Cleveland Medical Center

Lethal neonatal case and review of primary short-chain enoyl-CoA
hydratase (SCEH) deficiency associated with secondary lymphocyte
pyruvate dehydrogenase complex (PDC) deficiency
Jirair K. Bedoyan1,2,3, Samuel P. Yang4, Sacha Ferdinandusse5, Rhona M. Jack6, Alexander Miron2, George Grahame3,
Suzanne D. DeBrosse1,2, Charles L. Hoppel3,7,8, Douglas S. Kerr3,9, and Ronald J. A. Wanders5

1 Center

for Human Genetics, 2 Department of Genetics and Genome Sciences, 7 Department of Pharmacology, 8 Department of Medicine, 9 Department of Pediatrics, Case Western Reserve University, Cleveland, OH, USA, 3 Center for
Inherited Disorders of Energy Metabolism, University Hospitals Cleveland Medical Center, Cleveland, OH, USA, 4 Clinical Genomics and Predictive Medicine, Providence Medical Group, Spokane, WA, USA, 5 Departments of Clinical
Chemistry and Pediatrics, Laboratory Genetic Metabolic Diseases, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands, and 6 Seattle Children’s Hospital Laboratory, University of Washington, Seattle, WA, USA
ABSTRACT

CONCLUSIONS

Mutations in ECHS1 result in short-chain enoyl-CoA hydratase (SCEH) deficiency
which mainly affects the catabolism of various amino acids, particularly valine.
We describe a case compound heterozygous for ECHS1 mutations c.836T>C
(novel) and c.8C>A identified by whole exome sequencing of proband and parents.
SCEH deficiency was confirmed with very low SCEH activity in fibroblasts (Table 1)
and nearly absent immunoreactivity of SCEH (Fig. 1). The patient had a severe
neonatal course with elevated blood and cerebrospinal fluid lactate and pyruvate
concentrations, high plasma alanine and slightly low plasma cysteine (see Timeline
below). 2-Methyl-2,3-dihydroxybutyric acid was markedly elevated as were
metabolites of the three branched-chain α-ketoacids on urine organic acids analysis
(Fig. 2A). These urine metabolites notably decreased when lactic acidosis decreased
in blood (Fig. 2B). Lymphocyte pyruvate dehydrogenase complex (PDC) activity was
deficient, but PDC and α-ketoglutarate dehydrogenase complex activities in cultured
fibroblasts were normal (Table 1). Mitochondrial oxidative phosphorylation analysis
on intact digitonin-permeabilized fibroblasts was suggestive of slightly reduced PDC
activity relative to control range in mitochondria (Table 1).
We reviewed 16 other cases with mutations in ECHS1 where PDC activity was
also assayed in order to determine how common and generalized secondary PDC
deficiency is associated with primary SCEH deficiency (Table 2). For reasons that
remain unexplained, we find that about half of cases with primary SCEH deficiency
also exhibit secondary PDC deficiency (Table 2). Table 3 summarizes the currently
known genetic etiologies for impaired pyruvate oxidation.
The patient died on day-of-life 39, prior to establishing his diagnosis,
highlighting the importance of early and rapid neonatal diagnosis because of
possible adverse effects of certain therapeutic interventions, such as administration
of ketogenic diet, in this disorder. There is a need for better understanding of the
pathogenic mechanisms and phenotypic variability in this relatively recently
discovered disorder.

The ECHS1 c.836T>C and c.8C>A mutations in a compound heterozygous state are
pathogenic, leading to very low SCEH activity and immunoreactivity of SECH as well as
a lethal neonatal phenotype. Lymphocyte PDC activity was low in this patient but PDC
and KDC activities in cultured fibroblasts were normal. Oxidative phosphorylation
analysis on intact digitonin-permeabilized fibroblasts showed moderate impairment
that could be due to reduced pyruvate oxidation in intact mitochondria. Urine 2methyl-2,3-dihydroxybutyric acid was markedly elevated but markedly decreased when
lactic acidosis diminished.
Soon after initiation of ketogenic diet the patient’s clinical course deteriorated and
he died, prior to his diagnosis with SCEH deficiency. Others have also reported lack of
success with use of ketogenic diet for this disorder (1). Administration of a ketogenic
diet may not be completely effective to control lactic acidosis and/or may be
harmful in cases where PDC deficiency is secondary to 1) impairment of formation
of acetyl-CoA in defects of fatty acid β-oxidation (e.g., SCEH deficiency), 2)
decreased oxidation of acetyl-CoA due to primary oxidation defects distal to PDC
(e.g., the tricarboxylic acid cycle including succinyl-CoA synthetase deficiency), or 3)
combined defects of PDC and α-ketoglutarate dehydrogenase complex (e.g., E3,
thiamine pyrophosphate, or lipoate deficiencies).
Early and rapid neonatal diagnosis of this disorder through inclusion in NBS panels
or by targeted gene-panel or WES testing of ill neonates with lactic acidosis is crucial
because of the possible adverse impact of certain therapeutic interventions in
outcome. For mechanisms that remain unexplained, about half of previously reported
cases with primary SCEH deficiency also exhibit secondary PDC deficiency.

Fig. 2. Urine organic acid profiles of patient. Total ion chromatograms (A and B from
DOL #3 and #19, respectively) and mass spectra (C and D). A, blood lactate 10.6-12.8
mM and UOA lactate 15800 mg/g creatinine (RR <125); B, UOA lactate 137 mg/g
creatinine; C, Average of 12.1 minutes, identifying the peak as 2-methyl-2,3dihydroxybutyric acid; and D, m/z spectrum of 2-methyl-2,3-dihydroxybutyric acid.
Noted in red: 1, lactic acid; 2, pyruvic acid; 3, 3-hydroxybutyric acid; 4, acetoacetic
acid; 5, 2-ketoisovaleric acid; 6, urea; 7, 2-ketomethylvaleric acid; 8, 2-ketoisocaproic
acid; 9, fumaric acid; 10, 2-methyl-2,3-dihydroxybutyric acid; 11, 3-methylglutaconic
acid (peaks 1 and 2); 12, adipic acid; and 13, tiglylglycine. Internal standards 1 and 2
(IS1 and IS2) are caproic acid, and cyclohexylacetic acid, respectively.

Fig. 1. Protein expression in patient fibroblasts. Immunoblot analysis using
antibodies against SCEH and alpha tubulin (loading control). Patient fibroblast (P)
shows significantly reduced SCEH protein expression vs a control sample (C).
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