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Abstract 
Leber's hereditary optic neuropathy (LHON) is a maternally transmitted disease, cha­

racterized by bilateral optic atrophy predominantly in healthy young males. This disorder has 
shown to be associated with DNA mutation in mitochondrial genome of the patients. We report 
here a young man who came to the hospital with subacute visual loss in one eye, followed by the 
other eye within two months. His echocardiogram was normal. A G-tA base substitution at 
nucleotide position 11778 which changes a conserved arginine to histidine at amino acid position 
340 of ND4, a protein subunit of respiratory chain enzyme complex I in oxidative phosphoryla­
tion system, was detected in his leucocyte mitochondrial genome. 
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Leber's hereditary optic neuropathy 
(LHON) is characterized by an acute or subacute 
bilateral central visual loss caused by severe bilate­
ral optic atrophy0). About 80 per cent of affected 
individuals are male and LHON can be considered 
as the most common cause of blindness in young 
and other healthy males(2-4). LHON is maternally 
inherited and the mitochondrial transmission is 
confirmed when the mitochondrial DNA (mtDNA) 
mutation at ND4 gene is observed to be associated 
with the disease(5). 
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Human mitochondrial genome, an extra­
chromosomal DNA, is a closed circular double 
stranded polynucleotide of 16,569 bp and located 
in the matrix of mitochondria(6). The genome 
encodes 37 genes: 2 for rRNAs, 22 for tRNAs and 
13 for polypeptide subunits of mitochondrial res­
piratory system (ND 1, ND2, ND3, ND4, ND4L, 
ND5, ND6, COl, COil, COlli, Cyt B, ATP6, and 
A TP8). All 13 polypeptides are protein subunits of 
enzyme complexes in oxidative phosphorylation, 
seven of which are subunits of complex I (NADH 
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ubiquinone oxidoreductase), one is of complex III 
(ubiquinol-cytochrome c oxidoreductase), three 
are of complex IV (cytochrome c oxidase) and two 
are of complex V (ATP synthase). Thus, these pro­
tein subunits are essential to normal energy pro­
duction of the cell. 

Several point mutations in mtDNA have 
been reported to be associated with LHON. The 
most prevalent mutation, covering over 50 per cent 
of the LHON cases, is a G-+ A at the nt11778 
which converts an evolutionary conserved arginine 
to histidine at position 340 in subunit ND4 of 
NADH ubiquinone oxidoreductase, complex I of 
respiratory chain enzymes(?). Other mtDNA point 
mutations have also been proposed to be asso­
ciated with LHON, G-+A at the nt3460, T-+C at 
nt14484, G-+A at nt9483 and nt9804, A-+G at 
nt4216 and several others(8-ll). Some of these 
mutations seem to be sufficient in themselves to 
cause the disease, so called primary mutations. The 
secondary mutations appear to have a synergistic 
deleterious effect when present simultaneously 
with other mtDNA mutations(l2). 

In this report, we present the first case of 
a patient who suffered from subacute bilateral cen­
tral visual loss. The diagnosis of Leber's here­
ditary optic neuropathy was made and the underly­
ing molecular lesion associated with LHON, a 
G-+ A at nt 11778 in mitochondrial genome, was 
identified. 

MATERIAL AND METHOD 
Subject 

The patient, SR 94-012, was a male of 19 
years old and a university student. He was studied 
clinically at the Department of Ophthalmology, 
Faculty of Medicine Siriraj Hospital in Bangkok. He 
was healthy and had no family history of blurred 
vision. He came to the hospital with blurred vision 
in both eyes for two years, beginning at the right 
eye, followed by the left eye two months later. His 
visual acuity was finger count in both eyes. He had 
no pain on eye movement and anterior segment of 
both eyes were normal. Fundoscopic examination 
revealed pale optic disc in both eyes. The visual 
fields of both eyes demonstrated central scotoma, 
computerized tomography and MRI of brain were 
normal. He had no history of smoking, alcohol 
drinking or using any chemicals. He was treated as 
optic neuritis with intravenous methylprednisolone 
before transferred to Siriraj Hospital. The visual 
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evoked potential revealed normal latency with 
delay amplitude of PlOO, not compatible with optic 
neuritis. His echocardiogram was normal and all 
neurological examinations were within normal 
limits. For molecular analysis, his peripheral blood 
was collected using EDT A as an anticoagulant. 

Restriction enzyme analysis of LHON mutation 
Total leucocyte DNA of the patient was 

extracted from the whole blood sample according to 
the standard protocol(13). For restriction analysis 
of the 11778 mutation, a 214 bp segment spanning 
from ntll728 to ntll942 was amplified by the 
polymerase chain reaction (PCR)( 14) using a pair 
of primer as follows: Lll728 5' CTCA TT ACT AT 
TCfGCCTAGCAAACfCAAACTACGAACGCACfCA 
I.QATC 3' and H11942 5' GTAGGAGAGTGATA 
TTTGATCAGG 3'. The mismatch was designed to 
create a restriction site for restriction enzyme Bell 
if the G---+A at nt11778 is presented. The PCR pro­
duct was then digested with Bell and electropho­
resed in 2 per cent agarose gel. The gel was stained 
with ethidium bromide and photographed under UV 
light. Since this PCR segment· contains one site of 
Bell, the fragment of 193 and 21 bp were obtained 
in normal sample. If there is a G-+A at ntll778, 
the fragment of 193 bp would be digested into 143 
and 50 bp respectively. For the analysis of the 
other primary point mutation of LHON, a G---+ A 
at nt3460, a 2657 bp segment from nt2826 to 
nt5482 was amplified using a pair of primer com­
plementary to the heavy strand from nt5459 to 
nt5482 and complementary to the light strand from 
nt2826 to nt2849. The G-+A at nt3460 was 
detected by the absence of BsaHI restriction site. 
The normal mtDNA would be digested into the 
fragment of 2022 and 635 bp whereas the mutant 
mtDNA contained G-+ A at nt3460 would not be 
digested. 

Sequence analysis of G-+A at nt11778 
The G-+ A at nt 11778 was confirmed in 

this patient by "Thermal PCR direct sequencing 
method" (jmol sequencing kit, Promega, U.S.A.). 
The 214 bp PCR segments was used and purified 
with "Wizard PCR Preps" (Promega, U.S.A) accord­
ing to the instruction manual. The four microcen­
trifuge tubes were labeled (A,G,C,T) and added 
200 jlM of each d/ddNTP Mix. Each reaction tube 
was consisted of the amplification buffer (25 ~M 
Tris-HCl pH 9.0 and lmM MgCl2), 1.25 ~Ci/~1 
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a32s dA TP, 10 nmol of the purified template, 0.75 
pmol of the oligonucleotide primer, and 1.25 u of 
Sequencing grade Taq DNA Polymerase. The 
oligonucleotide primer is H11942 which is com­
plementary to the light strand from ntll919 to nt 
11942. After one drop of mineral oil was added, 
the reaction was carried out for 30 cycles of dena­
turation (30 sec at 95°C) and annealing-extension 
(30 sec at 70°C). After amplification, 3 jll of fmol 
sequencing stop solution was added to each tube. 
The sequencing reactions were run in 6 per cent 
polyacrylamide gel. The gel was dried and exposed 
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with X-ray film at room temperature for 24 hour. 

Results and Discussion 
The restriction enzyme analysis of the 

mitochondrial genome in this patient revealed a 
G-+A at nt11778 (Fig. l ). The mtDNA of this 
patient seems to be homoplasmy for G-+ A at 
ntll778. Further analysis of the G-+A base substi­
tution at nt3460 and the common point mutations 
at nt8344 and nt3243 was negative (data not 
shown). The G-+A at ntll778 was confirmed by 
nucleotide sequence analysis (Fig. 2). 
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Fig. I. Restriction enzyme analysis of a G--+A at nt11778 of patient SR 94-012. MtDNA was amplified 
from ntll778 to ntll942 (214 bp in size). In this amplified segment, there is one Ben cleavage site 
at nt11921. With the G--+A mutation at nt11778 and together with the alteration in the modified 
primer (L11728), an additional cleavage site of restriction enzyme Bell would be created. Thus 
Ben would digest the PCR product into three fragments (143, 50, and 21 bp) in the patient 
carrying the G--+A mutation at ntll778. a) q> 174 Haelll, b) PCR product, c) negative control, 
d) positive control, and e) patient SR-94-012 (B) where B = blood. 
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Fig. 2. Sequencing analysis of a G-+A at nt 11778 of patient SR 94-012. PCR amplified product (214 bp) 
from ntl1778 to ntl1942 was used as the template. The primer used in the direct sequencing is 
Hl1942 which is complementary to the light strand. The sequencing autoradiogram demon­
strates the C-+T point mutation of the mtDNA at ntl1778 (complementary to the G-+A of the light 
strand at the same position). 

The G---+ A at nt 11778 presented in this 
patient was the first report of the underlying mole­
cular lesion in this disorder in a Thai patient. An 
accurate diagnosis of LHON is often missed out 
since diagnosis of LHON was previously based on 
clinical findings only. This may explain the low 
frequency of LHON in Thai patients. MtDNA ana­
lysis can be useful for the diagnosis especially in 
the case where clinical diagnosis and family his­
tory cannot be verified. Ophthalmologists should 

be aware of this disorder especially in the case of 
acute or subacute visual loss of both eyes with 
optic atrophy in young male. Molecular analysis of 
mtDNA can be performed conveniently from blood 
samples. However, absence of this mutation does 
not exclude LHON since other mtDNA point 
mutations have also been proposed to be associated 
with LHON, such as G---+A at the nt3460, T---+C 
at nt14484, G---+A at nt9483 and nt9804, A---+G at 
nt4216 and several others. 



Vol.82 No.I MITOCHONDRIAL DISEASE : LHON 63 

ACKNOWLEDGEMENT 
This work was supported by the Siriraj 

China Medical board grant number 75-348-216. 

The authors wish to thank Mr Saravuth Chunnoo 
for the preparation of the leukocyte DNA. 

(Received for publication on January 7, 1998) 

REFERENCES 
1. Nikoskelainen EK, Savontaus ML, Wanne OP, 

Katila MJ, Nummelin KU. Leber's hereditary 
optic neuropathy, a maternally inherited disease. 
Arch Ophthalmol1987; 105:665-71. 

2. Nakamura M. Genetic analysis of Japanese pedi-
grees with Leber's hereditary optic neuropathy. 
Kobe J Med Sci 1993; 39: 171-82. 

3. Harding AE, Sweeney MG, Govan GG, Riordan-
Eva P. Pedigree analysis in Leber hereditary optic 
neuropathy families with a pathogenic mtDNA 
mutation. Am J Hum Genet 1995; 57: 77-86. 

4. Howell N, Xu M, Halvorson S, Bodis-Wollner I, 
Sherman J. A heteroplasmic LHON family: tissue 
distribution and transmission of the 11778 muta-
tion [letter]. Am J Hum Genet 1994; 55: 203-6. 

5. Singh G, Lott MT, Wallace DC. A mitochondrial 
DNA mutation as a cause of Leber's hereditary 
opticneuropathy. N Eng! J Med 1989; 320: 1300-5. 

6. Anderson S, Bankier AT, Barrell BG, et al. 
Sequence and organization of the human mito-
chondrial genome. Nature 1981; 290:457-65. 

7. Savontaus ML. MtDNA mutations in Leber's 
hereditary optic neuropathy. Biochim Biophys 
Acta 1995; 1271:261-3. 

8. Ghosh SS, Fahy E, Bodis-Wollner I, Sherman J, 
Howell N. Longitudinal study of a heteroplasmic 

9. 

10. 

11. 

12. 

13. 

14. 

3460 Leber hereditary optic neuropathy family by 
multiplexed primer extension analysis and nucleo­
tide sequencing. Am J Hum Genet 1996; 58: 
325-34. 
Brown MD, Voljavec AS, Lott MT, Torroni A, 
Yang CC, Wallace DC. Mitochondrial DNA com­
plex I and III mutations associated with Leber's 
hereditary optic neuropathy. Genetics 1992; 130: 
163-73. 
Huoponen K, Vilkki J, Aula P, Nikoskelainen 
EK, Savontaus ML. A new mtDNA mutation 
associated with Leber hereditary optic neuro­
retinopathy. Am J Hum Genet 1991; 48: 1147-53. 
Johns DR, Neufeld MJ. Cytochrome b mutations 
in Leber hereditary optic neuropathy. Biochem 
Biophys Res Commun 1991; 181: 1358-64. 
Newman NJ. Leber's hereditary optic neuro­
pathy: New genetic considerations. Arch Neurol 
1993; 50: 540-8. 
Sambrook J, Fritsch EF, Maniatis T. Molecular 
cloning. A laboratory manual. 2nd ed. New York: 
Cold Spring Harbor Laboratory Press, 1989: 
9.16-9.19. 
Sanger F, Niklen S, Coulson AR. DNA sequenc­
ing with chain-termination inhibitors. Proc Nat! 
Acad Sci USA 1977; 74: 5463-7. 



64 P. LERTRIT et al. J Med Assoc Thai January 1999 

'"'••~~tttln~ttJEl~6u 1~ t"'"'El'ULtt~tJYI~'"'ruEll Yl,\inu. yt\J~ 
Leber's hereditary optic neuropathy (LHON) fi'UlYltJ 

...... ,. - .,( * ... 
W'lf1!1 LNfiTC]rJtJ, W.ll., Ph.D. , -113-/LL'JJ L1iNJ1LJ'lf, W.ll. **, 

- - ,. - _, 0 * 
!1/T.J miNWI()J'lf!J, IY/.3-/. *, f)"jZV/ iJ;.JN/1/fJ!, IYW , 

t~JfJ!fOTJ "'""_,mmfJ!~'![ n.u .• M.Sc. *, iJ[NUN tdiJ_,~ru. w.u. * 

hl'l Leber hereditary optic neuropathy (LHON) LU'\Jhl'l1).1L~I'lEl'\JL~1tJhl'l'YI,j~ i1~n~ru::mm'i'Ylall'lt1J?1El 
"' .1 ~ "' ~ - ..1' ~.I ~ " t - ..1' " ~ • - "' " ~" ).l~lUEl~~lnu'i::~lYl~lL~El).IL'WtJUW~'\J LL~::~::Ln~'ll'\JnUu'i::~lYl~lYl~~El~'lll~ ~tJ~::Ln~'ll'\JW'iEl).ln'\J'YI'iEILn~Yl~::'lll~n Li11 

t 'il'lifi1m'itiltJY1Eli11Yll-3W'\JI'lm'i).l~ln).ll'il1111 tl~\.!~'i LL~::wu1 '\J~'IIltJ).Ilnnil~'Yit~-3 LL~::~l'\JL 'YI{jj~::iimm'iriEl'IJEll~ 
30 tJ wu1lhl'lifLii~L,jEl-3).1l~lnm'in~ltJw'\Jq'llu~ti'IJ1).1 t~l'lEl'\JLI111tJ'llEl~~thtJ l'lru::0~tJ 'iltJ-31'\Jhl'lih'\J~thtJ'IIltJ 
'lll11YltJ ).llWULLWYlV~ltJEllm'i).IEl-3 hiLi1'1J~1tJ~l'lil-3'll11 LL~::~l).l~ltJ'IiwD'ltJmtJL'U 2 Lliiu'\J m'i~·n~tiu 1).1 t~l'lEl'UL~1tJ 

wum1n~ltJW'\JQ'llEl-3V'IJ1).1t~l'lEl'\JLI111tJYl(imL'YI'IJ-3 11778 L'IJLili11L~Eli11'lll1'llEl-3~thtJ 

* 11ll'li'lll'd1LI'li1, 

11ll'li'lll~n'l'tiYltJl, l'lfiJ::LLWYltJm~~{ffl11'11WtllUl~. ).I'YillYltll~tJ).Iiil11~. n1-3LY1W'1 10700 


