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In Brief

In this prospective case-control study,

Thompson Legault et al. applied

comprehensive metabolic profiling in a

genetically homogeneous form of Leigh

syndrome to discover a robust signature

of disrupted oxidative phosphorylation.

The metabolic signature includes

markers of mitochondrial disease,

cardiometabolic risk, and disrupted NAD+

as well as lipid and amino acid

metabolism.
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SUMMARY

A decline in mitochondrial respiration represents the
root cause of a large number of inborn errors ofmeta-
bolism. It is also associated with common age-
associated diseases and the aging process. To gain
insight into the systemic, biochemical consequences
of respiratory chain dysfunction, we performed a
case-control, prospective metabolic profiling study
in a genetically homogenous cohort of patients with
Leigh syndrome French Canadian variant, a mito-
chondrial respiratory chain disease due to loss-
of-function mutations in LRPPRC. We discovered
45 plasma and urinary analytes discriminating pa-
tients from controls, including classic markers of
mitochondrial metabolic dysfunction (lactate and
acylcarnitines), as well as unexpected markers of
cardiometabolic risk (insulin and adiponectin), amino
acid catabolism linked to NADH status (a-hydroxy-
butyrate), and NAD+ biosynthesis (kynurenine and
3-hydroxyanthranilic acid). Our study identifies sys-
temic, metabolic pathway derangements that can
lie downstream of primary mitochondrial lesions,
with implications for understanding how the organ-
elle contributes to rare and common diseases.

INTRODUCTION

Mitochondrial dysfunction is increasingly being recognized as a

hallmark of rare and common age-associated diseases. Among

inherited metabolic diseases, those affecting mitochondria are

the most prevalent worldwide (1:5,000), frequently manifest in

early childhood, and are associatedwith highmorbidity andmor-

tality (DiMauro, 2004; Torraco et al., 2009; Vafai and Mootha,

2013). These disorders may be caused by genetic lesions in

either nuclear or mtDNA, whichmay disrupt numerousmetabolic

pathways housed in the mitochondria but most prominently the

oxidative phosphorylation (OXPHOS) system (Debray et al.,

2008; Munnich and Rustin, 2001). These disorders can impact

virtually any organ system as a whole or in a tissue-specific

manner. A subtle decline in OXPHOS is associated with skeletal

muscle atrophy, type 2 diabetes, neurodegeneration, and the

aging process itself (Vafai andMootha, 2012), though the molec-

ular basis and biochemical consequences are currently not

known. There is growing interest in rare mitochondrial disorders,

and studying themmay shed insight into the role of the organelle

to more common, age-associated disease.

Recently, tremendous progress has been achieved in the

genetic characterization of rare mitochondrial disorders, yet

their management remains challenging because of the difficulty

to track their progression and the absence of proven therapies

(DiMauro and Mancuso, 2007; Orsucci et al., 2009; Pfeffer

et al., 2013; Schapira, 2012). This is due in part to our lack of un-

derstanding of the metabolic consequences of OXPHOS defects

beyond ATP and the commonly reported high blood lactate. In

this regard, the recent emergence of metabolomics technologies

offers a means to systematically measure thousands of low-

molecular-weight compounds in order to provide a global view

of alterations inmetabolic pathways inducedby a given perturba-

tion, whether resulting from a gene mutation or disease onset.

These methods have been applied to numerous diseases such

as diabetes and cardiovascular disease (for reviews, see Roberts

and Gerszten, 2013 and Shah et al., 2012). However, only few
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