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primarily in girls

Abstract « Background: Leber’s
hereditary optic neuropathy (LHON)
mostly affects young males. In pa-
tients carrying one of the primary
mutations the risk to develop LHON
is50% for males and 10% for fe-
males. We report afamily with pre-
dominantly young girls affected.

o Methods: In afamily with

14 known maternal relatives (11 fe-
males, 3 males) 9 patientsin 4 gen-
erations developed LHON. Eight of
the 9 patients were females. Three
affected femal es could be examined
and followed. e Results: The only
affected male showed the typical
course of LHON with acute visual
loss in both eyes (20/400—20/800)
within 6 weeks at 20 years of age.
Eight of 9 females developed signs
of LHON. In these females acute vi-
sual loss occurred at about 10 years

of age. Final visual acuity was about
20/200. Central or paracentral scoto-
mata, color vision defects and de-
layed P100 latenciesin the VEP
were seen. Ophthalmoscopy showed
hyperemic discs in the acute stage
and optic atrophy in later stages.
Molecular genetic analysis revealed
the presence of the mtDNA
ND4/npl11778 mutation in this fami-
ly. Specific clinical or additional mo-
lecular genetic risk factors could not
be detected. « Conclusion: Families
with LHON may show considerable
variations of the clinical course and
the gender- or age-specific risk. We
present afamily with a high disease
penetrance of 64% and a 2 times
higher risk for young females than
for males. Furthermore, early visua
lossin thisfamily is permanent.

Introduction

Leber’s hereditary optic neuropathy (LHON) is a mater-
nally inherited disorder. Usually affecting young males,
the disease presents with sudden onset of bilateral simul-
taneous or sequential visua loss in early adulthood [7,
14]. Centro-cecal scotomata, abnormal color vision and
pathological VEPs are usually present. In the early stag-
es, optic disc edema and peripapillary teleangiectasia
may be found. Later, the optic disc may become pale and
atrophic. In the majority of cases, loss of central visionis
permanent, although cases of improvement of visual acu-
ity have been reported in some patients[1, 8, 9, 17, 26].
Onset of LHON can vary considerably. Cases with
onset as early as 6 years as well as over 60 years have

been reported. The mean age of onset for patients carry-
ing the nucleotide position (np) 11778 mutation is 27
years for males and 26 years for females [17]. Recovery
of vision is more likely with an early onset of visual loss
before the median age of about 27 years and in patients
carrying the np14484 mutation [22, 23].

Point mutations in the mitochondrial DNA (mtDNA)
at npl1778, np3460, npl4484 and npl4498 are found
exclusively in LHON pedigrees and are therefore desig-
nated as primary mutations. About 50-70% of all cases
of LHON carry the np11778 mutation [27]. A ratio of
4.2 affected males to 1 female has been reported in a
large multicentric study [19]. There is no explanation for
the different risk for males and females. It has been sug-
gested that the manifestation of LHON requires a second
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Fig. 1 Pedigree drawing of the
LHON family reported in this I
paper. Squares represent males .
and circles females. Solid sym-
bols represent subjects with vi-
sual loss
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factor in addition to the primary mutation. An X-linked
factor has been proposed, as well as specific male to fe-
male liability. However, these findings remain controver-
sia [3-5, 10, 13, 16, 27]. The majority of carriers of the
mutation remain asymptomatic, since only 30-50% of
the males and 5-15% of the females develop symptoms
of the disease.

In this study we report a family in which young fe-
males are predominantly affected in early childhood with
no tendency of visual recovery despite visual 10ss occur-
ring at an early age. We were able to follow three pa-
tients of this family. MtDNA mutation analysis was per-
formed in six family members using DNA sequencing
and PCR/RFLP analysis.

Methods

A family affected with LHON in four generations with a total of
14 individuals was evaluated (Fig. 1). This family has not been ex-
amined and reported before.

Follow-up of the patients started in January 1993. Patients were
asked about their visual loss, and previous records were obtained.
A basic ophthalmological examination was performed as well as a
desaturated Panel D15 color test, Goldmann perimetry and record-
ing of visua pattern evoked potentials (VEP) according to pub-
lished standards [8]. We were able to follow three patients over a
period of 3 years. Blood samples were taken from three affected
(1/7; 11/2; 1V/1) and three unaffected maternal family members
(111/4; 111/6; 111/9) for molecular genetic analysis. Total DNA was
extracted according to standard procedures. For mutation analysis,
segments of the mtDNA were amplified by PCR and used for
RFLP analysis. Mutation sites at np11778, npl3708 and np4216
were analyzed in available subjects. Furthermore, np3460, np4160,
np4917, np9804, npl4459, npl4484, npl15257 and npl5812 were
screened in patient 111/2 by PCR/RFLP analysis as well as np14498
by allele specific oligonuclectide hybridization. The presence of
the np11778 mutation was confirmed by DNA sequence anaysis.
Details of the method are described elsewhere [6, 15].

Results

The family history revealed a 39-year-old man (111/7)
who had experienced painless visual loss in both eyes at
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the age of 20 years with a visua acuity of
20/400-20/800 in both eyes. He had been diagnosed
with LHON in 1973 and showed the typical course of the
disease with no recovery of visual function. His mother
(11/2) and maternal grandmother (1/2) had poor vision as
well, both with early onset of loss of visual acuity. The
mother’s nonidentical twin sister 11/4 and her two daugh-
ters (111/11 and 111/13) had similar visual disorders; how-
ever, no data concerning the age of onset could be ob-
tained in these cases.

Molecular genetic results

Mutation screening revedled the presence of the np
11778 mutation G - A, R340H/ND4 gene) in al family
members analyzed. There was no indication for hetero-
plasmy to the level of the detection limit in the RFLP as-
say. In addition, we were able to show that secondary
mutations at npl3708 (G- A, A458 T/ND5 gene) and
np4216 (T - C, Y304H/ND1 gene) were present in this
family. All other screened mutation sites were excluded
in patient 111/2.

Three patients were followed over a longer time peri-
od.

Case 1 (111/2)

In January 1993 patient 111/2 was examined at the age of
31 years. Previously, optic atrophy of unclear etiology
had been diagnosed in both eyes. She reported having
had poor vision in both eyes since early childhood.

Upon first examination, she had a visual acuity of
20/100 in the right and 20/70 in the left eye with im-
paired color vision in the Panel D15 test. Visual fields
showed paracentral scotomata in both eyes (Fig. 2). The
ERG was normal. Pattern-VEP showed delayed P100 la-
tencies for large check sizes and no recordable responses
for small check sizes. Fundus examination revealed pae
optic discs temporally with otherwise normal findings.
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Fig. 2 Visud field of patient 111/2 (case 1) at the age of 31 show-
ing paracentral scotomata (for target 1/3) in both eyes. Poor visual
acuity had been reported since early childhood

Visual acuity remained unchanged throughout the course
of 3years.

Case 2 (IV/1)

The daughter of patient 111/2 had normal vision up to
11 years of age when she suffered acute loss of vision in

Fig. 3 Visua field of patient 1V/1 (case 2) at the age of 11 show-
ing arelative paracentral scotomain the right eye upon first exam-
ination. Visual acuity was 20/200 in the right eye. Visual fields as
well asvisual acuity were normal in the left eye at that time
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January 1994. Upon examination she showed visual acu-
ity of 20/200 in the right and 20/20 in the left eye. Apart
from pale optic discs temporally on both eyes fundus
findings were normal. The visual field presented a rela-
tive central scotoma in the right eye and was normal in
the left eye (Fig. 3). The desaturated Panel D15 test re-
vealed mild errors for the right eye. In the course of time
visual acuity in the left eye also dropped to 20/200 fol-
lowed by a slight improvement to 20/100 in both eyes
approximately 1 year later and became stable thereafter.
The patient’s last examination was in March 1997. At
follow-up examination visua field tests revealed smaller
paracentral and central scotomas but possibly this is due
to better cooperation rather than to improvement of visu-
a function. Treatment with |debenone was performed
over aperiod of 18 months, but no beneficial effect upon
visual recovery could be detected.
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Fig. 4 Patient 1\V/4 (case 3) at the age of 8 years presenting rela-
tive central scotomata in both eyes upon first examination. Visual
acuity was 20/100 in the right and 20/40 in the left eye

Case 3 (1V/4)

The 8-year-old daughter of an asymptomatic woman
(111/6) suffered loss of vision in August 1996 in both
eyes. Visual acuity dropped over a period of three weeks
to 20/100 in the right and 20/200 in the left eye. The de-
saturated Panel D15 test showed errors without a typical
confusion axis. A relative central scotoma was present in
both eyes (Fig. 4). Hyperemic discs and peripapillary
teleangiectatic microangiopathy were found in both eyes
in an otherwise normal fundus. The young patient was
last seen in April 1998 with vision stabilized at 20/200 in
both eyes. Ibedenone therapy was initiated in August
1996 but was discontinued after 5 weeks because of
vomiting and loss of appetite. There was no indication
that 1debenone therapy had had a beneficial effect on the
course of the disease.

Discussion

Leber’s hereditary optic neuropathy (LHON) is a strictly
maternally inherited disease which results from the pres-
ence of defects in the mitochondrial DNA (mtDNA). To
date, four primary disease-associated mutations have
been identified, namely np3460 (ND1) [10], npll778
(ND4) [27], npl4484 (ND6) [11] and npl4498 (ND6)
[15]. The most frequent mutation is npl1778 (ND4),
which accounts for 50-70% of all cases of LHON. Pene-
trance of the disease is 30-50% in males and 5-15% in
females. The ratio of affected males to females is 4.2:1
for np11778 cases [19].

oD

This study was carried out on several individuals
from a family in which LHON showed considerable de-
viations from the usual clinical course. The subtype of
LHON reported here is linked to a mutation at np11778,
has penetrance of over 60% and predominantly affects
females instead of males. The only affected male showed
the typical course of the disease with loss of vision in his
early twenties. Older female patients report that loss of
visual acuity occurred in early childhood. In two young
girls acute loss of visual acuity was observed at the age
of 8 and 11 years, respectively.

The age of onset of severe visua loss can vary con-
siderably, from 6 to 62 years. In 69% of patients visual
loss begins between the ages of 11 and 30 years [18, 25].
The mean age of onset in females carrying the np11778
mutation is 26 years [21]. The family reported here is
very unusual asin that al effected females suffered visu-
al loss at an age of about 10 years. Visual acuity dropped
to 20/200 in both eyes and stabilized at this level. This
corresponds to other studies which showed that signifi-
cant recovery of vision is an exception in patients carry-
ing the np11778 mutation [2, 22, 25]. However, it should
be noted that at least for the np11778 mutation, visual re-
covery is correlated with age of onset [12, 18]. Newman
and coworkers reported three patients with significant vi-
sual improvement, aged 9, 12 and 15 years at onset of
LHON. In contrast, in patients from this family early on-
set did not correlate with recovery of vision.

Furthermore, the family shows an untypicaly high
number of affected females. Data from a recent multicen-
tric study give aratio of 4.2:1 for affected males and fe-
males with the npl1778 mutation [19]. In the present
family 8 of 11 females are affected (73%). The overal
risk for malesin this family is 33% (1/3). The small num-
ber of males in the family needs to be taken into consid-
eration when interpreting the overall risk calculation.
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In this family the age of onset in females was stri-
kingly low. LHON is till referred to as a disease affect-
ing men in early adulthood. However, ophthalmologists
as well as pediatricians must now consider LHON in
younger patients of either sex with sudden visual loss.

The underlying reasons why LHON becomes clinical-
ly manifest are still unknown. Internal and external envi-
ronmental factors are thought to initiate or enhance phe-
notypic expression of the disease [24]. External factors
such as heavy alcohol or tobacco abuse must be consid-
ered as well as internal factors such as systemic illness
or nutritional disorders. All these risk factors could be
ruled out in the family presented here. None of the pa-
tients examined reported alcohol or tobacco abuse. Envi-
ronmental toxins or systemic diseases like diabetes could
not be detected.

The npl1778 mutation is frequently combined with
secondary mutations at npl3708 and np4216. This asso-
ciation comprises more than a quarter (19/67) of all
npl11778 families in central European LHON patients
[6]. Although it has been argued that the high frequency
of this association might result in a cumulative patho-

genic effect [10], there is no evidence for more severe
clinical symptoms, earlier age of onset and higher pene-
trance in this group of families [23]. With the exception
of the family presented here, ratio of affected males to
females in this group is, at 5:1, roughly the same as in
families carrying only the np11778 mutation [6].

Attempts to treat the acute phase of the disease with
various drugs such as steroids or cyanide antagonists
have proven ineffective [8]. Idebenone is a drug that acts
on the cerebral metabolism and influences mitochondrial
membrane metabolism. A case of marked visual im-
provement in a 10-year-old boy carrying the npll778
mutation after oral treatment with Idebenone has been
reported [20]. In our patients no beneficial effect could
be observed. It appears that an effective agent for the
prevention and treatment of LHON still needs to be
found.

Acknowledgments This work was supported in part by a grant
from the Bundesministerium fir Bildung, Wissenschaft, For-
schung und Technologie (O1 KS 9602) to B.W. The authors would
like to thank Dr. F. Stumpff and Dr. O. StrauR3 for their help in pre-
paring the manuscript.

References

1. Black GCM, Morten K, Laborde A, 6. Christ-Adler M, Leo-Kottler B, 13. Juvonen V, Vilkki J, AulaP,
Poulton J (1996) Leber’s hereditary op- Baumann B, Fauser S, Besch D, Zrenner Nikoskelainen E, Savontaus ML
tic neuropathy: heteroplasmy is likely E, Wissinger B (1999) The Tiibingen (1993) Re-evaluation of the linkage of
to be significant in the expression of LHON Study: molecular genetic anaysis an optic atrophy susceptibility gene to
LHON in families with the 3460 ND1 in 51 pedigrees from Germany and Swit- X-chromosomal markersin Finnish
mutation. Br J Ophthalmol 80:915-917 zerland. Neuroophthalmology (in press) families with Leber hereditary optic

2. Bourrat FX, Green WT, Graham EM, 7. Harding AE, Sweeney MG, Govan neuropathy (LHON). Am J Hum Genet
Sweeney MG, Morgan-Hugh JA, Sand- GG, Riordan Eva P (1995) Pedigree 53:289-292
ers MD (1992) Late onset Leber’s optic analysisin Leber hereditary optic neu-  14. Leber T (1871) Ueber hereditaere und
neuropathy: a case confused with isch- ropathy families with a pathogenic kongenital angelegte Sehnervenleiden.
emic optic neuropathy. Br J Ophthalm- mtDNA mutation. Am J Hum Genet Graefes Arch Ophthalmol 2:249-291
ol 76:571-573 57:77-86 15. Leo Kottler B, Christ-Adler M,

3. Bu X, Rotter J (1991) X chromosome- 8. Harding GFA, Odom JV, Spileers W, Baumann B, Zrenner E, Wissinger B
linked and mitochondrial gene control Spekreijse H (1996) Standard for visu- (1996) Lebers hereditary optic neu-
of Leber hereditary optic neuropathy: al evoked potentials 1995. Vision Res ropathy: clinical and molecular genetic
evidence from segregation analysis for 36 (21):3567-3572 results obtained in afamily with a new
dependence on X chromosome inacti- 9. Hotta Y, Hayakawa M, Fujiki K, point mutation at nucleotide position
vation. Proc Natl Acad Sci USA ShinoharaK, Sado K, Kanai A, 14498 in the ND6 gene. Ger J
88:8198-8202 YanashimaK (1993) An atypical Ophthalmol 5:233-240

4. Carvalho MR, Milller B, Rotzer E, Leber’s hereditary optic neuropathy 16. Mackey DA (1993) Blindness in off-
Berninger T, Kommerell G, Blankena- with the 11778 mutation. Br J spring of women blinded by Leber’s
gel G, Savontaus ML, Meitinger T, Ophthalmol 77:748-750 hereditary optic neuropathy. Lancet
Lorenz B (1992) Leber’s hereditary op-  10. Huoponen K, Vilkki J, AulaP, 341:1020-1021
tic neuropathy and the X-chromosomal Nikoskelainen EK, Savontaus ML 17. Mackey DA (1994) Three subgroups of
susceptibility factor: no linkage to (1991) A new mtDNA mutation associ- patients from the United Kingdom with
DXs7. Hum Hered 42:316-320 ated with Leber herditary optic neuro- L eber hereditary optic neuropathy. Eye

5. Chen JD, Cox I, Denton MJ (1989) retinopathy. Am J Hum Genet 8:431-436
Preliminary exclusion of an X-linked 48:1147-1153 18. Mackey DA, Howell N (1992) A vari-

genein Leber’s optic atrophy by link-
age analysis. Hum Genet 82:203-207

11

12.

Johns DR, Neufeld MJ (1991) Cyto-
chrome b mutations in Leber hereditary
optic neuropathy. Biochem Biophys
Res Commun 1991 181(3):1358-1364
Johns DR, Smith KH, Savino PJ,
Miller NR (1993) Leber hereditary op-
tic neuropathy. Clinical manifestation
of the 15257 mutation. Ophthalmology
100:981-986

ant of Leber hereditary optic neuropa-
thy characterized by recovery of vision
and by an unusual mitochondrial genet-
ic etiology. Am J Hum Genet
51:1218-1228



719

19.

20.

Mackey DA, Oostra RJ, Rosenberg T,
Rosenberg T, Nikoskelainen E,
Bronte-Stewart J, Poulton J, Harding
AE, Govan G, Bolhuis PA, Norby S,
Bleeker-Wagemakers EM, Savontaus
ML, Chan C, Howell N (1996) Primary
pathogenic mtDNA mutations in multi-
generation pedigrees with Leber hered-
itary optic neuropathy. Am JHum
Genet 59(2):481-485

Mashima, Hiida Y, Oguchi Y (1992)
Remission of Leber’s hereditary optic
neuropathy with |debenone. Lancet
340:368-369

21.

22.

23.

24.

25.

Newman NJ (1993) Leber’s hereditary
optic neuropathy. New genetic consid-
erations. Arch Neurol 50:540-548
Newman NJ, Lott MT, Wallace DC
(1991) Theclinical characteristics of
pedigrees of Leber’s hereditary optic
neuropathy with the 11778 mutation.
Am J Ophthalmol 111:750-762
Oostra RJ, Bolhuis PA, Zorn-Ende |, de
Kok-Nazaruk MM (1994) Leber’s he-
reditary optic neuropathy: no evidence
for primary or secondary pathogenecity
of the 15257 mutation. Hum Genet
94(3):265-270

OostraRJ, Kemp S, Bolhuis PA, Ble-
eker-Wagemakers EM (1996) No evi-
dence for ‘skewed' inactivation of the
X-chromosome as cause of Leber’s he-
reditary optic neuropathy in female
carriers. Hum Genet 97:500-505
Riordan-Eva P, Sanders MD,

Govan GG, Sweeney MG, Da Costa J,
Harding AE (1995) The clinical fea-
tures of Leber’s hereditary optic neu-
ropathy defined by the presence of a
pathogenic mitochondrial DNA muta-
tion. Brain 118:319-337

26.

27.

Stone EM, Newman NJ, Miller NR,
Johns DR, Lott MT, Wallace DC
(1992) Visual recovery in patients with
Leber’s hereditary optic neuropathy
and the 11778 mutation. J Clin Neuro-
ophthalmol 12:10-14

Wallace DC, Singh G, Lott MT, Hodge
JA, Schurr TG, Lezza AM, Elsas LJD,
Nikosklainen EK (1988) Mitochondrial
DNA mutation associated with Leber’s
hereditary optic neuropathy. Science
242:1427-1430



