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Leber’s Hereditary Optic Neuroretinopathy:
A Mitochondrial Disease

P. Seibel, C. Schneider, A. Lindner, T. Klopstock, B. Janetzky, J. Trappe, K. Toyka,
H. Reichmann

Neurologische Universititsklinik, Biochemisches und Molekularbiologisches Labor,
Julius-Maximilians-Universitit, Josef-Schneider-Strasse 11, 8700 Wiirzburg, Germany

Abstract

Leber’s hereditary optic neuroretinopathy (LHON) gives rise to bilateral acute or subacute blindness,
usually in young adult males. Loss of visual acuity is generally severe and persistent, although limited
improvement is sometimes observed. Since the disease is exclusively transmitted through the maternal
line and since enlarged mitochondria with proliferating cristae have been observed in muscle biospies
of patients, a mitochondrial disease has been suggested. On the basis of these observations, defects of
the mitochondrial genome have been described. Wallace at al. [1] reported a point mutation at position
11778 in the mtDNA leading to an amino acid change from arginine to histidine in a subunit of
NADH-CoQ-reductase (ND4). As the change from guanine to adenine at position 11778 in the mtDNA
results in the loss of a restriction site for the restriction endonuclease Sfa NI, there is a simple diagnostic
test to distinguish between mutant and wild-type mtDNA. We have found the mutation in muscle,
platelets, lymphocytes and hair of a patient suffering from Leber’s disease. As the mutation was
homoplasmic in all tissues examined, we conclude that the predominant affection of the optic nerve
is not due to a specific mosaicism of the mutant DNA, but rather to a particular vulnerability of the
nerve to defects of theoxidative pathway.

Clinical considerations

LHON is a rare maternally inherited disease with acute or subacute optic atrophy affecting predomi-
nantly adolescent or young adult males. The condition is always bilateral but one eye may be affected
weeks or several months before the other. In the acute phase there may be oedema of the optic disc,
tortuosity of the retinal vessels and circumcapillary teleangiectactic microangiopathy [2]. The latter
may also be seen in presymptomatic individuals or in unaffected maternal relatives. Optic atrophy is
the only constant symptom of LHON. There are infrequent reports, however, of cardiac dysrhythmia,
deafness, ataxia, paraplegia, dementia, and seizures [3]. Although in rare cases recovery has been
observed [4], the visual prognosis for most patients is poor. There is no effective treatment to date.
We have diagnosed LHON in a 50 year old patient who lost visual acuity within a few days at the age
of 26. Neurological examination revealed almost complete blindness with a little rest of light perception
in both eyes and was otherwise normal. Muscle biopsy specimens showed an increased number of
central nuclei and slight structural changes, but no ragged-red fibers. As a brother of the patient’s
mother had become blind, too, at the age of 40 years, we suspected Leber’s disease.



262 Ophthalmoneurologie

Biochemistry and molecular genetics

The human mitochondrial genome is a small, double-stranded circular DNA of 16569 bp that is
transmitted through the maternal lineage. It codes for 2 ribosomal RNAs, 22 transfer RNAs and 13
polypeptides of the oxidative phosphorylation system [5]. These polypeptides include seven subunits
of complex I (NADH dehydrogenase: ND1, ND2, ND3, ND4L, ND4, NDS5, ND6), one subunit of
complex III (cytochrome b), three subunits of complex IV (cytochrome ¢ oxidase: 1,2,3), and two
subunits of complex V (ATPase 6 and 8). In short, complexes I to IV constitute the electron transport
chain, pumping protons out of the mitochondrial matrix into the intermembrane space. The resulting
electrochemical gradient is used by complex V to generate ATP. In 1988, Wallace et al. [1] identified
a transition mutation from G to A at position 11778 of the mtDNA that converted a highly conserved
arginine to a histidine at codon 340 in the NADH dehydrogenase subunit 4 gene (Fig. 1). This mutation
is found in 50 to 80 % of LHON patients but not in controls. Since then, other mtDNA mutations in
the ND genes of complex I and in the cyt b gene of complex III have been identified that correlate
with Leber’s disease. In concurrence with the finding of the mutations in the ND genes. there are a
few reports of biochemical assays revealing a decreasc in the activity of complex I [6.7].

Results

The G to A mutation at nt 11778 of the mtDNA removes an Sfa NI endonuclease restriction site. A
200 bp-DNA fragment that encompasses the mutation is amplified by polymerase chain reaction and
subsequently digested with the restriction endonuclease Sfa NI. Whereas wild-type DNA is cut into
two fragments of 105 and 95 bp, respectively, the mtDNA of the patient remains intact (Fig. 2). This
allows to differentiate between wild-type and mutant DNA and also to detect homoplasmic or
heteroplasmic mtDNA populations. The PCR fragment of our patient remains intact in all examined
tissues as there are muscle, platelets, lymphocytes, and roots of the hair. We suggest that this
homoplasmic distribution of mutant DNA represents a homoplasmy of all tissues. Therefore we
conclude that the almost exclusive affection of the optic nerve in Leber’s disease is not due to a specific
mosaisicm of mutant and wild-type DNA but rather the result of a particular vulnerability of the nerve
to defects of the oxidative pathways.
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Figure 1: Detail from the gene and protein sequence of NADH dehydrogenase subunit 4

In 50-80 % of all LHON patients a mtDNA mutation is found at position 11778 in the ND4-gene of NADH de-
hydrogenase. The G to A transition mutation changes the highly conserved 340th amino acid from an arginine
to a histidine.

Figure 2
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Figure 2: Sfa NI analysis of the nt 11778 mutation in muscle tissue of a LHON patient

DNA was prepared from muscle tissue according to (8). A 200 bp DNA fragment was amplified by polymerase
chain reaction (primer A: nt 11673 - nt 11691; primer B: nt 11851 - nt 11873) and subsequently subjected to Sfa
NI digestion. The fragments were electrophoretically separated on 3 % NuSieve plus | % SeaKem agarose gels
and visualized by ethidium bromide staining. The patient shows homoplasmic populations of mutant mtDNA in
muscle tissue. Lane M: Marker (Phi X 174 RF DNA/Haelll); lane 1: PCR fragment from muscle-DNA of con-
trol/Sfa NI; lane 2: PCR fragment from muscle-DNA of patient/Sfa NI.



