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Mitochondrial cytopathies, phenotypic heterogeneity and a high incidence

Abstract:

Ethel Ryan, Mary D King, Pierre Rustin, Philip D Mayne, Gary K Brown, Ahmad Monavari, Richard Walsh, Eileen P Treacy

Mitochondrial respiratory chain disorders account for significant and varied presentations in paediatric practice. The true prevalence of these disorders in the paediatric population is still not
well documented with predicted geographic variation. We report a retrospective analysis over a seven year period of cases presenting to a tertiary care centre and associated clinical features. The
overall prevalence of mitochondrial disorders in our population is higher than expected (1/9,000 births), explained in part by multiple presentations in a consanguineous subgroup of the population
(Irish travellers).

Introduction
Hereditary defects of oxidative phosphorylation account for a large variety of clinical symptoms in childhood.

1
 The severity of the symptoms varies from fatal neonatal multisystem disorder to adult

myopathies. The phenotype may be caused by mutations of possibly hundreds of nuclear genes and 13 mitochondrial encoded sub-units of the 5 complexes of the respiratory chain in addition to mtDNA
RNA gene mutations in the paediatric population, the majority of clinical presentations are inherited as autosomal recessives.

1
 Overall the incidence for adult and paediatric presentations combined

is predicted to affect at least 1 in 8,500 individuals with an estimated minimum incidence cited as 1 in 11,000 in a childhood population.
2
 An epidemiological study in Victoria, Australia,

indicated a minimum birth prevalence in children of 1 in 20,000
3
 while a Swedish study estimated a preschool incidence of 1/11000 cases.

4

Due to difficulties in obtaining fresh biopsy material and occasional false negative biochemical screening results, the true incidence of these disorders may be underestimated.

This study aimed to present our experience with the diagnosis of mitochondrial respiratory chain disorders in Ireland (a relatively homogenous population) over a defined period between the years
1995 to 2002, and to illustrate the main clinical and biochemical diagnostic features in our study population.

Patients and Methods
Cases were ascertained by presentation and referral to the Metabolic Physicians or Neurologists at the National Centre for Inherited Metabolic Disorders/Neurology Division at the Childrenâ��s
University Hospital, Temple St. Dublin, a tertiary care centre. The referral base was thus countrywide (total population 4.1 million). The study covered the period 1995 to July 2002.

Inclusion Criteria:

Clinical definitions:
Cases were noted to have clinical features suggestive of defined respiratory chain disorders such as Leighâ��s syndrome, Alperâ��s syndrome, infantile hypotonia and myopathy or were referred for
consideration of a possible diagnosis of respiratory chain disorder.

456
 A number of presentations showed multi-system, variable disease, which were suggestive of a respiratory chain disorder. The

diagnosis of a confirmed respiratory chain disorder was based on a proven enzymatic deficiency with a compatible clinical presentation (including biochemical findings) or similarly a pathogenic
mitochondrial or nuclear encoded DNA mutation with supporting clinical findings. On this basis, we were able to diagnose a definite respiratory chain disorder in the majority of cases studied.
Siblings in families with similar presentations as the index case were considered to be affected.

Clinical diagnostic studies This included imaging (MR / CT) of the central nervous system, ophthalmology, cardiology and renal tubular assessments.

Laboratory investigations:
The metabolic investigations included the measurement of (random or sequential) plasma lactate and pyruvate concentrations and CSF lactate and protein concentrations in the majority of index cases.
Plasma amino acids were measured by ion-exchange chromatography (Jeol analyzer) looking for, in particular, elevations of proline and alanine concentration as indirect evidence of
hyperlacticacidemia.

7 8
 Amino acid profiles were available retrospectively in 40 patients. All patients had at least one amino acid analysis performed. A number of individuals had serial amino acid

profiles performed. In these individuals, alanine and/or proline may have been abnormal in one or two profiles and normal in others.

Thus for each patient the highest proline or alanine measured in any sample was taken as the representative sample for diagnostic purposes listed in the above table.

Urine organic acid analysis was performed by GC-MS with particular reference to lactate, tricarboxylic acid cycle intermediates, and 3-methylglutaconate.

Biochemical and morphological investigations of tissues:
Tissue biopsies were taken as appropriate, including skin for fibroblast culture, and muscle and liver for histology and biochemistry. Routine histology and electron microscopy were performed to
identify the presence of ragged red fibres and abnormal mitochondria and cytochemical staining was performed for enzymology, (cytochrome oxidase and succinate dehydrogenase staining). Specific
assays for respiratory chain enzymes in liver, fibroblasts or muscle were performed as described by Rustin et al 1994

8
 and noted to be deficient if below the control range.

DNA investigations:
DNA was extracted from leukocytes (rarely) or a muscle biopsy for mtDNA mutation analysis and screened for deletions and for common mitochondrial point mutations.

9
 Screening for surf 1 mutations

was performed on cDNA derived from skin fibroblasts in four families.

Results

Incidence:
There were 45 cases defined over this period in 35 families. Of these, 34 families were of Irish origin, one was an Indian consanguineous family. The age at presentation varied between 1 day and 14
years of age. In 8 of the 35 families (23%) the parents were first cousins and 7 families were noted to be Irish Travellers, a highly consanguineous group (see Figure 1 for illustrative pedigrees).
Of these cases (including siblings), 38 were classified as definite based on positive enzymology and molecular studies, 3 cases were defined as probable with borderline enzymatic results and a very
suggestive clinical history, 2 cases had abnormal histology with very suggestive clinical findings (enzymology not performed). In 2 cases (siblings) the presentation was classic Leighâ��s disease
with markedly raised CSF lactate concentration and basal ganglia changes on imaging. Tissue samples were not obtained at the time of death.

Pedigrees of 3 probands from
consanguineous Irish Traveller families
illustrating consanguinity. The arrows
point to affected cases. The double lines
between marriages denote first cousin
marriages. The small open circles denotes
miscarriages.

Adjusting for the Irish birth rate, this indicated a prevalence in childhood of approximately 1/9,000 births. We believe that this is an under ascertainment of cases in the country as the clinical
suspicion for referral has increased since this time.

Clinical presentation:
The majority of patients had a neurological presentation, although there was a significant number of non-neurological presentations (see Table 1a). Dysmorphic features included oesophageal atresia
in one case, digital hypoplasia in one case and non-specific facial dysmorphic features in a number of cases (see Table 1B).

Table 1a illustrates the main or predominating presenting feature or features in probands
Main reason for referral Number (%) of Cases (N = 45)
Failure to thrive (ftt) 3 (7)
Developmental delay 5 (11)
FTT & developmental delay 4 (9)
Seizures / encephalopathy / coma 9 (20)
Neonatal encephalopathy 3 (7)
Hypotonia 5 (11)
Ataxia 5 (11)
Weakness 3 (7)
Lethargy 2 (4)
Spasticity 1 (2)
Movement disorder 2 (4)
Screening for positive family history 2 (4)
Nystagmus 1 (2)

Of the 45 cases 35 had a neurological phenotype. 23 of these 35 cases had neuroimaging performed which involved predominantly MRI imaging.

Table 1b illustrates the other major findings ascertained
other major findings after initial presentation Number of cases (%) (N = 45)
Dysmorphism 16 (36)
Pigmentary Retinopathy 8 (18)
Optic Atrophy 6 (13)
Hearing Loss 3 (7)
Cardiomyopathy 5 (11)
Hypoglycaemia 9 (20)
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Tubulopathy 4 (9)
Lactic Acidosis 34 (75)
Cerebellar Hypoplasia with white matter disease 3 (7)

The findings were white matter disease in 8 scans, cerebellar atrophy in 3, changes involving the basal ganglia in 8, agenesis of the corpus callosum in 2, a small lacunar infact in one and changes
in the mid brain, pons and spinothalamic tracts characteristic of Leighâ��s disease in 6. 12 patients with significant neurological disease had normal MRI scans when scanned during the early stages
of their disease. In one patient a MRI was normal at age 4 and abnormal one year later with significant atrophy of the cerebellum noted. We suggest that neuroimaging of affected cases may also
yield false negative results in the early course of the disease.

Biochemical findings:
Of the pertinent biochemical investigations, plasma lactate was increased in 34 cases (75% of total) and the CSF lactate in 28 cases (62%). One plasma amino acid analysis was performed for the
majority of individuals, others had serial estimations. The plasma alanine was elevated in 23 cases (50%), (see Table 2) and the plasma proline was elevated in 20 cases (45%). Urinary TCA cycle
intermediates were elevated in 18 cases (39%) and 3-methylglutaconate was increased ( > 9 µmol/mmol of creatinine) in 11 cases (24%).

Table 2 The mean alanine and proline levels in patients. The reference range quoted is from controls aged between 3 months and 14 years.
Alanine
Normal Range
(176-480 ´µmol/l)

Proline
Normal Range
(89-287 ´µmol/l)

N = 40
Mean 603 295
Range 239 - 1789 95 â�� 480
Standard Deviation 279 108

The results of the enzymological investigations indicated that Complex IV deficiency was the commonest abnormality, detected in 14 cases (31%), followed by isolated complex I deficiency in 8 cases
(18%) and combined Complex I and IV in 6 cases (14 %) (see Table 3).

Table 3 Spectrum of enzymatic deficiencies observed in probands.
(%)
Number of Cases

Complex IV Deficiency 14 (31)
Complex I Deficiency 8 (18)
Complex I & IV Deficiency 6 (14)
Quinone Pool Deficiency 4 (9)
Complex IV/combined 3 (7)
Complex III Deficiency 1(2)
Complex V Deficiency 1(2)
Complex 1 & V Deficiency 1(2)
Unknown 7 (15)

Histology and electron microscopy studies: Histological examination demonstrated an abnormality in only 11 cases (25%); type I or type II muscle fibre atrophy in 4 cases (9%), ragged red fibres in
3 cases (7%), excess of sarcoplasmic lipid in 3 cases, (7%), abnormally shaped mitochondria in 3 cases (7%) and reduced cytochrome oxidase histochemical staining in 2 cases (4%).

Molecular studies:
Molecular studies were performed in 7 cases. A common surf 1 mutation (OMIM Accession number 185620.0010), a two base pair deletion involving nucleotides 790-791, was evident in one Irish Traveller
family with isolated complex IV deficiency. We did not identify a surf 1 mutation in 4 other families with confirmed Complex IV deficiency. Analysis of mitochondrial DNA for point mutations and
major mitochondrial rearrangements was performed if there was a suggestive family history. One of the families tested had a small deletion.

Discussion
The epidemiological data presented here indicates a higher prevalence of respiratory chain disorders in Ireland than noted in other populations.234 We believe that the true prevalence of these
disorders in Ireland, if all cases in rural areas were ascertained, would be much higher. Complex IV deficiency is the most common biochemical abnormality and was frequently seen in consanguineous
families (Irish Travellers) in our study group, as noted in other populations.

10
 There is a high prevalence of intermarriage between first or second cousins of at least 40% in Irish Travellers and

the prevalence of congenital anomalies, including inborn errors of metabolism, is about twice the national average.
11

The majority of cases in our study presented with developmental delay, failure to thrive or encephalopathy including seizures as the reason for investigation. Seizures and encephalopathy including
neonatal encephalopathy accounted for 27% of referrals. All 3 cases of neonatal encephalopathy resulted in death.
Frequently an antenatal expression of the disease was apparent as in the case of digital hypoplasia in one case, subtle dysmorphic features in a number of cases and cerebellar hypoplasia with white
matter disease suggesting a late fetal presentation of an energy disturbance.

12,13,14,15

As in previous studies we observed that false negative biochemical screening occurs in about 25% of cases
7
 which again suggests that, in the presence of very suggestive clinical symptomatology and

negative biochemical screening, a tissue diagnosis should be pursued. An elevated CSF lactate was the most reliable predictor, with elevations of plasma proline and alanine providing supporting
evidence for the diagnosis. Biochemical markers such as elevated TCA intermediates or 3-methylglutaconate were also helpful. This supports the observation of isolated 3-methylglutaconate aciduria
(>9 ´µmol/mmol of creatinine) as a marker for respiratory chain abnormalities

16
. We noted a low diagnostic yield from histology or electron microscopy, as also noted by Uusimaa and Liang,

17
 also the

yield from testing for mitochondrial mutations was very low, as previously documented.
18,1

We confirmed a surf I mutation in one family with a classical â��Leighâ��s disease-likeâ�� presentation. In three other families with isolated Complex IV deficiency confirmed in muscle or in one
case liver, screening the cDNA extracted from fibroblasts for surf I mutations was normal.

In summary, we believe that respiratory chain disorders have a high incidence in Ireland and are under-estimated. Respiratory chain disorders account for significant morbidity in the inbred
traveller population. The high prevalence in Ireland suggests that these disorders will also have a high prevalence in people of Irish descent and related populations.

A significant number of cases were diagnosed following a high index of clinical suspicion, but with normal peripheral blood and CSF lactate concentrations, suggesting that definitive tissue enzyme
diagnosis (based on muscle or liver biopsy) may be warranted when the index of clinical suspicion is high and lactates are normal, particularly when associated with abnormalities in the amino acid
profile.
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