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Abstract

This article reports the case of an | I-year-old boy with progressive dystonia caused by the homoplasmic G14459A mitochondrial
DNA mutation. The patient presented with focal dystonia in the right upper limb at 3 years of age, which progressed over 4 years
to exhibit dystonia in both the upper and lower limbs. At 7 years of age, high signal intensity lesions in the bilateral striata and the mid-
brain were observed on fluid-attenuated inversion recovery images. It was observed on diffusion-weighted images that with time, these
high signal intensity lesions migrated from the putamen to the caudate nuclei, which closely correlated with disease progression.
Because his symptoms and abnormal magnetic resonance imaging findings progressed despite treatment with coenzyme Q10 and
L-carnitine, at 7 years of age he was then started on sodium succinate, hoping to improve his complex | deficiency. After treatment,
progression of MRl abnormalities appeared to have been suppressed for 4 years, although no improvement was observed in dystonia.
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Mitochondrial disorders have been associated with various clin-
ical manifestations ranging from myopathies to multisystem dis-
orders. Recently, there have been several reports of cases of
patients with G14459A mitochondrial DNA mutation in the
reduced nicotinamide adenine dinucleotide dehydrogenase sub-
unit 6 gene.'” A G>A transition mutation at nucleotide position
14 459 leads to alanine-to-valine amino acid substitution at posi-
tion 72 of the reduced nicotinamide adenine dinucleotide dehy-
drogenase subunit 6 of complex I. Patients with G14459A
mitochondrial DNA mutation present as 5 different phenotypes,
namely Leber hereditary optic neuropathy,*® Leber hereditary
optic neuropathy plus dystonia,>” childhood-onset dystonia,'~"
® Leigh or Leigh-like syndrome,”® and clinically asympto-
matic.'>"> The childhood-onset phenotype associated with the
G14459A mitochondrial DNA mutation has characteristics of
dystonia, short stature, bulbar and corticospinal tract dysfunc-
tion, and striatal necrosis on brain magnetic resonance imaging
(MRI). The Leigh phenotype shows developmental delay and
brain stem lesions on MRI. The case of a patient presenting with
childhood-onset, progressive dystonia, and rigospasticity with

the homoplasmic G14459A mitochondrial DNA mutation show-
ing interesting manifestations on MRI is described. This patients
was treated with sodium succinate to improve complex I defi-
ciency because his symptoms and MRI abnormalities pro-
gressed, despite treatment with coenzyme Q10 and L-carnitine.
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Case Report

The patient was an 11-year-old boy with no family history of
optic neuropathy or dystonia. He presented with focal dystonia
in the right upper limb at 3 years of age, and his disease pro-
gressed over 4 years to dystonia in both the upper and the lower
limbs on his dominant right side. At 5 years of age, he was able
to walk slowly without holding a handrail. However, at 7 years
of age, he had severe dysarthria and was unable to walk without
support owing to dystonia and spasticity. He had neither mental
retardation (verbal 1Q, 129; performance 1Q, 97; full-scale IQ,
115 by the Weschler Intelligence Scale for Children) nor short
stature. Ophthalmologic examination showed no remarkable
findings indicative of optic neuropathy. Magnetic resonance
imaging findings at 3 years of age showed high signal intensity
lesions in bilateral putamina on fluid-attenuated inversion
recovery images (Figure 1A-C) and diffusion-weighted images
(Figure 1D). With time, the high signal intensity lesions on
diffusion-weighted images migrated from the putamina to the
caudate nuclei (Figure 1E-L). The MRI findings obtained at
6 years of age showed that the high signal intensity lesions had
spread to the bilateral caudate nuclei and the midbrain on fluid-
attenuated inversion recovery images (Figure 1I-K) and
diffusion-weighted images (Figure 1L). On laboratory exami-
nation at 7 years of age, blood cell counts were normal, and the
concentrations of lactate and pyruvate were not elevated in
serum and cerebrospinal fluid. The serum concentrations of
copper and ceruloplasmin were normal. In the serum Amino
acid analysis, organic acid level in urine, and levels of lysoso-
mal enzyme in white blood cells were found to be normal.
Sequence analysis of the white blood cell mitochondrial DNA
from this patient showed the presence of a homoplasmic G>A
transition mutation at nucleotide position 14 459 in the reduced
nicotinamide adenine dinucleotide dehydrogenase subunit 6
gene (Figure 2).

The patient had been treated with coenzyme Q10 (2 mg/kg/
d), L-carnitine (90 mg/kg/day), and vitamins since the age of 4
years. However, his symptoms and MRI abnormalities pro-
gressed gradually despite treatment. Therefore, oral adminis-
tration of sodium succinate (250 mg/kg/d) was started from
the age of 7 years, on the basis of the presence of G14459A
mitochondrial DNA mutation (which can cause complex I defi-
ciency) and a previous case report of a patient with mitochon-
drial encephalomyopathy, lactic acidosis, and stroke-like
episodes (MELAS)."’

On the follow-up MRI examinations over the subsequent 4
years, progression of MRI abnormalities appeared suppressed,
but there was no improvement in dystonia (Figure 1M-T).

Discussion

In the present case, mitochondrial DNA analysis of the entire
region revealed a G>A transition mutation at nucleotide posi-
tion 14 459, leading to alanine-to-valine amino acid substitu-
tion at position 72 of the reduced nicotinamide adenine
dinucleotide dehydrogenase subunit 6 of complex I. The

G14459A mitochondrial DNA mutation has been reported in
the following patients: 9 with childhood-onset dystonia, 6 with
Leber hereditary optic neuropathy, 4 with Leber hereditary
optic neuropathy plus dystonia, 4 with Leigh or Leigh-like syn-
drome, and 4 who were clinically asymptomatic. The general
features of cases reported to be of the dystonia phenotype were
progressive generalized dystonia and/or optic neuropathy. The
common finding on brain MRI was striatal necrosis without
brain stem lesions. The clinical findings of Leigh disease are
optic involvement, early developmental delay, and hypotonia.
The patients with Leigh-like encephalopathy showed visual
dysfunction, ataxia, and hearing loss. T2-weighted magnetic
resonance images showed high signal intensity lesions in the
medial thalamic nuclei, anterior pons, and cerebral peduncles
in one patient and in the dorsal midbrain and red nucleus in
other patients, in addition to a basal ganglia lesion. The patient
reported in our study presented with the dystonic phenotype
and Leigh-like findings on neuroimaging, showing degenera-
tion in the bilateral striata and right substantia nigra. The var-
iation in clinical expression indicates that modifying nuclear
factors are likely involved, playing a role in the clinical expres-
sion of mitochondrial diseases.

The diffusion-weighted MRI findings in our patient are
characteristic. With time, high signal intensity lesions on
diffusion-weighted images migrated from the putamina to the
caudate nuclei, which closely correlated with his disease pro-
gression. Diffusion-weighted images enhance the restricted
mobility of water molecules in the brain, and it is a useful tool
for detecting acute ischemic lesions in patients with stroke. The
pathophysiology of the diffusion abnormalities associated with
mitochondrial diseases remains unclear, although it has been
reported in some patients with Leigh disease.'' Considering the
finding that diffusion abnormalities migrated from the puta-
mina to the caudate nuclei in parallel with the disease progres-
sion in this patient, diffusion abnormalities might be caused by
the chronic mitochondrial respiratory dysfunction due to the
mutation of the reduced nicotinamide adenine dinucleotide
dehydrogenase subunit 6 gene.

Several drugs for mitochondrial encephalopathy have been
reported. They include coenzyme Q10, cytochrome ¢ nicotina-
mide, dichloroacetate, L-arginine, and succinate. These drugs
(except for L-arginine) are mitochondrial respiratory chain
enzymes or its substrates and are considered to compensate for
the defects in the corresponding pathways. Because the
G14459A mitochondrial DNA mutation could cause complex
I deficiency, oral administration of sodium succinate was
started on the basis of a previous case report of a patient with
MELAS.'® The proposed pharmacological mechanism is that
the respiratory capacity with the defect in complex I can be
improved or restored by succinate administration through the
activation of the complex II system. It has been reported that
succinate enhances electron flow from complex II to complex
III (coenzyme Q cytochrome c reductase) and to complex IV
(cytochrome c oxidase), enabling these 2 energy coupling sites
to operate normally. In the present case, progression of MRI
abnormalities appears to have been suppressed for 4 years after
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Figure |. A-D, Brain magnetic resonance imaging (MRI) obtained at 3 years 2 months of age shows high signal intensity lesions with partially cystic
lesions in the bilateral putamina on fluid-attenuated inversion recovery images (A-C) and diffusion diffusion-weighted imaging (D). E-H, Brain MRI
obtained at 5 years 2 months of age show a high signal intensity lesion that is newly detected in the left caudate nucleus on fluid-attenuated inversion
recovery images (E-G). Diffusion-weighted imaging shows that the bilateral putamina are iso- or hypointense and the left caudate nucleus is
hyperintense (H). I-L, Brain MRI obtained at 6 years | | months of age shows high signal intensity lesions spread to bilateral caudate nuclei and the
midbrain (right substantia nigra) on fluid-attenuated inversion recovery images (I-K) and diffusion-weighted imaging (L), in addition to the putaminal
hyperintensities. M-O, Brain MRI obtained at 8 years 6 months of age shows high signal intensity lesions in the bilateral putamina and caudate nuclei
on T2-weighted (M-O) and diffusion-weighted imaging (P). Q-T, Brain MRl obtained at |0 years 5 months of age shows high signal intensity lesions in
the bilateral putamina and caudate nuclei on T2-weighted (Q-S) and diffusion-weighted imaging (T). There is a trend for decrease in striatal volume.
A-C, E-G, I-K: fluid-attenuated inversion recovery images; M-O, Q-S: T2-weighted images; and D, H, L, P, T: diffusion-weighted images.
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Figure 2. Sequence analysis of the white blood cell mitochondrial
DNA from this patient shows the presence of a homoplasmic

G>A transition mutation at nucleotide position 14 459 in the reduced
nicotinamide adenine dinucleotide dehydrogenase subunit 6 gene.

treatment with sodium succinate. There is a possibility that
treatment with sodium succinate is helpful in patients with
G14459A mitochondrial DNA mutation, although further
investigation is necessary.

Authors’ Note

This work was done at Tokyo Metropolitan Children’s Medical
Center. This case has not been presented elsewhere.

Author Contribution

AK wrote the manuscript, reviewed the literature, and prepared the
manuscript for submission. HO and MK reviewed the article. YG
performed genetic analysis.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

Ethical Approval

This study was done in accordance with the rules set by Tokyo
Metropolitan Children’s Medical Center review board.

References

1. Kim IS, Ki CS, Park KJ. Pediatric-onset dystonia associated with
bilateral striatal necrosis and G14459A mutation in a Korean fam-
ily: a case report. J Korean Med Sci. 2010;25(1):180-184.

2. Watanabe M, Mita S, Takita T, Goto Y, Uchino M, Imamura S.
Leber’s hereditary optic neuropathy with dystonia in a Japanese
family. J Neurol Sci. 2006;243(1-2):31-34.

3. Gropman A, Chen TJ, Perng CL, et al. Variable clinical manifes-
tation of homoplasmic G14459A mitochondrial DNA mutation.
Am J Med Genet 4. 2004;124A(4):377-382.

4. Tarnopolsky MA, Baker SK, Myint T, Maxner CE, Robitaille J,
Robinson BH. Clinical variability in maternally inherited Leber
hereditary optic neuropathy with the G14459A mutation. Am J
Med Genet A. 2004;124A(4):372-376.

5. Jun AS, Brown MD, Wallace DC. A mitochondrial DNA muta-
tion at nucleotide pair 14459 of the NADH dehydrogenase subunit
6 gene associated with maternally inherited Leber hereditary optic
neuropathy and dystonia. Proc Natl Acad Sci U S A. 1994;91(13):
6206-6210.

6. Shoffner JM, Brown MD, Stugard C, et al. Leber’s hereditary
optic neuropathy plus dystonia is caused by a mitochondrial DNA
point mutation. Ann Neurol. 1995;38(2):163-169.

7. Funalot B, Reynier P, Vighetto A, et al. Leigh-like encephalo-
pathy complicating Leber’s hereditary optic neuropathy. Ann
Neurol. 2002;52(3):374-3717.

8. Jun AS, Trounce IA, Brown MD, Shoffner JM, Wallace DC. Use
of transmitochondrial cybrids to assign a complex I defect to the
mitochondrial DNA-encoded NADH dehydrogenase subunit 6
gene mutation at nucleotide pair 14459 that causes Leber heredi-
tary optic neuropathy and dystonia. Mol Cell Biol. 1996;16(3):
771-777.

9. Kirby DM, Kahler SG, Freckmann ML, Reddihough D, Thorburn
DR. Leigh disease caused by the mitochondrial DNA G14459A
mutation in unrelated families. Ann Neurol. 2000;48(1):102-104.

10. Oguro H, lijima K, Takahashi K, et al. Successful treatment with
succinate in a patient with MELAS. Intern Med. 2004;43(5):
427-431.

11. Sakai Y, Kira R, Torisu H, Ihara K, Yoshiura T, Hara T. Persistent
diffusion abnormalities in the brain stem of three children with
mitochondrial diseases. AJNR Am J Neuroradiol. 2006;27(9):
1924-1926.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


