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Complex | deficiency and Leigh syndrome
through the eyes of a clinician
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Mitochondrial complex | deficiency is asso-
ciated with a wide range of clinical presen-
tations, including Leigh syndrome. Its
genetic causes are heterogeneous, with
poor genotype—phenotype correlation. It is
impossible to identify the genetic defect of
complex | deficiency using clinical observa-
tion and metabolic/imaging studies alone.
As a result, whole-exome sequencing (WES)
is increasingly used in clinical work to iden-
tify an underlying genetic defect causing
the disease. The article in this issue of
EMBO Molecular Medicine by Alahmad et al
(2020) is timely and valuable, as it expands
on the genotype of mitochondrial complex
| deficiency by identifying and characteris-
ing pathogenic variants of the NDUFC2
gene in children with Leigh syndrome.

EMBO Mol Med (2020) 12: e13187
See also: A Alahmad et al (November 2020)

itochondria are present in all

nucleated cells and responsible for

the generation of adenosine
triphosphate (ATP) via oxidative phosphory-
lation (OXPHOS). Around 90% of the cell
energy requirements are achieved through
hydrolysis of ATP, making the mitochondrial
ATP production a crucial energy source
for the human body (Harris & Das, 1991).
The OXPHOS system contains five multi-
subunit complexes and two electron carriers.
In mammals, mitochondrial complex I is
composed of 45 subunits and is responsible
for the most frequently observed single-
enzyme deficiency causing OXPHOS disorders
(Rodenburg, 2016). Clinical phenotypes
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associated with complex I deficiencies
include Leigh syndrome, severe or fatal lactic
acidosis, leukoencephalopathy, pure myopa-
thy, hepatopathy with renal tubulopathy,
neonatal cardiomyopathy, Leber’s heredi-
tary optic neuropathy and mitochondrial
encephalomyopathy with lactic acidosis and
stroke-like episodes (Fassone & Rahman,
2012). However, there is increasing evidence
that the phenotype of complex I deficiency
is even broader including, for example,
isolated congenital sideroblastic anaemia
(Lichtenstein et al, 2016). Early symptoms
often present a non-specific clinical and
biochemical picture, regardless of patient
age, and phenotypes may vary widely among
family members (Reinson et al, 2019).

Leigh syndrome, first described by Denis
Leigh in 1951 as a subacute necrotising
encephalomyelopathy, is a rare inherited
progressive neurodegenerative disorder. It is
characterised by focal, bilaterally symmetri-
cal and subacute necrotic lesions in the
thalamus, brainstem and posterior columns
of the spinal cord. As there is no single clini-
cal or laboratory criterion, diagnosis of
Leigh syndrome is based on clinical observa-
tion, family history, laboratory evaluations,
imaging, histochemical staining of muscle
biopsies, mitochondrial respiratory chain
enzyme activity analysis and identification
of mitochondrial DNA (mtDNA) or nuclear
DNA (nDNA) pathogenic variant(s) (Baer-
tling et al, 2014). The most frequently
observed abnormality, which occurs in more
than 30% of patients, is complex I defi-
ciency (Fassone & Rahman, 2012). Disease
onset is typically between 3 and 12 months
with 50% of affected individuals dying at

3 years of age (Rahman et al, 1996).
However, Leigh syndrome can also occur
during adolescence or adulthood (Baertling
et al, 2014), and with appropriate treatment,
patients can survive for many years after
diagnosis (Rahman et al, 1996).

Mitochondrial disorders are caused by
pathogenic variant(s) in either nDNA or
mtDNA. To date, there are 89 genes known
to cause Leigh syndrome (Rahman et al,
2017) and at least 44 genes encode complex
I subunits. Figure 1 shows the correlation
between nuclear-encoded complex I subunit
and assembly factor genes and the main
clinical phenotype (neurological, metabolic,
cardiac and exercise intolerance). Identifi-
cation of novel homozygous NDUFC2 vari-
ants in 3 subjects with Leigh syndrome
by Alahmad et al adds NDUFC2 to the list
of genes causing complex [ deficiency
(Fig 1). Furthermore, Alahmad and collea-
gues revealed that the mutations in NDUFC2
gene cause a defect in the assembly of
the complex I holoenzyme suggesting an
important role for NDUFC2 in the assembly
of the membrane arm of complex I
(Alahmad et al, 2020).

From a clinician’s point of view, treat-
ment especially of a multi-systemically
affected child with mitochondrial disease is
complex and must be rapid. It is important
to highlight that the precise molecular
diagnosis allows clinicians to counsel the
patients and their families about the possi-
bilities of treatment, recurrence risk, prena-
tal testing options and prognosis. The
introduction of WES in clinical work has
greatly improved the prospect of achieving a
genetic diagnosis for patients with high
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Neurologic presentation | 37 genes
 Leigh syndrome spectrum 39%

¢ Leukoencephalopathy 14%

¢ Unspecified encephalomyopathy 9%
* Myoclonic epilepsy 2%

® Cerebellar ataxia 2%

Cardiac presentation | 13 genes
* Hypertrophic cardiomyopathy 19%

Metabolic presentation | 13 genes
e Fatal infantile lactic acidosis 11%

Exercise intolerance 4% | 1 gene
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Figure 1. The correlation between nuclear-encoded genes and the clinical phenotype.
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The correlation between nuclear-encoded complex | subunit and assembly factor genes and the main clinical phenotype (neurological, metabolic, cardiac and exercise
intolerance) is given in this Venn diagram. This diagram, and the relative prevalence of the main clinical phenotypes, is adapted from the Fassone and Rahman review.
The 16 new genes, identified after 2012, are marked in bold. Asterisk (*) signifies a gene identified by Alahmad et al (2020).

clinical diagnostic scoring of mitochondrial
disorders in up to 60% of cases (Puusepp
et al, 2018). However, WES does not magi-
cally produce an effortless diagnosis in all
cases. Data may not provide enough
certainty for a definitive diagnosis, and a
clinician may have few opportunities (and
little time) for fundamental and broad-based
functional research. In complicated and fast-
evolving cases, bedside decisions on patient
care still rely on the literature.

The value and importance of the article
by Alahmad et al lie in functional studies
with new pathogenic variants of the NDUFC2
gene. From a physician’s point of view,
identification of these gene variants will
support prenatal diagnosis and allow a more
accurate prognosis that would offer appropri-
ate family counselling that is often the only
relief in a difficult time. In addition, Alahmad
et al also impart detailed information on
gene-encoded proteins, mutation-induced
dysfunctions and complex I assembly path-
ways, providing a basis for future research
and hopefully treatment options as well.
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In conclusion, we still do not completely
understand the complexity of diseases and
their causes. Therefore, collaboration between
clinicians and scientists in the areas of geno-
mics, transcriptomics, proteomics and meta-
bolomics is essential for the continued
development of evidence-based diagnoses and
treatments.
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