.
This becomes the primordium of the corpus callosum at about the ninth
week after fertilization, when fibres connecting the early cortex develop
"behind it (Hamilton et al 1972; Fig. 1.1). As the cerebral hemispheres

HIPPOCAMPAL © SEPTUM
COMMISSURE LUCIDUM

HABENULAR
COMMISSURE

CORPUS

POSTERIOR

COMMISSURE ANTERIOR

COMMISSURE
CEREBELLUM

OPTIC CHIASMA

Fig. 1.1 Sagittal section through the brain of 2 9-week human embryo (redrawn after
Hamilton et al 1972; Fig. 464d, with permission from the publishers MacMillan Ltd)
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Fig. 1.2 Coronal section through the brain of a 4-day-old male infant who had been born
after 28 weeks of a pregnancy complicated by hydramnios. The section shows the absence
of any tissue (i.e. corpus callosum) joining the medial surfaces of the cerebral hemispheres
in the mid-line

Fig. 1.3 Sagittal section of the occipital pole of the same premature infant as in Figure 1.2
showing absence of the corpus callosum .



