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3-Hydroxyisobutyryl-CoA hydrolase (HIBCH) deficiency is a recently described disease

resulting from mutations in HIBCH with no effective treatment. Here, we report a female

Chinese patient presenting with exercise-induced dystonia and bilateral symmetrical

hyperintensities of the globus pallidus on brain MRI associated with novel HIBCHmutations

(c.1027C>G;p. H343D and c.383T>A;p.V128D). After treatment for 1 year with a low-valine

diet, both clinical symptoms and brain lesions improved substantially. We propose that

HIBCH deficiency should be considered in the differential diagnosis for patients with

exercise-induceddystonia, particularly if bilateral symmetrical lesions in the globus pallidus

are present. A low-valine diet is a potentially promising treatment for HIBCH deficiency.
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1. Introduction

3-hydroxyisobutyryl-CoA hydrolase (HIBCH) deficiency is a

recently described disease resulting frommutations in HIBCH.

Until now, HIBCH deficiency has been reported in five patients

from four families. All of these patients are male Caucasians

presenting with dystonia and hyperintensities of the basal
ganglia (especially the globus pallidus), as determined using

magnetic resonance imaging (MRI).1e4 No optimal treatments

for this disease have been established. Here, we report a 6-

year-old Chinese girl with exercise-induced dystonia, hyper-

intensities of the globus pallidus, as observed in MRI scans,

and two novel missense mutations in HIBCH. After treatment

with a low-valine diet, the patient has improved markedly.
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2. Case study

2.1. Clinical course and diagnostic work-up

A 6-year-old Chinese girl was admitted to our hospital for

exercise-induced dystonia. She was the first child of healthy,

unrelated parents and had normal psychomotor function. At

3 years old, the patient began to complain of frequent cramps

in the right leg triggered by prolonged and intense exercise

(active play for 30 min), which resolved after 10 min of rest.

Over the following 3 years, after trials with multiple medi-

cations alone and in combination (including carbamazepine,

levodopa, baclofen, and clonazepam), the symptoms gradu-

ally worsened, characterized by dystonic posturing in both

lower extremities and the waist triggered by mild physical

activity (e.g., walking 100 m), which resolved after 1 h of rest.

The patient did not increase in height or weight for 2 years

(118 cm, 18 kg).

Observations at examination between attacks were

normal. The patient had a raven (intelligence quotient) test

score of 110. Biochemical analyses indicated elevated levels of

ammonia (46e51 mmol/L, normal 11e32 mmol/L) and creatine

kinase (CK, 229e244 units/L, normal 24e170 units/L).

Screening for aminoacidopathies and organic acidurias yiel-

ded normal results. Acylcarnitine analyses did not indicate

any abnormalities. Activity of respiratory chain complexes in

peripheral leukocytes, expressed as a ratio to activity of citrate

synthase, indicated a reduction in the activity of complex V

(0.559, controls 0.607e5.662), with normal values for com-

plexes I, II, I þ III, and IV. Blood lactate levels were elevated

(2.3 mmol/L, normal 0.4e2.0 mmol/L) during exercise, but

normal at rest. Cerebrospinal fluid lactate levels and electro-

encephalogram were normal. Analysis of a muscle biopsy

(performed on frozen tissue) did not find clear evidence for

myopathies or neuropathies. No “ragged red fibers” or cyto-

chrome oxidase-negative fibers were observed.

MRI scans of the brain showed symmetrical signal abnor-

malities in the globus pallidus (Fig. 1-I.A), while magnetic
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resonance (MR) spectroscopy measurements were normal

(Fig. 1-I.B).

2.2. Molecular genetic analysis

Because the patient's clinical picture suggested a diagnosis for

mitochondrial encephalomyopathy, we used blood samples

from the patient to employ a technique dependent on gene

capture, combinedwith high-throughput sequencing ofwhole

exons in 1033 mitochondrial and nuclear candidate genes

(Mygenostics, http://www.mygeno.cn; sample NO.2014-

S00696). Two point mutations in HIBCH were identified. We

later used Sanger sequencing to validate the genotypes of the

patient and her parents forHIBCH. The patient was compound

heterozygous for two novelmissensemutations, c.1027C>G;p.
H343D and c.383T>A;p.V128D, at exon-13 and exon-5 in

HIBCH, respectively. The former mutation was paternal,

whereas the mother was a heterozygous carrier of the

c.383T>A mutation (Table 1, supplementary material, Fig. 1-

II.A). We also measured the expression of HIBCH at the mRNA

and protein levels and found abnormal up-regulations in

HIBCH mRNA and protein in the patient (Fig. 1-II.C, II.D).

2.3. Treatment and results

Based on the pathogenesis of HIBCH deficiency, a low-valine

diet was prescribed, which included Maxamaind XP-2 (an

enteral nutritional formula with no valine, methionine, or

threonine) and avoidance of poultry, meat, eggs, and fish. To

control attacks, the patient was prescribed gabapentin

(75mg), followed by a 5-day titration periodwith a dosage goal

of 100 mg every 8 h (10e20 mg/kg/day). After 1 year of treat-

ment, the patient did not experience obvious attacks after

routine activities, serum ammonia levels normalized

(19.1e26.7 mmol/L), brain MRI scans indicated substantial re-

ductions in lesion size (Fig. 1-I.C), height increased by 7 cm,

and weight increased by 3.6 kg. Because no new attacks were

reported and brain lesions hadmarkedly diminished, the dose

of gabapentin was reduced from 300 to 200 mg/day; the
dicating symmetric hyperintensities of the basal ganglia
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condition of the patient remained stable. There were no

adverse effects secondary to the prescribed low-valine diet

and gabapentin. Blood counts and tests of liver function

remained normal.
3. Discussion

We report findings in a 6-year-old Chinese girl with HIBCH

deficiency and two novel HIBCH mutations. She presented

with exercise-induced dystonia, elevated levels of blood

ammonia, lactate, and CK, as well as respiratory chain com-

plex V deficiency in blood peripheral leukocytes, and hyper-

intensities of the globus pallidus on brain MRI scan. The

patient demonstrated marked improvements in both clinical

presentation and brain lesion size after treatment with a low-

valine diet.

The mutations identified in this case (c.1027C>G;p. H343D

and c.383T>A;p.V128D) affect two highly conserved amino

acids. The formermutation is located in the C-terminal region

associated with 2-enoyl-CoA hydratase activity, and the latter

is located in the substrate-binding region of HIBCH (Fig. 1-II.B).

In exon-13 of HIBCH, near the c.1027C>G mutation, there is a

single nucleotide polymorphism (SNP) at rs182123874

(Chr2:191073623, dbSNP database), which is a missense

variant of a T>A mutation (average heterozygosity

0.001 ± 0.021, with reported minor allele frequencies of

“A” ¼ 0.046% and “T” ¼ 99.954%). In exon-5 of HIBCH, there is a

SNP adjacent to the c.383T>A mutation at rs145102111

(Chr2:191155130). As a splice donor variant, the reported

minor allele frequencies for the two polymorphisms of

rs145102111 are A ¼ 0.050% and C ¼ 99.950%.

Due to the limitations of the clinical work, we could not

collect fibroblasts for the analysis of HIBCH activity; however,

the substantial reductions in brain lesion size (Fig. 1-I.C) and

improvements in clinical presentation after 1 year of the low-

valine diet suggest that HIBCH activity was abnormal. More-

over,up-regulationsofHIBCHmRNAandprotein (Fig. 1-II.C, II.D)

further suggest that there may have been pathological

compensatory increases in gene expression induced by

abnormalHIBCH function. Therefore, given theabove evidence,

we postulate that the mutations identified in this patient are

pathological, despite not being recorded in Human Gene Muta-

tion Database Professional (HGMD Pro) and 1000 Genomes.

In contrast to the phenotypes of other patients (Table 1,

supplementary material),2e4 this patient had a milder clin-

ical presentation with only exercise-induced dystonia. This

incongruence may be explained by differences in mutation

types between our patient and those described in Table 1,

supplementary material. Mutations causing complete loss of

the enzyme or of function may result in a severe phenotype,

whereas partial loss of function would result in a more mod-

erate clinical course. Therefore, we hypothesize that HIBCH

deficiency may range in severity from mild (purely exercise-

induced dystonia) to very severe (early onset, poor feeding,

developmental regression, dystonia, seizure, physical mal-

formations, and death).

Results from biochemical analyses in reported cases have

been inconsistent, even between affected individuals from the

same family and in different samples from the same patient.2
Three of five reported cases had elevated levels of hydroxyl-

C4-cartine and, based on this finding, acylcarnitine analysis

is thus recommended as a screening test.2,3 Hydroxyl-C4-

carnitine levels in our patient, however, were normal; this

might be explained by differences in dietary protein compo-

sition and mutational pathogenesis, which influence the

concentration of toxic valine metabolites. Differences in

methods of detection may be another contributing factor.

While biochemical results have varied greatly between pa-

tients, radiological findings in the present patient and in other

patients are highly consistent. Five patients had presented

with hyperintensities of the basal ganglia (particularly in the

globus pallidus), except Patient 1, who did not have MRI data

(Table 1, supplementary material).2e4 These findings suggest

that HIBCH deficiency should be considered in cases of chil-

dren with symmetrical hyperintensities of the globus pallidus

on brain MRI scan, after excluding common hereditary and

metabolic diseases, although the patients had normal levels of

hydroxyl-C4-carnitine.

The pathogenesis of HIBCH deficiency has been attributed

to the accumulation of toxic valine metabolites, especially

methacrylyl-CoA. The compound of methacrylyl-CoA with

cysteine and cysteamine has been shown to accumulate in the

livers, kidneys, and brains of individuals with HIBCH defi-

ciency, as reported in the first patient. Therefore, Loupatty

et al. have suggested that treatment of patients with HIBCH

deficiency should focus on preventing increased flux through

the catabolic pathway of in L-valine.4 The fact that brain

lesion size diminished and clinical status improved with a

low-valine diet in our patient supports this view.

In summary, HIBCH deficiency should be considered a

cause of exercise-induced dystonia, especially if the patient

presents with bilateral symmetrical lesions in the globus

pallidus. Furthermore, a low-valine diet may be greatly

beneficial for patients with this diagnosis.
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