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Mitochondrial myopathy: a genetic study of 71 cases
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suMMARY Of 71 index cases with histologically defined mitochondrial myopathy, 13 (18%) had
relatives who were definitely affected with a similar disorder. Eight familial cases from four
families were confined to a single generation. In five families maternal transmission to offspring
occurred. There were no instances of paternal transmission, but one patient had an affected
cousin in the paternal line. No consistent clinical syndrome or pattern of inheritance emerged for
any identified defect of the mitochondrial respiratory chain, localised biochemically in 41 cases.
Overall, the recurrence rate was 3% for sibs and 5-5% for offspring of index cases.
Review of published reports of familial cases of mitochondrial myopathy suggests that the ratio
of maternal to paternal transmission is about 9:1. We conclude that these disorders may be

caused by mutations of either nuclear or mitochondrial genes.

The term mitochondrial myopathy (MM) is applied
to a clinically and biochemically heterogeneous
group of disorders which share the common feature
of major mitochondrial structural abnormalities in
skeletal muscle. Ragged red fibres, seen with the
modified Gomori trichrome stain,' are the major
morphological hallmark of these diseases. They
were described initially in patients presenting with
syndromes of chronic progressive external ophthal-
moplegia (CPEO) or proximal myopathy or both,
often with weakness induced or enhanced by exer-
tion. More recently they have been reported in
children and adults with complex multisystem dis-
orders predominantly or exclusively affecting the
central nervous system, giving rise to clinical fea-
tures such as psychomotor retardation, dementia,

pigmentary retinopathy, ataxia, seizures, movement -

disorders, stroke-like episodes, deafness, and
peripheral neuropathy in various combinations.
Involvement of other systems, such as the heart,
endocrine glands, and haemopoietic tissues, has also
been reported.? > In vitro studies of mitochondrial
metabolism in patients with MM have identified a
variety of defects of the respiratory chain and
oxidative phosphorylation system, none of which is
associated with a specific or consistent clinical
syndrome.>™*

The majority of reported cases of MM have no
affected relatives but families containing more than
one affected subject have been described. It has
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been suggested that MM is caused by mutations of
mitochondrial DNA, as maternal transmission to
offspring appears to be more common than paternal
transmission, and mitochondrial DNA is exclusively
maternally inherited.’ ¢ This paper presents pedi-
gree data on 71 patients with histologically defined
MM and analyses 105 familial cases from published
reports.

Patients and methods

The index cases were ascertained from the muscle
biopsy files at the National Hospital for Nervous
Diseases, London, over the period 1969 to 1986.
Mitochondrial myopathy was defined by the pre-
sence of 4% or more of muscle fibres showing
enhanced peripheral and intermyofibrillar activity of
succinate dehydrogenase.> A total of 71 patients
from 69 families was identified, 52 of whom were
reviewed by the authors between 1983 and 1986. A
detailed family history was taken from them and
wherever possible their first degree relatives were
examined. Details of the remaining 19 patierits were
obtained from hospital records; four had died and 15
were unavailable for study.

Results

CLINICAL AND BIOCHEMICAL FEATURES

The clinical features of 66 of the 71 patients have
been described elsewhere.> There were 38 females
and 33 males. The age of onset of symptoms ranged
from birth to 68 years, but was before the age of 20
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TABLE 1 Mitochondrial myopathy: clinical syndrome and
incidence of affected relatives.

Clinical syndrome No of index

cases

No of index cases with
affected relatives

CPEO and limb weakness 36 4
Fatigable proximal limb
weakness 12 6

Predominantly or exclusively

CNS disease (ataxia,

dementia, seizures,

involuntary movements etc) 23 -3
Total 7 13

years in two-thirds of cases. The clinical presenta-
tion was very variable. Three broad clinical sub-
groups of cases could be identified: (1) a combina-
tion of CPEO with or without proximal weakness
(55%); (2) fatigable limb weakness alone (18%);
and (3) those with clinical features, such as ataxia,
dementia, deafness, involuntary movements, and
seizures, predominantly or exclusively arising from
the CNS (27%).

In vitro studies of mitochondrial metabolism,’
performed in 41 patients, localised defects to com-
plex I (NADH-ubiquinone oxidoreductase) in 26
cases and to complex III (ubiquinol-cytochrome ¢
reductase) in a further nine. One had defects
involving complex III and complex IV, and another
a defect of complex V (mitochondrial ATPase). In
two patients oxygen uptake rates were reduced with
all substrates tested; in two others in vitro studies of
mitochondrial metabolism were normal.

FAMILY STUDIES
The 71 index cases were members of 69 families. A
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FIG 1 Pedigree of a family containing two sisters with
fatigable muscle weakness and intermittent metabolic
acidosis; the older sister died at the age of 22 after
developing cardiac failure secondary to lactic acidaemia.
The younger girl was found to have ragged red fibres on
muscle biopsy, and a defect at complex I of the respiratory
chain. The patients’ parents were clinically normal.
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total of 13 index cases (18-3%) had relatives who
were definitely and similarly affected; all of these
had symptoms. Half of the index cases with
myopathy alone had affected relatives, but the
majority of the patients with CNS disease did not
(table 1). Five patients, all with complex I defi-
ciency, had similarly affected relatives in whom the
diagnosis was confirmed on clinical examination,
light microscopy of skeletal muscle biopsies, and, in
two cases, in vitro studies of mitochondrial metabol-
ism. In four of these five families the clinical
syndrome was of a fatigable myopathy. There were
two affected sib pairs with clinically normal parents,
one of which is shown in fig 1; the other pair were
both index cases.® A further family contained an
affected mother and daughter who were both index
cases (cases 5 and 6 of Petty et al’). In another
kindred, the mother and monozygous twin of the
index case (case 3 of Petty et al’) gave a history of
fatigability and were found to have mild proximal
muscle weakness and pigmentary retinopathy (fig
2). In the fifth kindred, a female with dementia,
retinopathy, ataxia, stroke-like episodes, and
myopathy (case 21 of Petty et al’) had a son with
mild mental retardation, infrequent seizures, and
retinopathy. His muscle biopsy showed occasional
ragged red fibres but in vitro studies of mitochond-
rial metabolism were normal.

In three further families, the index cases gave a
history of affected relatives which was confirmed
clinically but not histologically. One of these, a
female with a retinitis pigmentosa-like retinopathy,
dementia, ataxia, and myopathy (case 15 of Petty et
aP), has two children and a maternal grandchild
with retinitis pigmentosa alone. The index case has
no identifiable defect of mitochondrial metabolism.
A female with CPEO and proximal myopathy and
complex III deficiency had a daughter with ptosis
and fatigue who died suddenly for no obvious reason
at the age of 15. Another female with CPEO and
proximal muscle weakness, with no identifiable
defect of mitochondrial metabolism, has an affected
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FIG2 Pedigree of a family containing monozygotic twins
with complex I deficiency giving rise to fatigable myopathy
and ‘salt and pepper’ retinopathy. Their mother was mildly
but similarly affected.
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FIG3 The two affected females in this family had CPEO
and proximal weakness in the limbs. Note that several
intervening male relatives were normal.

cousin with several normal intervening male rela-
tives (fig 3).

Six further patients gave a history of affected
relatives but these were unavailable for examina-
tion. The presence of ptosis was confirmed by
examining hospital records and photographs of one
patient’s sister’s daughter. The index case had
CPEO and proximal weakness and complex III
deficiency (case 1 of Petty et al’). A male with
complex I deficiency and ataxia. personality change,
and proximal muscle weakness developing in the
third decade of life had an older brother who died at
the age of 25. He was always small and of low
intelligence. When he was 19 he had the first of
several stroke-like episodes. associated with focal
seizures, which led to progressive disability and
dementia. The dead brother of an Iranian male with
CPEO and proximal weakness was similarly
affected; their parents were first cousins. In the four
other cases the family history was vague and could
not be confirmed; these relatives were not therefore
considered as secondary cases. Two (one male, one
female) had children with ‘droopy eyelids’, another

TABLE 2 Mitochondrial myopathy: summary of pedigree
data.

No of Site of defect
families
Affected sib pairs
(parental consanguinity in one
Iranian family) 4 I in three
Parent-offspring
Maternal transmission 5 Iin three, III in one,

none identified in one

Paternal transmission
Index case and sister’s daughter
Index case and paternal cousin

11
None identified

——
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a paternal cousin with the same symptom, and the
mother of a patient with CNS disease (case 9 of
Petty et al®) was said to have been ataxic in later life.

Thus a total of 12 secondary cases was ascer-
tained, in addition to the 71 index cases. A further
88 relatives of index cases (18 mothers, eight
fathers, 16 children, 34 sibs, six grandchildren, and
seven nephews/nieces) were normal on examina-
tion. The parents of four patients (one of whom had
an affected sib by history) were consanguineous, but
all these came from populations where consanguine-
ous marriages are common. The pedigree data are
summarised in table 2. There was no correlation
between the biochemical defect and any possible
mode of inheritance.

The recurrence rates in various relatives of index
cases are summarised in table 3, using information
from the 66 families in which adequate pedigree
data were available. A total of 2-9% of sibs of either
sex of index cases was definitely and similarly
affected and 5-5% of children (aged 20 or over) of
index cases were affected; the incidence was highest
among children of female patients with a recurrence
rate of about 8% . There was no definite evidence of
paternal transmission to offspring.

OTHER GENETIC DATA

Reproductive fitness was compared between males
and females aged 35 or over. The mean number of
children fathered by 23 males was 1-48+1-24,
compared to a mean of 2-20+1-82 for 20 females.
This difference is not significant (1=1-53, p>0-1).
Five of the females and seven of the males had not
reproduced. There was no demonstrable birth order

TABLE 3 Mitochondrial myopathy: recurrence rates in
relatives of index cases.

Occurrence of disease in Sex Proportion %
affected
Sibs of index cases Either 6/208 29
Sibs of female index cases Male w56 0
Female 3/57 53
Sibs of male index cases Male 3/51 59
Female /44 0
Offspring (aged>20) of index cases Either 3/54 55
Offspring of male index cases Either 17 0
Offspring of female index cases Male /16 62
Female 221 9:5
Mothers of female index cases 1/38 26
Mothers of male index cases 1/33 3.0
Fathers of index cases 071 0
Uncles/aunts of index cases /328 0
Nephews of index cases 0/93 0
Nieces of index cases
Sisters’ daughters 142 2-4
Brothers’ daughters 0/43 0
First cousins of index cases 0/348 0
Second cousins of index cases 1
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effect in the series overall or in the 53 singleton cases
where sufficient pedigree data were available, using
the method of Haldane and Smith.® Parental ages at
the time of birth were known for 36 singleton cases
born between 1915 and 1965. Mean paternal age was
31-6£6-8 years, and mean maternal age was
27-614-6 years. In England and Wales in 1961 mean
paternal age was 30-2+6-7 years, and mean
maternal age was 27-1+5-8 years.'"

REVIEW OF PUBLISHED REPORTS
Previous reports of patients with morphologically
defined MM who had similarly affected relatives
were reviewed. Only those with adequate clinical,
histological, or pedigree data were included. In 18
families, 46 out of 82 sibs were affected but their
parents were normal.''"?® Parental consanguinity
was present in one of the 18 kindreds. There were 19
affected males and 27 females. The clinical syn-
drome was variable in these patients but usually
consistent within families. An infantile onset
myopathy with lactic acidosis, associated with
cytochrome oxidase deficiency, was seen in four
sibships. The three clinical subgroups of MM
delineated by Petty et al® were approximately
equally represented in the other 14; none of these
had been studied biochemically.

In 22 families there were affected subjects in more
than one generation and transmission was exclu-
sively maternal.® ® 2 27-% These families contained
40 affected females who had 48 affected and 54
normal children. Again, there was a wide spectrum
of clinical features with much more variation
between than within families. The syndrome of
myoclonic epilepsy with mitochondrial myopathy
occurred in four kindreds, includinﬁ a particularly
large one reported by Rosing et al.”" Patients from
two other families had the syndrome of mito-
chondrial encephalomyopathy with stroke like epi-
sodes (MELAS), and the majority of the rest had
CPEO or proximal myopathy or both. In vitro
studies of mitochondrial metabolism were not des-
cribed in any of these kindreds.

Paternal transmission of MM to offspring appears
to be relatively rare, as discussed by Egger and
Wilson.® The family reported by Lapresle et al*? was
most unusual clinically as the affected members had
a distal myopathy. Jankowicz et al** reported a
father and son with pigmentary retinopathy, CPEO,
myopathy, and ataxia, associated with a cardiac
conduction defect in the son who had mitochondrial
abnormalities on muscle biopsy. A similar, but
variable, spectrum of clinical features was observed
in seven patients in another pedigree which appears
to exhibit autosomal dominant inheritance.” One
male with CPEO and limb weakness had a daughter
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with CPEO, retinopathy, cardiac arrhythmias, and
proximal myopathy. The father had ragged red
fibres on muscle biopsy but his daughter did not. In
the kindred of Kinoshita and Wakata,*" a father and
son had proximal myopathy associated with lipid
storage and ragged red fibres.

Vilming et al*® described two sisters with adult
onset dementia, ptosis, and proximal muscle weak-
ness; muscle biopsy showed ragged red fibres. The
father of these sisters had a similar clinical syndrome
of dementia, myopathy, and ptosis. A father and
son with cytochrome b deficiency were reported by
Spiro et al*’; other biochemical results from the
son’s muscle are compatible with a lesion at complex
III of the repiratory chain. The father developed
ataxia and proximal neurogenic weakness in the
fourth decade of life, whereas the son had retarded
intellectual development, retinopathy, CPEO,
ataxia, myoclonus, and proximal muscle weakness.

Affected cousins with cytochrome ¢ oxidase de-
ficiency and apparently normal parents have been
described.®® In a number of other pedigrees it is
difficult to be sure whether some subjects were
affected or not and the pattern of transmission is
unclear.® ! 4 455 For example, the mothers and
grandmother of two cousins with mitochondrial
encephalomyopathy were deaf.’? The mother of two
sibs with myoclonus and MM had an abnormal
EEG, and the mother of another similar case had
frequent falls for about 10 years before her death
aged 33.%* In a further kindred,* the brother,
father, and one cousin of a patient with CPEO and
proximal myopathy had ptosis but no other neurolo-
gical abnormalities; muscle biopsies were not per-
formed on the relatives. In two families described by
Bastiaensen et al,!! which appear to show numerous
examples of paternal transmission, all the patients,
apart from the index cases, had only “slight ptosis™.
Muscle biopsy from one relative showed *“minimal
mitochondrial abnormalities”. The father of two
patients with proximal myopath}y had mildly raised
serum lactate concentrations.>® It is particularly
difficult to assess the significance of abnormal
investigations alone.

This problem is relevant to some of the families
described by Egger and Wilson.® In their family Gr,
two clinically normal offspring of females were
considered to be affected on the basis of raised
creatine kinase levels, but similar findings in two
daughters of male patients ‘“‘were not viewed as
indicative of mitochondrial cytopathy”. In family
Gal, three maternal relatives of the index case were
considered to be affected because they had chronic
nephropathy. Two patients in family H were di-
agnosed as having MM because increased jitter was
found on single fibre electromyography. The mother
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TABLE 4 Mitochondrial myopathy: summary of pedigree
data from published reports and present study.

This study Previous reports
Familial cases confined to a
single generation
No of families 4 18
No affected 8 46
No unaffected 20 82
Sex ratio of patients M:F 4:4 19:27
Parental consanguinity 1 1
Cases in more than one
generation
No of families 5 28
No of patients with affected
mothers 7 52
No of patients with affected
fathers 0 8

of one definitely affected subject in this family had
clinical features suggestive of MM (myopathy and
deafness); muscle biopsies from this female and
another mother with nephropathy alone did not
show ragged red fibres.?

The pedigree data obtained from published re-
ports are summarised in table 4, together with the
results of the present study. Familial cases of MM
were confined to a single sibship in a total of 22
families and parental consanguinity was present in
two of these. Forty-two mothers had affected
children, compared to only seven fathers. Looking
at the data in another way, which gives the total
number of transmissions as opposed to parents,
maternal transmission occurred 59 times compared
to eight times for paternal transmission. Maternal
transmission occurred exclusively in 27 out of the 33
families containing patients in two or more genera-
tions.

Table 5 shows the ratio of affected:unaffected
children of patients who had affected children in
pedigrees exhibiting vertical transmission. It was
impossible to exclude index cases as they could
rarely be identified. Patients who had only un-
affected children are shown separately, as ascertain-

TABLE 5 Mitochondrial myopathy: ratios of affected:
unaffected children of patients in families with affected
members in more than one generation.

Parent Children

Affected (M:F) Unaffected (M:F)

Female (n=42)
Male (n=7)

58 (22:36)
8 (6:2)

57 (26:31)
18 (7:11)

These figures only include patients who had affected children; in addition
there were six males and three female patients in these families who had a total
of 20 normal children (eight males and 12 females).
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ment of these from published reports is unlikely to
be complete. In the offspring of affected females,
the ratio was close to 50:50. Although the propor-
tion of affected girls appears to be high, the ratio of
affected:unaffected girls was also approximately
50:50. The proportion of affected offspring of
affected males was less than 50%, but the numbers
are too small to assess statistically.

Discussion

The clinical and biochemical heterogeneity of the
mitochondrial myopathies makes it difficult to draw
any definite conclusions about their genetic basis.
Some pedigrees suggest autosomal recessive or
dominant inheritance. There is no evidence in
favour of a significant contribution to the aetiology
of MM from mutant genes on the X chromosome;
male to male transmission occurs and there was no
obvious difference in disease severity between males
and females in this study. Data from both our series
and the familial published cases reviewed indicate
that maternal transmission to offspring is far more
frequent than paternal transmission. Hudgson et aP
first suggested that this could be explained on the
basis of mitochondrial inheritance, and this hypo-
thesis was later supported by Egger and Wilson.®
Mitochondrial DNA is exclusively maternall%
inherited in many species, including humans.>®
This closed circular molecule, 16-5 kb in length, has
been sequenced in man and other mammals.”® It
encodes for 13 of the 67 or so components of the
respiratory chain and the oxidative phosphorylation
system in the mitochondrial inner membrane; seven
subunits of complex I, cytochrome b (complex III),
subunits I, II, and III of cytochrome oxidase
(complex IV), and subunits 6 and 8 of mitochondrial
ATPase (complex V).” ® Given that the majority
of our patients have biochemical defects localised to
complex I or complex III of the respiratory chain, it
is reasonable to suggest that these may result
from mutations of mitochondrial DNA.
Nevertheless, if MM is mitochondrially inherited
in pedigrees indicating maternal transmission,
theoretically all the offspring of affected females
should be affected and only about half of them are.
There are two possible explanations for this. One is
that some subjects carrying the abnormal mito-
chondrial genotype do not express it clinically or
histologically. The diagnosis of MM is sometimes
difficult to confirm or exclude with certainty, and -
this is one factor which makes pedigree analysis so
difficult in these diseases. We have used the pre-
sence of ragged red fibres in skeletal muscle as the
major diagnostic criterion in this series, as this is the
most consistent laboratory finding. These may be
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scanty or absent in clinically affected subjects in
some families,® 3! which is not surprising given that
muscle is clinically unaffected in a significant pro-
portion of patients. Even in vitro studies of muscle
mitochondrial metabolism are not always diagnostic
in this context, as was shown in the son of case 21 in
this series.’

An alternative explanation for reduced pene-
trance of an abnormal mitochondrial genotype in
any single maternal line is that ova, collectively or
individually, contain a heterogeneous population of
mitochondrial DNA molecules. This hypothesis is
also compatible with the variable expression in
different tissues, and the partial deficiencies seen in
patients with defects of the respiratory chain.
Although mitochondrial DNA heteroplasmy is not
known to occur in man, it has been shown in
Drosoghilaf’l and a single maternal line of Holstein
cows.®? © Given the high mutation rate of mito-
chondrial DNA,* which leads to extensive nucleo-
tide sequence divergence between different mater-
nal lines,®® it would be rather surprising if
mitochondrial DNA heteroplasmy did not occur.

There are explanations other than mitochondrial
inheritance for the excess of maternal transmission
seen in MM, for example, infertility in male patients
with a dominantly inherited disorder. Theoretically,
relative infertility in males with MM may be
expected, as fertilisation requires much greater
energy production from spermatozoa than ova. In
this study, males had fewer children than females,
although the difference was not statistically signifi-
cant.

On statistical grounds alone, it is unlikely that all
cases of MM are the result of defective mitochond-
rial genes. The nuclear genome codes for the
majority of the respiratory chain subunits, as well as
controlling their transport into the mitochondrion
and subsequent assembly into functional enzyme
complexes. Transcription and translation of the
mitochondrial genome are also dependent on nuc-
lear products.” Limited analysis of mitochondrial
DNA in families with MM by means of restriction
enzyme analysis has excluded major deletions of
leucocyte mitochondrial DNA in patients, although
this approach clearly does not exclude the presence
of small deletions or pathologically significant muta-
tions outside restriction sites.”! Evidence that MM
may be caused b_)r mutant nuclear genes is provided
by Schapira et al”? ™ who showed that some patients
with complex I defects have a specific deficiency of
the 24 kd iron sulphur protein which is a nuclear
product.

Isolated cases of MM, which comprise the major-
ity of patients, could be the result of non-genetic
phenocopies, autosomal recessive genes, fresh
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mutation of mitochondrial DNA, or new dominant
mutations. There was no obvious increase in pater-
nal age in this study to support the last possibility,
although the data were not analysed statistically,
mainly because of the paucity of data pertaining to
normal paternal age over the relevant time. Paternal
age in the UK during the first half of this century
was slightly higher than that since 1960,7* so it is
unlikely that there was a paternal age effect in this
series. This does not exclude the possibility of fresh
dominant mutation in some cases of MM. It is
possible that mutation of mt DNA in ova occurs
more frequently with increasing age, but again there
was no evidence of a maternal age or birth order
effect in this study.

The mitochondrial myopathies are clearly geneti-
cally heterogeneous and it appears likely that these
diseases may be caused by defective mitochondrial,
autosomal dominant, or autosomal recessive genes.
Until the nature of these has been determined, it
seems reasonable to use empirical recurrence risk
estimates for genetic counselling.
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Mark Cooper and Dr David Hayes. Financial
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Group of Great Britain, the Brain Research Trust,
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Since this paper was submitted Holt et al (Nature
1988;331:717-9) reported that in nine of 27 patients
with MM a proportion of muscle, but not leucocyte,
mt DNA molecules was partly deleted.



