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Leigh syndrome
Leigh syndrome is a severe neurological disorder that usually becomes apparent in
the first year of life. This condition is characterized by progressive loss of mental and
movement abilities (psychomotor regression) and typically results in death within two
to three years, usually due to respiratory failure. A small number of individuals do not
develop symptoms until adulthood or have symptoms that worsen more slowly.
The first signs of Leigh syndrome seen in infancy are usually vomiting, diarrhea, and
difficulty swallowing (dysphagia), which disrupts eating. These problems often result
in an inability to grow and gain weight at the expected rate (failure to thrive). Severe
muscle and movement problems are common in Leigh syndrome. Affected individuals
may develop weak muscle tone (hypotonia), involuntary muscle contractions (dystonia),
and problems with movement and balance (ataxia). Loss of sensation and weakness
in the limbs (peripheral neuropathy), common in people with Leigh syndrome, may also
make movement difficult.
Several other features may occur in people with Leigh syndrome. Many individuals
with this condition develop weakness or paralysis of the muscles that move the eyes
(ophthalmoparesis); rapid, involuntary eye movements (nystagmus); or degeneration
of the nerves that carry information from the eyes to the brain (optic atrophy).
Severe breathing problems are common, and these problems can worsen until they
cause acute respiratory failure. Some affected individuals develop hypertrophic
cardiomyopathy, which is a thickening of the heart muscle that forces the heart to
work harder to pump blood. In addition, a substance called lactate can build up in
the body, and excessive amounts are often found in the blood, urine, or the fluid that
surrounds and protects the brain and spinal cord (cerebrospinal fluid) of people with
Leigh syndrome.
The signs and symptoms of Leigh syndrome are caused in part by patches of damaged
tissue (lesions) that develop in the brains of people with this condition. A medical
procedure called magnetic resonance imaging (MRI) reveals characteristic lesions
in certain regions of the brain. These regions include the basal ganglia, which help
control movement; the cerebellum, which controls the ability to balance and coordinates
movement; and the brainstem, which connects the brain to the spinal cord and controls
functions such as swallowing and breathing. The brain lesions are often accompanied
by loss of the myelin coating around nerves (demyelination), which reduces the ability
of the nerves to activate muscles used for movement or relay sensory information from
the rest of the body back to the brain.

Frequency
Leigh syndrome affects at least 1 in 40,000 newborns. The condition is more common
in certain populations. For example, the condition occurs in approximately 1 in
2,000 newborns in the Saguenay Lac-Saint-Jean region of Quebec, Canada and in
approximately 1 in 1,700 individuals on the Faroe Islands.
Causes
Leigh syndrome can be caused by mutations in one of more than 75 different genes.
In humans, most genes are found in DNA in the cell's nucleus, called nuclear DNA.
However, some genes are found in DNA in specialized structures in the cell called
mitochondria. This type of DNA is known as mitochondrial DNA (mtDNA). While most
people with Leigh syndrome have a mutation in nuclear DNA, about 20 percent have a
mutation in mtDNA.
Most genes associated with Leigh syndrome are involved in the process of energy
production in mitochondria. Mitochondria use oxygen to convert the energy from food
into a form cells can use through a process called oxidative phosphorylation. Five
protein complexes, made up of several proteins each, are involved in this process. The
complexes are named complex I, complex II, complex III, complex IV, and complex
V. During oxidative phosphorylation, the protein complexes drive the production of
adenosine triphosphate (ATP), the cell's main energy source, through a step-by-step
transfer of negatively charged particles called electrons. Many of the gene mutations
associated with Leigh syndrome affect proteins in these complexes or disrupt their
assembly. These mutations reduce or eliminate the activity of one or more of these
complexes, which can lead to Leigh syndrome.
Disruption of complex I, also called NADH:ubiquinone oxidoreductase, is the most
common cause of Leigh syndrome, accounting for nearly one third of cases of the
condition. At least 25 genes involved in the formation of complex I, found in either
nuclear or mitochondrial DNA, have been associated with Leigh syndrome.
Disruption of complex IV, also called cytochrome c oxidase or COX, is also a common
cause of Leigh syndrome, underlying approximately 15 percent of cases. One of the
most frequently mutated genes in Leigh syndrome is SURF1. This gene, which is found
in nuclear DNA, provides instructions for making a protein that helps assemble the
COX protein complex (complex IV). This complex, which is involved in the last step of
electron transfer in oxidative phosphorylation, provides the energy that will be used in
the next step of the process to generate ATP. Mutations in the SURF1 gene typically
lead to an abnormally short SURF1 protein that is broken down in cells, resulting in the
absence of functional SURF1 protein. The loss of this protein reduces the formation of
normal COX complexes, which impairs mitochondrial energy production.
The most common mtDNA mutation in Leigh syndrome affects the MT-ATP6 gene,
which provides instructions for making a piece of complex V, also known as the ATP
synthase protein complex. Using the energy provided by the other protein complexes,
the ATP synthase complex generates ATP. MT-ATP6 gene mutations, found in
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approximately 10 percent of people with Leigh syndrome, block the generation of
ATP. Other mtDNA mutations associated with Leigh syndrome decrease the activity
of other oxidative phosphorylation protein complexes or lead to reduced formation of
mitochondrial proteins, all of which impair mitochondrial energy production.
Other gene mutations associated with Leigh syndrome decrease the activity of one or
more oxidative phosphorylation protein complexes or affect additional steps related
to energy production. For example, Leigh syndrome can be caused by mutations in
genes that form the pyruvate dehydrogenase complex or coenzyme Q10, both of
which are involved in mitochondrial energy production. Mutations in genes that direct
the replication of mtDNA or the production of mitochondrial proteins can also disrupt
mitochondrial energy production.
Although the exact mechanism is unclear, researchers believe that impaired oxidative
phosphorylation can lead to cell death because of decreased energy available in the
cell. Certain tissues that require large amounts of energy, such as the brain, muscles,
and heart, seem especially sensitive to decreases in cellular energy. Cell death in the
brain likely causes the characteristic lesions seen in Leigh syndrome, which contribute
to the signs and symptoms of the condition. Cell death in other sensitive tissues may
also contribute to the features of Leigh syndrome.
Inheritance Pattern
Leigh syndrome can have different inheritance patterns. It is most commonly inherited
in an autosomal recessive pattern, which means both copies of the gene in each cell
have mutations. This pattern of inheritance applies to most of the Leigh syndromeassociated genes contained in nuclear DNA, including SURF1. The parents of an
individual with an autosomal recessive condition each carry one copy of the mutated
gene, but they typically do not show signs and symptoms of the condition.
In approximately 20 percent of people with Leigh syndrome, the condition is inherited
in a mitochondrial pattern, which is also known as maternal inheritance. This pattern
of inheritance applies to genes contained in mtDNA, including MT-ATP6. Because egg
cells, but not sperm cells, contribute mitochondria to the developing embryo, children
can inherit disorders resulting from mtDNA mutations only from their mother. These
disorders can appear in every generation of a family and affect both males and females,
but fathers do not pass traits associated with changes in mtDNA to their children.
Occasionally, mutations in mtDNA occur spontaneously, and there is no history of Leigh
syndrome in the family.
In a small number of affected individuals with mutations in nuclear DNA, Leigh
syndrome is inherited in an X-linked recessive pattern. The condition has this pattern
of inheritance when the mutated gene is located on the X chromosome, which is one of
the two sex chromosomes. In males (who have only one X chromosome), one altered
copy of the gene in each cell is sufficient to cause the condition. In females (who have
two X chromosomes), a mutation would have to occur in both copies of the gene to
cause the disorder. Because it is unlikely that females will have two altered copies of
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this gene, males are affected by X-linked recessive disorders much more frequently
than females. A characteristic of X-linked inheritance is that fathers cannot pass Xlinked traits to their sons.
Other Names for This Condition
•

infantile subacute necrotizing encephalopathy

•

juvenile subacute necrotizing encephalopathy

•

Leigh disease

•

Leigh's disease

•

subacute necrotizing encephalomyelopathy

Diagnosis & Management
Genetic Testing Information
•

What is genetic testing?
/primer/testing/genetictesting

•

Genetic Testing Registry: Leigh syndrome
https://www.ncbi.nlm.nih.gov/gtr/conditions/C0023264/

•

Genetic Testing Registry: Leigh Syndrome (mtDNA mutation)
https://www.ncbi.nlm.nih.gov/gtr/conditions/CN230159/

•

Genetic Testing Registry: Leigh Syndrome (nuclear DNA mutation)
https://www.ncbi.nlm.nih.gov/gtr/conditions/CN043625/

•

Genetic Testing Registry: Leigh syndrome, French Canadian type
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1857355/

Research Studies from ClinicalTrials.gov
•

ClinicalTrials.gov
https://clinicaltrials.gov/ct2/results?cond=%22Leigh+syndrome%22

Other Diagnosis and Management Resources
•

GeneReview: Mitochondrial DNA-Associated Leigh Syndrome and NARP
https://www.ncbi.nlm.nih.gov/books/NBK1173

•

GeneReview: Nuclear Gene-Encoded Leigh Syndrome Overview
https://www.ncbi.nlm.nih.gov/books/NBK320989

•

National Organization for Rare Disorders (NORD) Physician Guide: Mitochondrial
Myopathies
https://rarediseases.org/physician-guide/mitochondrial-myopathy/
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Additional Information & Resources
Health Information from MedlinePlus
•

Encyclopedia: Hypotonia
https://medlineplus.gov/ency/article/003298.htm

•

Health Topic: Dystonia
https://medlineplus.gov/dystonia.html

•

Health Topic: Genetic Brain Disorders
https://medlineplus.gov/geneticbraindisorders.html

•

Health Topic: Mitochondrial Diseases
https://medlineplus.gov/mitochondrialdiseases.html

•

Health Topic: MRI Scans
https://medlineplus.gov/mriscans.html

•

Health Topic: Respiratory Failure
https://medlineplus.gov/respiratoryfailure.html

Genetic and Rare Diseases Information Center
•

Leigh syndrome
https://rarediseases.info.nih.gov/diseases/6877/leigh-syndrome

•

Mitochondrial DNA-associated Leigh syndrome
https://rarediseases.info.nih.gov/diseases/3671/mitochondrial-dna-associatedleigh-syndrome

•

Nuclear gene-encoded Leigh syndrome
https://rarediseases.info.nih.gov/diseases/12941/nuclear-gene-encoded-leighsyndrome

Additional NIH Resources
•

National Institute of Neurological Disorders and Stroke: Leigh's Disease
https://www.ninds.nih.gov/Disorders/All-Disorders/Leighs-Disease-InformationPage

Educational Resources
•

MalaCards: leigh syndrome
https://www.malacards.org/card/leigh_syndrome_nuclear_dna_mutation

•

Orphanet: Leigh syndrome
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=506

•

Orphanet: Maternally-inherited Leigh syndrome
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=255210

•

United Mitochondrial Disease Foundation: Leigh's Disease
https://www.umdf.org/types/leighs-disease/
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Patient Support and Advocacy Resources
•

MitoAction
http://www.mitoaction.org

•

National Organization for Rare Disorders: Leigh's Disease
https://rarediseases.org/rare-diseases/leigh-syndrome/

•

United Mitochondrial Disease Foundation
https://www.umdf.org/

Clinical Information from GeneReviews
•

Mitochondrial DNA-Associated Leigh Syndrome and NARP
https://www.ncbi.nlm.nih.gov/books/NBK1173

•

Nuclear Gene-Encoded Leigh Syndrome Overview
https://www.ncbi.nlm.nih.gov/books/NBK320989

Scientific Articles on PubMed
•

PubMed
https://www.ncbi.nlm.nih.gov/pubmed?term=%28Leigh+Disease%5BMAJR%5D%2
9+AND+%28Leigh+syndrome%5BTIAB%5D%29+AND+english%5Bla%5D+AND
+human%5Bmh%5D+AND+%22last+1080+days%22%5Bdp%5D

Catalog of Genes and Diseases from OMIM
•

LEIGH SYNDROME
http://omim.org/entry/256000

•

LEIGH SYNDROME, FRENCH CANADIAN TYPE
http://omim.org/entry/220111

•

NECROTIZING ENCEPHALOMYELOPATHY, SUBACUTE, OF LEIGH, ADULT
http://omim.org/entry/161700
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