150

SCIENTIFIC REPORT

Colour vision defects in asymptomatic carriers of the Leber’s
hereditary optic neuropathy (LHON) miDNA 11778
mutation from a large Brazilian LHON pedigree: a case-

control study

P A Quiros, R J Torres, S Salomao, A Berezovsky, V Carelli, J Sherman, F Sadun, A De Negri,

R Belfort, A A Sadun

Aims: To determine if asymptomatic carriers from a pre-
viously identified large pedigree of the Leber’s hereditary
optic neuropathy (LHON) 11778 miDNA mutation have
colour vision deficits.

Methods: As part of a comprehensive analysis of over 200
members of a large Brazilian LHON pedigree spanning seven
generations, colour vision tests were obtained from 91
members. Colour vision was tested one eye at a time using
the Farnsworth-Munsell 100 (FM-100) hue colour vision test.
The test was administered under uniform conditions, taking into
account: ambient light levels, daylight colour temperature of
6700 kelvin, and neutral uniform background. Tests were
scored using the FM-100 MS-Excel computer scoring program.
Defects were determined and categorised as tritan, deutan, or
protan. Categorisation of each dyschromatopsia was based on
review of demonstrated axis computer generated plots and age
adjusted error scores which coincided with Verriest 95%
confidence intervals. Only the axis with the greatest magnitude
error score was used fo classify the defect. 55 of the 91 test
subjects were LHON miDNA 11778 J haplotype mutation
carriers, proved by miDNA analysis. The remaining 36
subjects were age matched non-blood relatives (off pedigree),
who served as controls.

Results: 27 of 55 carriers (49.10%) were shown to have colour
vision defects in one or both eyes. 13 of the 27 (48%) abnormal
tests in the carrier group were tritan defects and the remaining
14 (52%) were deutan defects. Nine of the 27 (33%) abnormals
in the carrier group were identified as having bilateral defects.
Six of these were deutan, and the remaining three were tritan
dyschromatopsias. Only six of the 36 (16.66%) age matched
controls were found to have any type of dyschromatopsia. Five
(83.3%) of these were deutan defects. The remaining one was a
tritan defect. The difference between the two groups using a %2
test with one degree of freedom was statistically significant with
a p value less that 0.001.

Conclusions: Until now, LHON has always been charac-
terised by a sudden, devastating vision loss. Asymptomatic
carriers, those without vision loss, were considered unaf-
fected by the disease. It now appears that asymptomatic
carriers of the LHON mutation are affected by colour vision
defects and may manifest other subtle, yet chronic, changes.

terised by acute and profound loss of visual acuity, severe

Leber’s hereditary optic neuropathy (LHON) is charac-
dyschromatopsia, central or caecocentral scotomas, and
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deficiencies in high spatial frequency contrast sensitivity.' *
Visual acuity is often in the 20/400 to counting fingers range,
and fundus examination reveals selective loss of the smaller
fibres of the papillomacular bundle, with optic atrophy that is
more severe on the temporal side.'** Visual loss tends to
occur in one eye initially, which may be followed by visual
loss in the other eye within weeks to months. It is unknown
why this visual loss tends to occur in previously unaffected
males, in the second and third decades of life. Long term
follow up usually reveals symmetric disease.

The pathogenesis of LHON is understood to be related to
the mtDNA point mutations 11778, 3460, and 14484. These
three point mutations are respectively located in the genes of
NADH dehydrogenase subunits 4, 1, and 6.>* of complex 1 of
the respiratory chain. These mutations may either decrease
the net ATP synthesis for a given cell, or induce a chronic
overproduction of reactive oxygen species (ROS) in the
mitochondria. The resultant oxidative stress may trigger
apoptosis for the cell. Because the energy expenditure of an
axon is related to its surface area, small fibre axons are
thought to be particularly susceptible to damage resulting
from these mutations. The fibres of the papillomacular
bundle have a small ratio of volume to surface area, and
are therefore expected to be most sensitive to deficits in
energy metabolism.” LHON has the tendency to be an “all or
none” disease. Those affected tend to be severely affected,
and those asymptomatic carriers of the above mtDNA
mutations have little to no identifiable deficiencies in visual
performance. Although unaffected carriers appear to be
completely free of signs of any disease, there may exist
subtle signs of optic neuropathy that escape detection by
standard clinical examination. Any such putative subtle
dysfunction would most likely be a specialised function of the
fibres most vulnerable to the pathophysiology of LHON (that
is, the papillomacular bundle). Because colour vision is a
specialised function of the papillomacular bundle and
because dyschromatopsia is one of the earliest signs of
LHON, we hypothesised that subtle dyschromatopsia may be
a sign of occult subclinical optic neuropathy in carriers of the
LHON 11778 mutation. Using the Farnsworth-Munsell 100
hue colour vision test, we conducted a comparison of colour
vision performance between normal subjects (age matched,
off pedigree controls) and asymptomatic carriers of the 11778
mtDNA mutation.

Abbreviations: LHON, Leber’s hereditary optic neuropathy; ROS,
reactive oxygen species
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MATERIALS AND METHODS

As part of a Federal University of Sao Paulo institutional
review board approved protocol for the comprehensive
analysis of over 200 members of a large Brazilian LHON
pedigree spanning seven generations, colour vision tests were
obtained from 91 members. All patients signed informed
consent forms prior to submission to research protocol.
Colour vision was tested one eye at a time using the
Farnsworth-Munsell 100 (FM-100) hue colour vision test.
The test was administered under uniform conditions, taking
into account ambient light levels, daylight colour tempera-
ture of 6700 kelvin, and neutral uniform background. Tests
were scored using the FM-100 MS-excel computer scoring
program, which normalised test scores. Defects were deter-
mined and categorised as tritan, deutan, or protan.
Categorisation of each dyschromatopsia was based on review
of demonstrated axis computer generated plots and age
adjusted error scores which coincided with Verriest' 95%
confidence intervals. Only the axis with the greatest
magnitude error score was used to classify the defect (figs 1
and 2). Fifty five of the 91 test subjects were LHON mtDNA
11778 J haplotype mutation carriers, proved by mtDNA
analysis. The remaining 36 subjects were age matched non-
blood relatives, off pedigree controls.

RESULTS

In all, 25 of 55 carriers (45.40%) were shown to have colour
vision defects in one or both eyes; 11 of the 27 (40%)
abnormal tests in the carrier group were tritan defects and
the remaining 14 (56%) were deutan defects (see fig 3).

Figure 3 depicts percentage of LHON carriers with
abnormalities versus controls

Nine of the 25 (36%) abnormals in the carrier group were
identified as having bilateral defects. Six of these were
deutan, and the remaining three were tritan dyschromatop-
sias. Only six of the 36 (16.66%) age matched controls were
found to have any type of dyschromatopsia. Five (83.3%) of
these were deutan defects. The remaining one was a tritan
defect (see fig 2).

Figure 4 depicts numbers of abnormal subjects broken
down by defect type. There is an overwhelming number of
abnormal subjects in the LHON carrier group compared to
controls.
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Figure 2 Representative fritan defect seen in asymptomatic carrier
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Figure 3 Percentage of LHON carriers with abnormalities versus
controls.
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Figure 4 Numbers of abnormal subjects broken down by defect type.

The difference between the two groups using a x* test with
one degree of freedom was statistically significant with a p
value less that 0.001.
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DISCUSSION

In general, carriers are either blinded by the disease or are
asymptomatic. This dichotomy seems to be true regardless of
whether the individual is homoplasmic or heteroplasmic for
the mutation. Although heteroplasmic populations exhibit a
lower incidence of LHON, those who are affected are subject
to the full spectrum of the disease." Speculations on the
pathophysiology relating mitochondrial mutations to ineffi-
cient energy metabolism and oxidative stress in the develop-
ment of LHON do not account for the lack of any clinical
findings in asymptomatic carriers.

Mitochondrial dysfunction resulting from the 11778, 3460,
and 14484 mutations have a role in the development of
LHON. All three mutations affect the site of interaction of
complex I with its natural quinone (CoQ) substrate.”> "’ In a
cybrid cellular model these mtDNA mutations induced a
variable impairment of mitochondrial respiratory function."
Consequentially there may develop a chronic increase of
reactive oxygen species (ROS). Some recent publications have
implicated the importance of ROS in LHON.”"
Environmental (toxin exposure, diet, and exercise) and
genetic factors have also been proposed as important in the
pathogenesis of LHON.'"® None of these theories can explain
why asymptomatic carriers, who should also undergo some
degree of the same pathological metabolic dysfunction, have
absolutely no clinical signs or symptoms of visual impair-
ment.

This study identifies dyschromatopsia in asymptomatic
carriers of the 11778 LHON mutation. Verriest'"” defined three
types of acquired dyschromatopsias based on the FM-100.
Type I (protan-like) defects are red/green defects with little or
no loss of blue/yellow discrimination, frequently with
moderate reduction in central acuity. Type II (deutan-like)
defects are red/green defects and significant but less severe
blue/yellow defects. Type III (tritan-like) defects are mild to
moderate blue/yellow defects, lesser or absent red/green
defects, and normal or mildly reduced visual acuity. Each
congenital cone defect demonstrates a well defined axis of
colour confusion on FM-100 plots.

In acquired dyschromatopsias, colour errors tend to be
more diffusely distributed, making FM-100 polar plots more
difficult to interpret; leading to difficulties in determining
whether different optic nerve defects result in characteristic
dyschromatopsias. One previously well accepted general-
isation was Kollner’s rule which stated that patients with
macular disease tend to have blue-yellow defects, and
patients with optic nerve disease tend to have red-green
defects.” There are several exceptions to this rule. For
example, the ONTT dyschromatopsia data reveals that optic
neuritis patients initially present with a preponderance of
blue-yellow defects, and months later demonstrate a pre-
ponderance of red-green defects.” The results of our
investigation also seem to violate Koéllner’s rule, with the
presence of blue-yellow defects in many asymptomatic
carriers of LHON.

LHON selectively and severely degrades the small calibre
fibres of the papillomacular bundle in affected individuals.*
If asymptomatic carriers of the mtDNA 11778 mutation
exhibit any neural defect at all, it would probably be a subtle
dysfunction corresponding to the same small calibre papillo-
macular fibres. These fibres subserve the foveal and
perifoveal regions, with a greater area obviously devoted to
the perifoveal region. The fovea itself is rich in red-green
cones while the larger perifoveal region is rich in blue cones.
Therefore, loss of the papillomacular fibres subserving the
perifoveal region would be expected to decrease blue-yellow
discrimination and produce a tritanopsia, violating Kéllner’s
rule. Patients with retrobulbar optic neuritis exhibiting
perifoveal visual field defects also exhibited a preponderance
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of tritanopsia while RBN patients with foveal field defects
exhibited a preponderance of red-green defects.”” We suggest
the observed tritan defects in our carrier population may
serve as a sensitive marker for subclinical, papillomacular
fibre dysfunction and eagerly await further analysis though
the Cambridge Colour test.

It is also important to note the preponderance for deutan-
like defects in the carrier group relative to the off pedigree
controls. This finding also is consistent with the small calibre
fibre dysfunction model. The fovea is considered to be
primarily tritanopic, with sensitivity to red/green light
constant throughout the central 2° of the visual field.****
The central fovea has a markedly reduced sensitivity to blue
light, which increases in the perifoveal regions.” ** Therefore,
impairment of afferent channels serving the foveal region
would prevent transmission of signals from red/green cones,
whereas impairment of afferent channels from the perifoveal
region would affect signals from blue cones. This red/green
defect and significant but less severe blue/yellow defect is
consistent with Verriest’s type II deutan-like dyschromatop-
sia and can explain the clinical findings of deutan dyschro-
matopsias in the carrier group.

The observed dyschromatopsias of the carriers are remark-
able in that they are atypical of those commonly seen in other
optic neuropathies, and may reflect a selective degeneration
of primarily perifoveal as well as foveal fibres This study also
serves to suggest that asymptomatic carriers of the mtDNA
11778 mutation may exhibit other subclinical, as of yet
unidentified optic nerve dysfunctions.
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