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Abstract

LHON is a mitochondrial neurodegenerative disorder often manifesting itself in the second or third decade of life, and hence
resulting in progressive central vision loss usually in a short period of 2-8 weeks within which different degrees of blindness may
occur. Etiologically, more than twenty missense mutations have been reported for LHON, amongst which the three mutations of
G11778A, G3460A and T14484C, affecting NADH dehydrogenase complex activity, are recognized as primary mutations. The
three primary mutations account for 90% of LHON patients, emphasizing the importance of molecular investigation of these
mutations for differential diagnosis of LHON. Using PCR-RFLP, this research resulted in the detection of two LHON families
carrying the G11778A mutation in homoplasmy and described the clinical and molecular features of the disease in the patients.
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Introduction

Leber’s Hereditary Optic Neuropathy (LHON),
the first disease to be associated with mtDNA
point mutation, is a maternally inherited form
of bilateral optic atrophy (1). It is characterized
by a reduction in central vision acuity (central
and cecocentral scotoma) and color vision loss,
first in one eye and then in the other, progress-
ing to a usually painless, complete or near
complete loss of sight within a few months. The
mean age of the onset is in the mid-20, but can
range from children under the age of 10 years
to adults in their 70’s (2, 3). The fundoscopic
appearance in the acute stage of LHON is diag-
nostic but may not easily be seen. Early change
in this stage is a pseudoedema of the Nerve Fi-
ber Layer (NFL) and hyperemia of the optic
disk; the disk subsequently flattens and be-
comes pale during the atrophic stage. The peri-
papillary nerve fiber layer disappears, initially
in the papillomacular bundle (4). The charac-

teristic feature of LHON is a peripapillary mi-
croangiopathy, first described by Theodor Le-
ber (1871), which involves tortuous vessels in
the central retina and telangiectatic capillaries
showing no leakage or staining in the Fluo-
rescein Angiography (5). The optic neuropathy
in LHON families shows incomplete pene-
trance. More prevalent in males, LHON is be-
lieved to initiate visual loss in 80-90% of the
carriers while only 8-32% of females demon-
strate a loss of vision attributable to LHON (6).
Reportedly, LHON comprises 3% of the occur-
rence of blindness in young men (7). Etiologi-
cally, 23 missense mutations have been re-
ported for LHON, amongst which the three
mutations of G11778A (ND4/R340H), G3460A
(ND1/A52T) and T14484C (ND6/M64V), af-
fecting NADH dehydrogenase complex activi-
ties, have been recognized as primary mutations
and the others are being considered as secon-
dary mutations (1, 8-10). The three primary
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mutations account for 90% of LHON patients,
emphasizing the importance of molecular in-
vestigation of these mutations for differential
diagnosis of LHON (11). This research, with its
practical goal of establishing the molecular di-
agnosis of LHON and characterizing the spe-
cific pattern of this disease in Iran, resulted in
the detection of two LHON families carrying
the G11778 A mutation in homoplasmy.

Materials and Methods

Blood samples from patients suspected to have
LHON were sent by ophthalmologists of differ-
ent hospitals of Tehran, especially Farabi Hos-
pital. Samples from normal subjects and from
patients with other neurological diseases were
used as controls. To provide DNA samples, to-
tal DNA was extracted from the peripheral
blood samples using phenol-chloroform method
as outlined in Molecular Cloning. To investi-
gate the occurrence of the G11778A, G3460A
and T14484C mutations in the suspected pa-
tients, we used PCR-RFLP (12, 13). As regards
the G11778 A mutation, we designed a forward
primer at nucleotide position 11646-11662 (5’-
TCGTAACAGCCATTGTC) and a reverse
primer at nucleotide position 11841-11860 (5°-
GACGTTAGCGACGCTTCGTA).

The amplification process (Polymerase Chain
Reaction) yielded a 214-bp product, which then
was treated with Mae 111 restriction enzyme for
one hour in 50°C. Mae III cleaved the 214-bp
PCR product to two smaller fragments of 132
and 82 bp in those who carried the mutation.
1.5% agarose gel was used for electrophoresis
of digested products and was stained with
ethidium bromide. In order to detect the
G3460A mutation, we constructed a forward
primer at nucleotide position 3232-3248 (5’-
TAAGATGGGAGAGCCCG) and a reverse
primer at nucleotide position 4233-4250 (5’-
GGAATGCTGGAGATTGTA), and then am-
plified the 1081-bp long sequence flanked by
the respected primers. Acy 1 was used as the
restriction enzyme cutting the 1081-bp PCR

product to smaller fragments of 792 and 226
bp, subject to no mutation occurrence, in the
condition of 12 h treatment in 37°C. For the
T14484C mutation detection, a forward mis-
matched primer was designed at nucleotide po-
sition 14463-14483 (5’-TAGTATATCCAA-
AGACACAGA; mismatched at bold underlined
nucleotide) by which a restriction (GATC) for
restriction enzyme Mbo I would be created. The
sequence for reverse primer was at nucleotide
position 14519-14538 (5’-TTTGGGGGATAT-
ATGGQG). In the presence of the wild-type se-
quence at nucleotide position 14484, the mis-
matched primer creating a Mbo 1 restriction
site, had the 75-bp PCR product excised into 54
and 21 nucleotide bands after treatment with
Mbo 1. The 14484 T-to-C mutations destroy the
Mbo 1 site, and the 75 nucleotide product would
remain uncut.

Results

This research with its practical goal of estab-
lishing the molecular diagnosis of LHON re-
sulted in the detection of two LHON families
comprising of 9 patients. The first family con-
tained two affected maternal cousins (Fig. 1). In
this family, the proband was a 23 year-old man
with one younger and two older brothers. None
of his first-degree relatives showed the acute
symptoms of LHON. But, in line with the ma-
ternal inheritance of LHON, his 32-year-old
maternal cousin with 8-member family also suf-
fered from the clinical complications of LHON.
The manifestation of clinical symptom of
LHON in the proband was progressive. He first
complained of blurring of the sight of his left
eye and felt no problem in his right eye. Then,
the visual acuity of his left and right eyes were
20/200 and 20/25 respectively. Relative Affer-
ent Pupillary Defect (RAPD) was negative and
slit examination showed nothing worthy of con-
sideration. IOP for both eyes was 10 mmHg. In
fundoscopic image of left eye, hyperemia, peri-
papillary telangiectasia and NFL swelling were
evident and these symptoms could be seen in
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the right eye but with milder features (Fig. 2).
Fluorescein angiography of both eyes showed
no leakage or staining in blood vessels of pro-
band’s fundus, indicating no damage in their
walls (Fig. 3). The proband’s Hemphry visual
field for left eye showed cecocentral scotoma,
developed progressively up to the point that the
proband’s left eye sight decreased to the level
of finger count after two weeks (Fig. 4). Six
months after the onset of LHON, another pe-
rimetry examination was taken for the proband
and it revealed a slight recovery in left eye vi-
sion. Fundoscopic images of proband’s mater-
nal cousin who was in the atrophic phase of
LHON, showed temporal pallor of optic disks
as well as vascular degeneration of the area
(Fig. 5). The same features held good for the
fundoscopic images of proband’s mother while
those of his brothers showed no special features

(Fig. 6). PCR-RFLP analysis of this proband
revealed that he carried the G11778A in homo-
plasmy. This analysis showed the same result
for his three brothers, mothers and maternal
cousin (Fig. 7). The second family included
three affected brothers and their sister as well as
one maternal uncle and two half-maternal un-
cles of them (Fig. 8). Maternal inheritance of
the disorder is evident in the pedigree. In this
pedigree, it seems that the marriage of a man
with two carrier sisters transmitted the disorder
to their descendents. PCR-RFLP analysis of
this family demonstrated the occurrence of
G11778 A mutation in homoplasmy in all of the
members who were maternally related to each
other (Fig. 9). PCR-RFLP analysis for the oc-
currence of the G3460A and T14484C muta-
tions was negative for all the tested patients
(Fig. 10).
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Fig. 1: The family tree of two maternal cousins suffered from LHON caused by G 11778 A mutations.

Fig. 2: Fundoscopic images of the LHON proband in its acute phase
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Fig. 3: Angiographic images of the proband. No leakage of fluorescence is observable in the images
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Fig. 4: The first perimetry of the proband showing cecocentral scotoma in left eye
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Fig. 6: Fundocopic images of the proband’s mother and brothers
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Fig. 7: PCR-RFLP analysis of the G11778A mutation for the first family. Electrophoresis has been done using 1.5%
agarose gel stained with ethidium bromide. UC: Uncut DNA, C: Control, P: Proband, PC: Proband’s cousin, PM: Proband’s
mother, PB: Proband’s brothers.
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Fig. 8: LHON pedigree of three brothers, their sister, maternal uncle and two half maternal uncles with G 11778 A
mutation
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Fig. 9: PCR-RFLP analysis of the G11778A mutation for the second family. Electrophoresis has been done using 1.5%
agarose gel stained with Ethidium Bromide. UC: Uncut DNA, C: Control, PM1 and PM2: Two affected brothers, PF3: The
affected sister, PM: The mother of family, PU: Proband’s uncle
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Fig. 10: PCR-RFLP analysis of G3460A and T14484C mutations. UC: Uncut DNA, CD: Control DNA

Discussion

According to this investigation, it seems that
the pattern of LHON occurrence in Iran con-
forms to its worldwide characteristics. In this
pattern, LHON has incomplete penetrance and
the majority of LHON patients carry the
G11778A mutation (14). Furthermore, the
Male/Female Ratio of LHON occurrence is 5 to
1 (Male Predominance).

In the small sample of this research, calculation
of LHON penetrance, caused by GI11778A,

produced the values of 44% and 6% for males
and females, respectively; moreover, the total
penetrance was calculated to be 24%. The
respected values were half of the corresponding
values in European population (15).

Male/Female ratio proved to be 80%, which
was equal to this value in European population
and at the same time inside the extremes of this
value in Asian population (58-90%).

The reason for incomplete penetrance and male
predominance of LHON has been a matter of
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controversy among the pioneers of this disci-
pline and they have posed some hypotheses in-
cluding the role of additional x-linked visual
loss susceptibility locus, impaired mitochon-
drial respiratory chain activity, mtDNA hetero-
plasmy, environmental factors and autoimmu-
nity (2). Assuming that the primary defect of
LHON mutations is an inhibition of the electron
transport chain, and then the pathophysiological
basis of the disease might either be chronic en-
ergy deficiency or increased ROS generation
due to the redirection of electrons from com-
plex I and CoQ; to molecular oxygen. If in-
creased ROS production and oxidative stress
have a role in LHON, then this might contribute
to the pathology of LHON in two ways. It is
possible that chronic oxidative stress to the
retinal ganglion cells and optic nerve might
damage the mtDNA and degrade mitochondrial
function to such an extent that ultimately the
neuronal mtPTP is activated and the cells un-
dergo a wave of programmed cell death. Such a
model is attractive because it explains how a
chronic disease could result in a sudden onset
of symptoms with a precipitous course (11).

Alternatively, the increased mitochondrial pro-
duction of ROS might inactive the vasodilator
NO, resulting in chronic vasoconstriction,
ischemia, and death of the retinal ganglion
cells. A common set of preclinical findings in
LHON families includes microangiopathy, reti-
nal vessel telangiectasias, and tortuous vessels,
consistent with LHON being due to a retinal
vasculopathy. NO is a natural vasodilator, and
it is acutely sensitive to inactivation by ROS
(10). If the LHON mutations inhibit the elec-
tron transport chain and increase mitochondrial
ROS production, then it is possible that these
ROS chronically deplete the retinal vascular
NO, causing vasoconstriction and ultimately
resulting in the spasmodic constriction of the
retinal blood vessels, depriving the retinal gan-
glia cells of oxygen and nutrients. This would
lead to ischemia and neuronal death. Thus sud-
den onset of vision loss would be envisioned as
a form of a retinal stroke. While it will be difti-

cult to define the pathophysiology of mitochon-
drial ophthalmologic disease in human studies,
it is likely that more progress will be made us-
ing mouse models for mitochondrial disease. If
LHON is the result of increased oxidative
stress, then mice lacking mitochondrial antioxi-
dant defenses should be more prone to oph-
thalmologic decline.
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