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Newsweek The scientists' “Eve” - was as muscular as

Martina Navratilova, maybe stronger;

was not the only woman on earth, nor necessarily the
most attractive or maternal..

She was simply the most fruitful

She was, by one rough estimate, your. 10,000th-

great-grandmother.

John Tierney Newsweek 1992

Over the past 20 years, disorders of the
mitochondrial respiratory chain (RCD) have
become recognised as:-

relatively common inborn errors of metabolism

important common pathways in the
pathophysiology of a diverse range of diseases
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Principal function of mitochondrion Is
ATP production

NADH and FADH, are oxidised to NAD+ and FAD.
The free energy produced oxidises ADP to ATP

ATP used in matrix or transported via ATP/ADP carrier to
intermembrane space in exchange for ADP




Respiratory Chain

NADH: ubiguinone oxidoreductase
Succinate / ubiguinone oxidoreductase
Ubiquinol / Cytochrome c oxidoreductase
Ferricytochrome ¢ oxidoreductase (COX)
ATP synthase

Intermembrane

Matrix

Mitochondrial Genome

82 RC genes
13 mtDNA

Ds circular DNA
16.6 kb
(dystrophin=2000kb)

Unique code
22 tRNAs 2 rRNAs

7 genes | (NADH)

1 lII" (ubig/eyt b)
3 IV (COX)

2 V' (ATPase)




5-10 copies/mt

~1000 mt/cell

~10°> mt DNA copies/cell
Oocyte ~ 100 000

Spermatocyte ~100

Haplotypes

Polymorphic variants correlate with ethnic and
geographic origin of samples — mutations have
accumulated along radiating maternal lineages




Heteroplasmy.

Heteroplasmy describes the combination of normal
“‘wildtype” and mutated mt DNA within a cell.

As mutant proportion increases, energetic capacity
decreases, reactive oxygen species increase and
propensity for apoptosis increases.

Brain, heart, skeletal muscle, endocrine and kidney are
most vulnerable

Epidemiological studies:

Sweden: Prevalence RCD 4.7/10000 < 16y
Mt DNA mutations 1.1 / 10000

NE Eng: Mt point mutations/deletions~6.57/ 100 000 16-65y




South Africa?

Population 45 million
Estimated overall prevalence ~ 5/ 10 000 < 16y
~6000...77?

Point mutations 1/10000 ~ 1200 ?2?

Clinical approach

How does one identify these disorders?

Pleomorphic and multisystem

Children more variable than adults




Case 1 1993

Ex prem VLBW, diplegic CP

Mother acguired DM, deafness during pregnancy.
Presented age 8 years with depressed LOC
Growth parameters<3@ Centile

EEG generalised slowing

Blindness noted on D4

CT — decreased attenuation of right occipital WM
Cardiac/immune workup negative

Recovered slowly over months

2 years later-acute confusion
CSF protein-1g/l Lactate 4.4mi/l
MRI — large parieto occipital low density region

Mt DNA ex peripheral lymphocytes demonstrated
A3243G MELAS mutation




Case 2

Global developmental delay at 11 moenths

29/12 — low tone, brisk reflexes, unsteady gait - Dx = CP
3years- episode of regression — stopped walking and
feeding. No clear change in neurological signs. N CT
CSE lactate 3. 7mv/i

Muscle biepsy — NADHIand SDH shewed
subsarncolemmal accumulation of mitechondria

6 years- progressive weakness
Ophthalmoplegia and nystagmus -resolved <24 hours

Short stature, slurred speech, unable to feed, ataxia,
dysmetria, choreoathetoid movements

NCS — consistent with axonal neurepathy:
EEG generalised slowing

MRI — Cerebellar atrephy.

Positive T8993C NARP. mutation




Child - symptoms and signs

Unexplained developmental delay or regression,especially: if
fluctuates with infection

Weakness, ataxia, dystonia — “ mixed CP”
Hearing loss

Ophthalmoplegia, retinopathy, nystagmus
Cardiomyopathy.

Seizures with evelving pathology

Endocrine

Adults

More evolved presentation, classical phenotypes

MELAS - myopathy, encephalopathy, lactic acidosis and' stroke
like episodes

MERRF - myoclonus epilepsy and ragged red fibres
NARP - Neurogenic weakness, ataxia, Retinitis pigmentosa

KSS - Kearns Sayre Syndrome - progressive
ophthalmoplegia, RP + heart block or ataxia or raised CSFE
protein  Onset < 20y

LHON - Lebers Hereditary Optic Neuropathy —blindness:in
young men




Laboratory / Radiology -CT

Exclusion of other disorders in differential — PDHI deficiency

Lactate/ alanine/ pyruvate — bleod and CSF
NB false elevation-technical

MRI' - especially useful in Leigh Syndrome
- strokes not in clearly defined vascular territories

Muscle - Gomori for “ragged red”
- Succinate dehydrogenase
S 6{0)/¢
- Electron microscopy.
- Mt gene mutations

Specific enzyme activity of complexes [-IV — UP

ATP synthesis in fibroblasts — N/A

Nuclear gene defects other than SURF- N/A




Major Criteria for diagnesis inf Adults-Walker

Clinical

Unexplained combination of multisystem symptoms-at least 3
organ systems

Progressive course with exacerbations or a family history.
strongly indicative of mt DNA mutation

Exclusion of other disorders
Histology > 2% RRF
Enzymology
< 20% activity any RC complex in a tissue
< 30% in a cell line
< 30% same complex >/=2 tissues

Fibroblast ATP synthesis > 3 SD below mean
ldentified pathogenic mutation

Algorithm of investigations for patients
suspected of MD

Debray, F.-G. et al. Pediatrics 2007;119:722-733
Copyright 2007 American Academy of Pediatrics




Western Cape experience

>600 cases screened since 1992

41 mutations — 12 MELAS 3243

22/41 presented < 20 years

No patients of African ancestry identified with point

mutations

MELAS mest common presentation in adults

Leigh Syndromemost common paediatric presentation
16/32 cases identified clinically’and radiclegically

Symptomatic:

Treatment
epilepsy NB use valproate cautiously
and with carnitine
ptosis  surgery
B)\Y
Heart block
psychotropic drugs
cochlear implants?
liver transplant?
renal dialysis

Avoid inactivity




Therapeutic approaches

Removal of noxious metabolites

Metabolites and cofactors — carnitine and Q10

Gene therapy — inhibiting replication of mutant mtDNA
importing RNAs into mt
importing polypeptides
inducing muscle regeneration
inducing mt fusion
combating ROS
germline therapy:

Genetic counselling

Response to therapy has been anecdotal except in the
case of Co Q 10 deficiency where there is a positive
response to supplementaion.

It is to be hoped that the rapid increase in understanding
of the pathology will lead to progress in therapeutic
intervention for affected patients and families.
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Historical perspective

Kearns and Sayre — retinitis pigmentosa,
ophthalmoplegia and heart block

Nature: Luft et al-mitochondrial enzyme
activity

Olsen- “ragged red” fibres

Wallace- 1st pathogenic point mutation

5672 articles Pubmed, 409 review
> 100 mutations




Clinical Implications of oxphos defects

Class |: Mutations of mt or nuclear DNA
encoding oxphos proteins or proteins
involved in their assembly

Class lI: Mutations of nuclear genes
encoding non oxphos mt proteins or toxins
— neurodegenerative diseases

Mt DNA studies - muscle / blood

SURF sequence the whole gene including all exons and exon/intron
boundaries up to 50bp either side of the exon.

Mitochondrial mutations

Leigh G13513A; G14459A; T8993C; T9176C (mtDNA)

MELAS A3243G; C3256T; A3260G; T3271C; T3291C; A3302G;
C3303T (tRNAleu mtDNA)

MERRF A8344G, T8356C, G8361A; G8363A (tRNALys mtDNA)
NARP T8993G/C (mtDNA)”

LHON G3460A; G11778A; G14459A; C14482G; T14484C;
T14487C (MtDNA)

KSS Deletion screen (mtDNA)




