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Structural studies of erythrocyte spectrin in Duchenne
muscular dystrophy

R ANAND AND A E H EMERY

University Department of Human Genetics, Western
General Hospital, Edinburgh

X linked Duchenne muscular dystrophy (DMD) is a
serious disorder, the majority of affected boys dying
before the age of 20 years. Although the basic biochemical
defect has not yet been identified, most recent evidence
supports the hypothesis of a widespread membrane defect
in this disorder, demonstrable not only in muscle tissue
but also in lymphocytes and erythrocytes. DMD erythro-
cyte membranes ('ghosts') have been one of the most
extensively studied tissues in this disorder and several
abnormalities have been reported. It has been suggested
that these various abnormalities could be attributed to a
defect in spectrin, the major erythrocyte cytoskeletal
protein, and, if so, this could have important implications
regarding pathogenesis. We have therefore compared the
primary structure of erythrocyte spectrin bands I and II
from controls and patients withDMD by two dimensional
peptide mapping of I-125 labelled tryptic and chymotryp-
tic peptide fragments. By using two different methods of
I-125 labelling, as well as two different proteolytic
enzymes, we were able to generate four different peptide
maps from each of the two bands of spectrin from
controls and DMD samples. The results of our findings
will be discussed with regard to the pathogenesis of this
disorder.

Sensitivity to ionising radiation of cells from patients with
Huntington's chorea

T WEBB AND D MCGOVERN

Department of Clinical Genetics, Infant Development
Unit, Birmingham Maternity Hospital, Birmingham

As the disease has been classified as one of primary
neuronal degeneration, cells from patients with Hunting-
ton's chorea may show an increased sensitivity to the
damaging effects of ionising radiation. Blood samples
were therefore obtained from patients with Huntington's
chorea, from age matched controls, and from a series of
patients with functional mental illness.This second group
of patients was receiving medication similar to that of the
subjects with Huntington's chorea. A series of cultures
were set up from each sample. After incubation for 24
hours, each was divided equally in two, and one half

subjected to a controlled dose of ionising radiation.
Subsequently cell numbers were determined for each
culture by trypan blue exclusion. Calculation of cell
viability ratios indicated that lymphocytes derived from
patients with Huntington's chorea were more susceptible
to ionising radiation than were those derived from age
matched controls. This increased susceptibility was not a
consequence of the medication received by the subjects,
as lymphocytes derived from other patients treated with
similar drug regimens had viability ratios comparable to
those of the control group.

A family study of craniosynostosis

C 0 CARTER, V FRASER, AND R COFFEY

MRC Clinical Genetics Unit, Institute of Child Health,
London WCJ
The probands for the family study were 125 patients
treated, almost all by craniectomy, at Great Ormond
Street. Syndromes identified were Crouzon, 18; Apert, 1 1;
Saethre-Chotzen, 10; Pfeiffer, 3. A further syndrome,
hitherto misattributed, was identified in two: the hallux
is broad, but, unlike Pfeiffer, the distal phalanx is duplex
and facial features resemble Saethre-Chotzen. Of the
patients with non-syndromic craniosynostosis 53 patients
with sagittal synostosis were all sporadic. Of 22 patients
with coronal synostosis, one had an affected mother and
brother, two (in one family) had affected sibs, and the
remainder were sporadic. Patients with metopic and with
multiple synostosis were all sporadic.

The femoral hypoplasia/unusual facies syndrome

JOHN BURN AND ROBIN WINTER

MRC Clinical Genetics Unit, Institute of Child Health,
London, and Kennedy-Galton Centre, Harperbury Hospital,
Herts

In 1975, Daentl et al described four patients with bilateral
femoral hypoplasia and a characteristic facial appearance,
which they felt represented a distinct syndrome. In 1980,
Lampert described the syndrome in a father and daughter,
raising the possibility that a proportion of cases result
from an autosomal dominant gene defect. However, other
aetiological mechanisms may produce a similar clinical
picture, including maternal diabetes and fetal compression.
The differential diagnosis of a series of cases seen at The
Hospital for Sick Children is reviewed.
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Two undiagnosed mental retardation syndromes
I D YOUNG AND H E HUGHES
Department of Genetics, The Hospital for Sick Children,
Toronto, Canada

Two Canadian families of British origin are presented in
each of which an undiagnosed syndrome of mental
retardation with other abnormalities is segregating.
(1) Healthy unrelated parents have three children, of
whom two, one boy and one girl, have cleft lip and palate,
corneal opacities with ptosis, vertebral anomalies, short
stature, genitourinary abnormalities, and moderate non-
progressive mental retardation. No biochemical or

chromosomal abnormality has been detected. (2) A large
kindred scattered throughout North America reveals at
least four, and probably six, males with mental retar-
dation. It is known that two of these patients show short
stature with obesity, dry skin, and ocular abnormalities.
No consistent biochemical, chromosomal, or endocrine
abnormality has been demonstrated in the one patient
who has been extensively investigated. The pedigree is
consistent with sex linked recessive inheritance.

Fragile site Xq27: clinical and cytogenetic manifestations
with respect to heterozygotes
ANGELA SCHMIDT AND EBERHARD PASSARGE

Institut fur Humangenetik, Universititsklinikum Essen,
Essen, West Gernmany

We studied 25 subjects in five kindreds referred because
of mental retardation of the proband. Lymphocyte
cultures were established in chromosome medium IA
(Gibco), supplemented with methotrexate (10 ,ug/ml)
24 hours before harvest, and harvested after 72 hours.
Giemsa stained preparations were scored to determine
the frequency of fragile site Xq27. Subsequently, the same
preparations were G banded (GTG) to verify the identity
of the marker as X chromosome. In heterozygotes the
frequency of fra(X)(q27) was as follows: in 23 and 16%
of metaphases of two obligate heterozygotes (aged 27 and
53 years) who were mentally retarded; in 16% of meta-
phases of a mentally retarded possible heterozygote;
and not detectable in three presumptive and five possible
heterozygotes who are mentally normal. It appears that
in heterozygotes the expression of the chromosomal
phenotype is not only related to the age of the person,
but also correlates with mental development. Possibly
two types of heterozygotes exist, those without mental
impairment and age correlated disappearance of fra(X)
(q27), and those with mental impairment and persistence
of fra(X)(q27).

Fragile X mental retardation in twins: a case history
L R WILLATT AND J DAVIS

Addenbrooke's Hospital, Hills Road, Cambridge

The case history of a family with the fragile X form of sex
linked mental retardation will be described. The family
consists of two sets of twins. Of the elder twins, both
boys, one has the fragile X and is retarded. Of the
younger twins, a boy and a girl, the boy has the fragile X
and is retarded. There is no previous history of mental

retardation in the family and the fragile X was not
demonstrated in either parent. Routine laboratory
diagnosis of the syndrome and the effect of folic acid and
folinic acid in vitro and in vivo will be discussed.

Chromosome structural involvement in karyotyping and
its application to clinical diagnosis
C J HARRISON AND R HARRIS
Department of Medical Genetics, St Mary's Hospital,
Manchester

Chromosome structure was revealed in the scanning
electron microscope (SEM) after exposure of human
metaphases to G banding techniques for light microscopy
(LM). Individual chromosomes showed an inherent
specificity of quaternary coiling, resulting in circumferen-
tial grooves along the chromatids which demarcated the
individual gyres of the coils. These were shown to corres-
pond to the LM G banding pattern (Harrison CJ, Harris
R. J Med Genet 1981;18:223). An increased number of
quaternary coils was observed in prometaphase chromo-
somes, which were shown to be correlated with the high
resolution LM bands. These observations and further
SEM investigations of various polymorphic variants and
chromosomally abnormal karyotypes will be presented.
These will include Y chromosome variations, trans-
locations, and ring chromosomes. It is expected that
these studies will reveal the structural modifications
underlying chromosomal abnormalities, so contributing
to the precision of clinical diagnosis.

In vitro induction of abnormalities in the rat by tissue
homogenates of placenta and decidua
I M HUXHAM AND F BECK

Department ofAnatomy, University ofLeicester, Leicester

Inclusion of normal rat placental and decidual homo-
genate preparations in the culture medium of post-
implantation rat embryos resulted in a dose dependent
induction of abnormalities. Doses between 2-5 to 4-0
mg/ml placental homogenate and 1.2 and 4-0mg/ml
decidual homogenate resulted in the formation of a
variety of abnormalities. Such abnormalities were not
produced by a solution of bovine serum albumen or rat
lung homogenate at the same concentration. The placental
homogenate was less teratogenic than the decidual homo-
genate, but both caused neural tube defects and a severe
reduction in embryonic size. Speculation between some
known proteins in the homogenates and the observed
abnormalities is discussed.

Familial motor neurone disease
ALAN E H EMERY AND SUSAN HOLLOWAY
University Department of Human Genetics, Western
General Hospital, Edinburgh

The motor neurone diseases (MND) are a group of
disorders characterised by progressive muscle wasting
and weakness associated with degeneration of the anterior
horn cells (lower motor neurones) of the spinal cord and
bulbar motor nuclei and with involvement also of the
pyramidal (corticospinal) tracts. Excluding those cases
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which are symptomatic or secondary to some other
pathology, most cases of primary MND are sporadic.
However, the recognition of familial cases is important
for genetic counselling. From the study ofsome personally
investigated cases, as well as a review of some 300 cases in
the literature, a classification of familial MND is
proposed:
(l) Classical MND

(a) Adult onset (AD)
(b) Juvenile onset (AD, AR).

(2) MND with Parkinsonism (AD).
(3) MND with dementia

(a) Adult onset (AD)
(b) Juvenile onset (AR).

(4) Guam MND.
Evidence suggests that using various clinical criteria

it may well be possible to distinguish familial from
sporadic cases of MND and then to derive probability
statements of use in genetic counselling.

Experience with techniques for the prenatal diagnosis of
cystic fibrosis
M YAQOOB, D A AITKEN, AND M A FERGUSON-SMITH

Duincan Guthrie Institute ofMedical Genetics, Glasgow
A promising procedure for the prenatal diagnosis of
cystic fibrosis (CF) has been proposed (Nadler and
Walsh, Pediatrics 1980;66:690-2), which is based on the
qualitative and quantitative analysis of 4-methylumbelli-
ferylguanidinobenzoate (MUGB) reactive proteases
(arginine esterases) in amniotic fluid using three inde-
pendent techniques: (a) fluorometric assay of arginine
esterases using 4-MUGB as substrate; (b) isoenzyme
analysis of amniotic fluid arginine esterases by polyacry-
lamide gel isoelectric focusing (IEF); (c) fractionation of
4-MUGB reactive proteases by gel permeation chroma-
tography. Initial reports (Nadler and Walsh, Pediatrics
1980;66:690-2, Walsh et al, Pediatr Res 1980;14:353-6)
suggest that in fetuses affected by cystic fibrosis there is
significant reduction in total amniotic fluid arginine
esterase activity, a reduction in the number of isozyme
bands on IEF and staining of proteases with 4-MUGB or
a-N-benzoyl-L-arginine ethyl ester (BAEE), and a
reduction in the high molecular weight component
following gel chromatography of amniotic fluid. However,
technical problems appear to affect the reproducibility
of these methods and interpretation may be difficult.
We have analysed arginine esterases in serum and amnio-
tic fluid samples from a series of normal, heterozygote,
and affected subjects using the above techniques modified
to improve sensitivity and reproducibility. The results of
this study will be presented and the implications for the
prenatal diagnosis of cystic fibrosis discussed.

The prenatal diagnosis of anterior abdominal wall defects
LINDA MANN,* M DESAI,t HILARY RAWLINSON,* A A M

GIRSON,t AND M A FERGUSON-SMITH*

*Duncan Guthrie Institute of Medical Genetics, and
tDepartment of Pathology, Royal Hospital for Sick
Children, Glasgow
A review of necropsy material and pregnancies terminated

Clinical Genetics Society

for fetal abnormality examined at the Pathology Depart-
ment, Royal Hospital for Sick Children, between the
years 1971 and 1981 revealed 46 cases with anterior
abdominal wall defects. These can be grouped into three
major types with different pathological associations,
namely, gastroschisis, exomphalos, and body stalk
anomaly. In the 37 cases in which prenatal diagnosis was
undertaken, no correlation was found between the levels
of amniotic alphafetoprotein (AFP) or amniotic acetyl-
cholinesterase (AChE) and the extent and type of lesion.
Amniotic AFP and AChE do not distinguish abdominal
wall defects from neural tube defects. Chromosome
aberrations were found only in the exomphalos group:
33% of these had autosomal trisomy. It is concluded that
amniotic fluid cell culture and ultrasonic examination
(including fetal echocardiography) should be capable of
distinguishing those fetal anterior abdominal wall defects
with a good prognosis following treatment after birth
from those with a high postnatal mortality rate.

Linkage of type I hereditary motor and sensory neuropathy
(HMSN) to the Duffy (Fy) locus on chromosome 1
R J GUILOFF, P K THOMAS, M CONTRERAS, S ARMITAGE,
G SCHWARTZ, AND E M SEDGWICK
Royal Free Hospital, North London Blood Transfusion
Cenitre and Wessex Neurological Centre

Four families with type I HMSN and two families with
type II HMSN were tested for the following genetic
markers: ABO; MNSs; P; Rh; K; Kp; Lu; Fy; Jk;
ABH secretor; Gc; Hp; Acp; PGM1; EsD; AK; PGD;
GLO; PGP; HLA-A, HLA-B, and HLA-C; Gm and Km.
The data confirm the probable linkage of the loci for
type I HMSN and the Duffy blood group. No linkage
between type II HMSN and any of the genetic markers
was found. There were two recombinants between the
Duffy (Fy) locus and the locus for type II HMSN. The
findings support the view that there are at least two gene-
tic variants of dominantly inherited HMSN.

Hereditary spastic paraplegia: evidence for genetic
heterogeneity
A E HARDING

Department of Neurology, The Middlesex Hospital,
London

In 22 families with the 'pure' form of hereditary spastic
paraplegia inheritance was autosomal dominant in 19
and autosomal recessive in three. Intrafamilial correlation
for age of onset in the dominant cases suggested that they
were genetically heterogeneous. Two forms of the
dominant disorder were identified. In one the age of onset
was usually below the age of 35 (type I) and in the other
onset was usually over 35 (type II). There were important
clinical differences between the two types. Biological
fitness of patients from both the dominant groups was not
impaired and no evidence of new mutation was observed.
A cumulative frequency curve for age of onset in the
type I group was constructed which should aid accurate
genetic counselling of persons at risk of developing the
disease.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.19.5.370 on 1 O
ctober 1982. D

ow
nloaded from

 

http://jmg.bmj.com/


Clinical Genetics Society

Reproductive complications and fetal loss in women with
myotonic dystrophy
D DONNAI, M U POYNOR, AND R HARRIS

Department of Medical Genetics, St Mary's Hospital,
Manchester

Obstetric and perinatal complications are thought to be
frequent in women with myotonic dystrophy but apart
from the analysis by Harper (Harper PS, Myotonic
dystrophy. Philadelphia: Saunders, 1979), reports are

anecdotal and do not give an unbiased picture of the
overall complication rate in women with this disease.
We have obtained obstetric and neonatal records of 16
women with myotonic dystrophy who had a total of 40
pregnancies. The women were ascertained from patients
referred to genetic and neurological clinics or from the
families of these patients; only one was referred because
of reproductive loss (two neonatal deaths). Fourteen
women were undiagnosed at the time of their pregnancies.
The miscarriage rate was 17* 500 and in the 33 pregnancies
lasting beyond 28 weeks there was a high rate of compli-
cations: hydramnios, 27%; operative delivery, 42%;
postpartum haemorrhage, 5000; neonatal death rate,
15%. Of the 27 surviving babies, 18% presented with the
neonatal form of myotonic dystrophy and 26% of
children are known to have had problems associated with
the disease in childhood. We also obtained the records of
apparently normal wives of five affected men who had a

total of 20 pregnancies. There was only one miscarriage
in this group; all deliveries were normal and only one

pregnancy was complicated by a PPH. All the children
attended normal schools; four have developed clinical
signs of myotonic dystrophy in their teens.

Arm pain in connective tissue disorders
A H CHILD AND B G R NEVILLE

Guy's Hospital, London

Three pubertal female patients who presented with pain
in the right arm were found to have signs of connective
tissue weakness shared by other members of the family.
Weak connective tissue can be revealed by measuring
aortic wall compliance, using non-invasive continuous
wave Doppler ultrasound. High aortic compliance levels
in the probands and other family members enabled us to
diagnose dominantly inherited connective tissue disorder
and offer treatment with splinting, rest, and trial of
steroid therapy. Arm pain may be the result of collagen
deficiency, as in Ehlers-Danlos syndrome, in which joint
hypermobility allows traumatisation of poorly supported
neurovascular bundles.

Recent advances in the pathogenesis of Duchenne muscular
dystrophy
ALAN E H EMERY

University Department of Human Genetics, Western
General Hospital, Edinburgh

Evidence from a number of sources suggests that increased
intracellular calcium may well be an important factor in
the pathogenesis of Duchenne muscular dystrophy
(DMD). Firstly, increased intracellular calcium has been

shown to be an early biochemical abnormality in affected
fetal muscle in the absence of other evidence of fibre
degeneration. Secondly, an increased efflux of creatine
kinase has been induced in vitro in both mouse and
normal human muscle by increasing calcium concentra-
tions in the incubating medium. Thirdly, several of the
membrane defects which have been described in erythro-
cytes (echinocyte formation, increased K-+ efflux,
reduced deformability) and in lymphocytes (reduced
capping) in this disease can be mimicked in normal cells
by increasing intracellular calcium with the ionophore
A 23187. Finally, through enhancement of calcium
activated proteases, increased intracellular calcium could
account for the development of muscle necrosis and
weakness in the disease. These observations have two
important implications. Firstly, increased intracellular
calcium might be exploited in carrier detection and
antenatal diagnosis. Secondly, certain drugs are known to
block the transfer of calcium across cell membranes and
this could offer a possible therapeutic approach to this
disease.

The influence of additional sex chromosomes on cerebral
function
S G RATCLIFFE, I THERNEY, AND J NSHAHO

MRC Cytogenetics Unit, Western General Hospital,
Edinburgh

Psychometric and anthropometric data from a longitu-
dinal study of 52 children with additional X or Y chromo-
somes are presented. The children were identified in a
newborn cytogenetic survey, and comparisons are made
with a control group from the same population who were
chromosomally normal. At birth there was evidence of
slower intrauterine growth in the presence of a super-
numary X chromosome in both males and females,
affecting head circumference and body weight and length,
while no effect was demonstrable at that stage from an
additional Y chromosome. Subsequently, for both
groups, an accelerated growth rate was found in height,
but there was no catch-up in head growth. There was a
small, but statistically significant, lowering of intelligence
test scores which was most marked in females with the
triple X condition. Neurological defects in balance and
co-ordination were identified in a specially designed
quantified test.

The identification of heterogeneity in neurological disorders
with particular reference to myotonic dystrophy
S BUNDEY

Department of Clinical Genetics, Birmingham Maternity
Hospital, Birmingham

It is important to recognise heterogeneity where it exists,
in order to be accurate concerning prognosis, genetic
risks, and treatment. Heterogeneity may be recognised
as a result of clinical examination, laboratory tests,
statistical manoeuvres, or by a combination of all these
methods. Statistical tests for heterogeneity include a
search for bimodality, an examination of intrafamilial
resemblance, a search for discrepancies where there is a
linkage or association with other genetic markers, and an

373

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.19.5.370 on 1 O
ctober 1982. D

ow
nloaded from

 

http://jmg.bmj.com/


Clinical Genetics Society

assessment of the prevalence of consanguineous parents.
A recent study of 35 patients with myotonic dystrophy
who had onset between birth and 30 years (excluding
neonatal cases) demonstrated two clinical types. In type 1
the degree of facial weakness was proportional to the limb
weakness, which was patchy and severe. In type 2, the
facial weakness was worse than the limb weakness, which
tended to be mild and diffuse, with early loss of tendon
reflexes. Affected relatives usually resembled the index
patient, suggesting that the heterogeneity had a genetic
basis. Mental retardation, male infertility, and neonatally
affected offspring were commoner with type 2 patients.

Familial 'progressive external ophthalmoplegia plus'
R S G KNIGHT, A R FIELDER, AND D JEFFERSON
Derbyshire Royal Infirmary, Derbyshire

A family is described in which four of five sibs suffer
from a progressive external ophthalmoplegia associated
with optic atrophy and mental retardation. One sib has
an additional internal ophthalmoplegia with bilateral
ptosis and another a bilateral sensorineural deafness.
The clinical features of the ophthalmoplegia in the
younger, less severely affected sibs suggests a primary
brain stem disorder which has progressed in the eldest sib
to a complete external ophthalmoplegia. The parents and
other traceable relatives are unaffected as was one sib
who has two apparently normal children.

Genetic counselling in Huntington's chorea
KATHLEEN EVANS, C 0 CARTER, AND M BARAITSER
MRC Clinical Genetics Unit, Institute of Child Health,
London

The fertility was estimated of (a) those patients with
Huntington's chorea seen at The National Hospital who
did not know of their risk of developing the disorder, and
(b) children of those patients and consultands with an
affected parent seen at the Genetic Clinic at the Hospital
for Sick Children, who did know of their risk before
having children. The 63 (a) patients had a fertility close to
that of the general population (127 children in comparison
with 128-2). The 90 (b) subjects had a fertility half that
expected (52 in comparison with 104.7). Complete
ascertainment and counselling would therefore substan-
tially reduce the persistence of mutant genes to third and
later generations and the prevalence of the disorder.

A genetic register for Huntington's chorea
PETER S HARPER, SUE SMITH, AUDREY TYLER, AND PAT JONES
Section of Medical Genetics and Department of Medical
Statistics, Welsh National School of Medicine, Cardiff

A register has been established for all persons in industrial

South Wales affected by, or at high risk for, Huntington's
chorea, including 130 living patients and around 1000
relatives with risk exceeding 1 in 10. A total of 122
apparently unrelated kindreds has been identified in the
area. The register forms part of a long term programme
of genetic counselling and family support for Huntington's
chorea in South Wales. Its role in maintaining accurate
and regularly updated family information and in moni-
toring trends in incidence is shown. Without such a
register systematic prospective follow up would be
difficult and incomplete, and prediction of trends would
be inaccurate and delayed. The problems of establishing
and maintaining the register are discussed and the neces-
sity for absolute confidentiality emphasised, but it is
concluded that the existence of such a register is an
essential part of any regional programme concerned with
long term preventive measures in this disorder.

Extrapyramidal disturbance in homocystinuria
A N GALE, D P BRENTON, D C CUSWORTH, L W DUCHEN,
AND G M STERN

University College Hospital, London

Only one instance of extrapyramidal features in a patient
with homocystinuria has previously been described.
From a series of 36 homocystinuric patients we report
three severely affected patients unresponsive to pyridoxine
who have extrapyramidal disturbances. One developed
torticollis aged 20 which progressed to dystonia and
choreoathetosis. He died aged 22 and the post mortem
findings will be presented. A second patient developed
dystonia and pyramidal signs from the age of 9, and in
the third, who had epilepsy, choreoathetosis and dystonia
appeared at the age of 14. The possible pathophysiology
of these extrapyramidal features will be discussed.

X linked bulbospinal muscular atrophy
P K THOMAS, A E HARDING, M BARAITSER, AND P G BRADBURY

Royal Free Hospital and Institute of Child Health, London

X linked bulbospinal muscular atrophy was first recog-
nised by Kennedy et al (Neurology 1968;18:671). It
comprises a distinctive clinical syndrome with an onset
in the third or fourth decades of proximal muscle weak-
ness in the limbs, later involving the distal limb, facial,
and bulbar musculature. Muscle cramps may precede
the onset by several years. Contraction fasciculation of the
face is an important diagnostic feature and tremor of the
outstretched hands is common. The tendon reflexes are
depressed or absent. Gynaecomastia may coexist. Our
experience in seven cases will be described. A hitherto
unrecognised feature is depression or loss of sensory
nerve action potentials in the absence of sensory loss.
The importance of recognising the condition lies in its
genetic implications.
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